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Abstract
Colonic stenting has had a significant positive impact on the management of 
obstructive left-sided colon cancer (OLCC) in terms of both palliative treatment 
and bridge-to-surgery (BTS). Notably, many studies have convincingly demon-
strated the effectiveness of stenting as a BTS, resulting in improvements in short-
term outcomes and quality of life, safety, and efficacy in subsequent curative 
surgery, and increased cost-effectiveness, whereas the safety of chemotherapy 
after stenting and the long-term outcomes of stenting as a BTS are controversial. 
Several studies have suggested an increased risk of perforation in patients 
receiving bevacizumab chemotherapy after colonic stenting. In addition, several 
pathological analyses have suggested a negative oncological impact of colonic 
stenting. In contrast, many recent studies have demonstrated that colonic stenting 
for OLCC does not negatively impact the safety of chemotherapy or long-term 
oncological outcomes. The updated version of the European Society of 
Gastrointestinal Endoscopy guidelines released in 2020 included colonic stenting 
as a BTS for OLCC as a recommended treatment. It should be noted that the 
experience of endoscopists is involved in determining technical and clinical 
success rates and possibly oncological outcomes. This review discusses the 
positive and negative impacts of colonic stenting on OLCC treatment, particularly 
in terms of oncology.

Key Words: Colonic stents; Obstructive left-sided colon cancer; Bridge to surgery; 
Chemotherapy; Long-term outcomes; European Society of Gastrointestinal Endoscopy 
guidelines
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Core Tip: Colonic stenting has been widely used in the management of obstructive left-sided colon cancer, 
and its effectiveness has been convincingly demonstrated. However, some controversies remain, including 
the safety of chemotherapy after stenting and the long-term outcomes of stenting as a bridge to surgery 
(BTS). Nevertheless, many recent studies have demonstrated that colonic stenting exerts no negative 
impact on long-term oncological outcomes, and this technique is recommended as a BTS in the European 
Society of Gastrointestinal Endoscopy guidelines. Herein, we review and discuss the positive and negative 
effects of colonic stenting in colon cancer treatment.

Citation: Suzuki H, Tsujinaka S, Sato Y, Miura T, Shibata C. Oncologic impact of colonic stents for obstructive 
left-sided colon cancer. World J Clin Oncol 2023; 14(1): 1-12
URL: https://www.wjgnet.com/2218-4333/full/v14/i1/1.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i1.1

INTRODUCTION
Colorectal cancer remains one of the most common malignant diseases worldwide. Among all patients 
with colorectal cancer, approximately 10% present with large bowel obstruction[1]. The most common 
location for obstructive colon cancer (OCC) is the sigmoid colon, and more than 75% of OCC are located 
on the left side, i.e., distal to the splenic flexure[2].

Emergency surgery (ES) has traditionally been the mainstay of OCC management. There are several 
options for ES procedures to treat obstructive left-sided colon cancer (OLCC); however, a stoma is often 
needed in any case. Patients with clinically severe instability or in whom resection is not possible should 
be treated with diverting loop colostomy[3]. Hartmann’s procedure, that is, resection of the diseased 
colon or rectum with end colostomy, has been widely performed for resectable OLCC[4]. Resection with 
primary anastomosis could be considered an option during ES for resectable cases; due to the risk of 
anastomotic leakage, a temporary diverting stoma can be created simultaneously in many cases. 
However, the reversal rate of stomas is relatively low when created under these conditions. Öistämö et 
al[5] retrospectively analyzed acute cases of OLCC and demonstrated that 35% of stomas created with 
the intention of being temporary were never reversed. Stomas can have a negative impact on the 
patient’s body image and quality of life (QOL). Additionally, diverting stoma formation in colorectal 
resection for OCC is related to increased postoperative complications, failure to wean off the ventilator, 
and longer hospital stays[6].

Colonic stenting is a powerful modality for intestinal decompression to resolve problems associated 
with ES. In addition, recent advances in stent technology have profoundly impacted OLCC 
management. Herein, we review the current state of colonic stenting and discuss its impact on colorectal 
cancer treatment, particularly focusing on its relationship with oncology.

HISTORY AND INDICATION
Palliative purpose and bridge to surgery
There are two main purposes of colonic stenting for OCC: palliative treatment and bridge to surgery 
(BTS). In this context, palliative treatment involves stenting applied to patients with an unresectable 
lesion, while BTS comprises preoperative stenting for intestinal decompression until the condition 
suitable for curative surgery is improved[7]. In comparison, colonic stenting for palliative purposes has 
a long history of use. Colonic stents were first reported by Dohmoto et al[8] in 1991. This study reported 
using stents for palliative treatment of OCC. Since then, many studies have elucidated the usefulness of 
colonic stents for palliative treatment in patients requiring intestinal decompression. In addition, the 
effectiveness of short-term outcomes of stent placement for unresectable colorectal cancer has been 
widely recognized, at least in the late 20th century[9,10].

Recently, self-expandable metallic stents (SEMS) as BTS have been widely used. Relief from 
obstruction with BTS enables restoration of dilated intestinal conditions prior to surgery, decreases 
mortality and morbidity, avoids stoma, and improves the quality of life[11]. Importantly, colonic 
stenting as a BTS should be performed under strict indications compared with stenting for palliative 
treatment, as BTS ultimately aims at a radical cure and requires long-term safety.

Left-sided vs right-sided colon
Stents can be placed not only in the left-sided colon but also in the right-sided colon. Although some 
reports have suggested that obstructive right-sided colonic cancer is also a good indication of SEMS, the 
effectiveness of SEMS for right-sided colonic obstruction has been less reported than that for left-sided 
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colonic obstruction[9]. Morita et al[12] analyzed the advantages of SEMS as a BTS over primary surgery 
in a retrospective, multicenter cohort study. When patients with left-sided colon cancer were compared, 
the rates of primary resection with anastomosis and stoma-free surgery were significantly higher in the 
SEMS group, whereas when patients with right-sided colon cancer were compared, no significant 
difference in the rates was observed between the SEMS and primary surgery groups. In addition, 
several disadvantages of SEMS placement in the right-sided colon have been pointed out, including a 
lower technical success rate and longer procedure time[13-15]. The authors of the European Society of 
Gastrointestinal Endoscopy (ESGE) guidelines also suggested the difficulty of stenting in the colon 
proximal to the splenic flexure and emphasized that SEMS recommendations should be applied to left-
sided colon cancer[16].

TECHNICAL AND CLINICAL SUCCESS RATES
Recent studies have reported high technical and clinical success rates of SEMS placement for OCC. In a 
meta-analysis published in 2021, Neo et al[17] examined the technical and clinical success rates of SEMS 
for colorectal obstruction. In this study, technical success was defined as successful placement and 
deployment of the stent, and clinical success was defined as colonic decompression within 96 h after the 
stent was successfully placed. The technical and clinical success rates of SEMS were 92% in 1550 patients 
[95% confidence interval (CI): 0.88-0.95] and 82% in 1105 patients (95%CI: 0.77-0.87), respectively. In 
another meta-analysis published in 2021, the success rates were compared between SEMS and transanal 
decompression tubes (TDT). The overall success rates of SEMS and TDT were 92.1% and 71.9%, 
respectively, and both the technical and clinical success rates of SEMS were significantly better than 
those of TDT[18].

Some reports have suggested that technical and clinical success rates depend on the operators’ 
experience, with experience of at least 20-30 cases required to ensure safety and effectiveness[15,19]. In 
addition, Boyle et al[20] identified short strictures and wide angulations distal to the stricture as factors 
indicating successful stenting in colonic obstruction. A post hoc analysis of a multicenter clinical trial in 
Japan identified several factors related to the difficulty of SEMS placement, including peritoneal carcino-
matosis or expansive strictures[13].

The Japan Colonic Stent Safe Procedure Research Group proposed a scoring system for the clinical 
features of colorectal obstruction according to the patient’s oral intake status, termed the ColoRectal 
Obstruction Scoring System (CROSS). This system scores patients on a scale of 0-4 as follows: 0, 
requiring continuous decompression; 1, no oral intake; 2, liquid or enteral nutrition; 3, oral intake of soft 
solids, low-residue diet, or full diet with symptoms of stricture; and 4, oral intake of soft solids, low-
residue diet, or full diet without symptoms of stricture[21]. The above-mentioned post-hoc analysis 
suggested that CROSS 0 before stenting was one of the factors related to the difficulty of SEMS 
placement[13]. In contrast, another post-hoc analysis of multicenter clinical trials showed that SEMS as 
BTS in CROSS 0 patients showed comparable technical and clinical success rates, safety, and short-term 
outcomes to those in CROSS 1 and 2 patients[22]. Thus, it is inconclusive whether CROSS 0 before SEMS 
placement affects the technical and clinical success rates of SEMS.

COMPLICATIONS
Perforation
Perforation is one of the most common and critical complications of SEMS placement. A recent meta-
analysis demonstrated that the overall perforation rate of colonic stenting for OLCC is 5%[17]. In 
addition, several studies have reported the outcomes of patients with stent-related perforations or 
factors related to stent-related perforations.

According to the meta-analysis mentioned above, when the studies were compared between 
perforation rates > 8% and ≤ 8%, the perforation rate > 8% group showed poorer technical success rates, 
although the 5-year overall and disease-free survival rates were not significantly different[17]. In a 
Dutch randomized clinical trial, the SEMS in the BTS group tended to have a lower 4-year disease-free 
survival rate than that in the ES group. In addition, the subgroup with stent-related perforation had a 
significantly poorer disease-free survival than the ES group, which suggested that stent-related 
perforation exacerbated oncological outcomes. However, it should be noted that in this trial, the number 
of patients was small, and the stent-related perforation rate was high (approximately 23%)[23]. 
Furthermore, it should also be noted that ES had better postoperative outcomes than BTS by stent 
because of the lower success rate of stent placement reported prior to 2014.

Datye et al[24] aggregated articles on perforation after SEMS placement for OCC until 2008 and 
analyzed data such as causes and mortality. The overall perforation rate was 4.9%, and concomitant 
chemotherapy, steroids, and radiotherapy were identified as risk factors for perforation; however, no 
significant difference was observed in the perforation rate between palliative treatment and BTS. The 
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authors also emphasized a high mortality rate of perforation cases (16%); however, the data did not 
necessarily show a negative impact of SEMS itself, considering the low overall perforation-related 
mortality rate (0.8%) and high mortality rate of ES (15%-20%).

van Halsema et al[25] pointed to the stent type as a risk factor for perforation. The authors defined 
stent types with high (< 10%) (WallFlex, Comvi, and Niti-S D-type) and low (< 5%) (Hanarostent and 
Niti-S covered) perforation rates. In fact, the perforation rates of certain stent types, especially the 
WallFlex stent, vary across reports. For example, Meisner et al[26] demonstrated that the overall 
perforation rate of WallFlex stent placement for OCC was 5.1% in 255 cases in prospective and multi-
center studies. In a prospective multicenter study using WallFlex stent in Japan, the perforation rate was 
reported to be 1.6%[27]. van Halsema et al[25] reported a relatively high occurrence of delayed 
perforation after WallFlex stent placement and considered that the short follow-up period may have 
reduced the overall perforation rate of the stent.

Migration and re-obstruction
According to a systematic review, the rate of stent migration is approximately 10% (interquartile range 
3%-22%). In this report, laser pretreatment and chemotherapy were identified as factors that promote 
stent migration[28]. Because the high risk of perforation and migration has been mentioned, laser or 
balloon dilation prior to stent placement is not recommended[28-30]. The overall re-obstruction rate was 
reported to be 10% (interquartile range 0%-15%), and when the cases were limited to palliative 
treatment, the re-obstruction rate was 16% (interquartile range 0%-23%)[28].

Safety of chemotherapy
The negative impact of SEMS on colorectal cancer management has been demonstrated in several 
respects, including chemotherapy after SEMS placement, which raised the concern that chemotherapy 
after SEMS placement may increase the risk of perforation. In theory, chemotherapy destroys prolif-
erating cancer cells in the colonic wall; therefore, it can provoke stent-related perforation[25]. Although 
the safety of chemotherapy after SEMS placement remains to be fully elucidated[31], several recent 
studies have suggested an answer.

In a retrospective study that reviewed patients who underwent SEMS placement, the perforation 
rates were 13% in patients receiving no chemotherapy, 6% in patients receiving chemotherapy without 
bevacizumab, and 20% in patients receiving chemotherapy with bevacizumab[32]. Another 
retrospective study also suggested that subsequent bevacizumab therapy increased the risk of complic-
ations after SEMS insertion, and the perforation risk increased nearly threefold[33]. A meta-analysis of 
studies between 2005 and 2011 further revealed that the perforation rate in patients receiving 
bevacizumab-based chemotherapy was significantly higher than that in patients receiving no 
chemotherapy, whereas the perforation rate in patients receiving non-bevacizumab-based chemo-
therapy was significantly lower than that in patients who received no chemotherapy[25].

Some reports have demonstrated that chemotherapy does not affect the SEMS complications. 
However, a recent retrospective analysis indicated that chemotherapy before SEMS increased the risk of 
stent-related complications, whereas chemotherapy after SEMS had no impact on complications[34]. In a 
single-center retrospective study, Lee et al[35] compared the adverse events of SEMS as a palliative 
treatment for OCC between patients receiving bevacizumab therapy and those not receiving 
bevacizumab therapy. In this study, the perforation rate in the bevacizumab group was only 1%, which 
was equivalent to that of the non-bevacizumab group (3%). The authors considered that the low 
perforation rate might be related to the many years of experience of endoscopists. Additionally, one 
retrospective study showed the effectiveness and safety of SEMS before neoadjuvant chemotherapy and 
curative surgery, although the sample size was small. This study suggested the relatively low toxicity 
and high tolerability of neoadjuvant chemotherapy with two cycles of CAPOX or three cycles of 
mFOLFOX6 after SEMS. The resected specimens were also analyzed, suggesting a low risk of perineural 
invasion[36].

POSITIONING IN GUIDELINES
The degree of recommendation for SEMS as palliative management or BTS for OLCC has been 
described in many international guidelines, and the description seems to change with time. Herein, 
recent changes in the positioning of SEMS in the guidelines and the impact of changes in the description 
of SEMS are discussed below.

Webster et al[37] reviewed 19 international guidelines for the management of OLCC between 2010 
and 2018. Stenting for palliative management was recommended in most guidelines, whereas opinions 
regarding the recommendation of emergency stenting as a BTS were divided. Eight guidelines 
recommended ES, two from the United States recommended emergency stenting as BTS, and nine 
suggested either ES or stenting as BTS could be selected. Guidelines from countries other than the 
United States did not actively recommend SEMS as a BTS until recently.
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However, the description of the recommendations in the ESGE guidelines has recently changed. In 
the ESGE guidelines published in 2014, SEMS as BTS for OLCC was not recommended because of the 
risk of stent-related complications, particularly perforation[38]. In recent years, many studies have 
revealed the long-term safety of SEMS as a BTS; therefore, the description of the ESGE guidelines 
regarding the use of SEMS for OCC was updated in 2020, and SEMS as a BTS for OLCC has become a 
recommended treatment[16].

The impact of these updated recommendations in the guidelines has also been reported. The national 
colorectal cancer guidelines were updated in the Netherlands in 2014, and SEMS as a BTS for OLCC is 
clearly recommended. Consequently, the application rates of ES and SEMS for OLCC were reversed, 
and some changes occurred after 2014 in the Netherlands: the proportion of laparoscopic surgery 
increased, and the permanent stoma rate and total hospital stay decreased[39].

Despite the major impact of the guidelines on treatment, it should be noted that concerns regarding 
the quality of the guidelines have also been reported. Gavriilidis et al[40] used the Appraisal of 
Guidelines for Research and Evaluation II instrument to evaluate the quality of the 14 current guidelines 
describing the management of OLCC. The authors pointed out a poor applicability score in many 
guidelines and concerns regarding variations in guideline quality. Further research may trigger more 
changes to the description of guidelines and improve their quality.

SHORT-TERM AND LONG-TERM OUTCOMES
Short-term outcomes
Traditionally, in many cases of OCC, emergency decompression surgery was performed without 
adequate evaluation of preoperative staging and comorbidity. As a result, the risk of morbidity and 
mortality was unavoidably involved. SEMS as a BTS is considered a valid option for these cases as it can 
offer plenty of time to evaluate preoperative problems and improve the medical condition of patients
[9]. Based on this perspective, it is not surprising that SEMS as a BTS has been reported to be advant-
ageous in terms of short-term outcomes compared to ES. In a meta-analysis of randomized controlled 
trials comparing SEMS as BTS and ES for OLCC, the need for stoma creation, the incidence of 
postoperative complications, and the occurrence of wound infection were significantly reduced in the 
SEMS group[41].

TDT is another option for BTS of OCC; however, TDT has more disadvantages than SEMS: Slow 
decompression, bad odor, complicated management, difficult oral intake, and poor QOL[42]. 
Furthermore, several meta-analyses have compared the short-term outcomes between SEMS and TDT, 
and TDT was found to have poorer short-term outcomes. TDT showed lower clinical and technical 
success rates, solid food intake, and temporal discharge in a subsequent operation; TDT increased blood 
loss, prolonged operative time, and enhanced stoma rates[18,43]. In the context of these circumstances, 
the ESGE guidelines updated in 2020 do not recommend TDT placement over SEMS placement[16].

Negative reports on long-term outcomes
The advantages of SEMS as a BTS in short-term outcomes have been convincingly demonstrated, 
whereas the long-term outcomes of SEMS as a BTS have been controversial. In other words, the 
oncological safety of SEMS as a BTS remains unclear. However, high-quality research on the long-term 
outcomes of SEMS as a BTS has been increasing in recent years. Thus far, several studies have suggested 
the negative oncological impact of SEMS placement (Table 1). In a meta-analysis of randomized control 
trials, although no significant differences were observed in 3-year disease-free survival or overall 
survival between the SEMS as BTS group and ES group, the risk of systemic recurrence was significantly 
higher in the SEMS group than in the ES group[44]. Katsuki et al[45] analyzed a nationwide inpatient 
database in Japan and conducted a retrospective cohort study using propensity score-matching. The 
authors compared the long-term outcomes of patients with OLCC between SEMS as BTS and ES and 
demonstrated that the SEMS group showed significantly worse overall survival than the ES group. 
Gorissen et al[46] analyzed OLCC patients aged 75 years and younger from a prospective cohort study. 
In this study, the local recurrence rate in the SEMS group was significantly higher than that in the ES 
group, and the authors concluded that SEMS was associated with an increase in local recurrence, partic-
ularly in younger patients. Uehara et al[47] retrospectively evaluated the oncological outcomes of SEMS 
in patients with stage II or III OCC. The authors reported a higher distant metastatic recurrence rate in 
the SEMS group than in the ES group. Mege et al[48] examined the overall and disease-free survival of 
patients who underwent SEMS placement or creation of decompression stoma as a BTS for OLCC in a 
multicenter retrospective study. The authors demonstrated a significantly lower overall survival rate in 
the SEMS group, which may be related to an increase in worse pathological findings, such as tumor 
perforation. Sabbagh et al[49] reported significantly lower overall survival and significantly higher 
cancer-specific mortality in the SEMS group than in the ES group.
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Table 1 Recent reports on long-term outcomes of colonic stenting as a bridge to surgery for obstructive left-sided colon cancer

Ref. Publication 
year Study type Number of stent 

placements
Disease-free 
survival

Overall 
survival

Overall 
recurrence

Systemic 
recurrence

Local 
recurrence

Foo et al
[44]

2019 Meta-analysis 222 NS NS SEMS > ES SEMS > ES NS

Katsuki et 
al[45]

2021 Multi-center 
retrospective 
study

498 NA SEMS < ES NA NA NA

Gorissen et 
al[46]

2013 Single-center 
prospective study

62 NS NS NS NS SEMS > ES in 
patients aged ≤ 
75

Uehara et al
[47]

2022 Single-center 
retrospective 
study

43 NS NS NA SEMS > ES NS

Mege et al
[48]

2019 Multi-center 
retrospective 
study

191 NS SEMS < DS NA NA NA

Sabbagh et 
al[49]

2013 Multi-center 
retrospective 
study

48 NS SEMS < ES NS NA NA

Cirocchi et 
al[56]

2021 Meta-analysis 102-148 NS NS NS NS NS

Arezzo et al
[57]

2017 Multi-center RCT 56 NS NS NS NS NS

Amelung et 
al[58]

2019 Multi-center 
retrospective 
study

222 NS NS NS NS NS

Veld et al
[59]

2020 Multi-center 
retrospective 
study

121 NS NS NS NS NS

Endo et al
[60]

2021 Multi-center 
retrospective 
study

113 TDT > ES 
(SEMS vs ES: 
NS)

NA TDT > ES 
(SEMS vs ES: 
NS)

NS NS

Kim et al
[61]

2022 Single-center 
retrospective

98 NS NS NA NA NA

RCT: Randomized clinical trial; SEMS: Self-expandable metallic stent; ES: Emergency surgery; DS: Decompression stoma; TDT: Transanal decompression 
tube; NS: Not significant; NA: Not available.

Negative reports in pathological studies
As mentioned above, the potential negative impact of SEMS on oncological outcomes has also been 
suggested through histopathological examinations. Sabbagh et al[50] conducted a pathological analysis 
and revealed that tumor and peritumor ulceration, perineural invasion, and lymph node invasion were 
seen more frequently in resected specimens after SEMS placement than in cases of surgery only. These 
pathological features are associated with poor prognosis. Other authors have also reported negative 
factors for SEMS placement from a pathological viewpoint. Zhang et al[51] analyzed the histopatho-
logical findings of specimens resected after SEMS or TDT for OLCC. The authors reported that vascular 
invasions, wound abscesses, and ulcer formation was more frequently observed in the SEMS group than 
in the TDT group.

Some reports have also indirectly suggested the negative impact of SEMS on colorectal cancer 
treatment through analysis of the peripheral blood of patients. Maruthachalam et al[52] reported that 
circulating cytokeratin 20 mRNA levels after stent placement for left-sided colon cancer was 
significantly higher than before stenting, suggesting the possibility of tumor manipulation by inserting a 
guidewire or dilating and deploying the stent. Yamashita et al[53] showed an increase in viable 
circulating tumor cells after SEMS placement for OCC, which suggested that SEMS placement and 
expansion could allow the release of colorectal cancer cells into circulation. Recent technological 
developments in genome sequencing and molecular diagnosis have allowed the measurement of 
circulating tumor DNA (ctDNA), which is released from tumor cells undergoing apoptosis or necrosis 
into the systemic circulation[54]. The use of ctDNA has been extensively evaluated as a promising 
biomarker for the treatment of colorectal cancer. Takahashi et al[55] demonstrated that the plasma levels 
of ctDNA in patients with OCC increased after SEMS placement, although this increase was not 
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observed after TDT insertion. These findings indicate that SEMS placement may induce tumor cell 
dissemination. However, it remains unclear whether these changes in peripheral blood are related to the 
long-term oncological prognosis of patients.

Positive reports on long-term outcomes
As mentioned below, the oncological prognosis of SEMS as BTS is equivalent to that of ES and has been 
increasing in recent years (Table 1). In a meta-analysis of randomized controlled trials comparing SEMS 
as BTS and ES for OCC, SEMS showed the same mortality and significantly lower morbidity than ES. In 
addition, recurrence and survival outcomes were not significantly different between SEMS and ES[56]. 
Arezzo et al[57] demonstrated no significant differences in 3-year overall survival rates or progression-
free survival rates observed between SEMS as a BTS and ES in a large multicenter randomized 
controlled trial. In addition, considering the significantly lower stoma rate in the SEMS group, the 
authors concluded that SEMS as a BTS was a viable approach for OCC. Amelung et al[58] retro-
spectively compared the long-term outcomes of patients with OLCC between SEMS as BTS and ES 
using propensity score matching, showing no significant differences in the 3-year disease-free survival 
rates, overall survival rates, or locoregional recurrence rates, whereas the SEMS group showed a lower 
permanent stoma risk. In a cohort study in the Netherlands, decompressing stoma and SEMS were 
compared to determine which has advantages as a BTS for OLCC. The study showed no significant 
differences in the 3-year locoregional recurrence rates, disease-free survival rates, or overall survival 
rates[59]. Endo et al[60] reported that the long-term oncologic outcome of SEMS as BTS for patients with 
OLCC was comparable to that of ES, whereas the long-term outcome of TDT was poorer than that of ES.

A recent Korean retrospective study examining the long-term outcomes of SEMS as BTS for OCC 
further found no significant difference in the 5-year overall survival and 5-year disease-free survival 
between the SEMS and ES groups. The authors emphasized the high technical and clinical success rates 
(99% and 92.9%, respectively) and a low perforation rate (1%) in the study, which could be due to the 
highly experienced endoscopist. Similarly, SEMS placement performed by experienced endoscopists 
may improve oncological outcomes[61]. Thus, endoscopist experience also seems to influence the long-
term prognosis of patients. Amelung et al[62] performed a systematic review and meta-analysis of 
patients with OLCC to compare the long-term oncological outcomes after SEMS as a BTS with those 
after ES. The authors demonstrated that SEMS placement showed a significant survival benefit in more 
than 40 patients. The ESGE also recommends that an experienced endoscopist should perform or 
directly supervise stent placement[16].

CURATIVE SURGERY AFTER COLONIC STENTING
In cases of resectable OLCC, SEMS can facilitate the performance of minimally invasive one-stage 
surgery safely and effectively, which is one of the major benefits of SEMS as a BTS. Enomoto et al[63] 
compared laparoscopic and open surgery after SEMS insertion for OCC. Blood loss in the laparoscopic 
surgery group was less than that in the open surgery group, whereas the operative time was 
significantly shorter in the open surgery group.

The safety and efficacy of robot-assisted laparoscopic surgery after SEMS placement have also been 
reported recently[64]. Li et al[65] analyzed 79 cases where SEMS placement was performed for OCC in 
the largest single center in Singapore from 2013 to 2020. The authors showed that 14% of the patients 
underwent robot-assisted surgery for curative surgery. The progression and spread of minimally 
invasive surgery for colorectal cancer can strengthen the benefits of SEMS as BTS.

No consensus has yet been reached regarding the proper waiting period between SEMS insertion and 
curative surgery. Sato et al[66] retrospectively analyzed the long-term oncological outcomes of patients 
with OCC who underwent SEMS placement and curative surgery. The authors found that relapse-free 
survival was significantly shortened when the interval between stenting and curative surgery was 
longer than 16 d. Another retrospective study examining long-term outcomes after SEMS as a BTS for 
OCC further demonstrated that the risk of recurrence is associated with a long interval (longer than 18 
d) between stenting and curative surgery[67]. In a nationwide cohort study in the Netherlands, patients 
with OLCC receiving SEMS as a BTS were divided into three groups according to the interval between 
stenting and surgery, as follows: 5-10 d group, 11-17 d group, and > 17 d. No significant differences 
were observed in 3-year disease-free survival or overall survival between the groups, although short-
term outcomes were generally better in the 11-17 d group than in the 5-10 d and > 17 d groups[68]. In 
the ESGE guidelines published in 2014, the suggested time interval from colonic stenting as BTS to 
elective surgery was 5-10 d in patients with left-sided colon cancer; however, recent ESGE guidelines 
suggested a time interval of approximately 2 wk until resection[16,38]. In addition, the authors of the 
recent ESGE guidelines further described that the time interval should be determined considering the 
balance between stent-related adverse events and surgical outcomes because a short interval can reduce 
stent-related adverse events, whereas a long interval can improve surgical outcomes[16]. It should also 
be noted that ctDNA concentration was reported to increase over time following SEMS placement, 
which implies that a long interval may worsen the oncological outcome[55]. At any rate, as there is no 
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prospective comparative study on this matter[16], the optimal time interval between SEMS and curative 
surgery remains uncertain, and further research is required.

COST-EFFECTIVENESS
Many reports have shown that SEMS is cost-effective for both palliative intervention and BTS. Quinn et 
al[69] analyzed the costs and effectiveness in patients with unresectable or metastatic colorectal cancer 
who received SEMS or ES for acute colonic obstruction using decision tree analysis. The authors 
demonstrated that SEMS is a more cost-effective treatment for palliative intervention than ES. In a 
Japanese single-center retrospective study, short-term outcomes and total healthcare costs were 
compared between the SEMS, curative surgery, and ES groups. The study showed earlier oral intake, 
shorter total hospital stay, and lower total costs in the SEMS group than in the ES group, which 
suggested that SEMS as BTS was a more cost-effective treatment[70]. A Canadian decision analysis 
performed in 2006 elucidated the cost-effectiveness of SEMS as a BTS compared with the conventional 
surgical approach for acute OLCC[71].

Despite these studies, many clinicians may still regard SEMS for BTS as a treatment with lower cost-
effectiveness. Suen et al[72] administered a questionnaire to Oceanian surgeons, surveying their 
intention to participate in randomized controlled trials on stent placement for OCC. Most surgeons gave 
a positive response to using stents for palliative treatment, whereas the majority of surgeons gave a 
negative response to using stents as BTS because they considered stenting as a BTS less cost-effective 
than ES.

CONCLUSION
Colonic stenting has had a positive impact on the management of OLCC, including facilitating the 
avoidance of stoma and reducing postoperative complications in the subsequent curative surgery, 
whereas a negative impact of colonic stenting on long-term oncologic outcomes seemed to have been 
emphasized until a decade ago. Many recent studies have demonstrated the long-term safety of colonic 
stenting for OLCC, which led to a change in the ESGE guidelines updated in 2020 as follows: SEMS as a 
BTS for OLCC is a recommended treatment. It should be noted that the experience of endoscopists is 
involved in determining the technical and clinical success rates and possibly the oncological outcomes. 
Uncertainty remains regarding SEMS placement for OLCC, including the long-term oncologic prognosis 
and safety of chemotherapy after SEMS; further investigation will be needed to clarify these points in 
the future.
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Abstract
BACKGROUND 
Esophageal squamous cell carcinoma (ESCC) is causing a high mortality rate due 
to the lack of efficient early prognosis markers and suitable therapeutic regimens. 
The prognostic role of genes responsible for the acquisition of radioresistance in 
ESCC has not been fully elucidated.

AIM 
To establish a prognostic model by studying gene expression patterns pertinent to 
radioresistance in ESCC patients.

METHODS 
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Datasets were obtained from the Gene Expression Omnibus and The Cancer Genome Atlas 
databases. The edgeR, a Bioconductor package, was used to analyze mRNA expression between 
different groups. We screened genes specifically responsible for radioresistance to estimate overall 
survival. Pearson correlation analysis was performed to confirm whether the expression of those 
genes correlated with each other. Genes contributing to radioresistance and overall survival were 
assessed by the multivariate Cox regression model through the calculation of βi and risk score 
using the following formula: .

RESULTS 
We identified three prognostic mRNAs (cathepsin S [CTSS], cluster of differentiation 180 [CD180], 
and SLP adapter and CSK-interacting membrane protein [SCIMP]) indicative of radioresistance. 
The expression of the three identified mRNAs was related to each other (r > 0.70 and P < 0.05). As 
to 1-year and 3-year overall survival prediction, the area under the time-dependent receiver 
operating characteristic curve of the signature consisting of the three mRNAs was 0.716 and 0.841, 
respectively. When stratifying patients based on the risk score derived from the signature, the 
high-risk group exhibited a higher death risk and shorter survival time than the low-risk group (P 
< 0.0001). Overall survival of the low-risk patients was significantly better than that of the high-
risk patients (P = 0.018).

CONCLUSION 
We have developed a novel three-gene prognostic signature consisting of CTSS, CD180, and 
SCIMO for ESCC, which may facilitate the prediction of early prognosis of this malignancy.

Key Words: Esophageal squamous cell carcinoma; CTSS; CD180; SCIMP; Radioresistance; TNM stage; 
Prognosis

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The current study identified a novel three-gene prognostic signature consisting of CTSS, CD180, 
and SCIMO for esophageal squamous cell carcinoma, which may facilitate the prediction of early 
prognosis of this malignancy.
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INTRODUCTION
Esophageal cancer is one of the most commonly occurring gastrointestinal tumors and ranks 7th in 
incidence and 6th in death among all malignancies worldwide. The highest incidence rate was reported 
in China[1]. Esophageal cancer includes two main pathological types, namely, esophageal adenocar-
cinoma and esophageal squamous cell carcinoma (ESCC), and 88% of ESCC cases originate in central 
and southern Asia[2]. Surgery is the conventional method of treatment for early-stage esophageal cancer 
patients. Neoadjuvant radiotherapy is also reported to be a crucial therapeutic modality for treating 
advanced stage ESCC patients[3]. However, the differences in sensitivity of each patient to radiation 
therapy result in variable prognoses among ESCC patients. ESCC is an aggressive malignancy with a 
poor overall survival[4]. The available staging system is not very satisfactory in predicting the treatment 
outcome in ESCC patients, and the application of cancer genomics to predict clinical outcomes may 
improve the treatment of ESCC[5,6].

Tumor radiotherapy can induce either direct damage to DNA by inducing DNA double-strand 
breaks, or indirectly modulate cell signaling cascades to foster tumor cell death[7]. However, the clinical 
outcomes of radiotherapy in most esophageal tumor patients predominantly depend on the inherent 
sensitivity of tumor cells to radioactive rays. Furthermore, tumor cell insensitivity can lead to the 
occurrence of radioresistance, which involves several cellular mechanisms including cell cycle 
checkpoint regulation[8], stemness acquisition[9,10], epithelial mesenchymal transformation (EMT)[11], 
and activation of multiple pro-survival and pro-proliferation signaling pathways[12,13]. Furthermore, 
radioresistance is also mediated by tumor-associated microenvironment factors, such as hypoxia-
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induced HIF-1 signaling factors[14,15], tumor-associated fibroblasts (CAFs)[16], and tumor-associated 
macrophages[17,18]. Hence, radioresistance is one of the significant reasons for the failure of 
radiotherapy in ESCC patients. High-throughput sequencing technology is a promising novel approach 
to identify genes that are related to tumor radioresistance in ESCC. Maher et al[19] identified a set of five 
genes including EPB41L3, RTKN, STAT5B, NMES1, and RNPC1 as biomarkers for response to 
neoadjuvant radiotherapy in esophageal cancer. Overexpression of PTK7 can activate NF-kB to enhance 
raidoresistance in radiosensitive ESCC cells[20]. Transcriptome analysis delineated that the MALAT1-
ATG9B and DDIT4-MB-PLAT genes could regulate radioresistance in in vitro models of ESCC cells by 
modulation of autophagy and hypoxia pathways[21]. The prognostic role and underlying genomic 
pathways pertinent to the acquisition of radioresistance in ESCC patients have not yet been fully 
unraveled. Therefore, it is crucial to identify biomarkers and genes pertaining to radioresistance in 
ESCC for selecting novel therapeutic modalities to mitigate radioresistance in this malignancy.

The current study identified mRNAs as potential radioresistance markers in ESCC cells with the aid 
of merged mRNA data collected from the Gene Expression Omnibus (GEO) and Cancer Genome Atlas 
(TCGA) databases. The study identified a three-gene signature, including CTSS, CD180, and SCIMP, 
that may predict the development of radioresistance in ESCC cells. Furthermore, we constructed a 
prognostic model for radioresistant ESCC based on the risk scores derived from clinical features and the 
three-gene signature.

MATERIALS AND METHODS
GEO database search: Identifying ‘radioresistance-promoting mRNAs’
Primarily, the microarray profiles in GSE81812 dataset pertaining to ‘non-radiated KYSE-180 cells’ and 
“12 and 30 Gy radiated KYSE-180 cells” were downloaded from the GEO database (http://www.
ncbi.nlm.nih.gov/geo/) to identify mRNAs contributing to radioresistance in ESCC cells. The edgeR 
package (www.bioconductor.org/packages/release/bioc/html/edgeR.html) was used to analyze the 
differential expression of mRNAs between different groups (‘0 Gy group vs 12 Gy group’ and ‘0 Gy 
group vs 30 Gy group’) to identify genes related to radioresistance. The cutoff parameters were false 
discovery rate < 0.05 and|Log2 fold change|>2.

TCGA database search: Identification of ‘radioresistance-promoting mRNAs’ associated with overall 
survival
Gene expression profile and clinical information of ESCC patients in the TCGA database were 
downloaded (https://gdc-portal.nci.nih.gov/). Overall survival rates were determined to ascertain the 
prognostic significance of the identified radioresistance promoting mRNAs in the TCGA database; the 
overall survival rates were analyzed by using survival package in R through Kaplan-Meier analysis and 
finally compared using the Log-rank test and Cox proportional hazards regression analysis. Then, 
radioresistance-promoting mRNAs associated with overall survival were screened.

Multivariate Cox regression analysis: Construction of prognostic model based on ‘radioresistance-
promoting mRNAs’ associated with overall survival
The association of radioresistance-promoting mRNAs with overall survival was estimated using the 
multivariate Cox regression model, adjusted for age, gender, grade, and stage, to calculate βi. The forest 
plot was plotted to exhibit the hazards regression (HR) of the multivariate Cox regression model results. 
Later, risk score was estimated by using the following formula: . By using the maximally 
selected rank statistics from the ‘survminer’ package in R, all samples were divided into a low-risk 
group and a high-risk group subsequently, and survival analysis was conducted to assess prognosis 
differences between the two groups.

Confirmation of relationship of ‘radioresistance-promoting mRNAs’ with overall survival, tumor 
stage, and tumor grade
Pearson correlation coefficients (P < 0.05) were calculated using r.test () in R to confirm whether the 
identified radioresistance-associated mRNAs were typically related to the stage and grade of ESCC. The 
results are shown in violin plots.

Kyoto Encyclopedia of Genes and Genomes pathway analysis
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of mRNAs associated 
with radioresistance in ESCC was performed using the ClusterProfile package (http://www.biocon-
ductor.org/packages/release/bioc/html/clusterProfiler.html) for a more comprehensive under-
standing of biological features. A P value < 0.05 was set as the cut-off criterion in the KEGG pathway. 
Data pertinent to KEGG pathway analysis is attached as a supporting file.

http://www.ncbi.nlm.nih.gov/geo/
http://www.ncbi.nlm.nih.gov/geo/
http://www.bioconductor.org/packages/release/bioc/html/edgeR.html
https://gdc-portal.nci.nih.gov/)
http://www.bioconductor.org/packages/release/bioc/html/clusterProfiler.html
http://www.bioconductor.org/packages/release/bioc/html/clusterProfiler.html
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Statistical analysis
Statistical analyses were executed with the aid of SPSS 22.0 software (IBM, Chicago, IL, United States) 
and R version 3.6.0. Overall survival rate was estimated using the Kaplan-Meier method. Multivariate 
Cox proportional HR analysis was executed to identify prognostic factors (the three-gene signature, age, 
gender, tumor stage, and tumor grade). Differences between groups were compared using the Student’s 
t-test or paired samples t-test. P < 0.05 was considered to have statistical significance.

RESULTS
GEO database search of mRNA expression profiles to identify radioresistance-promoting mRNAs 
The gene count data of expression profiles of 22456 mRNAs in 41 samples of 0 Gy, 92 samples of 12 Gy, 
and 89 samples of 30 Gy were obtained from the GSE81812 dataset downloaded from GEO. We 
identified upregulation of 1168 mRNAs in the ‘0 Gy group vs 12 Gy group’ comparison and 497 mRNAs 
in the ‘0 Gy group vs 30 Gy group’ comparison by using the edgeR package. To distinguish the differen-
tially expressed mRNAs at different X-ray levels, the top 50 mRNAs are shown in a heatmap and 
principal component analysis (PCA) was performed (Figure 1A-D). A total of 379 intersection mRNAs 
were identified from the 0-12 Gy and 0-30 Gy comparisons as radioresistance associated genes.

Prognostic significance of radioresistance-promoting mRNAs from TCGA database
Log-rank test and Cox proportional hazards regression were adjusted for other confounding factors 
such as gender, age, stage, and grade. These statistical analyses were used to screen for prognostic 
genes, and a total of 5293 mRNAs were selected. Among them, 44 mRNAs were significantly associated 
with radioresistance. We selected 23 mRNAs that were negatively correlated with prognosis for further 
analysis. The intersection of radioresistant prognostic mRNAs is visualized in a Venn diagram 
(Figure 1E).

Determination of correlations among radioresistance-promoting mRNAs
For the 23 mRNAs mentioned above, we primarily investigated whether their expression correlated 
with each other based on the data in the TCGA database. Although they were expressed at different 
levels in ESCC patients, the results showed strong correlations among three mRNAs, namely, CTSS, 
CD180, and SCIMP (r > 0.70 and P < 0.05). The correlations of 23 mRNAs are shown in a heatmap 
(Figure 2A). Hence, we selected these three mRNAs as radioresistance-promoting mRNAs of interest. 
Correlations of these three mRNAs are shown in a scattergram (Figure 2B-D).

Establishment of a gene signature as prognostic model for radioresistance
To explore the potential prognostic value of the above three mRNAs pertinent to radioresistance, we 
evaluated the overall survival rates of ESCC patients based on the expression patterns of these three 
mRNAs based on the data in the TCGA database by using Kaplan-Meier curves. As shown in Figure 3A, 
their low expression was associated with a good overall survival (TCGA database), and the median 
survival time was statistically significant (P < 0.05) for all the three mRNAs.

Subsequently, the connection between the three-gene signature and overall survival was explored 
through multivariate Cox regression model adjusted for patient age, gender, tumor grade, and tumor 
stage, for which, the HR with 95% confidence interval was depicted through the forest plot (Figure 3B). 
ROC analysis for the model is shown in Figure 3C (area under the curve: 0.716 and 0.841 for 1- and 3-
year survival, respectively). Accordingly, the risk score of each patient was calculated, and all the 
patients were divided into either a high risk group or a low risk group based on the risk score.

The patients of the high-risk group exhibited a ‘higher death risk and shorter survival time’ than the 
patients in the low-risk group; the heatmap of the three genes (CTSS, CD180, and SCIMP) showed that 
the high-risk patients typically had higher expression of these genes than the low-risk patients 
(Figure 3D-F). The Kaplan-Meier curves revealed that the low-risk patients typically with low 
expression of these three genes exhibited a good overall survival (Figure 3G).

External validation based on GEO dataset
To further validate the prognostic value of the three mRNAs, GSE53625 dataset was downloaded from 
the GEO database. As shown in Figure 4A, downregulation of SCIMP expression was associated with a 
good survival outcome. When patients were divided into two groups based on CTSS expression, there 
was no statistically significant difference in their survival. CD180 expression also showed no significant 
correlation with survival. In the same manner, the risk score of GEO samples was calculated, and the 
overall survival of patient samples in the low-risk group was also higher than that of patient samples in 
the high-risk group (Figure 4B). The risk curve, scatter plot, and heatmap results were also similar to 
those obtained based on TCGA dataset (Figure 4C-E).
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Figure 1 Comparative principal component analysis and heatmap analysis of up-regulated mRNAs between non-radiated and radiated 
KYSE-180 cell samples. A and B: Principal component analysis. Samples were clustered into two groups: 0 Gy group vs 12 Gy group (A) and 0 Gy group vs 30 
Gy group (B); C and D:  Heatmap analysis. Upregulated genes are indicated in red whereas downregulated ones are indicated in green. The expression of mRNAs in 
radiated samples was comparatively higher than that in non-radiated samples: 0 Gy group vs 12 Gy group (C) and 0 Gy group vs 30 Gy group (D); E: Venn diagram 
of radioresistance-promoting mRNAs associated with prognosis in esophageal squamous cell carcinoma.

Association of the three mRNAs with pathological grade and tumor-node-metastasis stage
We next explored the association between the three radioresistance-promoting mRNAs and pathological 
grade (Figure 5A-C) and tumor-node-metastasis (TNM) stage (Figure 5D-F). CTSS, CD180, and SCIMP 
exhibited significantly higher expression in advanced pathological grades (2-3 vs 1) and tumor stages 
(II-IV vs I).

Functional characteristics of CTSS, CD180, and SCIMP mRNAs
To further explore the underlying biological features of the three mRNAs in ESCC, we performed 
Pearson correlation between the three mRNAs, namely, CTSS, CD180, and SCIMP, and the other 
mRNAs to identify co-expressed mRNAs. A total of 539 mRNAs were selected for KEGG pathway 
enrichment analysis (P < 0.01, r > 0.4). Our results showed that the co-expressed mRNAs were mainly 
enriched in 50 pathways, including NF-kB, JAK-STAT, cell adhesion molecules signaling, and PD-L1 
expression & PD-1 checkpoint pathways (Figure 6).

DISCUSSION
Prolonged and fractionated irradiation during radiotherapy in ESCC patients could confer radiores-
istance and result in distant metastasis, which may lead to treatment failure[22,23]. CAFs can foster 
radioresistance in ESCC tumor cells through the long noncoding RNA DNM3OS by modulating the 
PDGFβ/PDGFRβ/FOXO1 signaling pathway, suggesting that CAFs-promoted DNM3OS could be a 
crucial target to reverse radioresistance in ESCC tumor cells. A study by Zhao et al[24] in 2020, showed 
that three genes (FOXL2, TCF4, and NR2F2) exhibited a significant correlation with the prognosis of 
endometrial carcinoma; biological pathways associated with the low expression of these three genes 
were significantly enriched in cell cycle and fatty acid metabolism of cancer cells. However, there is 
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Figure 2 Heatmap and scattergram depicting the correlations of mRNAs. A: Heatmap showing correlations of 23 mRNAs contributing to 
radioresistance; B-D: Scattergram showing correlations between two of the three mRNAs: CTSS vs SCIMP (B), CTSS vs CD180 (C), and CD180 vs SCIMP (D).

limited evidence to validate the gene signatures involved in conferring radioresistance in ESCC patients 
to delineate accurate and efficient disease prognosis[25]. Ma et al[26] demonstrated that HMGB1 
promotes radioresistance through the activation of autophagy. Furthermore, differentially expressed 
genes (DEGs) including ‘CFLAR, LAMA5, ITGA6, ITGB4, and SDC4’ in five signaling cascades (PI3K-
AKT pathway, CYCS gene-based apoptosis pathway, S100AX–AKT3-related pathway, SDC4 and 
HSPG2 pathway, and mTOR signaling pathway) were reported to be associated with radioresistance in 
in vitro ESCC models, and tissue biopsies of ESCC patients[27]. In the present study, we, for the first 
time, constructed a risk score model based on three radioresistance-associated mRNAs (CTSS, CD180, 
and SCIMP) and clinical features of ESCC patients; this model could facilitate oncologists to predict 
overall survival of ESCC patients with acquired radioresistance in radiotherapy.

A research study showed that the insulin-like growth factor 2 mRNA-binding protein 3 can 
contribute to the development of radioresistance in ESCC[28]. miR-205 promotes radioresistance in 
ESCC typically through enhancing DNA repair, impairing apoptosis, and stimulating EMT[29]. Another 
factor i.e., eEF2K, could foster the progression of radioresistance in ESCC[30]. In our study, the 
involvement of three mRNAs (CTSS, CD180, and SCIMP) in radioresistance was analyzed through the 
transcriptome profiling of ESCC samples between non-radiated KYSE-180 cells and 12 or 30 Gy far 
infrared radiation-treated KYSE-180 cells and by constructing a risk score model. However, the overall 
survival information in GSE81812 dataset is unavailable, so we conducted univariate and multivariate 
Cox regression analysis based on the TCGA database, and identified 49 radioresistance-associated 
mRNAs associated with survival, of which 23 were inversely correlated with survival. After compre-
hensive correlation analysis, we selected three radioresistance-associated mRNAs (CTSS, CD180, and 
SCIMP) that were strongly correlated with each other based on the data in the TCGA database. 
Subramanian et al[31] deciphered that the well-developed genomic signatures are significantly 
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Figure 3 Kaplan-Meier curves. A: Kaplan-Meier survival curves by expression of CTSS, SCIMP, and CD180 based on data from TCGA database; B: Forest plot 
established with a hazard ratio calculated through multivariate Cox regression model adjusting for age, gender, grade, and stage (P < 0.05); C: Receiver operating 
characteristic analysis for 1- and 3-year overall survival prediction; D-F: Risk score distribution for patients in high risk group and low risk group. SCIMP, CD180, and 
CTSS had higher expression in high risk group than in low risk group; G: Kaplan–Meier survival curves for the high risk group and low risk group.

beneficial for improving clinical outcomes in ESCC patients. Results of the overall survival of patients in 
this study suggested that patients with a higher risk score exhibited a poorer prognosis. Moreover, we 
downloaded the GSE53625 dataset as independent validation data to validate the prognostic role of the 
three-mRNA signature. Our result confirmed that the risk score model could also predict the survival 
outcome based on the external validation datasets.

Among the three mRNAs investigated, CTSS encodes a cysteine protease. Seo et al[32] showed 
radiation-induced CTSS overexpression, which can consequently promote radioresistance, and 
knockdown of CTSS could induce impairment of radioresistance by modulating the ROS-IFN-γ 
pathway[32]. Additionally, a plethora of research studies have found that CTSS is particularly involved 
in modulating autophagy pathways[33], PI3K/Akt and Ras/Raf/MAPK signaling pathways[34], and 
EGFR-ERK signaling pathway[35] as these signaling cascades are more or less involved in conferring 
radioresistance. However, there are no reports available in the literature to delineate that CD180 and 
SCIMP are involved in causing radioresistance in ESCC patients. CD180 belongs to the family of Toll-
like receptors. Its expression has been reported to be associated with acute or chronic leukemia[36]. 
SCIMP encodes a transmembrane adaptor protein that shapes host defense and inflammation via direct 
modulation of TLR4[37].

A report by Yang et al[27] described the activation of the PI3K-Akt signaling pathway (KEGG ID: 
hsa05200) with upregulation of DEGs such as LAMA5, LAMB2, LAMB3, ITGA6, and ITGB4 at 12-Gy and 
30-Gy fractionated irradiation. Thus, PI3K-Akt is reported to be involved in protecting KYSE-180 cells 
from undergoing apoptosis after irradiation. CYCS gene-based apoptosis pathway (KEGG ID: hsa04210) 
is impaired after 12-Gy irradiation due to the induction of CYCS downregulation. KEGG pathway 
analysis of S100AX–AKT3 signaling depicted that the activation of this pathway could enhance the 
migration and metastasis of HSCC KYSE-180-12 Gy and KYE-180-30 Gy cells[27,38]. SDC4 and HSPG2 
[KEGG ID: hsa05205] are two proteoglycans that were reported to be upregulated during the irradiation 
of KYSE-180 cells at doses of 12 Gy and 30 Gy. These genes are responsible for tumor cell invasion and 
metastasis[27]. In the present study, KEGG pathway analysis was performed to clarify the underlying 
mechanisms of the three mRNAs contributing to the radioresistance of ESCC cells. Our results showed 
that these mRNAs were mainly enriched in pathways that are related to radioresistance, such as the 
JAK-STAT signaling pathway[39] and NF-kB signaling pathway[40]. Our results also demonstrated the 
radioresistance-promoting ability of these three mRNAs. Besides, these mRNAs were enriched in 
immune-related pathways, such as antigen processing and presentation, cytokine-cytokine receptor 
interaction, and Th17 cell differentiation. Hence, these three radioresistance-associated mRNAs might 
be involved in the regulation of immune pathways contributing to ESCC cell radioresistance.
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Figure 4 Validation of prognostic value of the three mRNAs based on dataset downloaded from the Gene Expression Omnibus database. 
A: Kaplan–Meier survival curves for SCIMP, CD180, and CTSS  based on GSE53625 dataset; B: Kaplan–Meier survival curves for the high risk group and low risk 
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group; C-E: Risk score distribution for patients in high risk group and low risk group. SCIMP, CD180, and CTSS had higher expression in high risk group than in low 
risk group.

Figure 5 Association of the three radioresistance-promoting mRNAs (CTSS, CD180, and SCIMP) with tumor characteristics. A-C: Box plots 
showing a positive correlation of SCIMP, CD180, and CTSS  with pathological grade; D-F: Box plots showing a positive correlation of SCIMP, CD180, and CTSS with 
tumor-node-metastasis stage.

CONCLUSION
In summary, our study proved that CTSS, CD180 and SCIMP can promote the development of radiores-
istance in ESCC patients. The novel three-gene signature developed based on the three genes can be 
used as a prognostic model to predict the prognosis of patients with radioresistant ESCC.
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Figure 6 Kyoto Encyclopedia of Genes and Genomes enrichment analysis of co-expressed mRNAs. CTSS, CD180, and SCIMP genes can 
interact with other co-expressed mRNAs, which were mainly enriched in 50 pathways, such as NF-kB, JAK-STAT, PD-L1 expression & PD-1 checkpoint pathway, 
and cell adhesion molecules signaling pathways.

ARTICLE HIGHLIGHTS
Research background
Esophageal squamous cell carcinoma (ESCC) is causing a high mortality rate due to the lack of efficient 
early prognosis markers and suitable therapeutic regimens.

Research motivation
The prognostic role of genes responsible for the acquisition of radioresistance in ESCC has not been 
fully elucidated.

Research objectives
To establish a prognostic model by studying gene expression patterns pertinent to radioresistance in 
ESCC patients.

Research methods
Datasets were obtained from the Gene Expression Omnibus and The Cancer Genome Atlas databases. 
The edgeR, a Bioconductor package, was used to analyze mRNA expression between different groups. 
We screened genes specifically responsible for radioresistance to estimate overall survival. Pearson 
correlation analysis was performed to confirm whether the expression of those genes correlated with 
each other. Genes contributing to radioresistance and overall survival were assessed by the multivariate 
Cox regression model through the calculation of βi and risk score using the following formula: 

.

Research results
We identified three prognostic mRNAs (cathepsin S [CTSS], cluster of differentiation 180 [CD180], and 
SLP adapter and CSK-interacting membrane protein [SCIMP]) indicative of radioresistance. The 
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expression of the three identified mRNAs was related to each other (r > 0.70 and P < 0.05). As to 1-year 
and 3-year overall survival prediction, the area under the time-dependent receiver operating charac-
teristic curve of the signature consisting of the three mRNAs was 0.716 and 0.841, respectively. When 
stratifying patients based on the risk score derived from the signature, the high-risk group exhibited a 
higher death risk and shorter survival time than the low-risk group (P < 0.0001). Overall survival of the 
low-risk patients was significantly better than that of the high-risk patients (P = 0.018).

Research conclusions
We have developed a novel three-gene prognostic signature consisting of CTSS, CD180, and SCIMO for 
ESCC.

Research perspectives
The three-gene signature developed in this study may facilitate the prediction of early prognosis of this 
malignancy.
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Abstract
BACKGROUND 
Lung adenocarcinoma (LUAD) is the most common non-small-cell lung cancer, 
with a high incidence and a poor prognosis.

AIM 
To construct effective predictive models to evaluate the prognosis of LUAD 
patients.

METHODS 
In this study, we thoroughly mined LUAD genomic data from the Gene 
Expression Omnibus (GEO) (GSE43458, GSE32863, and GSE27262) and the Cancer 
Genome Atlas (TCGA) datasets, including 698 LUAD and 172 healthy (or adjacent 
normal) lung tissue samples. Univariate regression and LASSO regression 
analyses were used to screen differentially expressed genes (DEGs) related to 
patient prognosis, and multivariate Cox regression analysis was applied to 
establish the risk score equation and construct the survival prognosis model. 
Receiver operating characteristic curve and Kaplan-Meier survival analyses with 
clinically independent prognostic parameters were performed to verify the 
predictive power of the model and further establish a prognostic nomogram.

RESULTS 
A total of 380 DEGs were identified in LUAD tissues through GEO and TCGA 
datasets, and 5 DEGs (TCN1, CENPF, MAOB, CRTAC1 and PLEK2) were 
screened out by multivariate Cox regression analysis, indicating that the 
prognostic risk model could be used as an independent prognostic factor (Hazard 
ratio = 1.520, P < 0.001). Internal and external validation of the model confirmed 
that the prediction model had good sensitivity and specificity (Area under the 
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curve = 0.754, 0.737). Combining genetic models and clinical prognostic factors, nomograms can 
also predict overall survival more effectively.

CONCLUSION 
A 5-mRNA-based model was constructed to predict the prognosis of lung adenocarcinoma, which 
may provide clinicians with reliable prognostic assessment tools and help clinical treatment 
decisions.

Key Words: Lung adenocarcinoma; Differentially expressed genes; Prognostic signature; Risk score; 
Nomogram

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Five differentially expressed genes (DEGs) (TCN1, CENPF, MAOB, CRTAC1, and PLEK2) 
selected by multiple Cox regression analysis in the prognostic risk models could be considered as 
independent prognostic factors for lung adenocarcinoma.

Citation: Xia QL, He XM, Ma Y, Li QY, Du YZ, Wang J. 5-mRNA-based prognostic signature of survival in lung 
adenocarcinoma. World J Clin Oncol 2023; 14(1): 27-39
URL: https://www.wjgnet.com/2218-4333/full/v14/i1/27.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i1.27

INTRODUCTION
Lung adenocarcinoma (LUAD) is a common histological type of lung cancer that is a malignant tumor 
that seriously threatens human health, accounting for approximately 40% of lung cancers[1]. In recent 
years, some progress has been made in diagnostic and treatment strategies of clinical and experimental 
oncology for lung cancer. However, LUAD patients with localized or locally advanced disease still have 
a high risk of death, and their 5-year overall survival rate is still less than 15%[2]. Assessing the patient's 
prognosis can help choose effective treatments to balance side effects with treatment benefits and decide 
whether to give more aggressive treatment. Although tumor–node–metastasis (TNM) classification 
plays an important role in the prognosis assessment of LUAD patients, the prognosis of some patients is 
significantly different even if the stages are similar. Therefore, the identification of reliable prognostic 
biomarkers to predict clinical outcomes and help make accurate clinical treatment decisions is clearly 
critical. The rapid development of gene chips and high-throughput sequencing have facilitated the 
development of new predictive tools based on prognostic genes for lung cancer. These relevant studies 
involved in prognostic genes of lung cancer have identied several prognostic models that have 
predicted the overall survival rate of LUAD patients (Table 1)[3-14]. For example, a six-gene model 
(RRAGB, RSPH9, RPS6KL1, RXFP1, RTL1 and RRM2) based on the weighted gene coexpression 
network predicted the overall survival rate of non-small-cell lung cancer patients[13]. A 3-gene 
prognostic model (URKA, CDC20, and TPX2A) also accurately predicted overall survival in smoking-
related lung adenocarcinoma[14]. In addition, through analysis of TCGA data, the risk score of the 12-
mRNA signature was correlated with poor prognosis in patients with lung adenocarcinoma[3]. 
Therefore, the in-depth exploration of public databases such as the Gene Expression Omnibus (GEO) 
and the Cancer Genome Atlas (TCGA) databases, discovery of other genes related to the prognosis of 
LUAD and development of a comprehensive prognosis assessment system including multiple 
biomarkers may be effective ways to predict the prognosis of lung adenocarcinoma and individual 
treatment.

Here, we first integrated three lung adenocarcinoma datasets from the GEO database to screen for 
differentially expressed genes (DEGs). Then, the TCGA-LUAD data set was used to identify DEGs. 
Univariate Cox and LASSO regression analyses were further used to determine the DEGs associated 
with overall survival. The risk score was calculated by multiplying multiple Cox coefficients by gene 
expression. The prognostic model was also combined with clinical parameters to construct a prognostic 
nomogram to predict overall survival. Finally, Gene set enrichment analysis (GSEA) was performed to 
identify the potential biological pathways of the five genes in the model.
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Table 1 Data and studies involved several prediction models for the prognostic signature of non-small cell lung cancer/ lung 
adenocarcinoma

Datasets Model-related genes Application Ref.

GEO (GSE19188, GSE33532) DLGAP5, KIF11, RAD51AP1, CCNB1, 
AURKA, CDC6, OIP5, NCAPG

Prognostic signature for predicting overall 
survival in lung adenocarcinoma

Li et al[3], 2018

GEO (GSE31210, GSE37745, 
GSE50081) + TCGA

PLEKHH2, ISCU, CLUL1, CHRDL1, PAIP2B, 
CDCP1

Prognostic signature for predicting both 
disease-free and overall survival in non-small 
cell lung cancer

Zuo et al[4], 
2019

GEO (GSE31210, GSE37745, 
GSE50081) + TCGA

CDCP1, HMMR, TPX2, CIRBP, HLF, KBTBD7, 
SEC24B-AS1, SH2B1

Prognostic Signature for predicting overall 
survival of early-stage non-small cell lung 
cancer

He et al[5], 2019

TCGA RHOV, CD109, LINC00941, FRRS1 Prognostic signature for predicting overall 
survival in lung adenocarcinoma

Shukla et al[6],  
2016

GEO (GSE3141, GSE30219, 
GSE50081) + TCGA

ADAM12, BTK, ERG Prognostic gene signature associated with the 
microenvironment of lung adenocarcinoma

Yue et al[7], 
2019

GEO (GSE50081, GSE30219, 
GSE31210, GSE19188, GSE37745, 
GSE3141, GSE31908)

ABCC4, ADRBK2, KLHL23, PDS5A, UHRF1, 
ZNF551

Prognostic signature for predicting overall 
survival in non-small cell lung cancer

Huang et al[8],  
2016

GEO (GSE50081, GSE31210, 
GSE30219, GSE29013, GSE68465, 
GSE42127) + E-MTAB-923

STAT1, CLU, GTSE1, NUSAP1, ABCA8, 
TNNT1, ENTPD3, CPA3

Prognostic signature for predicting overall 
survival in non-small cell lung cancer

Shahid et al[9],  
2016

GEO (GSE8894, GSE14814, GSE30219, 
GSE31210, GSE37745, GSE50081)

KIF15, DLGAP5, ASPM, ADAM10, 
RAD51AP1, FGFR10P, NCGAP

Prognostic gene expression signature for early 
stage lung adenocarcinoma

Krzystanek et al
[10], 2016

TCGA BCHE, CCNA1, CYP24A1, DEPTOR, MASP2, 
MGLL, MYO1A, PODXL2, RAPGEF3, SGK2, 
TNNI2, ZBTB16

Prognostic signature for predicting overall 
survival in lung adenocarcinoma

Zengin et al
[11],  2020

TCGA PTPRH, OGFRP1, LDHA, AL365203.1, 
LINC02178, AL512488.1, LINC01312, 
AL353746.1, DRAXINP1, LINC02310

Prognostic signature for predicting overall 
survival in lung adenocarcinoma

Li et al[12], 2018 

14 GEO datasets ABCC4, ADRBK2, KLHL23, PDS5A, UHRF1, 
ZNF551

Prognostic signature for predicting overall 
survival in non-small cell lung cancer

Xie et al[13], 
2019

GEO (GSE31210, GSE32863, 
GSE40791, GSE43458, GSE75037) + 
TCGA

AURKA, CDC20, TPX2 Prognostic signature for predicting overall 
survival in smoking-related lung adenocar-
cinoma

Zhang et al[14], 
2019

GEO: the Gene Expression Omnibus; TCGA: the Cancer Genome Atlas.

MATERIALS AND METHODS
Gene expression profile data collection from the GEO and TCGA databases
The GEO database (https://www.ncbi.nlm.nih.gov/geo/) was used for the mRNA expression and 
clinical data of lung adenocarcinoma that needed to meet the following criteria: (1) Human lung 
adenocarcinoma tissue samples; (2) tumor and nontumor lung control tissue samples; and (3) ≥ 50 
samples. Finally, three gene expression microarray data sets (GSE43458, GSE32863 and GSE27262), 
which included 163 LUAD tumor tissue samples and 113 adjacent normal tissue samples, were 
downloaded for DEG analysis. On the other hand, the original count data and corresponding clinical 
data of LUAD patients in the training set and test set, which includes 535 LUAD patient samples and 59 
control samples, were downloaded from TCGA project (https://tcga-data.nci.nih.gov/tcga/). Complete 
survival information and gene expression profile data of 494 patients were obtained from the TCGA 
database after excluding samples that could not be assessed for tumor histological grade or had no 
overall survival (OS) information. The model was validated using transcriptome analysis of 90 LUAD 
patients from the GSE11969 dataset. The workflow of our LUAD biomarker analysis process is shown in 
Supplementary Figure 1.

Screening and verification of DEGs in lung adenocarcinoma tissue
To identify DEGs between LUAD and lung tissues, GE02R was used for differential expression analysis 
of the GSE43458, GSE32863, and GSE27262 data sets. The DEGs of the TCGA-LUAD dataset were 
analyzed using the "limma" software package of R software, and the threshold of DEG screening was 
|log FC| > 2 and P < 0.05 according to our previous study[15]. Human protein mapping (https://
www.proteinatlas.org/) evaluates lung adenocarcinoma and DEG protein expression in normal lung 
tissue[16]. Mutation data in lung adenocarcinoma patients were obtained from cBioPortal (

https://www.ncbi.nlm.nih.gov/geo/
https://tcga-data.nci.nih.gov/tcga/
https://f6publishing.blob.core.windows.net/bfd1706c-c8fd-4246-b5f9-79d74d329a84/WJCO-14-27-supplementary-material%20.pdf
https://www.proteinatlas.org/
https://www.proteinatlas.org/
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https://www.cbioportal.org/)[17].

Identification of prognostic differential genes and establishment of prognostic models
TCGA-LUAD data were randomly divided into a training set (n = 346) and a test set (n = 148). In the test 
set, we performed univariate Cox regression analysis for DEGs determined by a comprehensive analysis 
of the GEO data set to determine the relationship between patient survival and gene expression. P < 0.01 
was considered statistically significant and was included in subsequent analysis. Next, we applied 
LASSO regression to further reduce the number of DEGs in the selected panel with the best predictive 
performance by 10-fold cross-validation of the R-based glmnet package. Finally, multivariate Cox 
regression analysis was performed to obtain the five optimal prognostic gene regression coefficients 
from the multivariate Cox proportional hazard regression model. A prognostic risk score for the five 
genes was then established based on the multivariate Cox regression model regression coefficient 
multiplied by a linear combination of its mRNA expression level.

Identification of prognostic models and related genes
The Lung Adenocarcinoma (TCGA, PanCancer Atlas) database in cBioPortal was used to analyze the 
genetic mutation model. We used data from the TCGA to analyze model-related gene expression. The 
THPA (http://www.proteinatlas.org) database was used to analyze the protein expression of model-
related genes[16]. Patients in the training set were divided into high-risk and low-risk groups according 
to the median risk score as the cutoff point. Kaplan-Meier (KM) survival curves and Wilcoxon tests 
combined with the R package "survival" were used to compare the survival differences between the 
high-risk and low-risk groups. Time-dependent receiver operating characteristic (ROC) curve analysis 
was conducted using the R software package "survivalROC" to assess the prediction model's forecasting 
capacity. P < 0.05 was considered statistically significant. The test cohort and the entire cohort were 
used for internal validation, the GSE11969 dataset was downloaded from the GEO database for external 
validation, and the risk score of each patient was calculated using the same model based on the 
prognostic gene signature to further verify the predictive value of the prognostic gene signature.

Establish and verify the forecast nomograms
To provide clinicians with a quantitative method for predicting 1-year, 3-year, and 5-year overall 
survival in LUAD patients, we used a combined model of all independent prognostic factors selected by 
multivariate Cox regression analysis to construct a nomogram. KM analysis, area under the curve 
(AUC), consistency index (C-index), and comparison of predicted and observed overall survival were 
used to evaluate the prognostic nomographs' performance[18].

Functional enrichment analysis of model genes
GSEA was used to analyze the signaling pathways of relevant genes involved in the development of 
lung adenocarcinoma to clarify the molecular mechanism of the prognostic gene signature. GSEA 
software (GSEA 4.0.3) was downloaded from the Broad Institute website (http://software.broadin-
stitute.org/gsea/index.jsp), and the analyzed access was from the c2.cp.kegg.v7.0.symbols.gmt data set 
in the Molecular Signature Database (MsigDB). The enrichment analysis was carried out by the 
weighted enrichment method, and the number of random combinations was set as 1000. All other 
parameters were set as default values. Gene sets with P < 0.05 were regarded as significantly enriched 
gene sets.

Statistical analysis
Statistical analysis and corresponding graph drawing were performed using R3.6.3 software, and Cox 
regression analysis of the hazard ratio (HR) and 95% confidence interval (CI) was used to evaluate the 
association between DEG expression and prognosis. A t-test of paired samples or a nonparametric 
Wilcoxon rank sum test of unpaired samples was used for analysis of continuous variables, and 
categorical variables were tested by the chi-square test or Fisher’s exact test. P < 0.05 indicated a 
significant difference.

RESULTS
Screening and identification of differentially expressed genes in the TCGA-LUAD database
We researched the results as described in the flowchart (Supplementary Figure 1). This study analyzed 
three GEO datasets (GSE43458, GSE32863, and GSE27262), and 886, 1270, and 1921 DEGs were found, 
respectively. Then, we found 380 common DEGs by Venn diagram analysis. DEGs were verified in the 
TCGA-LUAD database (535 Lung adenocarcinoma tissues and 59 Lung cancer tissues), further 
confirming the differential expression of these 380 genes in lung adenocarcinoma and normal lung 
tissues (Figure 1A-D).

https://www.cbioportal.org/
http://www.proteinatlas.org
http://software.broadinstitute.org/gsea/index.jsp
http://software.broadinstitute.org/gsea/index.jsp
https://f6publishing.blob.core.windows.net/bfd1706c-c8fd-4246-b5f9-79d74d329a84/WJCO-14-27-supplementary-material%20.pdf
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Figure 1 Screening of differential genes and establishing LASSO regression. A: Volcano map of the differential genes in the GSE43458; B: Volcano 
map of the differential genes in the GSE32863; C: Volcano map of the differential genes in the GSE27262; D: Venn diagram of the three Gene Expression Omnibus 
datasets; E: LASSO coefficients profiles of 380 common differential genes; F: LASSO regression with ten- fold cross-validation constructed the models.

Screening of prognostic differential genes and establishment of prognostic models
Univariate Cox regression analysis was performed on 380 DEGs in the training set. A total of 30 DEGs 
were related to the survival of patients with lung adenocarcinoma (P < 0.05) and further screened by 
LASSO regression (Figure 1E). Cross-validation was used to establish the model, as shown in Figure 1F. 
A total of 5 mRNAs (TCN1, CENPF, MAOB, CRTAC1, and PLEK2) were included in the model. 
Multivariate Cox regression analysis was performed for the above 5 mRNAs, and the risk scoring 
equation was established according to the corresponding regression coefficient. Risk score (RS) = 
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(0.00288* TCN1 EXP) + (0.0387* CENPF EXP) + (-0.0291* MAOB EXP) + (-0.0198 *CRTAC1 EXP) + 
(0.0214* PLEK2 EXP).

Verification of mRNA expression and genetic changes associated with 5 prognostic genes
Among the 566 patients included in the cBioPortal for Lung Adenocarcinoma (TCGA, PanCancer Atlas) 
database, 93 patients (16.4%) showed genetic changes in these 5 genes, among which missense 
mutations were the most common mutation type (Figure 2A). In the TCGA LUAD cohort, the mRNA 
expression levels of TCN1, CENPF, and PLEK2 were significantly increased in lung adenocarcinoma 
tissues compared with those in normal lung tissues, while MAOB and CRTAC1 were significantly 
decreased in lung adenocarcinoma tissues (Figure 2B). A human protein mapping database (http://
www.proteinatlas.org) was used to explore the protein expression level. Immunohistochemical (IHC) 
results of four genes (TCN1 was not included in the database) in lung cancer and normal lung gland 
tissues are shown in Figure 2C. Consistent with the mRNA results, IHC results showed that CENPF and 
PLEK2 had significantly higher mean expression levels in lung adenocarcinoma tissue than in normal 
lung tissue. In contrast, the CRTAC1 expression level was higher in normal lung tissue than in lung 
adenocarcinoma tissue. MAOB showed no difference between normal and lung adenocarcinoma tissues 
(Figure 2C).

Evaluation of five-mRNA prognostic model
Each patient's risk score in the training group was calculated based on the above risk score function. The 
"SurvMiner" R software package was used to obtain the median critical point, and the patients were 
divided into a high-risk group and a low-risk group (Figure 3A). As the RS score increased, the patients' 
survival time was shortened, and the number of deaths increased significantly (Figure 3B). Figure 3C 
shows the heatmap of 5 prognostic genes in the high- and low-risk groups. The KM survival curve 
indicated a lower overall survival in the high-risk group than in the low-risk group (P < 0.001) 
(Figure 3D). To further verify the prognostic assessment model's accuracy, we used the R "survival 
ROC" package to draw the ROC curve (Figure 3E). The results showed that the AUC values of the risk 
score model for predicting the overall survival at 1, 3 and 5 years in patients with lung adenocarcinoma 
were 0.711, 0.668 and 0.728, respectively, indicating that the multigene model had a good predictive 
ability for the OS of patients with lung adenocarcinoma. Multiple Cox regression analysis showed that 
RS, along with patient age and stage, could be independent prognostic factors for lung adenocarcinoma 
patients (Figure 3F).

Internal and external validation of the five-mRNA prognostic signature
To verify the predictive value of the 5-mRNA prognostic signature, we used the same formula to 
calculate risk scores for patients with the internal validation set (n = 160), entire validation set (n = 535), 
and external validation set (GSE11969, n = 90). Consistent with the training group results, the OS of 
LUAD patients in the high-risk group was significantly lower than that in the low-risk group (Figure 4A
-C). The KM survival analysis of the prognostic signature showed that the AUC values of the 1-year, 3-
year, and 5-year OS of the internal validation set, the overall validation set and external validation set 
were 0.754, 0.630, 0.684, and 0.737, 0.701, 0.680, and 0.779, 0.752, 0.715, respectively (Figure 4D-F). Taken 
together, our results suggest that this 5-gene signature performs well in predicting overall survival in 
patients with lung adenocarcinoma.

Establish and verify the nomogram
To establish clinically applicable methods for predicting survival in patients with lung adenocarcinoma, 
we established a nomogram using three independent prognostic factors (including age, stage, and risk 
score) to predict 1-year, 3-year, and 5-year OS in patients with lung adenocarcinoma 
(Supplementary Figure 2A). The calibration diagram showed that the nomogram performs well 
(Supplementary Figure 2B). The AUC values of the 1-year, 2-year, and 3-year overall survival 
predictions of the nomograph were 0.760, 0.712, and 0.709, respectively (Supplementary Figure 3A). The 
KM chart effectively distinguishes the various risks of these categories, with people with higher scores 
having significantly poorer overall survival (P < 0.001) (Supplementary Figure 3B). The C-index (95%CI) 
of the age, stage, and risk score and combination models was 0.501 (0.480-0.522), 0.684 (0.662-0.076), 
0.625 (0.604-0.646), and 0.726 (0.702-0.750), respectively (Supplementary Table 1). Thus, the nomogram 
performs well in predicting overall survival in patients with lung adenocarcinoma, which may be useful 
for patient counseling and clinical decision-making.

Biological pathways of the five prognostic model genes were identified
GSEA was performed to identify the potential biological processes of the 5 prognostic genes and 
showed that the samples with highly expressed TCN1, CENPF, and PLEK2 were enriched with focal 
adhesion, the p53 signaling pathway, and Toll-like sensors, respectively. MAOB and CRTAC1 samples 
were mediated in the cell cycle and ubiquitin-mediated proteolysis (Supplementary Figure 4), 
respectively.

http://www.proteinatlas.org
http://www.proteinatlas.org
https://f6publishing.blob.core.windows.net/bfd1706c-c8fd-4246-b5f9-79d74d329a84/WJCO-14-27-supplementary-material%20.pdf
https://f6publishing.blob.core.windows.net/bfd1706c-c8fd-4246-b5f9-79d74d329a84/WJCO-14-27-supplementary-material%20.pdf
https://f6publishing.blob.core.windows.net/bfd1706c-c8fd-4246-b5f9-79d74d329a84/WJCO-14-27-supplementary-material%20.pdf
https://f6publishing.blob.core.windows.net/bfd1706c-c8fd-4246-b5f9-79d74d329a84/WJCO-14-27-supplementary-material%20.pdf
https://f6publishing.blob.core.windows.net/bfd1706c-c8fd-4246-b5f9-79d74d329a84/WJCO-14-27-supplementary-material%20.pdf
https://f6publishing.blob.core.windows.net/bfd1706c-c8fd-4246-b5f9-79d74d329a84/WJCO-14-27-supplementary-material%20.pdf
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Figure 2 The expression and genetic alterations of the 5 prognostic genes in Lung adenocarcinoma. A: Genetic alterations rate of 5 model genes; 
B: Differential expression of the mRNA levels in lung adenocarcinoma tissues; C: Differential expression at the protein levels of the five model genes.

DISCUSSION
Recently, the tumor prognosis model based on the abnormal gene mRNAs has shown great potential 
due to its high prediction accuracy. Traditional clinicopathological parameters, such as tumor stage, 
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Figure 3 Risk score model, time-dependent receiver operating characteristic analysis, and survival analysis for the 5-gene signature in 
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Lung adenocarcinoma. A: The risk score curve divided the patients into the high-risk and low-risk groups; B: Distribution map of the patient's survival status; C: 
Heatmap of model genes in high and low risk groups; D: Kaplan-Meier survival analysis of the 5-mRNA-based prognostic signature; E: Receiver operating 
characteristic curves to evaluate the prognostic signature; F: Multiple cox regression analysis of the risk scores and clinical parameters.

Figure 4 Internal and external validation of the 5-gene prognostic signature. A: Internal validation by survival analysis; B: The entire dataset validation 
by survival analysis; C: GSE11969-based external validation by survival analysis; D: Internal validation by receiver operating characteristic (ROC) curves; E: The 
entire dataset validation by ROC curves; F: GSE11969-based external validation by ROC curves.

have been used to reflect and predict disease progression. However, a single clinical parameter has poor 
predictive ability for prognosis[3,6,7,10]. In this study, we identified 380 reliable lung adenocarcinoma 
differential genes by comprehensive analysis of three GEO datasets combined with data from the 
TCGA-LUAD. Univariate, LASSO and multivariate Cox analyses of DEGs were performed to establish a 
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prognostic risk model for lung adenocarcinoma based on 5 mRNAs (TCN1, CENPF, MAOB, CRTAC1, 
and PLEK2). These five new genes were significantly correlated with the prognosis of LUAD patients. 
MAOB and CRTAC1 were negative prognostic genes, while TCN1, CENPF and PLEK2 were positive 
prognostic genes. Recently, several studies have revealed the important role of these five genes in cancer 
progression. Monoamine oxidase B (MAOB) is an enzyme located on the outer mitochondrial 
membrane. It is responsible for catalyzing monoamine oxidation to produce hydrogen peroxide and is 
mainly involved in the metabolism of neurotransmitters[19]. The relationship between MAOB and 
tumors is less reported. It has been reported that MAOB mRNA is significantly lower in the saliva of 
oral squamous cell carcinoma patients than in that of healthy controls[20]. Xu et al[21] found that MAOB 
is a key DNA methylation driver gene for prostate cancer and plays an important role in the DNA 
methylation of prostate cancer patients through a comprehensive analysis of the TCGA methylation 
data. There is no previous report about MAOB in lung adenocarcinoma. CRTAC1 encodes human 
chondrogenic acid protein 1, which can be used as a marker of chondrocytes to distinguish human 
chondrocytes from osteoblasts and mesenchymal stem cells in cultures[22]. Currently, this gene is rarely 
reported in tumors. TCN1 is a member of the vitamin B12-binding protein family and is a 60-70 kDa 
molecular weight protein. High levels of TCN1 are primarily related to abnormal granulocyte prolif-
eration. TCN1 is overexpressed in a variety of malignancies, such as pancreas, breast, and colon cancer, 
and is associated with tumor progression and metastasis[23-25]. TCN1 was significantly associated with 
advanced colorectal cancer[24] and laryngeal cancer[26]. Centromere protein F (CENPF), as an 
important member of the centromere protein family, is a component of the centromere complex and 
plays an important regulatory role in mitosis[27]. CENPF expression is abnormally increased in a 
variety of malignant tumors and is associated with the prognosis of patients[28,29]. Using 
bioinformatics and immunohistochemical analysis, CENPF overexpression was associated with poor 
prognosis of breast cancer and tumor bone metastasis[30]. Through comprehensive analysis of three 
GEO databases, CENPF was identified as a key gene with prognostic value in lung adenocarcinoma, 
which was consistent with our research results[31]. Pleckstrin-2 (PLEK2) is a 353 amino acid protein 
encoded by the PLEK2 gene in the human genome and is widely expressed in various tissues. Its 
overexpression contributes to the formation of large apolipoproteins, thereby promoting cell prolif-
eration[32]. PLEK2 has been found to be related to the invasion and metastasis of multiple tumors. In 
gallbladder cancer (GBC), PLEK2 overexpression enhances the epithelial-mesenchymal transformation 
(EMT) process in GBC cells, leading to subsequent higher rates of cell migration, invasion, and liver 
metastasis[33]. The overexpression of PLEK2 also significantly promoted the EMT and migration of 
non-small cell lung cancer and destroyed the vascular endothelial barrier[34]. After identifying the five 
prognostic gene markers, we also conducted internal and external validation to confirm their predictive 
value and revealed that the prognostic signatures had good prognostic diagnostic value. To improve the 
prognostic predictive power of the five prognostic gene markers, a predictive nomogram combining risk 
scores and conventional clinical prognostic parameters (including age and tumor stage) was constructed 
to enable clinicians to determine the prognosis of each patient. Its graphical scoring system is easy to 
understand and helps customize treatment and medical decisions. The prognostic models and 
nomograms associated with five-gene characteristics have not been reported. Hence, our study may be 
useful prognostic and diagnostic classification tools for lung adenocarcinoma. Our study still has some 
limitations. First, the study only focuses on transcriptome sequencing data. If other omics techniques, 
such as DNA methylation and single nucleotide polymorphisms, can be analyzed together, more 
favorable results may be obtained. Second, our research is limited to the bioinformatics analysis of the 
TCGA and GEO databases. Although we have verified the accuracy of the models internally and 
externally, the verification of large samples in the clinical diagnosis and treatment process will further 
enhance their diagnostic accuracy and clinical value.

CONCLUSION
In summary, our study identified a 5-gene model and prognostic nomogram that combined gene 
models and clinical prognostic factors to predict the overall survival rate of lung adenocarcinoma 
patients, and this nomogram may be of great significance for the selection of personalized treatment 
options and clinical medical decisions in patients with lung adenocarcinoma.

ARTICLE HIGHLIGHTS
Research background
Lung adenocarcinoma patients with localized or locally advanced disease have a high risk of death, and 
their 5-year overall survival rate is less than 15%.
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Research motivation
To evaluate the prognosis of Lung adenocarcinoma (LUAD) patients and optimize treatment, effective 
clinical research prediction models.

Research objectives
To identify reliable prognostic biomarkers to predict clinical outcomes and to help clinicians to make 
accurate clinical treatment decisions.

Research methods
The Cancer Genome Atlas (TCGA) and the Gene Expression Omnibus (GEO) were used to screen for 
differential genes for lung adenocarcinoma. Univariate regression analysis combined with LASSO 
regression analysis was used to screen for prognostic-related genes. Multivariate Cox regression 
analysis was applied to establish the risk score equation and construct the survival prognosis model.

Research results
We establish a prognostic risk model for lung adenocarcinoma based on 5 mRNAs (TCN1, CENPF, 
MAOB, CRTAC1, and PLEK2). These five new genes were significantly correlated with the prognosis of 
LUAD patients. To improve the prognostic predictive power of the five prognostic gene markers, a 
predictive nomogram combining risk scores and conventional clinical prognostic parameters (including 
age and tumor stage) was constructed to enable clinicians to determine the prognosis of each patient.

Research conclusions
A 5-mRNA-based model was constructed to predict the prognosis of lung adenocarcinoma, which may 
provide clinicians with reliable prognostic assessment tools and help clinical treatment decisions.

Research perspectives
Our study identified a 5-gene model and constructed a nomogram which may have important implic-
ations for clinical medical decision and personalized treatment of patients with lung adenocarcinoma.
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Abstract
Hereditary cancer syndromes (HCSs) are arguably the most frequent category of 
Mendelian genetic diseases, as at least 2% of presumably healthy subjects carry 
highly-penetrant tumor-predisposing pathogenic variants (PVs). Hereditary 
breast-ovarian cancer and Lynch syndrome make the highest contribution to 
cancer morbidity; in addition, there are several dozen less frequent types of 
familial tumors. The development of the majority albeit not all hereditary 
malignancies involves two-hit mechanism, i.e. the somatic inactivation of the 
remaining copy of the affected gene. Earlier studies on cancer families suggested 
nearly fatal penetrance for the majority of HCS genes; however, population-based 
investigations and especially large-scale next-generation sequencing data sets 
demonstrate that the presence of some highly-penetrant PVs is often compatible 
with healthy status. Hereditary cancer research initially focused mainly on cancer 
detection and prevention. Recent studies identified multiple HCS-specific drug 
vulnerabilities, which translated into the development of highly efficient thera-
peutic options.
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predisposition; Cancer treatment; Next-generation sequencing
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Core Tip: There are many reviews describing particular types of hereditary cancer syndromes (HCSs) (e.g., 
hereditary breast-ovarian cancer, Lynch syndrome, Li-Fraumeni syndrome, etc.). However, for the last 15-
20 years there were no publications providing a general overview on familial cancers. Our paper describes 
mechanisms underlying genetic cancer predisposition, lists major types of HCSs, and comments on 
therapeutic advances in the management of hereditary tumors.

Citation: Imyanitov EN, Kuligina ES, Sokolenko AP, Suspitsin EN, Yanus GA, Iyevleva AG, Ivantsov AO, 
Aleksakhina SN. Hereditary cancer syndromes. World J Clin Oncol 2023; 14(2): 40-68
URL: https://www.wjgnet.com/2218-4333/full/v14/i2/40.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i2.40

INTRODUCTION
Hereditary cancer syndromes (HCSs) are a heterogeneous group of genetic diseases, which are 
associated with significantly increased risk of tumor development. There is a number of severe inborn 
disorders characterized by profound multiorgan failures, where cancer susceptibility constitutes only a 
part of clinical presentation of the disease (e.g., Bloom syndrome, Fanconi anemia, Nijmegen breakage 
syndrome, ataxia-telangiectasia, etc.). Most of these syndromes involve biallelic inactivation of genes 
involved in DNA repair and are characterized by severe immune deficiency[1,2]. Subjects affected by 
“genuine” HCSs usually do not have any detectable phenotypic malfunctions, they differ from truly 
healthy people only by a highly elevated propensity to develop malignant disease in certain organs.

Hereditary cancers apparently represent the most common category of vertically transmitted 
disorders. Indeed, while the occurrence of the best known genetic diseases, e.g., cystic fibrosis or 
phenylketonuria, usually falls below 1:10000, the population frequency of BRCA1/2-associated 
hereditary breast-ovarian cancer (HBOC) or MLH1/MSH2-linked Lynch syndrome is about 25-30 times 
higher and approaches approximately 1:300–1:400[3-6]. Collectively, at least 2% of presumably healthy 
subjects carry germline PVs associated with highly increased and often a nearly-fatal risk of a certain 
cancer type, and these estimates can be significantly higher in populations with pronounced founder 
effect[5,7].

Earlier studies on HCSs usually assumed that almost all carriers of pathogenic alleles are destined to 
develop cancer, i.e. they considered mainly families and genes with almost 100% disease penetrance. 
The development of genetic technologies and the availability of large collections of cancer patients and 
healthy subjects resulted in the discovery of genes, whose alteration is associated with less pronounced 
but still medically relevant (2-3-fold) increase of cancer risk. These moderately penetrant alleles rarely 
cause familial clustering of malignancies and present a challenge for defining disease-preventive 
strategies. Furthermore, unbiased case-control studies revealed that earlier family-based HCS investig-
ations overestimated disease risks for the majority of cancer genes; in fact, seemingly none of the well-
established HCS genes has a complete penetrance, with the most of estimates falling within 40%–80% 
probability of tumor development for germline pathogenic variant (PV) carriers[4-6,8,9].

Virtually all HCSs are more or less organ-specific, i.e. they mainly manifest by cancers arising in 
particular anatomic sites or tissues. However, the development of hereditary cancer registries and large 
data sets led to the understanding that many HCSs are associated with a wider spectrum of cancers than 
was initially suggested, although most of the newly added tumor types are characterized only by a 
marginal increase of their lifetime risk. For example, BRCA1 and BRCA2 were discovered as breast-
ovarian cancer genes. Recent data indicate that carriers of BRCA1/2 PVs may have a borderline elevation 
of the probability of development for almost all major cancer types[10-16].

MECHANISMS OF HEREDITARY CANCER PREDISPOSITION
The acquisition of a single mutation in oncogene or suppressor gene is usually fully tolerable for a 
human cell due to the existence of multiple cancer-protecting biological mechanisms. The process of 
malignant transformation ultimately requires accumulation of several cancer-driving events in the same 
cell clone. Consequently, when a single cancer-associated PV is inherited from the parents, its carrier 
remains phenotypically healthy despite the presence of the pathogenic allele in every cell of the body. 
However, the number of additional events necessary for cancer manifestation decreases by one, 
therefore the probability of tumor development in this subject is manifold higher as compared to 
general population (Figure 1).

The majority of known HCS genes are suppressor genes, which require biallelic inactivation to exert 
their action. When inactivating PV in a single allele is inherited, the remaining copy of the gene retains 
its function and the normal health status is preserved. The process of malignant transformation is 

https://www.wjgnet.com/2218-4333/full/v14/i2/40.htm
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Figure 1 Mechanisms of hereditary cancer predisposition. Single cancer-driving mutation is usually fully compensated, therefore carriers of germline 
pathogenic variants may remain healthy during a prolonged period of time. However, since every cell in the target organ already contains one alteration in cancer 
gene, the probability of accumulation of a critical mass of additional oncogenic mutations in any given cell clone is high, and cancer manifestation often occurs at a 
relatively young age.

usually triggered by the “second hit”, i.e. by a somatic inactivation of the remaining allele occurring in 
any cell located within the target organ. This mechanism is highly characteristic for the best known HCS 
genes, e.g., RB1, BRCA1, BRCA2, MLH1, MSH2, etc[4,17-19]. There are examples of mutated suppressor 
genes, which contribute to the development of hereditary cancers without mandatory inactivation of the 
remaining gene copy. It is suggested that the reduced gene dosage, so-called haploinsufficiency, is a 
primary cause of malignant transformation in these situations. Interestingly, some genes, e.g., PALB2 
and CHEK2, may utilize both mechanisms: Indeed, instances of both monoallelic and biallelic 
inactivation of these genes in human tumors have been described in the literature, and there are clear 
biological differences between carcinomas associated with haploinsufficiency vs second-hit loss-of-
function of the above genes[20,21].

A few human cancers are caused by the inheritance of activated oncogene. The best known example 
is the syndrome of multiple endocrine neoplasia (MEN) type 2A and 2B (now sometimes classified as 
MEN2 and MEN3, respectively), which is associated with gain-of-function PVs in RET receptor tyrosine 
kinase[22].

HCSs have a Mendelian mode of inheritance. Most of currently described hereditary cancers are 
transmitted by autosomal-dominant mechanisms. Recessive inheritance of cancer predisposition is more 
difficult to study, especially for common tumor types, therefore only a few examples of biallelic cancer-
predisposing gene defects have been identified so far[23,24]. There are also reports describing instances 
of oligogenic inheritance, i.e. the combination of genetic variants resulting in significant increase of 
cancer risks[25-28].

Hereditary cancers usually have peculiar phenotypic characteristics attributed to their mechanisms of 
development[29]. Most of HCSs arising in adults manifest after the peak of reproductive activity, so 
cancer predisposition is transmitted through generations virtually without negative selection and HCS 
patients often describe multiple instances of the same disease in their relatives. Presence of the first 
cancer-predisposing mutation in every cell of the human organism ensures highly increased risk of 
cancer disease as long as target organs or their parts remain in the body. Consequently, HCSs often 
manifest by multiple primary malignancies[30]. Furthermore, given that the cancer development in PV 
carriers requires less additional somatic events as compared to genetically healthy subjects, hereditary 
cancers commonly demonstrate younger age at onset. The development of HCS usually involves gene-
specific pathways, therefore these cancers are often distinguished by predetermined molecular portrait 
and histological appearance. For example, BRCA1-associated breast carcinomas are usually triple-
negative, chromosomally unstable and carry somatic mutation in the TP53 suppressor gene[31-34]. All 
these features, i.e., family cancer history, presence of multiple primary tumors, young age at onset, and 
especial phenotypic characteristics, represent well-recognized clinical signs of HCSs[29].
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MAJOR TYPES OF HCSs 
Breast and ovarian carcinomas
It is difficult to discuss hereditary breast cancer (BC) and hereditary ovarian cancer (OC) as two separate 
disease entities, because the best known and the most frequent genetic causes for these diseases are 
represented by PVs located within the same genes, BRCA1 and BRCA2 (Figure 2). Nevertheless, there 
are essential differences between BC and OC, which may critically affect genetic investigations of these 
diseases. The lifetime risk for BC in Western countries is around 1:8, therefore about 1 out of 60-70 
mother-daughter or sister-sister pairs would share this disease just by chance[35,36]. OC is significantly 
less common, with population occurrence approaching close to 1:60–1:70; therefore, the probability of 
“random” co-occurrence of OC in two female first-degree relatives is very low, falling within 
1:3500–1:5000[36,37]. Furthermore, while two-thirds of OC cases belong to its major histological entity, 
i.e. high-grade serous ovarian carcinoma, breast carcinomas are characterized by significant biological 
diversity manifested by differences in their receptor status and other essential tumor features[38,39]. It 
appears that hereditary BC research has more confounding factors as compared to the analysis of OC 
familial clustering.

The causes of HBOC syndrome are considerably better understood than the genetic basis of 
hereditary BC alone. There are two major contributors to BC and OC predisposition, BRCA1 and BRCA2 
(Table 1). Both these genes are involved in double-strand DNA repair by homologous recombination. 
BRCA2-associated cancers tend to have older age at onset as compared to BRCA1-driven malignancies. 
PVs in both BRCA1 and BRCA2 genes confer approximately 70% lifetime risk for BC; the cumulative 
risk for OC is estimated to be 44% and 17% for BRCA1 and BRCA2 genes, respectively[40]. Importantly, 
these collective calculations may somehow be misleading, because some PVs located within these genes 
predispose preferentially to BC, while others are associated with more pronounced OC risk; in fact, 
there are so-called BC and OC cluster regions located within these genes[41]. There are multiple genetic 
and non-genetic factors, which modify the risk of cancer disease in BRCA1/2 PV carriers[42]. BRCA1/2 
make significant contribution to cancer morbidity: These PVs are observed in approximately 2%–5% of 
BC patients and up to 25%–30% of women diagnosed with high-grade serous OC[5,6,43-46]. In addition 
to BRCA1 and BRCA2, some RAD51 paralogs, namely RAD51C and RAD51D, predispose both to BC 
and OC[5,47,48]. Recent data also suggest the involvement of RAD51B germline PVs in breast- OC 
susceptibility[49]. The occurrence of PVs in newly described HBOC genes is an order of magnitude 
lower as compared to BRCA1/2[5,47].

PALB2 is the third most important BC-predisposing gene after BRCA1 and BRCA2[50]. Its penetrance 
towards BC is similar to BRCA2, while the data regarding the role of PALB2 PVs in OC predisposition 
are conflicting[47,51]. There are two middle-penetrance genes, ATM and CHEK2, which are associated 
with 2-3-fold elevation of the risk of BC development but are unlikely to contribute to increased OC 
susceptibility[47]. Moderate BC predisposing roles were also suggested for NBN (NBS1), BLM, RECQL, 
FANCM, BARD1 and several other genes, but, contrary to the evidence obtained for ATM and CHEK2, 
these observations have not been uniformly reproduced across distinct data sets[5,6,47,52-54]. BRIP1 is 
the only known gene, which is associated with hereditary OC but not with hereditary BC[47]. There are 
no mechanistic explanations, why some genes predispose to BC, others to OC, and a few to both BC and 
OC.

Many “novel” BC/OC-predisposing loci were discovered by candidate gene approach, where genes 
with similar to BRCA1/2 functions, i.e., the participants of DNA repair pathways, were selected for DNA 
testing in case-control studies. These functional considerations also influenced the interpretation of 
whole-exome studies, i.e., the priority was given to genes involved in the maintenance of cellular 
genome[55,56]. Overall, exome sequencing studies largely failed to reveal novel BC predisposing genes 
whose contribution to BC morbidity is comparable with the impact of BRCA1/2, PALB2 or CHEK2 
germline PVs[53,57,58].

BC may arise as a part of multiorgan cancer syndrome. Germline TP53 PVs predispose to Li-
Fraumeni syndrome, which is manifested by a wide spectrum of tumors. TP53 PVs are particularly 
common in very young patients with BC[59]. Recent large-scale next-generation sequencing (NGS) 
studies suggest that mutated TP53 can be found in non-selected BC patients, which do not have 
personal or family history of non-breast tumors[60-63]. A rare BC subtype, lobular BC, is associated 
with CDH1 germline PVs predisposing to diffuse stomach cancer[47,64].

There are convincing data indicating that patients with Lynch syndrome, i.e., hereditary predis-
position to colorectal and endometrial cancer, develop OC more often than in general population[46,65-
69]. Unlike BRCA1/2-driven tumors, Lynch syndrome associated OCs often have non-serous histology
[68]. Several other multiorgan cancer syndromes also render marginally increased OC risk[46,70].

Exome sequencing studies of OC families identified several promising OC-predisposing candidates, 
e.g., ANKRD11 and POLE genes[71]. Some data indicate that protein-truncating germline PVs in the 
ERCC3 gene may confer increased OC risk[72]. Validation of these findings is complicated due to rarity 
of BRCA1/2-independent familial OC clustering.

Small cell carcinomas of the ovary, hypercalcemic type (SCCOHTs) constitute a rare variety of OC. 
SCCOHTs are associated with germline PV in the SMARCA4 gene, which plays a role in chromatin 
remodeling[70].
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Table 1 Health impact of major hereditary cancer genes: Frequency of pathogenic variants in non-selected subjects and oncological 
patients

Gene Frequency of pathogenic variants in 
population Contribution in cancer morbidity Ref.

BRCA1 Approximately 0.1%; > 1% in some founder 
populations

Breast cancer: 1%-3%; High-grade serous ovarian cancer: 15%-
30%

[5,6,45,230-
233]

BRCA2 Approximately 0.3%; > 1% in some founder 
populations

Breast cancer: 1%-3%; High-grade serous ovarian cancer: 7%-
12%; Prostate cancer: 2%-4%; Pancreatic cancer: 2%-3%

[5,6,45,99,102,
112,232,233]

PALB2 Approximately 0.1% Breast cancer: Approximately 0.5%-1% [5,6,45]

CHEK2 0.5%-0.7% Breast cancer: 0.5%-2%; Moderately elevated frequencies across 
several cancer types

[5,6,25,113,
234,235]

ATM 0.3%-0.5% Breast cancer: 0.5%-0.8%; Moderately elevated frequencies 
across several cancer types

[5,6,45,99,102,
113]

MLH1, MSH2, MSH6, 
PMS2, EPCAM

0.02%-0.05% for MLH1, MSH2, MSH6, EPCAM 
each; approximately 0.1% for PMS2

Colorectal cancer: 1%-6%; Endometrial cancer: 2%-6% [5,6,76,236-
238]

CDH1 < 0.005% Diffuse gastric cancer: 7%; Lobular breast cancer: 0.3% [5,6,92]

TP53 < 0.01% Breast cancer in women < 30 years old: 2%-6%; Pediatric 
cancers: 8%; Osteosarcoma: 4%

[161,239,240]

HOXB13 0.2%-0.4% Prostate cancer: Approximately 1% [112,117,241]

Colorectal tumors 
The accumulation of multiple cases of colorectal cancer (CRC) in pedigrees was systematically described 
in 1967 by Lynch et al[73]. Lynch syndrome, also called hereditary non-polyposis colorectal cancer 
(HNPCC), is the best-known genetic cause of CRC predisposition. HNPCC is associated with hetero-
zygous germline inactivation of genes involved in DNA mismatch repair (MMR), namely MLH1, MSH2, 
MSH6 or PMS2 (Table 1). In addition, some Lynch syndrome patients carry deletion of the last portion 
of epithelial cell adhesion molecule (EPCAM), a gene located upstream to the MSH2 genomic segment. 
This deletion results in the loss of transcription of the termination polyadenylation signal at the end of 
EPCAM and consequent emergence of the read-through EPCAM-MSH2 fusion RNA message; 
furthermore, cells expressing the EPCAM-MSH2 chimera demonstrate methylation of the MSH2 
promoter and failure to produce functional MSH2 protein[74]. The genetic causes of Lynch syndrome 
are apparently limited to the germline inactivation of MLH1, MSH2, MSH6 or PMS2 genes, as attempts 
to link this disease with PVs in other participants of MMR were unsuccessful[4]. The lifetime risk of 
CRC for the carriers of pathogenic alleles falls within 40%–70% for MLH1 and MSH2 genes, however it 
reaches only 10%–20% for MSH6 and PMS2 heterozygous individuals. Lynch syndrome contributes 
approximately to 3% of CRC morbidity in Western countries, however this estimate is significantly 
lower in some other populations[3,4,75-79]. In addition to CRC, Lynch syndrome is associated with a 
highly elevated risk of endometrial cancer as well as increased susceptibility to gastric, small bowel, 
biliary, urothelial, ovarian, brain, and some other malignancies. The spectrum and the risk of 
extracolonic and extraendometrial cancers varies depending on the gene involved[4,77,80]. The 
development of tumors in Lynch syndrome patients involves somatic second-hit inactivation of the 
remaining copy of the disease-causing gene[4].

Malfunction of MMR in HNPCC-associated tumors results in a high tumor mutation burden (TMB). 
Short repetitive sequences, so-called microsatellites, are particularly prone to MMR defects. 
Consequently, Lynch syndrome tumors have high-level microsatellite instability (MSI-H) diagnosed by 
electrophoretic detection of multiple changes in the length of mononucleotide repeats. Electrophoretic 
equipment is not a component of the standard morphological laboratory; therefore, many hospitals 
chose to use immunohistochemical (IHC) detection of MMR deficiency (MMR-D). Indeed, tumors 
arising in carriers of MLH1 PVs lack the expression of MLH1 and PMS2 proteins, while MSH2-related 
CRCs show concomitant loss of MSH2 and MSH6 staining. Germline heterozygosity for MSH6 or PMS2 
genes is accompanied by tumor-specific IHC negativity for MSH6 or PMS2, respectively[77,81]. 
Importantly, only a minority of tumors with MSI-H/MMR-D phenotype are hereditary cancers. MSI-
H/MMR-D is also highly characteristic for sporadic colorectal, gastric and endometrial carcinomas, 
especially for malignancies occurring in elderly patients. Inactivation of MMR in sporadic tumors is 
usually attributed to the down-regulation of the MLH1 gene via promoter hypermethylation[81]. For the 
time being, MSI-H/MMR-D screening is recommended for all patients with CRC[82]. The selection of 
patients with MSI-H/MMR-D phenotype for subsequent germline testing may include consideration of 
age, family history of cancer, tumor location, and, in some instances, molecular characteristics of cancer 
cells. For example, Lynch syndrome related CRCs usually do not have mutation in the BRAF oncogene 
and demonstrate lack of methylation in the MLH1 gene promoter[81]. Increasing availability of NGS is 
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Figure 2 Main hereditary cancer genes and organs at risk. This figure illustrates major hereditary cancer types observed in females, males, adults of both 
genders, and children.

likely to result in the acceptance of uniform germline testing for all patients with microsatellite unstable 
colorectal and endometrial cancer, therefore the significance of procedures applied for the patient 
selection may diminish in the near future.

CRC familial clustering commonly occurs irrespective of MSI-H/MMR-D and Lynch syndrome. 
Surprisingly, the attempts to identify other than Lynch syndrome hereditary CRC genes were largely 
unsuccessful. Besides MLH1, MSH2, MSH6, PMS2 and EPCAM, there is only one hereditary CRC gene 
with proven significance, RPS20. However, RPS20 is altered only in a minority of multi-case CRC 
families and its impact is limited to a few selected populations[4,76,79].

Some germline PVs predispose to polyposis of gastrointestinal tract and increased risk of malignant 
transformation. There is a number of polyposis-related genes, which are associated with several 
scenarios of the disease development, e.g., either the emergence of CRC in combination with the 
presence of multiple polyps, or, alternatively, the appearance of CRC in the absence of benign colon 
lesions. Some polyposis syndromes are transmitted by autosomal-dominant mode (APC, POLE, POLD1, 
STK11, SMAD4, BMPR1A, PTEN, GREM1, RNF43), while others involve recessive inheritance and 
biallelic gene inactivation in affected patients (MUTYH, NTHL1, MSH3, MBD4)[23,24,83].

The most known polyposis gene, adenomatous polyposis coli (APC), is associated with very severe 
impairment of gastrointestinal tract, although some hypomorphic APC variants cause an attenuated 
form of this disease. APC is a tumor suppressor gene, its inactivation results in up-regulation of the 
WNT signaling pathway. The incidence of APC is around 1:10000, and approximately 30% of detected 
APC PVs are de novo mutations. In addition to colon polyposis and CRC, there are some common 
extracolonic features of this disease, in particular, duodenal polyps and carcinomas, stomach polyps, 
osteomas, desmoid tumors and congenital hypertrophy of the retinal pigmented epithelium[84].

MUTYH-associated polyposis (MAP) has a somewhat lower incidence than APC, with estimates 
approaching approximately 1:20000. MUTYH gene is involved in base excision repair (BER), therefore 
its biallelic deficiency is associated with increased risk of accumulation of oncogenic mutations. MAP is 
usually characterized by a moderate number of polyps and relatively late disease onset. However, the 
probability of CRC development in MAP patients is high and approaches approximately 80%. MUTYH-
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driven CRCs often contain KRAS G12C substitution. Approximately 5% of patients with KRAS G12C-
mutated CRC are biallelic carriers of MUTYH pathogenic alleles, therefore somatic KRAS status may be 
used as an indicator for MAP screening in CRC patients. Extracolonic manifestations of MAP are 
relatively uncommon, with the exception of highly increased risk for kidney cancer[83]. Most patients of 
European ancestry with genetic MAP diagnosis are homozygotes or compound heterozygotes for 
founder MUTYH alleles, Y165C and/or G382D[3,84-86].

NTHL1-related polyposis is similar to MAP, as it is caused by germline biallelic inactivation of the 
gene involved in BER. It is exceptionally rare, with estimated incidence falling below 1:100000. Various 
extracolonic tumors are highly characteristic for this syndrome, with a particularly elevated risk for BC
[24]. A recent study identified MBD4, another participant of BER pathway, as a genetic cause of 
polyposis and multiorgan cancer predisposition[83].

Heterozygous germline PVs in POLE and POLD1 genes predispose to gastrointestinal polyposis, 
CRC, endometrial carcinomas and some other malignancies. Inactivation of these genes results in failure 
of proofreading activities of DNA polymerases, therefore tumors arising in carriers of POLE and POLD1 
pathogenic alleles contain ultrahigh number of somatic mutations[24,76,85,87].

Gastric cancer
Gastric cancer (GC) is among the most common malignancies worldwide. Its incidence is highly 
influenced by environmental and behavioral factors: GC risk is significantly associated with Helico-
bacter pylori infection, low hygienic standard, high consumption of salt, “Northern” diet, alcohol abuse, 
etc.[88]. Consequently, family clustering of GC is not necessarily attributed to genetic factors, but may 
also be observed due to sharing of some GC-predisposing attitudes.

Strong evidence for the role of heredity is obtained only for diffuse GC, a histological variety of GC 
characterized by poor differentiation and presence of signet-ring cells[9,89]. The causative gene, CDH1, 
was initially discovered in New Zealand Maori families characterized by an exceptionally high 
incidence of diffuse GC[90]. CDH1 encodes E-cadherin, a protein involved in cell adhesion. CDH1 
germline PVs are uncommon in the majority of analyzed populations, with the frequency being around 
1:5000–1:20000[5,6,91], while the proportion of CDH1 heterozygotes in consecutive series of GC patients 
approaches approximately 7% for diffuse GC and 2% for non-selected GC[92]. A few hundred CDH1-
related GC pedigrees have been described worldwide. Presence of CDH1 germline PVs is also 
associated with high risk of lobular BC, a peculiar and relatively uncommon variety of BC disease. 
Family studies estimated penetrance of CDH1 PVs to be around 70% for GC and 40% for BC[9]. 
Unbiased NGS data sets revealed instances of CDH1 germline PVs unrelated to clinically diagnosed 
diffuse GC, therefore, there are yet unknown factors modifying phenotypic consequences of CDH1 
heterozygosity[5,6,91]. Genetic analysis of CDH1 PV-negative diffuse GC families led to the identi-
fication of subjects with inactivating PVs in CTNNA1 gene, which encodes alpha-catenin and interacts 
with beta-catenin and E-cadherin[9].

There are studies suggesting the role of PVs in double-strand DNA repair genes in GC predisposition. 
For example, contribution of PALB2 PVs has been suggested in some investigations[93,94], however the 
analysis of PALB2-related families did not confirm these findings[95]. GC is likely to be a part of 
BRCA1/2 syndrome, as some GCs arise on BRCA1/2-mutated background and demonstrate somatic loss 
of the remaining allele of the involved gene[13,96,97]. Lynch syndrome and some hereditary polyposis 
syndromes may involve malignant transformation of stomach epithelia. The lifetime GC risk in carriers 
of MLH1 or MSH2 PVs approaches 7%–8%. Specific nucleotide substitutions located in the promoter 1B 
region of the APC gene cause a condition, which is called gastric adenocarcinoma and proximal 
polyposis of the stomach (GAPPS). GAPPS is attributed to down-regulation of APC transcription in 
gastric mucosa; interestingly GAPPS patients do not have extensive involvement of the colon because 
APC expression in colonic epithelium is regulated by the promoter 1A[9,23,24,84,98].

Pancreatic cancer
Predisposition to pancreatic cancer (PanCa) is usually inherited as a part of multi-organ HCS. BRCA2 is 
the best-established PanCa-predisposing gene (Table 1). PVs in BRCA2 confer approximately 5%–10% 
lifetime risk of developing PanCa, which is an order of magnitude higher than in general population[99-
102]. In contrast to BRCA2, the data on the contribution of BRCA1 in PanCa morbidity are controversial
[103]. It is safe to state that if BRCA1 indeed plays a role in PanCa susceptibility, its penetrance towards 
this cancer type is significantly lower as compared to BRCA2[99-101].

The association of the PALB2 gene with familial PanCa was initially demonstrated by exome 
sequencing analysis of a PanCa patient whose sister also suffered from this disease[104]. Family-based 
studies of PALB2-related pedigrees have confirmed this association, although the risk of PanCa 
associated with PALB2 PVs is moderate[95]. Moderate-to-high elevation of PanCa risk is also charac-
teristic for ATM heterozygotes[99,105-108].

PanCa may emerge as a part of Li-Fraumeni syndrome, a disease caused by TP53 germline PVs, as 
well as a manifestation of Lynch syndrome[99,101,107]. Peutz-Jeghers syndrome (PJS) (attributed to PVs 
in STK11/LKB1) and CDKN2A-driven familial melanoma syndrome are associated with 20%–25% 
lifetime risk of PanCa[101,107,109].
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Whole-genome sequencing study of a PanCa family revealed segregation of this disease with RABL3 
truncating PV[110]. RABL3 is involved in the prenylation of KRAS protein. However, PVs in the RABL3 
gene appear to be exceptionally rare and are unlikely to significantly contribute to overall PanCa 
morbidity[111].

Prostate cancer
PVs in two genes, HOXB13 and BRCA2, are associated with more than 5-fold elevation of prostate 
cancer (PrCa) risk, and, therefore, with almost 1:2 probability of developing this disease during lifetime. 
HOXB13 is the only known gene specifically associated with PrCa (Table 1). It encodes a prostate-
specific homeobox transcription factor. Its PVs are represented by several ethnicity-specific missense 
mutations, which affect the interaction between HOXB13 protein and MEIS homeobox cofactor. 
HOXB13 PVs contribute to approximately 1% of PrCa incidence[112-114].

BRCA2 is apparently the most frequent cause of hereditary PrCa. Its penetrance towards PrCa in men 
is comparable to the risk estimates observed for BC in female BRCA2 PV carriers[103,112,114,115]. 
Similar to pancreatic cancer, evidences regarding the contribution of BRCA1 in PrCa morbidity are 
controversial, and associated risks are at best low-to-moderate[103,115,116]. The role of ATM PVs in 
PrCa predisposition is well established; ATM-heterozygous men have an approximately 2-fold elevation 
of the probability of PrCa development[112,114,117]. The impact of PALB2 PVs has been suggested in 
some studies, although systematic investigations failed to validate these findings[95]. Lynch syndrome 
associated with PVs in MSH2 and MSH6 genes may also render an increased PrCa risk[118].

Renal cell cancer
Next-generation sequencing of DNA obtained from renal cell carcinoma (RCC) patients revealed an 
unexpectedly high frequency of germline PVs: Pathogenic or likely pathogenic alleles were detected in 
41/254 (16%) analyzed subjects[119]. Approximately 5% of RCC incidence is associated with RCC-
predisposing syndromes[119]. Von-Hippel-Lindau syndrome caused by germline PVs in the von Hippel-
Lindau (VHL) gene renders approximately 30%–40% lifetime risk of RCC and is also associated with the 
development of pancreatic neuroendocrine tumors, pheochromocytomas and hemangioblastomas. PVs 
in the fumarate hydratase (FH) gene are responsible for hereditary leiomyomatosis and renal cell cancer. 
Germline PVs in MET receptor tyrosine kinase confer a fatal risk of papillary RCC. RCC is also charac-
teristic for Birt-Hogg-Dubé syndrome, a disease caused by PVs in the FLCN gene and associated with 
slowly progressing renal lesions, skin fibrofolliculomas and lung cysts[120]. The risk of various types of 
RCC is increased in patients with tuberous sclerosis syndrome[121].

Lung cancer
Genuine hereditary lung cancer (LC) is an exceptionally rare disease. The best-described cause of 
familial LC is the inheritance of the epidermal growth factor receptor (EGFR) T790M variant[122,123]. EGFR 
T790M was initially discovered as a secondary somatic mutation acquired during the course of therapy 
by EGFR inhibitors[124,125]. Subsequent studies demonstrated that some subjects carry this missense 
substitution in germline. Inborn EGFR T790M allele is associated with the development of lung tumors, 
which contain tyrosine kinase inhibitor sensitizing mutations in exons 19 and 21 of the EGFR gene[126]. 
Only a few dozen subjects carrying germline EGFR T790M allele have been described worldwide[123]. 
The frequency of the EGFR T790M allele in consecutive LC series is vanishingly low[127,128]. In 
addition to EGFR T790M, a few unique LC families with other germline pathogenic EGFR variants have 
been described[123,128]. LC may also arise as a part of Li-Fraumeni syndrome, being attributed to 
germline TP53 pathogenic allele[8,129].

Melanoma
Germline PVs in the CDKN2A gene have been detected in 20%–40% of families with multiple instances 
of cutaneous melanoma. CDKN2A PV carriers are at risk of development of other tumor types, partic-
ularly pancreatic cancer[130,131]. CDKN2A pathogenic alleles are associated with a more aggressive 
superficial spreading subtype, however there are controversial data with regard to their impact on 
melanoma-specific survival[132]. There are several described pedigrees where melanoma incidence is 
segregated with pathogenic alleles in CDK4, POT1 or TERT genes[133].

Multiple endocrine neoplasia
Multiple endocrine neoplasia (MEN) type 1 affects parathyroid glands, pancreatic islet cells and the 
anterior pituitary. It is caused by heterozygous inactivation of the MEN1 tumor suppressor gene, which 
encodes menin, a protein involved in regulation of a spectrum of biological processes. The prevalence of 
MEN1 syndrome is approximately 1:30000[22], although the population frequency of MEN1 PVs may be 
slightly higher[5]. Most of MEN1 patients demonstrate primary hyperparathyroidism caused by 
parathyroid hyperplasia. This condition is accompanied by hypercalcemia with varying degrees of its 
consequences. Duodeno-pancreatic neuroendocrine tumors of pancreas are represented by gastrinomas, 
non-functioning tumors, insulinomas, glucagonomas and vasoactive intestinal peptide producing 
tumors. Anterior pituitary neoplasms include prolactinomas as well as somatropin-, adrenocorticotropic 
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hormone- and gonadotropin-secreting adenomas. In addition to the above three organs, MEN1 may 
manifest by adrenocortical, bronchopulmonary and thymic neuroendocrine tumors as well as by a 
number of non-endocrine neoplasms[134]. Unexpectedly, a strong association between MEN1 heterozy-
gosity and highly increased risk of acute pancreatitis has been demonstrated in a recent study[108]. 
Some patients, who have MEN1-related phenotype, but lack PVs in the MEN1 gene, carry CDNK1B 
pathogenic alleles. CDNK1B-related MEN is now classified as MEN4 syndrome[22].

MEN2A (MEN2) and MEN2B (MEN3) syndromes are caused by activating PVs in RET receptor 
tyrosine kinase. Both these conditions are strongly associated with the development of medullary 
thyroid carcinoma (MTC). MTC is a relatively rare subtype of thyroid cancer, however germline RET 
pathogenic alleles make a very significant contribution to the incidence of this disease being detected in 
about a quarter of MTC patients. Besides MTC, approximately half of subjects with MEN2A syndrome 
develop pheochromocytomas, and up to a third of MEN2A cases are characterized by hyperpara-
thyroidism. The prevalence of MEN2A is similar to the one for MEN1. MEN2A is caused by RET PVs in 
codon 634, or less, frequently, in codons 609, 611, 618, 620 or 630. These PVs, being located in the 
extracellular domain and resulting in replacements of cysteines, induce conformational changes in RET 
protein, which facilitate dimerization and cross-phosphorylation of this receptor. There are some other 
point mutations, which do not affect cysteines and generally cause a milder disease phenotype, i.e. the 
development of MTC in the absence of other endocrine tumors; isolated MTC may also be associated 
with cysteine mutations involving other than 634 codons of the RET oncogene. MEN2B (MEN3), being 
an order of magnitude less common than MEN2A, is a significantly more aggressive disease manifested 
in the first or second decade of life with highly metastatic and potentially fatal MTC. Patients with 
MEN2B also often develop pheochromocytomas as well as some non-endocrine features, e.g., neuromas 
and musculoskeletal abnormalities. MEN2B is usually caused by RET M918T allele or, in less than 5% of 
cases, A883F substitution. These amino acid substitutions are located in the kinase domain and render 
dimerization-independent activation of RET receptor. Overall, the distinction between familial MTC, 
MEN2A and MEN2B may look counter-intuitive, as these maladies are all related to RET activating 
alleles and differ from each other mainly by the disease severity but not by underlying biological 
mechanisms[22,135,136].

Carney complex manifests with adrenocortical disease, pituitary adenomas, gonadal and thyroid 
tumors, spotty skin pigmentation, cardiac and cutaneous myxomas, and some other non-endocrine 
neoplasms. This condition is caused by PRKAR1A germline PVs[137]. There is a number of genes, 
associated with isolated endocrine cancers. Germline PVs in the WDR77 gene have been recently shown 
to predispose to papillary subtype of thyroid cancer. WDR77 is a component of a transmethylase 
complex responsible for posttranslational modification of histone H4[138]. Genetic susceptibility to 
pheochromocytoma and/or paraganglioma may be rendered by PVs affecting SDHAF2, SDHB, SDHC, 
SDHD, MAX, TMEM127 or some other genes[139]. There are instances of familial pituitary adenoma 
associated with AIP germline PVs[140,141].

Li-Fraumeni syndrome
Li-Fraumeni syndrome is caused by PVs in the TP53 gene. TP53 is apparently the best-studied tumor 
suppressor gene, which is involved in the regulation of DNA damage response, programmed cell death, 
cell cycle and several other biological processes. Population occurrence of TP53 germline heterozygosity 
is well below 1:10000, although some communities demonstrate a noticeable frequency of founder 
hypomorphic TP53 variants[5,6,142]. Earlier family-based studies suggested nearly-fatal penetrance for 
TP53 germline PVs, although recent data indicate that some carriers of TP53 pathogenic alleles manage 
to achieve late adulthood without being affected by cancer disease[8].

TP53 PVs render a highly increased risk of childhood cancers. Li-Fraumeni syndrome-associated 
pediatric malignancies include adrenal cortical carcinomas, choroid plexus carcinomas, rhabdomy-
osarcomas and medulloblastomas. Adult cancers are mainly represented by very-young-onset BC in 
females as well as lung carcinomas, osteosarcomas, soft-tissue sarcomas and brain tumors[8,63,143]. 
Breast carcinomas arising in TP53 PV carriers frequently carry HER2 amplification[144]. Li-Fraumeni 
syndrome related lung carcinomas are characterized by an exceptionally high frequency of EGFR 
somatic mutations[129,145]. Carriers of TP53 PVs also have highly elevated risk of hematological 
malignancies[146]. The analysis of specific groups of consecutive patients revealed that Li-Fraumeni 
syndrome is a significant contributor to the incidence of pediatric cancers, very-young-onset breast 
carcinomas and osteosarcomas[142,146-150].

PTEN hamartoma tumor syndrome
PTEN hamartoma tumor syndrome (PHTS) is manifested by multiple benign and malignant tumors 
affecting breast, thyroid, endometrium, skin, kidney, colon and some other organs[151-153]. It is caused 
by heterozygous inactivating PVs in the PTEN gene, which is involved in the negative regulation of 
phosphatidylinositol 3-kinase/AKT/mechanistic target of rapamycin (mTOR) pathway and plays a role 
in the regulation of cell survival, proliferation, apoptosis and various metabolic processes[152,154]. 
PTEN-related syndrome is commonly known as Cowden syndrome, however the PHTS is a more 
preferable definition as it includes some other PTEN-associated maladies, e.g., Bannayan-Riley-
Ruvalcaba syndrome and Lhermitte–Duclos disease[151,152]. Patients with PHTS often have a wide 
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range of skin and mucosal manifestations and frequently present with macrocephaly[151]. Based on 
clinical considerations, the reported frequency of PHTS is approximately 1:200000[154], although 
unbiased NGS studies suggest that approximately 1:10000 healthy people are PTEN heterozygotes[5,6]. 
Activating germline PVs in the WWP1 gene, which encodes E3 ubiquitin ligase and negatively regulates 
PTEN, were detected in some PTEN-wild-type patients with PHTS-associated tumors[155].

PJS
PJS manifests via characteristic mucocutaneous pigmentations and various polyp-related complications. 
Multiple gastrointestinal hamartomatous polyps in the affected patients are located mainly in the small 
bowel. The disease is caused by heterozygous inactivating PVs in tumor suppressor kinase STK11/LKB1. 
STK11/LKB1 is involved in the regulation of cell cycle, apoptosis and cell metabolism. Population 
occurrence of PJS is estimated to be within 1:50000–1:200000, however as many as 1 out of 10000 
apparently healthy subjects may carry STK11/LKB1 PVs[5,156]. STK11/LKB1 is a highly-penetrant 
cancer-predisposing gene. This genetic condition is associated with highly elevated risk of breast, colon, 
stomach, pancreatic and some other malignancies[156]. In addition, there are rare tumor subtypes 
specifically linked to PJS, e.g., so-called sex cord tumors with annular tubules affecting ovaries[157]. 
Clinical presentation of PJS may depend on the type of STK11/LKB1 PVs[158].

Gorlin syndrome
Gorlin syndrome [nevoid basal cell carcinoma (BCC) syndrome] is characterized by the appearance of 
BCCs and the development of odontogenic keratocysts. This disease is also associated with increased 
risk of medulloblastoma. In addition, various developmental abnormalities are frequently seen in 
patients with this condition. Gorlin syndrome is a rare disease, being observed in approximately 
1:30000–1:300000 subjects. The most frequent cause of Gorlin syndrome is a heterozygous inactivating 
PV in the PTCH1 gene. SUFU or PTCH2 pathogenic alleles have been identified in the affected subjects, 
who are mutation-negative for PTCH1. Tumor development in Gorlin syndrome patients involves 
upregulation of the Hedgehog signaling pathway due to loss of its negative regulation by PTCH1, SUFU 
or PTCH2[159]. BCC predisposition may also be rendered by heterozygous inactivating PVs in the 
PTPN14 tumor suppressor gene[160].

Pediatric cancers
It is difficult to draw a strict distinction between “pediatric” and “adult” hereditary cancers because 
many HCSs may present with various manifestations both in childhood and in the middle of life. 
Relevant examples include Li-Fraumeni syndrome, Cowden syndrome, PJS, neurofibromatosis, RET-
related malignancies, etc. Expectedly, NGS analysis of non-selected patients with pediatric cancers 
revealed elevated frequency of PVs in known cancer-predisposing genes[161,162].

Retinoblastoma was the first pediatric tumor for which the genetic origin was convincingly 
established and the causative gene was identified. Hereditary retinoblastoma is caused by germline 
inactivation of the RB1 gene. RB1, being the first cloned tumor suppressor gene, is implicated in the 
negative regulation of the cell cycle[19]. RB1 germline alterations are observed in all patients with 
familial and/or bilateral retinoblastoma as well as in 14% of subjects with sporadic unilateral 
appearance of this disease[163]. Retinoblastoma survivors are at high risk of developing other 
neoplasms, particularly sarcomas[164]. Spliceosome dysfunction has been recently shown to underlie 
the emergence of bone malignancies in RB1 heterozygotes[165].

Wilms` tumor (nephroblastoma, WT) is a relatively common pediatric cancer. The most frequent 
genetic cause of WT is a mutation in the WT1 gene, which can be associated either with isolated WT, or 
with its combination with aniridia, nephrotic syndrome and/or abnormal genitalia. WT can also be a 
part of so-called overgrowth syndromes (Beckwith-Wiedemann syndrome, Sotos syndrome, Simp-
son–Golabi–Behmel syndrome, Perlman syndrome) or several syndromes associated with a wide 
spectrum of cancers (Li-Fraumeni syndrome, Bloom syndrome, Fanconi anemia, etc.)[166].

Neurofibromatosis type 1 is caused by inactivating heterozygous PVs in the NF1 gene. NF1 is a 
negative regulator of the RAS signaling pathway. NF1 heterozygosity is estimated to occur in 1:3500 
newborns and is manifested by cafe au lait spots, axillary freckles, Lisch nodules and neurofibromas. 
This syndrome is associated with a high risk of development of gliomas, hematological malignancies, 
pheochromocytomas and some other tumors. Neurofibromatosis type 2 is ten times less common than 
the type 1 disease. The NF2 gene encodes merlin, its inactivation is associated with the development of 
schwannomas and meningiomas in adolescence or adulthood[167].

DICER1 syndrome has been described relatively recently[168]. It is associated with heterozygous 
germline inactivation of the DICER1 gene. DICER1, a ribonuclease III family enzyme, is responsible for 
the maturation of microRNA. The pathogenesis of DICER1-related malignancies usually involves 
somatic alteration of the remaining gene allele. DICER1 PVs are characterized by incomplete penetrance. 
Carriers of DICER1 PVs are at risk of developing pleuropulmonary blastomas, gynandroblastomas, 
sarcomas, Sertoli-Leydig cell tumors and some other neoplasms[169,170].

PVs in the SMARC family genes, which regulate chromatin remodeling, are responsible for the 
rhabdoid tumor predisposition syndrome[171]. SMARCB1 pathogenic alleles are associated with the 
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development of malignant rhabdoid tumors of the central nervous system and kidneys. Hypomorphic 
SMARCB1 PVs are also implicated in familial schwannomatosis where the development of 
schwannomas involves concomitant down-regulation of both SMARCB1 and NF2 genes[172]. SMARCE1 
PVs predispose to the development of meningiomas. SMARCA4 pathogenic alleles are associated with 
rhabdoid tumors as well as small-cell OC, hypercalcemic type[171].

Constitutional mismatch repair deficiency syndrome (CMMRD) is an autosomal-recessive disorder 
caused by biallelic inactivation of MMR genes[4]. This condition has characteristic cutaneous manifest-
ations and renders a high probability of developing brain, gastrointestinal and hematological 
malignancies at a young age[173].

Hematological malignancies
Hematological malignancies often manifest as a part of a syndromic condition. Various abnormalities of 
hematopoiesis resulting in the depletion of some cell lineages are frequently accompanied by myeloid-
derived neoplasms. Immune deficiencies render an increased risk of development of lymphomas[174]. 
Familial clustering of acute myeloid leukemia may be attributed to germline PVs in CEBPA, DDX41, 
RUNX1, GATA2, ETV6, SAMD9, SAMD9L and some other genes. Hereditary acute lymphoblastic 
leukemia is related to germline PVs in ETV6, IKZF1 or PAX5 genes and may as well be a part of clinical 
manifestation of Li-Fraumeni syndrome[175]. Alterations in the KDR (vascular endothelial growth 
factor 2) receptor tyrosine kinase are the most frequent cause of hereditary Hodgkin lymphoma; high 
risk of this disease may also be rendered by germline PVs located in KLHDC8B, NPAT or POT1 genes
[176].

MANAGEMENT OF HEREDITARY TUMORS
Cancer detection and prevention
The research on HCSs was initially viewed mainly as a part of prophylactic medicine. Indeed, there is a 
strong emphasis on the identification of yet healthy people, who are carriers of tumor-predisposing PVs 
and may significantly benefit from early cancer detection and prevention (Figure 3). Diagnostic 
surveillance strategies have been articulated for all major cancer syndromes. For example, female 
carriers of BRCA1, BRCA2 and some other pathogenic alleles are advised to start breast self-examination 
from 18 years old; regular clinical breast examination and magnetic resonance imaging are usually 
added beginning from 25 years, and they are supplemented by annual mammography in women aged 
30–75 years. OC screening includes annual transvaginal ultrasound examination and CA-125 serum 
marker measurement starting at 30–35 years[84]. Clinical efficacy of surveillance is considerably higher 
in patients with Lynch syndrome. The adherence to colonoscopy performed every 1–2 years beginning 
from 20–25 years of age, upper endoscopy every 3–5 years starting at 30–35 years as well as endometrial 
cancer screening, significantly reduces individual risk of cancer death[84]. Effective surveillance is more 
complicated in subjects with multiorgan cancer predisposition. In particular, carriers of TP53 germline 
PVs are advised to begin cancer screening in early childhood and, wherever possible, to abstain from 
potentially mutagenic diagnostic procedures, e.g., X-ray examination[146]. The development of 
screening recommendations for subjects with HCSs is a continuous process, which is usually 
coordinated by international and national healthcare professional societies or initiative groups, involves 
interaction of a high number of experts working in different areas of medicine, requires significant 
research efforts aimed at collection of real-world data and is a subject of regular updates[84,146,177,
178]. There is a multitude of published guidelines, which generally suggest similar diagnostic 
algorithms but differ from each other in many nuances. The detailed discussion on existing recommend-
ations is beyond the scope of this review.

Prophylactic risk-reducing surgery has become a standard medical intervention, being particularly 
well investigated in subjects with the HBOC syndrome, hereditary diffuse GC, hereditary medullary 
thyroid cancer, etc.[9,22,146,179-181]. It is self-explanatory that surgical removal of the organ(s) at-risk 
may be applied only in situations when this procedure is not associated with life-threatening adverse 
effects or disproportional decrease of the quality of life, and only for syndromes with insufficient 
reliability of early cancer diagnosis. Carriers of highly-penetrant BC-predisposing PVs (BRCA1, BRCA2, 
PALB2, TP53, etc.) are encouraged to undergo risk-reducing breast surgery, given that even high 
compliance with diagnostic check-ups does not fully warrant cancer detection at early stage or good 
treatment outcome[182]. BRCA1/2 heterozygous women are strongly recommended to opt for prophy-
lactic salpingo-oophorectomy at the age of 35–45 years (or after the completion of childbearing)[177,178,
183]. This procedure is justified by the poor clinical efficacy of OC screening and dispensability of 
ovaries for women entering their second half of life. Prophylactic gastrectomy in CDH1 PV carriers is 
associated with severe impairment of the quality of life, however the abstinence from this procedure is 
associated with a significant risk of death due to diffuse GC[9]. Risk-reducing thyroidectomy followed 
by hormone replacement therapy is a standard option for carriers of RET high-risk PVs. This surgery is 
usually performed in childhood, and the recommended age for intervention varies depending on the 
type of RET PV[184,185].
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Figure 3 Management of hereditary cancer syndromes. PARPi: Poly (ADP-ribose) polymerase inhibitors; TMB: Tumor mutation burden; HIF-2α: Hypoxia 
inducible factor-2α; VHL: von Hippel-Lindau; mTOR: Mechanistic target of rapamycin; MAPK: Mitogen-activated protein kinase signaling pathway; MEK: Mitogen-
activated protein kinase; VEGFR: Vascular endothelial growth factor receptor; SMO: Smoothened; CMMRD: Constitutional mismatch repair deficiency syndrome.

Benefit from risk-reducing surgeries has been confirmed by real-world data, however this experience 
is mainly limited to healthy relatives of cancer patients, who were found to be heterozygous for a 
highly-penetrant pathogenic allele[184,186,187]. Recent large-scale genetic investigations have identified 
some carriers of tumor-predisposing variants, who do not have a family history of cancers associated 
with their genetic findings[5,6]. Apparently, these individuals should be advised to undergo full-scale 
diagnostic surveillance, whereas great caution must be taken while considering prophylactic surgical 
interventions in subjects with favorable pedigree data[23].

Advances in cytotoxic and targeted therapy
Despite substantial advances in early detection and prevention of malignant diseases, cancer genetics 
remained an “exotic” discipline for many practicing oncologists until the second decade of this century. 
This was due to relative rarity of familial tumors and limited impact of germline DNA testing on the 
treatment strategies. Several discoveries, which were made within the past 10–15 years and resulted in 
the recognition of specific drug vulnerabilities in hereditary cancers, have moved familial cancer studies 
to the frontline of medical oncology[188,189].

BRCA1/2-driven breast and ovarian carcinomas arise due to somatic inactivation of the remaining 
allele of the involved gene (Figure 3 and Table 2). Consequently, these tumors are deficient in DNA 
double-strand break repair and demonstrate pronounced sensitivity to platinum compounds, 
mitomycin C, bifunctional alkylating agents and poly (ADP-ribose) polymerase (PARP) inhibitors 
(PARPi). Several clinical studies involving cisplatin or carboplatin suggested that platinum-based 
regimens are highly effective in women with breast or ovarian BRCA1/2-associated cancer[190-192]. 
Combined administration of cisplatin and mitomycin C resulted in a remarkable improvement of 
treatment outcomes in patients with BRCA1-mutated carcinomas[193,194]. There are a number of 
successful clinical investigations, which resulted in the approval of PARPi for the treatment of 
hereditary breast, ovarian, pancreatic and prostate malignancies[195]. Interestingly, non-breast/ovarian 
carcinomas arising in BRCA1/2 PV carriers often retain the second BRCA1/2 allele and therefore do not 
have this drug vulnerability. Findings obtained on BRCA1/2 PV carriers may or may not be applicable to 
other genes involved in homologous recombination, as not all of the latter trigger tumor development 
by the two-hit mechanism, and even biallelic defects in some genes, e.g., ATM or CHEK2, are not 
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Table 2 Cytotoxic and targeted therapy for tumors arising in carriers of cancer-predisposing alleles

Tumor type Target Drugs Ref.

BRCA1/2-driven carcinomas and their phenocopies BRCA1/2 inactivation resulting in the 
deficiency of DNA repair by 
homologous recombination

Platinum derivatives, 
Mitomycin C, Bifunctional 
alkylating agents, PARPi

[190-
193,
195]

Hypermutated cancers (Lynch syndrome associated microsatellite 
unstable tumors; POLD1/POLE-deficient cancers; MUTYH-associated 
colorectal carcinomas; tumors in patients with CMMRD syndrome)

High tumor mutation burden resulting 
in excessive number of neoantigens

Immune checkpoint 
inhibitors

[199-
206]

RET-associated malignancies RET tyrosine kinase RET inhibitors [207-
209] 

Neurofibromatosis, type 1 Upregulation of RAS/RAF/MEK 
pathway due to NF1 inactivation

MEK inhibitors [210,
211] 

Basal cell carcinomas in patients with Gorlin syndrome Hedgehog pathway SMO inhibitors [213]

Tumors arising in patients with tuberous sclerosis mTOR pathway mTOR inhibitors [214,
215] 

Renal cell carcinomas associated with von Hippel-Lindau syndrome Up-regulation of HIF-2α due to VHL 
gene inactivation

HIF-2α inhibitors [216]

HIF-2α: Hypoxia inducible factor-2α; PARPi: Poly (ADP-ribose) polymerase inhibitors; CMMRD: Constitutional mismatch repair deficiency syndrome; 
MEK: Mitogen-activated protein kinase; SMO: Smoothened; mTOR: Mechanistic target of rapamycin; VHL: von Hippel-Lindau.

necessarily associated with platinum or PARPi sensitivity[21,196-198].
Microsatellite-unstable cancers, including tumors arising due to Lynch syndrome, are characterized 

by an excessive number of somatic mutations, and, consequently, high tumor antigenicity. These 
malignancies can be managed by the administration of so-called immune checkpoint inhibitors, the 
drugs which antagonize immune suppressor molecules and restore proper antitumor immunity[199]. 
Clinical studies on microsatellite-unstable cancers involved both patients with Lynch syndrome and 
subjects with sporadic carcinomas. Pembrolizumab has been approved for the treatment of MSI-H 
tumors irrespective of their organ localization[200]. Interestingly, a small study comparing hereditary vs 
sporadic microsatellite-unstable endometrial carcinomas revealed that tumors associated with a 
germline pathogenic allele have higher TMB and are more responsive to this drug[201]. The results of 
available clinical trials support the use of pembrolizumab or a combination of nivolumab and 
ipilimumab in the first-line therapy of metastatic MSI-H CRC[199-202]. There are instances of successful 
utilization of immune checkpoint inhibitors for the treatment of POLE/POLD1- and MUTYH-related 
malignancies[203,204]. Several case studies reported clinical benefit from immune therapy in patients 
with CMMRD-associated tumors[205,206].

Some hereditary cancers are associated with the upregulation of specific signaling pathways. A 
multikinase inhibitor vandetanib, which has activity towards RET and several other tyrosine kinases, 
has demonstrated significant clinical activity in patients with hereditary MTCs[207]. Clinical studies on 
selective RET inhibitors, selpercatinib and pralsetinib, included subjects with both hereditary and 
sporadic RET-driven thyroid tumors, and demonstrated remarkable benefit from these drugs[136,208,
209].

Tumors arising in patients with neurofibromatosis type 1 are characterized by inactivation of NF1 
gene, which is a negative regulator of RAS/RAF/MEK pathway. Consequently, these malignancies are 
potentially sensitive to MEK inhibition[210,211]. MEK inhibitor selumetinib has been evaluated in 25 
children with recurrent, refractory, or progressive pediatric low-grade NF1-related gliomas, which 
failed at least one prior therapy. Objective response was documented in 10 (40%) cases, and 24 (96%) 
patients experienced no progression of the disease within 2 years[210]. Another study included children 
with NF1-associated symptomatic inoperable plexiform neurofibromas. Objective responses were 
observed in 37/50 (70%) patients, with 28 instances of response lasting more than 1 year[211]. 
Activating mutations in RAS/RAF/MEK pathway are also characteristic for hypermutated cancers 
arising in CMMRD patients. Pronounced efficacy of selumetinib or trametinib has been demonstrated in 
several patients with heavily pretreated CMMRD-related brain tumors[212].

Gorlin syndrome related BCCs can be managed by down-regulation of G-protein coupled receptor 
smoothened (SMO), which is involved in the activation of the Hedgehog pathway. Vismodegib, a 
selective SMO inhibitor, has been evaluated in placebo-controlled trial involving 46 patients, who had at 
least ten tumors each. All subjects receiving this drug experienced the decrease of existing tumor 
burden. Furthermore, the use of vismodegib slowed the emergence of new cancer lesions in patients 
with Gorlin syndrome[213].

Cancers associated with tuberous sclerosis are responsive to mTOR targeted drugs. Clinical efficacy 
of everolimus has been repeatedly demonstrated in angiomyolipomas and subependymal giant cell 
astrocytomas associated with this syndorme[214,215]. There are promising results of the treatment of 
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VHL syndrome related tumors by hypoxia-inducible factor-2α inhibitor belzutifan[216]. FH-deficient 
RCCs often respond to the combination of anti-vascular endothelial growth factor therapy and mTOR 
antagonists or to multitargeted tyrosine kinase inhibitors[217,218].

Drug vulnerabilities detected in hereditary cancer often have clinical relevance to their sporadic 
phenocopies. For example, platinum/PARPi sensitivity was initially described in BRCA1/2-driven 
carcinomas, but subsequent research revealed that tumors with BRCA1/2-like (BRCAness) properties, 
e.g., a specific pattern of chromosomal instability, are also sensitive to these compounds[219,220].

CONCLUSION
Increasing involvement of healthy people in whole exome or multigene sequencing will certainly 
identify a huge number of subjects, who have a potentially severe disease according to a genetic test, but 
continue to remain unaffected until the elderly age. We are already witnessing that virtually all updated 
penetrance estimates are significantly lower than the ones observed by earlier studies, and, vice versa, 
the population frequency of some presumably “fatal” germline PVs is manifold higher than the 
observed incidence of corresponding genetic diseases[4-6,8,9]. The distinction between genetic health 
and disease is likely to be reconsidered in the near future.

Earlier cancer genetic studies produced rather straightforward gene-disease interactions, where all 
relevant genes and associated diseases could be easily presented in a table-like format. Systematic large-
scale investigations carried out in the last decade revealed substantial promiscuity in genotype-
phenotype interactions, thus complicating the clinical diagnosis of HCSs and interpretation of genetic 
findings[4,17,103,108,119,149,161,162,221]. The unbiased cataloging of patient data may help to account 
for the diversity of HCS manifestations.

Most of the known non-cancer genetic diseases are recessive, while most of the already identified 
cancer predisposition syndromes are dominant. This difference is unlikely to be related to genuine 
biological reasons, but is rather attributed to difficulties in the genetic studies of common cancer types. 
Virtually all “classic” genetic pathologies are orphan maladies (e.g., cystic fibrosis or phenylketonuria), 
so the appearance of even 2-3 patients with a unique phenotype in the same family/pedigree, or in the 
same neighborhood, is immediately recognizable by practicing physicians or clinical investigators. 
However, if we consider a recessive mechanism for say, conventional breast, lung, or colorectal 
carcinomas, i.e., the situation when both parents are asymptomatic heterozygous carriers of a recessive 
tumor-predisposing allele, and the disease is manifested only in subjects with biallelic gene 
involvement, there is little if any chance to distinguish these subjects from sporadic phenocopies[222]. 
Indeed, already known recessive tumor-predisposing syndromes include mainly rare diseases with very 
characteristic phenotypic manifestation, e.g., some hereditary polyposis syndromes[84]. Systematic 
germline sequencing of cancer patients and the analysis of accumulated “big data” may eventually 
identify some examples of recessive predisposition to common cancer types. Focus on large commun-
ities with pronounced founder effect may facilitate the research in this direction.

The critical mass of advances in clinical genetics, including studies on HCSs, has been achieved due 
to efforts of scientists working mainly in North America, Western Europe, Japan, and several other parts 
of the world distinguished by the combination of an exceptionally high level of technological 
development and strong dedication to biomedical research. Consequently, current knowledge on 
pathogenic alleles and corresponding familial diseases mainly reflects the genetic background of 
Western European populations and some Eastern Asian communities. It is self-explanatory that each 
ethnic group has its own ancestors, who have a unique composition of pathogenic gene variants. 
Consequently, the distribution of genetic diseases is a subject of major interethnic variations, with a 
number of maladies observed only in selected populations. It is important to encourage ethnicity-
specific cataloging of pathogenic alleles and corresponding phenotypes in order to support proper 
practical implementation of gene-based tests. Furthermore, analysis of “novel” populations is likely to 
result in the discovery of new medically relevant genes and corresponding genetic diseases[36,223-226].

Most of cancer studies rely mainly on the identification of protein-truncating variants. The 
clarification of functional/pathogenic significance for missense mutations is complicated, and there is a 
need for robust bioinformatic and laboratory pipelines supporting the distinction between disease-
causing and neutral amino acid substitutions[227,228]. Current research is mainly focused on the coding 
regions of the genome; however other genetic loci, to be studied by whole genome cataloging, are also 
very likely to be a source of disease-predisposing variations[229].

Identification of cancer-predisposing genes is an example of triumph of translational medicine. The 
development of methods of non-surgical prevention of tumor progression in carriers of disease-
associated pathogenic alleles is an obvious priority for future studies in this field.
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Abstract
Globally, cancer cases and mortality have recently escalated and have attracted 
global concern. The clinical diagnosis and manifestation of cancer can result in 
significant mental health issues like depression and anxiety disorders. The 
tendency of people with cancer to suffer from psychological disorders such as 
anxiety and depression is usually high. A significant number of deaths related to 
cancer may likely not be from the killer disease but from psychological disorders 
associated with the illness. The utilization of music as a remedial approach to 
healing mental disorders cannot be overstated. Thus, identifying the impacts of 
music therapy in dealing with depression and anxiety disorders among people 
with cancer is relevant, as the majority of methods used in treating cancer have 
some side effects which may trigger psychological disorders in cancer patients. 
Ultimately, this study explored the significance of music therapy in treating 
depression and anxiety disorders among people with cancer. To achieve the aim 
of this study, the authors employed a narrative literature review to investigate the 
significance of music therapy in addressing depression and anxiety disorders 
among people with cancer. The type of literature review employed in this study is 
to provide an understanding of the selected research papers. The review found 
that music therapy significantly reduces depression and anxiety disorders among 
breast cancer, lung cancer, prostate cancer, and colorectal cancer patients. It is 
needful for healthcare providers to incorporate music therapy interventions while 
treating people with cancer. This will help reduce cancer deaths resulting from 
psychological disorders rather than the killer disease, cancer. However, the 
standardized procedures and evaluation criteria for applying music-based 
intervention strategies in oncology medicine still need to be further established 
and improved.

Key Words: Anxiety disorders; Breast cancer; Cancer; Cancer patients; Colorectal cancer; 
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Core Tip: People diagnosed with cancer and receiving treatment experience anxiety and depression, which 
may influence their healing process. Most cancer patients may die from depression, anxiety, and other 
psychological disorders. The mental health of cancer patients is important as their physical health. 
Therefore, addressing the psychological needs of people with cancer is necessary to improve their health 
status. In this review, we demonstrate music therapy as a significant treatment approach for reducing 
depression and anxiety disorders among patients with breast cancer, lung cancer, prostate cancer, and 
colorectal cancer.

Citation: Eseadi C, Ngwu MO. Significance of music therapy in treating depression and anxiety disorders among 
people with cancer. World J Clin Oncol 2023; 14(2): 69-80
URL: https://www.wjgnet.com/2218-4333/full/v14/i2/69.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i2.69

INTRODUCTION
A health condition known as cancer occurs when a small percentage of the cells in the body develop 
abnormally and disseminate to other bodily regions. Cancer can develop from any body part that 
accommodates trillions of cells[1]. The dissemination of cancerous cells to other parts of the body system 
is known as metastasizing, which mainly results in death from cancer. Whereas the 21st century has 
witnessed an improved performance of public nutrition, social behavior, and personal hygiene, as well 
as the methods adopted in preventing, controlling, and treating infectious diseases, which have all 
contributed to the current rise in the average lifespan of people, there is still an upsurge of cancer-
related cases and deaths[2]. Globally, cancer has had a remarkable impact on the physical and psycho-
logical well-being and finances of individuals, family relations, communities, and the healthcare sector. 
Most of the healthcare system in resource-limited areas is poorly equipped. Thus, many cancer patients 
in these locations lack access to prompt, effective detection and subsequent medical therapy. The 
availability of early detection, effective therapy, and post-treatment care in nations with robust health 
systems have improved the survival rates of many different malignancies[3,4]. However, cancer 
prevalence and its common occurrence in emerging economies have continued to vary globally. Thus, in 
1975, limited-resource areas accounted for over half (51%) of all cancer cases globally. By 2007, this 
number had risen to 55%, it has been predicted to rise to 61% by 2050[5,6]. Lung, breast, colorectal, and 
prostate cancers primarily associated with advanced economics have become a global concern. 
Diagnosing cancer induces mental stress, which may result in depression, fear, and anxiety[7,8].

Approximately 50% to 85% of cancer patients experiencing late-stage treatment report anxiety and 
depression[7]. Depression and anxiety negatively influence all aspects of cancer malignancy and its 
development, the efficacy of given therapy, and the patient's quality of life[9]. The practice of using 
music to aid recovery and improve the quality of life by medical and music experts is known as music 
therapy. Music therapy can have several advantages when used in conjunction with traditional cancer 
treatment[10]. Music therapy is referred to as the most widely used supportive and creative method of 
treating psychosocial-related impacts of cancer disease[11]. Music therapy is further defined as a 
systematic method of using music as a therapeutic means of rejuvenating, maintaining, and improving 
individuals' psychological and physical well-being[12]. Music therapy aims to reduce or eliminate 
psychological discomfort and improve the health status of individuals suffering from cancer-related 
health issues. Studies on people living with chronic cancer cases and those in palliative care have 
revealed that music therapy has drawn massive attention in research and medical treatment[13,14].

Further, the utilization of music as a remedial approach to healing mental disorders dates back to the 
olden days. Music is referred to as a healer as it aids in the reduction of anxiety and improves relaxation 
in patients suffering from chronic illness[15]. In the same vein, the realization of music as a contem-
porary psychotherapeutic approach in medical practice started after the second world war in the 20th 
century, which witnessed the introduction of courses and training sections and the establishment of 
national bodies around the globe[16]. The primary objective of this study is to examine depression and 
anxiety disorders’ reports in cancer patients, give a narrative review of related studies and assess the 
significance of music interventions or music therapy in addressing depression and anxiety disorders 
among people suffering from the most common types of cancer diseases such as cancer of the breast, 
lung, prostate, and colorectal cancer[17]. In other words, the study focuses on the need to address the 
mental health of cancer patients using music therapy. Furthermore, the study aimed to enhance 

https://www.wjgnet.com/2218-4333/full/v14/i2/69.htm
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awareness among medical practitioners providing oncological support and care regarding the 
significance of music therapy in treating the psychiatric conditions that may emanate from cancer 
diagnosis.

METHODOLOGY
This study employed a narrative literature review of studies to ascertain the significance of music 
therapy in treating depression and anxiety disorders among people with cancer. Since the study is a 
narrative literature review, ethical approval and informed consent are not required. Through a literature 
search on electronic databases, the authors could access published reviews and research articles, which 
were analysed using narrative syntheses. A narrative literature review provides informative educational 
materials as it draws ideas from a variety of papers and transforms these ideas into a readable resource. 
Thus, a narrative review provides a broader perspective on the topic of discussion. The authors 
conducted an extensive literature search and were able to find papers on depression and anxiety 
disorders in relation to people with various cancer malignancies, music therapy in caring for patients 
with cancer, and the effects of music therapy in treating depression and other psychosocial disorders 
from varieties of electronic databases such as Google Scholar, Lens, DOAJ, Scilit, Reference Citation 
Analysis, Dimensions, Scopus, PubMed Central, and SciElo. Also, searches through the references of the 
articles retrieved for the study were conducted to access more resources, peer-reviewed papers, and 
authoritative texts. The literature search terms were limited to depression and anxiety disorders, music 
therapy, people with cancer or cancer patients, music intervention, colorectal cancer, breast cancer, lung 
cancer, prostate cancer, psychological disorders, and cancer treatment. This study included relevant 
qualitative and quantitative research and review papers published in English.

DISCUSSION
Depression and anxiety disorders among people with cancer 
Recently, cancer has been considered the primary cause of death, resulting in about a 10 million 
mortality rate in 2020, accounting for 1 in 6 deaths globally. The most prevalent cancer affecting the 
human race include breast cancer which accounts for 2.26 million cancer manifestations. This is 
followed by lung cancer with about 2.21 million recorded victims, colon and rectum with 1.93 million, 
and prostate with about 1.20 million cases. Lung cancer led to about 1.80 million deaths, while colorectal 
and breast cancer accounted for 916000 and 685000, respectively, in 2020[5]. Hence, the mortality rate 
from chronic diseases such as cancer has recently increased. The most significant psychological 
disorders affecting people with this chronic disease are depression and anxiety disorders. Depression is 
characterized by sadness, emptiness, or irritating moods, along with mental and physical abnormalities 
that negatively impact an individual's functioning, which may be attributed to environmental factors
[18]. Anxiety disorder is an emotional state associated with excessive fear of uncertainty, lack of concen-
tration, insomnia, and restlessness[19]. Globally, about 154 million people are affected by this disorder, 
and it is ranked as the most common cause of the severe impact of the disease. Depression is predicted 
to surpass all other causes by 2030[20]. According to estimates, the likelihood of early death will be 
higher for 40% to 60% of those with this condition than for the general population[21]. According to a 
research finding, about 75% of cancer patients are reported to develop depression and anxiety disorders. 
At the same time, 50% and 85% of cancer patients suffer acute depression and anxiety simultaneously[7,
22]. Depression and anxiety disorders are common psychiatric conditions that are often disregarded. 
These neglected psychiatric conditions are some of the impacts of cancer that affect the physical and 
mental well-being, adherence to therapy, the rate of surviving cancer, and cost of care among people 
with cancer[23].

Depression and anxiety disorders resulting from an individual being diagnosed with cancer at the 
initial stage is further exacerbated during therapeutic cancer management, which may have an 
unfavourable impact on the cancer patient. Studies revealed that a significant number of people living 
with cancer and receiving treatment have suffered from psychological distress, such as depression and 
anxiety disorders; between 15% and 54% of cancer patients experience these psychological conditions
[24-27]. There are perhaps some variables that may be attributed to having caused depression and 
anxiety among cancer patients. Some of the variables that may lead to depression and anxiety at the 
individual level include demographic variables like age, sex, location, gender, and religion. Also, social 
and economic barriers like the inability to secure paid employment, low-level educational attainment, 
and inadequate social support are contributing factors[27]. The interaction between two or more of these 
factors often results in some mental health conditions among people with cancer[26].

Cancer management has a significant financial burden on patients. Thus, a psychological disorder 
affecting people with cancer can be linked to structural-level indicators such as availability, access, and 
utilization of healthcare services for the treatment of cancer, as well as the provision of welfare packages 
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for people with cancer[28,29]. This is because of the potential financial consequences of cancer. Psycho-
logical factors such as distinctiveness of the severe mental illness have been identified as one of the 
variables. Studies have also revealed that people with a high tendency to mental illness occurrence and 
subsequently diagnosed with cancer constitute the more significant percentage of cancer deaths. This 
can also be due to the severity of the cancer disease, late clinical diagnosis, poor therapeutic procedures, 
and a substantial decline in good healthcare-seeking behavior[30,31]. Also, people with cancer tend to 
suffer from depression and anxiety disorders due to factors such as a lack of adequate coping skills and 
neuroticism[32]. Another risk associated with cancer patients is suicide. People with cancer have a high 
probability of committing suicide when compared to the general population. Individuals who had 
suicidal thoughts in the past are more vulnerable, especially in the first six months of being diagnosed 
with such malignancy[33,34]. Another factor worthy of mention is how people with cancer deal with a 
cancer diagnosis using psychological coping strategies. An individual diagnosed with cancer may be 
susceptible to grief which could, in turn, affect how well the individual accepts their condition, 
especially if the diagnosis was delayed and the cancer cells have developed to a large extent[35].

However, despair, helplessness, and uncertainty about survival and death may also have detrimental 
effects on the mental health of people diagnosed with cancer. In addition, the distress associated with 
receiving a positive cancer diagnosis can interfere with sleep, which reduces the ability to concentrate, 
thereby increasing the risk of depression and anxiety[36]. People living with cancer may suffer from 
feelings of guilt and shame which often results from the stigma associated with being mentally ill and 
having some cancers, such as lung cancer. Depression and anxiety may be triggered by this event[35]. 
For example, women who develop cervical cancer due to promiscuity may blame themselves for their 
health condition and tend to feel isolated if they remember the activity that led to the manifestation of 
cervical cancer.

Additionally, during cancer management, the development of depression and anxiety disorders can 
also be attributed to the following variables-type of cancer an individual is diagnosed with, the stage of 
cancer, and the future outcome of the malignancy. The inability to recognize depression and anxiety 
among individuals with cancer can also potentially impair their quality of life. The treatment of cancers 
using chemotherapy, corticosteroids, and immunotherapy can also cause depression and anxiety among 
people with cancers as it involves biochemical procedures which result in inflammatory cytokines. 
Further, most of the medication used during chemotherapeutic procedures causes nausea, affecting 
dopamine receptors' neurotransmitter process. This action gives rise to depressive feelings among 
people with cancer[37]. Research has demonstrated that steroid treatment and androgen deprivation 
therapy is associated with depression and an increased risk of anxiety disorders in patients with cancer
[38,39]. Among people with prostate cancer, depression may also be exacerbated by the clinical 
manifestations of some malignancies, such as leakage and erectile problems linked to prostate cancer
[40]. Research on the psychological condition of people with cancer and the stages or survival rate has 
recently become a significant and expanding clinical research focus. Research has shown that many 
variables, including the kind and stage of the cancer malignancy, contribute to the declining mental 
health of people with cancer. In comparison with the general population, cancer patients are more likely 
to suffer from anxiety and depression[26].

Treatment of depression and anxiety disorders among people with cancer using music therapy 
Music has psychological and physiological impacts and, as such, provides support in improving the 
mental and physical health of people with depression and anxiety disorders[21]. Musical stimuli are 
associated with the large production of endorphins and hormones secreted in the brain and nervous 
system. This hormone has many psychological functions. It activates enthusiasm, vital energy, 
excitement, and confidence in individuals. Therefore, the endorphins produced during musical display 
aid in lessening pain perception, stress, depression, and anxiety and increasing well-being[41]. 
Furthermore, music therapy (MT) is a significant contributor to the psychological well-being of cancer 
patients at all stages of their treatment[12].

Music therapy research indicates that people with cancer have benefitted from music expression and 
experience[42]. Music therapy is a simple, affordable, effective, and convenient method of treating 
depression and anxiety disorders[22,43]. As such, music therapy is highly recommended to be 
incorporated into healthcare services for people with cancer. The use of music therapy among cancer 
patients is helpful and supportive in ameliorating the depressive symptoms and anxiety exhibited by 
people with cancer[44].

Depression and anxiety disorders are often linked to non-compliance with proper treatment and poor 
cancer survival and health outcome among people with cancer. It is pertinent to note that cancer 
patients have an elevated risk of committing suicide[45,46]. Thus, adequate attention is required to 
address the resulting psychological disorders among cancer patients. Treating depression and anxiety 
disorders using music therapy involves qualified music therapists employing music as a supplementary 
or holistic therapeutic solution to help cancer patients cope with their sickness and reduce symptoms 
related to their condition or treatment procedures[47]. There is growing evidence that supports the use 
of MT in cancer patients. According to studies, music therapy aids in reducing anxiety levels in cancer 
patients undergoing major surgery[48,49]. Also, MT reduces depression, as revealed by studies[22,50]. 
Thus, cancer patients who undergo music therapy have been shown to benefit from its treatment of 
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depression and anxiety disorders.
The result of a meta-analysis on the effectiveness of music therapy for addressing psychological 

disorders among cancer patients shows that, compared to other conventional treatments, music therapy 
is more efficient in addressing depression and anxiety disorders[51]. The study found that music 
therapy can significantly improve the mental health of patients suffering from depression and anxiety 
disorders. Cancer patients are recommended to receive music therapy sessions for 1-2 mo to improve 
their quality of life[51]. Chen et al[52] stated that cancer treatment using music therapy reduces 
depressed mood, neuroticism, despair, and hopelessness. The therapeutic use of music therapy in 
managing depression and anxiety disorders and treatments carried out in surgery departments, and 
medical oncology should be encouraged among healthcare professionals[53]. Literature indicate that in 
addition to music interventions, it is also crucial for patients to receive social support, exercise, and 
relaxation interventions to minimize the mental health problems associated with a cancer diagnosis and 
the financial and emotional consequences of the disease[54-69].

Significance of music therapy in managing depression and anxiety disorders in people with various 
kinds of cancer
This section is dedicated to reviewing papers that examined the significant results of applying music 
therapy in treating mental health issue in patients with breast cancer, lung cancer, prostate cancer, and 
colorectal cancer (see also Table 1).

Breast cancer
Women are more likely to develop breast cancer than any other cancer malignancy. There are approx-
imately 685000 cancer deaths in women worldwide caused by this type of cancer[54], resulting in the 
largest share of all cancer deaths in women[3,54]. Globally, about 2261419 new breast cancer occurrences 
were recorded in 2020, constituting 12.5% of all cancer recorded in 2020[55]. Despite the medical 
advancement in cancer treatment and prevention, which has resulted in an increased survival rate, 
breast cancer has a long-term negative mental and physical impacts[56]. Breast cancer patients often 
express a worse quality of life, experience cancer-related tiredness, and struggle to manage their 
condition and therapeutic tasks[57-59].

Women diagnosed with breast cancer may experience severe psychological and physical trauma, 
including altered body views, sleeplessness, exhaustion, discomfort, sadness, and other distressful 
feelings[60]. Depression and anxiety disorders are regarded to be most prevalent at the acute stage of 
cancer therapy[61]. The decision of people with cancer to receive cancer treatment may be influenced by 
depressive symptoms, including feelings of helplessness. It is estimated that approximately half (50%) of 
all breast cancer patients suffer from depression or anxiety. There is a possibility of experiencing severe 
depression during conventional chemotherapy, particularly with taxane-based chemotherapies. This 
condition may last for as long as 18 mo following the conclusion of the chemotherapy treatment[62,63].

Improving the depression and anxiety conditions of women diagnosed with breast cancer involves 
many interventions ranging from muscle relaxation training, music therapy, exercise, and laughter 
therapy[64-67]. Research has shown that they might also have unforeseen consequences and adverse 
implications that could affect breast cancer patients' mental health conditions[68]. Also, the chemothera-
peutic session has been reported to be stressful and may negatively impact the mental state of breast 
cancer patients. Integrating music therapy and emotional expression could help reduce the negative 
psychological consequences of the treatment[69]. Music therapy is a distraction tool aimed at managing 
emotions and diverting an individual's attention from an unpleasant condition to a more pleasant and 
happy moment thereby reducing the risk of mental stress associated with an unpleasant or life-
threatening health condition like breast cancer. This distraction method involves the breast cancer 
patient listening to music regulated by the music therapist[70,71].

Additionally, adopting music therapy in the treatment of depression and anxiety disorders among 
female patients with breast cancer fosters the reduction of the psychiatric consequences of cancer during 
and after an oncology treatment session[72]. Kievisiene et al[73] stated that music therapy helps reduce 
adverse psychological effects resulting from the clinical manifestation and treatment of breast cancer. 
Similarly, music therapy intervention could assist people with breast cancer to ease the cardiotoxicity 
pain resulting from chemotherapy treatment consisting of anthracycline[74]. Thus, music therapy is 
efficient and recommended for the treatment of psychological disorders like depression and anxiety as 
well in people with breast cancer.

Lung cancer
Lung cancer is among the most prevalent type of cancer affecting people, with an estimated 1.8 million 
recorded cases as of 2012 and 2.21 million new cases, according to   recent reports[3,75]. Patients with 
severe lung cancer experience excruciating pain. About 75% and 80% of these patients reported that 
pain management is inefficient in reducing the painful consequence of lung cancer[76]. Lung cancer is 
majorly treated using a chemotherapeutic approach which also has side effects. About 25% of 50% of 
people with small cell lung cancer were reported to experience psychological distress after 
chemotherapy[77]. The physical pains and psychological trauma associated with post-surgery and 
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Table 1 Results on the significance of music therapy on people with the most common types of cancer

Ref. Objective of the study Research designs/Methods Findings/Results

Romito et al
[69]

To measure the effects of music therapy 
and emotional expression on the 
reduction of negative emotions in 
patients undergoing chemotherapy for 
breast cancer

62 breast cancer patients were randomly 
recruited into the experimental and 
control group

The combination of music therapy and emotional 
expression was identified to help reduce anger and 
depression that impacts the mental health of women 
with breast cancer

Zhou et al
[72]

To examine the effects of music therapy 
and muscle relaxation training on 
depression and anxiety, as well as the 
length of hospitalization

An intervention group of 170 patients was 
randomly selected and assigned to the 
study; a randomized controlled trial was 
conducted

Depression and anxiety level reduction using music 
therapy

Kievisiene 
et al[73]

To explore the available reports on the 
effects of music therapy and art therapy 
interventions among breast cancer 
patients

A systematic literature search was 
conducted in PubMed, EBSCO, and the 
Cochrane Central database. A total of 20 
randomized controlled trials were 
systematically reviewed

Music therapy is commonly used for anxiety 
reduction during and after oncological treatment 
sessions

Wang et al
[83]

To examine the effect on hemodynamics 
and analgesia of postoperative 
intravenous sufentanil combined with 
music therapy in patients with lung 
cancer in comparison to sufentanil alone

60 lung cancer patients were randomly 
distributed to a music therapy group and 
a control group

After lung cancer surgery, patients in the music 
therapy group were reported to have significantly 
low anxiety rate, heart rate, blood pressure etc. 
which would have resulted in a psychological 
disorder

Mou et al
[84]

To examine the effects of passive music 
therapy on patients with lung cancer 
during the initial peripherally implanted 
central catheter implantation operation 
on their anxiety levels and vital signs

304 lung cancer patients participated in 
the randomized controlled trial

Blood pressure, heart rate, and anxiety decreased 
significantly among lung cancer patients in the 
experimental group. The findings indicate that 
music therapy is beneficial for lung cancer patients 
when they are undergoing central catheter insertion

Tang et al
[86]

To determine if six-step music therapy is 
effective in reducing pain and anxiety in 
patients with lung cancer receiving 
platinum-based chemotherapy and 
whether it improves sleep

Two groups-music treatment and a 
control group-each consisting of 100 
patients with small cell lung cancer, were 
chosen at random

Patients with lung cancer who receive music therapy 
report less discomfort, less worry, and better sleep

Mishra et al
[93]

To explore how music therapy affects 
patients having a RALP after surgery

18 yr and older men (40 patients) 
undergoing RALP were randomly 
assigned to music and control group

Music facilitates the comfort and reduction of 
narcotic usage among prostate cancer patients

Yung et al
[94]

To ascertain how music therapy affects 
Chinese males having transurethral 
prostate resections in terms of pre-
operative anxiety

A quasi-experimental design involving 30 
patients with TURP

Music intervention is associated with a significant 
reduction in anxiety levels

Smolen et al
[99]

To investigate the impact of music 
therapy on physiological and self-
reported indicators of anxiety

32 adult patients scheduled for 
ambulatory colonoscopy were involved in 
the study

Patients who are having colonoscopies benefit from 
music therapy as it reduces the level of anxiety

Tanriverdi 
et al[100]

To determine how music therapy affects 
patients with early-stage colorectal 
cancer in terms of anxiety and 
chemotherapy-related nausea

A randomized controlled trial involving 
62 patients

Music therapy was identified to be associated with a 
decrease in anxiety levels

Li et al[101] To investigate the effects of music 
therapy on patients suffering from breast 
cancer in terms of their mental and 
physical state

25 to 65 years old female patients with 
breast cancer and receiving mastectomy 
were grouped into intervention and 
control groups

Music therapy was found to be useful and 
significant in improving the mental and physical 
health of women with breast cancer

Chirico et al
[102]

To access the efficacy of virtual reality 
and compare its effects with music 
therapy

30 breast cancer patients were recruited 
into VR and MT groups respectively and 
34 who were receiving standard 
chemotherapeutic care were assigned to a 
control group

Music intervention was discovered to be useful in 
addressing anxiety and facilitating the mental well-
being of breast cancer patients

RALP: Robotically assisted laparoscopic prostatectomy; TURP: Transurethral resection of the prostate.

chemotherapy often harm the physical and psychosocial well-being of the lung cancer patient. While it 
is pertinent to provide adequate pain relief therapy for patients with lung cancer after surgery[78,79], 
the analgesia known as opioids which are commonly used to provide relief, has adverse side effects[80].

Music therapy is employed as an alternative intervention in managing pains associated with lung 
cancer that could lead to psychological distress, such as depression and anxiety disorders[81,82]. The 
aim is to enhance the patient's quality of life, promote longevity, and maintain the patient's mental 
health. The combination of music therapy with other care given to lung cancer patients after surgery 
helps reduce blood pressure, stress, anxiety disorder, and other psychological problems associated with 
lung cancer pain and trauma[83] and improves the general well-being of people living with lung cancer. 
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Music therapy is highly suggested for lung cancer patients undergoing any invasive clinical surgery[84] 
as it aids in improving the psychological issues resulting from both preoperative and postoperative 
surgery interventions. Studies have revealed that music therapy efficiently reduces adverse physical 
and psychological effects associated with terminal illnesses like cancer[77,85,86]. Music therapy, 
according to Tang et al[86], helps treat anxiety among patients with lung cancer. It is an efficient form of 
cancer care support that can be employed as a therapeutic means of improving lung cancer patients' 
psychological well-being[86] during chemotherapy or other treatment procedures.

Prostate cancer 
Prostate cancer is the leading cause of death for men in 48 countries and the most common cancer 
affecting men in 112 countries[55]. Similarly, prostate cancer is among men's most prevalent diagnosed 
cancer in 2022, accounting for 27% of diagnosed cases[17]. Death resulting from this type of cancer 
malignancy accounts for 37.5 per 100000 and 11.3 per 100000 in higher and lower Human Development 
Index countries, respectively[87]. Prostate cancer is treated using radical prostatectomy[88]. Although 
the use of robotic-assisted laparoscopic prostatectomy has contributed to the reduction of postoperative 
pain among prostate cancer patients, there is a need for further advancement in managing pain and 
other psychological issues associated with prostate cancer[89]. During the perioperative stage, anxiety 
and pain are commonly associated with cancer patients. According to Kühlmann et al[90], about 75% of 
surgery patients experience anxiety, increasing postoperative pain. Prostate cancer patients often 
develop severe anxiety due to concern over the diagnosed cancer and its impact on their sexual life[91,
92]. Music therapy has been identified as a helpful approach in supporting prostate cancer patients and 
reducing anxiety[93]. Also, for prostate cancer patients undergoing transurethral resection of the 
prostate (that is, a surgical procedure aimed at treating an enlarged prostate-related urinary issues), 
music therapy intervention efficiently reduces preoperative anxiety during surgery[94]. Therefore, 
research evidence has revealed that music therapy can be used to treat psychological problems such as 
anxiety disorder and depression associated with prostate cancer diagnosis and should be introduced 
during preoperative and postoperative care.

Colorectal cancer
Men are highly susceptible to colorectal cancer, one of the leading causes of cancer death. In 2020, about 
1.9 million people had colorectal cancer, and 935000 deaths were predicted to occur. Thus, accounting 
for one-tenth of all cancer cases and mortalities[55]. Colorectal cancer ranks second for death and third 
for incidence in men and accounts for 29 per 100000 on the higher Human Development Index (that is, 
an indicator of a country's performance in three of the major aspects of human development, namely 
health, education, and standard of living)[87,95,96]. Music therapy is used in addressing the psycho-
logical problems of colorectal cancer patients. A review of related research shows that a colorectal 
cancer patient listening to preferred music while having a sigmoidoscopy significantly lowers anxiety 
and increases comfort during surgery[97,98]. When music therapy was used, according to Palakanis et al
[98], the patient's preferred music led to a decrease in the level of anxiety during sigmoidoscopy 
operations. Music therapy can potentially reduce anxiety and other indicators of psychological 
disorders among colorectal cancer patients undergoing colonoscopy[99]. Music therapy also reduces 
anxiety levels among patients with colorectal cancer during chemotherapy sessions[100]. Thus, music 
therapy intervention is efficient in supporting patients with colorectal cancer to adjust to psychological 
issues like depression and anxiety associated with a cancer diagnosis. Conversely, research on the effect-
iveness of using music as a kind of therapy to help people with colorectal cancer cope better with 
procedures like sigmoidoscopy or colonoscopy and to lessen their anxiety has been fragmentary.

RESEARCH IMPLICATIONS AND RECOMMENDATIONS
Music therapy improves the mental and physical state of people with cancer[101,102]. While cancer 
diagnosis and treatment procedures are linked to substantial financial costs[103], music therapy's cheap 
costs, absence of side effects, and significant benefits in reducing stress are crucial for the prevention 
and treatment of psychological issues caused by cancer and its diagnosis[104]. People with various 
kinds of cancer tend to suffer from psychological disorders like depression and anxiety, as stated earlier 
in this paper. Most cancer patients, as well as their families, music therapists, and medical experts feel 
optimistic about the remedies provided by music therapy[105]. Because the use of music therapy 
significantly lessens anxiety and depressive symptoms associated with cancer[106], it is vital for practi-
tioners to continue to examine the significance of music therapy in addressing these psychiatric 
disorders among patients with various types of cancer malignancy.

A large percentage of cancer mortality could be attributed to depression and anxiety disorders 
resulting from cancer diagnosis and treatment. However, accessing the psychological state of people 
with cancer before and after clinical diagnosis and treatment is essential to reducing cancer death. The 
findings of this review are essential to medical practice and policy concerning oncological disease and 
treatment procedures. It is, therefore, pertinent to investigate and address the psychological disorders 
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observed in people with cancer. Because music therapy has been found to be significant in treating 
depression and anxiety in people with cancer, music therapists should be among the medical team 
treating cancer patients.

Medical practitioners who provide medical care to people with cancer should endeavor to examine 
the psychological health of cancer patients under their care. Given the significance of music therapy in 
reducing anxiety levels and treating depression in people with breast cancer, lung cancer, prostate 
cancer and colorectal cancer, it is therefore pertinent for the oncologist collaborate with qualified music 
professionals in order  employ music therapy during the treatment of cancer patients. Music therapy 
should also be incorporated into medical, radiation, and surgical oncology curriculum. A further 
empirical study should be conducted to obtain more research on this issue.

CONCLUSION
Identifying the symptoms of mental illness in cancer patients is essential for managing their mental 
health. Cancer deaths may occur due to the inability to address the psychological disorders associated 
with cancer diagnosis among people with any of the most common cancer types. Music therapy has 
been identified to be significant in treating psychological issues like depression and anxiety that many 
cancer patients experience. It is needful for healthcare providers to incorporate music therapy 
interventions while treating people with cancer. This will help reduce cancer deaths resulting from 
psychological disorders rather than the killer disease, cancer. However, the standardized procedures 
and evaluation criteria for applying music-based intervention strategies in oncology medicine still need 
to be further established and improved.
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Abstract
Cold colorectal tumors are not likely to trigger a robust immune response and 
tend to suppress the immune response. There may be three reasons. First, the 
complex tumor microenvironment of cold colorectal cancer (CRC) leads to 
tolerance and clearance of immunotherapy. Second, the modification and 
concealment of tumor-specific targets in cold CRC cause immune escape and 
immune response interruption. Finally, the difference in number and function of 
immune cell subsets in patients with cold CRC makes them respond poorly to 
immunotherapy. Therefore, we can only overcome the challenges in immuno-
therapy of cold CRC through in-depth research and understanding the changes 
and mechanisms in the above three aspects of cold CRC.

Key Words: Cold colorectal cancer; Immunotherapy; Tumor microenvironment; Immune 
targets; Immune cells
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Core Tip: Advanced colorectal tumors are poorly treated, and immunotherapy has 
improved these patients’ outcomes. However, cold colorectal tumors are less likely to 
trigger a robust immune response and tend to suppress it. To address this phenomenon, 
we discuss the role of the tumor microenvironment, immune targets, and immune cells 
in the treatment of cold colorectal tumors.
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INTRODUCTION
Colorectal cancer (CRC) has the third highest incidence and fourth mortality (after lung cancer, hepatic 
carcinoma, and stomach cancer) worldwide, which also serves as a biological and genetic paradigm for 
dissecting the evolutionary paths of solid tumors[1]. The risk factors of CRC are advanced age, dietary 
habits, obesity, lack of physical activity, constipation, chronic enteritis, intestinal polyps, alcohol 
consumption, and smoking[2]. With the robust advancement of fundamental research and medical 
technology, the treatment options for CRC have gradually formed a personalized and comprehensive 
treatment schedule led by surgery (e.g., manual surgery, robotic surgery)[3]. Current treatment options 
include local endoscopic resection, radical surgical resection, local radiotherapy, systemic 
chemotherapy, palliative surgery, radiofrequency ablation of metastases, targeted therapy, and 
immunotherapy[4]. Of note, the survival benefit of patients with various tumors has increased 
significantly due to the rapid development of immunotherapy and the combined utilization with 
surgery, chemotherapy, radiotherapy, and targeted therapy. Generally, cancer immunotherapy can be 
divided into monoclonal antibodies, cytokines, immune checkpoint inhibitors (ICIs), tumor vaccines, 
and immune cells (e.g., natural killer cells, tumor-infiltrating cells, T lymphocytes)[5]. Despite the 
increase in overall survival of patients with advanced CRC, new challenges have continuously emerged 
in treating "cold" CRC due to the current strategies in triggering a robust immune response and 
suppressing cancer[6].

To manage this phenomenon, we discuss the role of the tumor microenvironment (TME), immune 
targets, and immune cells in treating colorectal tumors.

LITERATURE SEARCH AND REVIEW
For the purpose, we primarily searched the literature on CRC immunotherapy published in the last 5 
years through PubMed and Google Scholar databases. After importing them into the literature 
management software EndNote and de-duplicating them, we double-checked their titles, abstracts, and 
texts one-by-one to screen out the literature related to cold CRC treatment. The article was written 
according to a pre-planned framework, and the references were added by selecting the National Library 
of Medicine mode.

IMMUNOLOGICAL SIGNATURE-BASED CRC CLASSIFICATION
Accurate monomolecular typing is essential to screen CRC patients who may benefit from immuno-
therapy and whose TME needs reprogramming for beneficial immune-mediated responses[5]. Based on 
the degree of immune infiltration, tumors can be classified as "hot tumors" with high infiltration, 
"variable tumors" with rejection and immunosuppression, and "cold tumors" without infiltration[7]. 
Overall, the subsets of the aforementioned cancers have variations in pathological features, genetic 
mutations, immune cell composition, immune phenotypes, cytokines, clinical outcomes, and responses 
to immunotherapy[5]. CRC patients with a resistant "cold" phenotype are extremely challenging to treat 
with immunotherapy due to the low tumor mutation rate and lack of immune cell infiltration[5]. 
Approximately 80%-85% of CRC patients are considered to have "cold" tumors with microsatellite 
stability (MSS) or low microsatellite instability (MSI-L) (referred to as MSS/MSI-L CRC), which lack 
response to ICIs[8-10]. Immunosubtype classification can identify altered immune microenvironments 
in CRC patients. In addition, immune subtyping can guide personalized CRC immunotherapy and 
tumor prognosis[11-15].

RELATED STUDIES BASED ON THE TME
CRC is a highly heterogeneous disease, and mutant gene polymorphisms create a diversity of tumor 
subtypes and their corresponding TME. Sobral et al[16] demonstrated, in a study of genetic and 
microenvironmental intra-tumor heterogeneity affecting the evolution and metastatic development of 
CRC, that the diversity of CRC is caused by asynchronous forms of molecular alterations in which 
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mutations and chromosomal instability collectively contribute to the genetic and microenvironmental 
intra-tumor heterogeneity. Studies have shown that the greater the genetic mutation and TME 
differences, the lower the ability of tumors to metastasize. By contrast, advanced tumor gene mutations 
exploit tumor proliferation and metastasis. Wang et al[17] employed methionine enkephalin to inhibit 
colorectal carcinogenesis by reshaping the immune status of the TME. It has been shown that 
methionine enkephalin promotes antitumor immune responses, remodels the immune state of the 
tumor immune microenvironment in CRC, inhibits tumor development, and is a potential therapeutic 
agent for CRC, especially useful for improving the efficacy of immunotherapy. Chen et al[18] further 
proposed that metabolic changes in the TME were closely related to the development of CRC. In details, 
tumor cells secrete carriers beneficially utilized by surrounding cells in the TME to induce metabolic 
changes and cancer transformation. At the same time, tumor cells secrete pages that provide energy for 
their proliferation, metastasis, and drug resistance.

The tumor immune microenvironment is highly variable and extremely complex, and many 
immunosuppressive pathways have been identified in microsatellite-stabilized CRC[19]. Regorafenib, a 
tyrosine kinase inhibitor, is one of two drugs approved for treating MSS CRC[20]. The REGONIVO 
study showed a 36% response rate for regorafenib in metastatic MSS CRC[23]. Cabozantinib is another 
drug being investigated for the treatment of MSS CRC. Toll-like receptor (TLR) modulators are a new 
class of immunomodulatory drugs[24]. REVEAL is a phase 2 trial investigating TLR7/8 agonists in 
combination with nivolumab against tumors. Keynote-559 is a phase 1/2 trial investigating C-X-C motif 
chemokine ligand 12 (CXCL12) antagonists in combination with pembrolizumab for mCRC and 
metastatic pancreatic cancer. The chemokine CXCL12 promotes tumor proliferation, metastasis and 
angiogenesis by inducing signals, which can recruit B cells, plasma cells, and regulatory T cells to 
induce an immunosuppressive environment[25]. Investigators are devoted to developing multidiscip-
linary approaches to increase immune-mediated responses, improve the TME, and convert "cold" 
tumors into "hot" tumors to promote immunotherapy[15].

RELATED STUDIES BASED ON IMMUNE TARGETS
ICIs typically respond to CRCs with defective mismatch repair (dMMR) or high MSI (MSI-H). Approx-
imately 85% of CRCs do not respond to immunotherapy or eventually become resistant due to MMR 
resistance or MSS[10]. MMR/MSS CRCs typically have low tumor mutational load, low chemotherapy 
response rates, low tumor-infiltrating lymphocytes, and poor prognosis compared to dMMR/MSI 
CRCs. Ros et al[26] verified that inhibition of transforming growth factor beta (TGF-β) could play a vital 
role in the development and metastasis of CRC by enhancing T-cell action. He et al[27] used in situ-
forming albumin corpuscles to target liposomes and reshape the "cold" tumor immune microenvir-
onment through epigenetic-based therapy. It was found that in situ-forming albumin corpuscles further 
enhanced tumor-targeted delivery, and that targeted liposome treatment effectively inhibited the effects 
between tumor metabolism and immune evasion by inhibiting glycolysis and immune normalization. 
Janssen et al[28] explained the available evidence for the potential impact of RAS mutations on the 
microenvironment of CRC in a study of mutated RAS and TME as dual therapeutic targets in advanced 
CRC[29]. Takahashi et al[30] showed that the combination of stromal programmed death ligand 1 (PD-
L1)+ immune cells and nuclear β-catenin+ tumor budding might contribute to tumor progression in CRC 
and resistance to neoadjuvant chemotherapy in locally advanced rectal cancer. Dmitrieva-Posocco et al
[31] found that the ketogenic diet exhibited strong tumor suppressive effects. The ketone body β-
hydroxybutyric acid reduced colonic crypt cells proliferation and effectively inhibited intestinal tumor 
growth. It is suggested that oral or systemic interventions using a single metabolite could complement 
current CRC prevention and treatment strategies. High PD-L1 expression in tumors is a sign of poor 
prognosis, which also shows good responsiveness to ICIs and immunomodulatory drugs such as C-X-C 
motif chemokine receptor 4, poly (ADP-ribose) polymerase or TGF-β inhibitors in combination[6]. Li et 
al[32] investigated the relationship between genetic changes in CRC and intercellular transformation in 
cancer cell biology and TME. Key advances in the development of effective therapeutic approaches for 
this cancer were analyzed from immunological and single-cell perspectives[33]. Long-noncoding RNAs 
(lncRNAs) are important regulators of microRNA expression in CRC and might be promising 
biomarkers and potential therapeutic targets in CRC research. For example, Lv et al[34] provided 
insights into the pathogenesis, diagnosis, and development of therapeutic strategies for CRC by 
studying lncRNAs.

RELATED STUDIES BASED ON IMMUNE CELLS
The current therapeutic strategies have limited efficacy in CRC[35-38]. Approximately one-quarter of 
CRC patients are diagnosed with a combination of distant metastases[39-41], and of these, another one-
quarter recurs or metastasizes within 5 years. The 5-year survival rate for CRC patients with combined 
metastases is approximately 15%[42-44]. Therefore, there is an urgent need for new approaches to treat 



Ma SX et al. Immunotherapy for cold colorectal cancer

WJCO https://www.wjgnet.com 84 February 24, 2023 Volume 14 Issue 2

Figure 1 Pattern of immunotherapy strategies for cold colorectal cancer.

CRC using immunotherapy[28,45]. The current cancer classification is based on the American Joint 
Committee on Cancer/Union for International Cancer Control - Tumor Node Metastasis (TNM) system, 
and the prediction of the effect of immunotherapy cannot be assessed[35]. Relevant evidence suggests 
that the prognosis of CRC patients correlates with the type, density, and function of immune cells 
within the tumor[46]. Galon et al[35] developed an immunohistochemical and digital pathology-based 
assay named Immunoscore, which quantified two tumor regions (core and invasive margin of the 
tumor) in two T-cell subsets (cluster of differentiation 3 [CD3] and [CD8]). Immunoscore is an immune 
function-based scoring system that is more valuable than the traditional TNM score in determining the 
predictive value of patients with CRC[47-50]. Relative studies have also demonstrated the predictive 
value of Immunoscore for the prognosis of patients with colon cancer[51-53], which is conducive to 
classify tumors and guide clinical decisions[54-58]. Tumor lysis virus is a novel antitumor agent that 
both lyses tumor cells and modulates the TME, which can convert "cold" tumors into "hot" tumors and 
thus allows ICIs to work. For example, Ren et al[36] recently investigated the status of tumor lysing 
viruses and ICIs for treating CRC. The feasibility of combining tumor lysis virus with ICIs for treating 
CRC will be discussed in terms of the mechanism of action of tumor lysis virus for tumor treatment.

FUTURE DIRECTIONS
For cold CRC, immunotherapy strategies focus on converting "cold" tumors to "hot" tumors through 
various approaches[6,59-62]. Various immunotherapies or chemotherapy can be used to modulate the 
patient’s immune status[63-66]. Regulation of the number and function of Escherichia coli in the patient's 
intestine can improve the role of the patient's immune microenvironment[67-69]. Therapies that enhance 
the operation and number of immune cells may also improve treatment outcomes[70-72]. Further 
functional and mechanistic studies of mutated genes could identify new targets for cold CRC therapy
[73-75].

CONCLUSION
In summary, the fundamental reasons for the challenge of immunotherapy for cold CRC are the low 
tumor mutational load and lack of immune cell infiltration. To conquer this phenomenon, we should 
conduct comprehensive research on the TME, immune targets and immune cells to warm up CRC 
(Figure 1). Meanwhile, we should also combine the aforementioned cancer immunotherapy with 
traditional tumor treatment remedies such as surgery, radiotherapy, and chemotherapy. Only person-
alized, comprehensive treatment plans for CRC, and a good prognosis for patients are the ultimate goals 
we pursue.
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Abstract
Soft tissue sarcoma (STS) accounts for 1% of all malignant neoplasms in adults. 
Their diagnosis and management constitute a challenging target. They originate 
from the mesenchyme, and 50 subtypes with various cytogenetic profiles 
concerning soft tissue and bones have been recognized. These tumors mainly 
affect middle-aged adults but may be present at any age. Half of the patients have 
metastatic disease at the time of diagnosis and require systemic therapy. Tumors 
above 3-5 cm in size must be suspected of potential malignancy. A thorough 
history, clinical examination and imaging that must precede biopsy are necessary. 
Modern imaging techniques include ultrasound, computed tomography (CT), 
new magnetic resonance imaging (MRI), and positron emission tomography/CT. 
MRI findings may distinguish low-grade from high-grade STS based on a 
diagnostic score (tumor heterogeneity, intratumoral and peritumoral enhan-
cement). A score ≥ 2 indicates a high-grade lesion, and a score ≤ 1 indicates a low-
grade lesion. For disease staging, abdominal imaging is recommended to detect 
early abdominal or retroperitoneal metastases. Liquid biopsy by detecting 
genomic material in serum is a novel diagnostic tool. A preoperative biopsy is 
necessary for diagnosis, prognosis and optimal planning of surgical intervention. 
Core needle biopsy is the most indicative and effective. Its correct performance 
influences surgical management. An unsuccessful biopsy means the dissem-
ination of cancer cells into healthy anatomical structures that ultimately affect 
resectability and survival. Complete therapeutic excision (R0) with an acceptable 
resection margin of 1 cm is the method of choice. However, near significant 
structures, i.e., vessels, nerves, an R2 resection (macroscopic margin involvement) 
preserving functionality but having a risk of local recurrence can be an acceptable 
choice, after informing the patient, to prevent an unavoidable amputation. For 
borderline resectability of the tumor, neoadjuvant chemo/radiotherapy has a 
place. Likewise, after surgical excision, adjuvant therapy is indicated, but 
chemotherapy in nonmetastatic disease is still debatable. The five-year survival 
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rate reaches up to 55%. Reresection is considered after positive or uncertain resection margins. 
Current strategies are based on novel chemotherapeutic agents, improved radiotherapy applic-
ations to limit local side effects and targeted biological therapy or immunotherapy, including 
vaccines. Young age is a risk factor for distant metastasis within 6 mo following primary tumor 
resection. Neoadjuvant radiotherapy lasting 5-6 wk and surgical resection are indicated for high-
grade STS (grade 2 or 3). Wide surgical excision alone may be acceptable for patients older than 70 
years. However, locally advanced disease requires a multidisciplinary task of decision-making for 
amputation or limb salvage.

Key Words: Soft tissue sarcoma; Soft tissue tumors; Sarcomas; Oncology; Preoperative biopsy; Surgical 
management

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The diagnosis and treatment of soft tissue sarcoma are multidisciplinary tasks, and wide surgical 
resection is an absolute necessity. Modern imaging, especially magnetic resonance imaging, is valuable, 
and preoperative core needle biopsy is the most indicated and effective diagnostic tool. Its correct planning 
affects surgical management because the opposite means dissemination of cancer cells into healthy 
anatomical structures influencing resectability and survival. New therapeutic modalities, including 
chemoradiation, biological agents and immunotherapy, can improve the outcomes of the main surgical 
management. In any case, the management policy is personalized.

Citation: Pavlidis ET, Pavlidis TE. New trends in the surgical management of soft tissue sarcoma: The role of 
preoperative biopsy. World J Clin Oncol 2023; 14(2): 89-98
URL: https://www.wjgnet.com/2218-4333/full/v14/i2/89.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i2.89

INTRODUCTION
Soft tissue sarcomas (STSs) are rare tumors that originate from the mesenchyme (embryonic mesoderm) 
and affect children more often than adults[1]. They represent aggressive lesions accounting for approx-
imately 1% of all adult malignancies and 7% of pediatric neoplasms[2,3]. Their incidence is calculated to 
affect 4-5 individuals per 100000 per year in Europe[4]; annually in the United States, there have been 
approximately 10000 new cases of soft tissue and bone sarcomas[5]. Likewise, in 2019, approximately 
13000 new cases of ST and bone sarcomas were recognized in the United States with a main location 
(60%) in the limbs and trunk[6]. A French nationwide registry showed a continuing increase in 
incidence that is higher than reported and varies among different countries; however, the pathology 
evaluation should be made by sarcoma experts to avoid misdiagnosis which can occur in up to 30% of 
cases[7].

Limb STS has a rather better prognosis than retroperitoneal or pelvic STS. The most predominant 
pathologic type of STS is liposarcoma and leiomyosarcoma in adults and rhabdomyosarcoma in 
children[4]. Overall, 50 histopathologic subtypes with various cytogenetic profiles concerning soft tissue 
and bones have been recognized. The location in the vast majority concerns limbs, trunk, head and less 
often retro peritoneum and abdominal cavity[2]. These tumors mainly affect middle-aged adults but 
may be present at any age. Half of the patients have metastatic disease (first in the lungs and second in 
the liver) and intermediate-high grade STS at the time of diagnosis and require systemic therapy. The 5-
year overall survival is approximately 55%[7-9].

Tumors above 3-5 cm in size, fast growing, deeply located, solid, cumbersome, possibly accompanied 
by palpable lymph nodes and causing or not causing pain must be suspected of potential malignancy. 
Then, an imaging evaluation [ultrasound (US), computed tomography (CT), magnetic resonance 
imaging (MRI)] is required and must precede biopsy[10]. Preoperative biopsy (percutaneous core 
needle, preferably) is a crucial diagnostic tool since there has been progress in planning multimodality 
management, which ensures improved outcomes[6,11]. The Ki-67 proliferation index has been proposed 
as a prognostic biomarker that, in addition to survival prediction, may determine the indication for lung 
or liver metastasectomy in carefully selected patients, improving the treatment[12].

Surgical intervention constitutes the cornerstone of management aiming at therapeutic wide excision 
with adequate margins[2]. Recurrence occurs in up to 50% of cases after surgery, mainly in the lungs[6]. 
Any effort must be made for limb salvage to avoid amputation. Neoadjuvant or adjuvant radiotherapy 
or chemotherapy has contributed to current progress[2]. Likewise, immunotherapy is a promising novel 
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therapeutic option[1]. Young age is the only known risk factor for distant metastasis within 6 mo 
following curative resection[13]. Diabetes mellitus has a negative influence on the clinical outcome after 
therapeutic excision of STS[14].

Modern imaging, including positron emission tomography (PET)/CT and regular follow-up (every 3 
mo for the first 3 years, every 6 mo for the following 2 years and then once every year for the next 10 
years), nomograms and artificial intelligence for local recurrence or distant metastasis after surgery, 
have assisted further and improved the outcome[4,12].

In this narrative review, we highlight the current data on the diagnosis and treatment of STS, 
providing comprehensive, complete and modern knowledge to manage them.

DIAGNOSIS
A thorough history, clinical examination and imaging are necessary requirements. Modern imaging 
techniques include US, CT, new MRI, and PET/CT. Imaging findings of limb STS correlate with the 
histopathologic findings[15]. According to the United Kingdom guidelines for the management of STS, 
any soft tissue lump more than 5 cm in size and, most importantly, increasing rapidly in size or painful 
must be considered malignant until assessed otherwise on imaging. Therefore, immediate US is 
mandatory. If the lesion seems to be benign, then the investigation will be terminated. Otherwise, a CT 
will follow and then MRI if it is indicated. When positive for malignancy or equivocal imaging findings 
exist, a preoperative biopsy will always be performed to confirm the diagnosis of STS[8], as described in 
detail below.

However, MRI is currently the method of choice. It provides accurate location, architecture, and 
vascularization of the tumor and determines the relationships with neighboring vital anatomic 
structures to plan the operative strategy and the extent of resection[16]. MRI findings may also 
distinguish low-grade from high-grade STS based on a diagnostic score (tumor heterogeneity, intrat-
umoral and peritumoral enhancement). A score of 2 or 3 indicates a high-grade lesion, and a score of 0 
or 1 indicates a low-grade lesion[16] . MRI radiomics and machine learning may accurately predict the 
tumor grade[17]. MRI is useful not only because it can guide preoperative biopsy[6] but also because 
high-grade sarcomas need neoadjuvant chemoradiation therapy[16]. It is known that preoperative 
biopsy may underassess the real grade of the definite complete specimen pathology due to the hetero-
geneity of STS[17]. Additionally, novel multiparametric MRI has provided promising results for the 
selection of patients who need neoadjuvant radiotherapy[9]. Preoperative imaging assessment of 
margin infiltration degree is essential for STS prognosis. MRI using the radiomics mode is a novel 
promising tool[18]. In addition, MRI using a deep learning radiomics nomogram can accurately predict 
preoperative lung metastases[19].

Preoperative imaging, pathologic subtypes and molecular findings are crucial. Mutations in the 
tumor suppressor genes, i.e., the Rb1 gene (retinoblastoma 1) and TP53 gene (tumor protein 53) can exist
[12]. Liquid biopsy by detecting genomic material in serum is a novel diagnostic, prognostic and staging 
tool. Genetic material mainly from blood but also from other body fluids (cerebrospinal fluid, saliva, 
urine, or feces) may be useful for the discovery of circulating tumor cells, cell-free DNA, exosomes, or 
metabolites[2]. These biomarkers provide valuable information regarding the tumor genetic profile and 
the status of the disease to ensure optimal monitoring and to identify the mechanisms implicating 
treatment resistance. The preliminary results are promising despite the technical difficulties, and liquid 
biopsy could replace invasive tissue biopsy in the future[20]. The heterogeneity of sarcomas poses 
further prognostic limitations. Furthermore, circulating tumor noncoding RNAs are promising 
biomarkers. However, all the above research efforts are in the preclinical stage for sarcomas[21]. In 
addition, the genomic profile may determine the adjuvant treatment choices[22].

For disease staging, the following imaging is necessary: (1) CT chest to detect lung metastases, since 
they are the most common metastatic involvement; and (2) CT abdomen to detect early hepatic or pelvic 
metastasis, particularly for the lower limb location of the primary focus to detect retroperitoneal lymph 
node involvement[4,8]. Based on relevant indications, the following imaging is recommended: (1) 
Whole-body scintigraphy for possible bone metastases; (2) CT or preferably MRI brain for possible 
metastases; (3) Whole-body MRI may be useful for occult metastases[8]; and (4) Likewise, for this 
reason, 18F-Fluoro-2-deoxyglucose PET/CT is currently more often in use[3]. However, it is absolutely 
indicated before making decisions for amputation or after postoperative recurrence[8]. After 
neoadjuvant radiation therapy, approximately 20% of patients with limb and trunk STS require a 
change in the management strategy because of distant lung metastases. The followed scheme includes a 
total dose of 50 Gy in 25 sessions of 2 Gy within a period of five weeks and then surgical intervention 
after an elapse of approximately ten weeks. Therefore, chest CT is reasonable for restaging after such a 
long time of 15 wk[23].

Histopathologic diagnosis is based on morphological, immunohistochemical and molecular 
pathologic features[10]. It should be made according to the latest World Health Organization 
classication of soft tissue tumors. Liposarcoma, leiomyosarcoma, myxofibrosarcoma, pleomorphic 
undifferentiated sarcoma and synovial sarcoma constitute 75% of all STSs[15]. A second opinion of a 
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pathologist expert may be valuable. There are three malignancy grades based on differentiation, 
necrosis and mitotic rate according to the Federation of the French Cancer Centres histological grading 
criteria for STS[8,10]. These parameters are scored 1 to 3 for differentiation and mitotic index and 0 to 2 
for necrosis. A 3-grade system is obtained by summing the scores obtained for each of these 3 
parameters, as shown in Table 1[8]. The Ki-67 proliferation index grading system may be useful for the 
evaluation of the histological grade of STS[24]. The staging of STS is based on the Tumor-Node-
Metastasis classification system according to the American Joint Committee on Cancer 8th edition, as 
shown in Table 2[25].

PREOPERATIVE BIOPSY
Diagnosis and management of STS should be performed by experienced centers[26]. A preoperative 
biopsy is necessary to establish the diagnosis after the imaging evaluation. Imaging should be 
performed first to avoid any interference with the anatomical integrity of the region by the biopsy 
manipulations. The biopsy ensures diagnosis of histological type and staging, predicts the biological 
behavior of the tumor, indicates the need for preoperative (neoadjuvant) or even intraoperative 
radiation treatment, and neoadjuvant systemic chemotherapy, determines the best planning of the 
operative strategy and offers better patient information (reassuring) by weighing the risks and expect-
ations[8,10,11,27]. A preoperative frozen section for immediate diagnosis is not recommended. It has no 
practical value since the regular review of a core needle biopsy (CNB) will safely establish the diagnosis
[10].

The primary method of the first choice is CNB with needles of 14-18 gauges. Several needle samples 
(4-10) are required to increase the maximum chance of a correct diagnosis[6,8,10,28]. It was performed 
under imaging guidance (US, CT) and achieved adequate specimens for complete histopathologic 
evaluation along with immunohistochemical assays. Most cases are performed under local anesthesia, 
but sedation may be required in some cases. The complications (hemorrhage or infection) are minimal
[11]. A large series from Royal Marsden Hospital United Kingdom including 530 cases of CNB 
performed under local anesthesia showed that it was diagnostic in 93% of cases, needed to be repeated 
in 7% of cases, had a complication rate of 0.4%, had a diagnostic accuracy rate of 97.6% in distinguishing 
STS from benign lesions (sensitivity of 96.3%, specicity of 99.4%, positive predictive value of 99.5%, 
negative predictive value of 95.1%) and had a grade accuracy rate of 86.3%[29]. Adequate tissue samples 
must be obtained in different directions within the tumor through a single skin incision; to avoid rare 
needle tract recurrence, the selection of the biopsy site should be planned so that it is included in the 
subsequent resection, if required[29].

Preoperative CT-guided CNB is accurate and valuable for intraabdominal and retroperitoneal 
sarcomas[30]. A recent study from the United States based on the National Cancer Database including 
2620 patients who underwent surgery for nonmetastatic retroperitoneal sarcoma showed that 
preoperative biopsy (performed in 42.4% of cases) was proven useful with better outcomes and 
improved survival[31].

Fine needle aspiration does not provide tissue samples and offers cytologic rather than histologic 
information. Its utility is limited only to recurrence cases of an already known STS[11]. Open biopsy 
techniques include incisional biopsy by removing a small part of the tumor. It is associated with a 2% 
possibility of complications (inflammation, hematoma) but most importantly dissemination of 
malignant cells and delay in the treatment. Its rare indication is limited to failure of CNB. Excisional 
biopsy by whole tumor removal does not have any place in suspected STS but only in superficial small 
soft tissue tumors (less than 2 cm in size), which have minimal malignant potential. The basic principles 
of open biopsy are meticulous hemostasis and avoidance of drain placement[8,11].

MANAGEMENT
The management of abdominal STS at an experienced center with a multidisciplinary approach 
provides improved outcomes and better prognosis[32]. The initial referral, even based on suspicion, to 
such a center is of great importance to ensure the optimal chance in accurate diagnosis and proper 
management[22]. Surgery is the standard treatment and must be performed by an experienced surgeon. 
Wide excision with adequate margins at least 1 cm or even 2 cm, free of involvement, constitutes the 
operative target to achieve a residual zero (R0) resection[2,33-35]. However, vital neighboring 
anatomical structures may sometimes restrict the resection margin, and microscopic infiltration may be 
found within it (R1 resection). Further treatment is needed for positive resection margins to restrict 
recurrence[36]. It has been reported that high-grade tumors have a negative effect on overall survival, 
but resection margins do not. The 5-year overall survival was 71.1% for R0 resection and 70.2% for R1 
resection[37]. Lymph node metastases are rare in STS, and sentinel lymph node biopsy and lymphaden-
ectomy are limited and debatable[38]. Neoadjuvant radiotherapy and wide excision have been widely 
used but are associated with wound complications[39], reaching up to 39%[40]. This rate is limited to 
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Table 1 Federation of the French Cancer Centres histological grading criteria

Differentiation (score) Necrosis (score) Mitotic count (score)

Well (1) Absent (0) n < 101 (1)

Moderate (2) < 50% (1) n = 10–191 (2)

Poor (anaplastic) (3) ≥ 50% (2) n ≥ 201 (3)

1Number of mitoses per 10 high power fields.
After summing the three scores, grade 1 is defined as a total score of 2 or 3; grade 2 as a total score of 4 or 5; and grade 3 as a total score of 6 to 8.

Table 2 American Joint Committee on Cancer classification and staging for soft tissue sarcoma, 8th Edition

TNM classification Stage 

T1: Tumor ≤ 5 cm IA: T1; N0; M0; G1

T2: Tumor > 5 cm and ≤ 10 cm IB: T2, T3, T4; N0; M0; G1

T3: Tumor > 10 cm and ≤ 15 cm II: T1; N0; M0; G2/3

T4: Tumor > 15 cm IIIA: T2; N0; M0; G2/3

N0: No regional lymph node metastasis or unknown lymph node status IIIB: T3, T4; N0; M0; G2/3

N1: Regional lymph node metastasis IV: Any T; N1; M0; any G Any T; any N; M1; any G

M0: No distant metastasis

M1: Distant metastasis

G expresses the histological grading sum score. TNM: Tumor-Node-Metastasis.

half at experienced centers[40]. Neoadjuvant radiotherapy tends to replace adjuvant radiotherapy and is 
strongly recommended[41,42]. Concurrent neoadjuvant chemoradiation therapy increases the chance of 
R0 resection[43]. For high-grade deep tumors, T2 or more (stage II or III), wide excision and adjuvant 
radiation therapy (external beam 60-76 Gy) for local control is the indicated policy[2,10,44,45]. Limb 
sparing surgery combined with radiotherapy is the current preferable method for such tumors of limbs
[46]. It must precede preoperative traditional fractioned radiotherapy of 50-50.4 Gy with a daily dose of 
1.8-2 Gy over 5-6 wk[47-49]. Generally, a daily dose > 2.2 Gy is usually hypofractionated radiotherapy
[47]. Novel techniques for radiotherapy, including intensity-modulated radiation therapy, proton beam 
therapy, intraoperative electron radiotherapy and postoperative brachytherapy (via catheters in the 
surgical field), promise to decrease the side effects of standard radiotherapy while achieving better local 
control[2,8,10,50].

Chemotherapy with doxorubicin alone or in combination with ifosfamide is the basic scheme as a 
neo-adjuvant or adjuvant[2]. However, there have been conflicting aspects for adjuvant chemotherapy 
after R0 resection[51]. Tyrosine-kinase inhibitors (pazopanib, sunitinib, imatinib) have been indicated in 
some specific types[2]. In advanced metastatic cases, gemcitabine has been used in combination with 
docetaxel, vinorelbine, or dacarbazine, but with limited results[2]. Isolated hyperthermic limb perfusion 
(IHLP) with tumor necrosis factor-alpha and melphalan is another proposed option for limb STS[2,52]. 
A recent nationwide multicenter study from the Netherlands showed that in unresectable limb STS, 
preoperative IHLP or neoadjuvant radiotherapy avoided both amputations with acceptable oncological 
outcomes[53]. Wide surgical excision alone without neoadjuvant or adjuvant chemotherapy may be 
acceptable for patients over 70 years of age, providing comparable survival[54]. Frail very elderly 
patients (more than 80 years old) can tolerate an operative intervention for limb STS well[55,56].

Overall, unplanned excisions were 18.2% among 2187 primary operations for STS in the Netherlands 
Cancer Registry database[57]. It is known that unplanned surgical excision is related to an increased risk 
of local recurrence despite any adjuvant oncologic therapy[58]. For this reason, reresection is an option 
after positive or uncertain resection margins, but it is associated with increased morbidity and residual 
disease, which requires complete information for the patient[59]. However, a recent large study from 
Japan including 4483 operations (4128 planned excisions and 355 unplanned excisions) for limb STS 
showed that additional excision after unplanned excision was not associated with increased mortality 
and local recurrence compared to planned excision[60]. Furthermore, in the case of R1 or even R2 
resection, reresection in combination with perioperative radiotherapy must be considered[61]. Surgical 
resection of lung metastases has improved overall survival (49 mo median and 42% 5-year). However, 
R1 resection of the primary tumor and ≥ 2 metastases decrease it[62]. Pulmonary metastasectomy 
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improves the prognosis compared to conservative treatment[63].
The comprehensive assessment of recurrence risk has led to an increasing number of personalized 

management tools[64], including surgical operation, radiotherapy, novel promising targeted biological 
agents and immunotherapy (monoclonal antibodies, cellular therapies with modified T cells and natural 
killer cells, or vaccines)[1,2,12,65,66]. For retroperitoneal STS, aggressive surgical management has been 
recommended, since it showed satisfactory results for primary tumors but not for recurrence[67-70]. 
Likewise, for abdominal STS, surgery is the standard treatment[71]. Operative intervention and 
radiotherapy maximize local control[72]. For abdominal wall STS, extensive surgery is indicated for 
local control despite the rate but acceptability of incisional hernia[73]. For metastatic STS, systemic 
therapy and local control by surgical resection, usually or recently by stereotactic body radiation 
therapy, have been recommended[74]. MRI-guided radiotherapy is another recent alternative modality
[75]. For advanced retroperitoneal liposarcoma, the most common subtype of retroperitoneal STS, 
treatment based on targetable molecular pathways may be the future perspective[76].

A recent systematic review showed that patients with hepatic, abdominal or retroperitoneal 
metastasis undergoing metastasectomy have a survival benefit for a long period of time compared with 
those undergoing chemotherapy[4]. A multicenter retrospective cohort study from the United States 
using the National Cancer Database including 8953 cases showed that younger adult patients under 40 
years old had a notable proportion (14.3%) of limb STS and more challenging management. They 
received chemotherapy more often than radiotherapy vs older patients[77]. A study including 1124 
patients with distant metastases at diagnosis, stage IV STS, from the United States National Cancer 
Database showed that metastasectomy after resection of the primary site increased survival[78]. In any 
case, regardless of the subsequent kind of metastasis management, primary tumor resection is necessary 
to improve survival[79].

Visceral obesity is common in retroperitoneal and trunk sarcoma, and it has a negative effect on 
surgical results but not on oncologic outcomes[80]. A recent international multicenter study using 
clinical data as prognostic factors of 493 patients with STS found that increased modified Glasgow 
prognostic score (used in various malignancies and based on preoperative C-reactive protein and 
albumin levels to calculate a score from 0 to 2), tumor size, grade, neutrophil/lymphocyte ratio, and 
recurrence were associated with reduced survival[81]. Likewise, another study found a predictive effect 
on survival of retroperitoneal STS using body mass index, total protein serum levels and blood white 
cell count by performing prognostic models[82].

The 5-year survival for limb and trunk STS was found to be 71.6% in local recurrence-free patients, 
75.7% in metastasis-free and 84.7% in disease-specific[83]. The 3-year overall survival for head and neck 
STS was 68%, for disease specific 71% and recurrence free 61%. Higher tumor grade and tumor size 
greater than 5 cm were associated with reduced disease-specific survival[26].

CONCLUSION
Any suspected soft tissue lump above 5 cm in size must be investigated thoroughly, first by US and CT. 
For further detailed information, if needed, modern MRI prevails among the imaging modalities and 
constitutes the method of the first option. Preoperative CNB, always after imaging, is essential in 
confirming the diagnosis and determining the staging with prognosis and the optimal planning of the 
management policy. Liquid biopsy and genomic profiling will likely be useful in diagnosis, prognosis 
and treatment. A multidisciplinary approach is valuable and mandatory. Wide surgical excision with an 
acceptable healthy margin of 1 cm is the method of choice in management. In locally borderline tumors 
affecting limb vessels or nerves, modern neoadjuvant or adjuvant chemoradiation therapy may ensure 
limb savings by downstaging the tumor, thus avoiding amputation. Additionally, this therapy in the 
advanced metastatic stage improves surgical outcomes after mandatory primary tumor excision. Novel 
targeted biological agents and immunotherapy may contribute further. Detailed follow-up for a long 
time is recommended because of the outstanding possibility of recurrence, in which the chance of 
reresection or stereotactic radiotherapy exists. However, in any case, the management of STS should be 
personalized and performed by an expert team.
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Abstract
Myeloproliferative neoplasms (MPNs) are defined as clonal disorders of the hematopoietic stem 
cell in which an exaggerated production of terminally differentiated myeloid cells occurs. 
Classical, Philadelphia-negative MPNs, i.e., polycythemia vera, essential thrombocythemia and 
primary myelofibrosis, exhibit a propensity towards the development of thrombotic complications 
that can occur in unusual sites, e.g., portal, splanchnic or hepatic veins, the placenta or cerebral 
sinuses. The pathogenesis of thrombotic events in MPNs is complex and requires an intricate 
mechanism involving endothelial injury, stasis, elevated leukocyte adhesion, integrins, neutrophil 
extracellular traps, somatic mutations (e.g., the V617F point mutation in the JAK2 gene), 
microparticles, circulating endothelial cells, and other factors, to name a few. Herein, we review 
the available data on Budd-Chiari syndrome in Philadelphia-negative MPNs, with a particular 
focus on its epidemiology, pathogenesis, histopathology, risk factors, classification, clinical 
presentation, diagnosis, and management.

Key Words: Myeloproliferative neoplasms; Budd-Chiari syndrome; Thrombosis; Polycythemia vera; 
Essential thrombocythemia; Primary myelofibrosis

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Myeloproliferative neoplasms (MPNs) are defined as clonal disorders of the hematopoietic stem 
cell in which an exaggerated production of terminally differentiated myeloid cells occurs. MPNs are 
characterized by a propensity towards the development of thrombotic complications, including Budd-
Chiari syndrome (BCS). Herein, we review the available data on BCS in MPNs, with a particular focus on 
its epidemiology, pathogenesis, histopathology, risk factors, classification, clinical presentation, diagnosis, 
and management.

Citation: Găman MA, Cozma MA, Manan MR, Srichawla BS, Dhali A, Ali S, Nahian A, Elton AC, Simhachalam 
Kutikuppala LV, Suteja RC, Diebel S, Găman AM, Diaconu CC. Budd-Chiari syndrome in myeloproliferative 
neoplasms: A review of literature. World J Clin Oncol 2023; 14(3): 99-116
URL: https://www.wjgnet.com/2218-4333/full/v14/i3/99.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i3.99

INTRODUCTION
Myeloproliferative neoplasms (MPNs) are defined as clonal disorders of the hematopoietic stem cell in 
which an exaggerated production of terminally differentiated myeloid cells occurs[1]. Classical, 
Philadelphia-negative MPNs include polycythemia vera (PV), essential thrombocythemia (ET) and 
primary myelofibrosis, whereas chronic myeloid leukemia (CML) is the hallmark Philadelphia-positive 
MPN[1,2]. Philadelphia-negative MPNs exhibit a propensity towards the development of thrombotic 
complications[2,3]. In MPNs, thrombosis can occur in unusual sites, e.g., portal, splanchnic or hepatic 
veins, the placenta or cerebral sinuses[4]. The pathogenesis of thrombotic events in MPNs is complex 
and requires an intricate mechanism involving endothelial injury, stasis, elevated leukocyte adhesion, 
integrins, neutrophil extracellular traps (NETs), somatic mutations (e.g., the V617F point mutation in the 
JAK2 gene), microparticles, circulating endothelial cells, and other factors, to name a few (Figure 1)[4,5]. 
Herein, we review the available data on Budd-Chiari syndrome (BCS) in Philadelphia-negative MPNs, 
with a particular focus on its epidemiology, pathogenesis, histopathology, risk factors, classification, 
clinical presentation, diagnosis, and management. MPNs lead to an increased risk of thrombosis 
through various mechanisms. This includes increased P-selectin expression, activation of integrins 
causing leukocyte adhesion, and the novel mechanism of NETs formation.

mailto:mihneagaman@yahoo.com
https://www.wjgnet.com/2218-4333/full/v14/i3/99.htm
https://dx.doi.org/10.5306/wjco.v14.i3.99
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Figure 1 Myeloproliferative neoplasms lead to an increased risk of thrombosis through various mechanisms. This includes increased P-
selectin expression, activation of integrins causing leukocyte adhesion, and the novel mechanism of neutrophil extracellular traps formation.

BRIEF OVERVIEW OF BUDD-CHIARI SYNDROME
BCS is a heterogeneous group of disorders characterized by hepatic venous outflow tract obstruction, 
ranging from the small hepatic veins, the three suprahepatic veins and all the way to the junction of the 
inferior vena cava (IVC) and right atrium. This classification eliminates hepatic blood flow impairments 
caused by cardiac illness, pericardial disease, or sinusoidal obstruction syndrome (porto-sinusoidal 
vascular disorder)[6-9]. Primary BCS is the obstruction due to a predominantly venous process 
(thrombosis or phlebitis), whereas secondary BCS denominates the compression or invasion of the 
hepatic veins and/or IVC by a lesion that originates from outside of the vein (most commonly 
malignancy, abscess, or lymphadenopathy)[7,10,11]. It is a typical example of post-sinusoidal portal 
hypertension[6,8].

EPIDEMIOLOGY AND PATHOGENESIS OF BUDD-CHIARI SYNDROME IN  
MYELOPROLIFERATIVE NEOPLASMS
BCS is a rare condition across the globe. Expectedly, there is limited epidemiologic data on this entity. A 
recent meta-analysis involving data from Asian and European studies highlighted a pooled incidence of 
BCS at 1 case per million people and a prevalence of 11 cases per million people[12]. This report found 
significant heterogeneity among the analyzed assessments due to differences in study designs 
(diagnostic criteria, population characteristics, population sizes), as well as generally limited data on the 
topic from the Americas or Africa. The investigations were conducted on populations from Japan, South 
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Korea, Denmark, Sweden, Italy, and France. Earlier studies from China depicted the incidence of BCS at 
0.88 per million and a prevalence ranging from 6.40 to 7.69 per million[13,14]. It is important to note, 
though, that most of these epidemiologic studies included both primary and secondary BCS. One study 
from France reported a median age of patients with primary BCS at 46.9 years. In their cohort, 30.6% 
were male and 69.4% female. Oral contraceptive use and pregnancy are gender-specific risk factors of 
BCS which may contribute to the female predominance[15]. In fact, hepatic vein thrombosis leading to 
BCS was more common in females, whereas obstruction of both the hepatic veins and IVC was more 
common in males[16]. There seems to be a geographic distribution of MPNs-related BCS cases. For 
example, Qi et al[17] reported that of their cohort of 246 cases of BCS diagnosed over nearly 12 years in 
China, only 5 cases were attributable to MPNs.

BCS, by definition, is the obstruction of the hepatic veins and/or outflow tract into the IVC. This 
entity is distinguished from portal vein thrombosis (PVT) and splanchnic vein thrombosis (SVT), which 
can coexist with BCS though are distinct pathologic processes[18]. Prior literature even reports presence 
of PVT in BCS at 10%-20%, which suggests a relatively poor prognosis[19]. Generally, the etiology of 
BCS is categorized as thrombotic or non-thrombotic. Thrombotic obstruction is the most common cause 
of BCS, and this is referred to as primary BCS. There are numerous conditions associated with primary 
BCS, including inherited thrombophilia, thalassemia, paroxysmal nocturnal hemoglobinuria, MPNs, 
pregnancy, oral contraceptive use, or even inflammatory conditions, e.g., Behcet’s disease, celiac disease, 
and ulcerative colitis[20-22]. Non-thrombotic causes of BCS, referred to as secondary BCS, typically 
involve a mass lesion involving the hepatic veins or compression by adjacent structures. There are many 
case reports describing unique causes of secondary BCS, e.g., polycystic kidney disease, liver abscess, 
hydatid cysts, and cardiac myxoma; however, this etiology is uncommon[23-26]. MPNs are the most 
common cause of BCS, and the prevalence of BCS in the setting of MPN ranges from 32.9% up to 49.5%
[27,28]. MPNs represent a malignant proliferation of myeloid cell lines, with the most common blood 
cancers classified in this category being CML, PV, ET and PMF. Thrombotic complications, such as BCS, 
are of particular concern in the setting of PV and ET, as these conditions carry significantly greater risk 
of such thrombotic processes[28]. A meta-analysis found that PV was the most common of MPNs to be 
diagnosed in the setting of BCS, even more than in subjects with PVT[28]. There is also evidence 
pointing towards increased thrombotic risk in MPNs carrying JAK2 gene mutations[29] and about 41% 
of individuals with BCS exhibit genetic changes in the aforementioned gene[30,31].

HISTOPATHOLOGY OF BUDD-CHIARI SYNDROME 
Histopathological features of BCS are studied in great detail and the histopathology of BCS is well 
established in the existing body of evidence[32-35]. Sinusoidal dilatation and congestion, centrilobular 
inflammation and necrosis, regenerative hyperplasia, macrovesicular steatosis, cholestasis, glycogenated 
nuclei, and perivenular fibrosis are the common histological features seen in this condition. 
Regenerative nodules, even though seen in both BCS and cardiac cirrhosis, is more common in BCS. 
Sinusoidal dilatation is the hallmark microscopic finding which can be appreciated in the initial stages 
of the disease[36]. However, this finding is not unique to BCS and can be seen in other conditions[37]. 
Having said that, in the presence of prominent sinusoidal dilatation, hepatic outflow obstruction should 
be ruled out as an important differential. Centrilobular necrosis is another important pathological 
feature that is more commonly seen in BCS compared to cardiac cirrhosis. This is attributed to the fact 
that hepatic hypoxia preferentially affects the centrilobular hepatocytes[38,39]. To the best of our 
knowledge, there is no literature on variation of the histopathological patterns in BCS secondary to 
MPNs. Moreover, a prognostic grading system for the same also does not exist and is a potential area 
for further studies.

RISK FACTORS OF BUDD-CHIARI SYNDROME IN MYELOPROLIFERATIVE NEOPLASMS
Smalberg et al[28] have depicted in their meta-analysis a strong relation between MPNs and SVT. This 
was confirmed by the high prevalence of JAK2V617F in BCS. MPNs and JAK2V617F are more commonly 
associated with BCS compared to PVT. This may be due to focal inflammatory insult to the portal 
venous system which is required for PVT[40]. There is a considerable difference between PVT and BCS 
with regard to the subtypes of MPNs. PV is more commonly associated with BCS than with PVT. There 
is a high pro-thrombotic effect as the hematocrit increases. In these situations, low-shear venous 
circulation is impacted more by the increased blood viscosity[41-43]. The interaction between adhesion 
molecules and red cells may be responsible for this mechanism. However, it was observed that PVT is 
more common in PMF compared to BCS[28]. This may be due to the fact that splenomegaly in PMF 
causes compression of the portal system leading to stasis of blood. In the same study, JAK2V617F-
positive MPNs were found to be associated with PVT more frequently than BCS[28]. However, the exact 
reason is not known. In terms of CALR gene mutations, Li et al[45] highlighted that 1.41% of BCS cases 
exhibit genetic alterations in the CALR gene. In JAK2V617F-negative MPNs-related BCS cases, CALR 
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gene mutations were detected in 17.22% of the examined individuals [44].Mutations in other genes, i.e., 
MPL or TET2, have rarely been depicted in BCS. However, the detection of a somatic gene mutation and 
especially of JAK2V617F in BCS should alert the clinician to screen for MPNs, including at follow-up if 
the diagnosis of overt MPNs is not established. In addition, work-up for hereditary thrombophilia 
should be performed as part of the molecular-driven diagnosis of BCS.

CLASSIFICATION OF BUDD-CHIARI SYNDROME
BCS can be classified based on three factors: (1) Origin of obstructive lesion (endoluminal/primary and 
extraluminal/secondary); (2) Site of obstruction; (3) Onset of disease pathology (fulminant, subacute, 
acute, and chronic) (Table 1). Primary BCS refers to occlusion resulting from endoluminal venous 
pathologies such as thrombosis, stenosis, endophlebitis, and webs, while secondary BCS is extraluminal 
in origin with compression being caused extrinsically by neighboring structures, i.e., cysts, abscess, 
hyperplastic nodules, or invasive tumors[18]. Three classifications can be presented based on the site of 
the obstructive lesion (Table 2). As highlighted by Patil et al veno-occlusive disease (type III presented 
by Chaubal et al[46]) results when sinusoidal endothelial cells are primarily injured, and so it may be 
regarded as a separate entity known as the sinusoidal obstruction syndrome[46-48].

CLINICAL PRESENTATION OF BUDD-CHIARI SYNDROME 
The clinical presentation of BCS varies widely depending upon the extent as well as the site and rapidity 
of hepatic venous outflow obstruction. This causes varied degrees of liver involvement, resulting in 
about 20% of the patients having little to no symptoms at all[49,50]. Owing to the development of 
intrahepatic, extrahepatic, or portosystemic collaterals, these patients do not show any discernible signs 
of venous obstruction. In contrast, patients with symptomatic hepatic vein obstruction present with 
symptoms of portal hypertension such as ascites, upper gastrointestinal bleeding, and hepatic enceph-
alopathy with right upper quadrant abdominal pain. Abdominal examination may further reveal a 
tender hepatomegaly with splenomegaly. Therefore, a classical triad of abdominal pain, ascites, and 
hepatomegaly should raise a clinical suspicion of BCS. In patients with obstruction of the IVC, the signs 
and symptoms greatly vary. As a result, some authors refer to the hepatic complications of IVC 
obstruction as “obliterative hepatocavopathy”[51]. These patients may have signs of caval obstruction 
such as pedal edema, varicocele, lower limb ulcers, and/or dilated subcutaneous veins in the abdomen, 
chest, and back[52]. The rapidity of venous obstruction may give rise to varied degrees and forms of 
presentation, i.e., fulminant, acute, subacute, and chronic. Patients with fulminant disease have a 
hyperacute onset of disease pathology (≤ 2 month), which is manifested as acute hepatic failure with 
ascites, hyperbilirubinemia, tender hepatomegaly, and renal failure secondary to renal outflow 
compromise resulting from hepatic vein obstruction[8,53]. Particularly, the development of hepatic 
encephalopathy within 2 months of onset of jaundice is regarded as fulminant disease[54]. Fulminant 
disease requires acute obstruction of all three hepatic veins and so its recorded incidence is quite low 
[55]. Acute BCS has a short duration of onset which is usually within a month while the onset of 
subacute ranges from one to six months[54]. Interestingly, there is data to suggest geographical 
variation in the incidence of various types of BCS based on onset of pathology. In the eastern geographic 
regions, chronic presentations are more prevalent with onset ranging from 6 months to 30 years[54,56]. 
In the western geographic region, acute presentation is encountered relatively more frequently[56]. 
Esophageal bleeding, ascites, and hepatic necrosis may be absent in patients of subacute BCS[8]. Finally, 
the chronic form may take more than 6 months to develop and is characterized by progressive 
abdominal distention without jaundice. These patients may have signs of portal hypertension including 
variceal bleeding as well as splenomegaly. Renal impairment may not be seen in 50% of these patients 
with chronic BCS[57]. These symptoms may or may not be accompanied by a wide range of nonspecific 
symptoms. Though a plethora of differential diagnosis may be present at this point-and though it is true 
that BCS is generally a rare disease-clinicians must not exclude the possibility of BCS and as discussed 
by Aydinli and Bayraktar, clinical suspicion of BCS should escalate in the following scenarios: Acute 
onset ascites with tender hepatomegaly, massive ascites with relatively preserved liver functions, 
fulminant hepatic failure associated with hepatomegaly and ascites, unexplained chronic liver disease, 
liver disease with thrombogenic disorder, and sinusoidal dilation on liver biopsy without heart disease
[18].

Acute liver failure is a sequelae of BCS that is infrequent in its occurrence. According to two case 
series, BCS accounts for 0.9% to 15% of the cases of acute liver failure. Majority of the patients, in the 
larger case series reporting 20 cases of BCS in 2344 patients of acute liver failure, were middle aged 
Caucasian women with PV. Acute-on-chronic manifestation, however, is relatively more frequent as 
compared to acute liver failure. To direct appropriate management, the Asian Pacific Association for the 
Study of the Liver has further classified the acute-on-chronic manifestation of BCS into three types 
based on underlying liver disease and acute insult (Table 2)[56]. Table 3 depicts the clinical character-
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Table 1 Classification of Budd-Chiari syndrome

Ref. Type Site of obstruction

I Obstruction of IVC with or without secondary hepatic vein occlusion

II Obstruction of major hepatic veins

Chaubal et al[46]

III Obstruction of small centrilobular veins (considered by some as veno-occlusive disease)

I Lesions of the IVC

IIa Short segment (< 4 cm) lesion of the hepatic vein

IIb Diffuse lesion of the hepatic vein

Patil et al[48]

III Mixed type with lesions of IVC and the hepatic vein

I Hepatic vein obstruction or thrombosis without IVC obstruction or compression

II Hepatic vein obstruction or thrombosis with IVC obstruction or thrombosis

III Isolated hepatic venous webs

Bansal et al[47]

IV Isolated IVC webs

IVC: Inferior vena cava.

Table 2 Acute-on-chronic manifestation of Budd-Chiari syndrome classification

Type Description of pathology

A Acute hepatic vein thrombosis or stent block precipitates ACLF in a BCS

B Non-thrombotic acute insult precipitates ACLF in a chronic BCS

Acute hepatic vein thrombosis precipitates ACLF in a non-vascular chronicC

Liver disease

ACLF: Acute-on-chronic liver failure; BCS: Budd-Chiari syndrome.

istics of BCS based on geographic region of the studies population.

DIAGNOSIS OF BUDD-CHIARI SYNDROME
Although BCS is considered a rare disease, it has the potential to rapidly deteriorate a patient's health. 
Therefore, the need to obtain a correct diagnosis, followed by rapid specific treatment is urgent and 
extremely important.

Medical history
As BCS may be classified as primary (endoluminal lesion-like thrombosis) or secondary (extra-venous 
system causes), assessment of medical history plays a key role in identifying predisposing factors 
towards BCS[95]. Knowledge about these key points might be suggestive, not sufficient, of BCS 
diagnosis. Treatments administered by clinicians must put into account not only the obstruction by 
itself, but also its possible underlying causes: MPNs, e.g., PV, ET, PMF[63]; History of hereditary or 
acquired thrombogenic disorders[64]; Use of oral contraceptives[65,66]; Paroxysmal nocturnal 
hemoglobinuria[67]; Status and history of recent pregnancy[68,69]; History of hepatocellular carcinoma
[70]; Chronic liver disease, remained unexplained after exclusion of alcoholism, chronic viral hepatitis B 
or C, autoimmunity, iron overload, Wilson’s disease and alpha-1 antitrypsin deficiency[71]; and other 
possible risk factors towards thrombosis or obstruction.

Physical examination
Majority of BCS patients present with the classic triad of abdominal pain especially in the upper right 
quadrant presenting in 61% of cases, ascites presenting in 83% of cases, and hepatomegaly presenting in 
67% of cases[6,72]. The classic triad may form suddenly in acute cases (< 6 months), or progressively in 
chronic cases (> 6 months)[73]. These symptoms may or may not be accompanied by a wide range of 
nonspecific symptoms. Though a plethora of differential diagnosis may be present at this point-and 
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Table 3 Clinical characteristics of Budd-Chiari syndrome based on geographic region of the studied population[15,58-62]

Percentage in various geographic regions
Clinical characteristics

Egypt France Sweden China Japan United States Algeria

Ascites/Abdominal distension 82 74.4 88 51.9 31.2 29.9 74.8

Abdominal fullness - - - - 26.1 - -

Abdominal discomfort - - - - 17.8 - -

Abdominal pain 96 72.4 81 - 2.5 - 42.6

Cirrhosis - - - - - 18.6 -

Hepatomegaly 50 70.1 72 - 54.7 - -

Splenomegaly 42 49.1 66 - - - -

Esophageal varices - 54.8 67 - - 7.4 -

Hematemesis/Variceal bleed 36 - 9 16 8.3 3.2 -

Melena - - - - 2.5 - -

Jaundice 16 20.3 29 - 5.7 - 13.9

Fever - 20.1 27 - - - 15.7

Hydrothorax - 13.0 - - - - -

Acute kidney injury - - - - - 18.8 -

History of recurrent abortions 6 - - - - - -

History of previous thrombosis 10 - - - - 7 -

Recurrent orogenital ulcers 4 - - - - - -

Leg ulcers 2 - - - 3.8 - -

Lower limb edema 68 - - 58.9 31.8 - 13

Dilated abdominal veins 40 - - 57 27.3 - -

Hepatic encephalopathy 36 - 12 0.7 - 9.5 5.2

Ileus - - 21 - - - -

General malaise - - - - 12.1 - -

Acute respiratory failure - - - - - 7 -

though it is true that BCS is generally a rare disease – clinicians must not exclude the possibility of BCS.

General supporting examination
Routine laboratory examinations might help aid clinicians to further pursue the presumptive diagnosis 
of BCS. Results that suggest the possibility of BCS include[6,73]: Diagnosis of PV, ET or PMF; normal or 
increase in liver function tests (alanine aminotransferase; aspartate aminotransferase); or findings which 
indicate thrombosis.

Specific supporting examination: imaging modalities
If a patient presents with the suspected risk factors, clinical presentation, and general supporting 
examination, clinicians must continue the diagnostic work-up with a high index of suspicion towards 
BCS. Specific supporting examination lies all around imaging modalities. These are the investigation 
methods useful towards diagnosing BCS, in an arranged order from the first line to the last[71]: Doppler 
ultrasonography; Magnetic resonance imaging (MRI) or computed tomography (CT) scan; Venography; 
Liver biopsy. Doppler ultrasonography is regarded as the initial technique of choice, offering a pooled 
sensitivity of 89% and specificity of 68% across multiple studies[74]. Doppler ultrasonography will show 
findings of no venous flow, retrograde venous flow, no visualization of the vein (possibly due to venous 
collapse) in the affected areas[75]. These findings might indicate BCS, though still overlapped by 
advanced cirrhosis[71]. However, in conditions where sonographic examination is inadequate to 
evaluate BCS, or in conditions where the distinct characteristics of BCS were not found, imaging 
through MRI or CT scan may be used in place to evaluate the presumptive diagnosis of BCS. MRI scan 
offers a pooled sensitivity of 93% and specificity of 55%, while CT scan offers a pooled sensitivity of 89% 
and specificity of 72%[74]. These modalities usually offer a clear diagnosis, though there might be 
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uncertainty in patients with advanced cirrhosis[71]. Venography, and especially liver biopsy might be 
the last, most invasive, yet the gold standard of diagnosis. However, biopsy provides the best 
explanation towards the damage and specific etiologies contributing to the disease.

Assessment of etiology
The assessment of BCS etiology should definitely actively search for potential MPNs. A meta-analysis 
found that distribution of MPN subtypes in BCS were as follows: PV (52.9%), ET (24.6%), PMF (6.7%), 
and unclassifiable MPNs (17.0%)[28]. A presumption about the etiology of BCS might be estimated from 
the results of general supporting examination. We propose a diagnostic algorithm for this instance as 
reported in Figure 2.

MANAGEMENT OF BUDD-CHIARI SYNDROME IN MYELOPROLIFERATIVE NEOPLASMS
The treatment of BCS in MPNs requires a stepwise approach that may require a complete interdiscip-
linary team to adequately manage[54]. The goals of treatment aim at relieving obstruction, correcting 
the underlying conditions, and lastly to monitor for any liver deterioration[72]. The level of liver 
dysfunction can affect the coagulopathy of the patient and make anticoagulation difficult to predict in 
patients with BCS[54]. Despite this, the first line treatment for BCS due to MPNs still consists of antico-
agulation therapy in order to relieve any obstruction. Furthermore, it is important to note that 
antiplatelet therapy should be initiated in patients as soon as possible once a diagnosis is established. 
Currently, the consensus when it comes to anticoagulation therapy is to treat with low molecular weight 
heparin (LMWH) and target an international normalized ratio (INR). In addition to the LMWH, patients 
should be started on an oral vitamin K antagonists (VKAs) (i.e., warfarin). Once the INR is between 2 
and 3, the LMWH can be discontinued, however, the oral vitamin K antagonist should be continued life-
long[6]. Although anticoagulation is the first line therapy for patients with BCS in MPNs, unfortunately, 
only 15%-20% of patients will respond to anticoagulation, as a result, other interventions may also need 
to be implemented in 80-85% of cases[54]. When looking at acute BCS it is important to consider 
methods that will restore patency of the thrombosed veins[76]. Treatment may start with thrombolytic 
therapy in select patients who have had symptoms for a few weeks and who have a well-established 
clot[54]. However, it is important to note that pharmacological thrombolysis has only been demon-
strated to be effective in patients presenting with acute (less than a few weeks) BCS, therefore, at times 
other management options must also be considered. In addition, publications on thrombolytic agents in 
this particular setting have been limited to case reports and small case series[77,78]. It is also important 
to note that thrombolytic agents should not be considered when managing chronic BCS due to the fact 
that these clots have been demonstrated to be resistant to thrombolytic agents and may increase the 
bleeding risk for the patient far beyond the potential therapeutic benefit[78]. Another management 
option that is worth considering in acute or subacute BCS in MPNs include angioplasty and stenting
[13]. Both angioplasty and stenting can be considered in patients that have a demonstrated obstruction 
that is appreciated on radiological findings[13]. In addition, this intervention is typically reserved for 
patients who are symptomatic[71,79]. It is also important to note that performing angioplasty can be 
done in combination with thrombolytic therapy for patients who have an acute obstruction and may 
benefit from both interventions[79].

Although angioplasty and stenting has started to play a major role and is a staple in the treatment of 
BCS it is not without risks. The primary risk associated with stenting is the risk of reocclusion. One 
intervention that has shown some promise in preventing reocclusion is the placement of a metal stent 
following angioplasty. However, it is important to also note that increased outcomes for this particular 
method is limited to some small case studies[40]. For BCS patients, inclusive of the individuals waiting 
for orthotopic liver transplantation, transjugular intrahepatic portosystemic shunt (TIPS) is suggested as 
a safer and very successful treatment strategy. TIPS is one of the major treatment options available for 
the treatment of BCS[81]. The Baveno IV consensus has resulted in a fairly uniform course of care for the 
patients of BCS, with prior consideration for the medical therapy alongside anticoagulation among all 
patients with no contraindications. This has been the case for more than 20 years of TIPS usage in BCS
[82]. Because of the technical difficulty in sustaining venous patency for a longer period of time, TIPS 
should be specifically considered for the patients with Rotterdam class III, acute liver failure, or in those 
individuals who have failed medical therapy, diffuse hepatic vein thrombosis or prior hepatic venous 
stenting. Ascites is typically the most prevalent symptom, followed by variceal or gastrointestinal 
hemorrhage, with ascites rates in the trials under review reaching 100% and variceal bleeding rates 
reaching up to 30.9%. Since it has not been found as a potential risk factor in the occurrence of post-TIPS 
hepatic encephalopathy, prior hepatic encephalopathy need not be regarded as a contraindication to 
TIPS in BCS[81]. Additionally, pre-procedure jaundice is not regarded as a contraindication for TIPS in 
BCS patients, despite the fact that this is the case in patients with end-stage liver disease due to the 
higher mortality in that cohort, with the reason for the difference being hypothesized to be related to the 
absence of hepatocyte necrosis in the BCS patients[83]. Although there is no universal agreement across 
the studies regarding the ideal timing to perform TIPS, patients presenting with refractory ascites, 
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Figure 2 Diagnostic algorithm of Budd-Chiari syndrome due to myeloproliferative neoplasms.

hepatic failure, or the gastrointestinal hemorrhage should have access to this right away[84]. BCS 
patients have a greater rate of shunt dysfunction than other cirrhotic patients receiving TIPS (about 50% 
vs 80% within 1 year), which is likely related to the higher incidence of underlying thrombophilia[85]. 
Development of stents coated with polytetrafluoroethylene to be used during TIPS in the management 
of BCS has improved patients’ prognosis, mainly due to the decrease in the need for re-interventions 
and due to the tripling of the shunt patency[86]. Hence, TIPS could be a safer and effective treatment 
option for managing BCS in MPNs.

Over time, transplantation results have significantly improved and liver transplant outcomes are not 
harmed by prior TIPS. For patients with BCS, establishing venous outflow after liver transplantation is 
very essential and necessitates a variety of surgical procedures. These patients' outcomes exhibit various 
issues, such as vascular thrombosis and biliary difficulties[87]. Anticoagulation therapy, angioplasty, 
and TIPS fail in the 10% to 20% of BCS patients treated with a step-by-step management method, either 
due to technical failure or due to subpar clinical outcomes of a technically successful procedure 
necessitating rescue transplantation. Additionally, patients with fulminant liver failure and those with 
extremely advanced liver cirrhosis may benefit most from liver transplantation as treatment[88]. In the 
case that a medical therapy does not succeed, interventional revascularization and TIPS are 
recommended. The only guaranteed alternative for treating BCS is liver transplantation, if the 
presumptive medications and procedures are ineffective. Liver transplantation may be recommended as 
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a last resort or in fulminant situations, with promising and favorable outcomes. Ibach et al[89] analyzed 
46 cases of BCS of whom 22 suffered from MPNs and reported that individuals with BCS who were 
subjected to liver transplantation experienced a median survival of approximately 24 years. Mortality 
rates were higher in patients with BCS and MPNs (RR=3.44, P = 0.05), however, two patients diagnosed 
with these blood cancers died due to secondary acute myeloid leukemia and extramedullary 
hematopoiesis in the spleen with consequent organ rupture, events which can occur during disease 
evolution irrespective of the use of liver transplantation in these cases. Considering 5-year survival rates 
for PV and ET are of about 80% and of about 50% for PMF, the use of liver transplantation for MPNs-
linked BCS is satisfactory in terms of survival prolongation[90]. Patients with BCS and Philadelphia-
negative MPNs receive the same care as those without MPNs during the acute phase. LMWH or unfrac-
tionated heparin should be administered as soon as possible, followed by VKAs. It is advised to proceed 
gradually. A second-line approach based on invasive treatments, such as angioplasty with or without 
stenting, TIPS, or surgical portosystemic shunt, should be taken into consideration in the event that 
clinical deterioration persists despite anticoagulation [14,40,59]. While catheter-directed thrombolysis 
may be helpful for the treatment of acute and partially occlusive thrombosis, systemic thrombolytic 
therapy with tissue plasminogen activator is not very successful[78,91,92]. TIPS has recently been 
suggested as the preferred course of care for individuals with BCS who exhibit symptoms of portal 
hypertension. If TIPS is ineffective or inappropriate, angioplasty/stenting should be the second line of 
treatment for the subset of individuals. When TIPS and angioplasty/stenting are ineffective or inappro-
priate, surgical shunts ought to be the first line of treatment[93]. Consider liver transplantation as a 
curative measure[3,40,93,94].

Long-term antithrombotic treatment
An improved prognosis was introduced in the 1980s with the systematic use of VKAs in BCS patients
[71,95], while the impact of oral anticoagulation on the survival of the most severe patients is debatable
[6]. Although the ideal time frame for VKA is uncertain, lifelong medication is generally advised for 
BCS[40,94,96]. Only 5 (8%) of the 163 patients in the comprehensive survey-of whom the majority (86%) 
were getting VKA-experienced non-fatal variceal hemorrhage[97]. The rate of both recurrent thrombosis 
and bleeding complications was 11% in a different study on patients with BCS who underwent liver 
transplantation and received VKAs afterwards, but the mortality rate related to recurrence is higher 
than that related to bleeding (4.4% and 0.8% of patients, respectively)[98]. There are few specific studies 
on the effectiveness and safety of VKAs treatment in individuals with MPN-related BCS, and the 
majority of the studies refer to SVT as a whole. In total, 49 of the 604 patients with SVT in the aforemen-
tioned multicenter prospective cohort (55 had BCS) had MPNs and had a 9-fold increased risk of 
recurrent thrombosis during follow-up[99]. The presence of JAK2 gene mutations was substantially 
correlated with liver-related thrombotic problems in a series of 36 BCS patients with recurrent 
thrombosis following liver transplantation in 42% of instances (15/36). Moreover, 11 of the 12 patients 
who experienced post-transplant thrombotic events and 10 of the 24 patients who did not (P = 0.005) 
both exhibited JAK2V617F. Additionally, an increased incidence of thrombosis at any site was linked to 
a JAK2 gene mutation (14/15 vs 7/21, P = 0.005). Liver-related thrombotic problems were more common 
in people with overt MPNs (9/12 vs 8/24, P = 0.03)[100]. An investigation of 181 patients suffering from 
MPNs who had their first episode of SVT was conducted retrospectively. In total, 31 (17.1%) and 109 
(60.3%) patients, respectively, had BCS and extra-hepatic portal vein obstruction diagnosis; isolated 
thrombosis of the mesenteric or splenic veins was found in 18 and 23 cases, respectively. Following this 
index occurrence, the subjects were observed for 735 patient-years, and during that time, 31 recurrences 
occurred, representing an incidence rate of 4.2 per 100 patient-years. The recurrence rate was 3.9 per 100 
patient-years in the 85% of patients who received VKAs, compared to 7.2 per 100 patient-years in the 
small portion (15%) of patients who did not. Compared to those who had thrombosis at the portal or 
other abdominal sites, patients with BCS had an incidence rate of new events that was significantly 
higher at 8.0 per 100 patient-years. In contrast, there was no difference in the rate of new arterial 
thrombosis between the two groups. Of note, patients with BCS had a 3-fold higher risk of recurrent 
SVT than those with other index SVT[101]. This difference was caused by an increased rate of venous 
events in BCS patients. Nine individuals with BCS (4 without and 5 with liver cirrhosis) were included 
in a survey on the use of direct oral anticoagulants (DOACs) in 94 patients with SVT, but no information 
was provided regarding the presence of MPNs as the underlying cause of SVT[102]. Anecdotally, it has 
been mentioned that a patient with PV and BCS used the direct factor Xa oral inhibitor rivaroxaban
[103]. Semmler et al[104] analyzed the potential efficacy of DOACs, specifically edoxaban, apixaban, 
rivaroxaban and dabigatran, in the management of BCS. Their sample size consisted of 47 BCS subjects: 
22 (of whom 10 had MPNs) were put on DOACs, whereas 21 (of whom 9 had MPNs) received LMWHs 
or VKAs. Complete response was noted in >60% of the BCS subjects who were prescribed DOACs. 
Complications during DOAC use included major spontaneous or surgery-related hemorrhage (n = 4 
and n = 1, respectively) and minor hemorrhages (n = 7), whereas transplant-free survival at 5 years 
exceeded 90% and at 10 years exceeded 80%. JAK2V617F-negative MPNs experienced better treatment 
responses to DOACs as compared to JAK2V617F-positive individuals. Nevertheless, further research 
needs to assess the benefits of DOAC use in MPN-related BCS as the sample of the aforementioned 
investigation was too small to draw pertinent conclusions.
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Cytoreductive therapy
Cytoreduction is necessary in MPN patients who have experienced thrombosis in the past[105]. It is 
unknown whether it is appropriate to administer cytoreduction to SVT patients with JAK2V617F but 
without an explicit MPN diagnosis in accordance with the WHO criteria. Given the lack of evidence, 
care must be taken when prescribing cytoreductive regimens to JAK2V617F-positive SVT patients 
because approximately half of them will not develop MPN during the follow-up[106]. On the other 
hand, the JAK2V617F mutation increases the incidence of recurrent thrombosis in both BCS patients 
who have undergone liver transplantation[100] and SVT patients generally[107,108]. Therefore, it seems 
sensible to utilize medications to slow the growth of the mutant clone. Only one of the 17 MPN patients 
with BCS in a small retrospective cohort who received hydroxyurea and aspirin after liver donation 
developed recurrent extrahepatic portal vein obstruction (EHPVO)[109]. The rate of recurrence was 22% 
(4/18) in another small series of 18 MPN individuals with BCS; all new thrombotic events occurred in 
patients who were not receiving cytoreductive therapy[110]. In a pooled cohort of 1500 patients with 
MPNs and thrombosis, the multivariable analysis limited to the patients with first arterial thrombosis 
showed that recurrent arterial thrombosis was prevented by antiplatelet agents and by hydroxyurea and 
only partially by VKAs; on the contrary, in patients with the first venous thrombosis, venous recurr-
ences were more prevented by VKAs than by antiplatelet agents or hydroxyurea. Notably, after 
adjusting for age, sex, antiplatelet treatment, VKA treatment, and cytoreductive drugs other than 
hydroxyurea in 218 patients with SVT (38 with BCS), it was verified that hydroxyurea had no significant 
impact on the rate of either recurrent thrombosis or recurrent VTE[111]. The cause of this finding is 
unclear; however, it may be hypothesized that since hypercytemia is less common in SVT patients[112], 
cytoreduction may not be as important as it might be in other circumstances.

Orthotopic liver transplantation
Patients with BCS who experience failure of the aforementioned therapies are candidates for orthotopic 
liver transplantation in the range of 10 to 20 percent of cases[6]. Following liver transplantation, the 1-
year and 5-year survival rates in a group of 36 BCS patients were 84% and 69%, respectively; the 
presence of a molecular characteristic for MPNs had no bearing on these survival rates[100]. The 
mortality rate following liver transplantation in a different series of 25 BCS patients was comparable in 
MPN (3/18, 16.7%) and non-MPN patients (1/7, 14.3%)[110]. In a retrospective cohort of 78 BCS 
patients, the 5-year survival was 78% vs 76%, and the 10-year survival was 68% vs 73%, respectively. 
Long-term survival following liver transplantation was similar in MPN (n = 41) and non-MPN patients (
n = 37), with P values of 0.81 and 0.66, respectively. Twelve of the 41 MPN patients (or 29%) passed 
away within the first three years following liver transplantation, but only one death with recurrent BCS 
was attributable to the hematologic condition[146]. Following liver transplantation, progression to 
myelofibrosis or acute leukemia was not noted in 17 cases with a follow-up period of up to 20 years
[109], nor in 78 cases in a mean follow-up period of 12.4 years (range 3-28.4 years)[113] in two series of 
BCS patients. While there are many treatment options available for BCS, the availability of many creates 
obstacles in maintaining a standard treatment plan. It is usual for clinicians to use anticoagulation as the 
first line of treatment for tackling BCS[114]; however, in cases when the condition cannot be controlled 
by medical treatment alone, several trials have shown encouraging outcomes with the use of TIPS in 
BCS patients as an alternative to shunt surgery or liver transplantation[115,116].

Anticoagulant therapy has been an accepted standard of treatment in BCS[117]; however, this 
standard remains controversial amidst clinicians. Emergent anticoagulation may not significantly 
improve clinical outcomes for individuals with acute ischemic stroke, according to several clinical 
investigations[118-120]. The current mode of treatment also selects LT as a de-facto last resort when it 
requires for a complex venous outflow reconstruction that would be difficult to acquire in medically 
underserved areas[6,121]. We have previously established that TIPS is the equivocally accepted and 
proven form of treatment for most BCS patients; in fact, the 10-year survival of the procedure is 69%
[122]. It naturally becomes a concern if the current chronology requires a deeper revision. For instance, if 
anticoagulants truly seem to have no significant impact on the pathophysiology of the condition, could 
we derive a better medicinal first line of treatment for the condition? Could TIPS become the first mode 
of treatment if more non-invasive mechanisms are innovated to perform it? BCS is a rare disease, and it 
is important to remember that time is an invaluable resource in situations as such. Resorting to 
ineffective treatment not only delays medical management, but it deters the patient’s condition. If the 
first line of treatment leads a patient to the second line in the longer run, maybe it is a scope for 
physicians to rethink the chronology of treatment. Constant revisions of guidelines will allow us to not 
only discard what is counterintuitive, but it will promote clinicians to adapt to newer and more effective 
modes of treatment.
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DIFFERENTIAL DIAGNOSIS, PROGNOSIS AND COMPLICATIONS OF BUDD-CHIARI 
SYNDROME IN MYELOPROLIFERATIVE NEOPLASMS
Hepatic vein obstruction in BCS may lead to abdominal pain, ascites, jaundice, and hepatomegaly. 
Given the significant overlap of these symptoms with other hepatic pathologies the differential 
diagnosis remains broad. PVT is distinct from BCS and directly involves the liver vasculature. MPNs are 
the most common cause of noncirrhotic, nonmalignant PVT[28]. Given the similar presentation of both 
PVT and BCS and its high prevalence in MPNs, diagnostic tests and imaging modalities should be 
utilized in differentiating both conditions. In BCS, Doppler ultrasound is effective in visualizing 
occlusion of the hepatic vein[123]. The absence of hepatic vein thrombosis and presence of reduced or 
absent flow in the portal veins with duplex ultrasound points towards PVT as the primary differential 
diagnosis[10]. Other differential diagnoses that should be given consideration include granulomatous 
liver disease, hemochromatosis, and alcoholic liver disease. A retrospective study across three centers in 
Europe studied the prognostic factors associated with BCS in MPNs. Their results indicated poorer 
baseline prognostic features, earlier hepatic decompression procedures, but no effect on 5-year survival. 
However, the presence of MPNs was associated with event free survival in BCS[124]. Generally, the 
determinants of prognosis in BCS are age, serum creatinine, Child-Pugh score, and ascites. A higher 
Child-Pugh score, older age, refractory ascites to diuretics, and higher serum creatinine are all factors 
pointing towards a poor prognosis[125]. In recent years 5-year survival rates have improved in BCS. 
Improved survival is largely attributed to the improved management of hypercoagulable states, and 
endovascular intervention[95]. Although rarely performed now, surgical portosystemic shunting 
improved survival in BCS patients who were determined to have a poor prognosis[126]. In a 
retrospective analysis of 78 BCS patients both with and without MPNs similar outcomes were measured 
after liver transplantation[113]. Janssen et al studied 172 patients with EHPVO, 24 of which carried a 
diagnosis of MPN. The five-year survival rates were similar between both groups (92% vs 53%, P = 0.18)
[127]. Significant consideration must also be given to the role of VKAs in the prognosis of BCS. De 
Stefano et al[128] performed a retrospective analysis of 94 patients with MPNs (PV or ET), significant 
reduction of re-thrombosis was independently achieved with VKAs (HR 0.32; 95%CI: 0.15–0.64) and 
antiplatelet agents (HR 0.42; 95%CI: 0.22–0.77). DOACs may improve outcomes in patients with BCS. 
Semmler et al[104] in 2022 performed a retrospective analysis of 46 patients across three Australian 
centers with BCS. Six patients were managed with DOACs and 16 were switched to DOACs from 
LMWHs (n = 12) or VKAs (n = 4). In total, 4 major and 7 minor bleeding events were reported. Larger 
prospective studies need to be conducted assessing the safety and prognosis of VKAs vs DOACs in 
patients with BCS. Based on these previous studies it is determined that identification of BCS in patients 
with MPNs should be promptly treated, thereby improving prognosis. Complications secondary to BCS 
can be determined based on the varying degree of ensuing hepatic injury and dysfunction. When 
untreated BCS can progress to fulminant liver failure, hepatorenal syndrome, hepatocellular carcinoma, 
and hepatic encephalopathy amongst other complications. In 2021, Asl et al[129] retrospectively 
reported on complications associated with liver transplantation (LT) in 4225 patients. 108 patients had 
BCS and were matched with a non-BCS group of 108 patients. One-, 3-, 5-, and 10- year survival rates 
were the same in both groups (82%, 78%, 76%, and 76% vs 83%, 83%, 83%, and 76%, P = 0.556). No 
differences were noted in the 6-month follow-up after LT. However, at a later period vascular 
thrombosis was more prevalent in the BCS group. In 2016, Ki et al[130] conducted a population-based 
study in South Korea identifying a total of 423 BCS patients from 2009-2013. Among them, 10.3% 
developed hepatic malignancy, and 3.3% underwent LT. The annual-case fatality rate was 2.8%. Hayek 
et al[131] performed a retrospective analysis on the long-term safety of patients with BCS who 
underwent TIPS. In total, 54 patients were identified, 34 (52%) of which suffered from MPNs. TIPS 
dysfunction was associated with MPNs (HR, 8.18; 95%CI: 1.45-46.18; P = 0.017).

CONCLUSION
Although BCS and MPNs are rare disorders, BCS can develop in the setting of MPNs. In this patient 
population, individualized, distinctive counseling and multidisciplinary surveillance and treatment 
strategies are crucial in achieving better possible outcomes. Individuals with MPNs should be managed 
in accordance with the most recent guidelines to avoid the occurrence of BCS, whereas a diagnosis of 
BCS should warrant an active search for the potential diagnosis of MPNs.
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Abstract
Medulloblastoma (MB) is considered the commonest malignant brain tumor in 
children. Multimodal treatments consisting of surgery, radiation, and chemo-
therapy have improved patients’ survival. Nevertheless, the recurrence occurs in 
30% of cases. The persistent mortality rates, the failure of current therapies to 
extend life expectancy, and the serious complications of non-targeted cytotoxic 
treatment indicate the need for more refined therapeutic approaches. Most MBs 
originating from the neurons of external granular layer line the outer surface of 
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neocerebellum and responsible for the afferent and efferent connections. Recently, MBs have been 
segregated into four molecular subgroups: Wingless-activated (WNT-MB) (Group 1); Sonic-
hedgehog-activated (SHH-MB) (Group 2); Group 3 and 4 MBs. These molecular alterations follow 
specific gene mutations and disease-risk stratifications. The current treatment protocols and 
ongoing clinical trials against these molecular subgroups are still using common chemotherapeutic 
agents by which their efficacy have improved the progression-free survival but did not change the 
overall survival. However, the need to explore new therapies targeting specific receptors in MB 
microenvironment became essential. The immune microenvironment of MBs consists of distinctive 
cellular heterogeneities including immune cells and none-immune cells. Tumour associate 
macrophage and tumour infiltrating lymphocyte are considered the main principal cells in tumour 
microenvironment, and their role are still under investigation. In this review, we discuss the 
mechanism of interaction between MB cells and immune cells in the microenvironment, with an 
overview of the recent investigations and clinical trials

Key Words: Medulloblastoma; Tumour microenvironment; Tumour associated macrophages; Tumour 
infiltrating lymphocyte; Immunotherapies

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Medulloblastoma (MB) is the most common malignant childhood tumor of the brain. Multi-
modal treatments consisting of surgery, radiation, and chemotherapy have reduced the cumulative 
incidence of late mortality. Nevertheless, the recurrence rate remains high. In this review, we discuss the 
mechanism of interaction between tumour cells of MB and immune cells in the microenvironment, with an 
overview of the recent investigations and clinical trials.
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INTRODUCTION
Brain tumors are the leading cause of oncological death during childhood, and medulloblastoma (MB) is 
the commonest malignant tumor of the brain, accounting for 20%-30% of all central nervous system 
(CNS) tumors[1]. Diverse treatment modalities consisting of surgery and chemoradiotherapy have 
improved the patient’s survival. Nevertheless, more than 1/3 of children with MB die within 5-years 
after diagnosis[2]. Late mortality remains a significant problem in disease consequences, which is 
attributed to tumour recurrence[3]. The persistent mortality, the failure of current drug therapies to 
extend life expectancy, and the serious complications of cytotoxic therapies indicate the necessity to 
explore new targeted treatments. Over the past decades, several tumor-centric studies have identified 
mutant genes and signaling pathways dysfunction that encourage MB growth. Most of MBs originate 
from the granular layer of cerebellum, which reside in the external granular layer and line the neocere-
bellum of newborns[4]. The existence of irregular biological signaling pathways created signaling 
dysregulation and genetic mutations affecting cerebellar development. Hence, the anatomical and 
cellular complexity of developing human tissues within the rhombic lip germinal zone produces 
glutamatergic neuronal lineages before its centralization. Molecular signatures encoded within a human 
rhombic-lip-derived lineage trajectory aligned with photoreceptor and unipolar cell profiles that are 
maintained in some medulloblastomas, suggesting a convergent basis. The advanced genomic studies 
over decades led to the assemblage of large amount of genetic information which resulted in four distin-
guishing molecular subgroups of MB including (Group 1) Wingless-activated (WNT-MB); (Group 2) 
Sonic-hedgehog-activated (SHH-MB); and Group 3 and Group 4[5] (Figure 1). Each group is charac-
terized by distinct genetic abnormalities, methylation profiles, and clinical outcome. WNT- and SHH-
type MBs are clearly detached from the other groups with lack of signaling pathway dysregulation 
identified in Group 3 and 4[5].

Molecular subgroups of MB
WNT-MB is the least common type, accounting for about 10%-15% of all MB patients. They are 
classically absent in infants and are seen more among children above 10 years of age[6-8] (Figure 1). The 
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Figure 1 Molecular subgroups of medulloblastoma based on 2021 World Health Organization classification of central nervous system 
tumours. SHH: Sonic-hedgehog; MYC: Myelocytomatosis oncogene; LCA: Life cycle assessment; WNT: Wingless.

clinical outcome of the disease under 16-years of age is usually good, with 90% 5-year survival[8]. The 
genetic mutation of the Catenin Beta-1 (CTNNB1) gene is the most common genetic alteration 
accounting for 85% of all WNT-MBs[9,10]. A gene expression with methylation profiling performed on 
several MB cases in 2016 has divided WNT- MBs into two variants: WNT-α, which consists of patients 
with chromosome 6 monosomy and WNT-β, that occurs in adults with chromosomal diploidy[11,12]. 
CTNNB1 mutation usually occurs with other chromatin remodeling mutations such as Cyclic Adenosine 
Monophosphate Response Element Binding Protein (CREBBP), Mediator Complex Subunit 13 (MED13) 
and subunits of the nucleosome-remodeling complex such as SWI Matrix Associated, Actin Dependent 
Regulator of Chromatin, Subfamily A, Member 4 (SMARCA4), At-rich interaction Domain 1A (ARID1A)
[9,10,13]. Most of WNT-MBs carries DEAD-Box Helicase 3 X-Linked (DDX3X) mutations, which 
participates in mRNA translation[12,14]. The germline mutation of antigen presenting cells (APC) on 
chromosome 5 as inherited Turcot syndrome and Anaplastic Lymphoma Kinase (ALK) gene also 
contribute to the development of WNT-MBs[9,15].

SHH-MB accounts for about 25% of all MBs with a 70% 5-years overall survival (OS). It is frequently 
seen in infants and adult patients[16,17]. The majority shows histologically nodular or desmoplastic 
morphology, which predicts a favourable prognosis[18]. TP53 mutation segregates SHH-MBs into 
tumors with TP53-wildtype, often seen in young children and associated with favorable prognosis, and 
TP53 mutant SHH-MB classically seen among older children and associated with poorer prognosis. 
SHH-MB with Protein Patch Homolog-1 (PTCH1) and Suppressor of Fused Homolog (SUFU) mutation 
are associated with Gorlin syndrome[19,20]. In children, TP53 mutations frequently occurs with GLI2 
and MYCN-amplifications[9] (Figure 1).

Group 3 MB, a classical histological variant, accounts for 25% of all MBs and considered the deadliest 
subtype[7,21]. Tumours in this group with MYC-amplification carries a 20% risk of 5-years survival[22]. 
However, the most common cytogenetic abnormalities seen in Group 3 is the 17 ploss followed 16q and 
9q losses[19]. Rare genetic variants in Group 3 MBs include Orthodenticle Homebox-2 (OTX2) and 
Enhancer of Zeste 2 Polycomb Repressive Complex 2 Subunit (EZH2) amplifications and SMARCA4 
mutations[23] (Figure 1).

Group 4 MB is the most frequent type among all MBs and often occurs in male more than females[6]. 
Isochromosome 17q is the most common cytogenetic aberration seen in this group. Other genetic 
variants include the loss of chromosome 8p, 10q, and the aberrations of 11p and 18q[2,17]. The clinical 
outcome is better in patients with chromosome 11 loss with an OS above 90%[19]. Zhou et al[24] 
reported that around 40% of Group 4 patients showed metastasis and treated as a high-risk disease. As 
we mentioned before, Group 3 and Group 4 MBs are genetically heterogeneous and not associated with 
germline mutations[25].

Current treatment options in MB
The magnitude of surgical resection in MB may not be as significant as earlier. After surgery, patients 
are treated with radiotherapy of the whole spinal axis with an additional boost targeting the tumor 
margins[26]. Radiotherapy usually starts 20-30 d after surgery however, delay of radiation may increase 
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risk of recurrence and is therefore not recommended for patients older than 3 years[27,28]. Post-
operative radiotherapy for children less than 3 years of old may increase risk of cognitive dysfunction
[18]. Postoperative chemotherapy in MB patients is essential strategy to reduce the radiation effects and 
improve the survival, particularly in young children. The treatment varies based on the risk of drug 
toxicity and recurrence rate. Both risks are correlated with MB molecular alterations and considered as 
prognostic factors prior treatment. The risk of toxicity should be taken carefully in infants and children 
younger than three years of age while the recurrence is usually high in metastatic cases or cases 
undergoing subtotal resection. Anaplastic and large cell variants may have poor response and 
worsening outcome[29] (Figure 2). The high-risk group consists of SHH-MBs with MYCN-amplification; 
SHH-MB with metastatic dissemination and wildtype TP53, and metastatic Group 4 MBs[7]. High-risk 
population includes mutant TP53 SHH-MB patients and metastatic Group 3 MBs with MYCN-amplific-
ations[7] (Figure 2).

Multi-modality treatments have been used in multiple clinical trials for ten years. The standard 
protocols included different chemotherapeutic agents with long-term or maintenance dose-related 
regime including ifosfamide, etoposide, methotrexate, cisplatin, and cytarabine, lomustine, and 
vincristine[30]. The maintenance regimen has improved the overall survival compared to the sandwich 
approach among patients with M0 or M1 disease[30,31]. Nonetheless, the most frequent and current 
treatment strategy includes risk-adapted radiotherapy followed by 4 cycles of cyclophosphamide, and a 
high dose of chemotherapy such as cisplatin, vincristine, followed by autologous stem cell 
transplantation. This protocol has improved the 5-year OS into 95%[16]. Additional clinical trials are 
ongoing to explore the efficacy of different treatment regimes in newly diagnosed MBs (Clini-
caltrials.gov). The current treatment protocols and ongoing clinical trials are still using the same 
circulating chemotherapeutic agents but with different regimes. Multiple clinical trials have tested new 
therapies. Those trials were completed with positive and negative results (Clinicaltrials.gov). For 
example, a combined everolimus and ribociclib (cyclin D and CDK6 inhibitors) has been tested as a 
phase I trial (NCT03387020) in children with recurrent MBs. Some novel therapeutic strategies are 
currently recruiting, and their target are to reduce recurrence and to avoid the cytotoxic effects of 
chemoradiation (Table 1). For example, the usage of Entrectinib, a TRK inhibitor, and ALK inhibitor has 
been studied in a phase I/II trial (NCT02650401). There is a high tendency to discover the efficacy of 
molecularly targeted agents for MBs with dominant genetic alterations, regardless of the tumor 
subgroup. Patients with FGFR-gene mutation can be treated with erdafitinib (NCT03210714); MBs with 
TSC-gene mutations can be treated with samotolisib (NCT03213678); SMARCA4-gene mutations can be 
treated with tazemetostat, an EZH2 inhibitor.

Immune microenvironment of MB
All the previously mentioned clinical trials are stratified based on disease risk, molecular subgroups, 
patients age, and all are targeting tumour cells. The necessity to explore MB microenvironment is 
encouraged to help discovering new targeted receptors. The immune microenvironment of any cancer 
represents all types of cells surrounding the tumour cells including immune and none-immune cells. 
The relationship between these cells is mechanical and heterogeneous, by which they can facilitate in 
promoting or inhibiting tumor growth[32]. Because some studies have indicated that MBs have fewer 
immune cells than glioblastoma[33,34], the role of immune microenvironment in promoting or 
suppressing MB progression was found to be difficult to understand. Some cellular factors in tumour 
microenvironment may act against immune reaction and can promote tumour growth progression and 
angiogenesis. The infiltration of immune cells in MB might be limited due to the blood–brain barrier 
(BBB), which acts as physical barrier for immune cells infiltration[35]. Despite of some immune cells 
bypass across BBB, there may be an increase in trafficking toward the brain under certain conditions 
due to destruction of the BBB[36]. Some experimental models showed that the reactive astrocytes 
surrounding the tumour microenvironment form perivascular barriers to restrict the immune cells infilt-
ration to the brain through BBB[37].

The presence of inflammatory cells in the tumor microenvironment has been scientifically accepted as 
an essential element in tumour progression. A study done by Gururangan et al[38] found that treated 
MB patients exhibited more CD4+T-cell lymphopenia. We can also presume that pre-operative and 
post-operative steroid treatment may induce systemic immunosuppression which prevents antitumor 
immunity in MB patients. Tumours with a low mutational burden respond less efficiently to immune 
checkpoint inhibitor compared to tumors with a high mutational burden[39]. Moreover, the acidification 
of the tumour microenvironment causing glycolytic activity can encourage macrophages infiltration 
through G protein coupled receptor, which in turn enhances vascular endothelial growth factor, thus 
promoting M2-like features of tumor-associated macrophage (TAM)[40].

APC, the immune cells in microenvironment, were proven to infiltrate malignant brain tumours in 
children. APCs is expressed by Major Histocompatibility Complex (MHC) class-I on tumor cells to allow 
them to be identified and killed by CD8 cytotoxic T- cells. MBs and atypical teratoid/rhabdoid tumors 
showed the lowermost cellular infiltration of this type among all malignant brain tumors[34]. Microglia, 
resident macrophages in the brain, are the most dominant APCs in brain tumors[35]. It is not clear if 
microglia promote anti-MB immune response. Mundt et al[41] showed that microglia are dispensable for 
T-cell entry into the brain and for local reactivation of T-cells. The loss of MHC class-I expression on 
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Table 1 The most recent active and recruiting clinical trials of medulloblastoma that are targeting immune receptors or using different 
chemotherapeutic agents

Clinical Trial Trial objective Samples Targeted subgroup Completion date

NCT01878617 Clinical and molecular risk directed therapy of 
newly diagnosed MB

660 WNT, non-WNT, SHH 2028

NCT00089245 Intrathecal radioimmunotherapy using I-8H9 120 8H9 reactive MB confirmed by IHC 2024

NCT02905110 Simultaneous methotrexate/etoposide infusion 10 All MB subtypes 2023

NCT02962167 Modified measles virus (MV-NIS) 46 All MB subtypes 2024

NCT02271711 Expanded NK cells infusion with recurrent 
medulloblastoma

12 All MB subtypes 2023

NCT02359565 Pembrolizumab in patient with recurrent 
medulloblastoma

45 All MB subtypes 2023

NCT03389802 APX005M, a humanized IgG1κ monoclonal Ab 
that binds to CD40

45 MB with CD40 activity 2023

NCT03299309 PEP (CMV)-specific peptide vaccine in 
medulloblastoma

30 All MB subtypes 2024

NCT03598244 Volitinib, a small molecule inhibitor of c-Met in 
recurrent MB

50 All MB subtypes 2023

NCT03173950 Nivolumab, Immune check point inhibitor, in 
refractory MB

180 All MB subtypes 2024

NCT03500991 HER2-Specific CAR T-cell locoregional 
immunotherapy

48 Her-2 expressed medulloblastoma 2039

NCT01356290 Antiangiogenic therapy for recurrent medullo-
blastoma

100 All MB subtypes 2026

NCT03911388 G207, an oncolytic herpes simplex virus-1 
(HSV)

15 All MB subtypes 2025

NCT03638167 EGFR806-specific CAR T-cell locoregional 
immunotherapy

36 EGFR positive tumours 2040

NCT03893487 Fimepinostat, a small molecule inhibitor in 
young MB

30 All MB subtypes 2027

NCT03709680 Palbociclib in combination with temozolomide 
and irinotecan

184 All MB subtypes 2028

NCT03904862 CX-4945 inhibitor of casein kinase II (CK2) 
tolerability 

60 SHH-medulloblastoma 2028

NCT03936465 BMS-986158, a bromodomain inhibitor 66 MYCN amplification or BRD3 
translocation MB

2024

NCT02650401 Entrectinib (RXDX-101), a TRKA/B/C, ROS1, 
and ALK inhibitor

68 MB harboring- NTRK1/2/3, ROS1, 
ALK fusions

2027

NCT03210714 Erdafitinib, an oral pan-FGFR inhibitor 49 Mutations in the FGFR1/2/3/4 
pathway

2024

NCT03213678 Samotolisib, a PI3K/mTOR inhibitor 24 PI3K/MTOR activating mutations 2024

NCT03213704 Larotrectinib, NTRK fusion inhibitor for 
medulloblastoma

49 MB with NTRK fusions 2024

NCT03213665 Tazemetostat, a small molecule EZH2 inhibitor 20 EZH2, SMARCB1, or SMARCA4 
mutations

2023

NCT03233204 Olaparib for refractory or aggressive medullo-
blastoma 

29 Defects in DNA damage repair 
genes

2024

NCT04023669 LY2606368, a molecularly targeted CHK1/2 
inhibitor

21 Group3/Group4; SHH; 
indeterminate types

2026

NCT03526250 Palbociclib (Pediatric MATCH treating trials 49 Rb positive solid tumours 2025

NCT02444546 Wild-Type Reovirus in Combination with 
Sargramostim 

06 All MB subtypes 2026

NCT04185038 B7-H3-Specific CAR-T Cell Locoregional 
Immunotherapy 

90 All MB subtypes 2041
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NCT01601184 Vismodegib combined with Temozolomide 24 SHH-MB group 2023

NCT03155620 Targeted therapy directed by genetic testing 2316 All MB subtypes 2027

NCT00089245 Iodine I 131 monoclonal antibody 8H9 120 All MB subtypes 2025

NCT02271711 Natural killer cell therapy 12 All MB subtypes

NCT04315064 Infusion of Panobinostat (MTX110) 5 All MB subtypes 2024

NCT04743661 131I-Omburtamab in recurrent medullo-
blastoma 

62 All MB subtypes 2030

NCT03257631 Pomalidomide onotherapy for recurrent or 
progressive MB

53 All MB subtypes 2023

NCT04320888 Selpercatinib for treatment of advanced 
medulloblastoma 

49 Tumour with activating RET 
alteration

2027

ALK: Anaplastic Lymphoma Kinase; CMV: Cytomegalovirus; EGFR: Epidermal Growth Factor Receptor; MB: Medulloblastoma; PEP: Post-exposure 
prophylaxis; SHH: Sonic-hedgehog; IHC: Immunohistochemistry; RET: Rearranged in transfection; NK: Natural killer; WNT: Wingless.

Figure 2 Risk groups and categories of medulloblastoma with their molecular profiles and the 5-years survival associated with each 
group. The information presented in this figure were taken with permission from the reference: Luzzi et al[91], 2020. SHH: Sonic-hedgehog; MB: Medulloblastoma; 
MYC: Myelocytomatosis oncogene; OS: Overall survival; WNT: Wingless.

tumor surface is also a common mechanism of immune escape in MB[42,43]. Because MHC class-I helps 
in the activation of CD8 cytotoxic T-cells, it acts as a passive regulator of natural killer (NK) cells. Thus, 
the loss of MHC-class I in tumor cells may increase tumour cell evasion[42,43].

Tumour associated macrophages in immune microenvironment 
TAM is considered the major immune cell in the tumor microenvironment that can either support or 
inhibit tumor growth[44,45]. TAMs interact with tumour cells to promote tumour progression and 
invasion[46]. They are subclassified into two groups: (1) TAMs with M1 polarization, are induced by 
IFN-γ to release proinflammatory particles and are associated with some inflammatory response; and 
(2) TAMs with M2 polarization, are induced by interleukin-4 to release growth factors (e.g., epidermal 
growth factor, fibroblast growth factor-1, vascular endothelial growth factor) and involved in tumour 
progression and immunosuppression[47-49]. Uncontrolled activation of M1-polarzed TAM can shift 
towards M2-polarization in long term. However, the M2-like macrophages, which mimic TAMs in the 
tumour microenvironment, can be stimulated by cytokines[50]. EGF released by TAMs stimulate 
carcinogenesis, while VEGF regulates angiogenesis. These processes emphasize the actual immune-
suppressive function of TAMs[51]. TAMs infiltration in the tumour microenvironment was proven to be 
a poor prognostic factor[50]. Clinical data have indicated that a large number of M2-polarized TAMs 
expressing CD163 and CD204 were correlated with a poor outcome of several body cancers[47] 
(Figure 3). Moreover, the presence of TAMs, mainly M2- type, has been also noted in many adult 
malignancies including CNS tumors[52-54]. In response to hypoxia, TAMs overexpress the PD-1 ligands



Kurdi M et al. Immune microenvironment of medulloblastoma

WJCO https://www.wjgnet.com 123 March 24, 2023 Volume 14 Issue 3

Figure 3 The signaling interaction between tumour cells, tumor-associated macrophages, and tumour infiltrating lymphocytes in 
medulloblastoma microenvironment. Tumour microenvironment represents diverse cellular heterogeneities including immune and none-immune cells. The 
targeted receptors linked between immune cells represent a potential targeted therapy. CAF: Cancer-associated fibroblasts; MB: Medulloblastoma; NK: Natural killer; 
TAM: Tumor-associated macrophage; TIL: Tumour infiltrating lymphocytes.

[55]. PD-L1 overexpression in TAM has been reported in glioblastoma[56] but it has never been 
explored well in other brain tumours such as medulloblastoma.

The current role of TAMs in the prognosis of MB is still controversial. Despite of the molecular 
insights provided by MB subgroups, less information were reported about the role of TAMs in MBs[33]. 
The genetic alterations and the disease risk would make diverse effects on immune microenvironment
[57]. Because TAMs are composed of variable amounts of microglia and macrophages, the composition 
of TAMs are different in all MB subgroups. Margol et al[58] and Zhang et al[59] reported that TAMs 
were significantly higher in SHH-MB compared to other MB subgroups. This may be due to the high 
expression of monocyte chemotactic protein-1 (MCP-1], which helps in TAM recruitment and M2 
polarization[60]. Another possibility, SHH-MB may exhibit molecular signatures predictive for 
fibroblast, T-cells, and macrophage infiltration[34]. Nevertheless, the role of TAMs in this era is not clear 
and the previous reported studies did not reveal the prognostic connotations of TAMs in SHH-MBs[58].

CD163 expression was observed in the small number of SHH-MBs, which suggested that TAMs may 
play a dynamic role in SHH-MB formation[58,61]. Another study done by Crotty et al[62], revealed that 
less TAMs in microenvironment was associated with a low recurrence and low risk of metastasis. Lee et 
al[63] suggested that a large number of M1-polarized TAMs was associated with worsening outcome in 
SHH-MB patients. Lee and his group has also investigated the correlation between TAM recruitment 
and outcome, and they revealed that expressed M1-polarized TAMs predicted better progression-free 
survival but, TAMs showed no significant effect on OS[59]. Few studies showed that the immunore-
activity in MB microenvironment, regardless the subtype, is age-related[64]. In a study done by Zhang et 
al, they divided the patients into three age groups. They found that the group between 0-3 years of age 
and the group between 11-18 year of age had more TAMs than the group aged between 4-10 years. It 
implies that TAMs in MBs are crucial in different age groups[59]. Zhang et al[59] also found that TAMs, 
mainly M1-polarized type, are prevalent in MBs with metastatic disease.

Tumour recurrence and metastases are the major obstacle for treatment success, and the disease 
recurrence is responsible for 90% of MB mortality[65]. Group 3 and 4 patients develop spinal metastases 
regardless of the type of chemotherapy given after resection[2]. The presence of TP53-MYCN-alteration 
in these groups is associated with rapid tumour progression[66]. The ability of Group 3 and 4 to 
metastasize indicates that these tumor cells participate in the epithelial-to-mesenchymal transition 
(EMT), thus warranting additional investigations into EMT[67]. It is not yet known why tumor cells 
enter the EMT phase. A study done by Bonde et al[68] showed that TGFβ triggers the EMT phase, 
shifting the cancer cells to gain a mesenchymal phenotype. The lack of local nutrients, loss of supportive 
cells in microenvironment, and repeated mutations can all be reasons for this aggressive behavior. 
Funakoshi et al[69] found that loss of CDH1 allows tumour cells to detach from each other and can 
invade and metastasize.

Tumour infiltrating lymphocyte in immune microenvironment 
Generally, increased T-cells trafficking in the brain has been reported in some neurological diseases. The 
activated T-cells have the role to alter the BBB, allowing for immune cells recruitment and entry to the 
brain parenchyma[70]. Tumour infiltrating lymphocytes (TIL) are considered signaling interacted cells 
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between TAMs and tumour cells in the tumour microenvironment (Figure 3). The number of T-cells 
present in MB was found to be not significantly high compared to other control tissues[33]. Small 
amount of CD8 cytotoxic T-cells and NK cells suggest a less antitumor activity in MB[34]. However, a 
small percentage of helper T-cells (Th17) cells was also found at the site of the tumor but with uncertain 
significance[11]. Some experimental trials revealed that MB cells stimulate the release of the T-cells 
attractant (RANTES) from the endothelium, causing T-cell immigration[71]. Hence, increasing numbers 
of T-helper lymphocytes correlate with favourable prognosis in MB patients receiving chemotherapy
[44].

T-regulatory cells (Tregs) control the activity of immune cells by releasing some anti-inflammatory 
cytokines such interleukin-10 (IL-10), and CTLA4-mediated trogocytosis[44]. Treg infiltration in MB 
microenvironment has been described by Gate et al[44]. Consequently, TGFβ drives the CD4 helper T-
cells to Tregs, which in turn releases high levels of TGFβ. This process generates a feeding circuit to 
support immunosuppression. Elevated Treg in MBs can be therapy-induced, as Treg has been detected 
in the peripheral blood of some treated patients[38].

Interaction between TAMs and TILs in MB microenvironment
The interaction between TAMs and TILs were not scientifically explored in MB microenvironment 
(Figure 3). Kurdi et al[54] has explained the crosstalk between tumour cells, TAM sand TILs in 
glioblastoma. TAMs encircle cancer cells and supresses the killing action of T-cell thus, T-cells will not 
be able to help tumour cells against immune evasion. The TAMs accumulate in the microenvironment 
with less T-cells evolution[54]. Salsman et al[71] revealed that MB cell lines can interact with tumor 
endothelium to recruit T-cells to MB microenvironment, in particular macrophage migration inhibitory 
factor (MIF). MIF is the key molecule released by MB to stimulate the endothelial cells in the microenvir-
onment to release more potent T-lymphocyte attractants[71].

Current immunotherapy in MB and possible targeted receptors 
Immune checkpoints represent a family of proteins on T-cells surface that interact with some ligands on 
APCs or tumour cells while they inhibit TCR-mediated ligands. Certain cancers (colorectal, ovarian and 
brain cancers) are resistant to immune checkpoint inhibitor[72]. The number of studies utilizing 
immunotherapy in the treatment approach of MB is limited. The approach had few selected options. 
Most of studies were observational and contained a small sample size. There are two clinical trials 
currently investigating the blockade of inhibitory checkpoint pathways in MB including pembrolizumab 
and nivolumab (NCT02359565) (NCT03173950). CD276, another immune check point inhibitor on T-cell, 
is also under investigation[73]. CD40 [a TNF receptor] expressed by antigen presenting cells and B-cells 
expresses cytokines, activates T-cells, and in turn timulate programmed cell death[74]. CD40 has a 
significant cytotoxic effect on tumor cells. APX005M, a humanized IgG1κ monoclonal antibody agonist 
of CD40 is currently evaluated in a phase I trial (NCT03389802) in patients with recurrent MBs. The 
recent actively recruiting clinical trials are summarized in (Table 1).

Numerous studies revealed that TAMs may interfere with some anti-tumor treatments such as 
chemotherapies and other antibody-based immunotherapies targeting some molecules such as PD-1/
PD-1[50,72]. These findings emphasize that TAMs might be a promising target of novel anti-tumor 
treatment particularly in patient not responding to the standard treatment. The ability of TAMs to limit 
the efficacy of immune check point blockade has been previously investigated in several cancers[75,76]. 
TAMs express multiple ligands for checkpoint receptors, such as PD-L1/2, CD80/86, and CD204/
CD206, and the current checkpoint inhibitors are different from the targeted receptors as they maintain 
a state of effective immunosuppression[77] (Figure 3). These legends, representing M2-polarized TAMs, 
have not been investigated in MB microenvironment. Martin et al[78] showed that MBs expressing 
reduced levels of PD-L1 can help tumour cells to evade from the immunity, suggesting that an inflamed 
tumor microenvironment is necessary for PD-1 pathway stimulation. However, the efficacy of PD-PD-
L1 inhibitor has not been yet proven to be formally used in MB treatment.

Trogocytosis is a process involved in immune microenvironment concerned with the transfer of 
membrane fragments and cell surface proteins between cells. It is not known if induced iTregs can 
undergo trogocytosis. The trogocytosis of CD80/CD86 occurring in CTLA-4 or PDL1-independent 
approach plays a significant role in the immune suppression[79]. CD80/86 expression and trogocytosis 
have never been explored in MB microenvironment. As a key mechanism, Treg-linked CTLA-4 inhibits 
the CD80/CD86 molecules expression on APCs. Tekguc et al[80] revealed that blockade of CTLA-4 and 
PD-1/PD-L1 pathways may impede Treg-mediated immunosuppression, which in turn enhances anti 
tumour activity response. This novel exploration has not been investigated in MB. Several investigations 
have demonstrated that activation of PI3Kγ signaling in macrophages suppresses NF-κB, thereby 
stimulating immunosuppression. TAMs in cancers treated with chemotherapies are often responsible 
for chemoresistance as they are more susceptible to the cytotoxic effect of macrophages[81]. This process 
occurs when there is excessive recruitment of anti-apoptotic process in tumour microenvironment[82].

Understanding the molecular events in the mechanism of TAMs activation allows for the deve-
lopment of anti-tumor treatment strategies. TAMs can be targeted to inhibit their infiltration in microen-
vironment through direct killing or through a TAM-polarization reprogramming. TAMs accumulate in 
tumour microenvironment because of the continuous recruitment of monocytes from the blood 
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circulation to TAMs through multiple tumour derived mediators. These mediators play a connection 
role between macrophages and tumour cells. CCL2 has been described as the main mediator involved in 
TAM recruitment. Indeed, the blockage of this pathway would cause less TAMs accumulation in 
tumour microenvironment[83]. Another pathway involved in monocytic recruitment into TAMs is the 
CXCL12/CXCR4 pathway[84]. It has been used in different trials of different cancers such as myeloid 
leukemia but never been tried in brain cancers.

CSF-1, a colony stimulating factor involved in the proliferation and the recruitment of monocytes-
macrophages, is an essential target against TAM in tumour microenvironment. The expression of CSF-1 
in tumour microenvirment was proven to be a poor prognosticator in multiple body cancers[85]. After 
treatment with CSF-1 inhibitor in one of clinical trials, the number of TAMs have depleted and there 
was an infiltration of CD8 cytotoxic T-cells in the tumor[86,87].

Reprogramming of TAM is another possible strategy to inhibit TAM activity. Several approaches 
attempted to switch M2-polarized TAMs into antitumor M1-like macrophages through monoclonal 
antibody inhibitors and Toll-like receptor (TLR) blockers. Alvarez-Arellano et al[88] revealed that TLR7 
is a prognostic factor of survival in MB. Resiquimod, an agonist to TLR7/8, has shown an attention 
couple years ago for its efficacy to reprogram macrophages[89]. The CD47–SIRPα, involved in the 
regulation of phagocytosis, has never been used to reprogram TAMs. CD47 is expressed by tumor cells 
and interacts with the signal regulatory protein-α. Substantial evidence assumed that overexpression of 
CD47 in many cancers had a role in the phagocytic resistance[90]. However, this investigation has never 
been investigated in MB patients. Promising results were obtained in lymphoma patients in a 
combination of anti-CD47 with anti-CD20. Despite these results, the in vivo application of CD47 for the 
treatment of cancer is still limited.

CONCLUSION
Medulloblastoma is the most common malignant pediatric tumour in CNS that are subclassified into 
four distinguishing molecular subgroups. The current treatments failed to improve the patient’s 
survival significantly while the serious complications associated with these cytotoxic therapies warrant 
for exploring new therapeutic approaches targeting different immune receptors. The identification of 
tumour microenvironment has facilitated the scientists understanding how tumor growth and 
progression are regulated. TAMs and TILs, the main dominant immune cells in microenvironment, 
seem to have a major role in immune mechanism and tumor progression. Their infiltration in microen-
vironment has prompted researchers to evaluate the interaction of new targeted immune receptors with 
the current signaling pathways. Their infiltration in microenvironment may also be targeted through 
different reprogramming mechanisms. However, the ability of TAMs to limit the efficacy of immune 
check point blockade in MB requires further investigations. These strategic thoughts emphasize that 
TAMs might be a promising targeted treatment particularly in patients with recurrent or progressive 
MB. Further studies to explore new targeted receptors in tumour microenvironment and understanding 
the conventional relationship between TAMs, TILs and tumour cells are essential to develop new 
therapeutic approaches.
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Abstract
BACKGROUND 
Gastrointestinal stromal tumors (GISTs) are the most frequent mesenchymal 
tumors of gastrointestinal tract. The most common sites of metastases are the liver 
and the peritoneum, whereas breast metastases from GIST are extremely rare. We 
present a second case of GIST breast metastasis.

CASE SUMMARY 
We found a case of breast metastasis from rectum GIST. A 55-year-old female 
patient presented with rectum tumor with multiply liver lesions and metastasis in 
the right breast. Abdominal-perineal extirpation of rectum was performed, 
histology and immunohistochemistry study showed GIST, mixed type with 
CD117 and DOG-1 positive staining. The patient was taking imatinib 400 mg for 
22 mo with stable disease. Because of growth of the breast metastasis the 
treatment was changed twice: The dose of imatinib was doubled with further 
progression in the breast lesion and then the patient was receiving sunitinib for 26 
mo with partial response in the right breast and stable disease in the liver lesions. 
The breast lesion increased and right breast resection was done – surgery on local 
progression, the liver metastases were stable. Histology and immunohisto-
chemistry studies revealed GIST metastasis, CD 117 and DOG 1 positive with KIT 
exon 11 mutation. After surgery the patient resumed imatinib. Until now the 
patient has been taking imatinib 400 mg for 19 mo without progression, last 
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follow up was in November 2022.

CONCLUSION 
GISTs breast metastases are extremely rare, we described the second case. At the same time second 
primary tumors have been reported frequently in patients diagnosed with GISTs and breast cancer 
is one of the most common second primary tumors in patients with GISTs. That is why it is very 
important to distinguish primary from metastatic breast lesions. Surgery on local progression 
made it possible to resume less toxic treatment.

Key Words: Gastrointestinal stromal tumors; Metastases; Breast; Limited progression; Case report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We presented the second case of gastrointestinal stromal tumor (GIST) metastasis to the breast, 
which is a very extraordinary condition. The most common metastatic sites of GIST are the liver and the 
peritoneum and at the same time metastasis to the breast from extramammary carcinomas is extremely rare 
and in this clinical situation it is obligatory to exclude breast cancer. Our patient received two lines of 
treatment due to metastatic disease and had a local progression on imatinib and sunitinib therapy, growth 
only lesion in the breast, we removed increased metastasis (surgery on local progression), that allowed to 
return to less toxic treatment, the patient resumed imatinib until now.

Citation: Filonenko D, Karnaukhov N, Kvetenadze G, Zhukova L. Unusual breast metastasis of gastrointestinal 
stromal tumor: A case report and literature review. World J Clin Oncol 2023; 14(3): 131-137
URL: https://www.wjgnet.com/2218-4333/full/v14/i3/131.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i3.131

INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are rare tumors, with an incidence 1%-2% and at the same time 
are the most frequent mesenchymal tumors of gastrointestinal tract[1]. Approximately 10% to 20% of 
patients present with metastatic disease[2]. Many evidences showed that gastrointestinal tumors can 
metastasize to other parts of the body[3]. The most common metastatic sites of GISTs are the liver (60%-
70%) and the peritoneum (20%-30%)[4]. Lung metastases (2%-9%), bone and soft tissue (1%-6%) and 
skin (1%) can occur but very rare. Casuistic bizzare cases of GISTs metastasis to brain[5], core[6], ovary
[7,8], and breast[9] are described in the literature. We made a literature review, breast metastases from 
GIST have been previously described only in one case.

Breast tumors are usually primary. The incidence of metastatic spread from extramammary sites to 
the breast varies between 0.4% and 1.5% of all breast malignancies. The breast is considered to be 
resistant to metastasis because it contains large areas of fibrous tissue with a relatively low supply of 
blood. Most common malignancies that metastasize into the breast are lymphoma, leukemia, melanoma 
and carcinomas of stomach, ovary, lung, kidney and others[10-12].

In the article we report a second case of GIST patient presenting breast metastasis, highlighting the 
pathological/molecular features of this unusual site of metastatic presentation and the clinical implic-
ations.

CASE PRESENTATION
Chief complaints
The 55-year-old female complained of the tumor in her right breast.

History of present illness
In April 2016 55-year-old female patient presented with recurrent rectum tumor. Abdominal-perineal 
extirpation of rectum was performed, histology and immunohistochemistry study showed GIST, mixed 
type with CD117 and DOG-1 positive staining. After the surgery computer tomography (CT) revealed 
multiply cystic liver lesions that were estimated as metastases, biopsy was not done. At the same time, 
the patient found lesion in her right breast 30 mm, biopsy was not performed. The patient was taking 
imatinib 400 mg from June 2016 until August 2018 for 22 mo with stable disease.

https://www.wjgnet.com/2218-4333/full/v14/i3/131.htm
https://dx.doi.org/10.5306/wjco.v14.i3.131
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In September 2018 Lesion in the right breast increased, liver lesions were stable and the dose of 
imatinib was doubled, the patient received imatinib 800mg from September until December 2018 with 
further growth of breast lesion. From December 2018 until March 2020 for 15 mo the patient was 
receiving sunitinib 50 mg 4/2 regiment. In March 2020 the dose of sunitinib was reduced to 25 mg every 
day without a break because of hand–food skin reaction grade 2 and then until February 2021 for 11 mo 
the patient continued the treatment with partial response lesion in the right breast and stable disease in 
the liver lesions. The toxicity of modified regiment was acceptable. The patient became hypothyroid and 
received levothyroxine 25 mcg.

In August 2020 breast ultrasound and magnetic resonance imaging were done at the first time and 
revealed heterogeneous lesion 47 mm on the border of the upper quadrants of the right breast with 
central zone of necrosis and peripheral vascularization, BIRADS 5 (Figure 1). The biopsy of the right 
breast was done to exclude primary breast cancer, histology and immunohistochemistry showed 
metastasis of GIST, mixed type, 10 mitoses with CD117 and DOG -1 positive staining.

In February 2021 control positron emission tomography-computed tomography (PET-CT) in 
comparison with September 2020 was obtained and demonstrated progression in the right breast lesion, 
size increased from 39 mm to 48 mm and FDG uptake increased from 7 to 12 and invasion to the large 
pectoral muscle was detected (Figure 2). The multiply liver metastases were stable.

History of past illness
The patient had a rectum leiomyoma resection twice in 2012 and 2013 then the patient was on follow up 
until April 2016.

Personal and family history
The patient's other medical history was not noteworthy.

Physical examination
In the right breast on the border of the upper quadrants the solid lesion was revealed, 50 mm in size.

Laboratory examinations
Laboratory testing showed any clinically significant abnormalities.

Imaging examinations
In April 2021, histology and immunohistochemistry studies showed tumor macroscopical size 50 mm 
with thick fibrous capsule, with histologically negative margins (Figure 3); microscopic examination 
showed predominantly epithelioid type with focuses of spindle cell that occupied 15% of the square, 
with prominent hyperchromatic nuclei, high mitotic index (72 mitoses per 50 HPF), small foci of 
necrosis and large hemorrhagic areas; immunohistochemistry study showed immunophenotype typical 
for GIST: Strong cytoplasmic expression CD34, membrane-cytoplasmic expression CD117 and DOG-1 
(Figure 4).

MULTIDISCIPLINARY EXPERT CONSULTATION
The clinical situation was estimated as local progression: increase of breast lesion and stable of the liver 
lesions. Because of growth of the breast metastasis the treatment was changed twice: The patient 
received double dose of imatinib and sunitinib. Taking into account that the patient had local 
progression we decided to remove increasing lesion.

FINAL DIAGNOSIS
The final diagnosis was local progression: Increase of breast lesion and stable of the liver lesions.

TREATMENT
In April 2021 right breast resection with partial resection of large pectoral muscle was done. The patient 
had undergone surgery in 2012, 2013 and 2016 in different clinics, unfortunately histology materials 
were lost and we had no opportunity to compare histological specimens.

Molecular analysis was performed on the breast metastasis by direct Sanger sequencing and revealed 
a KIT exon 11 mutation, with a consequent 557-559 deletion.

After surgery we decided to resume imatinib. Previously we changed treatment because of the 
growth of breast lesion (increased imatinib dose, prescribed sunitinib) and then we removed increased 
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Figure 1 Breast magnetic resonance imaging. Heterogeneous lesion 47 mm (orange arrows) on the border of the upper quadrants of the right breast with 
central zone of necrosis and peripheral vascularization. A: Axial; B: Frontal.

Figure 2 Positron emission tomography-computed tomography. A: Computed tomography (CT) on September 2020; B: СТ on February 2021 
demonstrated progression in the right breast lesion (orange arrows), size increased from 39 mm to 48 mm.

Figure 3 Macroscopic examination. A, B: Macroscopical size 50 mm, thick fibrous capsule.

metastasis that is why we decided to return to less toxic treatment.

OUTCOME AND FOLLOW-UP
From April 2021 until now patient has been taking imatinib for 19 mo without progression, PET-CT was 
done in November 2022. By November 2022 the live duration with metastatic GIST is 77 mo (Figure 5).
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Figure 4 Microscopic examination. A: Histology, original magnification ×200, hematoxylin-eosin stain; B: Immunohistochemistry original magnification ×200, 
CD34 positive stain; C: Immunohistochemistry ×200, CD117 positive stain, D: Immunohistochemistry original magnification×200, DOG-1 positive stain.

Figure 5 Treatment timeline.

DISCUSSION
We made a literature review, breast metastases from GIST have been previously described only in one 
case[9]. Hasbay et al[9] reported the clinical case of 46-year-old women with metastases of GIST to liver, 
bone, abdominal lymph nodes and left breast. We reported the second case of GIST metastases to the 
breast.

In this case we came across with diagnostic challenges because the most common metastatic sites of 
GIST are the liver and the peritoneum and at the same time metastasis to the breast from extra-
mammary carcinomas is extremely rare and varies between 0.4% and 1.5% of all breast malignancies
[10]. We usually deal with primary breast cancer because that is the most common female malignancies
[13].

Recently, there is an increasing evidence regarding the association of sporadic GISTs with second 
neoplasia. In a systematic review and meta-analysis conducted the rate of secondary tumors with GISTs 
was reported to be 20%[14]. Breast cancers are the most common malignancies together with GISTs.

Taking into account that breast metastasis from GISTs are extremely rare and that second tumors 
including breast cancer are common, at first in this clinical situation it is obligatory to exclude breast 
cancer that we have done.

Our patient had a local progression, growth only lesion in the breast, we removed increased 
metastasis that allowed us to return to less toxic treatment, the patient resumed imatinib. The critical 
question of whether surgery provides additional benefit over remaining on tyrosine kinase inhibitors 
(TKIs) therapy alone without surgical resection is unanswered. Randomized trials failed to recruit 
quickly enough to meet target accrual. In the absence of randomized trials, single-institution and multi-
institutional retrospective studies document long-term disease control and longer overall survival for 
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selected patients who undergo metastasectomy of increased lesions while other lesions under control 
(local progression) on imatinib therapy. Removal of increased metastases let to continue imatinib 
therapy and not to change the TKIs that have less efficacy and not so favorable profile of toxicity. The 
median time to progression on sunitinib therapy is 6 mo, on regorafenib only 4 mo. Fairweather et al[15] 
published the largest series of patients with metastatic GIST treated with TKI undergoing surgical 
resection (n = 323). The median time to progression during imatinib therapy on local progression was 47 
mo from the start of imatinib and 11 mo from cytoreductive surgery, removal increasing lesions[15]. 
These data are consistent with the result of treatment of our patient; the duration of imatinib therapy 
after surgery is 19 mo that is more than four times higher than the median PFS on regorafenib therapy.

CONCLUSION
In conclusion, breast metastases from GISTs are very rare, but it is clinically very important to 
distinguish primary from metastatic breast lesions.
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Abstract
Glioblastoma remains as the most common and aggressive malignant brain 
tumor, standing with a poor prognosis and treatment prospective. Despite the 
aggressive standard care, such as surgical resection and chemoradiation, median 
survival rates are low. In this regard, immunotherapeutic strategies aim to 
become more attractive for glioblastoma, considering its recent advances and 
approaches. In this review, we provide an overview of the current status and 
progress in immunotherapy for glioblastoma, going through the fundamental 
knowledge on immune targeting to promising strategies, such as Chimeric 
antigen receptor T-Cell therapy, immune checkpoint inhibitors, cytokine-based 
treatment, oncolytic virus and vaccine-based techniques. At last, it is discussed 
innovative methods to overcome diverse challenges, and future perspectives in 
this area.
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Core Tip: This study aims to review the ongoing status and improvement made in immunotherapy for 
glioblastoma, a malignant brain tumor. Thus, this review goes through the general concepts of the tumor 
microenvironment, standard treatment and its limitations and immune targeting promising methods, such 
as Chimeric antigen receptor T-Cell therapy, immune checkpoint inhibitors, cytokine-based treatment, 
oncolytic virus and vaccine-based techniques. Finally, it is explained some methods to surpass the various 
challenges, and future prospects in this field.

Citation: Rocha Pinheiro SL, Lemos FFB, Marques HS, Silva Luz M, de Oliveira Silva LG, Faria Souza Mendes 
dos Santos C, da Costa Evangelista K, Calmon MS, Sande Loureiro M, Freire de Melo F. Immunotherapy in 
glioblastoma treatment: Current state and future prospects. World J Clin Oncol 2023; 14(4): 138-159
URL: https://www.wjgnet.com/2218-4333/full/v14/i4/138.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i4.138

INTRODUCTION
Glioblastomas (GBM) are the most common type of malignant tumor affecting the central nervous 
system. It is more common among men and its incidence is significantly related to age, being rare 
among young people and more common among the elderly, especially those aged between 74 and 85 
years. It has a very poor prognosis, with survival of 12 to 15 mo after diagnosis, and, when untreated, of 
only 3 mo[1].

Regarding clinical manifestations, the symptoms are quite diverse and common to other types of 
brain tumors and include manifestations associated with intracranial hypertension such as intense 
headache, which can be accompanied by nausea and vomiting, focal neurological deficits, memory and 
personality changes, and seizures[2].

GBMs are tumors that originate from glial cells and are classified according to their histological 
characteristics as high-grade gliomas by the WHO, and the characteristics that define this denomination 
include hypercellularity, nuclear atypia and dysregulation of mitotic activity, besides microvascular 
proliferation and tumor necrosis[3]. So, they are classified as primary if there is no pre-existing 
involvement or secondary if they have progressed from low-grade astrocytomas; primary GBMs 
represent the majority of cases and secondary GBMs correspond to only 5 to 10% and usually affect 
young people[4].

In addition to histopathological analysis, molecular markers are essential for the understanding of the 
disease, since different genetic alterations can originate this type of tumor and determine subtypes that 
behave differently in terms of evolution and response to treatments used, which makes the identi-
fication of these factors essential for the establishment of therapeutic strategies. In this sense, GBMs can 
be grouped into 4 subtypes according to their molecular characteristics: classic, neural, pro-neural and 
mesenchymal[3,4].

Among the mutations related to the pathogenesis of GBM, we can cite 3 main pathways: receptor 
tyrosine kinase signaling, inhibition of the p53 pathway, and RB, and in most cases all three types of 
alterations are present. These mutations are associated with activation of oncogenes that act mainly in 
neoplastic proliferation, apoptosis disturbances, and cell cycle checkpoint failures that promote tumor 
cell survival[5]. Moreover, when compared to a normal brain, GBMs present a higher expression of 
genes related to immune cell infiltration, especially macrophages, and angiogenesis, noticing that 
hypoxia, which is characteristic of necrotic tumor regions, induces a higher expression of vascular 
endothelial growth factor (VEGF) and, consequently, a higher vascular proliferation[6].

Due to the characteristics of its pathogenesis, there is a diversity of cells that are found in the analysis 
of these tumors, including non-neoplastic components of the immune system. This is related to the 
tumor microenvironment of glioblastoma, since it has an inflammatory and pro-angiogenic charac-
teristic that affects the permeability of the blood-brain barrier and allows the infiltration of defense cells, 
especially tumor-associated macrophages (TAM). The immune system in the early stages of the disease 
is responsible for controlling the development of the cancer, however, as proliferation progresses, the 
tumor cells become able to escape this surveillance and the defense cells not only become unable to 
perform this control, but start contributing to the growth of the tumor[7].

The available treatment is complex and usually requires a combination of different approaches and is 
dependent on a number of factors. Although there are other options and studies for the development of 
new treatments, the therapeutic strategies are still controversial and the prognosis is unsatisfactory with 
a high recurrence rate[8].

In this review, we provide an analysis of the ongoing status and progress in immunotherapy for 
glioblastoma, going through the general information about the tumor microenvironment, fundamental 
knowledge on immune targeting to promising strategies like Chimeric antigen receptor (CAR) T-Cell 
therapy, cytokine-based treatment, oncolytic virus and vaccine-based approaches. Finally, we discuss 
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contemporary methods to prevail distinct challenges, and future perspectives in this field.

CURRENT STANDARD CARE LIMITATIONS
The treatment of primary brain tumors such as GBM is still quite limited and, therefore, a major 
challenge in oncology. Although the treatment is difficult, expensive and subject to therapeutic failure, 
management protocols for patients with GBM consider multimodal therapeutic strategies that act in 
synergy in order to destroy the tumor. For this, such strategies must be individualized based on each 
patient according to their functional status, imaging exam, speed of disease progression, quality of life 
and clinical diagnosis. However, for new methods to be developed and current ones to be improved, it 
is necessary to think about the limitations of existing treatments. The Figure 1 synthesizes the current 
GBM treatment strategies and its advantages and limitations.

Surgical method
The surgical method is based on the maximum safe resection of the tumor and currently comprises the 
backbone of therapy for GBM[9], as in addition to reducing the volume of the neoplastic mass and the 
symptoms associated with parenchymal compression, the histological diagnosis and genetic study of 
the tumor are also possible by surgical intervention[10]. The aim of surgical treatment is to achieve a 
gross total resection as completely and safely as possible without risking the patient's functional status. 
Complete resection has been associated with a greater chance of survival and no progression than 
partial resection or biopsy. In this sense, some tools were developed to maximize the surgical procedure 
and alleviate as much as possible the neurological deficits that may be associated with the method. 
Among these tools, monitoring using fluorescence of tumor tissue with 5-aminolevulinic acid in 
conjunction with functional magnetic resonance imaging shows beneficial results[10,11].

However, GBMs are not cured with surgery alone, as almost all are recurrent and the biological 
pleomorphism of each tumor influences the degree of resectability of the cancer, with less malignant 
brain tumors being the most resectable[12]. Furthermore, the surgical method is extremely complex, 
delicate and expensive, because it demands a qualified neurosurgeon and sophisticated imaging 
equipment, in addition to the fact that the patient has the possibility of developing a neurological deficit 
as a result of the intervention, which may even prevent the following steps of the standard treatment, 
such as radiotherapy and chemotherapy[13]. Thus, it is necessary to accurately weigh the risks and 
benefits of the surgical technique.

Radiotherapy
Radiotherapy (RT) became popular in the 1970s and 1980s and is currently a therapeutic strategy based 
on the use of radiation volumes focused on specific regions. This method has become standard for 
GBMs since 2005, as it was in that year that a phase III clinical trial solidified the role of radiotherapy 
and adjuvant chemotherapy in the postoperative period of GBM[14]. After the surgical diagnosis, the 
patient is submitted to doses of 2 Gy for 6 wk until reaching a dose of 60 Gy[13]. It is an effective 
method that increases patient survival in different types of doses provided, especially hypofractionated 
doses, which make this method viable in elderly people (over 65 years old) with glioblastoma[9].

The combination of radiotherapy for 6 wk and chemotherapy with adjuvant Temozolomide 75 mg/
m² for 6 wk and 150-200 mg/m² every 28 d for 6 mo is the gold standard treatment for young patients 
with glioblastoma. This combination of strategies significantly improved the survival of younger 
patients between 2 and 5 years[14].

RT has an important limitation in the sense that its use does not have much favorable evidence in 
recurrent gliomas, although it is extremely useful as a palliative therapy for small recurrent tumors[15]. 
In addition, it is necessary to be wise in the use of radiation, since the treatment protocol requires the 
patient's history of previous radiation, as well as the location of the tumor and the maximum dose for 
the structure in which it is allocated[16]. Finally, the therapeutic algorithm assesses the speed of disease 
progression and the patient's functional status. Thus, the use of chemoradiotherapy is not indicated for 
individuals over 70 years of age who do not have a good functional status, which is measured by the 
Functional Status Score for the Intensive Care Unit scale[15].

Chemotherapy
Temozolomide: Temozolomide (TMZ) is an alkylating agent that is cell cycle independent and is the 
most effective chemotherapy for GBM to current date. This efficiency is due to the ability to cross the 
blood-brain barrier and transportable cytosolic transformation to the cell nucleus[17]. The current 
standard of care in newly diagnosed GBM includes administration of 75 mg/m² of TMZ daily during 
the 6 wk of radiotherapy. Then, 150-200 mg/m² are maintained for 5 d at each 28-d cycle with 6 cycles of 
the drug[13].

However, this therapeutic strategy is variable based on the age of the patient, performance status 
according to the Karnofsky performance score, the promoter methylation status of the repair enzyme 
O(6)-Methylguanine-DNA-methyltransferase (MGMT) and the tumor recurrence[14], since TMZ does 
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Figure 1 Scheme about current glioblastomas treatment strategies and its advantages and limitations. GBM: Glioblastomas; OS: Overall 
survival; PFS: Progression-free survival; TMZ: Temozolomide; VEGF: Vascular endothelial growth factor;

not prevent this event. This enzyme can cause patient resistance to TMZ, and some patients who have 
MGMT gene promoter methylation in the tumor may benefit from reduced drug resistance.

About 55% GBMs[12] have innate or acquired resistance to chemotherapy due to non-methylation of 
the MGMT promoter. In this way, the alkyl groups are removed from the O6 position of the guanine, 
reducing the pharmacological efficacy of the alkylating agents[18]. Another important mechanism of 
resistance to chemotherapy is the reduction of TMZ cytotoxicity by the base excision repair pathway. 
This pathway, mainly composed of poly (ADP-ribose) polymerase-1, is capable of repairing the bases 
methylated by the alkylating agent in the DNA and, therefore, reducing the occurrence of apoptotic 
events in tumor cells[19,20]. Thus, the use of iniparib and velparib is promising, either alone or in 
combination with TMZ, to reduce drug resistance[20,21].

It is noteworthy that the MGMT promoter methylation status is not routinely evaluated for all 
patients with the discussed disease and, if evaluated, the result may not be taken into account for TMZ 
treatment decision making in some clinics, as there may be lower availability of treatment agents, 
presence of severe adverse reactions to chemotherapy, associated comorbidities and preference for 
treatment by the patient.

Carmustine wafers: Carmustine wafers are biodegradable chemotherapy intratumoral implants[22] 
used as an adjunct to surgical resection since 1995 in patients with recurrent GBM, since there is an 
improvement in overall survival (OS) of 7.2 mo in the carmustine group vs 5.4 mo in the placebo group
[23]. However, its combined use with TMZ still divides authors, since some scientists believe that 
concomitant use is associated with an increase in the occurrence of adverse effects[24]. Therefore, it is 
necessary to have a randomized controlled clinical trial to support or refute the safety and efficacy of 
simultaneous use of carmustine wafer with TMZ.

Biological agent: Bevacizumab, a drug containing antiangiogenic monoclonal antibodies that has been 
in use since 2009 against the progressive form of the disease, binds to the VEGF making it difficult for 
recurrent GBM and rapid neurological involvement associated with the tumor, being a well-tolerated 
drug and capable of reducing cerebral edema, which allows a reduction in the use of corticosteroids and 
associated adverse effects[25].

The aforementioned drug is recommended as monotherapy or in association with other 
chemotherapy drugs, such as irinotecan, carmustine, lomustine, carboplatin or temozolomide[26,27], in 
newly diagnosed or recurrent glioblastoma. Several clinical trials over the past decade in patients with 
newly diagnosed GBM have shown improvements in progression-free survival (PFS), although they 
have not shown significant improvement in overall survival (OS). A recent study evaluated the 
combination of lomustine and bevacizumab in recurrent GBM and concluded with a survival of 5.1 mo
[28].
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However, there are genetic variations of VEGF that can determine the success or failure of 
bevacizumab therapy, requiring great care in the administration of this biological agent. Moreover, as 
the anti-VEGF method did not convincingly show improvement in OS as a monotherapy, it is necessary 
to evaluate the combination of this type of drug with other known therapeutic options used in neuro 
oncology.

Alternating electric field therapy
Tumor treatment fields (TTFs) are a therapeutic method that uses alternating currents of low intensity 
(1-2 V/cm) and intermediate frequency through electrodes placed on the skin around the region of a 
malignant tumor to stop growth and to induce apoptosis of mitotically active cells[29,30], which is 
considered a safe method, as it does not affect non-dividing cells.

A 2015 study revealed that the combination of TTFs and TMZ significantly improves median PFS and 
OS compared to TMZ monotherapy during maintenance therapy with less occurrence of electrical 
device-related adverse effects[31]. Current treatment guidelines incorporate TFT into the therapeutic 
regimen of patients with newly diagnosed and recurrent GBM[13].

However, the device is expensive, must be used at least 18 h a day and requires hair shaving of users 
for proper application of electrodes[32]. This can affect the patient's self-esteem and quality of life, in 
addition to causing a possible low adherence to treatment.

PIVOTAL ROLE OF THE TUMOR MICROENVIRONMENT
The central nervous system as an immune-distinct site
The role of the tumor microenvironment in the modulation of antitumor immune responses is becoming 
clearer[33]. The central nervous system (CNS) is usually described as an immune-privileged site, which 
means that it shows attenuated responses to alloantigen challenges[34]. Classically, the property of CNS 
immune privilege has been attributed to two mechanisms: (1) The blood-brain barrier (BBB); and (2) the 
absence of classical lymphatic drainage of CNS antigens[35]. The BBB is a semi-permeable cellular 
barrier composed of specialized endo-thelial cells (non-fenestrated, firmly attached by tight junctions), 
astrocyte end-feet, and pericytes. Its main function is to tightly regulate the movement of ions, 
molecules, and cells (e.g., immune cells) between the blood and the brain[36,37]. The ability to block the 
entry of possibly neurotoxic molecules, primarily through ATP-binding cassette transporter-mediated 
efflux, is one of the main challenges posed to immunotherapy[38]. On the other hand, the lack of profes-
sional antigen-presenting cells in the CNS parenchyma, low expression of MHC class I and II, and the 
first apparent absence of classic CNS lym-phatic drainage also limit the ability of an immune response 
to CNS-derived antigens[39,40]. Given that efficient anti-tumor responses require not only that cancer-
specific T cells be generated, but also that these T cells come into direct contact with the tumor cells, it 
becomes evident that the CNS provides an immune-privileged microenvironment for tumor growth and 
proliferation.

Fortunately, increasing evidence has pointed to the CNS, not as an immune-privileged site, but rather 
as an immune-distinct site that remains accessible to the onset of antitumor immune responses and 
immunotherapy[35]. Recent studies suggest the existence of a functional meningeal lymphatic system 
that drains cerebrospinal fluid (CSF), macromolecules, and immune cells from the CNS into the deep 
cervical lymph nodes[41]. Investigating these antigenic presentation routes will be an important step in 
understanding the immune-distinct properties of the GBM microenvironment.

Immunosuppressive mechanisms in GBM
Although revolutionary in the treatment of cancer patients, immunotherapy is critically dependent on 
the availability of preexisting anti-tumor immunity[42,43]. GBM is widely recognized to induce local 
and systemic immunosuppression, which is a hindrance to the use of immune-modulating therapies
[44].

GBM cells can evade immune surveillance through the release of various soluble mediators that exert 
a variety of immunosuppressive effects[45]. The best-characterized GBM-derived immunomodulatory 
factors are the transforming growth factor β (TGF- β), interleukin 10 (IL-10), and prostaglandin E2 (PGE-
2)[45-48]. In the presence of TGF-β, CD4+ T cells upregulate FoxP3 and differentiate into Treg cells with 
potent immunosuppressive potential. These converted suppressor cells not only do not respond to TCR 
stimulation and produce neither Th-1 nor Th-2 cytokines, but also express TGF-β and inhibit normal T 
cell proliferation in vitro[49,50]. It has also been shown that this cytokine inhibits the expression of five 
cytolytic gene products - specifically, perforin, granzyme A, granzyme B, Fas ligand, and interferon 
(IFN)-γ - which are co-responsible for CD8+ T cell-mediated tumor cytotoxicity[51]. Additionally, there 
is a TGF-β1-mediated downregulation of activating receptor NKG2D on the surface of CD8+ T cells and 
natural killer (NK) cells, thereby precluding cytotoxicity against GBM cells[52]. On the other hand, TGF-
β2 can prevent neoantigen presentation and facilitate immune escape from T lymphocytes through the 
down-regulation of HLA-DR antigen expression on tumor cells[53]. Altogether, these immunosup-
pressive stimuli of T or NK cell activity prevent the effective immune-mediated clearance of tumor cells
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[54,55].
IL-10 also plays a pivotal role in modulating the activity of resident and infiltrating immune cells and 

tumor cells in GBM, predominantly inducing an immunosuppressive phenotype[47]. Upon activation 
by GBM cell-derived IL-10, tumor-microglia and macrophages are then elicited to produce most of the 
IL-10 in the tumor microenvironment[56]. Increased secretion of IL-10 was associated with enhanced 
expression of other anti-inflammatory cytokines, such as IL-4, CCL2, and TGF-β[57]. In the presence of 
IL-10, TAMs downregulate the expression of antigen-presenting molecules, thereby impairing CD4+ T 
cell activation[58]. Along with TGF-β, IL-10 is also able to exert FOXP3-expressing naive T cells differen-
tiation into Treg cells, hence leading to Treg-driven immunosuppression[59-61]. Conversely, recent data 
have shown that a subset of IL-10-releasing HMOX1+ myeloid cells, spatially localizing to 
mesenchymal-like tumor regions, also in-duce T-cell exhaustion and thus contribute to the tumor 
microenvironment[62].

In turn, PGE-2 has been shown as a key mediator of immunosuppressive activity through the 
expansion of myeloid-derived suppressor cells (MDSCs)[48,63]. VEGF, on the other hand, is the most 
important mediator of angiogenesis in glioblastoma, which has made it one of the main therapeutic 
targets in GBM treatment[64]. Finally, through the activation of hypoxia-inducible factor 1- α, hypoxia 
regulates the expression levels of the cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), 
programmed death-ligand 1 (PDL-1), and other immunomodulatory surface ligands, which hinder 
effective anti-tumor immune responses[65].

GBM cells can attenuate anti-tumor responses through the expression of a plethora of cell surface 
immunosuppressive factors, including the so-called immune Checkpoint molecules (ICs). Coupled with 
programmed cell death-1 (PD-1) located on the surface of activated T-cells, GBM and immunosup-
pressive (e.g., Treg) cells membrane-bound PDL-1 can exert T-cell exhaustion and anergy[66,67]. Hence, 
PDL-1 upregulation in the tumor microenvironment propitiates resistance against T cell-mediated 
killing, in a protective process termed a “molecular shield”[68]. Conversely, the expression of the CD95 
(Fas) ligand by GBM cells can also attenuate immune attack through the induction of CD95-Dependent 
apoptosis in infiltrating lymphocytes[69]. In turn, CTLA-4 is also an important ICs due to its capacity to 
compete with CD28 for binding to costimulatory molecules (CD80 and CD86) on antigen-presenting 
cells, thereby precluding the activation of T cells[67,68,70,71]. Lastly, indoleamine 2,3-dioxygenase 1 
(IDO) and Lectin-like transcript-1 (LLT-1), are known to increase intratumoral Treg and myeloid-
derived suppressor cells, and to repress NK cell activity, respectively[72,73].

Increasing evidence has reaffirmed the pivotal role of immunosuppressive monocytes, including 
MDSCs, and tumor-derived extracellular vesicles (EVs) in GBM-induced local and systemic immun-
osuppression[74]. EVs are defined as biologically active particles that carry both GBM-derived soluble 
factors and membrane-bound receptors that can be functionally delivered to target cells[74]. In 
combination with the tumor milieu, these particles can induce the conversion of monocytes to an 
immunosuppressive phenotype[75]. The role of EVs in direct T-cell inhibition has also been 
demonstrated. Ricklefs et al[76] recently showed that glioblastoma EVs block T cell activation and prolif-
eration in response to T cell receptor stimulation. This mechanism of immunosuppression and its local 
and systemic effects have great potential for exploration in the context of immunotherapy. The Figure 2 
synthesizes the GBM-induced immunosuppressive microenvironment.

CYTOKINE THERAPY
Cytokine therapy in the treatment of GBM is based on the use of pro-inflammatory cytokines, in order 
to promote reversal of the immunosuppressive microenvironment triggered by this tumor and 
subsequent activation of the immune response[76,77]. Mainly, IFN-α, TNF-α and IL-12 have been 
assessed as possible therapeutic options for glioblastoma[78,79]. In this sense, IFN-α is related to 
increased activity and reduced exhaustion of T cells and macrophages, besides inhibiting tumor 
angiogenesis and immune suppression-related gene expression[79]. On the other hand, TNF-α promotes 
dendritic cells maturation and, consequently, T cell stimulation, while IL-12 is related to enhanced CAR-
T cell efficacy, increased infiltration of CD4+ T cells and decreased frequency of T-regulatory cells in the 
tumor microenvironment[80,81]. Nevertheless, the therapy with IFN-α presents high toxic systemic 
potential and low efficiency in maximum tolerated doses[82]. The possibility of collateral effects implies 
a damage to the user, clinical trials reveal hyperthermia, shivering, headaches, gastrointestinal 
symptoms, decline in systolic and diastolic blood pressure and associated orthostatic hypotension[83]. 
This means that the therapy is a resource with limited use at least at this moment. It is expected that, in 
the future, this route will be used in conjunction with other therapeutic forms, such as inhibitors of anti-
apoptotic proteins, to increase efficacy and tolerability[84]. In another perspective, glioma cells infected 
by a vector capable of transducing TNF-α decreased tumor growth rate in a mouse animal model, which 
constitutes a different therapeutic strategy for the treatment[82]. Additionally, the administration of 
TNF-α is also a problem to solve because the intravenous administration is known for the capacity to 
induce toxicities for the patients[76]. Recently, the discover of a interleukin-7 agonist had shown the 
ability to repair the lymphopenia caused by the standard treatment for GBM and also improved the 
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Figure 2 Simplified scheme of glioblastomas-induced immunosuppressive microenvironment. MDSCs: myeloid-derived suppressor cells; NK: 
Natural killer. The Figure was partly generated using Servier Medical Art, provided by Servier, licensed under a Creative Commons Attribution 3.0 unported license.

immune system by elevating the CD8 serial lymphocytes in murine models, but this discover needs 
more studies to be apply for patients with this primary glioma[85].

IMMUNE CHECKPOINT INHIBITORS
Immune checkpoints are molecular receptors that perform an inhibitory function in order to control 
exacerbated immune activity and prevent uncontrolled activity of this system[86]. These receptors are 
found on T cells (CD4 and CD8), dendritic cells (DC), NK cells and B cells[87].

Cancer cells have some mechanisms that allow them to reduce the effectiveness of the immune 
system during the attack on mutated cells[88]. One of these mechanisms is the expression of molecules 
that interact directly with the immune checkpoint receptors resulting in reduced immune activity from 
the inhibition of essential cells of the protection system. Thus, immune checkpoint inhibitors have 
emerged as a therapeutic alternative, in order to prevent the occurrence of inhibition of immune cells 
from the interaction of receptors of these cells and molecules produced by glioblastoma cancer cells[87].

In this regard, studies have identified the main receptors of immune checkpoints and that have 
physiological importance in glioblastoma. PD-1, T cell immunoglobulin and mucin domain 3 (TIM3), 
CTLA4, lymphocyte activation gene 3 (LAG3), T-cell immunoglobulin and ITIM domain (TIGIT) and 
CD96 are inhibitory receptors expressed on immune system cells, such as lymphocytes (T and B) and 
NK, and have corresponding ligands produced by cancer cells[87].

Thus, studies aimed at blocking the immune checkpoint in glioblastoma have been initiated[89,90]. A 
study conducted in murines, associated anti-PD-1 and temozolomide (chemotherapeutic agent used in 
the treatment of GBM) in the treatment of glioblastoma and obtained a good antitumor efficacy[89]. 
However, the response in humans did not show the same efficacy, as evidenced by the randomized 
phase III clinical trial of 369 patients diagnosed with GBM who were treated with nivolumab (anti-PD-1) 
and did not show improved survival compared to the control group[90]. However, the preclinical trials 
are promising and the therapeutic model is still recent. This means that therapy based on blocking ICIs 
may yet yield an important efficiency in the lives of patients diagnosed with GBM. In Figure 3, there is a 
representation of immune checkpoint inhibition targets: TIM-3/Galactin 9 (GAL-9), PD-1/PDL-1, and 
CTL-4/CD80 or CD86.

PD-1/PD-L1
The PD-1 receptor is expressed on T cells, B cells, TAMs, MDSCs and NK cells[91]. For inhibition of 
these cells to occur the PD-1 receptor interacts with PD-L1, which is expressed on GBM tumor cells. This 
interaction results in T-cell apoptosis, inhibition of T-cell cytotoxicity, and blockage of inflammatory 
mediator production. Thus, immunotherapy aims to target the PD-1/PD-L1 pathway and generate an 
antitumor response[87].
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Figure 3 Immune checkpoint inhibition targets: T cell immunoglobulin and mucin domain 3/ Galactin 9, programmed cell death-
1/programmed death-ligand 1, and cytotoxic T-lymphocyte-associated protein 4 /CD80 or CD86. A: T cell immunoglobulin and mucin domain 3/ 
Galactin 9; B: programmed cell death-1/programmed death-ligand 1; C: cytotoxic T-lymphocyte-associated protein 4/CD80 or CD86. TIM-3: T cell immunoglobulin 
and mucin domain 3; GAL-9: Galactin 9; PD-1: Programmed cell death-1; PDL-1: Programmed death-ligand 1; CTLA-4: Cytotoxic T-lymphocyte-associated protein 4. 
The Figure was partly generated using Servier Medical Art, provided by Servier, licensed under a Creative Commons Attribution 3.0 unported license.

The anti-PD-1/PD-L1 class is a category that includes pembrolizumab, nivolumab, durvalumab and 
atezo-lizumab[92]. These ICIs have shown good results in some types of cancer, such as melanoma and 
non-small cell lung cancer[93,94], but for GBM, the overall efficacy is not yet optimal, especially in 
monotherapy, since GBM is a disease with unique peculiarities. However, studies using combination 
therapy with other ICIs are ongoing and have brought positive preliminary results, despite difficulties 
that still need to be overcome[92]. One of these challenges is the need for these ICIs to cross the blood 
brain barrier, which is very peculiar to brain tumors and makes chemical therapy of this type of cancer 
difficult[95].

TIM3/GAL9
TIM3 is a membrane protein, normally found on CD4+ and CD8+ T lymphocytes, and is also an 
inhibitory receptor for antitumor T cell activity[11]. GAL9 is a binding protein to TIM3. This binding 
results in the activation of the TIM3/GAL9 pathway, which induces T cell apoptosis, a fact that directly 
impacts antitumor immune activity[96,97].

The expression of GAL9 is higher in tissues from glioma patients and the TIM3/GAL9 interaction is 
involved with a higher malignancy of this type of CNS tumor. Thus, TIM3 has also become a potential 
target of immune checkpoint inhibitors in an attempt to boost immune activity against tumor invasion 
and result in a better prognosis for the patient[97].

CTLA4
CTLA4 is an inhibitory receptor expressed on T cells and has relevance when dealing with GBM and a 
worse prognosis of this disease from the activation of this receptor[70]. The process is based on the 
interaction of T cells with antigen-presenting cells in the peripheral lymphatic tissue through co-
stimulatory and coinhibitory receptors, such as CTLA4[98]. CTLA4 binds to CD80/CD86 receptors on 
antigen-presenting cells. Thus, this receptor is involved with the initial process (antigen presentation) of 
immune activity and its activation reduces the activation and proliferation of antigen-specific T cells 
that will act directly on the CNS and tumor cells[87].

CTLA4 has a higher expression in more serious gliomas and is related to a worse disease prognosis, 
as it is related to reduced antitumor immune activity[71].

Based on this, in 2011, the Food and Drug Administration approved the use of ipilimumab in the 
therapy of some tumors. Ipilimumab is a monoclonal antibody that binds to CTLA4 receptors and 
blocks the inhibition of T cells that occurs through this molecule[87].
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LAG3
LAG3 is a regulatory protein expressed on the membrane of T cells and when activated by specific 
ligands, it generates an inhibitory effect on immunity. It is believed that one of these ligands is FGL1 
and that it is expressed by cancer cells and induces a decrease in antitumor activity, but this mechanism 
is still not well known, especially in relation to gliomas[99].

In addition, it is possible that LAG3 generates immunosuppression by acting in conjunction with 
other immune checkpoints, such as PD-1[99]. A process that has already been reported in breast cancer 
studies, which identified a co-expression of LAG3 and PD-1 in the tumor process, generating T-cell 
inhibition[100].

TIGIT/CD96
TIGIT and CD96 are co-inhibitory receptors[87]. TIGIT is expressed on various immune cells such as T 
cells, regulatory T cells (Tregs) and natural killer (NK) cells[101]. CD96, on the other hand, has been 
found mainly on conventional T cells, NK cells and NKT cells[87].

High expression of PD-1 and TIGIT was found in CNS infiltrating lymphocytes, acting at the site of 
GBM[101]. Thus, a combined blockade therapy for PD-1 and TIGIT has shown improved efficacy and 
survival for patients with GBM[101].

CD96 is directly linked to the inflammatory response in GBM and additionally, a direct and 
synergistic correlation of this receptor with other immune checkpoints such as PD-1, CTLA-4, TIGIT and 
TIM-3 has been described[102]. With this, it was found that a simultaneous blockade of CD96 and other 
ICIs results in enhanced antitumor immunity and better prognosis[102].

CAR T-CELL THERAPY
Chimeric antigen receptors are synthetic receptors capable of redirecting the immune functions of T 
lymphocytes to a specific target antigen and thus, T cells exert short and long-term effects by triggering 
complex antitumor responses[103]. CAR-Ts have an extracellular domain with a tumor binding site as 
the single-chain variable fragment (scFv), a flexible hinge, a transmembrane region, and an intracellular 
signaling domain of T cells. In addition, CARs can be subdivided, according to the amount of CD3ζ 
stimulatory domains, into first, second and third generation, and the most modern CARs have two 
costimulatory domains linked to CD3ζ in order to potentiate its ability of signaling activation[104]. Since 
CAR-Ts has been used effectively against hematological tumors, the objective is to adapt the method for 
solid tumors such as GBM so that the activation of T cells in the tumor microenvironment promotes 
targeted immunological mechanisms of cell death to specific targets in the tumor, achieving the same 
success as the treatment in non-solid tumors, regardless of the presentation of the peptide by histocom-
patibility complexes[105]. The most promising studies addressing T cell therapy against GBM have 
explored CAR-T cells targeting human epidermal growth factor receptor 2 (HER2), variant epidermal 
growth factor receptor III (EGFRvIII) and alpha receptor 2 of IL-13 (IL-13 Rα2) mainly, as well as 
evaluating the different forms of therapy administration (local or systemic)[106-108].

EGFRvIII consists of an oncogenic mutation pattern existing in human tumors that allows the identi-
fication of specific tumor antigens by the immune system. EGFRvIII is relatively common, especially 
when it comes to GBM, in which the mutation is present in approximately 30% of scenarios[109]. 
EGFRvIII expression in patients with GBM is considered a marker of poor prognosis probably because 
the receptor enhances tumor oncogenic signaling[110]. In this sense, the first clinical study that invest-
igated CAR-Ts therapy directed at EGFRvIII was conducted by O'Rourke et al[107] and evaluated 10 
patients with recurrent EGFRvIII + GBM. The results demonstrated that the administration of CAR-Ts 
Cells by infusion is a safe route to be used, as there was no evidence of toxicity outside the tumor 
microenvironment or cytokine release syndrome. Although the study did not have the objective of 
evaluating the effectiveness of the therapy, it was observed that no patient had GBM regression and one 
patient remained in stable disease for more than 18 mo. Therefore, the assay also revealed a consistent 
response with immunological checkpoints and immunosuppressive molecules such as IDO 1, PD-L1, 
TGF–β and IL-10 and this indicated that EGFRvIII+ led to an antitumor response[107]. Comple-
mentarily, a recent study evaluated apheresis and infusion products from the previous study to explore 
EGFRvIII as a therapeutic target for GBM and concluded that PD1 is a predictive marker of peripheral 
graft and progression-free survival in transduction products of patients with targeted CAR-Ts to 
EGFRvIII. Furthermore, it was also observed that PD1 was expressed concomitantly with ICIs (CTLA4, 
TIM3, LAG3) and activation markers (GRZB, HLA-DR) suggesting that PD1 is the protagonist of these 
correlations with the clinical response surrogates in the study. However, the aforementioned correl-
ations were not present before the generation of CAR-Ts. Therefore, it has been proposed that the PD1 
marker may predict better response to therapy against recurrent GBM and that the preparation of the 
infusion product is responsible for the differences in therapeutic results found in the study[111].

HER2 is also a tumor-associated antigen that is expressed by about 80% of GBM, however, the 
receptor is also expressed in physiological host cells and this gives HER2 the potential to generate 
autoimmunity when used as a specific target antigen[112]. An early trial involving HER2 CAR T Cells in 
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cancer patients did not produce positive effects. The study was associated with acute toxicity with fatal 
outcome in one patient[113]. However, a subsequent preclinical study yielded a more favorable 
outcome as CD28-costimulated HER2-CER T cells were tolerated by 17 patients with GBM without 
dose-associated toxic effects. Trial findings showed that one patient had a partial response to therapy for 
9 mo, 7 remained with stable disease for 8 wk to 29 mo, and 8 had tumor progression. Additionally, 
patients had an overall survival of about 11 mo from T cell infusion (95%CI: 4.1–27.2 mo) and HER2 
CAR T cells were present in blood at up to one year of follow-up[106]. IL-13Rα2 is another tumor-
associated antigen that is expressed in up to 50% of GBM and despite being expressed in normal tissue, 
it is not expressed at significant levels in normal brain tissue[114,115]. Interestingly, the first trial that 
evaluated the safety and feasibility of CAR-T-s targeting IL-13Rα2 for the treatment of recurrent GBM 
was done by Brown et al[116] and included three patients with the malignancy. Among the three 
patients included, one had reduced global expression of IL-13Rα2 in the tumor after treatment and 
another patient showed an increase in the necrotic portion of the tumor where IL-13-zetacin + T cells 
had been administered. Despite the small sample, the findings of the work were favorable and were 
fundamental for the advancement in knowledge about the therapeutic method[116]. In this regard, new 
initial studies, albeit promising, have emerged with the aim of improving the CAR-Ts. Some works, for 
example, such as that of Muhammad et al[117], validated a new TanCAR [IL-13 (4MS) and EphA2 scFv] 
that proved effective in destroying GBM cancer cells recognizing IL-13Rα2 or EphA2 receptors and did 
not damage normal IL-13Rα1/ IL-4Rα. Therefore, it proved to be an option with the potential to remedy 
difficulties in current therapy by preventing antigen escape and reducing extra tumor toxicity[117]. In 
addition, another initial work constructed an IL-13Rα2 directed to humanized third-generation CAR 
and evaluated its efficacy against GBM in vitro and reported that the receptor achieved satisfactory 
results that support its use in clinical trials[118].

Therefore, CAR-T-s therapy targeting specific antigens is very promising and has the potential to 
become a therapeutic option for solid malignancies with poor prognosis such as GBM. However, the 
evidence is still limited, which creates a series of challenges to be overcome by the therapeutic method. 
The main obstacles to a safe and effective CAR-Ts therapy are the access of immune cells to the CNS and 
the heterogeneity of the tumor microenvironment. The first is mainly due to the existence of the 
endothelial blood-brain barrier and the epithelial blood-brain barrier[119]. The second occurs because 
GBM is characterized by a complex and active tumor microenvironment capable of evading the 
functionality of CAR-T-s, as well as hindering the recognition of a single specific target antigen[120]. In 
this regard, one way to improve access to the CNS would be to add property to CAR-T cells through 
gene editing. The development of innovative CAR-Ts that can target different tumor-associated antigens 
or program different CAR-Ts to recognize a single tumor-associated antigen is a possible solution to 
immune escape or target antigen escape. A recent study targeted 3 antigens using a single universal 
tricistronic (U) transgene product of CAR-T-s specific for HER2, IL-13Rα2 and EphA2 showing an 
effective alternative to the interpatient variability that is one of the obstacles to therapy. The in vitro test 
of the study showed an improvement in the survival of the animals, corroborating the initial hypothesis
[121]. The work by Muhammad et al[117], cited above, starts from the same premise that the new 
TanCAR destroyed tumor cells by recognizing both IL-13Rα2 and EphA2 alone or together, also corrob-
orating for a more effective therapy by avoiding immune escape and recognition of non-target antigens. 
Another possibility to deal with difficulties in therapy with CAR-Ts cells is the remodeling of immune 
cells in the tumor microenvironment. This technique is based on the use of CAR-T cells with the 
objective of recruiting pro-inflammatory cytokines, mainly OL-7, IL-8 and IL-12, enhancing the death of 
GBM cells[122-124]. In addition, the blocking of immune suppression signals through chimeric decoy 
and switch receptors has also been explored. For example, Liu et al[125] added genetically modified 
switch receptors including the extracellular domain of PD1 and the transmembrane and cytoplasmic 
signaling domains of CD28 in order to stimulate the performance of CAR-T cells in solid tumors and the 
study data revealed a strategy potentially efficient therapy. Finally, the expansion of the use of bispecific 
T cell couplers (BiTE) in combination with CAR-T cells as a new artifice for the recognition of multiple 
antigens has also been discussed[126]. Bearing in mind that EGFRvIII-specific CAR-T cells may not be 
satisfactorily efficient in view of the heterogeneity of the GBM tumor microenvironment, Choi et al[127] 
proposed the use of CARBiTE cells capable of secreting wild-type EGFR-specific BiTEs. The results of 
the initial study were positive and showed that BiTE cells annihilated heterogeneous GBM tumors in 
mice and did not promote toxicity against human skin grafts in vivo.

ONCOLYTIC VIRUSES
Over the last few years, oncolytic viruses (OVs) have gained prominence in tumor treatment, including 
GBM. OVs are particularly suitable for GBM therapy due to its privileges, such as lack of distant 
metastasis and tumor’s limitations, allowing the use of viruses at this site as a promising form of 
immunotherapy[128]. They are administered intravenously or intratumorally to achieve its neutralizing 
effects.
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OVs can be defined as weakly pathogenic viruses that can selectively infect, replicate in, and kill 
cancer cells without damaging normal cells and leading to tumor cells apoptosis[129]. This occurs 
through antitumor reactions of tumor-specific cell killing and the induction of the host's systemic 
antitumor and/or antiviral immunity. Thus, OVs activate the innate immune system via pattern 
recognition receptors and pathogen-associated molecular patterns, leading to a physiological response 
of immune cells recruitment, such as neutrophils, natural killer cells, macrophages, Th1 cells and its 
associated cytokines that promotes cell lysis[128,130]. Moreover, this response induces an adaptive 
immune reaction to new cancer antigens and may possibly develop a long-term immunotherapy 
repercussion[131]. Besides this, OVs can also be used as non-replicating viral vectors to deliver 
therapeutic genes, serving as vehicles to efficiently achieve tumor cells[104]. In Figure 4, there is a 
graphical representation of how OV therapy for GBM works.

Currently, OVs are being tested for their effectiveness against GBM in leading clinical trials using 
over 20 distinct viral strains like herpes simplex virus[132], adenovirus[133], measles virus[134], 
parvovirus[135], Newcastle disease virus[136], reovirus[137], poliovirus[138] and zika virus[139]. In 
Table 1, the clinical trials using virotherapy for GBM are summarized.

As aforementioned, the cooperation of the innate and adaptive immune systems is crucial in oncolytic 
virotherapy response, and matching it with other immunotherapy strategies such as checkpoint 
inhibitors increases the immunological response and tumor regression[140-142].

VACCINE-BASED THERAPY
In recent years, it has been discussed the great possibility of combating and stabilizing oncological 
conditions through immunotherapy, and the proposal of vaccine therapies is a remarkable point. In this 
sense, when thinking about GBM, the proposal of an alternative therapy that generates a more positive 
prognosis for patients, through vaccination, is a matter of much research and debate.

Many vaccines with a variety of immunological bases have been developed and tested in the 
treatment of GBM. There are four commonly used approaches to base GBM vaccines on: Peptide and 
DNA vaccines, which use genetic information from the tumor itself, and are more specific in their use. 
Cellular vaccines, based on dendritic cells prepared also with tumor antigens, and mRNA-based ones, 
with viral vectors[143]. In general, the principle behind this bet is on the immune response, thinking 
about the ability of the tumor to evade the individual immune response.

Thus, one of the ways found to "combat" this disease is to use the immune system itself, more 
specifically, a response coordinated by T lymphocytes capable of recognizing tumor antigens and 
reacting against them. In this sense, the initial proposal aims to use specific tumor antigens (TSAs) to 
obtain an immune response, having as a basis for this process peptides based on the tumor character-
istics that trigger an anti-tumor immune response by mimicking neoantigens in glioblastoma cells[144,
145].

Personalized neoantigen vaccines are a different approach to anti-tumor vaccine development, with 
trials already showing increased survival in patients with a recent diagnosis of GBM, demonstrating a 
potential to alter the immune environment in GBM[85].

However, there are some points of conflict within this vaccine therapy, since the tumor heterogeneity, 
with factors expressed differently among individuals, which would generate a high specificity in the 
manufacture of the vaccine, a need for customization, not being extremely effective on a large scale, 
hindering the inclusion of patients[146]. This treatment also has a limitation, generated by antigenic 
escape in the face of tumors that do not express this antigen. In addition, the collection of peptides for 
the vaccine base, meets a barrier, since the association of a disparate tumor profile, with possible 
formations of nonspecific epitopes - a tumor formation not from mutations, but from exacerbated 
expressions of factors that are expressed in normal tissues - raises a predisposition to responses beyond 
the tumor affection, such as autoimmune responses and inflammatory processes in other regions[146].

Another point of study that has been gaining prominence are DC vaccines, being considered one of 
the most promising at the moment. This is due to the role they play in immune regulation and in the 
GBM picture. Thus, they are extremely important for the induction of acquired immunity, also 
influencing the lymphocytic response, its differentiation, and antigen presentation. With this in mind, 
within GBM pictures, DCs are found with reduced function, being in an inhibited or immature state, 
which can be related to the severe tumor microenvironment, DCs are kept with low function due to the 
inhibitory effect of the immune microenvironment, and this status is problematic for body function, but 
reversed by DC vaccines[147]. This is due to the fact that the advantages of DCs vaccines are based on in 
vitro matured dendritic cells, usually from the affected individual himself, which can activate previously 
inhibited Ts lymphocytes, increasing the patient's adaptive response, increasing the expression of 
MHCs, cytokines and chemokines, and promoting an intense migration of immune cells to the 
immunosuppressive microenvironment found in GBM[147].

Currently, some studies have shown that DC vaccines can improve the picture of GBM, with some 
age-related factors seeing a better prognosis in younger patients. Another study, in phase II clinical trial, 
showed that the use of the vaccine after tumor resection, obtained a median overall survival of 23.4 mo, 
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Table 1 Ongoing and completed clinical trials of oncolytic virus therapy in glioblastoma

NCT 
Number Title Status Enrolled 

patients Interventions Country Phase

NCT03714334 DNX-2440 Oncolytic Adenovirus for 
Recurrent Glioblastoma

Unknown 
status

24 Drug: DNX-2440 injection Spain Phase 1

NCT03294486 Safety and Efficacy of the oncolytic virus 
Armed for Local Chemotherapy, 
TG6002/5- FC, in Recurrent Glioblastoma 
Patients

Unknown 
status

78 Drug: Combination of TG6002 and 5- 
flucytosine (5-FC, Ancotil®)

France Phase 1 
and 2

NCT02197169 DNX-2401 With Interferon Gamma (IFN-#) 
for Recurrent Glioblastoma or Gliosarcoma 
Brain Tumors

Completed 37 Drug: Single intratumoral injection of 
DNX-2401; Drug: Interferon-gamma

United 
States

Phase 1

NCT01956734 Virus DNX2401 and Temozolomide in 
Recurrent Glioblastoma

Completed 31 Procedure: DNX2401 and Temozo-
lomide

Spain Phase 1

NCT05095441 A Clinical Study of Intratumoral MVR-
C5252 (C5252) in Patients With Recurrent 
or Progressive Glioblastoma

Not yet 
recruiting

51 Biological: C5252 United 
States

Phase 1

NCT01174537 New Castle Disease Virus (NDV) in 
Glioblastoma Multiforme (GBM), Sarcoma 
and Neuroblastoma

Withdrawn 0 Biological: New castle disease virus Israel Phase 1 
and 2

NCT01491893 PVSRIPO for Recurrent Glioblastoma 
(GBM)

Completed 61 Biological: Recombinant 
nonpathogenic polio-rhinovirus 
chimera (PVSRIPO)

United 
States

Phase 1

NCT00028158 Safety and Effectiveness Study of G207, a 
Tumor-Killing Virus, in Patients With 
Recurrent Brain Cancer

Completed 65 Drug: G207, an oncolytic virus Not 
provided

Phase 1 
and 2

NCT03896568 MSC-DNX-2401 in Treating Patients With 
Recurrent High Grade Glioma

Recruiting 36 Biological: Oncolytic Adenovirus 
Ad5- DNX-2401; Procedure: 
Therapeutic conventional surgery

United 
States

Phase 1

NCT01582516 Safety Study of Replication competent 
Adenovirus (Delta-24-rgd) in Patients With 
Recurrent Glioblastoma

Completed 20 Biological: Delta-24- RGD adenovirus Netherlands Phase 1 
and 2

NCT03072134 Neural Stem Cell Based Virotherapy of 
Newly Diagnosed Malignant Glioma

Completed 13 Biological: Neural stem cells loaded 
with an oncolytic adenovirus

United 
States

Phase 1

NCT01301430 0 Parvovirus H-1 (ParvOryx) in Patients 
With Progressive Primary or Recurrent 
Glioblastoma Multiforme.

Completed 18 Drug: H-1PV Germany Phase 1 
and 2

NCT05084430 Study of Pembrolizumab and M032 (NSC 
733972)

Active, not 
recruiting

28 Drug: M032; Drug: Pembrolizumab United 
States

Phase 1 
and 2

NCT02031965 Oncolytic HSV-1716 in Treating Younger 
Patients With Refractory or Recurrent High 
Grade Glioma That Can Be Removed By 
Surgery

Terminated 2 Biological: Oncolytic HSV-1716; Drug: 
Dexamethasone; Procedure: 
Therapeutic conventional surgery

United 
States

Phase 1

NCT02798406 Combination Adenovirus + Pembrol-
izumab to Trigger Immune Virus Effects

Completed 49 Biological: DNX-2401; Biological: 
Pembrolizumab 

United 
States

Phase 2

NCT03657576 Trial of C134 in Patients With Recurrent 
GBM

Active, not 
recruiting

24 Biological: C134 United 
States

Phase 1

NCT03152318 A Study of the Treatment of Recurrent 
Malignant Glioma With rQNestin34.5v.2

Recruiting 62 Drug: rQNestin; Drug: Cyclophos-
phamide Procedure: Stereotactic 
biopsy 

United 
States

Phase 1

NCT03043391 Phase 1b Study PVSRIPO for Recurrent 
Malignant Glioma in Children

Active, not 
recruiting

12 Biological: Polio/ Rhinovirus 
Recombinant (PVSRIPO)

United 
States

Phase 1

NCT05139056 Multiple Doses of Neural Stem Cell 
Virotherapy (NSC-CRAdS-pk7) for the 
Treatment of Recurrent High-Grade 
Gliomas

Withdrawn 0 Biological: Neural Stem Cells 
expressing CRAdS-pk7; Procedure: 
Resection

Not 
provided

Phase 1

NCT02062827 Genetically Engineered HSV-1 Phase 1 
Study for the Treatment of Recurrent 
Malignant Glioma

Active, not 
recruiting

24 Biological: M032 (NSC 733972) United 
States

Phase 1

HSV G207 With a Single Radiation Dose in 
Children With Recurrent High-Grade 

NCT04482933 Not yet 
recruiting

40 Drug: Biological G207 United 
States

Phase 2
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Glioma

NCT02986178 PVSRIPO in Recurrent Malignant Glioma Active, not 
recruiting

122 Biological: PVSRIPO United 
States

Phase 2

NCT03911388 HSV G207 in Children With Recurrent or 
Refractory Cerebellar Brain Tumors

Recruiting 15 Biological: G207 United 
States

Phase 1

NCT02457845 HSV G207 Alone or With a Single 
Radiation Dose in Children With 
Progressive or Recurrent Supratentorial 
Brain Tumors

Active, not 
recruiting

13 Biological: G207 United 
States

Phase 1

NCT00528684 Safety and Efficacy Study of REOLYSIN® 
in the Treatment of Recurrent Malignant 
Gliomas

Completed 18 Biological: REOLYSIN® United 
States

Phase 1

NCT03973879 Combination of PVSRIPO and Atezol-
izumab for Adults With Recurrent 
Malignant Glioma

Withdrawn 0 Biological: PVSRIPO; Drug: Atezol-
izumab 

Not 
provided

Phase 1 
and 2

NCT00314925 Safety Study of Seneca Valley Virus in 
Patients With Solid Tumors With Neuroen-
docrine Features

Unknown 
status

60 Drug: Seneca Valley virus (biological 
agent)

United 
States

Phase 1

Most data were obtained from findings from www.clinicaltrials.gov using the search terms “glioblastoma” and “oncolytic” filter.

Figure 4 Simplified scheme of oncolytic virotherapy for glioblastomas. GBM: Glioblastoma; OV: Oncolytic virus; PAMPs: Pathogen-associated 
molecular patterns; DAMPs: Damage-associated molecular patterns. The Figure was partly generated using Servier Medical Art, provided by Servier, licensed under 
a Creative Commons Attribution 3.0 unported license.

among some patients[85]. However, a meta-analysis of randomized controlled trials on the efficacy of 
DC vaccines demonstrated that the use of the vaccine in newly diagnosed glioblastoma patients did not 
show a substantial effect on overall patient survival[148]. Thus, it is still an area that needs more studies 
and trials with more advanced phases, and the ability to inhibit glioma is still a point to be better tested 
in future studies.

Some other vaccine ideas have already been proposed, such as using isocitrate dehydrogenase as the 
basis for the vaccine, since mutation in this enzyme occurs purely in tumor cells, making it an 
interesting tumor-specific antigen to use[146]. In addition, vaccines that inactivate tumors are also an 
attraction for research, given their success in other pathologies, not only in treatment but also in 
prevention, but there is still a low efficiency for the treatment of neoplasms, requiring more research for 
the development and application in GBM. More advanced research is needed for the use of these other 

http://www.clinicaltrials.gov
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vaccine approaches.
Another alternative attempt for the treatment of GBM, are oncolytic virotherapies, using previously 

known viruses, which would be injected intratumorally, enabling an inflammatory reaction and an 
immune response against the tumor-virus unit. Many researches and vaccines have already been 
approved with this type of technology, and it is a promising therapy that acts both by selectively 
infecting tumor cells, replicating and leading to tumor death, and by being used to transport factors for 
gene therapy, through viruses with alterations in their replication[104]. Regarding GBM, some vaccines, 
such as DNX-2401, have already gone through initial testing phases and showed positive results. 
However, updates of the studies are needed to better understand the spectrum and efficiency of the 
action of this vaccine. In addition, other vaccines are under study such as ParvOryx, Toca 511, Reovirus, 
and HSV type 1, being tested in patients with GBM, but still in early stages of testing[86].

Furthermore, vaccination focused on eliminating EGFRvIII is also an important resource against 
GBM, as it is an important TSA in this pathology[146]. Thus, the EGFRvIII anti-tumor vaccine is another 
interesting therapy. Some late stage studies were able to observe a good humoral induction and 
cytotoxic T response with the use of this TSA, after good conduct in animal studies. However, the 
results were not as significant as expected in survival and remission rate, in human trials[146]. Besides 
that many adverse effects have been found such as seizures, edema, thrombocytopenia and pulmonary 
embolism, and these complications when coupled with the fact that not all GBM patients express 
EGFRvIII, become a limitation for this therapy, since not all patients could use this vaccine[140].

The benefits of vaccination are already found in some studies, demonstrating an increase in patient 
survival when compared to other measures used, including the surgical approach, demonstrating the 
advances in this research[148,149]. However, only 3 vaccination agents have reached phase III clinical 
trial: Rindopepimut, DCvax and PPV[143].

Thus, the key point for vaccine therapy is the choice of the appropriate immune target with a 
reduction of vaccine toxicity. The search for TSA and possible alternatives must take into account the 
immune alterations caused by the tumor microenvironment, the immune status of the affected 
individual and possible adverse effects, which need to be reduced to their maximum. Moreover, there is 
a very important factor, even with the momentary trend towards personalized vaccines, the questioning 
of how to make this new reality feasible, generates a need to search for a combination of antigens of 
greater spectrum, having in mind also, how the vaccine process will reverberate in the organism, 
thinking about a long-term immune response, and what are the predictions for the future, which makes 
the development of studies with more solid results indispensable[143]. In addition, the possibility of 
combining vaccines with other immunotherapies has shown considerable benefit when compared to the 
use of some vaccines alone, and needs to be further investigated as an approach to be considered in 
patient management[86,104].

IMMUNOTHERAPY LIMITATIONS AND CHALLENGES
Immunotherapy options currently available for the treatment of GBM are vast. These include vaccines, 
oncolytic viruses, immune checkpoint inhibitors, and genetically modified T cells[85]. In this sense, the 
various ongoing studies and clinical trials may provide favorable outcomes in expanding the use of 
these therapies in the near future, and, given the potential to manipulate or enhance the immune system 
apparatus to attack and kill tumor cells, immunotherapy has enlightened and generated a lot of 
excitement in the treatment of GBM. However, so far, there are some limiting factors that hinder the 
applicability of immunotherapy in the treatment of glioblastoma, whether related to individual 
anatomical and immunological factors or to routes of administration and adverse effects[140-142].

The blood-brain barrier is one of the major limitations to GBM immunotherapy. These specialized 
endothelial cells attached to astrocytes and pericytes hinder drug delivery, leading to inefficient 
therapeutic action[104,150]. Also, GBM is able to induce alterations in the BBB, forming a structurally 
different barrier (i.e., brain tumor barrier) that also contributes to poor penetration of therapeutic agents
[77]. Furthermore, intratumoral heterogeneity plays a pivotal role in immunotherapy resistance, given 
the rapid growth of resistant clones after the selective destruction of susceptible ones[151]. The 
immunosuppressive microenvironment of this tumor also poses a challenge in the immunotherapeutic 
approach[152]. Treg cell upregulation leads to inhibition of effector T cells, thus impairing the use of 
CAR-T cells[145]. Regarding cytokine therapy, despite its ability to modulate the microenvironment of 
GBM, leading to increased DC cells maturation, T cell infiltration and reduced exhaustion[81], its 
systemic use presents severe toxicity and poor absorption, which greatly hampers the use of this 
therapy[78]. In this regard, future studies on the topic might provide further options for these 
limitations to be overcome in the near future.

In order to increase the therapeutic effectiveness of the current immunotherapy approaches, various 
strategies have been developed to increase drug penetration and decrease the occurrence of adverse 
effects. Of note, we highlight (1) the use of combined therapies, for synergistic action[153]; (2) targeted 
drug delivery, which increases pharmacokinetic properties and reduces toxicity[79]; and (3) intrathecal 
administration, to overcome the blood-brain barrier[140-142].
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Furthermore, given the intrinsic heterogeneous nature of GBM and its ability to evade and resist 
single treatments, it is crucial that future interventions should explore the combination of biological 
(immunomodulators and cell based delivery systems), physical (ultrasound, 3D printed implants, heat) 
and chemical (delivery technologies, radiation, chemotherapy) approaches to not only treat GBM more 
adequately but also improve the patient’s prognosis, selecting ideal combination strategies to overcome 
the limiting barriers. In this regard, techniques using anti-PD-1/PD-L1 antibodies combined with 
antibodies targeting CTLA-4, TIM-3, LAG-3, 4-1BB, or OX-40 are under study[154]. Furthermore, anti-
PD-1/PD-L1 therapy combined with tumor-specific peptide vaccination or CAR-T cell therapy is also 
worth exploring, and can provide a harmonious combination approach to surpass the obstacles[155,
156].

Finally, exploring effective predictive biomarkers of clinical efficacy, combined with other therapeutic 
strategies, is a critical issue to avoid treatment delay and early mortality[157,158]. In this sense, there is a 
demanding need to incorporate the status of known biomarkers into daily clinical practice, which may 
assist not only in patient selection, but also in the adjustment of treatment schedule based on the 
patient-specific diagnosis.

With various ongoing clinical trials for new molecular targeted therapies, cancer vaccines and 
immune-modulators, it can be expected that in the near future more compelling interventions against 
GBM will become available.

CONCLUSION
In this way, it is possible to see that the treatment for GBM is advancing and discoveries are being made. 
However, the immunosuppressive nature of this primary glioma and the pleomorphism presented by 
the constitutional cells represents important challenges to implant a successful therapy with less harm 
for the patient. The need for resolutions to prevent the collateral damage caused by the current standard 
treatment and for the alternative immunotherapies, which are being developed, demonstrates potential 
to be the next stage in this field alongside the increase of searching for other approaches. The main 
objective is to better manage this aggressive malignant brain tumor to modify the current prognostic 
perspective. This review shows an overview of this reality and it is stated that, based on particular 
pathogenesis of GBM, it is necessary an individualized treatment according to the tumor progress 
follow-up.

The potential of the immunotherapy presented by previous and current clinical trials reveals a 
hopeful perspective for patients with GBM. It is expected that a combination of therapies would be used 
to avoid collateral damages and improve the recovery. Risks and costs of the surgical method, 
radiotherapy and chemotherapy suggest several issues that alternative approaches do not have and it is 
more favorable as a palliative therapy than as a healing mechanism, and still usage problems must be 
solved for them to be applied. Biological agents and Tumor treatment fields also have benefits, even 
though they are, respectively, susceptible to genetic variabilities and need expensive devices to put into 
practice as the Figure 1 illustrates. The intervention with cytokine therapy and agonists are a recently 
explored field and demonstrates the ability to use different inflammatory cytokines to remodel the 
immune response, nevertheless there are also problems with the form of administration and the doses 
due to systemic toxicity. Immune checkpoints inhibitors reveal the ability to curb the immunosup-
pressive strategies of GBM, but the response in humans has not shown yet the same efficacy 
demonstrated in animal models. Chimeric antigen receptor T cell therapy is also a hopeful route of 
treatment due to its potential to redirect the immune response for specific targets, however the difficult 
to transpass the BBB and the microenvironment possessed by the active tumor, which enables evasion 
and difficult to recognize, are also challenges to be solved for highly functional deployment. Vaccine-
based therapy is also being developed and four approaches are more currently discussed. In summary, 
the immunotherapy options display advantages and limitations. Thus, more advancements in ways to 
prevent toxic activity or/and ineffectiveness of the hopeful new recently discovered immunotherapies 
are fundamental to increase life expectancy and reduce suffering for the patients.
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Abstract
Diffuse large B-cell lymphoma (DLBCL) and follicular lymphoma (FL) are the 
most common forms of aggressive and indolent lymphoma, respectively. The 
majority of patients are cured by standard R-CHOP immunochemotherapy, but 
30%–40% of DLBCL and 20% of FL patients relapse or are refractory (R/R). 
DLBCL and FL are phenotypically and genetically hereterogenous B-cell 
neoplasms. To date, the diagnosis of DLBCL and FL has been based on morp-
hology, immunophenotyping and cytogenetics. However, next-generation 
sequencing (NGS) is widening our understanding of the genetic basis of the B-cell 
lymphomas. In this review we will discuss how integrating the NGS-based 
characterization of somatic gene mutations with diagnostic or prognostic value in 
DLBCL and FL could help refine B-cell lymphoma classification as part of a 
multidisciplinary pathology work-up. We will also discuss how molecular testing 
can identify candidates for clinical trials with targeted therapies and help predict 
therapeutic outcome to currently available treatments, including chimeric antigen 
receptor T-cell, as well as explore the application of circulating cell-free DNA, a 
non-invasive method for patient monitoring. We conclude that molecular analyses 
can drive improvements in patient outcomes due to an increased understanding 
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of the different pathogenic pathways affected by each DLBCL subtype and indolent FL vs R/R FL.

Key Words: Next-generation sequencing; Prognosis; Molecular analysis; Targeted therapy; Chimeric antigen 
receptor T-cell therapy; Personalized medicine
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Core Tip: Molecular studies in the past decade have improved our understanding of the biological hetero-
geneity of B-cell lymphomas such as diffuse large B-cell lymphoma (DLBCL) and follicular lymphoma. 
Next-generation sequencing studies are helping to reveal the different pathogenic pathways affected by 
each DLBCL subtype and identify new targets for directed therapy. Molecular analysis can also help 
predict therapeutic outcome to currently available treatments, including chimeric antigen receptor T-cell 
therapy, and identify candidates for clinical trials with targeted therapies, ultimately leading to 
improvements in patient outcomes. As such, the incorporation of precision medicine via the integration of 
molecular analyses in clinical practice can improve clinical outcomes in patients and thus contribute to a 
new standard of care for patients with B-cell lymphomas.

Citation: Stuckey R, Luzardo Henríquez H, de la Nuez Melian H, Rivero Vera JC, Bilbao-Sieyro C, Gómez-
Casares MT. Integration of molecular testing for the personalized management of patients with diffuse large B-cell 
lymphoma and follicular lymphoma. World J Clin Oncol 2023; 14(4): 160-170
URL: https://www.wjgnet.com/2218-4333/full/v14/i4/160.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i4.160

INTRODUCTION
B-cell lymphomas are classified into over 19 distinct entities, as defined by the 2022 World Health 
Organization (WHO) classification[1]. Diffuse large B-cell lymphoma (DLBCL) is the most common 
form of non-Hodgkin lymphoma (NHL), representing approximately 30% of lymphomas of mature B-
cells[2], while follicular lymphoma (FL) is the second most common NHL. However, both DLBCL and 
FL are phenotypically and genetically hereterogenous B-cell neoplasms. For example, the majority of 
DLBCL patients are cured by standard rituximab, cyclophosphamide, doxorubicin, vincristine, 
prednisone (R-CHOP) immunochemotherapy, but 30%–40% relapse or are refractory (R/R), while for 
FL, approximately 20% of patients treated with chemoimmunotherapy will progress within the first two 
years of diagnosis (POD24)[3]. Thus, improvements in patient outcomes will rely on an increased 
understanding of the different pathogenic DLBCL and FL pathways that lead to treatment failure and/
or progression.

Next-generation sequencing (NGS) studies together with copy-number analysis are determining 
genes with recurrent alterations in DLBCL and FL, some of which can refine diagnosis and prognostic 
stratification. In this minireview, we will describe how molecular analyses are revealing differences in 
somatic mutations according to disease subtypes, helping with differential diagnosis, as well as 
determining new targets for the development of directed therapies. We will also explore the application 
of circulating cell-free DNA, a non-invasive method for patient monitoring. Finally, we will discuss how 
the incorporation of precision medicine can identify candidates for clinical trials with targeted therapies 
and help predict therapeutic outcome to currently available treatments in a drive towards a more 
personalized treatment approach.

We aim to convince the reader that the incorporation of molecular testing for somatic gene mutations 
can improve the diagnosis and prognosis of patients with DLBCL and FL as part of a multidisciplinary 
pathology work-up.

CONVENTIONAL CLASSIFICATION OF DLBCL
Currently, using immunohistochemistry (IHC), fluorescence in situ hybridization (FISH) and flow 
cytometry techniques, patients with DLBCL are divided into three subtypes depending on the stage of 
differentiation and maturation of the B cells of origin: germinal center B-cell like (GCB) or activated B-
cell like (ABC), with the remaining 10% to 20% “unclassified” or not otherwise specified (NOS). For 
example, IHC analysis of CD10, BCL6 and MUM1 markers helps determine the GCB and ABC subtypes 
according to the Hans algorithm[4]. Nevertheless, the Hans algorithm doesn’t distinguish the NOS 
DLBCL subtype and gives an incorrect classification in approximately 20% of cases[4].

https://www.wjgnet.com/2218-4333/full/v14/i4/160.htm
https://dx.doi.org/10.5306/wjco.v14.i4.160
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DLBCL patients show distinct clinical outcomes according to the subtype: patients with the GCB 
phenotype have a more favorable outcome than ABC in terms of survival when treated with standard 
chemotherapy, 60% at 5 years vs 35% in ABC[5]. In addition, IHC of MYC and BCL2/BCL6 can identify 
tumors as double- or triple-expressor, associated with worse prognosis[6]. Studies involving FISH 
analysis of MYC rearrangements have shown that MYC rearranged with an immunoglobulin (IG) gene 
has worse prognosis compared to MYC with a non-IG partner, with MYC/IG double hits associated 
with an even poorer prognosis[7]. Thus, genomic tests used in routine clinical practice are already 
adding prognostic value. Even so, the diagnostic work-up and treatment are practically identical for all 
DLBCL patients despite the high genetic heterogeneity.

In terms of treatment, R-CHOP has been the standard of care for over two decades, and is still 
administered to the majority of DLBCL patients[8]. To improve treatment response, and predict which 
patients are likely to be R/R, elucidation of the molecular determinants related to treatment response 
will be fundamental. One advancement in this area is the observation that high EZH2 expression (> 
70%, detected by IHC) is associated with superior survival of DLBCL patients following R-CHOP[9].

CONVENTIONAL CLASSIFICATION OF FL
FL is characterized by the t(14;18)(q32;q21) translocation, present in 90% of FL patients, resulting in 
overexpression of BCL2 under the IGH promoter. In cases lacking t(14;18), BCL6 and CD10 expression 
patterns confirm FL diagnosis[10]. Rearrangement of BCL6 (3q27) may also be found in grade 3 FL, with 
or without t(14;18)[11].

Prognostic biological factors include age > 60 years and hemoglobin < 12 g/dL, as well as other 
biomarkers, such as LDH or β2-microglobin above normal, according to the FLIPI and FLIPI-2 scores, 
respectively[12,13].

Several first-lines of immunochemotherapy exist, including bendamustine + rituximab, rituximab 
alone, or R-CHOP, with choice largely down to the clinician’s preference. Treatment improvements are 
a necessity, given that POD24 is a predictor of overall survival (OS), with rates of just 50% for patients 
with POD24 vs 90% in those with no POD24 following R-CHOP treatment[3]. As highlighted in the 
recent editorial by Leonard[14], there is currently “no reliable way” to determine at diagnosis whether a 
patient with FL is likely to respond optimally to immunochemotherapy. The hope is that molecular 
analyses could help identify a subgroup of at-risk patients who would benefit from upfront treatment 
with a specific targeted therapy.

NGS APPLICATION IN LYMPHOMAS
According to the 2022 WHO and ICC classifications and the European Society for Medical Oncology’s 
2021 clinical guidelines, no molecular analyses are currently recommended at diagnosis for DLBCL or 
FL[1,15,16]. To date, only a few entities of lymphoid neoplasms are defined by genomic criteria. This is 
in stark contrast to other hematological malignancies, in particular myeloid neoplasms, where the use of 
NGS is well-established in diagnosis and risk-stratification[1,16,17]. For example, for acute myeloid 
leukemia a complete genomic evaluation, including NGS panel, is obligatory at diagnosis to define 
disease subtypes and to direct therapies[1,16,17]. Nevertheless, both international consortiums 
acknowledge that molecular analyses in B-cell lymphomas have identified genomic alterations “with 
diagnostic, prognostic, and predictive impact in different entities”[18] and explicitly state that it is 
highly probable that more entities will be defined by genomic criteria in the near future[1,16,18].

MOLECULAR ANALYSES IN DLBCL
In recent years, advances in next-generation sequencing (NGS) techniques are redefining our 
understanding of the genetic basis of lymphomas. Molecular studies are revealing recurrent genetic 
events and thus are helping to identify the key pathways that are important in DLBCL pathogenicity 
and evolution, and may even have prognostic impact[19].

Mutations in the genes MYD88, CARD11, EZH2 and CD79A/CD79B have been identified in approx-
imately 40% of DLBCL and are considered drivers of lymphomagenesis[20]. Moreover, NGS studies 
have revealed that GCB and ABC have a distinct profile of somatic mutations. For instance, mutations in 
GNA13 are found in GCB but are rare in other B-cell lymphoma subtypes[21], whereas the MYD88 
L265P mutation is found in ABC but is rarely identified in GCB DLBCL[21]. Thus, mutational 
information can assist in providing an accurate diagnosis, for example for the differential diagnosis of 
DLBCL from primary mediastinal large B-cell lymphoma (PMBCL, a relatively rare NHL with large B-
cell morphology)[22], mantle cell lymphoma, or grade 3 FL. In addition, relapse has been associated 
with mutations in certain genes, such as the B2M and CD58 immune surveillance genes[23].
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Recent findings suggest that tumor genotype also influences treatment response. For example, whole 
genome sequencing analysis of 20 patients with high-risk GCB DLBCL revealed that those with cryptic 
rearrangements of MYC or BCL2 (not detectable by FISH) had worse outcomes to R-CHOP[24]. 
Moreover, ABC tumors that harboured both a mutation in CD79B and the MYD88 L265P mutation were 
more sensitive to the BTK inhibitor ibrutinib, whereas NOS subtype tumors with the MYD88 L265P 
mutation and CD79B wild-type showed a poor response to ibrutinib[25].

Although NGS of DLBCL is not currently recommended in routine clinical practice[1,16], huge efforts 
are underway to characterize the prognostic value and thus functional impact of driver mutations, for 
instance via the whole-exome sequencing of 1001 DLBCL samples[26].

Such large-scale studies using NGS techniques together with copy-number analysis, to identify genes 
with recurrent alterations with prognostic value, have led to the proposition of new DLBCL classific-
ations. After studying 574 DLBCL biopsy samples Schmitz et al[27] proposed four genetic subtypes 
termed MCD (based on the co-occurrence of MYD88 and CD79B mutations), BN2 (based on BCL6 
fusions and NOTCH2 mutations), N1 (based on NOTCH1 mutations), and EZB (based on EZH2 
mutations and BCL2 translocations). These subtypes differed in their responses to immunochemo-
therapy, with favorable survival in the BN2 and EZB subtypes and inferior outcomes in the MCD and 
N1 subtypes[27], whereas MCD and N1 subtypes responded well to R-CHOP with ibrutinib[28]. 
Importantly, data on the BN2 subtype, with overlap with the NOS subgroup, revealed that patients are 
likely to be responsive to antagonists of B-cell receptor signaling such as the BTK inhibitors. Similarly, 
Chapuy et al[29] studied 304 DLBCL biopsies and identified six genetic subgroups. Of note, mutations in 
CD79B were associated with relapse independently of the subtype or International Prognostic Index 
(IPI) risk group[30].

MOLECULAR ANALYSES IN FL
Mutations in genes encoding epigenetic modifiers (and the resultant pattern of aberrant DNA 
methylation) are a molecular hallmark of FL (Table 1)[31,32]. Moreover, such mutations are likely to be 
early driver events[33].

NGS studies have revealed that the acquisition of additional mutations contributes to disease 
progression and the risk of transformation of FL to DLBCL. For example, TP53 mutations have been 
associated with shorter progression-free survival and OS[34,35], while the gain of mutations in genes 
such as EBF1, MYD88 and TNFAIP3 are associated with progression to a more aggressive disease[32]. 
Additionally, expression studies have revealed chromosome regions, such as 1p36 and 6q21 deletion 
associated with transformation[36]. Thus, genetic analyses can improve the prognostication of patients 
with FL[37].

In the case of FL, the mutational status of seven genes (EZH2, ARID1A, MEF2B, EP300, FOXO1, 
CREBBP and CARD11) was added to the preexisting Eastern Cooperative Oncology Group (ECOG) 
performance status, FL International Prognostic Index (ECOG PS and FLIPI) risk stratification 
algorithms to develop the m7-FLIPI risk score[38]. Application of the m7-FLIPI risk score defined a 
high-risk group with a significantly shorter failure-free survival after receiving first-line R-CHOP.

Specifically, mutations in EZH2 were associated with the low-risk m7-FLIPI group and with higher 
OS[38]. As such, the presence or absence of the EZH2 Y646 point mutation can help decide the 
chemotherapy regime in a patient-specific manner, since patients with such a mutation were shown to 
respond well to R-CHOP[38] (higher OS and lower relapse rate) while patients without this mutation 
responded better to bendamustine[39].

Although the m7-FLIPI was not prognostic for FL patients who received rituximab, patients with 
EZH2 mutations had longer time to treatment failure while EP300 mutations were associated with 
shorter time to treatment failure[40]. Therefore, it remains to be determined if the m7-FLIPI risk score is 
prognostic for FL patients treated with other chemotherapy regimes other than R-CHOP. Furthermore, 
the use of such risk scores in the routine clinical practice is not common, partly due to lack of 
availability of mutational studies in some centers[41].

TARGETED THERAPIES IN DLBCL
It is clear that improvements in DLBCL outcomes will rely on an increased understanding of the 
different pathogenic pathways affected by each DLBCL subtype. Indeed, an in silico drug discovery 
analysis showed that 46% of cases harbored at least one genomic alteration considered to be a potential 
drug response target (according to early clinical trials or preclinical assays in DLBCL or other B-cell 
lymphomas)[30].

But, to date, only one targeted therapy against a molecular driver has been approved for DLBCL – 
selinexor – although many others are in development. Selinexor is a specific inhibitor of the XPO1 
nuclear export transporter protein that was approved by the FDA in June 2020 for the treatment of 
adults with R/R DLBCL NOS, including DLBCL progressed from FL, after at least two previous lines of 
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Table 1 Frequent mutations detected in follicular lymphoma. Adapted from[32,37]

Gene Frequency in FL, %
KMT2D 82

CREBBP 65-70

HIST1H1C and/or HIST1H1E 28

EZH2 20-25

EP300 14

STAT6 12

CARD11 11

TNFAIP3 11

SOCS1 8

TP53 6

FL: Follicular lymphoma.

therapy[42].
Besides targeted agents, many immunotherapy strategies are in development, with the aim to 

promote the immune recognition and cytotoxic attack of T cells or macrophages. Some have achieved 
approval, such as rituximab, a monoclonal antibody against the common surface antigen CD20, and 
polatuzumab vedotin (Pola; Polivy™), an antibody-drug conjugate. Pola includes an anti-CD79B 
monoclonal antibody for cell targeting, which upon binding allows the antineoplastic agent 
monomethyl auristatin E to enter the cell and inhibit microtubule assembly, preventing cell mitosis and 
ultimately causing apoptosis[43]. Pola was approved by the FDA in June 2019 in combination with 
rituximab and bendamustine for the treatment of adults with R/R DLBCL after at least two previous 
lines of therapy. Such strategies have the advantage that the surface antigens they target are universally 
expressed on all DLBCL subtypes.

TARGETED THERAPIES IN FL
Genetic studies have identified epigenetic mechanisms in the pathogenesis of both DLBCL and FL, such 
as acetylation/deacetylation affected by CREBBP and EP300 mutations, or histone methylation changes 
affected by EZH2 mutations. Indeed, Tazemetostat (Tazverik™), an EZH2 inhibitor, was the first 
directed therapy to be approved by the FDA (in June 2020) for the treatment of R/R FL after two lines of 
previous therapy[44]. The EZH2 mutation is predictive of Tazemetostat response but, interestingly, this 
targeted agent was also shown to improve the outcome of patients without an EZH2 mutation[44].

Other FDA-approved agents for R/R FL include four PI3K signaling inhibitors: Idelalisib (July 2014), 
copanlisib (September 2017), duvelisib (September 2018), and umbralisib (February 2021)[45-48]. Further 
information on FL therapies in development can be found in this recent review[37].

CAR-T
Besides targeted therapies, an improved understanding of the genetic and immune biology of DLBCL 
and FL has led to the development of chimeric antigen receptor T-cell (CAR-T) therapies, considered a 
major scientific breakthrough and offering an alternative treatment option for patients with R/R B-cell 
lymphomas[49,50].

In 2020, our center obtained the license to provide the European Medicine Agency-approved anti-
CD19 CAR-T axicabtagene ciloleucel (Yescarta™) and Tisagenlecleucel (Kymriah™) for the treatment of 
adult patients with R/R DLBCL or PMBCL after two or more previous lines of treatment. As of 
February 2021, the third CAR-T lisocabtagene maraleucel (Breyanzi™) also obtained FDA approval for 
the treatment of R/R DLBCL[51].

CAR-T is also an option for the treatment of adult R/R FL patients after two or more previous lines of 
treatment[52,53], following the FDA approval of axicabtagene ciloleucel in March 2021.

The proliferation and persistence of CAR-T cells in the body is an important factor influencing 
therapy durability, with the loss of a CAR-T signal associated with progression of the disease[54]. A 
quantitative TaqMan PCR (qPCR) assay can be used to monitor the number of CAR-T cells circulating in 
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peripheral blood via detection of the quimeric CD19 recognition domain (FMC63)[55]. Flow cytometry is 
an alternative method for CAR-T cell monitoring, but has the disadvantage that it needs to be carried 
out on fresh samples and has lower sensitivity. Future studies are required to explore the correlation 
between the expansion/persistence of CAR-T cells and clinical outcomes including treatment efficacy 
and clinical symptoms.

CIRCULATING CELL-FREE TUMOR DNA
Surgical excision biopsies are the gold-standard technique used in the diagnosis and follow-up of 
patients with lymphomas, although core needle biopsies are a useful and viable alternative under 
certain conditions[56]. However, both surgical excision and core needle biopsies are resource intensive, 
can be painful, and impact negatively on patients, and surgical excision biopsies, in particular, have an 
associated risk of morbidity due to bleeding and infection. Additionally, some lymphomas may not be 
easily accessible which can limit the availability of tissue for genomic studies. Moreover, the extraction 
of genomic DNA from formalin-fixed, paraffin-embedded biopsies for downstream NGS applications is 
not ideal since chemicals used in the fixation can degrade nucleic acids, thus decreasing NGS sensitivity.

Liquid biopsy techniques are currently being explored as non-invasive methods for tumor diagnosis 
and disease monitoring[57]. Circulating cell-free DNA (ctDNA), consisting of highly fragmented DNA 
in plasma that is released by normal or tumor cells that undergo apoptosis or necrosis[58], may better 
reflect intratumoral heterogeneity than can be obtained from a single tissue biopsy. Indeed, in 
comparison with the sequencing of genomic DNA extracted from the diagnostic tissue biopsy, the 
sequencing of ctDNA can identify somatic mutations with a similar accuracy and identified additional 
clinically relevant mutations that were not detected in the diagnostic tissue biopsy[59]. Moreover, the 
analysis of ctDNA could overcome some other limitations of biopsies. For example, in the case of a 
biopsy at an extranodal site, it is not uncommon for the paraffin block to also contain other non-tumoral 
tissue.

Due to their easy accessibility through non-invasive procedures (such as a simple peripheral blood 
draw), ctDNA analyses can be repeated regularly to track lymphomas over time, such as to monitor 
treatment response. Indeed, studies have shown that changes in ctDNA quantification correlated with 
positive responses to chemotherapy and could even detect relapse, months earlier than conventional CT 
scan monitoring[60]. Thus they may also be useful as “surveillance” methods in patients who have 
completed treatment but may be at risk of relapse, e.g. those with mutations in CD79B or those with a 
high pretreatment ctDNA quantitative burden for early relapse detection[32,59].

Future studies are required to optimize the application of ctDNA analyses in the management of 
patients with B-cell lymphomas. Nevertheless, ctDNA is currently used in the clinic in some fields of 
oncology, such as in the molecular profiling of patients with non-squamous non-small cell lung cancer 
at diagnosis, as recommended by the National Comprehensive Cancer Network[61].

IMPLEMENTATION OF MOLECULAR TESTING IN CLINICAL PRACTICE
The application of NGS, together with other molecular techniques, is key to the integration of person-
alized medicine approaches into healthcare services. The use of NGS targeted panels, which focus on a 
limited and relevant set of genes or gene regions that have known associations with a particular 
pathology, produce large quantities of genetic information with diagnostic, prognostic and theranostic 
value with a high sensitivity. The simultaneous analysis of an elevated number of genes (15-200) is more 
resource efficient as it drastically reduces the cost and time required to obtain such genetic information 
enabling a more precise diagnosis and prognosis. Furthermore, the use of NGS permits the detection of 
emerging clones which can help inform disease follow-up and may be associated with treatment 
resistance, thus providing data that can help guide individualized patient therapeutic plans.

In 2016 our team implemented NGS into the routine diagnosis and prognosis of patients with acute 
myeloid leukemia[62]. Since then, the use of NGS has expanded to include a targeted myeloid panel for 
the diagnosis of patients with myeloproliferative neoplasms and myelodysplastic syndromes, a chronic 
lymphocytic leukemia-specific panel, and a panel for the detection of germline hematologic 
malignancies. However, the molecular analysis of B-cell lymphoma samples in our center is currently 
limited to the qPCR-based analysis of several individual genes with prognostic value (including 
MYD88, TP53, and EZH2) to complement the conventional cytometry, IHC and FISH tests used in 
routine clinical practice.

Several commercial gene panels are currently available on the market for the detection of mutations 
with diagnostic, prognostic or theranostic value in DLBCL and FL, given the considerable overlap of 
genetic alterations between GCB DLBCL and FL[32], including Oncomine™ Lymphoma (Ther-
moFisher), FusionPlex® Lymphoma (Archer) and Lymphoma Solution® (SOPHiA).
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Incorporating a comprehensive NGS-based characterization of somatic gene mutations as a precision 
medicine strategy for B-cell lymphomas would assist in the daily practice by refining DLBCL and FL 
classification and prognosis. Importantly, it would also facilitate individualized therapeutic decision-
making for patients and increase treatment opportunities by identifying candidates for clinical trials 
with targeted therapies. However, feasibility studies would be required to determine the clinical utility 
and added value of incorporating an NGS panel in the multidisciplinary diagnostic work-up, since 
“while many stakeholders believe that personalized medicine can provide benefits to patients and the 
healthcare system, payer and providers are often reluctant to change policies and practices without 
convincing evidence of clinical and economic value”[63].

It is also important to consider the limitations of introducing such molecular analyses for B-cell 
lymphomas into routine hematology laboratories. Difficulties arise in interpretation of the results 
generated by extensive NGS panels due to the data’s complexity and uncertainty about the biological 
relevance as not all molecular variants are clinically actionable. For this reason, it is essential to have 
highly trained staff with experience in the interpretation of the clinical impact of tumor variants. Other 
limitations include the economic cost of molecular analyses and the turnaround time, which has a large 
impact on the applicability of genomic tests to clinical decision-making. The potential to multiplex 
lymphoma samples with other targeted panels in the same sequencing run would help optimize the 
resources dedicated to library preparation and sequencing, and minimize the time required to analyze 
patient samples and report results to guide clinical decision-making. This is essential for aggressive B-
cell lymphomas where immediate treatment is frequently required.

CONCLUSION
The incorporation of molecular testing into the routine clinical management of patients with B-cell 
lymphomas via the implementation of a targeted NGS panel would help improve disease subtype classi-
fication, allow the prediction of therapeutic outcome to currently available treatments, and identify 
patients for personalized treatment. Moreover, the optimization of non-invasive ctDNA analysis could 
allow for closer patient monitoring and earlier relapse detection.
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Abstract
Along with the discovery and refinement of serrated pathways, the World Health 
Organization amended the classification of digestive system tumors in 2019, 
recommending the renaming of sessile serrated adenomas/polyps to sessile 
serrated lesions (SSLs). Given the particularity of the endoscopic appearance of 
SSLs, it could easily be overlooked and missed in colonoscopy screening, which is 
crucial for the occurrence of interval colorectal cancer. Existing literature has 
found that adequate bowel preparation, reasonable withdrawal time, and 
awareness of colorectal SSLs have improved the quality and accuracy of detection. 
More particularly, with the continuous advancement and development of 
endoscopy technology, equipment, and accessories, a potent auxiliary tool is 
provided for accurate observation and immediate diagnosis of SSLs. High-
definition white light endoscopy, chromoendoscopy, and magnifying endoscopy 
have distinct roles in the detection of colorectal SSLs and are valuable in 
identifying the size, shape, character, risk degree, and potential malignant 
tendency. This article delves into the relevant factors influencing the detection 
rate of colorectal SSLs, reviews its characteristics under various endoscopic 
techniques, and expects to attract the attention of colonoscopists.
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Core Tip: Because of its unique endoscopic patterns and behavior, sessile serrated lesions (SSLs) are easily 
missing during colonoscopy. SSL is a critical cause of interval colorectal cancer, so it is necessary to 
summarize the endoscopic features of the sessile serrated lesion to help endoscopists make a better identi-
fication and diagnosis.

Citation: Wang RG, Wei L, Jiang B. Current progress on the endoscopic features of colorectal sessile serrated 
lesions. World J Clin Oncol 2023; 14(4): 171-178
URL: https://www.wjgnet.com/2218-4333/full/v14/i4/171.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i4.171

INTRODUCTION
Colorectal cancer (CRC) is a common gastrointestinal malignancy with the third-highest incidence and 
the second-highest mortality rate. In China, more than 550000 new cases were diagnosed and 280000 
deaths took place in 2020[1], severely threatening people's lives and health. With the improvements in 
awareness concerning colonoscopic screening, the occurrence of interval CRC has garnered significant 
attention. Interval CRC refers to the CRC that is not detected during colorectal screening but discovered 
prior to the next recommended screening date[2]. The incidence of interval CRC is a vital indicator in 
assessing the quality of colonoscopic screening. Interval CRC detection in the proximal colon goes 
beyond being merely a test of the patient's bowel preparation since the colonoscopist’s experience is also 
highly relevant.

Colorectal sessile serrated lesions (SSLs) are poorly defined and pale, covered with mucus, and 
hardly distinguishable from the surrounding mucosa. For endoscopists who lack awareness of the 
features of colorectal SSLs, missing or overlooking them becomes inevitable, resulting in the incidence 
of interval CRCs[3]. Related research observed that the occurrence of interval CRCs three years after 
colonoscopy was 3.4%-9.0%[2,4].

Colorectal SSLs may proceed to CRCs through the pathways of BRAF mutation, microsatellite 
instability, CpG island methylation, and the deletion gene of DNA damage repair[5]. It has been 
exhibited that a 15%-30% incidence of CRCs occurs via the serrated pathway, which is known as the 
vital cancer pathway[5,6].

UPDATE ON THE PATHOLOGICAL CLASSIFICATION OF SERRATED LESIONS
During the previous decade, related studies have generated a more accurate description of the 
pathogenesis of intestinal adenocarcinoma. Population-based screening for CRCs has led to a compre-
hensive understanding of precancerous lesions and established a foundation for investigating the 
molecular pathways and biological behaviors of cancerous lesions. Accordingly, WHO renamed the 
sessile serrated adenoma/polyp as SSLs, as these may be flat rather than polypoid, and the association 
with BRAF or KRAS mutation delineates two separate neoplastic pathways.

Currently, the categorization of gastrointestinal tumors classifies serrated lesions as Hyperplastic 
Polyps (HP), SSL, SSL with dysplasia (SSL-D), Traditional serrated adenomas (TSA), and serrated 
tubular villous adenoma (STVA)[7-9].

HP is a benign lesion, and the pathological features are primarily epithelial hyperplasia in the upper 
2/3 of the saphenous fossa, forming small papillae protruding into the lumen of the saphenous fossa, 
which then gives the luminal surface a serrated shape. Based on the cell composition and molecular 
genetic alterations, the two types of HP are the Microvesicular type of Hyperplastic Polyp and the 
Goblet Cell-rich type of Hyperplastic Polyp. Generally, the TSA is pedicled and has villous structures 
but is potentially malignant[10-12]. In contrast to the conventional tubulovillous adenoma, STVA 
usually presents histological changes in advanced adenomas, and the glands are frequently serrated 
when high-grade dysplasia and invasive carcinoma appear.

The histological diagnosis of SSLs necessitates the detection of at least one abnormal crypt. By way of 
illustration, the entire saphenous fossa is serrated and grows horizontally along the mucosal muscular 
layer, the basal expansion, abnormal maturation, and asymmetric proliferation, in which asymmetric 
proliferation causes structural changes in the entire saphenous fossa. This is the fundamental difference 
from the HP[8]. Moreover, SSL-D is histologically heterogeneous. Its abnormal crypt structures—being 
its core feature—differ from the surrounding glands like the appearance of villous structures, which are 
longer and more crowded, complex branching, sieve-shaped crypt, and increased or decreased serration 
compared with the background SSL. The morphology of SSL-Ds is often tanglesome and mixed with 
different subtypes, making it challenging to distinguish the degree of heterogeneous hyperplasia.

https://www.wjgnet.com/2218-4333/full/v14/i4/171.htm
https://dx.doi.org/10.5306/wjco.v14.i4.171
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COLORECTAL SSL-RELATED RISKS
It has been widely recognized that colorectal SSLs essentially differ from HPs, both with regard to 
morphological and pathological characteristics analysis, and instead behave comparably to neoplastic 
lesions with malignant potential.

Meta-analyses have demonstrated that SSLs are associated with an increased risk of concurrent 
progressive tumors. Patients with larger proximal colorectal serrated lesions are at significant risk and 
may require closer monitoring and further completion of a colon examination[13,14]. In light of this, a 
population-based, case-control study from Danish revealed that having an SSL was associated with 3-
fold increased odds for CRC, while having SSL-D was associated with a nearly 5-fold increased odds for 
CRC[15,16].

Reports have confirmed that the risk of developing CRCs in cases with SSL-D is 4.4% within a decade, 
which is higher than that of conventional adenoma (2.3%). This highlights a significantly increased long-
term risk of CRC in patients with SSL[16]. Similarly, correlative studies have found that SSLs have a 
mean duration of 7-15 years before developing SSL-Ds. Then, 3.03%-12.5% of SSLs develop into CRCs 5-
7 years after follow-up[17,18]. However, SSL-Ds progress to CRCs at a much faster rate, and there are 
reports of SSL-Ds rapidly aggravating submucosal invasive carcinomas within one or two years[19-21].

FACTORS AFFECTING THE DETECTION OF COLORECTAL SSLS
As a critical influencing factor in the occurrence of interval CRCs, the detection rate of SSLs can 
effectively evaluate the quality of colonoscopy and assess the level of colonoscopists. A retrospective 
study that included more than 10000 colonoscopies found that bowel preparation, exit time, polyp 
diameter, and adenoma detection rate were linked to the SSL detection rate. Equally important, a 
multivariate analysis underlined that adenoma detection rate was an independent predictor of SSL 
detection rate, implying that patients who developed colorectal adenomas were at higher risk of 
complicating SSL[22].

Additionally, a colonoscopist’s professional experience is vital to the timely and accurate detection of 
colorectal SSLs. Li et al[23] noted that different colonoscopists are independent risk factors for the 
detection rate of proximal colonic serrated lesions. It underscores that inexperienced colonoscopists 
detected serrated lesions at only 16%-83% compared with their experienced counterparts. They also 
found that proximal serrated polyps are more common in men over 50 years old.

ENDOSCOPIC FEATURES OF COLORECTAL SSLS
The development of an endoscopic technique delivers a reliable tool for detecting colorectal SSLs, which 
are not easily distinguishable from the background mucosa. To effectively prevent the incidence of 
interval CRCs, an early diagnosis and treatment of SSLs are crucial, thereby improving the quality of life 
and disease prognosis of patients.

Colorectal SSL characteristics under white light endoscopy
Colorectal SSL and SSL-D are prevalent in the proximal colon, usually > 5 mm in size, accounting for 
approximately 20%-25% of all serrated lesions. Additionally, colorectal SSLs often present with faint 
borders and a pale surface under white light endoscopy. Consequently, distinguishing them from the 
surrounding mucosa is difficult, making them prone to adverse events like missed or delayed diagnoses 
and incomplete resections. Most colorectal SSLs are accompanied by a mucus cap (Figure 1A), which, 
when flushed is not easily differentiated from HP. A further study also uncovered that inconspicuous 
borders and cloud-like surfaces are two independent diagnostic features of colorectal SSL in white light 
endoscopy[24-26]. Meanwhile, colorectal SSL-Ds are often associated with pedicled, bimodal 
appearance, central depression, and reddish color (Figure 1B), which can differentiate SSLs from SSL-
Ds, with one of such features having a sensitivity of 97.7% and a specificity of 85.3% for the diagnosis of 
SSL-Ds[27].

Colorectal SSL characteristics under chromoendoscopy
Both HPs and SSLs are generally challenging and complex to identify when small (< 5 mm). To address 
this issue, the chromoendoscopy technique is adopted.

During endoscopy, chemical dyes (indigo carmine, crystalline violet, acetic acid, among several 
others) spray on the surface of the lesions, so the particles of the stains are deposited within the folds of 
the colorectal SSL lesion and surrounding mucosa. Then, the outlining of the lesion border and surface 
microstructure facilitates the assessment of SSL size and character.

It is important to note that acetic acid spray plays an important role in showing the borders and 
diameter of colorectal SSLs (Figure 2A). The surface morphology of the SSL is clearer and more easily 
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Figure 1 White light endoscopic features of colorectal sessile serrated lesion cases. A: The sessile serrated lesions (SSLs) case with mucus cap 
under white light endoscopy; B: The borders of SSLs are not clearly distinguishable from the surrounding mucosa, and the morphology are cloud-like surface under 
white light. The above figure shows a case of SSL-D which has a reddish surface and a central depression.

Figure 2 Endoscopic features of the colorectal sessile serrated lesion case after acetic acid spray. A: The border of the sessile serrated lesions 
(SSLs) is clearly revealed under acetic acid spray; B: The combined application of acetic acid spray and narrow band imaging can clearly show the borders and 
surface microstructure of SSLs, which is more conducive to endoscopic treatment.

described after acetic acid spray, and its useful in better delineation of the recurrent colorectal SSL[28-
30]. In addition, it has been demonstrated that acetic acid spray can help endoscopists perform cold 
resection of colorectal SSLs more accurately[31] (Figure 2B).

One study classified the chromoendoscopy images of the surface glands of more than 300 SSLs and 
indicated that open Type II (Pit II-O) structures, compared with the conventional Pit II type glands 
opening pattern, were endoscopic characteristics in colorectal SSLs[24]. Moreover, the opening pattern 
of the Pit II-O gland is similar to that of Pit II, and the former is typically surrounded by the latter, but 
the former features an expanded and more rounded shape, reflecting the expansion of the SSL crypt 
(Figure 3).

The image enhanced endoscopy (IEE) is the most common mode of electronic staining used in 
colonoscopy. Narrow band imaging (NBI) is a widely used IEE, which utilizes a filter to screen the 
broadband spectrum of the red, blue, and green light emitted by the light source, leaving only the 
narrowband spectrum for the diagnosis of various digestive disorders. Linked color imaging and blue 
laser imaging (BLI) are the next-generation IEEs, considering that their imaging principle is founded on 
light absorption and reflection by the mucosa of the digestive tract. Then, the lesions appear in a 
different color from the surrounding tissues, yielding a clear distinction between the superficial mucosal 
microvasculature and microstructure. It is also worth noting that the IEE has a brighter and higher 
resolution and is known as the "electron chromatography" technique given that the image observed by 
the IEE resembles a dye-stained image.

Furthermore, the NBI pattern enhances the visibility of colorectal SSLs with a mucus cap and gives it 
a concentrated red color that contrasts more prominently with the background mucosa[32] (Figure 4A). 
Also, both the NBI and BLI generally feature small black spots within the glandular opening of SSLs 
(Figure 4B), which is a critical histological feature within dependent diagnostic value that aids the 
endoscopist to differentiate SSLs from HPs during colonoscopy[25,33]. It has been confirmed that 



Wang RG et al. Sessile serrated lesions, endoscopic features

WJCO https://www.wjgnet.com 175 April 24, 2023 Volume 14 Issue 4

Figure 3 Endoscopic features of the colorectal sessile serrated lesion case after indigo carmine spray. The opening pattern of the Pit II-O gland, 
features an expanded and more rounded shape, dilation of the colorectal sessile serrated lesion surface crypt.

Figure 4 Endoscopic features of colorectal sessile serrated lesion cases under narrow band imaging mode. A: The mucus cap of sessile 
serrated lesions (SSLs) shows a brick-red appearance under narrow band imaging (NBI); B: The expansion of the surface crypt in the SSLs shows a black spot under 
NBI.

dilated and branching vessels in NBI endoscopy differs from the vascular surrounding superficial 
mucosal glands, and irregular capillaries may be observed at sites of colorectal SSL that show dysplasia
[3,34,35].

Additional research showed that the multivariate analysis of the location (proximal colon), size (≥ 10 
mm), glandular opening, and microvascular morphology of the serrated lesions exhibited more than 
90% positive diagnosis of the SSL, which was 2.3 times more advantageous than its single factor 
diagnosis[36,37].

Colorectal SSL characteristics under magnified endoscopy
In identifying neoplastic and non-neoplastic lesions, the value of magnified endoscopy combined with 
chromoscopy has been extensively evident. Close observation of the surface pattern of lesions with a 
specific combination can effectively predict its pathological characteristics and even the depth of 
invasion. Relevant literature has demonstrated that Type II-O glands can be used as an indicator to 
differentiate between SSLs and HPs. The Pit II-O glands also suggest histological variation in the 
morphology of colorectal SSL glands, significantly boosting the accuracy of diagnosing SSLs[38]. For 
large colorectal SSLs, magnified endoscopic findings of not only Type II-O glands but also those 
possibly mixed with Types IIIL, IV, Vi, and Vn glands at the same time often prompt SSL-Ds or cancers
[24,27] (Figure 5A).

Magnified endoscopy combined with IEE can further develop the visualization of microvessels 
(Figure 5B). The varicose microvessels, running through the deep layer of mucosa, on the lesion surface 
of colorectal SSL, differ from those around the mucosal glands[37]. A similar study in China pointed out 
a statistical difference between magnified endoscopy and chromic endoscopy for varicose microvessels 
in predicting colorectal SSLs and HPs[35].
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Figure 5 Endoscopic features of the colorectal sessile serrated lesion case under chromoscopy combined with magnified endoscopy. A: 
Crystalline violet spray makes the surface glandular structure of colorectal sessile serrated lesions (SSLs) more visible, and combined with magnified endoscopic 
observation is useful for inferring the pathological characteristics of the lesion; B: Blue light imaging combined with magnified endoscopic observation of the 
microstructure of the SSL surface revealed that the SSL-D case have a Pit III and/or Pit IV type of glandular duct opening pattern based on Pit II-O, and varicose 
microvessels on the surface of the lesion are found.

CONCLUSION
Colorectal SSL is potentially malignant and has a higher risk of malignancy than conventional tubular 
adenomas, thereby making an immediate diagnosis or early detection in colonoscopic screening 
especially important. However, the current diagnosis of SSLs in screening colonoscopy is undeniably 
insufficiently high and often depends on the histopathological diagnosis post-biopsy or resection. With 
advances in endoscopy equipment and imaging techniques, we have witnessed the role of cytoen-
doscopy in diagnosing gastrointestinal tract tumors[39]. In the future, we hope to discover a more 
objective and accurate factor in order to characterize the endoscopic presentation of colorectal SSLs, 
which can swiftly and efficiently identify lesions, reduce missed or delayed diagnoses, and effectively 
decrease the incidence of interval CRCs.

For colorectal SSLs, good bowel preparation is the foundation, and the endoscopist's knowledge and 
experience play an essential role. Ultimately, combining all the predictive factors in colonoscopy 
screening to generate an immediate diagnosis can improve the detection rate.

FOOTNOTES
Author contributions: Wang RG reviewed the literature, wrote and revised the review; Wei L guided the literature 
search and review writing; Jiang B guided the topic selection, reviewed and suggested revisions.

Conflict-of-interest statement: All authors declare that there is no conflict-of-interest.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by 
external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-
NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license 
their derivative works on different terms, provided the original work is properly cited and the use is non-
commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: China

ORCID number: Rui-Gang Wang 0000-0002-9053-5329; Lai Wei 0000-0003-2326-1257; Bo Jiang 0000-0002-7768-7600.

S-Editor: Ma YJ 
L-Editor: A 
P-Editor: Li X

REFERENCES
Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray F. Global Cancer Statistics 2020: 
GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin 2021; 

1

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-9053-5329
http://orcid.org/0000-0002-9053-5329
http://orcid.org/0000-0003-2326-1257
http://orcid.org/0000-0003-2326-1257
http://orcid.org/0000-0002-7768-7600
http://orcid.org/0000-0002-7768-7600


Wang RG et al. Sessile serrated lesions, endoscopic features

WJCO https://www.wjgnet.com 177 April 24, 2023 Volume 14 Issue 4

71: 209-249 [PMID: 33538338 DOI: 10.3322/caac.21660]
2 Sanduleanu S, le Clercq CM, Dekker E, Meijer GA, Rabeneck L, Rutter MD, Valori R, Young GP, Schoen RE; Expert 

Working Group on ‘Right-sided lesions and interval cancers’, Colorectal Cancer Screening Committee, World Endoscopy 
Organization. Definition and taxonomy of interval colorectal cancers: a proposal for standardising nomenclature. Gut 
2015; 64: 1257-1267 [PMID: 25193802 DOI: 10.1136/gutjnl-2014-307992]

3 Murakami T, Sakamoto N, Fukushima H, Shibuya T, Yao T, Nagahara A. Usefulness of the Japan narrow-band imaging 
expert team classification system for the diagnosis of sessile serrated lesion with dysplasia/carcinoma. Surg Endosc 2021; 
35: 4528-4538 [PMID: 32909209 DOI: 10.1007/s00464-020-07967-w]

4 Burr NE, Derbyshire E, Taylor J, Whalley S, Subramanian V, Finan PJ, Rutter MD, Valori R, Morris EJA. Variation in 
post-colonoscopy colorectal cancer across colonoscopy providers in English National Health Service: population based 
cohort study. BMJ 2019; 367: l6090 [PMID: 31722875 DOI: 10.1136/bmj.l6090]

5 Dekker E, Tanis PJ, Vleugels JLA, Kasi PM, Wallace MB. Colorectal cancer. Lancet 2019; 394: 1467-1480 [PMID: 
31631858 DOI: 10.1016/S0140-6736(19)32319-0]

6 East JE, Atkin WS, Bateman AC, Clark SK, Dolwani S, Ket SN, Leedham SJ, Phull PS, Rutter MD, Shepherd NA, 
Tomlinson I, Rees CJ. British Society of Gastroenterology position statement on serrated polyps in the colon and rectum. 
Gut 2017; 66: 1181-1196 [PMID: 28450390 DOI: 10.1136/gutjnl-2017-314005]

7 Ahadi M, Sokolova A, Brown I, Chou A, Gill AJ. The 2019 World Health Organization Classification of appendiceal, 
colorectal and anal canal tumours: an update and critical assessment. Pathology 2021; 53: 454-461 [PMID: 33461799 
DOI: 10.1016/j.pathol.2020.10.010]

8 Nagtegaal ID, Odze RD, Klimstra D, Paradis V, Rugge M, Schirmacher P, Washington KM, Carneiro F, Cree IA; WHO 
Classification of Tumours Editorial Board. The 2019 WHO classification of tumours of the digestive system. 
Histopathology 2020; 76: 182-188 [PMID: 31433515 DOI: 10.1111/his.13975]

9 Li J, Teng XD, Lai MD. [Colorectal non-invasive epithelial lesions: an update on the pathology of colorectal serrated 
lesions and polyps]. Zhonghua Bing Li Xue Za Zhi 2020; 49: 1339-1344 [PMID: 33287530 DOI: 
10.3760/cma.j.cn112151-20200330-00272]

10 Ng SC, Ching JY, Chan VC, Wong MC, Tang R, Wong S, Luk AK, Lam TY, Gao Q, Chan AW, Wu JC, Chan FK, Lau 
JY, Sung JJ. Association between serrated polyps and the risk of synchronous advanced colorectal neoplasia in average-
risk individuals. Aliment Pharmacol Ther 2015; 41: 108-115 [PMID: 25339583 DOI: 10.1111/apt.13003]

11 Crockett SD, Nagtegaal ID. Terminology, Molecular Features, Epidemiology, and Management of Serrated Colorectal 
Neoplasia. Gastroenterology 2019; 157: 949-966.e4 [PMID: 31323292 DOI: 10.1053/j.gastro.2019.06.041]

12 Song YR, Song SZ, Gong AX. [Advancement in the study of carcinogenesis mechanism and endoscopic diagnosis of 
colorectal serrated lesions]. Chinese Journal of Digestive Endoscopy 2021; 38(5): 412-415 [DOI: 
10.3760/cma.j.cn321463-20200420-00093]

13 Jung YS, Park JH, Park CH. Serrated Polyps and the Risk of Metachronous Colorectal Advanced Neoplasia: A Systematic 
Review and Meta-Analysis. Clin Gastroenterol Hepatol 2022; 20: 31-43.e1 [PMID: 33007512 DOI: 
10.1016/j.cgh.2020.09.051]

14 Gao Q, Tsoi KK, Hirai HW, Wong MC, Chan FK, Wu JC, Lau JY, Sung JJ, Ng SC. Serrated polyps and the risk of 
synchronous colorectal advanced neoplasia: a systematic review and meta-analysis. Am J Gastroenterol 2015; 110: 501-9; 
quiz 510 [PMID: 25756237 DOI: 10.1038/ajg.2015.49]

15 Gupta S, Lieberman D, Anderson JC, Burke CA, Dominitz JA, Kaltenbach T, Robertson DJ, Shaukat A, Syngal S, Rex 
DK. Recommendations for Follow-Up After Colonoscopy and Polypectomy: A Consensus Update by the US Multi-
Society Task Force on Colorectal Cancer. Gastroenterology 2020; 158: 1131-1153.e5 [PMID: 32044092 DOI: 
10.1053/j.gastro.2019.10.026]

16 Erichsen R, Baron JA, Hamilton-Dutoit SJ, Snover DC, Torlakovic EE, Pedersen L, Frøslev T, Vyberg M, Hamilton SR, 
Sørensen HT. Increased Risk of Colorectal Cancer Development Among Patients With Serrated Polyps. Gastroenterology 
2016; 150: 895-902.e5 [PMID: 26677986 DOI: 10.1053/j.gastro.2015.11.046]

17 IJspeert JE, Vermeulen L, Meijer GA, Dekker E. Serrated neoplasia-role in colorectal carcinogenesis and clinical 
implications. Nat Rev Gastroenterol Hepatol 2015; 12: 401-409 [PMID: 25963511 DOI: 10.1038/nrgastro.2015.73]

18 Deng JW, Fang JW. [Pathway and clinical characteristics of serrated colorectal cancer]. National Medical Journal of 
China 2020; 100 (34): 2716-2720 [DOI: 10.3760/cma.j.cn112137-20191230-02854]

19 Omori K, Yoshida K, Tamiya S, Daa T, Kan M. Endoscopic Observation of the Growth Process of a Right-Side Sessile 
Serrated Adenoma/Polyp with Cytological Dysplasia to an Invasive Submucosal Adenocarcinoma. Case Rep Gastrointest 
Med 2016; 2016: 6576351 [PMID: 27437153 DOI: 10.1155/2016/6576351]

20 Kinoshita S, Nishizawa T, Uraoka T. Progression to invasive cancer from sessile serrated adenoma/polyp. Dig Endosc 
2018; 30: 266 [PMID: 29168233 DOI: 10.1111/den.12988]

21 Amemori S, Yamano HO, Tanaka Y, Yoshikawa K, Matsushita HO, Takagi R, Harada E, Yoshida Y, Tsuda K, Kato B, 
Tamura E, Eizuka M, Sugai T, Adachi Y, Yamamoto E, Suzuki H, Nakase H. Sessile serrated adenoma/polyp showed 
rapid malignant transformation in the final 13 months. Dig Endosc 2020; 32: 979-983 [PMID: 31677187 DOI: 
10.1111/den.13572]

22 Yu-hu L, Lei-lei Z, Gui-quan C, Dong P, Jin C, Shi-hao, Z. The analysis of detection rate and risk factors of colorectal 
sessile serrated adenoma. Journal of Tropical Medicine  2019; 19 (1): 65-67 [DOI: 10.3969/j.issn.1672-3619.2019.01.016]

23 Li QY, Xiao P, Ling TS, Sun YY, Luo LJ, Liang R, Deng ZJ, Situ WJ. [Detection of proximal serrated polyps:a single-
center retrospective analysis]. Chinese Journal of Digestive Endoscopy 2019; 36 (2): 86-90 [DOI: 
10.3760/cma.j.issn.1007-5232.2019.02.002]

24 Murakami T, Sakamoto N, Ritsuno H, Shibuya T, Osada T, Mitomi H, Yao T, Watanabe S. Distinct endoscopic 
characteristics of sessile serrated adenoma/polyp with and without dysplasia/carcinoma. Gastrointest Endosc 2017; 85: 
590-600 [PMID: 27663716 DOI: 10.1016/j.gie.2016.09.018]
Hazewinkel Y, López-Cerón M, East JE, Rastogi A, Pellisé M, Nakajima T, van Eeden S, Tytgat KM, Fockens P, Dekker 
E. Endoscopic features of sessile serrated adenomas: validation by international experts using high-resolution white-light 

25

http://www.ncbi.nlm.nih.gov/pubmed/33538338
https://dx.doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/25193802
https://dx.doi.org/10.1136/gutjnl-2014-307992
http://www.ncbi.nlm.nih.gov/pubmed/32909209
https://dx.doi.org/10.1007/s00464-020-07967-w
http://www.ncbi.nlm.nih.gov/pubmed/31722875
https://dx.doi.org/10.1136/bmj.l6090
http://www.ncbi.nlm.nih.gov/pubmed/31631858
https://dx.doi.org/10.1016/S0140-6736(19)32319-0
http://www.ncbi.nlm.nih.gov/pubmed/28450390
https://dx.doi.org/10.1136/gutjnl-2017-314005
http://www.ncbi.nlm.nih.gov/pubmed/33461799
https://dx.doi.org/10.1016/j.pathol.2020.10.010
http://www.ncbi.nlm.nih.gov/pubmed/31433515
https://dx.doi.org/10.1111/his.13975
http://www.ncbi.nlm.nih.gov/pubmed/33287530
https://dx.doi.org/10.3760/cma.j.cn112151-20200330-00272
http://www.ncbi.nlm.nih.gov/pubmed/25339583
https://dx.doi.org/10.1111/apt.13003
http://www.ncbi.nlm.nih.gov/pubmed/31323292
https://dx.doi.org/10.1053/j.gastro.2019.06.041
https://dx.doi.org/10.3760/cma.j.cn321463-20200420-00093
http://www.ncbi.nlm.nih.gov/pubmed/33007512
https://dx.doi.org/10.1016/j.cgh.2020.09.051
http://www.ncbi.nlm.nih.gov/pubmed/25756237
https://dx.doi.org/10.1038/ajg.2015.49
http://www.ncbi.nlm.nih.gov/pubmed/32044092
https://dx.doi.org/10.1053/j.gastro.2019.10.026
http://www.ncbi.nlm.nih.gov/pubmed/26677986
https://dx.doi.org/10.1053/j.gastro.2015.11.046
http://www.ncbi.nlm.nih.gov/pubmed/25963511
https://dx.doi.org/10.1038/nrgastro.2015.73
https://dx.doi.org/10.3760/cma.j.cn112137-20191230-02854
http://www.ncbi.nlm.nih.gov/pubmed/27437153
https://dx.doi.org/10.1155/2016/6576351
http://www.ncbi.nlm.nih.gov/pubmed/29168233
https://dx.doi.org/10.1111/den.12988
http://www.ncbi.nlm.nih.gov/pubmed/31677187
https://dx.doi.org/10.1111/den.13572
https://dx.doi.org/10.3969/j.issn.1672-3619.2019.01.016
https://dx.doi.org/10.3760/cma.j.issn.1007-5232.2019.02.002
http://www.ncbi.nlm.nih.gov/pubmed/27663716
https://dx.doi.org/10.1016/j.gie.2016.09.018


Wang RG et al. Sessile serrated lesions, endoscopic features

WJCO https://www.wjgnet.com 178 April 24, 2023 Volume 14 Issue 4

endoscopy and narrow-band imaging. Gastrointest Endosc 2013; 77: 916-924 [PMID: 23433877 DOI: 
10.1016/j.gie.2012.12.018]

26 Cassese G, Amendola A, Maione F, Giglio MC, Pagano G, Milone M, Aprea G, Luglio G, De Palma GD. Serrated 
Lesions of the Colon-Rectum: A Focus on New Diagnostic Tools and Current Management. Gastroenterol Res Pract 
2019; 2019: 9179718 [PMID: 30774654 DOI: 10.1155/2019/9179718]

27 Murakami T, Sakamoto N, Nagahara A. Endoscopic diagnosis of sessile serrated adenoma/polyp with and without 
dysplasia/carcinoma. World J Gastroenterol 2018; 24: 3250-3259 [PMID: 30090005 DOI: 10.3748/wjg.v24.i29.3250]

28 Yamamoto S, Varkey J, Hedenström P. Acetic acid spray for better delineation of recurrent sessile serrated adenoma in 
the colon. VideoGIE 2019; 4: 547-548 [PMID: 31840127 DOI: 10.1016/j.vgie.2019.08.001]

29 Tribonias G, Theodoropoulou A, Stylianou K, Giotis I, Mpitouli A, Moschovis D, Komeda Y, Manola ME, Paspatis G, 
Tzouvala M. Irrigating Acetic Acid Solution During Colonoscopy for the Detection of Sessile Serrated Neoplasia: A 
Randomized Controlled Trial. Dig Dis Sci 2022; 67: 282-292 [PMID: 33515378 DOI: 10.1007/s10620-021-06858-x]

30 Kono Y, Higashi R, Mizushima H, Shimizu D, Katayama T, Kosaka M, Hirata I, Hirata T, Gotoda T, Miyahara K, 
Moritou Y, Kunihiro M, Nakagawa M, Ichimura K, Okada H. Usefulness of Acetic Acid Spray with Narrow-Band 
Imaging for Identifying the Margin of Sessile Serrated Lesions. Dig Dis Sci 2023 [PMID: 36609732 DOI: 
10.1007/s10620-022-07816-x]

31 Suzuki Y, Ohata K, Matsuhashi N. Delineating sessile serrated adenomas/polyps with acetic acid spray for a more 
accurate piecemeal cold snare polypectomy. VideoGIE 2020; 5: 519-521 [PMID: 33204905 DOI: 
10.1016/j.vgie.2020.05.030]

32 Tadepalli US, Feihel D, Miller KM, Itzkowitz SH, Freedman JS, Kornacki S, Cohen LB, Bamji ND, Bodian CA, 
Aisenberg J. A morphologic analysis of sessile serrated polyps observed during routine colonoscopy (with video). 
Gastrointest Endosc 2011; 74: 1360-1368 [PMID: 22018553 DOI: 10.1016/j.gie.2011.08.008]

33 Yamashina T, Takeuchi Y, Uedo N, Aoi K, Matsuura N, Nagai K, Matsui F, Ito T, Fujii M, Yamamoto S, Hanaoka N, 
Higashino K, Ishihara R, Tomita Y, Iishi H. Diagnostic features of sessile serrated adenoma/polyps on magnifying narrow 
band imaging: a prospective study of diagnostic accuracy. J Gastroenterol Hepatol 2015; 30: 117-123 [PMID: 25088839 
DOI: 10.1111/jgh.12688]

34 Saito S, Tajiri H, Ikegami M. Serrated polyps of the colon and rectum: Endoscopic features including image enhanced 
endoscopy. World J Gastrointest Endosc 2015; 7: 860-871 [PMID: 26240687 DOI: 10.4253/wjge.v7.i9.860]

35 Wang Y, Ren YB, Yang XS, Huang YH, Zhang L, Li X, Bai P, Wang L, Fan X, Ding YM, Li HL, Lin XC. [Comparison 
of endoscopic features between colorectal sessile serrated adenoma/polyp with or without cytologic dysplasia and 
hyperplastic polyp]. Zhonghua Yi Xue Za Zhi 2019; 99: 2214-2220 [PMID: 31434395 DOI: 
10.3760/cma.j.issn.0376-2491.2019.28.012]

36 Yamada M, Sakamoto T, Otake Y, Nakajima T, Kuchiba A, Taniguchi H, Sekine S, Kushima R, Ramberan H, Parra-
Blanco A, Fujii T, Matsuda T, Saito Y. Investigating endoscopic features of sessile serrated adenomas/polyps by using 
narrow-band imaging with optical magnification. Gastrointest Endosc 2015; 82: 108-117 [PMID: 25840928 DOI: 
10.1016/j.gie.2014.12.037]

37 Uraoka T, Higashi R, Horii J, Harada K, Hori K, Okada H, Mizuno M, Tomoda J, Ohara N, Tanaka T, Chiu HM, Yahagi 
N, Yamamoto K. Prospective evaluation of endoscopic criteria characteristic of sessile serrated adenomas/polyps. J 
Gastroenterol 2015; 50: 555-563 [PMID: 25270966 DOI: 10.1007/s00535-014-0999-y]

38 Kimura T, Yamamoto E, Yamano HO, Suzuki H, Kamimae S, Nojima M, Sawada T, Ashida M, Yoshikawa K, Takagi R, 
Kato R, Harada T, Suzuki R, Maruyama R, Kai M, Imai K, Shinomura Y, Sugai T, Toyota M. A novel pit pattern 
identifies the precursor of colorectal cancer derived from sessile serrated adenoma. Am J Gastroenterol 2012; 107: 460-
469 [PMID: 22233696 DOI: 10.1038/ajg.2011.457]

39 Takamaru H, Wu SYS, Saito Y. Endocytoscopy: technology and clinical application in the lower GI tract. Transl 
Gastroenterol Hepatol 2020; 5: 40 [PMID: 32632391 DOI: 10.21037/tgh.2019.12.04]

http://www.ncbi.nlm.nih.gov/pubmed/23433877
https://dx.doi.org/10.1016/j.gie.2012.12.018
http://www.ncbi.nlm.nih.gov/pubmed/30774654
https://dx.doi.org/10.1155/2019/9179718
http://www.ncbi.nlm.nih.gov/pubmed/30090005
https://dx.doi.org/10.3748/wjg.v24.i29.3250
http://www.ncbi.nlm.nih.gov/pubmed/31840127
https://dx.doi.org/10.1016/j.vgie.2019.08.001
http://www.ncbi.nlm.nih.gov/pubmed/33515378
https://dx.doi.org/10.1007/s10620-021-06858-x
http://www.ncbi.nlm.nih.gov/pubmed/36609732
https://dx.doi.org/10.1007/s10620-022-07816-x
http://www.ncbi.nlm.nih.gov/pubmed/33204905
https://dx.doi.org/10.1016/j.vgie.2020.05.030
http://www.ncbi.nlm.nih.gov/pubmed/22018553
https://dx.doi.org/10.1016/j.gie.2011.08.008
http://www.ncbi.nlm.nih.gov/pubmed/25088839
https://dx.doi.org/10.1111/jgh.12688
http://www.ncbi.nlm.nih.gov/pubmed/26240687
https://dx.doi.org/10.4253/wjge.v7.i9.860
http://www.ncbi.nlm.nih.gov/pubmed/31434395
https://dx.doi.org/10.3760/cma.j.issn.0376-2491.2019.28.012
http://www.ncbi.nlm.nih.gov/pubmed/25840928
https://dx.doi.org/10.1016/j.gie.2014.12.037
http://www.ncbi.nlm.nih.gov/pubmed/25270966
https://dx.doi.org/10.1007/s00535-014-0999-y
http://www.ncbi.nlm.nih.gov/pubmed/22233696
https://dx.doi.org/10.1038/ajg.2011.457
http://www.ncbi.nlm.nih.gov/pubmed/32632391
https://dx.doi.org/10.21037/tgh.2019.12.04


WJCO https://www.wjgnet.com 179 April 24, 2023 Volume 14 Issue 4

World Journal of 

Clinical OncologyW J C O
Submit a Manuscript: https://www.f6publishing.com World J Clin Oncol 2023 April 24; 14(4): 179-189

DOI: 10.5306/wjco.v14.i4.179 ISSN 2218-4333 (online)

ORIGINAL ARTICLE

Retrospective Cohort Study

Interaction between age and gender on survival outcomes in 
extramedullary multiple myeloma over the past two decades

Ayrton I Bangolo, Pierre Fwelo, Chinmay Trivedi, Sowmya Sagireddy, Hamed Aljanaahi, Auda Auda, 
Maryama Mohamed, Sonia Onyeka, Miriam Fisher, Jyoti Thapa, Erwin J Tabucanon, Lyuben Georgiev, 
Annetta Wishart, Shilpee Kumari, Conrad Erikson, Mary Bangura, Orent Paddy, Rashmi Madhukar, Eugenio L 
Gomez, Joshua Rathod, Mansi Naria, Basel Hajal, Mohammad Awadhalla, David Siegel, Harsh Parmar, Noa 
Biran, David H Vesole, Pooja Phull, Simcha Weissman

Specialty type: Oncology

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): 0 
Grade C (Good): C, C, C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: van Hest N, United 
Kingdom; Solimando AG, Italy

Received: December 17, 2022 
Peer-review started: December 17, 
2022 
First decision: February 20, 2023 
Revised: February 20, 2023 
Accepted: March 17, 2023 
Article in press: March 17, 2023 
Published online: April 24, 2023

Ayrton I Bangolo, Chinmay Trivedi, Sowmya Sagireddy, Hamed Aljanaahi, Auda Auda, Maryama 
Mohamed, Sonia Onyeka, Miriam Fisher, Jyoti Thapa, Erwin J Tabucanon, Lyuben Georgiev, 
Annetta Wishart, Shilpee Kumari, Conrad Erikson, Mary Bangura, Orent Paddy, Rashmi Madhukar, 
Eugenio L Gomez, Joshua Rathod, Mansi Naria, Basel Hajal, Mohammad Awadhalla, Simcha 
Weissman, Department of Medicine, Palisades Medical Center, North Bergen, NJ 07047, 
United States

Pierre Fwelo, Department of Epidemiology, Human Genetics, and Environmental Sciences, 
UTHealth School of Public Health, Houston, TX 77204, United States

David Siegel, Harsh Parmar, Noa Biran, David H Vesole, Pooja Phull, Division of Myeloma, John 
Theurer Cancer Center, Hackensack, NJ 07601, United States

Corresponding author: Ayrton I Bangolo, MBBS, MD, Doctor, Department of Medicine, 
Palisades Medical Center, 7600 River Road, North Bergen, NJ 07047, United States.  
ayrtonbangolo@yahoo.com

Abstract
BACKGROUND 
Extramedullary multiple myeloma (MM) (EMM) is a rare and aggressive sub-
entity of MM that can be present at diagnosis or develop anytime during the 
disease course. There is a paucity of data on the clinical characteristics and overall 
epidemiology of EMM. Furthermore, there is a scarcity of data on how the 
interaction of age and gender influences the survival of EMM.

AIM 
To evaluate the clinical characteristics of patients with EMM over the past 2 
decades and to identify epidemiologic characteristics that may impact overall 
prognosis.

METHODS 
A total of 858 patients diagnosed with EMM, between 2000 and 2017, were 
ultimately enrolled in our study by retrieving the Surveillance, Epidemiology, and 
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End Results database. We analyzed demographics, clinical characteristics, and overall mortality 
(OM) as well as cancer-specific mortality (CSM) of EMM. Variables with a P value < 0.1 in the 
univariate Cox regression were incorporated into the multivariate Cox model to determine the 
independent prognostic factors, with a hazard ratio (HR) of greater than 1 representing adverse 
prognostic factors.

RESULTS 
From a sample of 858 EMM, the male gender (63.25%), age range 60-79 years (51.05%), and non-
Hispanic whites (66.78%) were the most represented. Central Nervous System and the vertebral 
column was the most affected site (33.10%). Crude analysis revealed higher OM in the age group 
80+ [HR = 6.951, 95% confidence interval (95%CI): 3.299-14.647, P = 0], Non-Hispanic Black 
population (HR = 1.339, 95%CI: 1.02-1.759, P = 0.036), Bones not otherwise specified (NOS) (HR = 
1.74, 95%CI: 1.043-2.902, P = 0.034), and widowed individuals (HR = 2.107, 95%CI: 1.511-2.938, P = 
0). Skin involvement (HR = 0.241, 95%CI: 0.06-0.974, P = 0.046) and a yearly income of $75000+ 
(HR = 0.259, 95%CI: 0.125-0.538, P = 0) had the lowest OM in the crude analysis. Crude analysis 
revealed higher CSM in the age group 80+, Non-Hispanic Black, Bones NOS, and widowed. 
Multivariate cox proportional hazard regression analyses only revealed higher OM in the age 
group 80+ (HR = 9.792, 95%CI: 4.403-21.774, P = 0) and widowed individuals (HR = 1.609, 95%CI: 
1.101-2.35, P = 0.014). Multivariate cox proportional hazard regression analyses of CSM also 
revealed higher mortality of the same groups. Eyes, mouth, and ENT involvement had the lowest 
CSM in the multivariate analysis. There was no interaction between age and gender in the 
adjusted analysis for OM and CSM.

CONCLUSION 
EMM is a rare entity. To our knowledge, there is a scarcity of data on the clinical characteristics 
and prognosis factors of patients with extramedullary multiple myeloma. In this retrospective 
cohort, using a United States-based population, we found that age, marital status, and tumor site 
were independent prognostic factors. Furthermore, we found that age and gender did not interact 
to influence the mortality of patients with EMM.

Key Words: Multiple myeloma; Age; Gender; Mortality; Plasmacytoma
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Core Tip: Very little is known about extramedullary multiple myeloma (EMM), owing to its rarity and 
scarcity of data on the subject. So far it was found that advanced age was the single most important 
prognostic value for poor outcome in EMM. However, how age interacts with gender to affect mortality in 
EMM remains unknown. We found that age did not interact with gender to affect mortality in EMM.
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INTRODUCTION
Multiple myeloma (MM) is a rare cancer with the hallmark of monoclonal plasma cell proliferation in 
the bone marrow[1]. MM accounts for approximately 1%-2% of all cancers. A subclone can thrive and 
grow independent of the bone marrow microenvironment resulting in extramedullary MM (EMM) 
which is an aggressive subentity of MM[2]. Affecting up to 30% of patients with MM, EMM can be 
present either at diagnosis or anytime during the disease process[1,2].

EMM is frequently associated with high-risk cytogenetics. As evidenced by a pilot study, which 
revealed an association of chromosome 1 abnormalities in bone marrow myeloma cells with 
extramedullary progression. Optical mapping showed the potential for refining the complex genomic 
architecture in MM and its phenotypes[3]. Only few studies in the literature have addressed the clinical 
characteristics of patients with EMM[4-8]. Age at the diagnosis of MM and the site of extramedullary 
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https://dx.doi.org/10.5306/wjco.v14.i4.179


Bangolo AI et al. Clinical characteristics of EMM

WJCO https://www.wjgnet.com 181 April 24, 2023 Volume 14 Issue 4

disease have been shown to be independent prognostic factors[4,9]. Furthermore, there is some data 
associating the male gender with MM[5]. However, to the best of our knowledge, there is a lack of 
studies addressing the interaction between age and gender in EMM, which makes our study the first of 
its kind.

To fill in the gaps in the literature, we conducted a retrospective cohort study amongst patients with 
EMM using the Surveillance, Epidemiology, and End Results (SEER) database, to evaluate the 
interaction of age and gender in regard to mortality of EMM as well as independent prognostic factors 
of patients with EMM over the past 2 decades.

MATERIALS AND METHODS
Study design
A population-based retrospective cohort study of patients with EMM was conducted using the SEER 
research. In addition, 18 registries in the November 2020 submission database were also utilized (http:/
/www.seer.cancer.gov). The SEER Program is one of the largest and most authoritative sources of the 
cancer-related dataset in the United States, which is sponsored by the United States National Cancer 
Institute. The SEER 18 database collects cancer incidence, patients’ clinicopathological features, and 
survival data from 18 population-based cancer registries and covers nearly 28% of the United States 
population[9]. This dataset is de-identified and publicly available, thus, the study is exempt from an 
Institutional Review Board’s review. A detailed description of the database and data collection can be 
found elsewhere[10].

Patient selection
Inclusion criteria: All patients with EMM diagnosed from 2000 to 2017 were identified following 
criteria from previous studies[11]. We used site and morphology ICD-O-3 histology/behavior, 
malignant variables codes 9731/3 (i.e., solitary plasmacytoma of bone) and 9734/3 (i.e., extraosseous 
plasmacytoma) to identify patients with EMM. We also restricted our cohort to patients with 2 tumors 
and diagnostic confirmation through positive histology, immunotherapy, or genetic studies. Thus, 
increasing the accuracy of our findings and eliminating possible false-positive diagnoses.

Exclusion criteria: We excluded patients with unknown age at diagnosis, tumor stage, tumor site, or 
race. Lastly, we excluded patients diagnosed through autopsy.

Study variables
Main exposures: Gender (male and female), age (0-39, 40-59, 60-79, and 80+), and their interaction were 
the main exposures of interest.

Sociodemographic and tumor characteristics: Gender, year of diagnosis, extramedullary site of the 
tumor, location, annual salary, Civil status, year of diagnosis, surgical resection, as well as 
chemotherapy, were assessed for the purpose of the study.

Statistical analysis
We performed a crude and adjusted Cox proportional hazard regression to investigate the impact of the 
interaction between age and gender on EMM mortality. Variables with a value < 0.1 in the univariate 
Cox regression model were incorporated into the multivariate Cox proportional analysis to determine 
the independent prognostic factors associated with overall mortality (OM) and cancer-specific mortality 
(CSM), with a hazard ratio (HR) > 1 representing adverse prognostic factors. All tests were two-sided, 
with a confidence interval set as 95% and P value < 0.05 deemed statistically significant. All statistical 
tests were performed by using Software STATA16.1.

RESULTS
We enrolled 858 patients with EMM in our study. The baseline characteristics of our study are 
summarized in Table 1. The male gender (63.25%), age range 60-79 at diagnosis (51.05%), Non-Hispanic 
Whites (66.78 %), and married patients (66.32%) were the most represented groups. The Central 
Nervous System and vertebral column were the most affected location (33.10%). Most patients were 
living in metropolitan areas with a population of at least 1 million people (56.06%). Most patients did 
not receive chemotherapy (81.47%).

A crude analysis of factors associated with all-cause mortality and EMM-related mortality among 
United States patients between 2000 and 2017 is demonstrated in Table 2. Crude analysis revealed 
higher OM in the age group 80+ [HR = 6.951, 95% confidence interval (95%CI): 3.299-14.647, P = 0], 
Non-Hispanic Black population (HR = 1.339, 95%CI: 1.02-1.759, P = 0.036), other bones (HR = 1.74, 

http://www.seer.cancer.gov
http://www.seer.cancer.gov
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Table 1 Demographic and Clinicopathologic characteristics of United States patients with extramedullary multiple myeloma between 
2000 and 2017

Characteristics n %
Total 858 100

Gender

Female 311 36.25

Male 547 63.25

Age at diagnosis, yr

0-39 41 4.78

40-59 309 36.01

60-79 438 51.05

80+ 70 8.16

Race

Non-Hispanic white 573 66.78

Non-Hispanic black 133 15.50

Hispanic 110 12.82

Other 42 4.90

Extramedullary site

CNS and vertebral column 284 33.10

Bones, subcutaneous tissues, connective tissues, and soft tissues of the trunk 108 12.59

Bones, soft tissues, subcutaneous tissues, and connective tissues of the pelvis and sacrum 97 11.31

Bones, soft tissues, subcutaneous tissues, connective tissues, and lymph nodes of the upper extremities 64 7.46

Bones, soft tissues, subcutaneous tissues, and connective tissues of the lower extremities 45 5.24

Bones, soft tissues, subcutaneous tissues, connective tissues, and lymph nodes of the face and skull 60 6.99

Other bones, NOS 37 4.31

Eyes, mouth, and ENT 101 11.77

Lung, breast, and mediastinum 26 3.03

Gastrointestinal tract 18 2.10

Skin 12 1.40

Kidney, suprarenal glands, and retroperitoneum 6 0.70

Living area 

Counties in metropolitan areas of 1 million persons 481 56.06

Counties in metropolitan areas of 250000 to 1 million persons 173 20.16

Counties in metropolitan areas of 250000 persons 76 8.86

Nonmetropolitan counties adjacent to a metropolitan area 77 8.97

Nonmetropolitan counties not adjacent to a metropolitan area 51 5.94

Income per year 

< $35000 12 1.40

$35000-44999 74 8.62

$45000-54999 154 17.95

$55000-64999 232 27.04

$65000-74999 183 21.33

$75000+ 203 23.66



Bangolo AI et al. Clinical characteristics of EMM

WJCO https://www.wjgnet.com 183 April 24, 2023 Volume 14 Issue 4

Marital Status 

Married 569 66.32

Single 106 12.35

Divorced/separated 79 9.21

Widowed 62 7.23

Unknown 42 4.90

CNS: Central Nervous System; NOS: Not otherwise specified.

95%CI: 1.043-2.902, P = 0.034), and widowed individuals (HR = 2.107, 95%CI: 1.511-2.938, P = 0). Skin 
involvement (HR = 0.241, 95%CI: 0.06-0.974, P = 0.046) and a yearly income of $75000+ (HR = 0.259, 
95%CI: 0.125-0.538, P = 0) had the lowest OM in the crude analysis. Crude analysis revealed higher CSM 
in age group 80+ (HR = 10.111, 95%CI: 3.083-33.159, P = 0), Non-Hispanic Black (HR = 1.446, 95%CI: 
1.017-2.055, P = 0.04), other bones (HR = 1.887, 95%CI: 1.044-3.411, P = 0.035) and widowed individuals 
(HR = 2.463, 95%CI: 1.612-3.765, P = 0).

Multivariate cox proportional hazard regression analyses of factors affecting all-cause mortality and 
EMM-related mortality among United States patients between 2000 and 2017 are demonstrated in 
Table 3. Multivariate cox proportional hazard regression analyses only revealed higher OM in the age 
group 80+ (HR = 9.792, 95%CI: 4.403-21.774, P = 0) and widowed individuals (HR = 1.609, 95%CI: 1.101-
2.35, P = 0.014). Multivariate cox proportional hazard regression analyses of CSM showed similar 
findings revealing higher mortality in the age group 80+ (HR = 13.672, 95%CI: 3.915-47.746, P = 0) and 
widowed individuals (HR = 2.085, 95%CI: 1.275-3.409, P = 0.003). Involvement of eyes, mouth and ENT 
sites (HR = 0.425, 95%CI: 0.235-0.768, P = 0.005) had the lowest CSM in the multivariate analysis. 
Importantly, the study also revealed that the interaction between age and gender was not a statistically 
significant predictor of mortality in patients with EMM as shown in Table 4.

DISCUSSION
In this large SEER data-based retrospective cohort study, we demonstrated that EMM was associated 
with a higher OM and CSM in patients greater than 80 years of age and those patients who had been 
widowed. However, interestingly, the interaction between age and gender was not found to be statist-
ically significant in predicting mortality in EMM patients.

EMM is a highly aggressive entity of MM, with clinical behavior distinct from marrow-restricted 
myeloma[12]. EMM is historically known to bear a worse prognosis compared to marrow-restricted 
myeloma[13]. Several studies have been carried out to investigate clinical characteristics and prognostic 
factors of EMM[4-8,12]. However, there is a paucity of data investigating the interaction of age and 
gender in regard to the mortality of EMM.

The interaction between gender and race and its influence on survival disparities in head and neck 
cancers has been well-documented[13]. Furthermore, gender was found to be the most important 
predictor with young and middle-aged females having the most favorable prognosis in non-smokers 
with oral squamous cell carcinoma[14]. However, no study has evaluated the impact of these 
interactions in the EMM population subgroup.

Our study did not reveal any interaction between age, gender, and race in regard to adjusted 
mortality in patients with EMM. Age was found to be the single most important prognostic factor for 
OM and CSM. Age was also found to be an important prognostic factor for the survival of EMM in a 
study by Li et al[5]. Gender and race were not of prognostic value in our cohort reaffirming the similar 
results found in the Li series[5].

Several retrospective studies have found marital status to be an independent prognostic factor in the 
survival of oncologic patients[15-19]. Patients that were married had better survival compared to their 
nonmarried counterparts[20-24]. This was also true in our study, where widowed patients had the 
highest OM and CSM, followed by single and divorced patients. This is perhaps due to the lack of 
psychological and emotional support as well as the increased incidence of depression and other mood 
disorders amongst these individuals, which could directly, or indirectly influence the treatment and 
regular oncology follow-up.

We hope that the results of this study will shed some light on the clinical presentation of this rare and 
aggressive manifestation of MM. In better understanding EMM, we hope to inspire larger prospective 
studies on the management of this subset of patients, which is particularly important in the era of novel 
agents including immunomodulatory agents, proteasome inhibitors, monoclonal antibodies, and, more 
recently, the advent of chimeric antigen receptor T-cell therapy and bispecific agents. This can be 
especially important with the new emergence of microRNAs that help prevent drug resistance when 
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Table 2 Crude analysis of factors associated with all-cause mortality and extramedullary multiple myeloma; related mortality among 
United States patients between 2000 and 2017

Overall mortality EMD MM mortality
Characteristics Crude proportional-hazard ratio (95% confidence 

interval)
Gender

Female 1 (reference) 1 (reference)

Male 1.02 (0.826-1.259) 0.804 (0.611-1.056)

Age at diagnosis, yr

0-39 1 (reference) 1 (reference)

40-59 1.683 (0.82-3.452) 2.409 (0.754-7.696)

60-79 3.271 (1.615-6.627)c 4.918 (1.565-15.461)c

80+ 6.951 (3.299-14.647)c 10.111 (3.083-33.159)c

Race

Non-Hispanic white 1 (reference) 1 (reference)

Non-Hispanic black 1.339 (1.02-1.759)b 1.446 (1.017-2.055)b

Hispanic 0.991 (0.719-1.365) 0.791 (0.495-1.263)

Other 1.016 (0.63-1.639) 1.209 (0.67-2.179)

Extramedullary site

CNS and vertebral column 1 (reference) 1 (reference) 

Bones, subcutaneous tissues, connective tissues, and soft tissues of the trunk 1.53 (1.113-2.102)c 1.187 (0.774-1.82) 

Bones, soft tissues, subcutaneous tissues, and connective tissues of the pelvis and sacrum 1.027 (0.716-1.475) 1.15 (0.746-1.772) 

Bones, soft tissues, subcutaneous tissues, connective tissues, and lymph nodes of the 
upper extremities

1.036 (0.682-1.573) 0.718 (0.391-1.32)

Bones, soft tissues, subcutaneous tissues, and connective tissues of the lower extremities 1.668 (1.058-2.63)b 1.466 (0.814-2.642)

Bones, soft tissues, subcutaneous tissues, connective tissues, and lymph nodes of the face 
and skull

1.135 (0.756-1.702) 0.919 (0.529-1.598)

Other bones, NOS 1.74 (1.043-2.902)b 1.887 (1.044-3.411)b

Eyes, mouth, and ENT 0.929 (0.668-1.293) 0.451 (0.259-0.783)c

Lung, breast, and mediastinum 1.588 (0.895-2.816) 1.278 (0.589-2.773)

Gastrointestinal tract 0.787 (0.367-1.688) 0.55 (0.174-1.745)

Skin 0.241 (0.06-0.974)b 0.195 (0.027-1.403)

Kidney, suprarenal glands, and retroperitoneum 1.861 (0.591-5.86) 0.907 (0.126-6.531)

Living area 

Counties in metropolitan areas of 1 million persons 1 (reference) 1 (reference)

Counties in metropolitan areas of 250000 to 1 million persons 1.021 (0.789-1.322) 0.803 (0.556-1.158)

Counties in metropolitan areas of 250000 persons 0.794 (0.538-1.17) 0.8 (0.482-1.327)

Nonmetropolitan counties adjacent to a metropolitan area 1.099 (0.775-1.559) 0.937 (0.578-1.518)

Nonmetropolitan counties not adjacent to a metropolitan area 1.191 (0.798-1.779) 1.105 (0.647-1.888)

Income per year 

< $35000 1 (reference) 1 (reference)

$35000-44999 0.457 (0.213-0.984)b 0.412 (0.167-1.014)a

$45000-54999 0.356 (0.17-0.745)c 0.33 (0.139-0.782)b

$55000-64999 0.358 (0.174-0.737)c 0.236 (0.101-0.554)c



Bangolo AI et al. Clinical characteristics of EMM

WJCO https://www.wjgnet.com 185 April 24, 2023 Volume 14 Issue 4

$65000-74999 0.328 (0.158-0.681)c 0.292 (0.124-0.685)c

$75000+ 0.259 (0.125-0.538)c 0.24 (0.102-0.563)c

Marital status 

Married 1 (reference) 1 (reference)

Single 1.305 (0.967-1.763)a 1.515 (1.027-2.236)b

Divorced/separated 1.531 (1.094-2.142)b 1.681 (1.084-2.605)b

Widowed 2.107 (1.511-2.938)c 2.463 (1.612-3.765)c

aP < 0.1.
bP < 0.05.
cP < 0.01.
EMD: Extramedullary disease; MM: Multiple myeloma; CNS: Central Nervous System; NOS: Not otherwise specified.

Table 3 Multivariate cox proportional hazard regression analyses of factors affecting all-cause mortality and extramedullary disease 
multiple myeloma related mortality among United States patients between 2000 and 2017

Overall mortality EMD MM mortality
Characteristics

Adjusted proportional hazard ratio (95% confidence interval)
Gender

Female 1 (reference) 1 (reference)

Male 1.256 (0.989-1.594)a 1.022 (0.748-1.397)

Age at diagnosis, yr

0-39 1 (reference) 1 (reference)

40-59 2.206 (1.047-4.647)b 3.154 (0.957-10.395)a

60-79 4.129 (1.974-8.635)c 5.667 (1.738-18.48)c

80+ 9.792 (4.403-21.774)c 13.672 (3.915-47.746)c

Race

Non-Hispanic white 1 (reference) 1 (reference)

Non-Hispanic black 1.315 (0.96-1.802)a 1.34 (0.884-2.03) 

Hispanic 1.034 (0.734-1.457) 0.833 (0.506-1.371) 

Other 1.25 (0.743-2.104) 1.741 (0.916-3.308)a

Extramedullary site

CNS and vertebral column 1 (reference) 1 (reference)

Bones, subcutaneous tissues, connective tissues, and soft tissues of the trunk 1.401 (0.996-1.972)a 1.046 (0.664-1.649)

Bones, soft tissues, subcutaneous tissues, and connective tissues of the pelvis and 
sacrum

0.98 (0.671-1.432) 1.091 (0.689-1.729)

Bones, soft tissues, subcutaneous tissues, connective tissues, and lymph nodes of 
the upper extremities

1.024 (0.661-1.586) 0.672 (0.353-1.279)

Bones, soft tissues, subcutaneous tissues, and connective tissues of the lower 
extremities

1.488 (0.909-2.436) 1.382 (0.733-2.605)

Bones, soft tissues, subcutaneous tissues, connective tissues, and lymph nodes of 
the face and skull

0.99 (0.641-1.53) 0.76 (0.414-1.394)

Other bones, NOS 1.195 (0.694-2.058) 1.199 (0.629-2.284)

Eyes, mouth, and ENT 0.902 (0.631-1.29) 0.425 (0.235-0.768)c

Lung, breast, and mediastinum 1.187 (0.628-2.246) 0.959 (0.392-2.346)

Gastrointestinal tract 0.677 (0.303-1.512) 0.383 (0.114-1.283)

Skin 0.327 (0.08-1.34) 0.325 (0.044-2.394)



Bangolo AI et al. Clinical characteristics of EMM

WJCO https://www.wjgnet.com 186 April 24, 2023 Volume 14 Issue 4

Kidney, suprarenal glands, and retroperitoneum 3.055 (0.881-10.601)a 0.865 (0.108-6.901)

Living area 

Counties in metropolitan areas of 1 million persons 1 (reference) 1 (reference) 

Counties in metropolitan areas of 250000 to 1 million persons 0.957 (0.715-1.282) 0.778 (0.512-1.181)

Counties in metropolitan areas of 250000 persons 0.819 (0.523-1.282) 0.85 (0.47-1.539)

Nonmetropolitan counties adjacent to a metropolitan area 0.997 (0.653-1.522) 0.836 (0.461-1.516)

Nonmetropolitan counties not adjacent to a metropolitan area 0.877 (0.533-1.442) 0.757 (0.379-1.512)

Income per year 

< $35000 1 (reference) 1 (reference)

$35000-44999 0.48 (0.21-1.095)a 0.381 (0.14-1.036)a

$45000-54999 0.452 (0.196-1.04)a 0.375 (0.135-1.044)a

$55000-64,999 0.446 (0.192-1.036)a 0.275 (0.096-0.788)b

$65000-74999 0.413 (0.173-0.983)b 0.381 (0.129-1.121)a

$75000+ 0.324 (0.134-0.783)b 0.29 (0.095-0.878)b

Marital status 

Married 1 (reference) 1 (reference)

Single 1.5 (1.079-2.086)b 1.668 (1.089-2.556)b

Divorced/separated 1.49 (1.037-2.139)b 1.463 (0.908-2.355)

Widowed 1.609 (1.101-2.35)b 2.085 (1.275-3.409)c

aP < 0.1.
bP < 0.05.
cP < 0.01.
EMD: Extramedullary disease; MM: Multiple myeloma; CNS: Central Nervous System; NOS: Not otherwise specified.

Table 4 Joint test analysis of the predictors of extramedullary multiple myeloma and overall mortality among United States 
extramedullary multiple myeloma patients, 2000-2017

MM mortality Overall mortality
Variables

DF χ2 P value χ2 P value

Race/ethnicity 3 5.7436 0.1248 3.2403 0.3560

Age at diagnosis 3 21.2193 < 0.0001 49.2869 < 0.0001

Gender 1 0.5044 0.4776 0.5168 0.4722

Extramedullary Site 11 16.6070 0.1200 15.6578 0.1543

Living area 4 2.1023 0.7169 0.8175 0.9361

Income 5 7.3539 0.1956 7.4157 0.1915

Marital status 3 10.8183 0.0128 11.7967 0.0081

chemotherapy 1 2.3104 0.1285 1.4536 0.2280

Year of diagnosis 17 25.3142 0.0879 16.1848 0.5108

Interaction between age and gender 3 2.1285 0.5462 1.0296 0.7941

DF: Degree of freedom; MM: Multiple myeloma.

combined with anti-MM drug regimens and improve the patient’s management[25].
Our study has several strengths. Firstly, the database used is the largest cancer database in the United 

States. The sample size of the study is non-negligible. Also, owing to the stringent inclusion criteria and 
the fact that we used patients with only confirmed EMM for our diagnosis, we eliminated false positive 
results which increase the accuracy of our study findings. However, a few limitations should be 
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considered in our study. Information could not be obtained on radiotherapy and Hematopoietic Stem 
Cell Transplant. The information on chemotherapy was unfulfilled. Furthermore, the SEER database 
publicly available lacks information on comorbidities, which could lead to missing data on potential 
confounders owing to the retrospective nature of the study.

CONCLUSION
EMM is a rare entity of MM that can be present at diagnosis or develop during the disease course. In 
this large retrospective SEER database-based study, we found that age and gender do not interact to 
influence the mortality of patients with EMM. Age was the single most important prognostic factor. We 
hope that the results of this study will shed light on this important non-significant interaction between 
age and gender in regard to mortality amongst EMM patients and perhaps inspire larger prospective 
studies on this subject.

ARTICLE HIGHLIGHTS
Research background
Age has been established as the single most important prognostic factor of extramedullary multiple 
myeloma (EMM). However, the interaction between age and gender in the mortality of EMM has yet to 
be studied.

Research motivation
The main motivation of this study was to identify independent predictors of outcomes, as well as how 
age and gender interact to affect mortality in EMM.

Research objectives
This study has the objective to establish the overall epidemiology of EMM, as well as the interaction 
between age and gender on mortality.

Research methods
This is a retrospective study involving 858 patients diagnosed with EMM, between 2000 and 2017 using 
the Surveillance, Epidemiology, and End Results database.

Research results
Patients older than 80 years and widowed had higher overall mortality (OM) and cancer-specific 
mortality (CSM). Eyes, mouth, and ENT involvement were protective factors regarding CSM. There was 
no interaction between age and gender in the adjusted analysis for OM and CSM.

Research conclusions
Although age is the single most important prognostic value of mortality in EMM, it does not interact 
with gender to affect mortality in patients with EMM.

Research perspectives
Future prospective studies are needed to better understand the impact of newer agents in the 
management of this aggressive subset of MM.
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Abstract
The therapy of left-sided malignant colonic obstruction continues to be one of the 
largest problems in clinical practice. Numerous studies on colonic stenting for 
neoplastic colonic obstruction have been reported in the last decades. Thereby the 
role of self-expandable metal stents (SEMS) in the treatment of malignant colonic 
obstruction has become better defined. However, numerous prospective and 
retrospective investigations have highlighted serious concerns about a possible 
worse outcome after endoscopic colorectal stenting as a bridge to surgery, partic-
ularly in case of perforation. This review analyzes the most recent evidence in 
order to highlight pros and cons of SEMS placement in left-sided malignant 
colonic obstruction.

Key Words: Colorectal neoplasm; Intestinal obstruction; Endoscopy; Self expandable 
metallic stents; Colorectal surgery; Chemotherapy
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Core Tip: Self-expandable metal stents (SEMS) should be considered as a primary option in palliative 
treatment of malignant left-sided colonic obstruction. In patients with conceivably curable left-sided colon 
cancer, SEMS placement as a bridge to surgery should be carefully discussed, specifically focusing on 
lower risk and lower permanent stoma rates, but potentially higher recurrence rates when compared to 
surgery. In this scenario the endoscopic expertise has a significant impact on the complication rate.

Citation: Russo S, Conigliaro R, Coppini F, Dell'Aquila E, Grande G, Pigò F, Mangiafico S, Lupo M, Marocchi M, 
Bertani H, Cocca S. Acute left-sided malignant colonic obstruction: Is there a role for endoscopic stenting? World 
J Clin Oncol 2023; 14(5): 190-197
URL: https://www.wjgnet.com/2218-4333/full/v14/i5/190.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i5.190

INTRODUCTION
Colorectal cancer (CRC) is the third most frequently diagnosed malignancy in the world and the second 
cause of cancer-related mortality[1]. CRC is still among the most common reason for large bowel 
obstruction in adults and about 20% of patients with CRC are admitted with emergency[2-4]. 
Obstructive CRC most frequently develops in the sigmoid colon, with 75% of tumors located distal to 
the splenic flexure[5]. Emergency surgery (ES) is the standard approach for obstructive right-sided 
colon cancer, along with primary resection and ileocolic anastomosis[6]. However, it is debatable 
whether emergency or radical surgery following stenting as a bridge to surgery (BTS) should be 
considered for obstructive left-sided colorectal cancer[7]. Self- expandable metal stents (SEMS) for BTS 
(Figure 1) have shown excellent short-term results, but related complications such as perforations may 
be disastrous and long-term outcomes are still a matter of debate[8-11].

STENT AS A BRIDGE-TO-SURGERY
Clinical aspects
Over the last decades, many papers have been published on colonic stenting for neoplastic obstruction, 
including randomized controlled trials (RCT), post-hoc analysis and systematic reviews. Moreover, in 
2020 the European Society of Gastrointestinal Endoscopy (ESGE) released updated guidelines on this 
topic[7]. Even though the role of SEMSs in the management of malignant colonic obstruction has been 
better defined, several issues still remain. Although screening programs are widespread in developed 
countries, large bowel obstruction is one of the most common causes of ES in patients with CRC[7,12]. 
For example, in the United Kingdom, the rate of colorectal cancer presenting as an emergency remains 
at 20%[13]. Colonic SEMS placement is mainly suggested for patients who have obstructive symptoms 
and CT-results compatible with obstructing CRC. Acute colorectal obstruction (ACRO) is a medical 
emergency related to CRC that occurs more frequently in patients with advanced disease, in whom ES is 
responsible of significant morbidity and mortality than elective surgery, particularly in aged patients[14,
15]. These patients usually present to the emergency department with nausea, vomiting, constipation 
and/or abdominal distention, often combined with poor intake of food from the previous days[16].

In ACRO, the main therapeutic aim is to decrease colonic distension and to prevent complications (i.e. 
necrosis, perforation), generally associated with pneumoperitoneum and systemic inflammatory 
response syndrome. Therefore, colonic stenting is an interesting option to obtain this goal in ACRO, as a 
BTS and for palliative purposes in patients with advanced and/or unfit for surgery CRC[7,15].

Effective stent placement makes it feasible to perform non-surgical intestinal decompression and 
prepare the colon for a forthcoming elective oncologic resection. Furthermore, in CRC obstruction, the 
proximal colon is frequently dilated with vascular insufficiency, with an increased risk of colostomy/
ileostomy in case of ES. As shown in many studies, in this situation SEMSs may decompress the dilated 
proximal colon, thus obviating the requirement of ES with colostomy/ileostomy[17].

To evaluate the severity of obstruction, in Japan a modified point score system called ColoRectal 
Obstruction Scoring System (CROSS) (Table 1) is widely used. CROSS 0 patients need ES or SEMS 
placement. CROSS 1 or 2 patients are candidates for elective surgery. In CROSS 3 and 4 patients SEMS 
placement is not required because they can receive food. A post hoc analysis of two prospective, 
observational, single-arm multicenter clinical trials demonstrated the short-term high efficacy and safety 
of SEMS placement as a BTS for patients with obstructive CRC classified as CROSS 0, 1, and 2[18].

Clinical success and adverse events
In a large cohort prospective study, the clinical success rate of SEMS placement was 95.5% and the 

https://www.wjgnet.com/2218-4333/full/v14/i5/190.htm
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Table 1 ColoRectal Obstruction Scoring System adapted from Ohki et al[18]

Level of oral intake Score

Requiring continuous decompression 0

No oral intake 1

Liquid or enteral nutrient intake 2

Soft solids, low-residue, and full diet with symptoms of stricure1 3

Soft solids, low-residue, and full diet without symptoms of stricure1 4

1Symptoms of stricture include abdominal pain/cramps, abdominal distension, nausea, vomiting, constipation, and diarrhea, which are related to 
gastrointestinal transit.

Figure 1 Left-sided colorectal cancer obstruction treated with self-expandable metal stents. A: Obstructing cancer of the sigmoid colon; B: 
Endoscopic view after self-expandable metal stents (SEMS) deployment; C: Radiological view of the deployed SEMS.

technical success rate 97.9%. Major adverse events included perforation (2.1%), stent migration (1.0%), 
and stent occlusion (0.8%)[19]. The primary cause of perforation was the procedure itself (0.8%) 
followed by comorbidities (impending perforation, obstructive colitis) not manifest prior to SEMS 
insertion (0.6%). In a retrospective study, the technical success rate for stent placement for left-sided 
malignant colonic obstruction (LS-MCO) and rectal obstruction did not differ, but the clinical success 
rate was lower in patients with rectal obstruction (85.4% vs 92.1%; P = 0.02). In addition, the latter group 
of patients had a higher complication rate (37.4% vs 25.1%; P = 0.01), due to an increased risk of extra-
intestinal cancer[20]. Furthermore, it is well established from the literature that expertise, method, lesion 
characteristics, and the location of the obstruction or architecture of the colon, such as tortuosity, have a 
significant impact on the technical and clinical failure rates for colonic stenting[7,21]. Since there have 
been growing concerns about protracted and technically challenging stent placement in complex 
patients, the Colonic Stent Safe Procedure Research Group, in collaboration with the Japan Gastroenter-
ological Endoscopy Society, has developed mini-guidelines to ensure the procedural safety and efficacy 
for colonic stent placement. A post-hoc analysis[22] of a large multicenter clinical trial identified the risk 
factors for difficult colonic stenting cases such as a CROSS score of 0 before SEMS placement, evidence 
of peritoneal carcinomatosis, tumor site in the right colon, stricture length ≥5 cm and placement of 
multiple SEMSs[22]. In light of this evidence, Kuwai et al[22] concluded that before attempting SEMS 
placement for obstructive CRC clinicians must anticipate technical challenges.

The choice of the stent
Various SEMS have been developed, but they can be classified as covered and uncovered. A recent 
meta-analysis examined the effectiveness of uncovered vs covered stents in treating colonic obstruction 
either as a curative BTS or palliative option. Uncovered SEMSs presented less complications (e.g. tumor 
overgrowth and displacement), longer SEMS patency (mean duration 18 mo), while the risk of tumor 
ingrowth was higher, as expected. Rates of technical success, clinical success, perforation, stool 
impaction and stent obstruction were similar in both groups[21].

It is difficult to make recommendations regarding the SEMS length or diameter, as few studies have 
shown conflicting results. When selecting a stent after fluoroscopic measurement of colonic stricture 
length, it is widely accepted in clinical practice to follow a simple rule: to prepare for stent fores-
hortening, the distal edge of the SEMS should be placed proximal to the obstruction. Furthermore, the 
SEMS length should include 1-2 cm on each side beyond the stricture, considering the extent of 
shortening once deployed[7,17,21,23].
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Is bridge-to-surgery stenting a safe alternative to emergency surgery?
Emergency surgery is burdened by high anastomotic leakage rates, up to 33%[12]. Furthermore a recent 
study suggests that emergency presentation remains an independent poor prognostic indicator after 
curative colorectal resection[24]. The optimal management of left-sided malignant large bowel 
obstruction is less clear than the right-sided cancer where the surgical approach is highly recommended
[25].

Several surgical options exist for left-sided bowel obstruction including primary resection (with or 
without anastomosis), subtotal colectomy (with or without anastomosis) or unfunctioning ileostomy/
colostomy with interval resection[24,25].

For the first time in 1994 Tejero et al[26] described the technique of SEMS placement in 2 patients with 
ACRO as a BTS. Nearly twenty years after this initial description, the debate is still open regarding the 
role of SEMSs as a BTS for symptomatic LS-MCO because interpretation of the literature on this subject 
is still challenging.

The fundamental hypotheses driving the growing interest in SEMS placement are that it can turn ES 
into elective surgery, reducing preoperative morbidity. Webster et al[25] analyzed 19 international 
guidelines for the treatment of LS-MCO from 2010 to 2018 and asked whether ES or stent placement as a 
bridge to surgery was the best procedure in terms of morbidity, mortality and long-term oncological 
outcomes. They concluded that there was a lack of high-quality evidence[25]. The more recent 
guidelines of the European Society of Gastrointestinal Endoscopy recommend to reserve colonic 
stenting in case of clinical symptoms and radiological signs of obstructing CRC, without evidence of 
perforation (strong recommendation, low quality evidence)[7].

In 2011, one of the first multicenter randomized trials comparing ES with colonic stenting as a BTS for 
left-sided CRC showed that colonic stenting had no decisive clinical advantages for global health status, 
mortality, morbidity and stoma rates. Moreover their results raised concerns about overt and silent 
perforations responsible for tumor spread[27].

A systematic review and meta-analysis of RCTs on colonic stenting as a BTS vs ES for acute 
symptomatic malignant left sided colonic obstruction[12] showed that patients treated with SEMS as a 
BTS had less short-term overall morbidity and reduced rates of both permanent and transient stoma. 
Albeit influenced by local expertise, level of obstruction and patient’s clinical status, stenting as a BTS 
for LS-MCO showed lower risk than ES in the short-term morbidity (60 d after surgery). However, 
recurrence rate data between the two groups showed a clear trend in favour of ES over stenting as a BTS 
(26% vs 40%), although this was not statistically significant.

In a subsequent multicenter randomized controlled trial (ESCO trial) comparing stenting as a BTS to 
ES for malignant colonic obstruction, Arezzo et al[28] reported a similar short term complications rate 
between the two groups but a higher stoma rate in the ES group (P = 0.031). Looking at the long term 
oncologic results of the ESCO trial, no difference was observed between the two groups in terms of 
overall survival, time to progression and disease free survival[29].  These results have also been 
confirmed in a more recent meta-analysis by Cirocchi et al[30].

While the majority of studies tried to understand if SEMS placement is more convenient than ES[12,
31,32], there are few studies comparing the bridge to elective surgery approach such as decompressive 
stoma (DS) vs SEMS placement. Creation of a DS is a quite simple procedure with a near 100% success 
rate and can be performed in almost all patients while, as mentioned above, colonic stenting is an 
intervention requiring specific technical skills and expertise (in both colonoscopy and fluoroscopic 
techniques), including the ability to select correctly the patient based on stricture’s length and location, 
and carries risks of adverse events. A population-based cohort study[33] comparing the two bridge to 
elective surgery approaches showed that SEMS appears to be a safest procedure, with a shorter hospital 
admission, as well as in palliative care. In a recent meta-analysis of seven studies (1 prospective, 6 
retrospective), involving 646 and 712 patients who underwent SEMS and DS approaches respectively, 
Zhang et al found a significantly lower complication rate in the SEMS group than in the DS group (8.68 
vs 16.85%; P = 0.004), without differences in short-term mortality and permanent stoma rates. In line 
with the previously cited study[33],  the authors concluded that SEMSs may be a better alternative to DS 
for obstructive CRC, but highlighted the lack of high-quality RCTs[34].

Finally, a newly published randomized trial with a longer follow-up (3 y) and larger population 
compared to prior studies, randomized patients with left-sided obstructive colon cancer to colonic 
stenting or surgical decompression. The authors showed that among patients undergoing potentially 
curative treatment, there were no significant differences in 30-d postoperative mortality or duration of 
hospital stay between stenting followed by delayed elective surgery and emergency surgery group. 
Moreover the use of a stoma resulted more frequent in patients treated with immediate surgery than in 
patients treated with SEMS (67.9% vs 47.5%; P = 0.003), without substantial differences in peri-operative 
morbidity, intensive care use, quality of life and 3-y recurrence or mortality[35].

Timing of surgery
The proper timing of surgery subsequent to SEMS placement as a BTS is not clear yet. Adequate radial 
stent expansion, ischemia reversibility of the colon proximal to the stricture and colon cleansing require 
sufficient time after SEMS deployment. In order to reduce the risk of stoma and postoperative complic-
ations, such as anastomotic leaks, abscesses, and wound’s problems, surgery should be postponed for at 
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least 2 wk after SEMS placement. However, long delays in surgery could increase the complications rate 
related to SEMS. Therefore, surgery is suggested approximately 14 d after SEMS insertion[7,17].

STENT AS PALLIATIVE TREATMENT
Three randomized controlled trials compared SEMS and decompressive stoma as palliative treatments 
for malignant bowel obstructions[36-38]. Palliative situations included patients unfit for surgery, as well 
as patients with inoperable primary lesions or metastatic disease. Given its effectiveness and the 
enhanced quality of life (QoL) that comes from avoiding a stoma, colonic stenting has been judged to be 
superior in both investigations. In a randomized prospective trial, Fiori et al[37,38] found that the 
mortality and morbidity rates following palliative stenting and colostomies were comparable. However, 
in the stenting group a shorter hospital stay, a faster return to oral intake, and a shorter operating time 
were recorded. On the other hand, a Dutch trial with a similar study design was prematurely stopped 
because of the unacceptable high mortality rate due to perforations in the stenting group. The authors 
hypothesized that the unpredictable high frequency of perforation in the nonsurgical arm could be 
associated with the type of stent used at that time[39].

Stent and chemotherapy
Data about the effects and safety of systemic chemotherapy alone or in association with biological 
agents (anti-VEGF or anti-EGFR) combined with palliative stenting in metastatic colorectal cancer 
(mCRC) patients are lacking.

In a metanalysis including 837 mCRC patients, patients treated with SEMS had similar overall 
survival compared to surgery-treated patients (7.64 mo vs 7.88 mo respectively), shorter time before 
starting chemotherapy (33.36 d vs 15.53 d, P < 0.00001) and lower 30-d mortality (4.2% vs 10.5%, P = 
0.01)[40]. Tumor response to chemotherapy could increase the rate of complications related to stent 
placement, such as stent migration or late perforation, but, on the other hand, could reduce the risk of 
obstruction by maintaining its luminal patency, especially in a palliative setting. A multicenter 
retrospective study included 38 mCRC patients treated with only chemotherapy; major complications 
related to stenting were: Perforation (8%), stent migration (5%), and re-obstruction secondary to tumor 
ingrowth (13%)[41]. A retrospective trial including 72 mCRC patients compared long-term outcomes of 
palliative SEMS in patients treated with chemotherapy or with best supportive care. In the 
chemotherapy group, there was a higher rate of late migration (20% vs 2.4%, P = 0.018, for chemo-
therapy and best supportive care group respectively); patients refractory to chemotherapy reported a 
higher rate of late obstruction in comparison to patients who reached disease control during treatment 
(35.7% in disease progression, 0% in disease control, P = 0.014)[42]. A recent metanalysis evaluated the 
impact of systemic treatment (chemotherapy alone or in association with targeted therapy) on the risk of 
complications after SEMS deployment and on outcome in terms of survival rates. Chemotherapy was 
shown to not be related to a higher risk of SEMS-related complications nor a reduction in the survival 
rates[43].

The introduction of bevacizumab improved outcome of mCRC patients[44], although data about its 
effect on stent placement are still controversial. Moreover, some authors raised the hypothesis of an 
increased risk to develop SEMS-related complications (such as perforation) in patients on bevacizumab
[45,46]. Conversely, other authors demonstrated that the addition of bevacizumab to chemotherapy was 
not related to a higher perforation rate in comparison to chemotherapy alone[47,48]. In an Italian 
retrospective, multicenter study including 91 mCRC patients treated with chemotherapy plus anti-
VEGF or anti-EGFR agents, no correlation between chemotherapy with or without biological therapy, K-
RAS status or risk of SEMS-related complications was shown[46].

These studies had several limitations: Retrospective nature, different outcomes and small sample size, 
patients with heterogeneous characteristics and different settings. At the state of the art more 
prospective and randomized trials to define the outcome and safety of the association of SEMS 
placement and systemic treatment are needed.

CONCLUSION
Colonic stenting is a well-recognized palliative approach for treating malignant left-sided colonic 
obstruction, with high rates of technical and clinical success. Especially in patients with poor general 
condition and limited life expectancy, it may allow for an early hospital discharge, an improved QoL 
and prolonged survival in comparison to surgery.

SEMS placement as a BTS has the advantage to convert an ES into an elective one, reducing 
preoperative morbidity, allowing for adequate oncological staging, good colonic preparation and faster 
initiation of chemotherapy. Although numerous prospective and retrospective investigations have 
highlighted serious concerns about tumor seeding after endoscopic colorectal stent placement, partic-
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ularly in cases of perforation, recent high quality studies displayed encouraging results. Operator 
expertise remains a key element to ensure accurate stent placement and restoration of bowel function 
with a low rate of complications. For this reason, this approach should be considered a standard practice 
only in experienced high-volume referral centers and clinicians should carefully select the patients fit for 
an endoscopic decompressing approach before starting the procedure.

In conclusion, further evidence from prospective, ideally randomized trials on the probability of 
tumor recurrence following stenting is necessary to show the long-term safety of stenting as a BTS. Until 
then, the evident short-term advantages, combined with the high mortality rate in frail and elderly 
patients, should be weighed against the potential long-term threats of tumor recurrence.
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Abstract
The body of evidence investigating human epidermal growth factor receptor-2 
(HER2) directed therapy in patients with breast cancer (BC) has been growing 
within the last decade. Recently, the use of tyrosine kinase inhibitors (TKIs) has 
been of particular interest in the treatment of human malignancies. This literature 
commentary is intended to highlight the most recent findings associated with the 
widely-studied TKI agents and their clinical significance in improving the 
outcomes of HER2 positive BC.

Key Words: Human epidermal growth factor receptor-2 positive breast cancer; Tyrosine 
kinase inhibitors; Lapatinib; Pyrotinib; Tucatinib; Trastuzumab

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Newly published randomized controlled trials within the past two years have 
provided compelling evidence on the use of tyrosine kinase inhibitors (TKIs) such as 
Lapatinib, Pyrotinib, Neratinib, Tucatinib, Ruxolitinib, and Afatinib. Several of these 
agents were found to offer better outcomes in terms of progression-free survival when 
combined with other agents. While some TKIs, namely Lapatinib, and Neratinib, are 
supported with a large amount of data than others, the medical literature still lacks 
substantial evidence to draw a clinical conclusion that could modify/add to the present 
recommendations in human epidermal growth factor receptor-2 positive breast cancer 
treatment guidelines.
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INTRODUCTION
In 2022, breast cancer (BC) has been the most common cause of cancer-related mortality in women in the 
United States[1]. Amongst all confirmed BC cases, human epidermal growth factor receptor-2 (HER2) 
positive BC is estimated to comprise around 15%-20%[2]. Thus, the emergence of HER2-directed 
therapy, namely, humanized monoclonal antibodies (mAbs), has transformed the path of BC outcomes. 
The first agent, Trastuzumab, was approved by the United States Food and Drug Administration (FDA) 
in the past two decades and has revolutionized the treatment modalities[3]. Soon after the approval of 
other mAbs such as Pertuzumab, and ado-Trastuzumab emtansine, several tyrosine kinase inhibitors 
(TKIs) have also been approved as targeted therapies[4]. Figure 1 illustrates various TKIs and their 
targets. Within the last two years (2021 and 2022), significant additions to the literature were made on 
the use of TKIs in HER2 positive BC. This commentary aims to highlight the most recent findings 
published in the literature up to this date. Furthermore, since all TKIs, (e.g., Lapatinib, Neratinib, 
Pyrotinib, and Tucatinib) can be used to treat both early stages and metastatic BC (mBC), either in 
combination or as monotherapy, their addition to hospital formularies can be of benefit from a pharma-
coeconomic perspective[5]. The summary highlighting the ongoing and completed/terminated clinical 
trials on TKIs in HER2 positive BC patients is given in Table 1.

In a recent phase III randomized controlled trials, dual HER2 blockade with Lapatinib, Trastuzumab, 
and an aromatase inhibitor (AI) was found to be superior compared to a single HER2 blockade with AI 
plus Lapatinib alone or Trastuzumab alone in terms of progression-free survival (PFS) in postmeno-
pausal women [hazard ratio: 0.62 (95%CI: 0.45-0.88); P = 0.0063][6]. However, this trial was intended to 
offer an alternative regimen for patients not receiving chemotherapy, a scenario typically followed 
when chemotherapy is contraindicated[6]. Nevertheless, the question of whether dual blockade with 
Lapatinib + Trastuzumab combination can be superior to first-line chemotherapy in terms of PFS 
remained unanswered.

Conversely, in another phase III trial, Pyrotinib + Capecitabine combination was found to yield 
longer PFS [12.5 mo (95%CI: 9.7–not reached)] as compared to the arm receiving Lapatinib + 
Capecitabine treatment [6.8 mo (5.4–8.1); hazard ratio 0.39 (95%CI: 0.27–0.56); one-sided P < 0.0001][7]. 
However, unlike the above-mentioned trial, the patient population in this trial was comprised of mBC 
patients.

Along similar lines, when Neratinib + Capecitabine (N + C) treatment was compared to Lapatinib + 
Capecitabine (L + C) combination, N + C resulted in longer PFS (Median PFS = 7 mo compared to 5.4 
mo; P = 0.0011)[8]. Besides, the duration of response (DoR) in N + C vs L + C was 11.1 mo vs 4.2 mo (P < 
0.0001), and time to intervention for central nervous system (CNS) illness was 27.9% vs 33.8% (P = 0.039) 
in Asian patients with mBC who had previously received at least two HER2-directed regimens[8]. The 
effectiveness and safety profiles of the N + C combination in the Asian group matched those of the 
general population. The studies indicated that Neratinib may provide further advantages for HER2+ 
mBC patients treated with Trastuzumab-only regimens for their metastatic illnesses such as CNS[8].

With the scarcity of published evidence comparing the efficacy of Tucatinib to other TKIs, the 
question of whether it offers additional PFS benefit was investigated through one network meta-
analysis[9]. The data demonstrated that the combination of Tucatinib + Trastuzumab + Capecitabine is 
regarded as the most effective option in improving both overall survival (OS) and PFS (P = 0.003 and P 
< 0.0001). With OS, the choices of Trastuzumab emtansine (P < 0.004) and Pertuzumab + Trastuzumab + 
Capecitabine (P = 0.011) are comparatively superior. On the other hand, Neratinib and Lapatinib 
resulted in greater improvement in PFS (P = 0.001) when combined with Capecitabine[9].

However, despite the promising efficacy of Tucatinib over other TKIs, it was associated with 
increased levels of serum creatinine, which was concerning regarding its effect on renal function. 
However, the increase in serum creatinine level was found to be attributed to the inhibition of tubular 
secretion of creatinine[10]. Importantly, one study evaluated the use of Tucatinib vs placebo when both 
were combined with Trastuzumab and Capecitabine. It was concluded that Tucatinib can significantly 
improve OS (9.1 mo longer in the Tucatinib group) and delay the progression of brain metastasis 
[hazard ratio, 0.55 (95%CI: 0.36-0.85)][11].

Of note, within the last two years, no additional data regarding Afatinib’s use in HER2 positive BC 
was published. Notably, only one study reported the benefits of Afatinib but the subjects included were 
not limited to BC, and those included BC patients were not HER2 positive[12]. Thus, there is no 
significant update regarding Afatinib’s role in HER2 positive BC treatment.
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Table 1 Main ongoing and completed phase 3 trials evaluating tyrosine kinase inhibitors with HER2+ breast cancer

Study title Conditions Interventions Outcome measures NCT number

Pyrotinib rechallenge in HER2-
positive metastatic breast cancer 
pretreated with Pyrotinib and 
Trastuzumab

HER2-positive breast 
cancer, metastatic 
breast cancer

Trastuzumab plus chemotherapy: 
Trastuzumab in combination with 
Pyrotinib plus chemotherapy

PFS, ORR, AEs NCT05346861
[14]

A study of Pyrotinib plus 
Capecitabine in patients with 
HER2+ metastatic breast cancer

HER2 positive 
metastatic breast 
cancer

Pyrotinib, Capecitabine PFS, ORR, AEs, SAEs, DoR, CBR, OS NCT02973737
[15]

A randomized controlled trial of 
HER2 positive breast cancer 
patients treated with Lapatinib vs 
herceptin

HER2-positive breast 
cancer

Lapatinib/Herceptin DFS, OS NCT03085368
[16]

Tykerb evaluation after 
chemotherapy (TEACH): Lapatinib 
versus placebo in women with 
early-stage breast cancer

Neoplasms, breast Lapatinib This clinical trial has several 
outcomes measures to be evaluated 
including DFS, OS, MDFS

NCT00374322
[17]

Neo altto (neoadjuvant Lapatinib 
and/or Trastuzumab treatment 
optimization) study

Neoplasms, breast Lapatinib, Trastuzumab, Paclitaxel This clinical trial has several 
outcomes measures to be evaluated 
including OS, Par with pCR at the 
ToS, OR at the ToS

NCT00553358
[18]

Lapatinib in combination with 
Trastuzumab versus Lapatinib 
monotherapy in subjects with 
HER2-positive metastatic breast 
cancer

Neoplasms, breast Lapatinib, Trastuzumab PFS, OS, OR, CBR, TTR, DR, change 
from baseline in FACT-B scores at 
week 4, week 12, week 16, week 24, 
and conclusion or withdrawal from 
study

NCT00320385
[19]

Paclitaxel with/without GW572016 
(Lapatinib) as first line therapy for 
women with advanced or 
metastatic breast cancer

Neoplasms, breast Paclitaxel, GW572016 (Lapatinib) This clinical trial has several 
outcomes measures to be evaluated 
including PFS, OS, DoR

NCT00075270
[20]

Continued HER2 suppression with 
Lapatinib plus Trastuzumab vs 
Trastuzumab alone (terminated)

Cancer Lapatinib, Trastuzumab PFS, OS, Best overall response, CBR 
(CR, PR or SD ≥ 24 wk), AE

NCT00968968
[21]

PFS: Progression-free survival; ORR: overall response rate; AEs: Adverse events; SAE; serious adverse events; DoR: Duration of response; OS: Overall 
survival; CBR: Clinical benefit rate; MDFS; Modified disease-free survival; Par: Number of participants; TTR: Time in the therapeutic range; DR: Duration 
of response; pCR: Pathological complete response; DFS: Disease-free Survival; FACT-B: Functional assessment of cancer therapy-breast cancer; OR: Overall 
response; ToS: Time of surgery; NCT: National clinical trial.

With Ruxolitinib, a class of the Janus kinase inhibitors, the first and only study performed so far with 
a Trastuzumab combination indicated that the tolerability data is appealing[12]. However, there was no 
difference in the PFS than that of Trastuzumab alone in mBC patients as compared to the historical 
control[13]. To draw a more robust conclusion regarding Ruxolitinib and explore its implications with 
TKIs, more interventional studies are warranted with larger power using randomized and prospective 
designs since these aspects are lacking in Ruxolitinib studies.

CONCLUSION
In conclusion, while the body of evidence currently available in the literature is still insufficient to offer 
recommendations in the treatment guidelines of HER2 positive BC, the existing studies concluding the 
benefits of TKIs promise hope for patients resistant to conventional first- and second-line treatments.
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Figure 1 Schematic representation of TKIs targeting EGFR and various HER family receptors, leading to the inhibition of downstream 
PI3K and MAPK pathway, resulting in the regulation of cell cycle progression and proliferation. 1The sign denotes inhibition. The authors would 
like to acknowledge Biorender.com software that was used to create Figure 1.
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Abstract
BACKGROUND 
Reactive oxygen species (ROS) are produced by multiple cellular processes and 
are maintained at optimal levels in normal cells by endogenous antioxidants. In 
recent years, the search for potential exogenous antioxidants from dietary sources 
has gained considerable attention to eliminate excess ROS that is associated with 
oxidative stress related diseases including cancer. Propolis, a resinous honeybee 
product, has been shown to have protective effects against oxidative stress and 
anticancer effects against several types of neoplasms.

AIM 
To investigate the antioxidant and anticancer potential of Lebanese propolis when 
applied alone or in combination with the promising anticancer compound 
Thymoquinone (TQ) the main constituent of Nigella sativa essential oil.

METHODS 
Crude extracts of Lebanese propolis collected from two locations, Rashaya and 
Akkar-Danniyeh, were prepared in methanol and the total phenolic content was 
determined by Folin–Ciocalteu method. The antioxidant activity was assessed by 
the ability to scavenge 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical and to 
inhibit H2O2-induced oxidative hemolysis of human erythrocytes. The anticancer 
activity was evaluated by [3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl tetrazolium 
bromide] MTT assay against HCT-116 human colorectal cancer cells and MDA-
MB-231 human breast cancer cells.
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RESULTS 
The total phenolic content of propolis extract from Rashaya and Akkar-Danniyeh were 56.81 µg 
and 83.503 µg of gallic acid equivalent /mg of propolis, respectively. Both natural agents exhibited 
strong antioxidant activities as evidenced by their ability to scavenge DPPH free radical and to 
protect erythrocytes against H2O2-induced hemolysis. They also dose-dependently decreased the 
viability of both cancer cell lines. The IC50 value of each of propolis extract from Rashaya and 
Akkar-Danniyeh or TQ was 22.3, 61.7, 40.44 µg/mL for breast cancer cells at 72 h and 33.3, 50.9, 
33.5 µg/mL for colorectal cancer cells at the same time point, respectively. Importantly, the 
inhibitory effects of propolis on DPPH radicals and cancer cell viability were achieved at half its 
concentration when combined with TQ.

CONCLUSION 
Our results indicate that Lebanese propolis extract has antioxidant and anticancer potential and its 
combination with TQ could possibly prevent ROS- mediated diseases.

Key Words: Lebanese propolis; Thymoquinone; Combination; Antioxidant activity; Anticancer activity; 
Phenolic compounds

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Combining Thymoquinone with Lebanese propolis enhanced its antioxidant activity and its 
anticancer effects against breast and colorectal cancer cells. The combination of these natural products 
could have potential health benefits and could possibly prevent oxidative stress mediated diseases 
including cancer.

Citation: AlDreini S, Fatfat Z, Abou Ibrahim N, Fatfat M, Gali-Muhtasib H, Khalife H. Thymoquinone enhances 
the antioxidant and anticancer activity of Lebanese propolis. World J Clin Oncol 2023; 14(5): 203-214
URL: https://www.wjgnet.com/2218-4333/full/v14/i5/203.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i5.203

INTRODUCTION
Oxidative stress refers to the imbalance between the generation of reactive oxygen species (ROS) and 
their neutralization by endogenous antioxidant systems resulting in an excess of ROS which has 
detrimental effects on key cellular components[1,2]. There are two types of ROS: Free radicals and 
nonradicals. Free radicals are highly reactive molecules because they have at least one unpaired electron 
in their structure and react with different biological macromolecules[3]. Although nonradical species are 
less reactive than free radicals, they can easily cause free radical reactions in living organisms[3,4]. The 
accumulation of ROS causes the peroxidation of cell membrane lipids and cell membrane disintegration, 
alters the configuration of proteins resulting in loss of biochemical functionality in addition to inducing 
DNA mutations and replication errors[2]. Ample evidence shows that ROS-mediated oxidative stress is 
associated with the pathogenesis of various diseases including cancer, cardiovascular diseases, neurode-
generative disorders, and diabetes[5].

Removing excessive ROS by exogenous antioxidants supplementation has long been considered a 
potential strategy to prevent diseases. Over the last decade, there has been considerable interest in the 
intake of natural antioxidants from food and diets to strengthen cell antioxidant defense in humans. A 
recent pilot study demonstrated that a healthy mixed diet rich in antioxidant micronutrients reduced 
the concentration of ROS in the blood of healthy subjects[6]. Another study showed that regular 
consumption of an antioxidant-rich juice increased plasma antioxidant capacity and reduced plasma 
lipid oxidation in healthy individuals[7]. In addition, several clinical trials showed that intake of foods 
rich in antioxidants can potentiate plasma antioxidant capacity and reduce oxidative stress markers in 
subjects with diabetes, obesity, and dyslipidemia[8]. Interestingly, the combination of several antiox-
idants has been suggested to be more potent than the application of single antioxidants given the 
diverse chemistry and biochemistry of ROS, and the interactions that could arise from antioxidants that 
have different modes of action[9].

Propolis is a glue-like resinous material produced by honeybees from various plant sources and used 
in the construction and maintenance of their hives[10,11]. Propolis possesses numerous health-
promoting potentials including anti-inflammatory[12], antioxidant[13], anticancer[14] and antidiabetic 
effects[15]. The chemical composition and therefore the biological effects of propolis vary depending on 
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several factors such as the geographical region, botanical source, and the bee species[16]. The bioactive 
compounds of propolis were reported to effectively scavenge free radicals[17]. Different in vivo studies 
reported the protective effects of propolis against the oxidative stress induced by several exogenous 
oxidants such as cisplatin[18], isoproterenol[19], nicotine[20], UV[21], and carbon tetrachloride[22]. In 
addition, propolis was demonstrated to reduce the blood pressure and suppress oxidative stress in 
heart, liver, and renal tissues in animal models of hypertension[23-25].

Thymoquinone (TQ), the major bioactive constituent of Nigella sativa (black seed) essential oil, was 
extensively studied for its diverse therapeutic benefits including antioxidant, anti-inflammatory, 
anticancer, antibacterial, antifungal and anticonvulsant activity[26]. TQ was reported as a strong 
scavenger of different ROS and was found to inhibit non-enzymatic lipid peroxidation[27]. TQ was 
demonstrated to have a protective effect against oxidative stress induced in rats by different agents such 
as radiation[28], lead[29] and acrylamide[30]. In addition, it reduced the oxidative stress in rat models of 
myocardial infarction[31], diabetes mellitus[32], lung injury[33] and dopaminergic neurodegeneration
[34].

Although the antioxidant potential of propolis and TQ has been well investigated in previous studies, 
there are no studies that have evaluated the antioxidant and anticancer effects of the combination of 
both natural agents. Thus, we aimed to test the antioxidant and anticancer activities of combining TQ 
and propolis that was collected from two locations in Lebanon (Rashaya and Akkar-Danniyeh). We 
evaluated the total phenolic content of both propolis extract and determined the antihemolytic and 
antioxidant activity of propolis and TQ in addition to their anticancer effects against HCT-116 human 
colorectal cancer cells and MDA-MB-231 human breast cancer cells.

MATERIALS AND METHODS
Preparation of thymoquinone 
Fresh stocks of the purified synthetic compound TQ (Sigma-Aldrich) were prepared in methanol 
directly before use.

Preparation of methanol extracts of propolis 
Two samples of raw propolis material were collected, the first from Rashaya district in the Beqaa 
governorate of Lebanon and the second from Akkar-Danniyeh in the north of the country. A mass of 10 
g of raw propolis from each sample was chopped into small pieces and extracted with 100 mL distilled 
water. The extraction was carried at 80ºC for 3 h and the obtained solution was subsequently filtered 
through a Buchner funnel. Residues were then extracted with 100 mL methanol. The extraction was 
carried at room temperature for 4 h then at 50ºC for 15 min. The propolis extracts were subsequently 
filtered three times by Buchner funnel. The obtained filtrate was evaporated by nitrogen gas to obtain 
the methanol propolis extract (MPE). MPE-R denotes MPE from Rashaya and MPE-D denotes MPE 
from Akkar-Danniyeh.

Total phenolic content 
The relative content in phenols was determined according to the Folin Ciocalteu method. Briefly, 100 µL 
of MPE-R or MPE-D (1 mg/mL of methanol) from each sample were mixed with 500 μL of Folin 
Ciocalteu's phenol reagent 10%. After 5 min, 1.5 mL of 2% sodium bicarbonate were added to the 
solution. The mixture was maintained at room temperature in the dark for 30 min after which the 
absorbance was recorded at 760 nm using a spectrophotometer. The total phenolic content was 
calculated using the calibration curve generated from standard solutions of gallic acid ranging from 0 to 
50 μg/mL (y = 0.2811x - 0.3266; R² = 0.956). Total phenolic content was expressed as the average of 3 
independent experiments performed in triplicates and as µg of gallic acid equivalents (GAE)/mg of 
propolis.

DPPH assay
Free radical-scavenger activity was determined by the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay. 
Briefly, 1 mL of MPE-R or MPE-D (10-100 µg/mL) were mixed with 1 mL of DPPH (0.052 mg/mL 
methanol). The reaction mixtures were homogenized and incubated in the dark at room temperature for 
30 min and the absorbance (Abs) was measured at 515 nm by a Gene Quant 1300 UV-Vis spectropho-
tometer. The ascorbic acid was used as a reference antioxidant and a mixture of 1 mL DPPH with 1 mL 
methanol was used as a control. For combination treatments, TQ (12.5-100 µg/mL) was combined with 
MPE-R or MPE-D (10-50 µg/mL) and the experiment was carried as described above. The DPPH 
scavenging ability of the different agents was calculated using the following equation: % DPPH 
inhibition = [(Abs control − Abs sample)]/ (Abs control)] × 100.

H2O2- induced hemolysis
Fresh human blood was washed three times with 1X phosphate-buffered saline (PBS). With every wash, 
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the sample was centrifuged for 12 min at 4ºC and 2500 rpm, the supernatant was discarded, and the 
pellet was resuspended in PBS. Then, the pellet was resuspended in Dulbecco's PBS and 1 mL of the cell 
suspension was mixed with 100 μL of each of MPE-R, MPE-D or TQ at 10, 50, and 100 μg/mL. After 5 
min, 1 mL of 10% H2O2 was added, and the mixture was incubated at 37°C for 90 min and shaken every 
30 min. This was followed by centrifugation at 4°C and 2500 rpm for 10 min and measurement of the 
absorbance of the supernatant at 540 nm. The positive control consisted of a mixture of blood with 10% 
H2O2. The results were expressed as percentage of inhibition of hemolysis. % inhibition of hemolysis= 
[(Abs control − Abs sample)]/(Abs control)] × 100

Hemolytic activity
Fresh human blood was washed three times with 1X PBS. With every wash, the sample was centrifuged 
at 4ºC and 2500 rpm for 12 min, the supernatant was discarded, and the pellet was resuspended in PBS. 
The washed blood was mixed with each of MPE-R or MPE-D (10, 100, 200 µg/mL), TQ (20, 50, 100 µg/
mL) or their combinations. The mixture was kept at 37ºC for 90 min and was shaken every 30 min. The 
samples were then centrifuged at 4ºC, 2500 rpm, for 10 min after which the absorbance of the 
supernatant was recorded at 540 nm. The positive control consisted of a mixture of blood with 1% SDS 
which is known to cause hemolysis. The results were expressed as the percentage of hemolysis. % 
hemolysis= [Abs sample/ Abs control] × 100

Cell culture conditions
HCT-116 human colorectal cancer cells and MDA-MB-231 human breast cancer cells were maintained in 
RPMI 1640 (Lonza; Cat.N: BE12-115F) supplemented with 10% fetal bovine serum (Sigma F9665) and 1% 
penicillin/ streptomycin (Sigma, P4333) in a humidified atmosphere at 37ºC in 5% CO2.

MTT cell viability assay 
HCT-116 and MDA-MB-231 cells were seeded overnight in 96-well microtiter plates at a density of 104 
cells/well. After 24 h, cells were treated with MPE-R, MPE-D or TQ at a concentration ranging from 1-15 
μg/mL or with the combination of MPE-R or MPE-D (0.5-7.5 μg/mL) with TQ (0.5-7.5 μg/mL). After 24, 
48 and 72 h of treatment, cells in each well were incubated with 20 μL of [3-(4, 5-dimethylthiazolyl-2)-2, 
5-diphenyltetrazolium bromide] MTT for 3 to 4 h, then with 100 µL of DMSO for about 1 h. The MTT 
optical density (O.D.) was then measured by a microplate spectrophotometer at 515 nm. The results are 
expressed as percentage of viable cells with respect to the untreated control using this formula: % 
viability = [mean O.D. treatment/mean O.D. control] × 100.

Statistical analysis
Data are presented as means ± SD. Two tailed Student’s t-test was performed to evaluate the statistical 
significance of the difference between the groups using GraphPad Prism V.9.5.0 software. Statistical 
significance was set with a 95% confidence interval at P < 0.05, P < 0.01 and P < 0.0001.

RESULTS
Total phenolic content of propolis varies depending on location
The total phenolic content of propolis extracts was determined by Folin Ciocalteu method and is 
reported as gallic acid equivalents by reference to a standard curve (y = 0.2811x - 0.3266; R² = 0.956). The 
phenolic content was variable depending on location such that the total phenolic content of MPE- D in 1 
mg of propolis was 47% higher than that of MPE-R(Table 1).

TQ enhanced the antioxidant activity of propolis
We then evaluated the ability of propolis extracts to scavenge free radicals using DPPH radical 
scavenging assay. Both propolis extract exhibited a dose-dependent DPPH inhibition efficiency 
suggesting antioxidant potential. MPE-D had higher antioxidant activity than MPE-R as reflected by the 
higher percentages of inhibition recorded at all the concentrations ranging from 20-100 µg/mL. MPE-R 
showed maximum inhibition of DPPH of 56.5% at 100 µg/mL, while inhibition by MPE-D reached 89% 
at 75 and 100 µg/mL (Figure 1A).

To determine whether the antioxidant effects of propolis extracts could be potentiated by TQ, we 
combined each of MPE-R or MPE-D (10-50 µg/mL) with TQ (12.5-100 µg/mL) and evaluated their 
antioxidant activity in comparison to single treatments. Results showed that the combination with TQ 
enhanced the antioxidant activity of propolis extracts. While a dose of 100 µg/mL of MPE-R induced 
56.5% inhibition of DPPH, the combination of 50 µg/mL of MPE-R with 100 µg/mL TQ caused 85.7% 
inhibition. MPE-D alone showed maximal inhibitory effects of 89% at 75-100 µg/mL, while combination 
with 50-100 µg/mL TQ resulted in 84% inhibition at lower concentrations of 25-50 µg/mL (Figure 1B).
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Table 1 Total phenolic content of methanol propolis extract from Rashaya and Akkar-Danniyeh in µg of gallic acid equivalents/mg of 
propolis and µg/mL of methanol propolis extract

TPC (µg GAE/mg) TPC (µg GAE/mL of MPE)

MPE-R 56.81 2.3

MPE-D 83.503 3.997

TPC: Total phenolic content; MPE: Methanol propolis extract; MPE-R: Methanol propolis extract from Rashaya; MPE-D: Methanol propolis extract from 
Akkar-Danniyeh; GAE: Gallic acid equivalents.

Figure 1 2,2-diphenyl-1-picrylhydrazyl free radical scavenging activity of methanol propolis extract alone or in combination with 
Thymoquinone. A: 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging activity of each of methanol propolis extract from Rashaya (MPE-R) and from 
Akkar-Danniyeh (MPE-D; 20-100 µg/mL) alone; B: DPPH free radical scavenging activity of each of MPE-R and MPE-D (10-50 µg/mL) in combination with 
Thymoquinone (TQ; 12.5-100 µg/mL). The samples were mixed with DPPH and the absorbance of the mixture was measured after 30 min. The values are expressed 
as percentage of DPPH percentage inhibition relative to the control. Each value represents the mean ± SD of n = 2 experiments. aP < 0.05 and bP < 0.01 are 
significantly different from control using two-tailed Student's t-test.

Propolis extracts and TQ protected human red blood cells against oxidative hemolysis
We then evaluated the biological relevance of the antioxidant activity of propolis extracts and of TQ by 
testing the protective effects of single treatments against oxidative hemolysis induced by H2O2 in human 
red blood cells. Treatment with MPE-R, MPE-D or TQ exhibited good antihemolytic potential against H2

O2-induced hemolysis. A dose of 10 µg/mL of each of MPE-R, MPE-D and TQ induced 46, 49 and 51% 
decrease in hemolysis, respectively (Figure 2).

The combination of propolis extracts with TQ had no hemolytic activity at low concentrations
To investigate if propolis extracts or TQ are toxic to human red blood cells, we evaluated their hemolytic 
potential at concentrations ranging from 10- 200 µg/mL and 20- 100 µg/mL, respectively. Both MPE-R 
and MPE-D produced less than 5% hemolysis at 10 µg/mL, suggesting that these extracts are not toxic 
to red blood cells at this concentration. Increasing concentrations of MPE-D up to 100 or 200 µg/mL also 
showed low hemolytic activity of 7.8%. Similarly, hemolysis by TQ was less than 5% at all the tested 
concentrations. However, MPE-R induced higher hemolytic response that reached 20% at 200 µg/mL 
(Figure 3A).

Combining 5 µg/mL MPE-R or MPE-D with 10 µg/mL TQ produced less than 5% hemolysis 
suggesting that combinations at these low doses have low hemolytic effects. However, increasing 
concentrations to 50 µg/mL MPE-R and 25 µg/mL TQ or 100 µg/mL MPE-R and 50 µg/mL TQ 
produced 12.7% and 21.9% hemolysis, respectively. Similar concentrations of MPE-D and TQ produced 
7.3% and 13.7% hemolysis, respectively (Figure 3B), suggesting that MPE-R had higher hemolytic effects 
when combined with TQ at higher doses.

TQ potentiated the inhibitory effects of propolis extracts on cancer cell viability
Next, we tested the anticancer activity of propolis extracts when applied alone or in combination with 
TQ. MDA-MB-231 human breast cancer cells and HCT-116 human colorectal cancer cells were treated 
with different concentrations of the natural products for 24, 48 and 72 h after which cell viability was 
assessed by MTT assay. Single treatments with MPE-R or MPE-D (1-15 µg/mL) reduced the viability of 
both cell lines in a dose dependent manner to almost similar levels. Treatment of MDA-MB 231 cells 
with 15 µg/mL of MPE-R, MPE-D or TQ for 72 h caused 34.6%, 18.5% and 24.52% reduction in cell 
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Figure 2 In vitro antihemolytic/cytoprotective activity of each of Thymoquinone and methanol propolis extract from Rashaya and Akkar-
Danniyeh against H2O2- induced oxidative hemolysis. Human red blood cells suspension was preincubated with methanol propolis extract from Rashaya 
(MPE-R), methanol propolis extract from Akkar-Danniyeh (MPE-D), or Thymoquinone (TQ; 10-100 µg/mL) for 5 min. The cell suspension was then incubated with 
10% H2O2 for 90 min at 37°C. The samples were then centrifuged, and the absorbance of the supernatant was measured. The values are expressed as percentage 
of decrease in hemolysis with respect to the positive control (10 % H2O2). Each value is obtained from n = 1 experiment performed in monoplicate.

Figure 3 In vitro hemolytic activity of each of methanol propolis extract from Rashaya and Akkar-Danniyeh alone or in combination with 
Thymoquinone. A: Hemolytic activity of each of methanol propolis extract from Rashaya (MPE-R) and methanol propolis extract from Akkar-Danniyeh (MPE-D; 10-
200 µg/mL) and Thymoquinone (TQ; 20-100 µg/mL); B: hemolytic activity of the combination of MPE- R or- D (5-100 µg/mL) and TQ (10-50 µg/mL). Washed fresh 
human blood was incubated with the natural products for 90 min. The samples were then centrifuged, and the absorbance of the supernatant was measured. The 
values are expressed as percentages of red blood cells hemolysis with respect to the positive control (SDS 1%). Each value represents the mean ± SD of n = 3 
experiments for MPE-R and MPE-D single treatments and n = 1 for TQ single treatment and combination treatments. cP < 0.0001 is significantly different from positive 
control using two-tailed Student's t-test.

viability, respectively. The IC50 value of each of MPE-R, MPE-D or TQ at 72 h was 22.3, 61.7, 40.44 µg/
mL, respectively. Combining lower doses of 7.5 µg/mL MPE-R or MPE-D with 7.5 µg/mL TQ decreased 
cell viability by 48.9% and 39.3%, respectively (Figure 4A and B), suggesting enhanced efficacy by 
combination treatment.

Treatment of HCT-116 cells for 72 h with 15 µg/mL of MPE-R, MPE-D or TQ decreased cell viability 
by 18.6, 14.3 and 26%, respectively. The IC50 value of each of MPE-R, MPE-D or TQ at 72 h was 33.3, 50.9, 
33.5 µg/mL, respectively. Interestingly, the combination of half doses of MPE-R or MPE-D (7.5 µg/mL) 
with 7.5 µg/mL TQ caused a respective decrease in viability of 40.9% and 34.4% at 72 h (Figure 5A and 
B). Thus, combining propolis extracts with TQ enhanced their anticancer activities against breast and 
colorectal cancer cells.

DISCUSSION
The intake of dietary antioxidants is known to support the endogenous antioxidant system and prevent 
oxidative stress-mediated diseases[35]. Studies have shown that combining dietary antioxidants from 
different sources produces more potent antioxidant effects and possibly more effective therapeutic 
potential than single agents. Combining Nigella sativa oil with honey was shown to augment its 
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Figure 4 Anticancer activity of Thymoquinone and methanol propolis extract from Rashaya and Akkar-Danniyeh against MDA-MB-231 
human breast cancer cells. A: Cells were treated with each of methanol propolis extract from Rashaya (MPE-R), methanol propolis extract from Akkar-Danniyeh 
(MPE-D) and Thymoquinone (TQ; 0-15 µg/mL) alone for 24, 48 and 72 h; B: Cells were treated with the combination of each of MPEs (0-7.5 µg/mL) with TQ (0-7.5 
µg/mL) for the same time point. Cell viability was then determined using MTT assay. The values are expressed as percentage of viable cells relative to untreated 
control. Each value represents the mean ± SD of n = 1 experiment performed in duplicates.

antioxidant capacity[36]. In addition, the combination of Nigella sativa seeds and honey exhibited 
antioxidant effects and decreased the viability of ovarian cancer cells[37]. Interestingly, oral intake of 
honey potentiated the protective effect of Nigella sativa grains against methylnitrosourea-induced 
oxidative stress and carcinogenesis in Sprague Dawely rats[38]. Here, we evaluated the antioxidant and 
the anticancer potential of combining propolis, the third most important component of bee products
[39], with TQ as the major bioactive constituent of Nigella sativa essential oil. The key finding of the 
present study is that combining TQ with Lebanese propolis at half its concentration resulted in an 
enhanced antioxidant and anticancer effects in comparison to propolis alone as demonstrated by the 
improved DPPH radical scavenging activity and inhibitory effects against breast and colorectal cancer 
cell lines.

First, we assessed the total phenolic content of propolis collected from two different Lebanese regions 
Rashaya and Akkar- Danniyeh. The phenolic content is the most widely investigated among all the 
components of propolis because it was reported to be mainly responsible for its biological activity[40]. 
According to the results reported by El-Ali et al[41], the total phenolic content of ethanol extract of 
propolis collected from the two Lebanese regions Debaal and Wadi Faara were similar to our study’s 
finding. On the other hand, higher phenolic content values were recorded in the ethanol extract of 
propolis collected from the Lebanese regions Fakeha and Berqayel and the citrus groves of the Lebanese 
coast[41,42]. This variation in total phenolic content of propolis collected from different Lebanese 
regions could be attributed to several factors including the botanical origin of the raw material, mode of 
collection, collecting season, or the solvent used in the extraction method[40].

Next, we assessed the antioxidant activity of MPE-R and MPE-D alone or in combination with TQ 
using DPPH free radical scavenging test. DPPH is a stable nitrogen-centered free radical which color 
changes from violet to yellow when it receives a hydrogen- or electron- from an antioxidant[43]. MPE-R 
and MPE-D exhibited significant DPPH scavenging efficacy reflecting the presence of antioxidants 
within their constituents. Numerous studies reported a positive correlation between antioxidant activity 
of propolis extracts and their contents of phenolic compounds suggesting that they are responsible of 
the antioxidant activity of the extracts[41,44,45]. Phenolics are known to have a hydroxyl group attached 
to their aromatic ring which can donate electron to free radicals and therefore stabilize them[46]. As for 
TQ which is a non-phenolic compound, a recent computational study reported that it attacks free radical 
preferentially at its 3CH position and preferably via hydrogen atom transfer[47].

After demonstrating the antioxidant efficacy of each of MPE-R, MPE-D and TQ, we assessed their 
potential to protect red blood cells from oxidative damage and hemolysis induced by H2O2. Red blood 
cells are highly prone to oxidative damage due to its high membrane concentration of polyunsaturated 
fatty acids[48]. When the membrane lipids of red blood cells are subjected to ROS attack, they lose a 
hydrogen atom from an unsaturated fatty acyl chain. This initiates lipid peroxidation that propagates as 
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Figure 5 Anticancer activity of Thymoquinone and methanol propolis extract from Rashaya and Akkar-Danniyeh against HCT-116 human 
colorectal cancer cells. A: Cells were treated with each of methanol propolis extract from Rashaya (MPE–R), methanol propolis extract from Akkar-Danniyeh 
(MPE-D) and Thymoquinone (TQ; 0-15 µg/mL) alone for 24, 48 and 72 h; B: Cells were treated with the combination of each of MPEs (0-7.5 µg/mL) with TQ (0-7.5 
µg/mL) for the same time point. Cell viability was then determined using MTT assay. The values are expressed as percentage of viable cells relative to untreated 
control. Each value represents the mean ± SD of n = 1 experiment performed in duplicates.

a chain reaction and lead to membrane damage and consequently hemolysis[49,50]. Our findings are in 
the same line with previous research that has shown the anti-hemolytic activity of propolis or TQ under 
oxidative stress conditions[40,51]. The antihemolytic activity of MPE-R and MPE-D could be associated 
with their phenolic content. Phenolic compounds are supposed to donate electrons to hydrogen 
peroxide, neutralize it to water and prevent it to induce hemolysis[52].

The assessment of hemolytic activity of blood-contacting compounds is of high importance for their 
future application in vivo[53]. Our results are in agreement with those reported by Shubharani et al[54] 
who showed that low concentrations of ethanolic extract of Indian propolis did not have hemolytic 
activity. Although high concentrations of Lebanese propolis showed low to moderate hemolysis, same 
concentrations of Polish or Brazilian propolis extract did not cause hemolysis[40,55].

Cancer cells exhibit elevated levels of ROS which promote cell cycle progression and lead to an 
increase in cell proliferation[56]. By-products of oxidative damage such as 8-hydroxy-2-deoxy-
guanosine, malondialdehyde, 4-hydroxy-2-nonenal, and carbonylated proteins were speculated to play 
a mutagenic role[57]. In addition, oxidative stress was found to be responsible for inactivation of several 
key proteins such as caspases, phosphatases, and phosphatase and tensin homologue, and inhibits p53 
binding to gene promoters which reduce apoptosis and increase cell survival[58]. Dietary antioxidants 
have been demonstrated to have chemopreventive and anticancer effects in vitro and in vivo[59]. 
Numerous studies demonstrated the anticancer effect of each of TQ, propolis and its phenolic 
compounds in different types of cancer[60,61]. To our knowledge, this is the first study that 
demonstrates the promising anticancer effect of the combination of these agents. Only one study 
demonstrated the anticancer effect of Lebanese propolis collected from the south of the country on 
leukemic T cells[10]. Although MPE-D had higher antioxidant activity than MPE-R, the inhibitory effect 
of both extracts on the cell viability of cancer cell lines was almost the same. This result suggests that 
phenolic compounds may not be responsible for this inhibitory effect of the extracts.

CONCLUSION
In summary, the Lebanese propolis from Rashaya and Akkar-Danniyeh exhibited promising therapeutic 
potential as reflected by their potent DPPH radical scavenging activity, protective effects against H2O2 
induced hemolysis and inhibitory effects against breast and colorectal cancer cell lines. The combination 
of TQ with propolis resulted in enhanced antioxidant and anticancer activities in comparison to single 
treatments. Thus, this combination could have potential health benefits and holds promise for the 
prevention of oxidative stress related diseases. Further studies should be conducted to analyze the 
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chemical composition of propolis, decipher the antioxidant and anticancer mechanism of its 
combination with TQ in addition to evaluating the effects of TQ and propolis in animal models of 
oxidative stress.

ARTICLE HIGHLIGHTS
Research background
Oxidative stress is implicated in the pathogenesis of numerous diseases including cancer. Propolis, the 
third most important component of bee products, and Thymoquinone (TQ), the main constituent of 
Nigella sativa essential oil, were extensively reported to have antioxidant and anticancer effects. 
However, the antioxidant potential of the combination of these natural products as well as their 
anticancer activity against breast and colorectal cancer cells have not been investigated yet.

Research motivation
To establish a new therapeutic approach for oxidative stress induced cancers using a combination of 
natural agents from food and diets.

Research objectives
To investigate the antioxidant and anticancer potential of Lebanese propolis and TQ alone and in 
combination.

Research methods
Folin–Ciocalteu method was used to determine the total phenolic content of the methanolic extract of 
propolis. The 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical assay and the H2O2-induced oxidative 
hemolysis of human erythrocytes in vitro assay were employed to assess the antioxidant activity of TQ 
and Lebanese propolis. The MTT assay was used to evaluate the anticancer activity of these natural 
agents in single and dual treatment against HCT-116 human colorectal cancer cells and MDA-MB-231 
human breast cancer cells in vitro.

Research results
Combination of TQ with Lebanese propolis at half its concentration improved the antioxidant and 
anticancer activity of propolis as reflected by the enhanced DPPH radical scavenging activity and 
inhibitory effects against breast and colorectal cancer cells.

Research conclusions
Our results suggest the use of a combination of TQ and Lebanese propolis as potential therapy for the 
management of oxidative stress and treatment of breast and colorectal cancer. This is the first study to 
report the promising enhancement in Lebanese propolis antioxidant and anticancer activity when 
combined with TQ.

Research perspectives
Further research on the antioxidant and anticancer mechanisms of the combination of these natural 
agents and its therapeutic effects in animal models of oxidative stress should be performed in the future.
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Abstract
BACKGROUND 
Several studies report the useful therapeutic results of regional hyperthermia in association with 
chemotherapy (CHT) and radiotherapy for the treatment of pancreatic cancer. Modulated electro-
hyperthermia (mEHT) is a new hyperthermia technique that induces immunogenic death or 
apoptosis of pancreatic cancer cells in laboratory experiments and increases tumor response rate 
and survival in pancreatic cancer patients, offering beneficial therapeutic effects against this severe 
type of cancer.

AIM 
To assess survival, tumor response and toxicity of mEHT alone or combined with CHT compared 
with CHT for the treatment of locally advanced or metastatic pancreatic cancer.

METHODS 
This was a retrospective data collection on patients affected by locally advanced or metastatic 
pancreatic cancer (stage III and IV) performed in 9 Italian centers, members of International 
Clinical Hyperthermia Society-Italian Network. This study included 217 patients, 128 (59%) of 
them were treated with CHT (no-mEHT) and 89 (41%) patients received mEHT alone or in 
association with CHT. mEHT treatments were performed applying a power of 60-150 watts for 40-
90 min, simultaneously or within 72 h of administration of CHT.

RESULTS 
Median patients’ age was 67 years (range 31-92 years). mEHT group had a median overall survival 
greater than non-mEHT group (20 mo, range 1.6-24, vs 9 mo, range 0.4-56.25, P < 0.001). mEHT 
group showed a higher number of partial responses (45% vs 24%, P = 0.0018) and a lower number 
of progressions (4% vs 31%, P < 0.001) than the no-mEHT group, at the three months follow-up. 
Adverse events were observed as mild skin burns in 2.6% of mEHT sessions.

CONCLUSION 
mEHT seems safe and has beneficial effects on survival and tumor response of stage III-IV 
pancreatic tumor treatment. Further randomized studies are warranted to confirm or not these 
results.

Key Words: Modulated electro hyperthermia; Locally advanced pancreatic tumor; Overall survival; Tumor 
response; Gemcitabine; Apoptosis; Immunogenic cell death

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Pancreatic cancer has very poor prognosis with a 5-year overall survival of 5% and a median 
overall survival (OS) time of 8-12 mo. The concomitant use of modulated electro-hyperthermia (mEHT) 
in addition to chemotherapy has been introduced. mEHT has specific antitumor effects, increasing survival 
and tumor response. This was a retrospective data collection on 217 patients affected by locally advanced 
pancreatic cancer performed in 9 Italian centres, aiming to assess survival, tumour response and toxicity. 
The mEHT group had a greater OS (20 mo vs 9 mo, P < 0.001), higher number of partial responses (45% 
vs 24%, P = 0.0018) and a lower number of progressions (4% vs 31%, P < 0.001) than no-mEHT group. 
Adverse events were observed in 2.6% of mEHT sessions. mEHT have beneficial effects on survival and 
tumor response of stage III-IV pancreatic tumor patients, without adding toxicity.

Citation: Fiorentini G, Sarti D, Mambrini A, Hammarberg Ferri I, Bonucci M, Sciacca PG, Ballerini M, Bonanno 
S, Milandri C, Nani R, Guadagni S, Dentico P, Fiorentini C. Hyperthermia combined with chemotherapy vs 
chemotherapy in patients with advanced pancreatic cancer: A multicenter retrospective observational comparative 
study. World J Clin Oncol 2023; 14(6): 215-226
URL: https://www.wjgnet.com/2218-4333/full/v14/i6/215.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i6.215

INTRODUCTION
Pancreatic cancer (PC) is a particularly serious disease with poor prognosis[1,2]. Main risk factors of 
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pancreatic cancer are non-hereditary and environmental factors, such as increased age, diabetes, obesity, 
smoking, alcohol intake and diet high in fat and low in vegetables. Only 10% of PC are familial or 
hereditary. Numerous molecular biology studies are underway the genes and pathological conditions 
involved in PC onset, in particular, the most studied are: Lynch syndrome, hereditary pancreatitis, 
Peutz-Jeghers syndrome, cystic fibrosis and breast cancer gene (BRCA)[2].

The Lynch syndrome is an inherited condition that is associated with 5% of colon cancer cases. 
Patients with this syndrome have about 10-fold increased risk of developing PC[3].

Hereditary pancreatitis is another rare inherited condition that is usually diagnosed in young 
individuals (< 20 years); its main symptoms are frequent episodes of severe inflammation of the 
pancreatic gland, leading to chronic pancreatitis. This pathology increases of about a 50% the risk of 
developing PC; this risk is increased when associated to smoke[4].

Peutz-Jeghers Syndrome is characterized by polyps in the small intestine and pigmented spots on 
nose and lips. Patients with this syndrome have a 10%-35% risk of developing PC[5]. Cystic fibrosis 
induces pancreatic insufficiency and chronic pancreatitis and increases of 5 to 6 times the risk of 
developing pancreatic cancer[6].

BRCA 1 and 2 mutations are often related to inherited ovarian and breast cancer. It is well known that 
the BRCA1 mutation can also induce an increased risk (4-9 times) of developing PC[7].

Over the past twenty years, PC prognosis has been improved by early diagnosis, the use of 
neoadjuvant, adjuvant and palliative therapies and the increased number of centres expert in hepatic-
pancreatic surgery.

Today PC is the seventh cause of cancer-related death worldwide with a median overall survival < 1 
year[1,2]. Incidence and mortality of this cancer have increased significantly in the last two decades[2]. 
The most common PC histology is adenocarcinoma that accounts for about 90% of cases. Radical 
surgery followed by adjuvant radiotherapy (RT) and/or chemotherapy (CHT) is considered the gold 
standard treatment for this tumor; however, surgery is indicated only in 10% of patients at the first 
diagnosis, whereas, 90% are non-resectable because they are locally advanced or metastatic. 
Neoadjuvant CHT or a combination of RT and chemo-therapy can be performed in locally advanced PC 
without evidence of distant metastases, in order to allow surgical approach[8,9].

FOLFIRINOX (leucovorin, fluorouracil, irinotecan, oxaliplatin) and the combination of nab-paclitaxel 
and gemcitabine are the more suitable upfront CHT for PC patients with good performance status (PS). 
These protocols have partial activity, resulting in similar overall survival (32-54 mo), but they have 
frequently severe side effects[8-10].

Recent studies on cisplatin therapeutic use in PC patients with BRCA 1 and 2 mutations report 
clinical benefit, although superiority over other chemotherapeutic treatments and optimal dosing and 
combination therapies are still ongoing. PARP inhibitors such as niraparib and olaparib have also 
promising results in this setting. They prevent single-strand DNA break repair, resulting in double-
stranded DNA breaks that cannot to be repaired by homologous recombination deficiency tumors, 
causing cell cycle arrest and apoptosis. Olaparib increases progression-free survival, when used as a 
maintenance therapy for PC patients responding to first-line platinum-based therapy. Although these 
drugs show interesting results, however their efficacy is undermined by drug resistance and high cost
[7].

PC is generally refractory to CHT and RT because of its low perfused and hypoxic microenvironment 
that is mainly due to large accumulation of non-tumor cells (stroma), obstructing vascularization and 
the delivery systemic chemotherapeutics. This also reduces oxygen delivery and hence the sensitivity to 
CHT and RT, impacting negatively on prognosis. In vitro experiments have shown that hyperthermia 
can increase the effectiveness of conventional treatments[15-19].

Regional hyperthermia (RHT) optimize the distribution of drugs in cancer cells, improves blood 
circulation, increases district oxygen level, reduces DNA repair and promotes cancer cell death[16]. RHT 
increases temperature inside the tumor up to 39.5/43 °C, using an external radiofrequency equipment. 
RHT is often associated to CHT and RT, in order to increase responses and overall survival (OS) in PC
[20-24]. A systematic review shows the benefits of hyperthermia added to CHT and/or RT for PC 
patients from 14 clinical trials, resulting in median OS of 6-18.6 mo that is longer than that observed in 
the control cohorts and improved tumor response with 31.3% overall response rate that is greater than 
the control cohort. These data suggest that this combination positively affect tumor response and OS for 
PC patients[24-28].

Modulated Electro- Hyperthermia (mEHT) is obtained with a 13.56 MHz capacitive equipment and is 
a relatively new RHT technique (introduced in clinical practice in the last decade)[25,27,28-30]. This type 
of RHT is more selective in killing tumor cells and overcoming the limited tissue permeation of radio-
frequency. There is no direct way to measure the temperature inside the tissues in vivo, however it can 
be predicted from input power applied, because of the high efficacy of the electric field[29-34]. mEHT 
increases the temperature of the targeted malignant cells over 3 °C higher than surrounding 
environment[29].

The high heterogeneity of PC cells is counteracted by mEHT, which selectively damages the external 
membrane of cancer cells that have different energy uptake on the membrane rafts from healthy tissue 
and different electron impedance compared to normal cells[17-19].
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Data from the literature show that mEHT is safe and feasible and has not only palliative but also 
therapeutic effects in several advanced cancer and also in pancreatic adenocarcinoma in monotherapy 
or in combination with CHT and/or RT[25,27,28,32-35]. This method seems to re-sensitize patients who 
are refractory to CHT and RT and improve palliation, increasing survival time, tumor response and 
quality of life (QoL), prolonging OS and improving QoL[25,27,28,32-34,36-39].

The purpose of this multicenter observational comparative study was to assess the advantages of 
mEHT in association to CHT compared to CHT alone in locally advanced or metastatic pancreatic 
tumors. This study was carried out by members of International Clinical Hyperthermia Society-Italian 
Network and created the platform for a large randomized phase III trial to compare outcomes with or 
without mEHT application.

MATERIALS AND METHODS
Sample selection
This study was multicenter, retrospective, observational, comparative and case-control, aiming to assess 
survival and tumor response of CHT or mEHT plus CHT for the treatment of locally advanced or 
metastatic pancreatic tumors. Inclusion criteria were: Older than 18 years, informed consent signed, 
histological diagnosis of locally advanced or metastatic pancreatic tumor, PS of 0-2, treatment with 
CHT, mEHT or mEHT plus CHT, data on tumor response and survival. From 2003 to 2021, 628 patients 
with locally advanced or metastatic pancreatic tumor were treated in nine Italian centers, 217 of them 
were included in this study, 89 (41%) of them were treated with mEHT plus CHT (mETH group) and 
128 (59%) with only CHT (no-mEHT group). CHT regimen was mostly gemcitabine-based in both study 
groups (Table1). The majority (95%) of gemcitabine-based treatments were administered on the same 
day of mEHT treatment. In a minority of patients (5%), it was administered the following day or within 
the following 72 h because of precarious clinical conditions and geographic accessibility. Even if 
gemcitabine had a half-life of 42-94 min and was eliminated within 5-11 h after infusion, the pharma-
cokinetic elimination half-life for dFdU varies between 2 and 24 h, and it is still present systemically in 
concentrations greater than 1 μmol/L up to 1 wk after infusion.

This was a retrospective data collection, CHT type was chosen by singular physician, we collected the 
data when the treatments (CHT and mEHT) were already done.

mEHT treatment protocols
mEHT was performed with EHY-2000 plus device (CE0123 Oncotherm, Torisdorf, Germany) and a 
radiofrequency current of 13.56 MHz as previously described[28-31]. mEHT treatments were performed 
1-3 times/week for a total of 4-6 wk, starting at 60 W/40 min and increasing up to 150 W/ 90 min in 2 
wk[28]. Power increase was performed in the initial mEHT sessions, in order to assess patient treatment 
tolerance. Starting with the increased potency could have caused a feeling of heat and pain on the scars, 
as indicated in previous protocols that we have set up[32,36]. Power increase is performed in the initial 
mEHT sessions and was not used for efficacy purpose, the efficacy was measured after reaching the 
final power of 150 W/90 min. The computer connected to the hyperthermia machine has a program that 
calculates and converts the Kilojoules dispensed by the machine into degrees of temperature at the 
treatment site. This was represented on the screen and printed on graphs. Temperature on the target 
was 41-42.5°C during mEHT sessions as they were assessed in previous publications from the 
manufacturer of the device[38]. As concerning metastases, most patients had disease located in the 
upper abdomen and for this reason the treatment was suitable because we used an applicator-antenna 
of 30 cm diameter that allowed to treat the entire upper abdomen and multiple liver or nodal metastases 
at the same time.

Outcome measures
The primary objective was OS that was measured from date of diagnosis to date of death or last 
available follow up date. The analysis of OS was made for the whole mEHT and no-mEHT group or by 
age ≥ 70 years or < 70 years. Secondary objectives were tumor response and treatment tolerability. 
Progression free survival (PFS) was computed from date of treatment start to progression.

Tumor response was measured with the Response Evaluation Criteria in Solid Tumors version 1.4 at 
three months follow up imaging. In case of multiple tumors, the target lesion was considered that with 
the largest diameter in outcome measures. Complete response was obtained if every target lesion 
disappeared; partial response (PR) if tumor diameter decreased by > 30%; progressive disease (PD) was 
observed if tumor size increased by > 20%, or one or more new lesions appeared. Stable disease (SD) 
was considered in all the other cases.

Since no data were available on cardiac toxicity due to radiofrequency disturbance from mEHT 
applied on upper abdomen; twenty-one patients out 89 treated with mEHT were monitored with 
electrocardiogram and echocardiogram before and after treatment in order to evaluate any alterations in 
cardiac rhythm and morphology.
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As concerning the other adverse events were all monitored according to clinical practice and 
classified using the Common Terminology Criteria for Adverse Events version 5.0.

Statistical analysis
Survival and patients’ age were indicated as median and range values, whereas frequencies were 
indicated as percentages. Kaplan-Meier method and log-rank test were used or OS analysis, with 
survival probability on the Y axis and time (months) on the X axis. Mann-Whitney test and Student’s 
test for proportions were used to assess statistical significance (P ≤ 0.05) among differences of patient 
characteristics. χ2 test was used to assess statistical significance (P ≤ 0.05) among differences of tumor 
response.

RESULTS
Sample description
The sample included 217 pancreatic patients: 122 (56%) were males and 95 (44%) were females, 89 (41%) 
of these were treated with the combination of CHT and mEHT (mETH group) and 128 (59%) with only 
CHT (no-mEHT group). Their median age was 67 years (37-89 years, range). Most patients were 
metastatic (65%). In the 217 patients, 235 metastatic sites were observed, with liver being the most 
frequent metastatic site (132/235, 57%). Previous CHT was administered to 136 (63%) patients, previous 
RT to 10 (5%) and surgery to 51 (24%). Most frequent CHT regimen was gemcitabine-based regimens: 
Gemcitabine-oxaliplatin (35%), gemcitabine (29%) and gemcitabine-abraxane (9%). Inclusion criteria 
indicated both radio and CHT in concomitant used with mEHT, however, none of the patients included 
in the study received RT in association to mEHT. The two groups had similar characteristics (Table 1).

Overall survival and progression free survival
mEHT group had a median OS greater than non-mEHT group (20 mo, range 1.6-24, vs 9 mo, range 0.4-
56.25, P < 0.001) (Figure 1). mEHT group had a median PFS greater than non-mEHT group (7 mo, range 
2-24, vs 5 mo, range 0.4-41, P < 0.05) (Figure 2). The analysis of OS by age ≥ 70 years or < 70 years 
showed that there was no difference in OS between mEHT ≥ 70 years (20 mo, 2-43 mo range) and < 70 
years (20 mo 3-27 mo range) P = 0.235, whereas no-mEHT < 70 years had a higher OS than no-mEHT ≥ 
70 years group (12 mo range 1-56 vs 8 mo range 1-47, P = 0.01) (Figure 3). mEHT had a longer OS than 
no-mEHT group both among ≥ 70 years (20 mo range 3-27 vs 8 mo range 1-47, P < 0.01) and < 70 years 
(20 mo range 2-43 vs 12 mo range 1-56, P < 0.01).

Tumor response
Tumor response at three months follow-up was available for 87 (98%) of mEHT and 111 (88%) patients 
for non-mEHT group. mEHT patients showed a higher number of PR (45% vs 24%, P = 0.0018) and a 
lower number of progressions (PD) (4% vs 31%, P < 0.01) than no-mEHT group. SD had similar value in 
both groups: 51% for mEHT and 45% for no-mEHT (Table 2).

mEHT safety
Median mEHT sessions was 16.8 (range 6-25), resulting 1495 mEHT delivered sessions. Adverse events 
were observed in 2.6% of cases and included: Low grade (G1) skin pain in 22 (1.5%) sessions and low-
mild grade (G1-2) burns in 16 (1.1%) cases that resolved in a few days. Hyperthermia did not increase 
haematological, hepatic, pulmonary and metabolic toxicity due to CHT.

In particular no increased blood pressure or any other cardiac changes were observed for mEHT 
sessions in patients who received adequate cardiological monitoring including clinical examination, 
electrocardiogram and echocardiogram.

DISCUSSION
Hyperthermia involves the application of heat-generating energy to tumors, increasing their 
temperature to 39-43.5 ◦C and improving the response to systemic therapies. Hyperthermia has been 
studied for cancer treatment since the 80s, especially for the benefits observed in laboratory 
experiments, clinical case series and phase II studies. The results of these studies show that 
hyperthermia enhances CHT, RT and immunotherapy efficacy (tumor response and survival) for 
several cancers and also in pancreatic adenocarcinoma[16-20,24-28,32-36].

Hyperthermia can be performed with different electromagnetic devices/techniques that can be 
classified as loco-regional or whole-body methods, according to the size of the body treated[26,31,40-
44]. First studies on hyperthermia effects in PC were made mainly using whole-body hyperthermia, 
whereas, more recent clinical studies apply mainly loco-RHT, such as mEHT that is non-invasive 
technique that balances low-power thermal effects and non-thermal electric processes, operating with 
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Table 1 The sample, n (%)

Whole sample, n = 217 mEHT, n = 89 No-mEHT, n = 128

Median Range Median Range Median Range
P value1

Age (yr) 67 34-89 64 38-82 69 34-89 NS

Student’s test for proportions

M 122 56 58 65 64 50 NS

F 95 44 31 35 64 50 NS

Metastatic 142 65 70 79 72 56 0.004

Previous chemotherapy 136 63 68 76 68 53 0.005

Previous Radiotherapy 10 5 1 1 9 7 NS

Current chemotherapy type

Gemcitabine/oxaliplatin 76 35 34 38 42 33 NS

Gemcitabine 62 29 26 29 36 28 NS

Gemcitabine/abraxane 39 18 9 10 30 23 NS

Gemcitabine/5-fluorouracil 5 2 4 4 1 1 NS

Gemcitabine/cisplatin 10 5 2 2 8 6 NS

Gemcitabine/Nab-paclitaxel 2 1 0 0 2 2 NS

FOLFIRINOX 5 2 1 1 4 3 NS

Other 10 5 5 6 5 4 NS

None 8 4 8 9 0 0 NS

Site of metastases (N = 235) (N = 132) (N = 103)

Liver 132 57 70 53 63 61 NS

Peritoneum 55 23 35 27 20 19 NS

Lymph nodes 37 16 22 17 15 15 NS

Other 10 4 5 4 5 5 NS

1Mann-whitney test.
FOLFIRINOX: Folinic acid/fluorouracil/irinotecan/oxaliplatin; NS: Not significative.

Table 2 Tumor response, n (%)

mEHT n = 87 no-mEHT n = 111 P value
PR 39 45 27 24 0.0018

SD 44 51 50 45 0.8430

PD 4 4 34 31 < 0.001

PR: Partial response; PD: Progression disease; SD: Stable disease; mEHT: Modulated electro-hyperthermia.

capacitive coupled impedance on a radiofrequency of 13.56 MHz[25-31,37-38]. Current mEHT protocols 
show that optimal treatment is obtained when the mEHT is performed two or three-times a week, 
resulting in improvements of OS, disease control and QoL and PFS[25-28,33,39,40]. mEHT has also 
benefits in tumor control when used as neoadjuvant therapy in combination with CHT and RT[42].

mEHT can counteract heterogenicity of PC and its resistance to systemic therapy, because it targets 
selectively tumor cells (heating homogeneously the target tissues), exploiting their several biophysical 
differences from normal cells, such as energy absorption and damage-associated molecular patterns[16-
19,37,38]. mEHT induces programmed or immunogenic apoptosis of tumor cells, increasing DNA 
fragmentation, MAPK/ERK signaling pathways and pro-apoptotic Bcl-2 activation, low mitochondrial 
membrane potential, the concentration of intracellular Ca2+, Fas and c-Jun N-terminal kinases and the 
expression of pro-apoptotic genes (EGR1, JUN, and CDKN1A), while silencing other genes that are 
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Figure 1 Overall survival of modulated electro-hyperthermia (mEHT) and no-mEHT groups. Dots represent censors, cloud area represent 95%CI. 
mEHT: Modulated electro-hyperthermia.

Figure 2 Progression free survival of Modulated electro-hyperthermia (mEHT) and no-mEHT groups. Dots represent censors, cloud area 
represent 95%CI. mEHT: Modulated electro-hyperthermia.

associated with cytoprotective functions[16-19,30].
In our study, mEHT group had a longer OS than the no-mEHT group (20 mo vs 9 mo, P < 0.001). This 

effect was present also among ≥ 70 years patients (20 mo, range 3-27 vs 8 mo, range 1-47, P < 0.01). 
mEHT group had also a median PFS greater than non-mEHT group (7 mo, range 2-24, vs 5 mo, range 
0.4-41, P < 0.05). OS improvement was observed in other studies when mEHT was associated with CHT, 
resulting in an OS of 12.9 mo (95%CI: 9.9-15.9) and disease control rate of 50% in pancreatic cancer 
treatment[35-38]. Other studies on mEHT reported an OS of 8.9-19 mo and a PFS of 3.9-12.9 mo in 
advanced pancreatic adenocarcinoma[25-28,32,33]. The results of our study are in agreement with the 
above data, even if they used different types of deep hyperthermia devices but similar CHT regimens.

OS improvement was of particular interest for elderly patients who suffer most from side effects of 
CHT. The analysis of OS by age ≥ 70 years or < 70 years showed that there was no difference in OS 
between mEHT ≥ 70 years and < 70 years, whereas no-mEHT < 70 years had a higher OS than no-mEHT 
≥ 70 years group (12 mo range 1-56 vs 8 mo range 1-47, P = 0.01). These data would recommend to use 
mEHT in elderly patients instead of a second or third line of CHT with heavy side effects.

The combination mEHT with CHT also improved tumor response, disease control rate (DCR = 96%), 
as it was reported in other studies (DCR = 71%-96%)[21,23,24,29]. mEHT group had a higher number of 
PR (45% vs 24%, P = 0.0018) and a lower number of progressions (PD) (4% vs 31%, P < 0.001) than the 
no-mEHT group. This was also reported in other studies, showing higher DCR of mEHT group than 
that of no-mEHT group (96% vs 77%, P < 0.05)[16-19].
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Figure 3 Overall survival of modulated electro-hyperthermia (mEHT) and no-mEHT groups divided by age. Dots represent censors, cloud area 
represent 95%CI. mEHT: Modulated electro-hyperthermia.

Adverse events that were related to hyperthermia were observed in 2.6% of the sample, showing G1-
2 pain and a skin burns. These data agree with toxicity reported in other studies (5%) and suggest that 
mEHT-related toxicity is low[25,28,33]. Little has been published on the possible cardiotoxicity of 
radiofrequencies produced by mEHT when applied to the upper abdomen, in locations close to the 
heart. Twenty-one patients out 89 treated with mEHT were evaluated by electrocardiogram, echocar-
diogram before and after treatment with mEHT. We observed that upper abdominal mEHT does not 
generate rhythm disturbance, changes in electrocardiogram, cardiac morphology and blood pressure 
elevation.

The novelty of this study is the accurate reporting of a significant number of patients treated with 
mEHT compared with an equally large number of patients who received second and third-line CHT. 
The data on such a large total number of patients (217) and on the therapeutic effect of mEHT against 
PC has not been published before in the literature, of particular interest is also the improvement the of 
older patients’ prognosis of older patients that reaches values comparable to that observed in younger 
patients.

The observational and retrospective nature of the study is the main limitation together with the long 
period of observation and inclusion from 2003 to 2021 during which many diagnostic and therapeutic 
approaches were modified and the still low number of patients treated with mEHT due the limited 
number of centers using mEHT in Italy. Future immunological research for PC treatment should be 
directed on circulating tumor cells (CTCs). It should be of interest characterize the transcriptomes of 
human pancreatic ductal adenocarcinoma CTCs, primary, and metastatic lesions at single-cell scale. 
Cell-interaction analysis and functional studies in vitro and in vivo reveal that CTCs and natural killer 
(NK) cells interact via the immune checkpoint molecule pair HLA-E:CD94-NKG2A. The breakdown of 
this interaction by blockade of NKG2A or knockdown of HLA-E expression could enhance NK-
mediated tumor cell killing in vitro and prevents tumor metastasis in vivo[43].

Other methods of hyperthermia when the tumor is metastatic are currently being studied such as 
whole body hyperthermia but still seem to be at an early stage of application in clinical practice or 
burdened with excessive complexity[44].

Our study would like to open a new avenue in the treatment of locally advanced pancreatic cancer 
including mEHT in therapeutic options, since the results of CHT alone are not satisfactory. It is also 
necessary to know that the centers that practice hyperthermia at a good level are few both in Europe 
and in the World. Therefore, it is not easy to reach case studies with numerous patients to implement 
randomized trials. Future studies with a greater number of patients and randomized protocols are 
needed to confirm these results.

CONCLUSION
Skilled doctors who use RHT on a daily basis argue that the reasons for the progress hampered in this 
field are not the lack of effectiveness of technique but the paucity of qualified hyperthermia centres, lack 
of quality assurance processes, poor temperature monitoring and heterogeneous practices, lack of 
funding, poorer tolerance of older technology, limited access for the patients.
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To overcome these limitations, we performed this study on a disease with high lethality where 
current therapeutic options in advanced stages are still unsatisfactory.

Therefore, our observations do not have the value of a prospective randomized study with defined 
and adequate times and methods of unfolding but, this study, despite many limitations, showed that 
mEHT group had improved OS and disease control rate in stage III-IV pancreatic cancer. These data are 
also reported for elderly patients. These data suggest that the association of mEHT to CHT is effective 
for the treatment of pancreatic tumors. mEHT was safe and had only mild toxicity. Notably not adding 
any toxicity compared to CHT. We hope that the results of our study will orient the scientific 
community to perform prospective, randomized, clinical study to further define the mEHT safety and 
efficacy in pancreatic cancer patients.

ARTICLE HIGHLIGHTS
Research background
Modulated Electro- Hyperthermia (mEHT) optimize the distribution of drugs in cancer cells, improves 
blood circulation, increases district oxygen level, reduces DNA repair and promotes cancer cell death. 
mEHT is effective for different types of tumors and also in pancreatic adenocarcinoma resulting in 
better tumor response and longer survival, as reported in clinical case series and phase II studies.

Research motivation
Pancreatic cancer is generally refractory to chemotherapy (CHT) and radiotherapy because of its low 
perfused and hypoxic microenvironment that reduces the efficacy and sensitivity to these treatments. 
The high heterogeneity of pancreatic cancer cells is counteracted by mEHT, which selectively damages 
the external membrane of cancer cells that have different energy uptake on the membrane rafts from 
healthy tissue, inducing immunogenic death of cancer cells or apoptosis.

Research objectives
The aim of this study was to assess the advantages of mEHT in association to CHT compared to CHT 
alone in locally advanced or metastatic pancreatic tumors.

Research methods
This was a retrospective data collection on patients affected by metastatic or locally advanced pancreatic 
cancer performed in 9 Italian centres. This study included 217 patients, 128 (59%) of them were treated 
with CHT (no-mEHT) and 89 (41%) patients received mEHT alone or in association with CHT. mEHT 
treatments were performed applying a power of 60-150 watts for 40-90 min two or three times a week 
for 4-6 wk.

Research results
mEHT group had a median overall survival (OS) greater than non-mEHT group (20 mo, range 1.6-24, vs 
9 mo, range 0.4-56.25, P < 0.001). mEHT group showed a higher number of partial responses (45% vs 
24%, P = 0.0018) and a lower number of progressions (PD) (4% vs 31%, P < 0.001) than the no-mEHT 
group, at the three months follow-up. Adverse events were observed in 2.6% of mEHT sessions.

Research conclusions
The results obtained in this study provided new evidence that mEHT is safe and has beneficial effects 
on survival and tumor response of stage III-IV pancreatic tumor treatment. Further studies are 
warranted.

Research perspectives
This multicentre retrospective observational comparative study on 217 patients provides further 
evidence that mEHT improved OS and disease control rate in stage III-IV pancreatic cancer. This study 
would like to open a new avenue in the treatment of locally advanced pancreatic cancer including 
mEHT in therapeutic options, since the results of CHT alone are not satisfactory.
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Abstract
Rereading the article “Propensity-matched analysis of patients with intrahepatic 
cholangiocarcinoma or mixed hepatocellular-cholangiocarcinoma and hepato-
cellular carcinoma undergoing a liver transplant” (DOI: 10.5306/wjco.v13.i8.688), 
published on August 24, we observe, with concern, that figures 3 and 4 are wrong. 
The authors have attached the correct figures for correction.
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Core Tip: The authors have attached the correct figures for correction rereading the article “Propensity-
matched analysis of patients with intrahepatic cholangiocarcinoma or mixed hepatocellular-cholangiocar-
cinoma and hepatocellular carcinoma undergoing a liver transplant” (DOI: 10.5306/wjco.v13.i8.688).

Citation: Brandão ABM, Rodriguez S, Fleck Jr AM, Marroni CA, Wagner MB, Hörbe A, Fernandes MV, Cerski 
CT, Coral GP. Correction: Propensity-matched analysis of patients with intrahepatic cholangiocarcinoma or mixed 
hepatocellular-cholangiocarcinoma and hepatocellular carcinoma undergoing a liver transplant. World J Clin 
Oncol 2023; 14(6): 227-229
URL: https://www.wjgnet.com/2218-4333/full/v14/i6/227.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i6.227

TO THE EDITOR
Rereading our article “Propensity-matched analysis of patients with intrahepatic cholangiocarcinoma or 
mixed hepatocellular-cholangiocarcinoma and hepatocellular carcinoma undergoing a liver transplant”
[1] (DOI: 10.5306/wjco.v13.i8.688), published on August 24, we observe, with concern, that figures 3 and 
4 are wrong. At some point, we have mistakenly forwarded a wrong file. Therefore, we attach the 
correct figures for correction (Figures 1 and 2). We hope that it will be possible to replace the wrong 
figures with the correct ones and that this process will not be difficult. We apologize in advance for this 
unfortunate mistake. Of note, correction does not change the interpretation of results or conclusion.

Figure 1 Corrected “Figure 3”. A-D: Kaplan-Meier curves representing post-liver transplant overall survival and recurrence-free survival in patients with 
intrahepatic cholangiocarcinoma (ICC) compared with patients with hepatocellular carcinoma (HCC), matched 1:8 for pretransplant tumor characteristics (A and B) 
and posttransplant tumor characteristics (C and D). HRs: Hazard ratios; CI: Confidence interval.
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Figure 2 Corrected “Figure 4”. A-D: Kaplan-Meier curves representing post-liver transplant overall survival and recurrence-free survival in patients with mixed 
hepatocellular-cholangiocarcinoma (HCC-CC) compared with patients with HCC, matched 1:8 for pretransplant tumor characteristics (A and B) and posttransplant 
tumor characteristics (C and D). HRs: Hazard ratios; CI: Confidence interval.
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Abstract
It is now well established that the biology of cancer is influenced by not only 
malignant cells but also other components of the tumour microenvironment. 
Chronic inflammation and fibrosis have long been postulated to be involved in 
carcinogenesis. Chronic inflammation can promote tumorigenesis via growth 
factor/cytokine-mediated cellular proliferation, apoptotic resistance, immunosup-
pression; and free-radical-induced oxidative deoxyribonucleic acid damage. 
Fibrosis could cause a perturbation in the dynamics of the tumour microenvir-
onment, potentially damaging the genome surveillance machinery of normal 
epithelial cells. In this review, we will provide an in-depth discussion of various 
diseases characterised by inflammation and fibrosis that have been associated 
with an increased risk of malignancy. In particular, we will present a compre-
hensive overview of the impact of alterations in stromal composition on tumori-
genesis, induced as a consequence of inflammation and/or fibrosis. Strategies 
including the application of various therapeutic agents with stromal manipulation 
potential and targeted cancer screening for certain inflammatory diseases which 
can reduce the risk of cancer will also be discussed.

Key Words: Inflammation; Fibrosis; Tumour microenvironment; Stroma; Cancer
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Core Tip: Chronic inflammation and fibrosis have long been postulated to be involved in carcinogenesis via numerous 
mechanisms including but not limited to growth factor/cytokine-mediated cellular proliferation, apoptotic resistance, 
immunosuppression; and free-radical-induced oxidative deoxyribonucleic acid damage. In this review, we discuss various 
inflammatory and/or fibrotic conditions that have been associated with increased cancer risk, with particular emphasis on 
their pathophysiology. We also review various therapeutic agents and specific cancer screening that could be applicable in 
reducing the incidence of cancers developing from the corresponding inflammatory and/or fibrotic conditions, thereby 
reducing morbidity and mortality.

Citation: Oey O, Sunjaya AF, Khan Y, Redfern A. Stromal inflammation, fibrosis and cancer: An old intuition with promising 
potential. World J Clin Oncol 2023; 14(7): 230-246
URL: https://www.wjgnet.com/2218-4333/full/v14/i7/230.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i7.230

INTRODUCTION
In recent years, there is growing consensus that the biology of cancer is not solely defined by malignant cells, but also by 
the surrounding tumour microenvironment (TME). The TME consists of cellular and non-cellular stroma. The concept 
that the TME may influence cancer biology was inspired by the observation of immune cells surrounding the tumour by 
Rudolf Virchow in 1863, and “the seed and soil theory” by Stephen Paget in 1889, in which he hypothesised that the 
metastatic destination of a certain cancer is dependent on similarities between the TME of primary tumour and the 
microenvironment at the site of metastases[1,2]. Since then, there have been significant advancements in the 
understanding of the impact of the TME on the behaviour of malignant cells, from initial tumorigenesis, through 
progression to therapy resistance[3-5]. This review will focus on the impact of both the physiological and pathological 
tissue microenvironment, particularly stromal fibrosis and inflammation, on tumorigenesis.

In this context, stroma refers to the component of an organ which provides biomechanical and nutritional support to 
the corresponding parenchyma. Specifically, it comprises of immune cells, fibroblasts, mesenchymal stromal cells, 
endothelial cells, pericytes, adipocytes, and the extracellular matrix (ECM). The ECM, consisting of collagen, 
proteoglycans, glycosaminoglycans and other macromolecules, provides structural and biochemical support for cellular 
components in the surrounding parenchyma. Of note, some authors do not include immune cells as a component of 
stroma, however, immune cells such as macrophages, neutrophils and lymphocytes, play an integral role to the function 
of parenchymal cells and can have far-reaching effects on tumour biology and consequent behaviour, as such they will be 
classified as a stromal component in this review.

Many stromal components have been shown through various in vitro and animal studies to influence the behaviour 
and fate of normal cells, including altering the risk of malignant transformation[6-8]. Inflammation and fibrosis are both 
common processes that significantly alter the cellular and ECM components of normal stroma and so may influence or 
underlie such behavioural shifts. Both processes have been seen to upregulate the expression of several tumorigenic 
signalling pathways including nuclear factor kappa-light-chain-enhancer of activated B cells (NF-ĸB), signal transducers 
and activators of transcription (STAT), wingless-related integration site (Wnt) and phosphatidylinositide 3-kinase (PI3K) 
via the release of pro inflammatory cytokines[9-12]. Hence, several inflammatory and fibrotic conditions have been linked 
as triggers for tumour development in the organ involved, whether due to autoimmune responses (inflammatory bowel 
disease and colorectal cancer[13]), bacterial or viral infections (pneumonia or tuberculosis with lung cancer[14]) and 
environmental factors (silica and lung cancer[15]).

Often, these pathological processes appear to be required for tumorigenesis rather than simply an overrepresentation 
of certain otherwise normal stromal components. For instance, inflamed adipose mammary tissue in the context of obese 
mice, increases myofibroblasts number, promoting fibrosis and transformation of normal to malignant breast tissue[6], 
whereas normal mouse fibroblasts have been shown to prevent clonal proliferation of polyoma virus-transformed cells in 
vitro[7]. However, there are less frequent precedents where normal stromal components may also contribute to tumori-
genesis. Normal fibroblasts have been demonstrated to promote the generation of breast cancer stem cells[8]. 
Additionally, high mammographic breast density, which results from a higher density of stromal and glandular breast 
components and a lower proportion of adipocytes, is a potent risk factor for breast cancer development.

In this review we will discuss various medical conditions substantively characterised by inflammation and fibrosis, 
specifically those known to be linked to increased cancer risk. Furthermore, we will look to whether scenarios exist where 
physiological variations in stromal composition correlate with differing cancer incidence.  In doing so, we will discuss the 
biological contribution of the various stromal components to tumorigenesis known to date and discuss interventions that 
may influence these processes to achieve therapeutic advantage.
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PATHOLOGICAL INFLAMMATION, FIBROSIS AND CANCER RISK
A range of medical conditions exist that involve one or both of these processes. A common evolution pathogenically is of 
initial inflammation with subsequent fibrosis. However, each of the processes may occur in isolation. Here we look across 
a range of scenarios at whether each may affect cancer risk in isolation or whether both appear to be required for tumori-
genesis (Table 1).

INFLAMMATORY BOWEL DISEASE AND COLORECTAL CANCER
Inflammatory bowel disease (IBD) is sub-divided into ulcerative colitis (UC), which affects only the large bowel, and 
Crohn’s disease (CD) which can involve any area of the gut from mouth to rectum[16]. The risk of developing colorectal 
cancer in UC patients is elevated compared to the disease-free population, with an overall risk of 4.8[13]. Similarly, in CD 
risk is elevated although to a more moderate degree, by 2-3 times[17]. In keeping with the small bowel involvement in 
CD, small intestinal tumours are also increased, by a relative risk of 18.75%[17]. The risk in both conditions is associated 
with duration and extent of inflammation[18]. Beyond inflammation, both conditions can also result in fibrosis although 
the pattern differs. Fibrosis leading to eventual stricture and potential obstruction is more common in CD than UC, with 
around 25% of CD sufferers eventually destined to develop a stricture over the course of the illness[19]. On initial consid-
eration this appears at odds with the risk of colorectal cancer, but may be explained by the distribution of fibrotic change. 
In UC fibrosis is often superficial, affecting only the mucosal and sub-mucosal layers[20] but still, therefore, able to impact 
the epithelial layer from which neoplasms arise, and generally impacting a longer continuous length of colon. In contrast, 
Crohn’s disease is characterized by patchy change and skip lesions such that the total area of involved epithelium is often 
less[16].

Considering these patterns and parallel links in other organs between inflammation, fibrosis and neoplastic 
transformation, the development of colitis-associated carcinoma (CAC) appears highly likely to be directly attributable to 
chronic inflammation and consequent fibrosis[21,22]. There is a biological rationale, with previous studies showing that 
certain inflammatory cytokines prominent in UC, namely TNF-α, IL-6 and TGF-β can promote a pro-tumorigenic 
microenvironment by stimulating essential cancer stem cell pathways, evading growth suppressors, and resisting 
apoptosis[23-25]. This occurs via induction of various molecular signalling pathways including NF-ĸB[9], STAT[26] and 
Wnt pathways[27]. Incidentally, these cytokines can also promote fibrosis. TNF-α has been demonstrated to induce IL-6 
production, which is partly responsible for proliferation of fibroblasts[28,29]. In addition, TGF-β, highly expressed in 
intestinal epithelial cells, inflammatory cells and fibroblasts is known to induce fibrogenesis and ultimately the deposition 
of ECM such as collagen, via the Wnt/β-catenin pathway, which is also often activated early in dysplastic and 
surrounding non-dysplastic intestinal epithelial cells, in the setting of CAC carcinogenesis[10,30,31]. This concurs with 
the upregulation of type 1 collagen, revealed by proteomic analysis in the early stages of colorectal carcinogenesis[32]. 
Whether or not collagen promotes CAC carcinogenesis remains ambiguous, however increase in collagen may disrupt the 
polarity of healthy intestinal epithelial cells and stimulate cellular proliferation, thereby promoting malignant 
transformation.

While it is generally understood that fibrosis occurs as a result of chronic inflammation, it is now understood that 
fibrosis in IBD may occur without inflammation[33], and further that not all people with IBD develop fibrosis[34]. This 
prompts the question as to whether either fibrosis or inflammation without the companion process can also trigger 
carcinogenesis – a question which remains unanswered today due to a lack of cohorts with data that allow the linking 
degrees of inflammation and fibrosis to cancer risk.

CHRONIC PANCREATITIS AND PANCREATIC DUCTAL ADENOCARCINOMA
Chronic pancreatitis (CP) is a major risk factor for the development of pancreatic ductal adenocarcinoma (PDAC), 
increasing the risk of PDAC by 20-fold relative to disease-free population[35]. Both CP and PDAC share a common 
pathological feature – abundant desmoplastic and inflammatory stroma[36]. Hence, the link between the former and the 
latter could be attributed to the events occurring in the surrounding inflammatory milieu. This was proven in an animal 
study involving the insertion of K-ras oncogenes within the endogenous K-ras locus, in which mice without pancreatitis 
did not develop PDAC, while those with pancreatitis did[37]. Thus, it could be deduced that inflammation is a critical 
factor in PDAC carcinogenesis, at least in response to this, the commonest of oncogenes implicated in pancreatic cancer. 
In chronic pancreatitis, the release of inflammatory cytokines such as TNF-α and TGF-β and growth factors such as 
vascular endothelial growth factor (VEGF) and PDGF trigger the proliferation of fibroblasts and the activation of 
pancreatic stellate cells (PSC) towards a more myofibroblast-like phenotype[38,39]. Activated PSC have a number of 
functions, including sustaining proliferative signalling in pancreatic epithelial cells; the release of growth factors; and the 
synthesis of ECM proteins, notably collagen, fibronectin and laminin[40,41]. The deposition of various ECM proteins 
could cause a perturbation in the dynamics of the ECM, potentially damaging the genome surveillance machinery of 
normal epithelial cells. Supportive of a role for certain ECM components in PDAC progression is the finding that collagen 
1, 4 and hyaluronic acid which promotes cell survival, proliferation and invasion, with higher levels associated with 
reduced survival[42-44]. This is further supported by the therapeutic benefit derived from the administration of 
PEGylated Recombinant Human Hyaluronidase in addition to chemotherapy in PDAC patients[45,46].
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Table 1 Summary of various inflammatory and fibrotic conditions and relevant malignancies

Disease Associated cancer Mechanism Risk ratio Possible 
therapeutic targets

Inflammatory bowel 
disease

Colorectal cancer Increased pro-inflammatory cytokines (TNF-α, IL-6 and 
TGF-β)[24,30,34]; Increased signalling of pro-tumorigenic 
molecular pathways, apoptosis resistance, fibrogenesis 
(NF-ĸB and Wnt/β-catenin)[9,27,30,34]

Ulcerative colitis – 
4.8-fold increase[13]; 
Crohn’s disease – 2-3-
fold increase[17]

Thiopurines[173] and 
anti-inflammatory 
such as mesalazine
[174] and NSAID[149]

Chronic pancreatitis Pancreatic ductal 
adenocarcinoma

Increased cytokines (TNF-α and TGF-β), growth factors 
(VEGF, PDGF)[38]; Fibroblast and pancreatic epithelial 
cell proliferation[40]; Activation of pancreatic stellate cells
[39,40]; Increased ECM protein (collagen 1 and 4, laminin, 
fibronectin) and hyaluronic acid deposition[38]

20-fold increase[35] PEGylated 
Recombinant Human 
Hyaluronidase[45,46]; 
NSAID[149]

Idiopathic 
pulmonary fibrosis

Lung cancer Cellular morphological abnormalities (metaplasia, 
dysplasia) in fibrotic areas[59]; Reduced immune 
expression (monocytes, lymphocytes, macrophages) in 
fibrotic areas[50]; Mutations in tumour-suppressor genes
[54]; Upregulated gene expression of ECM components 
such as collagen and MMP (MMP9 and 11)[57]

3.5-7.3 fold increase
[51]

Anti-fibrotic drugs 
(pirfenidone and 
nindetanib)[175]

Pneumoconiosis Lung cancer Silicosis: Chronic increased release of pro-inflammatory 
cytokines (IL-12, IL-23 and TNFα) results in DNA damage
[66]; Immunosuppression through increased expression of 
inhibitory immune markers (PD-1, LAG3, FOXP30)[70]. 
Asbestosis: Increased inflammation (IL-1β, TGF-β and 
PDGF) and fibrosis through expression of NLRP3[70]; 
Increased ROS and RNS[64,68]; Increased expression of 
proliferation signalling pathways (EGFR-ERK)[73] 

Silicosis – 3-fold 
increase[15]; 
Asbestosis – 1.5-6.8-
fold increase[65,65] 

Anti-fibrotic drugs 
(pirfenidone and 
nindetanib)[152] 

TB Lung cancer Upregulation of anti-apoptotic protein expression via 
inflammatory cytokines (TNF-α and IL-6)[59,76,78] 

Pneumonia – 1.4-fold 
increase[14]; TB – 1.9-
fold increase[14] 

NSAID[176]

Liver cirrhosis Hepato-cellular 
carcinoma

Cellular proliferation, telomere shortening via inflam-
matory cytokines (TGF-β, TNF-α and interleukins)[83,84]; 
Genomic instability (p53, Ras, mTOR, Wnt signalling 
pathways)[11,84]; Reduced expression of CD4+ and CD8+ 
cytotoxic T cell[85]; Increased regulatory T-cell response
[86]; Activation of hepatic stellate cells increase 
myofibroblast and ECM production[11,87]; Hypoxia in 
fibrosis leads to genotoxicity (ROS, RNO) and 
angiogenesis (VEGF)[92] 

Hepatitis B related – 
1.17-fold increase
[81]; Hepatitis C 
related - 1.15-fold 
increase[81]; NAFLD-
related – 1.6-23.7-fold 
increase[161] 

LOX/LOXL2 
inhibitors[161,162]; 
NSAID, Pentoxifylline
[177,178]

Primary biliary 
cholangitis 

Cholangiocarcinoma Increased proliferative signalling via inflammatory 
cytokines (IL-1β, IL-6 and HGF)[96-98]; IL-6 activates p38-
MAPK, increases DNA methyltransferase (DNMT) Mcl-1 
and telomerase expression[96]; DNA damage (BRAF, K-
ras, cyclin d-1, c-myc, COX-2 and p53) due to dysreg-
ulated NO production[98]; Fibroblast proliferation and 
ECM production (collagen type 1 and 3)[103] 

9-fold increase[94] Natural anti-inflam-
matory products 
(Curcumin)[102] 

GERD and Barrett’s 
oesophagus

Oesophageal cancer Increased inflammatory cell recruitment (macrophages T, 
B, dendritic cells)[107]; Inflammatory cytokine release 
(TNF-α, IL-6, IL-1β, IL-8) activates pro tumorigenic 
signalling pathways (NF-Κb, STAT-3, HIF-1a)[107,108]; 
Reduced immune response due to immunosuppressive 
cytokines (IL-10)[112]; Oxidative stress (ROS and RNS) 
induce mutagenesis of oncogenes and tumor suppressor 
genes[110] 

30-125-fold increase
[106] 

NSAID[149]

OSF Oral squamous cell 
carcinoma

Increased inflammatory cell recruitment[118]; Oxidative 
stress induces p53 mutation, decreased DMNT and 
increased HSP70 and MDM2-P2 promoter[120,122]; 
Increased prostaglandins, cytokines and growth factors 
(IL-6, TNF-α, PDGF and TGF-β)[118,119]; Fibrogenesis via 
IL-6 and TGF-β leads to increased ECM protein 
production (collagen, fibonectin) and inhibit ECM 
breakdown (PAI-1, TIMP)[124,125]; OSF-associated 
fibroblast promote dysplastic keratinocyte proliferation 
via GRO-α release and EGFR/ERK activation[128] 

19-fold increase[114] Anti-oxidants, steroids 
and hyaluronidase
[178]

Physiological breast 
stromal density, 
breast conditions – 
chronic mastitis, 
sclerosing adenosis

Breast cancer Mammographically dense breast have higher ECM 
proportion (collagen, immune cells)[131,133]; 
Mammographically dense breast have higher proportion 
of glandular epithelial components and lower proportion 
of adipocytes[132-134] 

Physiological higher 
MBD: 4-6-fold 
increase[130]; 
Chronic mastitis: 3-
fold increase[137]; 
Sclerosing adenosis: 
2-fold increase[138] 

Anti-estrogens 
(tamoxifen, raloxifene, 
exemestane and 
anastrozole)[154-157]; 
NSAID[149]; LOX-like 
inhibitors[159,160,163]
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GERD: Gastroesophageal reflux disease; OSF: Oral submucosal fibrosis; TNF-α: Tumor necrosis factor-alpha; TGF-β: Transforming growth factor beta; NF-
ĸB: Nuclear factor ĸB; VEGF: Vascular endothelial growth factor; NSAID: Anti-inflammatory; GRO-α: Regulated oncogene-α; MBD: Mammographic breast 
density; EGFR: Epidermal growth factor receptor; ERK: Extracellular signal–regulated kinase; ROS: Reactive oxygen species; RNS: Reactive nitrogen 
species; TB: Tuberculosis; ECM: Extracellular matrix; PDGF: Platelet-derived growth factor; ROS: Reactive oxygen species; RNS: Reactive nitrogen species; 
HGF: Hepatocyte growth factor; NO: Nitric oxide; BRAF: Proto oncogene B-Raf or v-raf murine sarcoma viral oncogene homolog B1; COX-2: 
Cyclooxygenase-2; NAFLD: Non alcoholic fatty liver disease.

However, certain alterations in the ECM can be tumour-inhibitory rather than promoting. Quantitative analysis of 
stroma density in PDAC samples from patients’ autopsy revealed that tissue stroma density was substantially lower in 
samples from patients with metastatic PDAC and that higher stromal content was associated with a more favourable 
outcome[47]. This finding was further supported by Rhim et al[48] who demonstrated that diminished stromal density 
induced by knocking out sonic hedgehog in an established PDAC mouse model significantly enhanced tumour 
vascularity and proliferation. Furthermore, another study by Erkan et al[49] in which resected PDAC tumors were 
analysed for PSC activity and collagen deposition showed that the combination of high collagen deposition and low 
stromal activity was associated with a better prognosis than low collagen deposition and high stromal activity. While 
these studies relate to the effect of stroma on tumour progression/regression, considering the similarities between 
carcinogenesis and organ development, it is likely that these findings apply to PDAC carcinogenesis. Combining findings 
from these studies, the role of chronic inflammation and fibrosis in influencing PDAC risk remains ambiguous.

INTERSTITIAL LUNG DISEASE AND LUNG CANCER
Idiopathic pulmonary fibrosis (IPF) is the most common subtype of interstitial lung disease which is characterised by 
aberrant accumulation of fibrotic tissue in the lung parenchyma[50]. While the pathophysiology of IPF remains to be fully 
elucidated, the disease is thought to be mainly fibrosis-driven with minimal involvement of inflammation cascade[50]. 
Over the past decade, many studies have shown that IPF is linked to development of lung cancer, with a relative risk of 
3.5-7.3 compared to healthy population[51]. One of the main reasons for this association is that IPF and lung cancer could 
have similarities in their pathophysiology, in terms of cellular morphological anomalies, dysregulated cytokine signalling 
and genetic mutations[52]. A study by Kawasaki et al[53] established that morphological aberrations in the lung epithelial 
layer, ranging from metaplasia and dysplasia to carcinoma, have been identified in fibrotic lung regions of IPF patients. 
This could be related to microsatellite instability and loss of heterozygosity, including mutations in tumour-suppressor 
genes such as fragile histidine triad gene, that are present at higher frequency in lung epithelial cells of IPF patients 
relative to healthy population[54,55]. Genetic alterations like these could be attributed to fibrosis, mainly mediated by 
TGF-ß released by various immune cells, and other changes in the stroma in IPF patients[56]. Using publicly available 
datasets, Saito et al[57] confirmed that 10% of the genes upregulated in lung cancer stroma, which include those coding 
for ECM components, mainly collagen (COL1A2, COL3A1, and COL5A2), and matrix metalloproteinases (MMP9 and 11), 
are also elevated in IPF. Furthermore, while increased immune cell infiltrates releasing cytokines, which promote 
epithelial proliferation and resist apoptosis are noted in the early stages of IPF, reduced number of lymphocytes, 
macrophages and monocytes were reported in fibrotic-predominant areas compared to epithelial-predominant ones in 
the later stages[57-61]. This implies that lung epithelial cells undergoing malignant transformation in the former are more 
likely to evade immune surveillance and progress to invasive malignancies in the latter. This observation concurs with 
the fact that lung cancers associated with IPF tend to develop in the peripheral and lower lobes – the fibrotic-predominant 
regions[62].

While IPF is mainly driven by fibrosis, other subtypes of ILD such as pneumoconiosis involve an inflammatory-driven 
condition that has been associated with lung cancer[50,63,64]. Patients with silicosis and asbestosis are about 3 times and 
1.5 times more likely to develop lung cancer than the general population[15,65]. Chronic inflammation triggered as a 
result of the continuous activation of macrophages in an attempt to clear the silica particles is thought to mediate lung 
carcinogenesis in patients with silicosis[63]. Consequently, there is massive release of cytokines such as IL-12, IL-23, and 
TNFα which place lung epithelial cells at an increased risk of DNA damage and thus their susceptibility to malignant 
transformation[66]. This is demonstrated unequivocally by Wang et al[66] in Gprc5a-knockout mice exposed to silica 
where neoplastic epithelial cells were found in areas of intense lung damage and fibrosis which were thought to be a 
consequence of chronic inflammation. Furthermore, Freire et al[67] demonstrated increased lung adenocarcinomas in 
mice treated with the combination of the carcinogen N-nitrosodimethylamine and silica. On histopathological analysis, 
there was increased expression of various inhibitory immune markers including programmed cell death protein 1, 
lymphocyte-activation gene 3, and forkhead box P3, as well as the presence of regulatory T cells in mice treated with 
NMDA and silica compared to silica alone[67]. This produces marked immunosuppression which increases the risk of 
carcinogenesis, providing another plausible explanation for the link between silicosis and lung cancer.

Similarly, in the case of asbestosis – linked with a 6.8-times and increased incidence of lung cancer respectively 
compared with the general population – the pathogenesis by which it causes malignancy appears to be a combination of 
inflammation and the direct genotoxic effect of asbestos fibres on the genome[68,69]. Alveolar macrophages have been 
known to play a major role in handling asbestosis fibres[68]. The entrapment of asbestos stimulates the activation of 
NOD-like receptor family, the pyrin domain containing 3 expressed in alveolar macrophages which promotes the 
activation of IL-1β, along with other cytokines such as TGF-β and PDGF which are responsible for the formation of 
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fibrotic nodules[68,70]. In addition, macrophages increase the production of reactive oxygen species (ROS) and reactive 
nitrogen species (RNS), thereby stimulating genotoxicity, chronic inflammation and thus malignancy transformation[71]. 
More specifically, numerous studies have demonstrated that chronic inflammation as a result of asbestos exposure 
affected several cell signalling pathways that are likely responsible for the development of lung cancer including the 
epidermal growth factor receptor (EGFR)-related extracellular signal–regulated kinase (ERK) signaling that promote lung 
epithelial cell and fibroblast proliferation[71-73]. While these studies have established the effect of chronic inflammation 
on development of lung cancer and mesothelioma, there is still a need to ascertain the relevance of fibrosis and lung 
cancer in vivo.

PNEUMONIA, TUBERCULOSIS AND LUNG CANCER
Infections of the lung have been previously linked with the future development of lung cancer. A meta-analysis by 
Brenner et al[14] demonstrated that pneumonia and tuberculosis was linked with a 1.4- and 1.9-times increased risk of 
developing lung cancer in the future. While both pneumonia and tuberculosis constitute as infection of the lung 
parenchyma, the degree of pulmonary inflammation and subsequent fibrosis likely explains the variation in the risk of 
developing lung cancer[14]. In regards to the former, pulmonary inflammation occurs for a shorter duration and thus the 
resulting fibrosis is less if not negligible compared to the latter, where a significant level of inflammation and fibrosis is 
involved[74,75]. Furthermore, in the setting of further tuberculosis (TB) recurrences which can occur in up to 47% of TB 
patients, repeated inflammatory response will increase the risk of lung cancer each time, with high cumulative risk 
associated with more frequent recurrences[76,77]. The mechanism by which inflammation increases cancer risk relates to 
the action of ROS and RNS produced by immune cells on the genome of lung epithelial cells and the ability of pro-inflam-
matory cytokines such as TNF-α and IL-6 to upregulate the expression of anti-apoptotic proteins[76,78]. Additionally, 
recurrent bouts of inflammation results in fibrosis in the surrounding lung parenchyma, which increases the risk of 
cancer associated with poor lymph drainage[79]. Further supporting the link between inflammation and lung cancer risk 
is a meta-analysis by Khuder et al[80] which demonstrated that non-steroidal anti-inflammatory drugs (NSAIDs) 
conferred a protective benefit in reducing lung cancer risk following adjustment for smoking (OR: 0.68; 95%CI: 0.55–0.85). 
These studies reaffirm the association between inflammation, fibrosis and lung cancer risk.

LIVER CIRRHOSIS AND HEPATOCELLULAR CARCINOMA
The link between hepatic cirrhosis and hepatocellular carcinoma (HCC) is well-established, with the 5-year HCC 
cumulative risk of 17% and 15% respectively for hepatitis B-related and hepatitis C-related cirrhosis respectively[81]. 
NAFLD-related cirrhosis is also associated with the development of HCC, with multi-centre cohort studies showing 1.6 to 
23.7 times increased risk[82]. Chronic inflammation and fibrosis are thought to be the major mechanisms explaining this 
association. In chronic hepatitis, a multitude of immune cells release various cytokines, most notably, TGF-β, TNF-α and 
interleukins, which lead to an increase in cellular proliferation, telomere shortening and genomic instability involving 
signalling pathways such as mechanistic target of rapamycin and Wnt signalling[83,84]. Additionally, previous studies 
revealed that CD4+ cells – involved in activation of the tumour-killing CD8+ cytotoxic T cells – and regulatory T cells – 
responsible for suppressing immune response – are diminished and increased respectively in cirrhosis[85,86]. 
Furthermore, chronic inflammation leads to fibrosis. Specifically, TGF-β released by Kupffer cells (macrophages) promote 
the activation of quiescent hepatic stellate cells (HSCs), analogous to PSCs in the pancreas, becoming myofibroblasts 
which are the primary source of ECM proteins including collagen, undulin, fibronectin and elastin[11,87]. More recently, 
others have identified additional cytokines, growth factors and lipid signals produced by other stromal components 
including endothelial cells, Kupffer cells and adipocytes are involved in HSC activation[88-90]. Fibrosis impairs the 
hepatic vasculature and produces a hypoxic environment, triggering the production of reactive oxygen, nitrogen species 
(ROS and RNO). ROS and RNO in turn can cause oxidative DNA damage among hepatocytes, predisposing them to 
malignant transformation[91]. Additionally, hypoxia induces the transcription of pro-angiogenic factors such as VEGF 
which is responsible for angiogenesis[92]. Further exacerbating this tumorigenic environment, neo-angiogenesis 
promotes the recruitment of immune cells like macrophages which results in further inflammation driving a vicious 
cycle. Today, the relationship between cirrhosis and HCC is extremely robust, that liver stiffness, a hallmark of hepatic 
cirrhosis is being studied as a means of assessing HCC risk[93].

PRIMARY BILIARY CHOLANGITIS AND CHOLANGIOCARCINOMA
Primary biliary cholangitis (PBC) is one of the most common risk factors for cholangiocarcinoma, with ninefold increased 
risk of developing cholangiocarcinoma[94]. The pathogenesis of cholangiocarcinogenesis in patients with PBC is 
multifactorial. Apart from the biliary constituent in PBC patients, chronic inflammation involving cytokines and growth 
factors, notably IL-6, hepatocyte growth factor, and IL-1β, released by various stromal and immune cells have been 
implicated in sustaining proliferative signalling in biliary cells[95-98]. IL-6 is believed to be a predominant contributor in 
cholangiocarcinogenesis, with the potential to promote cellular proliferation, survival and immortalisation via different 
mechanisms – p38MAPK activation[99], increasing DNA methyltransferase[96], Mcl-1 and telomerase expression[100]. In 
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addition, the inflammatory milieu in the surrounding bile duct raises the production of NO which increases the 
probability of DNA damage, affecting genes such as BRAF, K-ras, cyclin d-1, c-myc, COX-2 and p53[98,101]. Using a 
hamster model of cholangiocarcinoma, Prakobwong et al[102] demonstrated a decrease in incidence of cholangiocar-
cinoma, accompanied by decline in pro-inflammatory, growth signalling and anti-apoptotic protein expression including 
COX-2, cyclin-d1, c-myc, bcl-2 and bcl-xL following administration of curcumin, traditional anti-inflammatory agent 
derived from turmeric. This highlights the crucial role of inflammation in cholangiocarcinogenesis. Thirdly, fibrosis, 
instigated by the release of cytokines like IL-6 and TGF-β by immune cells, has also been shown to be involved in the 
neoplastic transformation of biliary cells. Using a liver cirrhosis mouse model, Farazi et al[103] showed that increased 
levels of fibroblasts along with type 1 and 3 collagen stimulate intrahepatic cholangiocyte proliferation and subsequent 
malignant transformation in p53-deficient mice. In another study, Ling et al[104] demonstrated that cholangiocarcinoma 
was induced in a rat model of thioacetamide (TAA)-induced hepatic fibrosis. The association between inflammation, 
fibrosis and cholangiocarcinogenesis is sufficiently convincing to stimulate interest in agents such as curcurmin that may 
diminish the two are being investigated to reduce the risk of cholangiocarcinoma[102,105].

GASTROESOPHAGEAL REFLUX DISEASE, BARRETT’S OESOPHAGUS AND OESOPHAGEAL CANCER
For a long time, chronic gastroesophageal reflux disease (GERD) patients have been known to be at risk of oesophageal 
cancer (OC), with 10%-20% developing Barrett’s oesophagus (BO), making them 30-125 times more likely than the general 
population to develop OC[106]. Unlike HCC and cholangiocarcinoma where fibrosis is thought to be crucial to carcino-
genesis, the pathophysiology of OC is inflammation-predominant. In GERD patients, chronic inflammation and 
oesophageal injury initiated by reflux of gastric acid bile and salt, result in BO, which is an intermediate step to 
progression to OC. More specifically, reflux promotes the recruitment of inflammatory cells, notably macrophages T, B 
and dendritic cells which release various pro-inflammatory cytokines such as TNF-α, IL-6, IL-1B and IL-8 that are 
responsible for NF-Κb, STAT-3, and HIF-1a activation[12,107,108]. This in turn leads to cellular proliferation and de-
differentiation as part of a metaplastic process, a frequent precursor to neoplastic transformation. Further, immunosup-
pressive cytokines, notably IL-10 are found at higher levels in BO, and thus, could render healthy squamous epithelial 
cells undergoing malignant transformation less susceptible to destruction as a result of immune surveillance[109]. 
Furthermore, chronic inflammation creates a state of oxidative stress, evident by the increased levels of ROS and RNS 
present in BO[110]. The heightened level of oxidative stress in turn induces mutagenesis of oncogenes and tumour-
suppressor genes, including TP53, K-ras, FBXW7 and PI3KCA, thereby contributing to OC carcinogenesis[110]. While 
chronic inflammation contributes significantly to OC carcinogenesis, the role of other aspects of stroma, including fibrosis 
on OC carcinogenesis remains unexplored. Interestingly, fibrosis is not apparent in BO, hence providing evidence of an 
inflammatory condition increasing cancer risk without the need for progression to fibrosis. Considering the reverse 
situation, we can hypothesise regarding the role of fibrosis on carcinogenesis from studies on eosinophilic oesophagitis, 
where both inflammation and fibrosis are prominent features but were not found to be associated with increased risk of 
OC[111]. Several mediators appear to be involved in this fibrosis, namely TGF-β, Th-2 type cytokines and ROS[112,113]. 
We could hypothesise that fibrosis may suppress neoplastic transformation in this scenario[111]. At this stage, while 
chronic inflammation substantially elevates OC cancer risk, fibrosis may have differing context specific effects on OC risk.

ORAL SUBMUCOSAL FIBROSIS AND ORAL SQUAMOUS CELL CARCINOMA
Apart from tobacco smoking, oral submucosal fibrosis (OSF) is the major risk factor for the development of oral 
squamous cell carcinoma (OSCC), increasing the likelihood by up to 19-fold compared to a healthy population[114]. The 
aetiology for OSF has long been established, with increasing incidence attributed to daily consumption of areca nut and 
betel quid[115,116]. In addition to the carcinogenic potential of constituents of areca nut and betel quid on activating 
oncogenes and inhibiting tumour-suppressor genes, they are also known to be inflammatory[117]. This promotes the 
recruitment of immune cells, predominantly, macrophages, T cells and lymphocytes to the oral mucosa, which in turn 
release ROS, prostaglandins, cytokines and growth factors, notably IL-6, TNF-α, PDGF and TGF-β[118]. These biological 
mediators, present in the surrounding oral squamous epithelium, promote oral squamous cell proliferation and survival
[118]. Additionally, ROS promotes oxidative damage and mutagenesis, resulting in p53 mutations, decreased levels of 
DNA-methyltransferase repair enzyme and upregulated levels of HSP70 and MDM2-P2 promoter, which ultimately lead 
to neoplastic transformation in areas of OSF[119-123]. Interestingly, some of the aforementioned biological mediators, 
namely IL-6 and TGF-ß are significantly involved in fibrogenesis – synthesising ECM proteins like collagen and 
fibronectin and simultaneously producing plasminogen activator inhibitor-1 (PAI-1) and tissue inhibitor of metallo-
protease which inhibit ECM breakdown[124-126]. This produces extensive fibrosis, particularly in the lamina propria, a 
hallmark feature of OSF. Recently, in an immunohistochemical study involving tissues obtained from patients with 
normal mucosa and OSF, Gadbail et al[127] demonstrated that Ki67 expression, a marker for cell proliferation, was 
directly proportional to α-SMA expression, a marker for myofibroblast formation, potentially highlighting that fibrosis 
may be directly involved in neoplastic transformation. The effect of fibrosis on malignant transformation of oral 
squamous epithelial cells is further stressed in an in-vitro study by Ye et al[128], who showed that growth-regulated 
oncogene-α from OSF-associated fibroblasts promote dysplastic keratinocyte cell line proliferation via activation of the 
EGFR/ERK signalling pathway. The potential of inflammation and fibrosis in OSF to cause neoplastic transformation to 
OSCC is regarded as high, justifying the ongoing search for anti-inflammatory and anti-fibrotic agents to suppress these 
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processes in OSF[76,129].

BREAST CANCER, PHYSIOLOGICAL MAMMOGRAPHIC DENSITY, PATHOLOGICAL INFLAMMATION 
AND CANCER RISK
Up to this point the breast appears to be a unique case in considering links between stromal composition and cancer risk. 
The differentiator is the strong established link between mammographic breast density (MBD), as assessed on 
mammographic images, which ties to the stromal composition of the normal breast, and breast cancer risk. Women with 
MBD lying in the highest quartile have a 4-6-fold higher risk of developing breast cancer than those in the lowest quartile
[130,131]. Dense tissue has been found to correlate with higher proportions of ECM, particularly collagen[132], immune 
cells[133] and glandular epithelial components, and lower proportions of adipocytes[134]. As well as promoting initial 
carcinogenesis, higher mammographic density has been found to correlate with a higher risk of local relapse, a lower rate 
for complete response to chemotherapy[135] and a higher rate of relapse after treatment in locally advanced tumours
[136].

This raises the question as to whether higher ‘physiological’ tissue stromal density carries higher risks of cancer in 
other organs, as well as whether pathological inflammatory and fibrotic processes impact cancer risk in the breast. 
Considering the latter, inflammatory conditions that result in a sustained inflammatory environment in the breast are 
relatively rare. Chronic mastitis is a condition whereby there is sustained inflammation usually relating to chronic 
infection. A retrospective cohort study by Chen et al[137] revealed that patients aged ≥ 40 with a history of mastitis have 
3-fold increased risk of developing breast cancer aHR = 3.71, 95%CI = 1.9–7.02) compared to those without a history of 
mastitis. On the same note, fibrotic condition of the breast such as sclerosing adenosis has also been associated with an 
approximate doubling of breast cancer risk in a US retrospective cohort[138]. This further highlights the significance of 
inflammation and fibrosis in influencing cancer risk and emphasises consideration of more rigorous screening for these 
conditions and therapeutics which could manipulate the stroma and reduce cancer risk.

STROMAL MANIPULATION TO THERAPEUTIC ADVANTAGE
The abundant evidence for multiple robust links between inflammation, fibrosis and carcinogenesis (Figure 1), as well as 
the frequently overlapping spectrum of implicated signalling mediators and pathways, suggest that there may be 
substantial therapeutic benefit to be achieved by detecting and targeting these processes across many cancer types 
(Table 1).

Knowledge of the links between inflammation and malignancy are widely exploited in the screening of at-risk 
individuals with a variety of conditions. First there is promise in the assessment of stromal characteristics to predict 
cancer risk, thereby allowing identification of individuals suitable for screening or for whom screening could be adjusted. 
For instance, the strong relationship between MBD and breast risk has been described above. Initiatives are already in 
progress to use MBD levels to tailor screening, both considering the age at which to start screening and the frequency as 
well as whether other modalities should be considered such as ultrasound or MRI[139,140]. Additionally, robust link 
between liver cirrhosis and HCC has prompted surveillance quantification of alpha-feto protein and liver as a means to 
diagnose HCC earlier[141]. Furthermore, there are screening recommendations for patients with BO and IBD to undergo 
surveillance gastroscopy and colonoscopy to detect the relevant malignancies at early stages[142,143].

Beyond detection, the common mechanisms underlying links between tissue inflammation, fibrosis and malignancy 
have led to development of a number of strategies to target these underlying processes including the application of 
therapeutics including anti-proliferatives, anti-inflammatories, anti-estrogens and anti-fibrotics which will be discussed 
below.

Anti-proliferative
Thiopurines (azathioprine, mercaptopurine and thioguanine) has been a mainstay drug for IBD patients over the last 50 
years. Its main drug effect is derived from the production of its metabolites 6-thioguaninenucleotides (6-TGN) and 6-
methylmercaptopurine (6-MMP)[144]. These metabolites exert an immunosuppressive and anti-proliferative effect by 
binding Ras-related C3 botulinum toxin substrate 1 (Rac1) to thioguanosine triphosphate thus mitigating chronic gut 
inflammation in IBD. This blockade of Rac1 signalling results in decreased anti-apoptotic protein Bcl-xL expression and 
subsequent promotion of pro-inflammatory T-cell apoptosis[145,146]. A meta-analysis by Zhu et al[147] involving 95397 
IBD patients, found that thiopurine use is associated with reduced risk of colorectal neoplasia (case control OR = 0.49, 
95%CI: 0.34–0.70; cohort RR = 0.96, 95%CI: 0.94–0.98). While effective as a chemopreventive agent, thiopurine use should 
be balanced with potential adverse effects such as risk of myelosuppression and in the long term, development of 
lymphoproliferative disorders[146,148].

Anti-inflammatory
NSAID used widely in the treatment of chronic pain syndromes have been studied as a chemopreventive agent in a wide 
range of cancers. NSAIDs reduce inflammation by reversibly and non-selectively inhibiting cyclooxygenase (COX) 
enzymes which in turn lead to decreased production of prostaglandins and leukotrienes, mediators which have been 
implicated in carcinogenesis. A meta-analysis by Qiao et al[149] comprising of 218 studies demonstrated that aspirin use 
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Figure 1 Schematic showing the links between inflammation, fibrosis and cancer in the tumour microenvironment. NK: Natural killer; HIF-1α: 
Hypoxia-inducible factor 1alpha; PI3K: Phosphatidylinositide 3-kinase; STAT3: Signal transducer and activator of transcription 3; NF-ĸB: Nuclear factor qB; Wnt: 
Wingless-related integration site.

was associated with a significant reduction in risk of gastric, esophageal, colorectal, pancreatic, ovarian, endometrial, 
breast and prostate cancer with rates ranging from 6%-25%. Another meta-analysis investigating the link between NSAID 
and skin cancer risk has also shown positive results, with significant reduction in risk of developing basal cell carcinoma, 
squamous cell carcinoma and non-melanoma skin cancer, but not melanoma. Interestingly, no significant 
chemopreventive effect is observed for COX-2 selective-NSAIDs and NSAID use among European populations[150].

5-aminosalicylates (5-ASA) is a drug class with anti-inflammatory and immunosuppressive properties, generally 
utilized in treatment of IBD and various rheumatologic conditions which has recently been found to possess 
chemopreventive properties. It works via multifactorial mechanisms but two well-understood mechanisms are the 
inhibition of prostaglandins and leukotrienes synthesis and scavenging of reactive oxygen species[151]. Previous 
systematic review of 31 independent observational studies in IBD has demonstrated that 5-ASA use is associated with a 
43% reduction in risk of colorectal malignancy among patients with IBD. Of note, the reduction in risk of colorectal 
malignancy of 50% was more prominent in UC as compared to CD, where the risk reduction was non-significant. 
Furthermore, the incidence of IBD-related colorectal cancer have significantly declined in recent years and whilst 
numerous factors could cause this, the role of 5-ASA and other immunomodulatory agents are likely to have contributed 
to the decrease in cancer incidence[13].

Anti-fibrotic
Nintedanib and pirfenidone are two anti-fibrotic agents which have been approved for the management of IPF.  Both 
work via modulation of fibrogenic growth factors, thereby decreasing fibroblast proliferation, myofibroblast differen-
tiation, collagen and fibronectin synthesis, and extracellular matrix deposition[152]. Recent retrospective study by Naoi et 
al[153] demonstrated that the cumulative incidence of lung cancer in patients with IPF treated with antifibrotic agent was 
significantly lower than those who were not (2.2% vs 4.4% at 1 year, 2.2% vs 6.7% at 3 years, and 3.3% vs 9.7% at 5 years, 
respectively; P = 0.004)[153]. Interestingly, the use of anti-fibrotic agent was also associated with lower lung-cancer 
related mortality (1.6% vs 15.2%, respectively; P = 0.0001)[153]. With established benefits in terms of slowing progression, 
possibly improving survival in IPF and more recently, preventing lung cancer development, the use of anti-fibrotic agents 
should be strongly considered in all IPF patients provided that there are no contraindications.

Anti-estrogens in breast cancer
Anti-estrogens inhibit the synthesis or antagonise action of estrogen in target organs. Anti-estrogens encompass selective 
estrogen receptor modulators (SERMs), selective estrogen receptor degrader, aromatase inhibitors, gonadotrophin release 
hormone agonists and antagonists. Previous studies have shown that tamoxifen, raloxifene, exemestane and anastrozole 
have significantly reduced the incidence of breast cancer in high-risk women by 49%[154], 76%[155], 65%[156], 49%[157] 
respectively. Currently, two SERMs, tamoxifen and raloxifene, are approved by the FDA for breast cancer 
chemoprevention, with anastrozole and exemestane pending approval. The mechanism of action by which antiestrogens 
prevent breast cancer remains unclear, however, the reduction of breast stromal density brought about by antiestrogen 
use is thought to confer a less pro-tumorigenic environment and hence lowering breast cancer risk.
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Stromal disruption
Lysyl oxidase (LOX) and LOX-like inhibitors are another drug class targeting the stroma of immense chemopreventive 
potential. LOXL is amine oxidase which catalyse the cross-linking of collagen and elastin in normal tissue and 
extracellular matrix, facilitating carcinogenesis, cell proliferation, migration and metastases[158]. Whilst previous studies 
have mainly investigated LOXL inhibitors as an anti-cancer agent, the preliminary results have been promising and LOX 
role in carcinogenesis make it a particularly interesting target to prevent carcinogenesis. Anti-GS341, antibody targeting 
LOXL-2 has been shown to significantly reduce tumour volume and lung metastases in a breast cancer xenograft model 
using MDA-MB-231 cells into immunocompromised SCID mice[159]. Additionally, an orally bioavailable LOX/LOXL2 
inhibitor, CCT365623, developed by Leung et al[160] produced significant diminution in tumor growth and metastases in 
an in vivo model of transgenic LOX-dependent breast tumor mice[160]. These promising preclinical findings have 
translated to clinical trials exploring LOX/LOXL inhibitor in numerous diseases including myelofibrosis, cirrhosis, and 
breast cancer[161-164].

Another potential stromal disruption agent targets the extracellular matrix, particularly degradation of hyaluronic acid 
(HA), an important component of the ECM known to participate in carcinogenesis, tumor progression and metastasis in 
various cancers[165]. PEGPH20 is a PEGylated human hyaluronidase that showed promise both as single agent or in 
combination, in numerous preclinical studies[165-167]. Thompson et al[168] showed that repetitive PEGPH20 adminis-
tration significantly inhibited tumor growth by 70% in high-HA prostate PC3 tumors and improved both docetaxel and 
liposomal doxorubicin activity in PC3 tumors.  Additionally, using HA synthase 3-overexpressing and wild-type SKOV3 
ovarian cancer model and in the BxPC3 pancreas xenograft tumour model, Morosi et al[166] showed that PEGPH20 
enhanced the antitumor activity of paclitaxel by modifying the tumour tissue architecture. Despite the promising 
potential of PEGPH20 in preclinical studies, clinical trials of PEGPH20 in various advanced solid tumours have been 
disappointing with PEGPH20 failing to meet its primary end point of improvement in overall survival[169]. However, it 
is crucial to note that PEGPH20 has not been explored in preventing carcinogenesis such as in the context of IBD, cirrhosis 
and IPF. Considering the significance of the ECM in carcinogenesis, future studies should study the effect of ECM-
degrading agents such as PEGPH20 in carcinogenesis.

In addition to targeting the ECM, agents targeting other components of the ECM have been studied. Most notably, 
agents targeting myofibroblasts which produce pathological fibrosis and thus a pro-carcinogenic environment have 
shown promising results in previous studies. Depletion of myofibroblasts by targeting its marker, fibroblast activation 
protein-α, has been shown to inhibit tumor growth by augmenting anti-tumor immunity[170,171]. Additionally, agents 
targeting TGF-β, an important cytokine in myofibroblast activation have also been studied as TGF-β inhibition has been 
demonstrated to prevent myofibroblast activation and prevent immunosuppression and thus cancer progression[172]. 
Again while these agents are studied as anti-cancer therapies, these drugs have immense potential to be utilised as 
chemopreventive agents in disorders of chronic inflammation and fibrosis to prevent carcinogenesis.

CONCLUSION
In conclusion, the correlation between chronic inflammation, fibrosis and cancer risk is complex, with the former being 
more straightforward. Chronic inflammation in the stroma of different body tissues promotes carcinogenesis via different 
mechanisms – growth factor/cytokine-mediated cellular proliferation, apoptotic resistance and immunosuppression; and 
free-radical-induced oxidative DNA damage. However, certain immune cells, involved in tumour-surveillance may be 
depleted, as seen in IPF and hepatic cirrhosis, thereby raising cancer risk by compromising immune surveillance of 
tumours. The relationship between stromal fibrosis and cancer risk varies in different organs, implying that the effects of 
fibrosis could be tissue-specific. Increased stromal fibrosis is associated with an increased cancer risk in organs like the 
lung, liver, biliary tract and colorectal region. Conversely, in other organs such as pancreas and potentially, oesophagus, 
increased stromal fibrosis may confer a lower cancer risk.

At this current time, the mechanism by which fibrosis influences cancer risk is still ambiguous. We propose two 
hypotheses. Firstly, a fibrotic environment contributes to an aberration in ECM dynamics which affects normal cellular 
behaviour and ultimately neoplastic transformation. Secondly, we hypothesise that fibrosis may present as a safe 
alternative to cellular regeneration which has the potential to produce aberrant DNA mutations, resulting in tumour 
formation. What determines the former or the latter are a multitude of factors which could include fibroblast hetero-
geneity and plasticity; extent of fibrosis; inflammation; and the predominance of certain mediators over others. Therefore, 
future studies, especially in-vitro and animal studies, should investigate the mechanisms by which fibrosis contributes to 
carcinogenesis in various organs in further depth and determine if fibrosis, alone or only in conjunction with inflam-
mation would promote carcinogenesis. Furthermore, the role of surveillance screening and therapeutic agents with 
stroma manipulation potential in patients with diseases which involve chronic inflammation and fibrosis should be 
further studied to reduce the incidence of relevant cancers.
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Abstract
Thyroid cancer is the most common endocrine malignancy. While there has been 
no appreciable increase in the observed mortality of well-differentiated thyroid 
cancer, there has been an overall rise in its incidence worldwide over the last few 
decades. Patients with papillary thyroid carcinoma (PTC) and clinical evidence of 
central (cN1) and/or lateral lymph node metastases require total thyroidectomy 
plus central and/or lateral neck dissection as the initial surgical treatment. Nodal 
status in PTC patients plays a crucial role in the prognostic evaluation of the 
recurrence risk. The 2015 guidelines of the American Thyroid Association (ATA) 
have more accurately determined the indications for therapeutic central and 
lateral lymph node dissection. However, prophylactic central neck lymph node 
dissection (pCND) in negative lymph node (cN0) PTC patients is controversial, as 
the 2009 ATA guidelines recommended that CND “should be considered” 
routinely in patients who underwent total thyroidectomy for PTC. Although the 
current guidelines show clear indications for therapeutic CND, the role of pCND 
in cN0 patients with PTC is still debated. In small solitary papillary carcinoma 
(T1, T2), pCND is not recommended unless there are high-risk prediction factors 
for recurrence and diffuse nodal spread (extrathyroid extension, mutation in the 
BRAF gene). pCND can be considered in cN0 disease with advanced primary 
tumors (T3 or T4) or clinical lateral neck disease (cN1b) or for staging and 
treatment planning purposes. The role of the preoperative evaluation is fund-
amental to minimizing the possible detrimental effect of overtreatment of the 
types of patients who are associated with low disease-related morbidity and 
mortality. On the other hand, it determines the choice of appropriate treatment 
and determines if close monitoring of patients at a higher risk is needed. Thus, 
pCND is currently recommended for T3 and T4 tumors but not for T1 and T2 
tumors without high-risk prediction factors of recurrence.
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Core Tip: Nodal status in papillary thyroid cancer patients plays an important role in the prognosis of risk for recurrence. 
Preoperative evaluation is crucial for minimizing the possible risk of injury from overtreatment. Undoubtedly, therapeutic 
central neck dissection in addition to total thyroidectomy should be performed if there is positive lymph node involvement. 
The role of prophylactic central neck lymph node dissection in patients with papillary thyroid carcinoma with negative 
lymph nodes has been debated. It is currently recommended for T3 and T4 tumors but not for T1 and T2 tumors without 
high-risk prediction factors of recurrence.
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INTRODUCTION
Well-differentiated thyroid cancer is the most common endocrine malignancy, with approximately 570000 new cases 
annually. Furthermore, papillary thyroid carcinoma constitutes 90% of the new cases of thyroid cancer[1]. In comparison 
to statistics from the previous decade, there is now an over 100% increase in its incidence worldwide. This upsurge is 
somewhat due not only to increasing human exposure to defined incriminated factors for the development of thyroid 
carcinoma but possibly also to increases in health care utilization and imaging practices (ultrasound, fine needle 
aspiration), which can efficiently detect small asymptomatic nodules that otherwise remain undiagnosed[2,3].

The incidence of thyroid cancer reaches its peak between the fourth and fifth decade of life, with a predominance of 
women with a mean ratio of 4/1[4]. The overall five-year survival rate of thyroid carcinoma reaches over 95%, which 
could be characterized as excellent. Thus, it is one of the most amenable malignancies to treatment. The incidence of 
deaths in the United States is only 0.5 per 100,000 population and has not changed significantly from 1975 to 2009[5]. 
Despite the increasing incidence and due to widespread high-sensitivity screening practices, there is no described 
increase in mortality, which supports that well-differentiated thyroid cancer is in fact being overdiagnosed[6,7].

In the last version of the American Thyroid Association (ATA) guidelines, total thyroidectomy remains the preferred 
management method for tumors with a diameter above 4 cm or with a diameter under 4 cm but with high-risk features. It 
is widely established that high-risk features, including a family history of thyroid carcinoma, prior neck irradiation, 
extrathyroid extension, multifocality, and central lymph node involvement, with or without lateral lymph node neck 
involvement, require more extended surgical resections (total thyroidectomy with or without lymph node dissection)[8].

Papillary thyroid microcarcinomas are defined as papillary thyroid carcinomas (PTCs) of 1 cm or less in size. It has 
been reported that they are related to extremely low local or regional recurrence rates (2%-6%) and an even lower disease-
specific mortality of less than 1%[9]. Since the majority of newly diagnosed thyroid carcinomas are microcarcinomas, 
there is growing pressure to stage the risk and minimize possible injury from the overtreatment of low-risk thyroid 
disease. To this effect, the American Thyroid Association indicates lobectomy as an alternative and less invasive approach 
in its new guidelines, as well as to minimize the major complications of total thyroidectomy, mainly hypocalcemia and 
recurrent laryngeal nerve palsy[8].

Lymph node metastases are common in papillary thyroid cancer, occurring in 20%–50% of patients, and they mostly 
occur in the central compartment of the neck (level VI). Lymph node metastases are also known to be an independent risk 
factor for local recurrence[10]. Lymph node dissection of the central, i.e., levels VI, VII with lateral compartments of the 
neck, i.e., Levels II to V will undoubtedly be recommended if there is a confirmed presence of lymph node metastases[8]. 
The necessity of prophylactic central neck lymph node dissection remains contested and in an ongoing controversy in the 
era of de-escalation.

This narrative review evaluates the role of prophylactic central neck lymph node dissection in well-differentiated 
thyroid carcinoma.

RESEARCH METHODS
The study was based on the data of an extensive literature review from PubMed until March 2023, focusing on the 
comparison of the efficacy and surgical safety of its prophylactic performance. Only full-text papers published in the 
English language were included. Since the aim of this review was to study the efficacy and oncological completeness of 
thyroidectomy with or without central neck lymph node dissection for well-differentiated thyroid carcinoma, studies for 
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nonmalignant thyroid pathologies were excluded.

CLINICAL ANATOMY AND EXTENT OF THOROUGH CENTRAL NECK DISSECTION
The central neck compartment is anatomically composed of level VI and the upper part of level VII. Level VI is bounded 
cranially by the hyoid bone, caudally by the upper margin of the sternum, and laterally by the left and right common 
carotid arteries. The anterior border of the superficial layer of the deep cervical fascia is the posterior margin of the 
sternothyroid muscle. The posterior border is the prevertebral fascia, the deep layer of the deep cervical fascia. Near the 
origin of the right brachiocephalic artery, which forms the lower edge, the caudal of level VI is extended to level VII. Four 
groups constitute the lymph nodes of the central neck compartment, i.e., the prelaryngeal (Delphian), pretracheal, right 
paratracheal, and left paratracheal lymph nodes. Accurate central neck lymph node dissection requires imperatively 
meticulous complete removal of both the prelaryngeal and pretracheal regions and those of at least one paratracheal 
region, either left or right. In the case of the involvement of both paratracheal regions, central neck dissection should be 
bilateral[10].

Patients with clinical positivity for lymph node metastasis need to undergo therapeutic central neck dissection. 
Metastatic lymph node involvement is usually revealed either preoperatively, by ultrasound imaging, or intraoperatively 
by frozen section biopsy. Prophylactic central neck dissection means removal of all lymph nodes in both levels VI and 
VII, despite a negative preoperative diagnosis for suspected findings (cN0). The so-called berry picking, i.e., the one by 
one excision of only the lymph nodes with the appearance of metastasis that are in the sites that are not apparently 
healthy, should not be considered as an option and should be avoided[11].

The resection of paratracheal lymph nodes constitutes one of the most challenging technical parts of central neck 
dissection because of the necessary preservation of the anatomical integrity of all crucial structures in this region, 
specifically the recurrent laryngeal nerve and parathyroid glands with their vascularity. The latter deals mainly with the 
inferior parathyroid gland, as almost 90% of cases receive blood supply from the inferior thyroid artery, which lies 
beneath the area, in which all contained lymph nodes are planned to be dissected. In contrast, preservation of the upper 
parathyroid gland is somewhat easier during paratracheal lymph node dissection, especially when its blood supply 
comes exclusively from the superior thyroid artery[8,10].

RISK STRATIFICATION: PREOPERATIVE EVALUATION
The last guidelines of the American Thyroid Association state that the relevant high-risk factors from the history, i.e., 
rapid growth of nodules, sudden swallowing dysfunction, or dysphonia, must be investigated[8]. In addition, much 
relevant information can be obtained at the time of the patient’s examination. There is agreement among authors that age 
equal to or more than 45 years, female sex, familial history of thyroid carcinoma, and previous neck irradiation are 
considered predisposing factors for developing thyroid carcinoma, as shown in Table 1[12-14].

Undoubtedly, a precise preoperative diagnosis is a necessary condition for successfully planning the operative 
strategy. It is imperative to examine all the central and lateral neck lymph nodes in patients with well-differentiated 
thyroid carcinoma preoperatively, as well as to examine the central compartment intraoperatively. The preoperative 
fundamental diagnostic tools include an ultrasound scan of high resolution and fine-needle aspiration cytology of all 
suspected nodes[15].

Determining the levels of thyroglobulin in the aspiration material from suspicious lymph nodes significantly increases 
the sensitivity of the whole diagnostic evaluation. The sensitivity and specificity to detect lateral lymph node metastasis 
are sometimes higher compared to the central compartment; the referred sensitivity of the lateral is 93.8%, which is in 
contrast to that of the central compartment, which is 30%[16]. This notable difference is attributed to the complex 
anatomy of the central compartment. The central lymph nodes are not only smaller in diameter than the lateral lymph 
nodes but are also located in a groove between the esophagus, trachea, and thyroid. The interpretation of ultrasound 
findings is undoubtedly operator dependent, and much expertise is needed. Moreover, the presence of lymphocytic 
thyroiditis (Hashimoto’s disease) changes, which may be accompanied by inflammatory lymphadenopathy in majority of 
cases and may further interfere with the interpretation of the examination findings[17].

If a suspicion of extrathyroid spread exists that is accompanied by infiltration of a neighboring structure (larynx, 
esophagus, trachea and the main blood vessels in the neck) or if there is possible infiltration of the mediastinal and 
retropharyngeal lymph nodes, then a computed tomography (CT) scan of the head, neck and thorax needs to be 
performed. Magnetic resonance imaging of the head and neck could occasionally be a reliable alternative to CT scan; 
nonetheless, for the central compartment, it is less enlightening when compared to CT scan[15].

ROLE OF CENTRAL NECK NODAL STATUS
In patients with papillary thyroid cancer and clinical evidence of central with or without lateral lymph node metastases 
(cN1), the necessary initial treatment includes, central lymph node dissection with or without lateral neck dissection, in 
addition to total thyroidectomy. Level V lymph node dissection is mandatory in cases of central lymph node 
involvement. Additionally, it is necessary when ipsilateral with or without bilateral therapeutic lateral neck dissection, 
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Table 1 Papillary thyroid carcinoma, risk stratification and preoperative evaluation

No. Parameter

1 Tumor size > 4 cm

2 Family history of thyroid carcinoma

3 Previous neck irradiation

4 Multifocality

5 Extrathyroid extension

6 Rapid growth of nodules

7 Sudden swallowing dysfunction or dysphonia

8 Age ≥ 45 yr

9 Female gender

including levels IIa, III, IV, and Vb, is required[8,10,18,19]. This is because of the pivotal role of the nodal status in 
patients with papillary thyroid cancer, which is mainly due to its prognostic contribution to the risk of recurrence[8]. The 
2015 American Thyroid Association guidelines update, in contrast to those of 2009, more precisely determines the 
recommendations for therapeutic central and lateral lymph node dissection when they are clinically evident. Prophylactic 
central neck dissection can be considered in negative central lymph node (cN0) disease of large primary tumors (T3, T4), 
in clinical lateral lymph node disease (cN1b), or for staging purposes to define the plan of treatment strategy. This 
clarified aspect is important, as the 2009 guidelines recommended that routine level VI lymph node dissection “should be 
considered” in all patients undergoing total thyroidectomy for papillary thyroid cancer regardless of positive or negative 
nodal status[9]. This decisive statement has led to controversy, as many surgeons took it as an interpretation of the 
recommended surgery.

Well-differentiated thyroid carcinoma includes not only papillary but also follicular carcinomas. However, the latter 
has mainly hematogenous metastases and only occasional (less than 5% of cases) regional lymphatic metastases of the 
neck[20]. The most common locations for distant hematogenous metastases are the lungs and brain[21], with a metastasis 
rate that fluctuates between 6% and 20% of cases[22,23]. To this effect, there is no need for prophylactic central neck 
dissection in follicular cancers, except for those cases in which there are clinically evident central neck metastases.

Lymphatic metastases of papillary thyroid carcinoma are mainly located in the regional lymph nodes. They most often 
affect the lymph nodes of level VI (paratracheal) and, in distant time, those of the lateral neck compartment, specifically 
levels III and IV, and extremely rarely level I[24,25]. In the absence of central lymph node metastases, escaped lateral 
lymph node metastases have been reported with an overall incidence of 20%[26]. They are associated, in most cases, with 
carcinoma located in the superior thyroid third, which mainly has metastases in lymph node levels II and III[27]. Notably, 
approximately 83% of the cases with lateral lymph node involvement also have microscopic metastases of the ipsilateral 
central lymph nodes, and 4% of them cannot be revealed by any preoperative diagnostic tool. In this clinical scenario, a 
need exists for at least ipsilateral prophylactic central neck dissection regardless of the negative clinical status[28].

In 5%-10% of cases of papillary thyroid carcinoma, palpatory clinical evidence of regional metastatic disease 
(macroscopic disease) exists at the time of diagnosis. The use of more sophisticated diagnostic approaches, including 
high-resolution ultrasound with fine-needle aspiration biopsy, may increase the former incidence by up to 30%[29]. 
Hematoxylin and eosin staining, the classical histopathological tool, can reveal positive typical lymph nodes in 30% to 
50% of patients with papillary thyroid carcinoma who underwent elective central with lateral lymph node dissection[30]. 
There are studies in which an additional immunohistochemical evaluation of the resection specimen revealed microscopic 
metastases in up to 90% of cases[31,32]. These reports sustain the aspect that papillary thyroid carcinoma in most cases is 
accompanied by microscopic dissemination of the disease at the time of diagnosis and does not usually exhibit clinical 
evidence.

ROLE OF PROPHYLACTIC CENTRAL NECK DISSECTION
The results from studies such as Tisell et al[33] and Barczyńsk et al[34] have suggested that prophylactic central neck 
dissection has a positive effect on patient survival, mainly by reducing the probability of locoregional recurrence. The 
effect of lymph node status in recurrence and survival in PTC is shown in Table 2. Such a recurrence is based on 
macroscopic metastases with infiltration beyond the thyroid caps, a larger number of either positive or negative nodes in 
the overall lymph nodes included in the performed dissection, as well as the existence of five or more nodes with 
metastasis in the initial specimen[35]. However, the recurrence ratio could be described as very low in the presence of 
microscopic metastases[36]. Although the incidence of nodal micrometastases in the central compartment ranges from 
38% to 80%, the probability of local nodal recurrence is below 3.8%, and central neck dissection is either performed or not
[37,38].
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Table 2 Effect of lymph node status in recurrence and survival in papillary thyroid carcinoma

Ref. Patients (Nu) Trial Survival 

Tisell et al[33], 1996 195 Single center retrospective study Increased in ≥ 45 yr; Unaffected in < 45 yr

Zaydfudim et al[20], 2008 30504 United States Registry, Surveillance Increased in ≥ 45 yr; Unaffected in < 45 yr

Lundgren et al[38], 2006 5123 Swedish Registry Surveillance Increased

In addition, the studies from Lundgren et al[38], including 5123 patients, and Zaydfudim et al[20], including 33088 
patients, assessed the existence of metastases in the central and lateral compartments and documented a reduced survival 
rate. The recognized risk factors were age > 45 years in papillary cancer patients, male sex, metastases > 3 cm in size 
accompanied by spread beyond the thyroid caps, and the histopathological type of diffuse invasive follicular carcinoma
[20,39,40]. According to the aforementioned, the selection of initial operative management has gained great importance; it 
should not be required to use only the tumor size as a criterion to determine the surgical plan.

Although there has been a worldwide agreement that lateral lymph node dissection should be preserved only in 
clinical N1b cases, the role of prophylactic central lymph node dissection in cN0 papillary thyroid carcinoma is still 
debated[40-45]. However, the preoperative evaluation of lymph nodes can be characterized as challenging. According to 
a meta-analysis from Liang et al[46], who included 23 “high-quality” studies, the proportion of central neck lymph node 
metastases fluctuates between 16.7% and 82.3% in those patients who underwent prophylactic central neck dissection.

Taking into account these broad ranges in the rate of central neck metastases, obtaining a high-quality evidence-based 
recommendation concerning prophylactic central neck dissection could be defined as demanding. A reason that could 
explain this heterogeneity in the literature’s results could be the difference in the expertise of obtaining a preoperative 
assessment by ultrasound, the plan of surgical management, and the histopathological evaluation. The basic assertions 
that are in favor of prophylactic central lymph node dissection concern the better staging accuracy, a more precise 
allocation to radioiodine treatment and the more reduced levels of postoperative thyroglobulin, possibly contributing to a 
decrease in the recurrence risk[46,47].

Otherwise, the basic argument against the abovementioned is the increased potential for complications, mainly 
hypoparathyroidism and laryngeal nerve injury[40,48]. A more conservative approach, i.e., ipsilateral (IpsiCND) central 
neck dissection, provides a lower rate of complications and was proposed in patients with clinical unilateral papillary 
thyroid carcinoma. It includes removal of the prelaryngeal, pretracheal and paratracheal lymph nodes on the same side as 
the tumor[49].

Even if the preoperative evaluation of the central lymph node compartment has not confirmed nodal metastasis, it 
must not prevent the surgeon from sending any suspicious node for intraoperative frozen-section histopathological 
assessment, and the assessment should not be based only on an intraoperative clinical inspection and palpation. 
Depending on the outcome of the frozen-section biopsy, a decision on therapeutic central lymph node dissection can be 
made. Several authors have verified that the sensitivity and specificity of intraoperative frozen-section biopsy may reach 
100%[50]. Nevertheless, even in experienced hands, only approximately 26% of the confirmed metastases of the lymph 
nodes could be revealed based only on the intraoperative clinical evaluation[51].

In consonance with the novel scientific evolution, there is no reason to perform ipsilateral prophylactic central neck 
dissection for small solitary (T1, T2) well-differentiated thyroid carcinomas. The incriminated factors for the development 
of locoregional metastases include the larger diameter thyroid carcinomas (T3, T4), multifocality, a tall cell, a diffuse 
sclerotic and insular tumor that represents an aggressive subtype[52-56] as well as positivity for BRAF gene mutations on 
genetic testing[57]. In such scenarios, ipsilateral prophylactic central neck dissection is recommended. Nonetheless, the 
majority of the aforementioned data concerning possible malignancy are available only postoperatively after a precise 
tumor histopathological evaluation. Unfortunately, that accurate information is not available in advance for determining 
the plan of the extent of operative resection, thus carrying out a prophylactic central neck dissection is ultimately 
required.

A reliable alternative could be a prophylactic ipsilateral neck dissection frozen section examination, as proposed by 
Raffaelli et al[58]. Taking into consideration the highly accurate rate of frozen section evaluation of the ipsilateral central 
lymph node compartment in assessing the nodal status of negative cases with papillary thyroid cancer (up to 90%), they 
hypothesized that the frozen section assessment of ipsilateral central lymph node dissection could be valuable to 
modulate the extension of surgical resection. Undoubtedly, if there is an occurrence of hidden ipsilateral central lymph 
node metastasis, then total thyroidectomy and therapeutic central compartment dissection will become mandatory. 
Currently, in a case control study (unpublished data), they adopted such operative tactics personalizing the extent of the 
attempted resection in patients with small (T1) papillary thyroid carcinoma, without both multifocality and central lymph 
node involvement. This evaluation included 60 patients with personalized management who were scheduled for initial 
lobectomy only. The results, as described, confirmed that frozen section evaluation of ipsilateral central lymph node 
dissection may be effective and accurate in identifying patients who could benefit from bilateral central neck dissection. 
Therefore, the advantages include the lower risk of recurrence and subsequently the reduced need for a second more 
complicated operation[58].
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MORBIDITY IN ELECTIVE CENTRAL NECK DISSECTION
Another factor that supports the debate concerning prophylactic central neck dissection is the intraoperative and 
postoperative morbidity that accompany such a procedure. Actually, the question that arises is whether the benefits 
exceed the potential harm. It is well known and demonstrated that the percentage of complications, namely, recurrent 
laryngeal nerve injuries and hypocalcemia, is increased after total thyroidectomy in cases accompanied by central lymph 
node dissection[59-61].

Lee et al[62], including 103 patients, stated that ipsilateral central neck dissection is accompanied by fewer complic-
ations, especially temporary and permanent hypocalcemia, compared to bilateral dissection. On the other hand, a meta-
analysis from Chisholm et al[63], including 1132 patients, supports that there is no statistically significant increase in the 
percentages of complications, especially when neck dissection is performed by an endocrine surgeon. Zhu et al[64] drew 
the same results after evaluating nine relevant studies including 2298 patients.

Over the last two decades, a notable increase in papillary thyroid cancer and multifocal lesions as well as the 
coexistence of Hashimoto’s chronic thyroiditis was found. In addition, there was a gradual decrease in the papillary 
thyroid carcinoma sizes and subsequently an increase in micropapillary carcinoma[65]. The latter has led to controversy 
regarding the possible increase in lymph node metastasis reflecting central lymph node dissection. However, a recent 
study showed that multifocal lesions were not accompanied by a relevant increase in lymph node metastasis, but bilateral 
multifocality was associated with more aggressive clinical behavior and tumor histopathology. Thus, in this case, prophy-
lactic central lymph node dissection is indicated, despite preoperative or intraoperative negative lymph node 
involvement[66].

The incidence of lymph node metastasis posterior to the right recurrent laryngeal nerve was estimated at 6%, making it 
necessary to thoroughly investigate this possibility in tumors of the lower pole that are greater than 0.5 cm in size[67]. 
Based on the recommendation by the American Thyroid Association for routine dissection of this lymph node[8], there is 
an increased risk of nerve injury and palsy in these tumors. Endoscopic thyroidectomy may offer an alternative safer 
approach[68].

A recent meta-analysis including 15 studies showed that total thyroidectomy with prophylactic lymph node dissection 
for papillary thyroid carcinoma was related to a lower local recurrence rate but a higher risk of permanent hypocalcemia 
and transient hypoparathyroidism than total thyroidectomy alone. There were no significant differences in transient 
hypocalcemia, permanent hypoparathyroidism, both temporary and permanent vocal cord paralysis, and recurrent 
laryngeal nerve injury[69]. The results of the above mentioned studies using routine prophylactic central neck lymph 
node dissection in PTC are shown in Table 3.

Hashimoto’s thyroiditis may cause reactive hyperplasia of the central lymph nodes in patients with papillary thyroid 
cancer. Nevertheless, in this autoimmune thyroiditis, there are often false-positive findings on ultrasound, which lead to 
possible overtreatment and complications[70].

PRE/POSTOPERATIVE PREDICTION FACTORS-RECURRENCE
Several predisposing factors for potential central lymph node metastasis in T1-T2 papillary thyroid carcinoma have been 
recognized. Thus, predictive nomograms have been developed, and they can be useful in planning the extent of operative 
strategy[71-75].

They include age (less than 44 years), gender (male), race (white and other nonblack people), size of the tumor (larger 
than 10 mm), multiple focal lesions, and minimal extrathyroid extension[71].

The least absolute shrinkage and selection operator -based model includes age (equal to or more than 55 years), 
nodular goiter, mutations in the BRAF gene, and Hashimoto’s thyroiditis as the most important factors[72].

The preoperative ultrasound suspicious findings (size of lymph node more than 5 mm, microcalcification, cystic 
degeneration, round shape, abnormal boundary, and cortical thickening) in addition to clinical data constitute another 
model[73]. Some statistical data of ultrasound signs are shown in Table 4[74].

Papillary thyroid carcinoma that is located in the isthmus exhibits aggressiveness and is related to poor prognosis. A 
nomogram including incriminated factors for metastatic lymph nodes and worse outcome (gender, age, size of malignant 
lesion, thyroid cap invasion, and Hashimoto’s thyroiditis)[75], as for any other location of high-risk patients[76], predicts 
recurrence[77].

Hypervascularity in ultrasound is an independent risk factor for recurrence in papillary thyroid carcinoma[78].
The ratio of fibrinogen to neutrophile percentage has been proposed as another independent risk factor for recurrence 

in patients with the coexistence of papillary thyroid carcinoma and diabetes mellitus type 2[79].
Multifocality (presence of two or more foci) of papillary thyroid carcinoma was determined to be a risk factor for an 

increased rate of central lymph node metastasis (44.57%) and lateral lymph node metastasis (17.17%)[80].
A radiomics nomogram based on ultrasound features, sex, age, BRAF gene V600E mutation, and extrathyroid 

extension predicts lymph node metastasis in papillary thyroid carcinoma[81].
For stage pT1α papillary thyroid microcarcinoma, multivariate analyses have demonstrated that younger age, male sex, 

and subcapsular location of the lesion were predictive factors for central lymph node metastasis[82].
Based on the above mentioned studies, the main high-risk prediction factors of central lymph node recurrence in T1-T2 

PTC are shown in Figure 1.
Small papillary thyroid carcinoma (equal to or less than 10 mm in diameter) was found to be a prediction factor for not 

detecting lymph node metastases, as shown in a recent study. Multivariate analyses have also showed that the values of 
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Table 3 Results of routine prophylactic central neck lymph node dissection in papillary thyroid carcinoma

Ref. Patients 
(Nu) Trial Findings

Barczyński et 
al[34], 2013

640 Single center 
retrospective study

Bilateral pCND increases 10-yr disease-specific survival and locoregional control, No increased risk of 
permanent morbidity

Lee et al[62], 
2007

103 Single center 
retrospective study

Increased transient hypocalcemia in bilateral than ipsilateral pCND 

Chisholm et al
[63], 2009

1132 Meta-analysis No increased permanent morbidity

Zhu et al[64], 
2013

2298 Meta-analysis No more complications

Wang et al
[69], 2023

2080 Meta-analysis Reduced local recurrence; Higher risk of permanent hypocalcemia and transient hypopara-thyroidism; 
No significant differences in transient hypocalcemia, permanent hypopara-thyroidism, both temporary 
and permanent vocal cord paralysis, and recurrent laryngeal nerve injury

pCND: Prophylactic central neck lymph node dissection.

Table 4 Suspicious ultrasound findings of lymph nodes which predict malignant infiltration

Sign Sensitivity, % Specificity, %

Microcalcifications 5-69 93-100

Cystic degeneration 10-34 91-100

Vascularity peripheral 40-86 57-93

Hyperechogenicity 30-87 43-95

Shape round 37 70

Figure 1 Scheme of high-risk prediction factors of central lymph node recurrence in T1-T2 papillary thyroid carcinoma. PTC: Papillary thyroid 
carcinoma.

stimulated thyroglobulin are related to shorter recurrence-free survival[83]. Thus, it must be considered a reliable 
prediction factor for recurrence.

Despite the presence of metastasis in the lateral neck lymph nodes, dissection of the central lymph nodes is not always 
necessary. A multivariate analysis showed that papillary thyroid carcinoma located in the center of the lobe and fewer 
than 4 positive lateral lymph nodes were protective factors against central lymph node involvement, which is 
subsequently a positive prognostic factor[84].

Patients with papillary thyroid carcinoma and a negative preoperative investigation for central lymph node 
involvement and who underwent total thyroidectomy alone without planned prophylactic lymph node dissection but 
with an incidentally removed lymph node positive for metastasis in the specimen biopsy had a worse course and high 
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rate of treatment failure. In such a case, as shown in a recent large and detailed trial, the cumulative disease-free survival 
(DFS) was significantly lower (61.8%) vs 93.9%, and the cumulative survival was 79% vs 96% within the following 60 mo 
in the patients without metastasis in their incidentally removed lymph nodes[85]. Thus, a positive incidental lymph node 
is considered a significant risk factor for a worse outcome.

Nevertheless, the utility of intraoperative ultrasound is important for the assessment of lymph node status. Small 
lymph nodes (2-3 mm in size) may be evaluated adequately for metastatic spread by high-resolution neck ultrasound. 
The recurrence rate and subsequent need for reoperation in patients with papillary thyroid cancer and negative central 
lymph node involvement has been limited by the intraoperative prediction of lateral lymph nodes via ultrasound and 
their prophylactic dissection[86].

It seems from all the above mentioned that preoperative evaluation is crucial for minimizing the possible risk of injury 
from overtreatment in the majority of patients who otherwise have a low risk of disease-specific mortality and morbidity, 
whereas properly treating and monitoring those patients at higher risk is important since in some cases, nodal metastases 
are found in the surgical specimen. Apparently, molecular genomic assessment of diagnostic cytology samples could be 
more informative when dealing with the aggressive behavior of well-differentiated thyroid carcinoma to reliably 
modulate the extent of the initial surgery. Ipsilateral central neck dissection frozen section examination could be a reliable 
intraoperative method to assess the nodal status.

CONCLUSION
Although there is a clear indication for therapeutic central neck dissection according to the current guidelines, the role of 
prophylactic treatment in cN0 patients with papillary thyroid carcinoma is still debated. In follicular thyroid carcinoma, 
which usually has hematogenous metastases, there is no need for prophylactic central lymph node dissection. In small 
solitary papillary carcinoma (T1, T2), prophylactic central neck dissection is not recommended, as it does not provide 
benefits regarding prolonged survival, while this simultaneously provides a significant increase in the postoperative 
complication risk concerning either temporary or permanent complications, such as recurrent laryngeal nerve palsy and 
hypoparathyroidism. Prophylactic central lymph node dissection has been recommended in large papillary thyroid 
carcinomas (T3 and T4 tumors) or small ones (T1 and T2 tumors) related to high-risk prediction factors of recurrence and 
diffuse nodal spread, such as in extrathyroid extension or when there is a mutation in the BRAF gene.
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Abstract
BACKGROUND 
The incidence of anal cancer has been increasing in the United States. Smoking is a 
well-established risk factor; however, the impact of smoking on disease re-
currence and outcome has not been well studied. The aim of this study was to 
assess the association between anal cancer recurrence and cigarette smoking.

AIM 
To investigate the relationship between cigarette smoking status and anal cancer 
treatment outcome.

METHODS 
The cancer registry from a single, community hospital was screened for patients 
with anal cancer between 2010 and 2021. The following characteristics were 
gathered from the database: Age; sex; cigarette smoking history; American Joint 
Committee on Cancer Clinical Stage Group; response to therapy; recurrence; time 
to recurrence; mortality; time to death; and length of follow-up. Patients were 
divided into the following groups: Current smokers; former smokers; and never 
smokers. SPSSv25.0 software (IBM Corp., Armonk, NY, United States) was used 
for statistical analysis.

RESULTS 
A total of 95 patients from the database met the screening criteria. There were 37 
never smokers, 22 former smokers, and 36 current smokers. There was no 
difference between groups in regards to race or sex. There was no difference in the 
American Joint Committee on Cancer Clinical Stage Group between groups. The 
former smokers were significantly older when compared to never smokers and 
current smokers (66.5 ± 13.17 vs 57.4 ± 7.82 vs 63.7 ± 13.80, P = 0.011). Former 
smokers and current smokers had a higher recurrence rate compared to never 
smokers (30.8% and 20.8% compared to zero, P = 0.009). There was not a 
significant difference in recurrence between former smokers and current smokers. 
There was no difference in the mortality, non-response rate, or time to death 

https://www.f6publishing.com
https://dx.doi.org/10.5306/wjco.v14.i7.259
mailto:mcmahonkr@summahealth.org


McMahon KR et al. A retrospective database review

WJCO https://www.wjgnet.com 260 July 24, 2023 Volume 14 Issue 7

between the groups.

CONCLUSION 
Our data contributes evidence that cigarette smoking status is associated with increased recurrence for patients 
with anal cancer.

Key Words: Anal cancer; Smoking; Recurrence; Nigro protocol; Chemoradiation; Retrospective review

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This retrospective review examined the impact of smoking on anal cancer treatment for 95 patients. Smoking status 
was associated with a significantly higher rate of anal cancer recurrence after standard treatment. There was not a significant 
association between smoking status and anal cancer treatment non-response or mortality. Further study is needed to 
determine if smoking cessation would alter the course of anal cancer or if adjunct therapy would be beneficial in patients 
with anal cancer and a smoking history.

Citation: McMahon KR, Gemma N, Clapp M, Sanchez-Montejo P, Dibello J, Laipply E. Relationship between anal cancer recurrence 
and cigarette smoking. World J Clin Oncol 2023; 14(7): 259-264
URL: https://www.wjgnet.com/2218-4333/full/v14/i7/259.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i7.259

INTRODUCTION
The incidence of anal cancer is increasing[1]. Several risk factors have been associated with anal cancer including human 
papilloma virus (HPV), HIV, age, immunosuppression, and smoking[1-3]. Although the association between anal cancer 
and smoking has been well-documented, the association between smoking status and recurrence is much less studied. A 
few prior studies have examined the impact of smoking status on anal cancer treatment, but these studies have been 
relatively small with the largest including 171 patients, while the other two included 64 and 68 patients[4-6]. Given 
smoking is a modifiable risk factor, studies examining its relationship with treatment success are important. This study 
aimed to contribute to the body of data examining treatments and outcomes for patients who smoke and have anal 
cancer.

MATERIALS AND METHODS
The study was conducted as a retrospective review of the cancer registry from a single health system. The registry was 
screened for patients with anal cancer between 2010 and 2020. All patients included in the registry were over the age of 
18. The following characteristics were gathered from the database: Age; sex; cigarette smoking status; American Joint 
Committee on Cancer Clinical Stage Group; treatment pathway; response to therapy; recurrence; time to recurrence; 
mortality; time to death; and length of follow-up. Non-response was defined as persistent presence of disease despite 
completing standard chemoradiation. Recurrence was defined as the presence of disease after documentation that there 
was not any disease present. Unfortunately, HPV status and HIV status were not included in the database. Within the 
database, smoking status was divided into current smokers, never smokers, and former smokers. Smoking status was 
determined based on cigarette smoking alone. Current smokers were classified as any patient that reported cigarette 
smoking within 30 d of the time of diagnosis. Former smokers were classified as patients who had stopped smoking at 
least 30 d prior to diagnosis.

SPSSv25.0 software (IBM Corp., Armonk, NY, United States) was used for statistical analysis. Age and length of follow-
up were analyzed between groups using single factor analysis of variance with Tukey post-hoc test. Patient race and sex 
were analyzed between groups using Fisher’s exact test and Pearson’s χ2 test, respectively. P values were generated using 
an exact Mann-Whitney U-test to compare the mortality, non-response, recurrence, and time to recurrence between the 
current, former, and never smoker groups. In order to minimize type I error and given the small sample size, Bonferroni 
adjusted z-test was completed to compare the recurrence rate between groups. A subgroup analysis was completed to 
analyze time to death for the patients who did not respond using a single factor analysis of variance test.

RESULTS
A total of 95 patients were identified from the database. The patients were divided into three groups: Current smokers; 
former smokers; and never smokers. There was no significant difference in age, race, or sex between the groups (Table 1). 

https://www.wjgnet.com/2218-4333/full/v14/i7/259.htm
https://dx.doi.org/10.5306/wjco.v14.i7.259
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Table 1 Demographic data

Cigarette use
Variable

Never, n = 37 Former, n = 22 Current, n = 36
P value

Age in yr, 0.011

mean ± SD 63.70 ± 13.80 66.50 ± 13.17 57.40 ± 7.82

Clinical stage group 0.066

1 5 (13.5) 4 (18.2) 8 (22.2)

2 14 (37.8) 9 (40.9) 18 (50.0)

3 14 (37.8) 9 (40.9) 8 (22.2)

4 4 (10.8) 0 2 (5.6)

Race 0.273

Black 2 (5.4) 0 4 (11.1)

White 35 (94.6) 22 (100) 32 (88.9)

Sex 0.078

Female 30 (81.1) 17 (77.3) 21 (58.3)

Male 7 (18.9) 5 (22.7) 15 (41.7)

Length of follow-up in d 0.759

mean ± SD 1195.10 ± 1135.96 1023.20 ± 855.35 1218.20 ± 986.20

Data are n (%). SD: Standard deviation.

There was a difference in age between groups, with the former smokers being older than the smoker and never smoker 
groups (Table 1).

There was no significant difference in mortality or non-response between groups (Table 2). Former and current 
smokers did have a significantly higher recurrence rate compared to never smokers (P = 0.009). There was no difference 
in recurrence between the former and current smokers (Table 2).

Time to death was analyzed between the groups. On average, there was a shorter time to death in the current smoker 
arm, but this was not statistically significant (Table 3). The mortality rate between groups in the non-responder subset 
was also examined. Never smokers who did not respond to treatment were approximately twice as likely to die (43% vs 
22%), but this did not achieve statistical significance (Table 3).

DISCUSSION
While three prior studies have examined the relationship between anal cancer treatment and smoking status, these 
studies have been small[4-6]. Our data contributes further evidence that smoking status is associated with a worse 
outcome and increased recurrence for patients with anal cancer. Additionally, it raises two interesting questions: (1) 
Should smokers and former smokers have more aggressive anal cancer treatment to reduce risk of recurrence?; and (2) 
Does smoking cessation result in an improvement in anal cancer outcomes? Lerman et al[4] raised the question of whether 
smokers would benefit from programmed cell death 1 inhibitors given the seemingly reduced efficacy of chemoradiation 
in smokers and a similar trend in non-small cell lung cancer. While our paper is limited in its evaluation, it does highlight 
the need for studies examining varying treatment options for smokers moving forward.

Interestingly, 14 of the never smoker patients did not respond to initial treatment. Of these patients, 43% died, with an 
average of 598 d after diagnosis (Table 3). This mortality rate was twice as high as the mortality rate for former and 
current smokers who did not respond. Although this did not achieve statistical significance due to the small numbers of 
this study, it is an interesting trend. One potential hypothesis is that never smokers who do not respond to initial therapy 
have a more aggressive tumor biology. Our data is not extensive enough to examine this further, but future research 
should examine this relationship. If confirmed, one could consider examining more aggressive treatment pathways for 
never smokers who do not respond to initial chemoradiation.

Unfortunately, the database used for this study did not include patient HPV status. This could be an important 
confounder that is not accounted for in this data. In similar cohorts of patients, 74%-88% of patients with anal cancer were 
HPV positive[1,3]. Although HPV is certainly linked to anal cancer, these same studies have shown that smoking status is 
an independent risk factor for anal cancer apart from HPV[1,3]. Additionally, the impact of HPV status on anal cancer 
outcome is not clear at this time as the two other largest studies examining anal cancer outcome and smoking status did 
not have HPV status collected for their cohorts either[4,5].
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Table 2 Outcome data by group

Cigarette use
Variable

Never, n = 37 Former, n = 22 Current, n = 36
P value

Death 14 (37.8) 6 (27.3) 8 (22.2) 0.332

Non-response 14 (37.8) 9 (40.9) 14 (38.9) 0.973

Recurrence 0 4 (30.8) 5 (20.8) 0.009

Time to recurrence in d (median interquartile range) NA 195.0 (159.0-351.0) 362.0 (214.5-1019.0) 0.413

Recurrence and non-response combined 14 (37.8) 13 (59.1) 18 (50.0) 0.264

NA: Not available.

Table 3 Mortality subgroup analysis

Cigarette use
Feature

Never Former Current
P value

Mortality* subgroup n = 14 n = 6 n = 8

Time to death in d, mean ± SD 598.30 ± 734.61 848.40 ± 756.83 393.80 ± 325.69 0.465

Non-responder subgroup n = 14 n = 9 n = 14

Deaths in non-responders subgroup, n (%) 6 (42.9) 2 (22.2) 3 (21.4) 0.285

*Death. SD: Standard deviation.

As noted before, this study is limited in its scope due to the retrospective nature and limitations of the collected data. A 
prospective study examining the impact of smoking cessation on anal cancer treatment would be valuable. Even without 
a prospective study, this study adds important data indicating an increased incidence of anal cancer recurrence in 
patients who smoke.

CONCLUSION
This paper highlighted the increased risk of anal cancer recurrence in patients who smoke. Although this study was small 
and limited in its scope, compared to current literature it is the second largest cohort of patients examining anal cancer, 
smoking, and recurrence. Further research is needed to examine the impact of smoking cessation on anal cancer treatment 
outcome and if adjuncts to standard therapy would be beneficial in patients who smoke.

ARTICLE HIGHLIGHTS
Research background
Despite the occurrence of approximately 50000 new cases of anal cancer per year and the clear link with smoking, very 
few studies have examined the relationship between smoking status and treatment outcome. It has already been shown 
that there is a link between anal cancer and smoking. This paper goes further and showed that there was an increased risk 
of recurrence in patients who smoke and have a history of smoking. This serves as a foundation for future research to 
examine modifications to the current treatment approach for patients with anal cancer.

Research motivation
Investigating the relationship between cigarette smoking status and anal cancer treatment outcome.

Research objectives
The main objective of this study was to examine the relationship between smoking status and outcomes for patients with 
anal cancer.
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Research methods
A total of 95 patients were included in this data, making it the second largest study to examine the impact of smoking on 
anal cancer treatment outcomes. The patients were similar between the groups (never smokers, former smokers, and 
current smokers) in regards to important factors such as clinical stage group, race, and sex. Former and current smokers 
had a higher recurrence rate compared to never smokers. There was no difference in the mortality, non-response rate, or 
time to death between the groups. Unfortunately, data did not include human papilloma virus status, which would be an 
important area to include for future research.

Research results
There was an increased risk of anal cancer recurrence in patients who currently smoke and have a history of smoking.

Research conclusions
This study was the second largest study examining the relationship between treatment outcome and smoking status in 
patients with anal cancer. Although this data was limited in its scope, it contributed further to the limited body of 
evidence that smoking increases risk of recurrence of anal cancer.

Research perspectives
Future research should examine the impact of smoking cessation on treatment outcomes for patients with anal cancer as 
well as the role of adjuncts to standard chemoradiation in the treatment of anal cancer.
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Abstract
BACKGROUND 
Literature focused on cancer screening and management is lacking in the trans-
gender population.

AIM 
To action to increase contributions to the scientific literature that drives the 
creation of cancer screening and management protocols for transgender and 
gender nonconforming (TGNC) patients.

METHODS 
We performed a systematic search of PubMed on January 5th, 2022, with the 
following terms: “TGNC”, OR “transgender”, OR “gender non-conforming”, OR 
“gender nonbinary” AND “cancer screening”, AND “breast cancer”, AND 
“cervical cancer”, AND “uterine cancer”, AND “ovarian cancer”, AND “prostate 
cancer”, AND “testicular cancer”, AND “surveillance”, AND “follow-up”, AND 
“management”. 70 unique publications were used. The findings are discussed 
under “Screening” and “Management” categories.

RESULTS 
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Screening: Current cancer screening recommendations default to cis-gender protocols. However, long-term gender-
affirming hormone therapy and loss to follow-up from the gender-specific specialties contribute to a higher risk for 
cancer development and possible delayed detection. The only known screening guidelines made specifically for 
this population are from the American College of Radiology for breast cancer. Management: Prior to undergoing 
Gender Affirmation Surgery (GAS), discussion should address cancer screening and management in the organs 
remaining in situ. Cancer treatment in this population requires consideration for chemotherapy, radiation, surgery 
and/or reconstruction. Modification of hormone therapy is decided on a case-by-case basis. The use of prophylactic 
vs aesthetic techniques in surgery is still debated.

CONCLUSION 
When assessing transgender individuals for GAS, a discussion on the future oncologic risk of the sex-specific 
organs remaining in situ is essential. Cancer management in this population requires a multidisciplinary approach 
while the care should be highly individualized with considerations to social, medical, surgical and gender 
affirming surgery related specifications. Special considerations have to be made during planning for GAS as 
surgery will alter the anatomy and may render the organ difficult to sample for screening purposes. A discussion 
with the patient regarding the oncologic risk of remaining organs is imperative prior to GAS. Other special consid-
erations to screening such as the conscious or unconscious will to unassociated with their remaining organs is also 
a key point to address. We currently lack high quality studies pertinent to the cancer topic in the gender 
affirmation literature. Further research is required to ensure more comprehensive and individualized care for this 
population.

Key Words: Gender affirmation surgery; Gender affirming surgery; Screening; Management; Transgender; Gender diverse

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Currently, a comprehensive guideline for cancer screening in the transgender and gender diverse (TGGD) 
population is lacking. Caring for the TGGD population undergoing Gender Affirmation Surgery is highly individualized and 
requires consideration of factors such as age at which individuals commenced hormonal therapy and the stage of transition. 
Once diagnosed with cancer, TGGD patients should receive care at institutions capable of providing a multi-disciplinary 
approach. This collective approach will ensure record upkeep and help delay any unnecessary delays in care.

Citation: Panichella JC, Araya S, Nannapaneni S, Robinson SG, You S, Gubara SM, Gebreyesus MT, Webster T, Patel SA, Hamidian 
Jahromi A. Cancer screening and management in the transgender population: Review of literature and special considerations for 
gender affirmation surgery. World J Clin Oncol 2023; 14(7): 265-284
URL: https://www.wjgnet.com/2218-4333/full/v14/i7/265.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i7.265

INTRODUCTION
The transgender and gender diverse (TGGD) population in the United States is estimated to be around 1.4 million, consti-
tuting 0.6% of the United States adult population[1]. There exists no census data to back this estimate and may be higher 
in the younger population. It is well known that cancer screening has led to a decrease in cancer mortality. Many organiz-
ations including American Cancer Society (ACS), United States Preventive Services Task Force (USPSTF) have clear 
recommendations for the early detection of cancer in cis-gender individuals. However, the TGGD population currently 
has no cancer screening recommendations specific to the TGGD population. The World Professional Association for 
Transgender Health, a non-profit, interdisciplinary professional and educational organization devoted to transgender 
health, states that due to a lack of prospective studies, there is not enough evidence for the recommendation of the 
appropriate type and frequency of screening in this population[2].

In addition to screening, no studies have commented on gender affirming surgery (GAS) and its impact on the 
screening, management, and surveillance of cancer in the TGGD population. Special considerations must be made during 
planning for GAS as surgery will alter the anatomy and may render the organ difficult to sample for screening purposes 
i.e., prostate evaluation following the penile inversion vaginoplasty in the transgender woman. A discussion with the 
patient regarding the oncologic risk of remaining organs is imperative prior to GAS.

Of note, in this article, the distinction between sex and gender is made based on the former referring objectively to 
biology and the latter subjectively being psychosocially constructed. Overall, this article aims to review the current 
guidelines and practice patterns with regard to cancer screening and management in each sex-specific organ for the 
TGGD population.

https://www.wjgnet.com/2218-4333/full/v14/i7/265.htm
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MATERIALS AND METHODS
A systematic search of PubMed on January 5th, 2022, with the following terms: “TGNC”, OR “transgender”, OR “gender 
non-conforming”, OR “gender nonbinary” AND “cancer screening”, AND “breast cancer”, AND “cervical cancer”, AND 
“uterine cancer”, AND “ovarian cancer”, AND “prostate cancer”, AND “testicular cancer”, AND “surveillance”, AND 
“follow-up”, AND “management”. After eliminating review articles, duplicates, abstracts, articles not relevant to the 
section topic or opinion pieces a total of 70 studies with original data were obtained (Figure 1). Articles relevant to the 
section topic, including the search terms were included in this systematic review. Search parameters were performed 
according to Preferred Reporting Items for Systematic reviews and Meta-Analyses guidelines. Two independent 
reviewers Araya S and Nannapaneni S carried out independent abstract revisions on January 11th, 2022, using systematic 
review software “Rayyan”[3] registered in Cambridge Massachusetts.

RESULTS
Breast
The PubMed Database was queried from April 1968 to January 2022 using the search text of “(gender nonbinary) OR 
(transgender and gender non conforming) OR (transsexual) AND (breast cancer)”. This search produced 190 unique 
articles. Of these articles, 60 were assessed for eligibility and sub-classified based on the primary content of the paper as 
either screening or management relating to the breast. The term “transsexual” is outdated. However, as our search would 
span to the remote past, we used this term to be able to identify older publications.

Barriers to care
In addition to the physical limitations that GAS can impose on cancer screening, it is equally important to acknowledge 
the psychological health of each individual patient and the impact of gender dysphoria on their attitude towards the 
cancer screening process. The lack of protocols and education surrounding TGGD patients provided to healthcare 
workers has led to an environment where both providers and patients are uncomfortable with the quality healthcare 
currently being provided[4-10]. Finally, GAS adds to the technical complexity of oncologic screening protocols.

In different retrospective population studies, authors reported that while 92% of studied transgender men have 
retained their cervixes, they were 60% less likely to undergo cervical cancer screening, 70% less likely to have breast 
cancer screening, and 50% less likely to have colorectal cancer screening compared to cis-gender patients[9,11,12]. Of 
note, it is uncommon to remove the prostate during vaginoplasty in transgender women and these patients are also 
significantly less likely to receive prostate cancer screenings compared to their cis-gender counterparts[13].

While some of these discrepancies can be attributed to differences in demographics as TGGD patients tend to be of a 
lower socioeconomic status, there are also hurdles these patients face within the healthcare system - including history of 
prior trauma, provider knowledge deficits, fear of mistreatment or mis-gendering, and lack of appropriate restrooms, 
gender affirming spaces or educational material[4-9]. There are also disparities of gender affirmation care, gender friendly 
facilities and services between different parts of the country.

As an example, the ACS recommendation for mammograms for women would miss screening of trans men or 
nonbinary people for whom the “chest” screening is relevant. Additionally, the lack of gender friendly language may 
create an additional barrier to care. Some TGGD individuals may want to mentally detach themselves from gender 
attributed organs i.e., prostate in transgender women or breast in transgender men and attributed screening i.e., a 
mammogram in the case of a transgender man as this may exacerbate their gender dysphoria. The mention of organs 
such as “breast” instead of “chest” or “vagina” instead of “current canal” can further promote gender dysphoria in TGGD 
individuals, and as a result, they are less likely to receive such life-saving screening[4].

Seventy percent of TGGD patients have reported some form of distrust with the healthcare system, and 33% of patients 
in this population have had negative experiences with healthcare providers that have ranged from incompetent providers 
and being refused care to harassment and assault[8,9,12]. During the time of the coronavirus disease 2019 pandemic, 
there has been an increase in anxiety, depression, and suicidal ideation among TGGD patients so providers should be 
mindful of the mental stress that these patients undergo in addition to the fear and mistrust they have experienced within 
the healthcare system[14]. Not only do providers need to be explicit in their welcoming of TGGD patients, but they need 
to invoke flexible methods of meeting the patients’ needs, such as patient-collected HPV swabs, interviewing the patient 
prior to disrobing, creating a gender friendly environment i.e., introducing themselves with their pronouns and the use of 
gender-inclusive language[4]. Providers also need to remain up to date on TGGD cancer screening recommendations as a 
study of gynecological providers found that only 35% felt comfortable providing gynecologic care to this community and 
even fewer (29%) felt equipped to do so[10]. The utilization of health navigators offers an additional form of support and 
knowledge for both patients and providers in accomplishing the best care of the patient[15].

Breast
Breast cancer is the most common form of cancer in cis-gender women and the second most common cause of cancer 
mortality in cis-gender women in the United States[16]. However, the reported lifetime risk for TGGD individuals is not 
reported due to insufficient data and research. Every year, more case studies are reported of TGGD individuals 
developing breast cancer. Studies have shown increased rates of breast cancer in TGGD women compared with cis-
gender males, as well as a decreased risk of breast cancer in TGGD men compared to cis-gender females. For transgender 
men who have undergone chest surgery to remove the breasts, the decreased risk of breast cancer is an expected finding 
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Figure 1 The preferred reporting items for systematic reviews and meta-analyses flowchart for overall cancer screening and manage-
ment in the gender affirming surgery population.

and consistent with risk reducing mastectomy in the cis-gender female population[17]. However, there is a lack of data 
and recommendations on breast cancer screening and management of TGGD patients. This is compounded by the 
inherent risk of discrimination and poor access/barriers to healthcare in the TGGD population, leading to a high rate of 
disease progression before diagnosis[18,19]. This systematic review aims to elucidate the screening and management of 
breast cancer in TGGD individuals with a goal of improved care and treatment.

Screening
Of the 89 records screened, 30 records were sought for retrieval pertaining to screening for breast cancer in TGGD 
patients. The majority of these articles (n = 29) deferred management to cis-gender guidelines for TGGD patients or called 
for more studies on TGGD-specific screening recommendations (Figure 2A). Nevertheless, our review identified and 
included one article that was a comprehensively covered, evidence-based, breast cancer screening guideline for TGGD 
individuals provided by the American College of Radiology Appropriateness Criteria in 2021 (Figure 2A)[20]. These 
guidelines cover eight different variants of screening based on classification of gender affirming surgery, age, duration of 
exogenous hormone use, and risk category. Recommendations are graded for each variant by appropriateness categories 
including “Usually appropriate”, “May be appropriate”, and “Usually not appropriate”. Each modality is also considered 
in relation to the amount of radiation involved. Screening modalities include digital breast tomosynthesis (DBT) 
screening, mammography screening, magnetic resonance imaging (MRI) breast with and without IV contrast, and 
ultrasound of breast. Overall, the higher the age, longer the length of use of hormones, and higher the risk category, the 
more appropriate the use of DBT and MRI becomes.

Management
Transgender women can undergo a variety of breast augmentation surgery procedures to create a feminine appearing 
chest. Included in this population are non binary individuals who may also undergo breast augmentation procedures. 
Breasts can be created through a variety of methods, including hormone therapy, fat grafting, saline implants or silicone 
implants, or autologous reconstruction. Chest masculinization, colloquially referred to as “top surgery”, can be 
performed to create a more masculine appearing chest. Breast tissue is either reduced or completely removed via 
liposuction, mastopexy, or mastectomy to create a flat chest, while the nipples can be completely removed and/or resized 
and repositioned. The authors believe and practice with the gender spectrum concept and as such acknowledge the 
desired chest to be a spectrum.

Breast cancer in the cis-gender individuals is managed surgically with breast conserving surgery (lumpectomy and 
radiation), and/or mastectomy. Treatment may also include adjuvant or neoadjuvant chemotherapy and/or radiation 
pending nodal status along with hormonal therapy with anti-estrogen agents pending hormone receptor status. 
Currently, breast cancer in the TGGD individual is managed similarly. However, in TGGD patients, the timing of cancer 
presentation in relation to gender affirming surgery, as well as timing in relation to the use of hormone therapy are 
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Figure 2 The preferred reporting items for systematic reviews and meta-analyses charts for the breast screening and management. A: The 
preferred reporting items for systematic reviews and meta-analyses (PRISMA) flowchart for articles about breast cancer screening; B: PRISMA flowchart for breast 
cancer management.

additional variables that will affect management.
Of the 89 records screened, 58 of them were sought for retrieval related specifically to management of breast cancer in 

TGGD patients. Of that 58, there were 30 case reports of breast cancer in TGGD patients (Figure 2B).

Chest Feminization Gender Affirming Surgery
There was a total of 25 male to female (MtF) gender affirming surgery cases among 18 case studies. Each group was 
further categorized according to hormonal status, gender affirming surgery, and the timing of detection (immediate or 
delayed) (Figure 3). Immediate detection describes patients whose breast cancer was discovered at the time of gender-



Panichella JC et al. Transgender patients cancer screening and management

WJCO https://www.wjgnet.com 270 July 24, 2023 Volume 14 Issue 7

Figure 3 Study design for male to female gender affirming surgery patients. MtF: Male to female; IDC: Invasive ductal carcinoma; DCIS: Ductal 
carcinoma in situ; BIA: Breast implant associated.

affirming breast augmentation. Delayed detection describes cases of breast cancer that were detected after breast 
augmentation. Patients that did not undergo surgery or hormone therapy were excluded as we were largely interested in 
understanding how these factors influenced breast cancer detection and management. Patients who were not diagnosed 
with breast cancer were excluded (Figure 2B).

Cancer Detection In Patients With Hormonal Therapy Only
Eleven papers identified 13 patients who were on estrogen hormone therapy regimens before gender affirming breast 
surgery. Of the 13 patient studies, two were diagnosed with ductal carcinoma in situ (DCIS) and 11 patients were 
diagnosed with Infiltrating Ductal Carcinoma (IDC). The average age of cancer diagnosis was 53.8 years old. The average 
time on hormone therapy prior to the surgery was 16.5 years. All patients mentioned were diagnosed with cancer.

Of the two patients who were diagnosed with DCIS, both had cancer that are Estrogen receptor (ER) positive. One 
patient demonstrated Progesterone receptor (PR) positive DCIS and hormone treatment was discontinued in the other 
patient who was PR negative. Additionally, the latter patient was further treated with lumpectomy and radiation with 
sentinel lymph node sampling, adjuvant chemotherapy, and aromatase inhibitor without any reported recurrence[21]. 
The patient with ER+/PR+ cancer reported family history of ovarian cancer and a mutation in Chek2 p.I157T, which 
confers a 1.4 increased risk of breast cancer development. Despite the higher risks, hormone therapy was not discon-
tinued, and the patient was treated with breast conservation surgery and radiation without anti-estrogen therapy 
according to the patient's wishes. No follow-up recurrence was reported[22]. The difference in the treatment can be 
attributed to patient desires. Despite being aware of the higher risk, the patient opted to continue hormonal therapy and 
forgo anti-estrogen therapy.

In the group of 11 patients who were diagnosed with IDC, there was a variety of hormonal receptor status, treatments, 
and outcomes. Six patients had ER+/PR+ cancers. Of these six, two were positive for BRCA2 mutations. Both patients 
elected to discontinue hormone therapy[23,24]. The first patient declined tamoxifen and was just surgically treated with a 
simple unilateral mastectomy of the right side with sentinel lymph node biopsy. Local recurrence occurred 30 mo later 
and treatment with radiation therapy and adjuvant chemotherapy with aromatase inhibitors (epirubicin plus cyclophos-
phamide w/paclitaxel)[23]. The other patient was treated with bilateral mastectomy and sentinel lymph node dissection, 
neoadjuvant tamoxifen and adjuvant radiation (patient declined chemotherapy). No recurrence was reported[24]. This 
brings up the discussion on what treatment options should be for patients who are positive for BRCA2 mutations. 
Additionally, it is difficult to know whether ER positivity in these two patients is due to hormone therapy or the mutation 
itself[24]. This may require more research to determine the effect of BRCA2 mutations on ER+ cancer in the presence of 
gender affirming hormone (GAH) therapy.

The other four ER+ IDC patients were treated with tamoxifen. One of these patients did not stop hormone therapy and 
had good outcomes from treatment while two patients who did stop hormone therapy treatment did die from complic-
ations of metastatic breast cancer, 22 mo and 6.5 years after their diagnoses[25,26]. This further highlights the necessity to 
determine what the real impact of GAH therapy in on cancer. Further research is required to mitigate risk of gender-
affirming care hormone therapy continuation.

Three patients were diagnosed with triple negative IDC, each of whom were taking hormone therapy for more than 10 
years. One patient was only treated with tamoxifen after local wide excision and axillary clearance and did not 
discontinue their hormone therapy, Premarin. This patient reached remission and remained cancer free after 1 year of 
follow up[25]. The other two patients did discontinue hormone therapy treatment. Both of these patients were non-
surgically treated with neoadjuvant chemotherapy and adjuvant radiation[27,28]. The first patient had no family history 
of breast cancer and genetic testing found no clinically significant mutations that would increase her risk. However, it 
should be noted that this patient had significant comorbidities including HIV that was well managed with medication, 
and depression that was managed through counseling. Additionally, though the patient was ER (-), her healthcare team 
decided to discontinue use of estrogen therapy to prevent the development of an ER+ tumor subset/second tumor. In 
addition to management of her breast cancer the patient attended counseling for management of psychological distress 
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attributed to the cessation of estrogen[27].
A second patient with comorbid severe depression on antipsychotic medications and possible secondary hyperprolact-

inemia attributed to the medications was managed with cessation of GAHs. The patient’s cancer progressed and 
ultimately expired by intentional drug overdose[28]. Concerns of a patient’s mental status due to aggravation of gender 
dysphoria and loss of feminine characteristics when halting hormone therapy and even creation of suicidal ideation vs the 
risk/benefit of hormone therapy on prolactin and cancer incidence is a debated issue in the current literature[28]. Authors 
describe prolactin screening for patients on long term estrogen given the possible tumor promoter actions in breast and 
prostate cancer[28].

Cancer Detection After Chest Feminization
Patients taking GAHs: This group received treatment with hormone therapy and underwent gender affirming breast 
augmentation surgery with implants prior to cancer diagnosis. There were 11 patients[6], who were diagnosed with 
Breast Implant-Associated Anaplastic Large Cell Lymphoma (BIA-ALCL), three who were diagnosed with IDC, one who 
was diagnosed with DCIS, and one patient who presented with a triple negative secretory carcinoma caused by a ETV6-
NTRK3 gene fusion mutation though no treatment was discussed[29]. The average age of cancer diagnosis was 45.3 years 
old. The average time on hormone therapy was 14.2 years.

The finding of six TGGD patients diagnosed with BIA-ALCL has implications on health care. For surgical treatment, all 
were treated with implant removal, capsulectomy, and tumor resection as per treatment in cis-gender women with ALCL
[30-32]. This treatment has been shown to improve disease-free survival[32]. Complete surgical resection with en-bloc 
removal of the disease, implant, and capsule provides the best survival outcomes. However, for patients with extensive 
disease and regional lymph node involvement, adjuvant chemotherapy and/or radiation may be recommended[30].

According to the most recent National Comprehensive Cancer Network (NCCN) guidelines in the United States, 
adjuvant radiation therapy is indicated for patients with local residual disease with or without regional lymph node 
involvement or unresectable disease with chest wall invasion. Systemic chemotherapy is indicated for patients with Stage 
II–IV disease[32]. All six patients received textured implants, a possible risk factor for the formation of BIA-ALCL[33].

Three patients were diagnosed with IDC. One of the patients was advised to discontinue hormone therapy, however, 
decided to continue it against medical advice. No length of follow up or recurrence was reported[34]. However, the 
authors present an interesting debate as to what the acceptable balance of risk vs benefit is for cessation of hormone 
therapy in this group of patients given the often competing oncologic vs gender affirming interests[34].

Patients not taking GAHs: One paper identified a TGGD patient who underwent gender affirming breast augmentation 
surgery without prior hormone therapy treatment[32]. This patient was diagnosed with BIA-ALCL and subsequently 
treated with bilateral implant removal and capsulectomy of the affected side. The patient did not receive any radiation or 
chemotherapy and was tumor-free 10 mo post-operatively[32].

Chest Masculinizing Gender Affirming Surgery
There was a total of 16 female to male gender affirming surgery patients among 12 case studies. Each group was further 
categorized according to hormonal status, gender affirming surgery, and the timing of detection (immediate or delayed) 
(Figure 4). Immediate detection describes patients whose breast cancer was discovered at the time of gender-affirming 
top surgery. Delayed detection describes cases of breast cancer that were detected after top surgery. Patients that did not 
undergo surgery or hormone therapy were excluded as we were largely interested in understanding how these factors 
influenced breast cancer detection and management. Patients who were not diagnosed with breast cancer were excluded 
(Figure 2B).

Cancer Detection Prior To Chest Masculinization
Four patients (out of 12 patients) among three papers were identified with intramuscular testosterone usage and 
development of breast cancer prior to top surgery (mastectomies)[26,35,36]. All four patients developed an IDC. There 
was a mix of hormone receptor positivity with no specific trend. The average time on intramuscular testosterone therapy 
was 4.7 years. The average age at diagnosis was 46.3 years old. Four patients among two papers were excluded due to no 
hormone therapy used[21,26].

One patient with ER+/PR+/HER2+/AR+ IDC was treated with bilateral mastectomies with right sentinel lymph node 
biopsy, nipple-areolar grafting, neoadjuvant chemotherapy, and continuation of testosterone therapy survived an 
unknown amount of time. A second patient diagnosed with ER+/PR-/HER2+ IDC was treated with unilateral 
mastectomy and adjuvant chemotherapy. Management with testosterone therapy was unknown. The patient expired 
within two years. A third patient with ER+/PR+ IDC was treated with lumpectomy, followed by bilateral nipple-sparing 
mastectomies 1 year later and unknown management of testosterone therapy after diagnosis was in remission at least 10 
years. The fourth patient with ER-/PR+ IDC bilateral managed with nipple sparing mastectomy, adjuvant and 
neoadjuvant chemotherapy with permanent discontinuation of hormone therapy was in remission at least 5 years. 
Unfortunately, the sparse number of cases studied and incomplete patient history and follow up in these patients do not 
provide a good platform to draw conclusions for hormone continuation, surgical management, or survival.

One of the patients developed a clinically interesting finding of an androgen receptor (AR) positive IDC[37,38]. The 
authors of this paper emphasized the importance of testing for AR sensitivity in TGGD patients as some of the patients 
may be taking testosterone and stopping the hormone may impact their gender dysphoria. However, continuing GAH 
therapy could lead to progression or recurrence of the cancer after treatment given the cancer’s responsiveness to the AR 
sensitivity.
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Figure 4 Study design for female to male gender affirming surgery patients. FtM: Female to male; IDC: Invasive ductal carcinoma; DCIS: Ductal 
carcinoma in situ; AR: Androgen receptor.

One patient developed DCIS, a premalignant lesion, in the setting of testosterone therapy. This is an interesting finding 
as even a premalignant lesion is a risk later down the line for these patients and begs the question of needing oncologic 
mastectomy to completely mitigate the risk. It is important to mention that the DCIS in the cis gender individual, not on 
androgen therapy, can undergo a risk reduction with hormone blockers and wide local excision and may not particularly 
necessitate a mastectomy. Had this pathology not been caught in the pre-operative setting, this patient could have been 
found to have a cancer or DCIS later during the top surgery or even in rare occasions in the post top surgery setting i.e., in 
case the residual breast tissue will keep the burden of DCIS pathology. Therefore, this situation emphasizes the 
importance reevaluating GAH dosing or discussing discontinuing the hormone altogether.

Cancer Detection After Chest Masculinization
Immediate detection (surgical pathology): Five patients (out of 9 total patients) were found to have cancer based on 
surgical specimens sent for histologic evaluation during their top surgery. Four of these patients had invasive ductal 
carcinoma, one developed tubular adenocarcinoma[21,38,39]. In addition, one patient’s pathology revealed a high grade 
DCIS[40]. The mean time on intramuscular testosterone therapy was 11.2 years. The average age at diagnosis was 45.4 
years old. There were no patients that were found to have cancer during top surgery that did not take hormone therapy 
beforehand.

One patient with ER+/PR-/HER2- IDC was treated with bilateral mastectomies along with axillary lymph node 
dissection and chemotherapy. Later that patient presented with recurrence and underwent re-excision, radiotherapy, and 
tamoxifen treatment with unknown management of testosterone therapy after diagnosis with remission. Another patient 
with ER+/PR-/HER2+ IDC was treated after bilateral mastectomy with sentinel lymph node dissection plus 
chemotherapy. After a temporary discontinuation of testosterone therapy, the patient went into full remission. A third 
patient who was ER+/PR+/HER2+ IDC was treated with bilateral mastectomy with axillary lymph node dissection plus 
chemotherapy. After temporary discontinuation of testosterone, the patient had unknown survival. A fourth patient with 
ER+/PR+/HER2- IDC was treated after partial mastectomy breast reduction with full left mastectomy with sentinel node 
sampling with anastrozole plus radiation. After permanent discontinuation of testosterone, the patient had unknown 
survival. Finally, the last patient with ER+/PR+/HER2- tubular adenocarcinoma was treated with mastectomy and had a 
negative sentinel node biopsy. They did not discontinue testosterone, and received no further treatment, but had an 
unknown survival.

Overall, this section emphasizes the potential impact of having pathology sent for specimens at the time of surgery as 
earlier intervention on these patients could only improve the survival. All of these patients opted for full mastectomy (if 
not already done), whether unilateral or bilateral, for treatment of the cancer. Unfortunately, we are unable to draw clear 
conclusions from this subgroup for guidance on hormone discontinuation and survival outcome. However, one 
retrospective review comments on the increased risk of premalignant lesions and cancer found in surgical specimens of 
193 bilateral mastectomies for TGGD patients both with and without hormones and reported an incidence of 8.8% of 
atypical lesions requiring further investigation[41]. Thus, even if no malignancy is anticipated in these patients, they 
would benefit from sending surgical specimens for pathologic evaluation.

Delayed detection (no surgical pathology): Four patients among five papers were found to have cancer based on 
screening post mastectomy. The mean amount of time post mastectomy for cancer diagnosis was 10 years. Four patients 
developed invasive ductal carcinoma, one patient’s diagnosis was unknown[42-44]. The average time on intramuscular 
testosterone therapy was 7.7 years. The mean time after the first breast surgery was 10 years. The average age at diagnosis 
was 46.2 years old.

One patient with ER+/PR+/HER2 equivocal metastatic IDC discovered 20 years after bilateral mastectomy with free 
nipple grafts with unknown testosterone hormone management post diagnosis was treated with letrozole and had 
unknown survival. A second patient with ER+/PR+/AR+/HER2- IDC discovered 12 years post mastectomy, was treated 
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with breast partial resection, sentinel lymph node dissection, radiation therapy and aromatase inhibitors (patient refused 
tamoxifen due to feminization effects) with unknown testosterone hormone management post diagnosis and had 
unknown survival. A third patient who was diagnosed with triple negative IDC discovered seven years after bilateral 
mastectomy was treated with lumpectomy and adjuvant chemotherapy. This patient had unknown testosterone hormone 
management and had survived at least two years after treatment. A fourth patient with ER-/PR- metastatic IDC 
discovered one year after bilateral subcutaneous nipple sparing mastectomy was treated with neoadjuvant chemotherapy 
and radical mastectomy with axillary dissection. This patient had unknown testosterone hormone management post 
diagnosis and had unknown survival.

This subgroup of patients poses an interesting discussion of reduced risk of cancer from previous mastectomy, yet 
development of cancer in residual breast tissue shows such risk reduction not to be absolute. This would be due to the 
incomplete removal of breast tissue and pre-pectoral fascia in those that go for gender affirmation mastectomies vs 
oncologic mastectomies. The question as to whether we should offer a completion of (full oncologic) mastectomies 
(removing the pectoral fascia and the nipples) for such GAS patients remains uncertain. However, since the nature of 
these patients is higher loss to follow up and noncompliance with traditional screening, in addition to taking hormones, 
this population could be at higher risk than others for surreptitious development of cancer. Thus, they might benefit from 
a prophylactic oncologic mastectomy rather than a gender affirmation (subcutaneous) mastectomy. Clearly, this needs to 
be weighed against the cosmetic benefits of a subcutaneous mastectomy with nipple-areolar preservation and the quality-
of-life implications that it affords.

BRCA
Of the 30 case studies, four patients were identified who were positive for BRCA2[23,24,33]. These four patients were 
transgender women. In cis-gender females with BRCA 1 or 2 mutation the lifetime risk of developing breast cancer is 
55%-72%, while the lifetime risk in cis-females in 13%. In cis-gender men with a BRCA2 gene mutation, the lifetime risk of 
breast cancer is approximately 7 to 8 percent, while the lifetime risk of male breast cancer in the general population is 
approximately 0.1 percent[45,46].

In one case report, the patient, transgender woman, underwent bilateral skin-sparing mastectomy after confirming 
they were BRCA2 positive. A second patient, transgender woman, developed IDC two years after starting hormone 
therapy. She had bilateral mastectomies with immediate expander reconstruction and right sentinel lymph node 
sampling as well as adjuvant radiation therapy and then subsequently tested positive for BRCA2. A third patient, 
transgender woman, developed IDC after seven years on hormone therapy and underwent a right simple mastectomy 
with sentinel lymph node biopsy. There was recurrence 30 mo post-mastectomy, so radiation therapy and adjuvant 
chemotherapy were given as treatment. A fourth patient was identified as BRCA2 positive but had not developed cancer 
yet.

One of the most important points to be made about this subgroup analysis is that all six patients discontinued gender-
affirming hormone therapy upon diagnosis with BRCA mutations. This seems to be the current standard of practice for 
management of these patients yet many patients choose not to discontinue hormone therapy. In fact, our review came 
across a few arguments against cessation, namely the history of treating advanced breast cancer with low dose estrogens 
and the deleterious effects of cessation on the mental well-being of TGGD patients[24,26,33]. More research is required to 
determine if there is a true therapeutic benefit to cessation of GAHs. Our systematic review also identified recommend-
ations such as offering TGGD women who are BRCA1/2 positive risk-reducing mastectomies prior to breast augmen-
tation rather than traditional aesthetic chest. Additionally, from oncology point of view TGGD men should be offered risk 
reducing mastectomies (gender affirmation subcutaneous mastectomies) over aesthetic chest surgeries[47]. It should be 
noted that there can be issues of coverage for certain procedures by insurance when the sex indicated on the patient’s 
chart does not align with the sex-intended procedure especially if the insurance policies do not cover the gender 
affirmation as a separate group of procedure entities[47].

Additionally, this brings up an interesting discussion of whether we should routinely test these patients for BRCA 
before undergoing surgical intervention, or even prior to hormone initiation. This patient population would inherently 
benefit from more prophylactic interventions given the higher loss to follow-up and screening. Recommendations for the 
surgical management of the BRCA+ TGGD patients follow similar guidelines to the cis-gender individual for risk-
reducing bilateral mastectomies over conservative, primarily aesthetic breast reductions. Overall, more studies need to be 
done to elucidate and strengthen further recommendations with regard to BRCA management in TGGD.

BIA-ALCL
Our search yielded seven cases of breast implant associated-anaplastic large cell lymphoma in transgender women[32,
48]. There is a known increased risk of developing BIA-ALCL in cis-gender women with textured implants[32]. Thus, this 
risk is conferred in TGGD females as well. Loss of follow up and willing to seek medical attention may be further 
exacerbated by lack of provider knowledge on gender friendly language ultimately leading to delayed recognition and 
diagnosis[32]. Avoidance of gender specific language such as “breast” instead of “chest” as reference for anatomical parts 
may assist with patient willingness for follow-up and screening.

One patient underwent unilateral mastectomy (implant previously removed) with resection of pectoral muscle, and 
axillary node dissection and received chemotherapy. The second one underwent bilateral en-bloc resection of capsule and 
implant. The third one underwent en-bloc resection of implant, capsule, and mass (resection included part of pectoral 
muscle) plus chemotherapy. The fourth one underwent bilateral en-bloc resection of capsule and implant plus sentinel 
lymph node biopsy, excision of active lymph node and chemotherapy. The fifth patient underwent en-bloc resection of the 
capsule and implant. The sixth one underwent bilateral en-bloc resection of capsule and implant plus sentinel lymph node 
biopsy, along with chemotherapy and adjuvant radiation therapy. The seventh patient underwent bilateral en-bloc 
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resection of capsule, implant and tumor plus chemotherapy. The average time to diagnosis was 13.4 years, which is 
slightly more delayed yet comparable to cis-gender timeline of 9.75 years[49].

As BIA-ALCL is becoming more common in TGGD patients, surgeons should be aware of this and encourage follow 
up. Often patients experienced symptoms at least 2 years before going to their followed up, and with less frequency than 
cis-gender individuals[32]. Education of “signs and symptoms patients should look out for” may go a long way in 
improving rates of follow up as it makes patients aware of the dangers and gives them agency and involvement in their 
treatment.

Silicone Injections
Although it has been declared illegal since 1970s due to high number of complications, unfortunately free silicone 
injection has been and continues to be performed as a mode of breast augmentation in the TGGD individuals[50]. 
Secondary breast reconstruction after silicone injections is relevant to chest feminization. In one study, the incidence of 
prior silicone breast injections was 7.3%. In their cohort of 41 chest feminization surgery patients, there was only one 
patient with minor complications which healed without surgical intervention[51]. This study concluded that careful 
evaluation and planning can minimize the risk of complications in secondary breast reconstruction post silicone 
injections. Another study reported a case of TGGD patient with a false-positive axillary lymph nodes due to silicone 
adenitis from silicone leakage[52]. A final case reports two incidences TGGD patients with breast inflammation and 
necrosis as a result of silicone and paraffin injections[53].

A carefully performed history and physical exam are critical to planning reconstruction options. One point that was 
not discussed in these case reports is how silicone will affect breast imaging and routine cancer screening by obscuring 
the gland tissue. This has been addressed in the American College of Radiology (ACR) guidelines in more detail. Overall, 
successful reconstruction is possible as long as one familiarizes themselves with silicone usage and how it can mimic 
other pathologies. Patients with silicone may require further workup to ensure etiology of pathology before surgical 
planning can safely begin.

Uterine/Endometrial Cancer Screening
Figure 5 includes the PRISMA flow diagram regarding endometrial and cervical cancer studies. A lack of endometrial 
screening protocols for TGGD people on HRT, lead providers to follow the guidelines currently in place for cis-gender 
women. There is currently no evidence-based indication to perform prophylactic screening for endometrial cancer in cis-
gender women. As such, diagnostic procedures like an endometrial biopsy or transvaginal ultrasound are not routinely 
recommended for transgender men regardless of hysterectomy status. Abnormal vaginal discharge and bleeding serve as 
signs to seek screening measures. The ACS recommends educating TGGD individuals with a vagina on the topic of 
unusual vaginal bleeding and to explore instances both pre and post hysterectomy. This may be difficult as TGGD 
individuals often avoid regular visits to their gynecologist, especially after undergoing a hysterectomy.

A uterine pathology study from Grimstad et al[54] reviewed 94 transgender men receiving testosterone therapy, 
reporting no case of endometrial cancer[55]. A similar pathologic analysis from Ralph et al[55] reported no evidence of 
malignant changes to the endometrium of transgender men in response to long-term testosterone treatment[55]. The 
uterine histological similarity to cis-gender women indicates regular endometrial screening is unlikely to be necessary for 
transgender men undergoing androgen therapy.

Uterine/Endometrial Cancer Treatment
The literature documents one case of uterine cancer in a transgender man after he was found to have a mass noted during 
speculum examination for planned hysterectomy in preparation for GAS[56]. Post-operative pathology from a 
transmasculine person’s radical hysterectomy revealed stage IIIC endometrioid adenocarcinoma of the uterus. The 
diagnosis included involvement of the parametrium and lymph nodes. The patient was treated with 6 cycles of 
chemotherapy (carboplatin and paclitaxel) before declining additional treatment. Two years later, the patient had 
evidence of recurrent disease and underwent additional chemotherapy. Follow up beyond this date is lost. The authors 
note the potential importance of evaluating the endometrium prior to undergoing a hysterectomy as the surgery could 
have been altered to more effectively treat the adenocarcinoma.

Cervical Cancer Screening
At present, there are no specific guidelines for transgender men regarding cervical cancer screening. As such, providers 
currently follow the guidelines created for cis-gender women when conducting screening on transgender men. The 
current recommendation indicates any cis-woman over 21 years old should have a Pap smear performed every 3 years or 
a human papillomavirus (HPV) test performed every 5 years. Screening may stop if the patient no longer has a cervix or if 
the patient is 65 years old and testing had been normal over the previous 10 years. A partial or supracervical hyster-
ectomy preserves the cervix, indicating that not all transgender men with hysterectomies should stop receiving regular 
cervical cancer screenings.

In some cases, a routine postoperative histology workup may reveal cervical carcinoma in situ. Dysplasia of the cervix 
can spread to the vagina, which indicates the need for continued screening of the vaginal fornices even post-hyster-
ectomy. It follows that convincing TGGD patients to continue regular cancer screenings after their hysterectomy poses a 
challenge, most importantly when partial cervix tissue remains[57].

A possible solution exists, such as increasing the availability of self-collected HPV DNA tests. Goldstein et al[58] 
reported a 2-fold increase in transgender men receiving HPV testing after introducing self-collected HPV swabbing 
options[58]. Additional research shows self-collected HPV tests have a 71.4% sensitivity when compared to provider-
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Figure 5 The preferred reporting items for systematic reviews and meta-analyses flow diagram indicated database search records and 
inclusion decision steps. The diagram includes records regarding endometrial and cervical cancer studies.

collected HPV tests[59]. The efficacy is consistent with the rates seen in the cis-gender women population choosing to use 
self-collected swabs.

Adding to the complexity of cancer screening is the inconsistent correlation between exogenous testosterone use and 
the risk of carcinoma in the female reproductive system. There is a report of TGGD patients on androgens having higher 
rates of unsatisfactory or abnormal Pap smear results when compared to cis-gender women[60]. Contradicting this study 
are two recent publications that showed no significant difference between rates of epithelial cell abnormalities between 
transgender and cis-gender women receiving Pap tests[61,62]. Further studies must be done to determine the extent to 
which exogenous testosterone treatment can influence cell growth in cervical tissue.

Cervical Cancer Treatment
There are 3 reported cases of cervical cancer in transgender men documented in the literature. Driák and Šamudovský[63] 
report a case of localized squamous carcinoma, which was detected during a pathologic analysis of the cervix post- 
abdominal hysterectomy[63]. The patient had been on androgen therapy for the previous 4 years and did not need any 
oncological treatment beyond the hysterectomy. A case presented by Urban et al[56] follows a transgender man 
diagnosed with invasive stage IB adenoma malignum after receiving a laparoscopic total hysterectomy and bilateral 
salpingo-oophorectomy[56]. The patient reported vaginal bleeding for a 2-year period prior to the surgery, but 
contributed this to androgen therapy, which he had been on for the previous 7 years. He was subsequently treated with 
weekly cisplatin, external beam pelvic radiation, and intracavitary radiation to the upper vagina, which left him without 
evidence of disease. The most recent report of cervical carcinoma comes from Beswick et al[64], who present a trans-
gender man diagnosed with stage IV A cervical cancer[64]. This 45-year-old patient had previously been on androgen 
therapy but stopped 18 mo prior to presenting with abnormal vaginal bleeding and subsequent squamous cell cervical 
carcinoma. The patient was treated with external beam radiation, weekly radiosensitizing cisplatin chemotherapy, and 
high-dose–rate intracavitary brachy-therapy. The patient showed no evidence of disease 6 mo after completing treatment. 
Ovaries see Figure 6.

Screening
Current screening guidelines state that there is no unique recommendation for TGGD individuals with ovaries. It is 
recommended that they follow the same guidelines established for cis-gender women: routine age-appropriate 
surveillance, a gynecological evaluation at least every 3 years (particularly for patients with a strong family history 
associated to ovarian cancer) with a pelvic examination, and routine ovarian cancer screening is not recommended[2,65].

Of the 13 articles included in our systematic review, seven described cases of ovarian cancer amongst TGGD and their 
respective management. There have been eight cases reported in the literature regarding cases of ovarian cancer amongst 
TGGD individuals, seven of whom had taken gender-affirming hormone therapy[66-72].

Cases in literature and their respective management: Figure 6 includes the PRISMA flow diagram regarding ovarian 
cancer studies. Hage et al[66] published the first journal article discussing two case reports about TGGD individuals who 
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Figure 6 The preferred reporting items for systematic reviews and meta-analyses flow diagram indicated database search records and 
inclusion decision steps. The diagram includes records regarding ovarian cancer studies.

were diagnosed with ovarian cancer. Patient A was diagnosed with papillary cystadenocarcinoma and underwent a 
laparotomy, supracolic omentectomy, and left oophorectomy followed by adjuvant combination chemotherapy with 
taxol, epirubicin, cis-platinum. Patient B was diagnosed with papillary borderline tumor in the left ovary, which was 
discovered as the patient was admitted to undergo a hysterectomy and bilateral salpingo-oophorectomy. Patient B 
eventually underwent a laparotomy and resection of multicystic mass. No radiotherapy or chemotherapy was required. 
In both cases reported, Patient A and Patient B had a history of hormone therapy reported[66].

The next case was reported by Dizon et al[67], which described a 46-year-old transgender man who was diagnosed 
with endometrioid adenocarcinoma arising in the left ovary and fallopian tube. This patient underwent a total hyster-
ectomy, bilateral salpingo-oophorectomy, omentectomy, pelvic and para-aortic node dissection, and peritoneal staging 
biopsies. Following surgery, chemotherapy was completed, consisting of carboplatin and paclitaxel. This case report also 
noted that the patient had used hormone therapy as part of their gender affirming surgery, but it was discontinued 
following surgery[67].

Another case report by Ferreira et al[68] described a 23-year-old transgender man with a history of testosterone therapy 
who was diagnosed with bilateral serous borderline ovarian tumor and underwent a total hysterectomy and bilateral 
salingo-oophorectomy. There was no discussion about subsequent chemotherapy[68].

Aubrey et al[69] published a similar case report about a 36-year-old transgender man diagnosed with stage IIA ovarian 
endometrium cancer who underwent a bilateral salpingo-oophorectomy followed by six cycles of chemotherapy. This 
patient also was using hormone therapy, which was discontinued after surgery[69].

Stevens and Abrahm[70] published another case report of a 67-year-old who was diagnosed with metastatic ovarian 
cancer and used exogenous testosterone. There was no mention about chemotherapy or surgery, and the patient 
remained in the hospital and received palliative care[70].

Bilash and Walker[71] published an article discussing Bilash’s personal experiences as a transgender individual who 
was diagnosed with polycystic ovarian syndrome in his early 20s and underwent a bilateral oophorectomy and total 
hysterectomy at the age of 30 for stage III ovarian cancer. Bilash and Walker[71] began using testosterone therapy 
following surgery[71].

Millington et al[72] presented a case report about a 17-year-old transgender adolescent who was diagnosed with serous 
borderline ovarian tumor. The patient began subcutaneous testosterone cypionate 12 wk prior to the diagnosis. For 
treatment, the patient elected a right salpingo-oophorectomy. Post-operatively, testosterone was restarted two months 
following the procedure and surveillance of the remaining ovary was continued and eventually unremarkable over time
[72].

Prevention and Management: As demonstrated by both the case reports and the current literature, there have been 
discussions about the possible relationship between using testosterone supplements and a potential increased risk of 
ovarian cancer. However, it has been repeatedly emphasized that there is currently a lack of reported cases and data in 
the TGGD community to prove the possible mitogenic effects of long-term exposure to exogenous androgens on ovaries
[66,68,69,72,73].
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This correlates to another topic that has been debated in the literature, which is the use of bilateral salpingo-oophorec-
tomies as a possible preventative measure of ovarian cancer in the TGNC community. Currently, according to National 
Comprehensive Cancer Network guidelines for cis-gender women, TGGD who are carriers of the BRAA1 and BRCA2 
mutation should be offered risk-reducing salpingo-oophorectomy. If patients chose to defer this procedure, serial 
monitoring is considered as an alternative[47]. Some articles explore the possibility of expanding preventative ovariec-
tomies to TGGD patients who are eligible for gender-affirming surgery and are on hormone therapy (such as a 
simultaneous salpingo-oophorectomy for TGGD individuals who undergo hysterectomy)[66,74]. Other articles noted the 
lack of knowledge about the long-term effects of oophorectomy at the time of a hysterectomy and how oophorectomies 
affect the quality of life, gender dysphoria, and the risk reduction of ovarian cancer in the TGNC population[67,68,73,75]. 
Kwiatkowska et al[76] emphasizes the responsibility of the physician during hormone therapy, in which that gender-
affirming surgeries must be beneficial for the overall well-being of the patient, which continues to remain a gray area due 
to the lack of research about the impact of hormone therapy on the risk of ovarian cancer and the benefits of prophylactic 
bilateral salpingo-oophorectomy in TGGD individuals using hormone therapy[76].

Overall current guidelines state TGGD individuals neither require routine ovarian cancer screening nor additional 
surveillance and prophylactic oophorectomies are not needed as TGGD individuals are not at an increased risk of ovarian 
cancer[2].

The healthcare needs of TGGD individuals are unique due to gender-affirming hormonal therapy and or surgical 
interventions. The most commonly used hormone therapies are antiandrogens combined with Estrogen. Subsequently, 
after 18–36 mo of hormone therapy[77], transgender women can undergo vaginoplasty, including orchiectomy. The 
Prostate usually is not removed during feminizing genital GAS (fgGAS) (vaginoplasty or vulvoplasty) due to potential 
significant complications such as incontinence. The permanence of the prostate after fgGAS poses a continued risk for 
prostate cancer.

Antiandrogen and estrogen therapy with or without orchiectomy is theorized to have a lower incidence of prostate 
cancer in transgender women compared to cisgender men[78]. The main goal of hormone therapy is the regression of 
adult male sexual characteristics while inducing female sexual development in a transgender women with minimal long-
term risk. While Estrogen has a short-term risk of thrombosis, the long-term risk of estrogen use is unclear[79]. Recent 
research has shown estrogen receptor–a, may have carcinogenic effects on the Prostate alone. A higher estradiol to 
dihydrotestosterone ratio may promote stromal cell growth in the prostate as well[79].

As part of antiandrogen treatment in male to female TGNC patients Prostate-specific antigen (PSA) and human 
glandular kallikrein (hK2) have been found to be elevated in plasma and urine after antiandrogen treatment in 
transgender women[80]. Both of these molecules are mainly produced by the Prostate, and androgens regulate their 
genes through the AR. Currently, screening guidelines for the TGGD population with prostates are the same as cis men. 
Transgender women 50 years and older should undergo annual prostate evaluation, consisting of digital rectal 
examination (DRE). Annual PSA evaluation might still have pertinence in prostate cancer screening and follow up. de Nie 
et al[81] performed a prostate biopsy in a transgender woman diagnosed with prostate cancer who had undergone 
orchiectomy with estrogen treatment[81]. The biopsy produced positive staining for prostate acid phosphatase (PAP) and 
prostate-specific antigen (PSA), showing that natural prostate activity persists in the castrated individuals and that this 
activity does not rely solely on androgens. As PSA is usually highly suppressed in these individuals following bilateral 
orchiectomy, any PSA value greater than 1.0 ng/mL should be regarded as concerning[82]. Further research on the 
adequate PSA monitoring threshold is required for this subset of patients.

A biopsy is a primary tool for diagnosing prostate cancer and determining a Gleason score for prognosis. Some studies 
have shown the difficulty of assigning a correct Gleason score due to morphologic changes to the Prostate induced by 
androgen deprivation adding a layer of complexity when interpreting results in the TGGD population[83]. For both cis 
men and transgender women diagnosed with prostate cancer multiple treatments are available. Amongst them include 
gonadotropin-releasing hormone (GnRH) agonists/antagonists, radiotherapy, chemotherapy, robotic-assisted laparo-
scopic prostatectomy, and cystoprostatectomy. New therapies such as abiraterone, enzalutamide, sipuleucel-T and 
cabazitaxel have been introduced to treat hormone-resistant prostate cancer[82].

In our review, we identified 14 TGGD individuals diagnosed with Prostate Cancer. Figure 7 includes the PRISMA flow 
diagram regarding prostate cancer studies. Of those 14, three underwent chemotherapy using estramustine, mitoxan-
trone, docetaxel, carboplatin, or prednisone. One patient underwent external beam radiotherapy, antiandrogen therapy, 
followed by mitoxantrone and prednisone, and passed away from a thromboembolic event[19]. Another patient 
underwent robotic-assisted laparoscopic prostatectomy and bilateral pelvic lymph node dissection[84]. One patient 
underwent cystoprostatectomy with resection of a right pelvic mass and lymph node dissection following chemotherapy 
with docetaxel and carboplatin[82]. Another patient was started with antiandrogen therapy using oral bicalutamide and 
oral dutasteride[82] one patient underwent radical radiotherapy and died after six months of therapy. Treatment for the 
other six patients was not discussed. There were only two reported deaths of the 14 reported Prostate cancer cases we 
identified.

The absence of TGGD-specific screening guidelines, unconfirmed effects of gender-affirming hormone therapy on 
prostate cancer, change of the pelvis anatomy following the surgery, and barriers of care by the healthcare providers and 
system can delay cancer diagnosis and treatment. The combination of factors may lead to poorer prognosis in this 
population[79]. Yet, although the incidence is lower in TGGD women, Jackson et al[79] have indicated that prostate cancer 
could be more aggressive amongst TGGD population with increased mortality amongst TGGD women. Incidence of 
prostate cancer after prolonged use of gender-affirming hormone therapy raises questions about the “protective” role of 
castrating status in cancer pathogenesis[85]. Further study regarding the effects of gender-affirming hormone therapy 
and orchiectomy is needed to shape the screening and treatment of Prostate cancer in TGGD women.
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Figure 7 The preferred reporting items for systematic reviews and meta-analyses flow diagram indicated database search records and 
inclusion decision steps. The diagram includes records regarding prostate cancer studies.

Currently, the USPSTF recommends against regular screening for Testicular Cancer in cis-gender men and has no 
recommendations for TGGD population. Figure 8 includes the PRISMA flow diagram regarding testicular cancer studies. 
Some societies recommend annual self-examinations. In TGGD population, hormonal therapy (primarily estradiol) is 
instituted with the goal to develop female secondary sex characteristics. Estrogen is thought to be a risk factor for 
development of testicular cancer although no large-scale studies have been done that show a link.

Standard management of testicular cancer involves tumor markers (β- human chorionic gonadotropin, Lactate 
Dehydrogenase (LDH) and alpha-fetoprotein), computed tomography scan of chest/abdomen/pelvis followed by radical 
orchiectomy. Tumor markers can help differentiate the type of cancer present, although standard of care involves a 
radical orchiectomy up front. Our review resulted in 5 cases of testicular cancer found in the TGGD population. Two 
cases were found when testosterone levels failed to suppress despite hormonal therapy. One case reported by Wolf-
Gould and Wolf-Gould[86] was found to have an intratubular germ cells neoplasia (carcinoma in site), embryonal cell 
carcinoma[86]. Another case reported by Elshimy et al[87] was found to have a B-HCG secreting seminoma[87]. One case 
of seminoma reported by Kvach et al[88], was discovered incidentally after penile-inversion vaginoplasty[88]. A case by 
Chandhoke et al[89], reported a 38-year-old transgender woman with a testicular mass and a retroperitoneal tumor that 
was too morbid to resect[89]. The patient underwent radical orchiectomy followed by maintenance on chemotherapy and 
surveillance with serial imaging. An interesting case by Kobori et al[90] was revealed to have a mature testicular teratoma 
with positive estrogen receptor expression while undergoing hormonal therapy with estrogen and progesterone[90]. The 
authors note that although receptor expression does not necessarily imply causation, the contribution of estrogen cannot 
be ruled out. The patient elected to stop hormonal therapy in this case.

All patients underwent radical orchiectomy with chemotherapy reserved for patients who met criteria per cis-gender 
guidelines. Four patients elected to stop estrogen therapy; however, this was after an extensive discussion with the 
patient on the social and psychological effects of cessation.

DISCUSSION
Prior to breast cancer screening guidelines for the TGGD patient from the American College of Radiology in November 
2021, no formal cancer screening guidelines were made for the TGGD population. In most instances, screening guidelines 
for the TGGD population default to cis-gender screening recommendations and management. Further, guidelines are 
needed to address non binary patients as existing literature in this select population is also lacking. Although screening 
suggestions based on this systematic review are alluded to in each organ section, the discussion of organ specific 
screening centers on a call to action for better research.

Discussion on cancer management is provided in each organ section in more detail. However, some overarching 
themes hold true for all cancer management. Provider education in the communication skills with the TGGD population 
in the form of gender friendly language is paramount to improve the existing barriers of care, improve healthcare access-
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Figure 8 The preferred reporting items for systematic reviews and meta-analyses flow diagram indicated database search records and 
inclusion decision steps. The diagram includes records regarding testicular cancer studies. TGNC: Transgender and gender nonconforming.

ibility and increase provider options for these patients. Addressing the limitations of care and actively participating in 
scientific research for this population will allow for earlier detection of cancer, improved treatment adherence, improved 
patient care accessibility and ultimately improved patient follow up and satisfaction.

CONCLUSION
Currently, a comprehensive guideline for cancer screening in the TGGD population is lacking. Prior to breast cancer 
screening guidelines for this population from the ACR in November 2021, no formal cancer screening guidelines were 
made for the TGGD population. In most instances, screening guidelines defaulted to cis gender screening recommend-
ations and management. However, caring for the TGGD population undergoing gender affirming surgery is highly 
individualized and requires consideration of factors such as the age at which they commenced hormonal therapy, the 
stage of transition, and the disproportionate social determinants of health these patients are subject to. For all these 
reasons, these patients are at higher risk of developing cancer and or having their cancer detected at a later, more 
aggressive stage because they do not have access to the appropriate and comprehensive care they require.

This study performed systematic review of the current literature surrounding both the screening and management of 
cancer in the transgender and gender diverse population whom are considering gender affirming surgery. In addition to 
calling for better education and evidence based guidelines for physicians to follow, this paper is a call to action for 
physicians to openly address the limitations of care and to actively participating in scientific research for this population 
to allow for earlier detection of cancer, improved treatment adherence, improved patient care accessibility and ultimately 
improved patient satisfaction.

ARTICLE HIGHLIGHTS
Research background
Lack of screening and management guidelines in the transgender and gender diverse (TGGD) and non binary 
population.

Research motivation
A comprehensive guideline for cancer screening in the TGGD population is lacking. Caring for the TGGD population 
undergoing Gender Affirmation Surgery is highly individualized and requires consideration for the whole, integral 
patient including the physical and psychological realm. Communication and access to care should strive for inclusion and 
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avoid potential discrimination from misgendering. Once diagnosed with cancer, TGGD patients should receive care at 
institutions capable of providing a multi-disciplinary approach. This collective approach will ensure record upkeep and 
help delay any unnecessary delays in care. Resolving the lack of guidelines, improving inclusion, and diminishing the 
barriers of care will ultimately lead to more timely and efficient care for the TGGD population.

Research objectives
Literature is lacking regarding screening and management guidelines in the TGGD and non binary population. Barriers 
of care are present and need to be addressed to improve access and quality of care for this population.

Research methods
A systematic review utilizing the preferred reporting items for systematic reviews and meta-analyses guidelines was 
used. Rayyan software was used to organize and collaborate on articles for reviewers. A systematic search of PubMed on 
January 5th, 2022, with the following terms: “TGNC”, OR “transgender”, OR “gender non-conforming”, OR “gender 
nonbinary” AND “cancer screening”, AND “breast cancer”, AND “cervical cancer”, AND “uterine cancer”, AND 
“ovarian cancer”, AND “prostate cancer”, AND “testicular cancer”, AND “surveillance”, AND “follow-up”, AND 
“management”. After eliminating review articles, duplicates, abstracts, articles not relevant to the section topic or opinion 
pieces a total of 70 studies with original data were obtained. Articles relevant to the section topic, including the search 
terms were included in this systematic review. Search parameters were performed according to Preferred Reporting Items 
for Systematic reviews and Meta-Analyses guidelines. Two independent reviewers Araya S and Nannapaneni S carried 
out independent abstract revisions on January 11th, 2022, using systematic review software “Rayyan” registered in 
Cambridge Massachusetts.

Research results
Literature is lacking regarding screening and management guidelines in the TGGD and non binary population. Barriers 
of care are present and need to be addressed to improve access and quality of care for this population.

Research conclusions
Caring for the TGGD and nonbinary patients is a complex process and requires understanding of three key points – care 
is highly individual, it depends on stage of gender affirming surgery, and it is centered on proper provider education and 
training. An understanding of the biopsychosocial model of health, where illness must be considered from not only the 
physical body, but also from the psychological and social aspects is required. Prior to breast cancer screening guidelines 
for the TGGD patient from the American College of Radiology in November 2021, no formal cancer screening guidelines 
were made for the TGGD population. In most instances, screening guidelines for the TGGD population default to cis 
gender screening recommendations and management. Further, guidelines are needed to address non binary patients as 
existing literature in this select population is also lacking. Although screening suggestions based on this systematic 
review are alluded to in each organ section, the discussion of organ specific screening centers on a call to action for better 
research. Discussion on cancer management is provided in each organ section in more detail. However, some overarching 
themes hold true for all cancer management. Provider education in the communication skills with the TGGD population 
in the form of gender friendly language is paramount to improve the existing barriers of care, improve healthcare access-
ibility and increase provider options for these patients. Addressing the limitations of care and actively participating in 
scientific research for this population will allow for earlier detection of cancer, improved treatment adherence, improved 
patient care accessibility and ultimately improved patient follow up and satisfaction.

Research perspectives
Creating specific cancer screening and management guidelines for the TGGD and non binary population while 
improving barriers to care.
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Abstract
Pancreatic cancer (PC) remains one of the most challenging diseases, with a very 
poor 5-year overall survival of around 11.5%. Kirsten rat sarcoma virus (KRAS) 
mutation is seen in 90%-95% of PC patients and plays an important role in cancer 
cell proliferation, differentiation, metabolism, and survival, making it an essential 
mutation for targeted therapy. Despite extensive efforts in studying this onco-
gene, there has been little success in finding a drug to target this pathway, 
labelling it for decades as “undruggable”. In this article we summarize some of 
the efforts made to target the KRAS pathway in PC, discuss the challenges, and 
shed light on promising clinical trials.

Key Words: Kirsten rat sarcoma virus; Targeted therapy; Pancreatic cancer; Drug 
resistance; Next generation sequencing; Clustered regularly interspaced short palindromic 
repeats
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Core Tip: Kirsten rat sarcoma virus (KRAS) mutation is the hallmark of pancreatic cancer (PC) and an important therapeutic 
target. Approaches to target this oncogene has been challenging. We herein discuss the role of KRAS in development of PC, 
efforts made to target this pathway, and ongoing clinical trials.
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INTRODUCTION
In 2022, there was an estimated 62210 new pancreatic cancer (PC) cases and 49830 estimated deaths. PC is the fourth 
leading cause of cancer death in the United States[1]. PC is driven primarily by mutations in the Kirsten rat sarcoma virus 
(KRAS) gene, cyclin-dependent kinase inhibitor 2A, tumor protein 53, and mothers against decapentaplegic protein 
homolog 4. KRAS is one of the most frequently mutated oncogenes in human cancers. It is seen in more than 90% of PCs 
and more than 40% of colorectal and lung cancers[2]. 93% of all KRAS mutations occur at codon 12 (G12) with other 
common mutation sites at G13 and Q61. Missense mutation in glycine residues of G12 result in amino acid substitution, 
glycine substituted with aspartic acid (G12D), with valine (G12V), or with cysteine (G12C)[3]. The predominant mutation 
in PC is G12D followed by G12V (Figure 1)[4], but in lung cancer G12C is the most common. KRAS plays a major role in 
the development of PC and, as a result, there have been significant efforts to target the mutated KRAS pathway.

BACKGROUND
KRAS is a member of the rat sarcoma viral oncogene family (RAS), in addition to Neuroblastoma rat sarcoma virus and 
Harvey rat sarcoma virus. Identified in 1982, the KRAS is located on the short arm of chromosome 12[5,6]. It encodes two 
protein isoforms, KRAS-4B and KRAS-4A. Those are found in the inner side of the plasma membrane[7], and act as 
guanosine triphosphate (GTP)-binding proteins (G proteins), they bind guanine nucleotides that belong to the family of 
GTP-bound regulatory protein phosphatases (GTPase). An upstream signal e.g., epidermal growth factor receptor (EGFR) 
stimulates the dissociation of guanosine diphosphate (GDP) from the GDP-bound G protein form, and allows the binding 
of GTP[8]. RAS functions as a binary switch, determined by two regulatory proteins called guanine nucleotide exchange 
factors (GEFs) and GTPase-activating proteins (GAP)[9]. KRAS binds to GDP in resting state due to its intrinsic GTPase 
activity. But with relevant stimuli, GEFs turn on signaling by catalyzing the exchange from a KRAS G-protein-bound 
GDP to GTP[10] (Figure 2). KRAS proteins can be activated by tyrosine kinase receptors, growth factors, chemokines, or 
calcium. This in turn activates multiple signaling pathways including the rapidly accelerated fibrosarcoma (RAF)-
mitogen-activated protein kinase (MAPK)-extracellular regulated protein kinases (ERK) (MAPK/ERK; MEK) signaling 
pathway, the phosphoinositide 3-kinase (PI3K)-protein kinase (AKT)-mammalian target of rapamycin (mTOR) signaling 
pathway, and others. These pathways result in cell proliferation and DNA synthesis (Figure 3).

Precursor lesions of pancreatic ductal adenocarcinoma (PDAC) include pancreatic intraepithelial neoplasia (PanIN), 
intraductal papillary mucinous neoplasm (IPMN), and mucinous cystic neoplasm[11,12]. KRAS mutation was detected in 
36% of PanIN-1A lesions and 87% of PanIN-2-3 lesions[13]. It was also found in 61% of patients with IPMN[14]. To study 
the role of KRAS in PC progression, scientists developed transgenic mice with inducible KRASG12D. Induction of oncogenic 
KRASG12D altered normal epithelium and led to the development of precancerous lesions; on the other hand, inactivation 
of KRASG12D in precursor lesions and during cancer progression led to disease regression[15]. These studies confirm the 
early role of KRAS mutation in the initiation and progression of precursor lesions into invasive PDAC as well as the 
correlation between frequency of KRAS mutation and degree of dysplasia.

KRAS mutation drives PC progression by resistance to apoptosis, induction of autophagy[16], immune evasion by 
downregulating major histocompatibility complex class I on tumor cells[17], and stimulating angiogenesis, resulting in 
cell survival and tumor progression.

TARGETED THERAPY
Upstream regulators
Some of the key regulators of KRAS include Son of Sevenless (SOS) and Src homology phosphatase 2 (SHP2). SOS is a 
GEF that activates KRAS, and SHP2 is a protein tyrosine phosphatase encoded by PTPN11 that also promotes RAS 
activation, inhibiting either can delay tumor progression[18,19].

https://www.wjgnet.com/2218-4333/full/v14/i8/285.htm
https://dx.doi.org/10.5306/wjco.v14.i8.285
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Figure 1 Kirsten rat sarcoma virus mutations in pancreatic cancer. Types of Kirsten rat sarcoma virus (KRAS) mutations seen in pancreatic cancer, 
according to data publicly available on cBioPortal. 812 samples with altered KRAS collected from 5 pancreatic cancer studies. Others are A11T, A146T, A18V, G12A, 
G12I, G12L, G12S, G13C, G13D, G13H, G13P, G13R, L23V, Q61H, Q61K, Q61R.

Figure 2 Kirsten rat sarcoma virus activation. Kirsten rat sarcoma virus is activated when guanine nucleotide exchange factor displaces guanosine 
diphosphate from nucleotide binding site allowing guanosine triphosphate (GTP) binding and inactivated upon GTP hydrolysis by intrinsic GTP-bound regulatory 
protein phosphatases (GTPase) activity enhanced by GTPase activating protein. GTP: Guanosine triphosphate; GAP: GTPase activating protein; GDP: Guanosine 
diphosphate; GEF: Guanine nucleotide exchange factor; KRAS: Kirsten rat sarcoma virus.

BI-3406 inhibits the interaction between KRAS and SOS1 which has been shown to cause tumor regression in KRAS-
driven cancer cell models. Synergy was observed with SOS1/MEK inhibitors as this combination can counteract adaptive 
resistance to MEK inhibitors[20]. ERAS-601 is a small molecule allosteric inhibitor of SHP2 that stops KRAS from cycling 
into its GTP-active state, which inhibits cellular proliferation in multiple KRASG12C mutated tumor cell models[21]. 
Recently the Food and Drug Administration (FDA) granted fast track designation to BBP-398 (SHP2 inhibitor) in 
combination with Sotorasib for KRASG12C-mutated metastatic non-small-cell lung carcinoma (NSCLC). There is an 
ongoing trial to evaluate the safety and efficacy of this combination [national clinical trial (NCT) 05480865]. Combination 
of KRASG12C inhibitor (JAB-21822) and SHP2 inhibitor (JAB-3312) showed synergistic effect in KRASG12C-resistant tumor 
cells[22], currently in phase I/II trial for PDAC (NCT05288205).

MAPK/ERK pathway
The MAPK/ERK pathway was shown in Table 1.

KRAS
Direct inhibition of the KRAS protein remains a challenge, due to its small size of 21 kDa and the lack of hydrophobic 
pockets on its surface. Those pockets, if found, can then be blocked by small molecules and ultimately disrupt its 
interaction with other proteins[23]. Several attempts have been made to directly target KRAS, but results were non-
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Table 1 Kirsten rat sarcoma virus-rapidly accelerated fibrosarcoma-mitogen-activated protein kinase/extracellular regulated protein 
kinases-extracellular regulated protein kinases pathway inhibitors

Clinical trials2

Agent FDA approved1

Conditions (phase) Combination NCT number

SOS inhibitors

BI-1701963 N/A Advanced solid tumors (I); advanced solid 
tumors (I); metastatic colorectal cancer (I)

Trametinib; BI 3011441; 
irinotecan

NCT04111458; 
NCT04835714; 
NCT04627142

SHP2 inhibitors

ERAS-601 N/A Advanced/ metastatic solid tumors (I) Cetuximab, pembrol-
izumab

NCT04670679

JAB-3312 N/A Advanced solid tumors (I); advanced solid 
tumors (I/II)

N/A; binimetinib, 
pembrolizumab, 
sotorasib, osimertinib

NCT04045496; 
NCT04720976

BBP-398 (IACS-
15509)

(+ sotorasib) fast track 
designation for metastatic 
NSCLC 

Advanced solid tumor (I); advanced NSCLC (I); 
advanced solid tumors (I); advanced solid tumors 
(I)

N/A; nivolumab; N/A; 
sotorasib

NCT05621525; 
NCT05375084; 
NCT04528836; 
NCT05480865

RLY-1971 N/A Advanced/metastatic solid tumors (I) N/A NCT04252339

TNO155 N/A Advanced solid tumors (I); advanced solid 
tumors (I)

EGF816 (nazartinib); 
spartalizumab, ribociclib

NCT03114319; 
NCT04000529

RMC-4630 N/A Relapsed/refractory solid tumors (I); NSCLC (II); 
metastatic KRAS mutant cancers (I); 
relapsed/refractory solid tumors, locally 
advanced/metastatic EGFR positive NSCLC 
(I/II)

N/A; sotorasib 
LY3214996; cobimetinib, 
osimertinib

NCT03634982; 
NCT05054725; 
NCT04916236; 
NCT03989115

Direct KRAS inhibitors

G12C

Sotorasib (AMG 510, 
Lumakras)

Advanced NSCLC Colorectal cancer (III); advanced solid tumors 
(Ib/II)

Panitumumab; N/A NCT05198934; 
NCT04185883

Adagrasib 
(MRTX849, Krazati)

Locally advanced or 
metastatic NSCLC

Metastatic PC (Ib); colorectal cancer (I); solid 
tumors (I/II); advanced solid tumors (I); 
advanced/metastatic cancers (I/II)

N/A; cetuximab and 
irinotecan; N/A; BI-
1701963; TNO155

NCT05634525; 
NCT05722327; 
NCT05162443; 
NCT04975256; 
NCT04330664

JNJ-74699157 N/A Advanced solid tumors (I) N/A NCT04006301

LY3499446 N/A Advanced solid tumors (I/II) Abemaciclib, cetuximab, 
erlotinib, docetaxel

NCT04165031

GDC 6036 N/A Advanced/metastatic solid tumors (I) Atezolizumab, 
cetuximab, bevacizumab, 
erlotinib, GDC-1971, 
inavolisib

NCT04449874

D-1553 N/A Advanced/metastatic solid tumors (I/II); NSCLC 
(I/II)

N/A; N/A NCT04585035; 
NCT05383898

G12D

MRTX1133 N/A Pancreatic, lung, and colorectal cancers (I/II) N/A Enters phase I in 2023

Tricomplex inhibitors

RMC-6236 N/A Advanced solid tumors (I) N/A NCT05379985

RMC-6291 N/A Advanced solid tumors (I) N/A NCT05462717

RAF inhibitors

Sorafenib (BAY43-
9006, NEXAVAR)

Unresectable HCC; 
advanced RCC; thyroid 
cancer

PC that cannot be removed by surgery (II); 
unresectable PC (I); metastatic PC (II)

Erlotinib; gemcitabine, 
sorafenib and 
radiotherapy; alone or 
with gemcitabine

NCT00837876; 
NCT00375310; 
NCT00114244

Vemurafenib 
(PLX4032, RG7204, 

BRAF V600E melanoma, 
ECD

PC (II) Sorafenib NCT05068752
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RO5185426, 
ZELBORAF)

Dabrafenib 
(GSK2118436, 
TAFINLAR)

(+ Trametinib) BRAF V600E 
or V600K melanoma, 
NSCLC, anaplastic thyroid 
cancer, solid tumors

Colorectal cancer (II); advanced/metastatic BRAF 
V600 colorectal cancer (I)

Trametinib + PDR001; 
trametinib, LTT462, 
LXH254, TNO155, 
spartalizumab, tislel-
izumab

NCT03668431; 
NCT04294160

Encorafenib 
(BRAFTOVI)

BRAF V600E metastatic 
colorectal cancer 

Localized colon or upper rectum cancer with 
BRAF V600E mutation (II)

Cetuximab NCT05706779

Regorafenib (BAY 
73-4506, STIVARGA)

Metastatic colorectal cancer; 
advanced GIST

Solid tumors (II) Nivolumab NCT04704154

Lifirafeni (BGB-283) N/A Advanced or refractory solid tumors (I/II) Mirdametinib NCT03905148

Paradox breakers

PLX7904/ PLX8394 
(PB04)

N/A Advanced cancers (I/IIa) N/A NCT02012231

Pan-RAF inhibitors

LY3009120 N/A Advanced cancer (I) N/A NCT02014116

MLN2480 (BIIB-024, 
TAK580, 
Tovorafenib)

N/A Relapsed or refractory solid tumors followed by a 
dose expansion in participants with metastatic 
melanoma (I); advanced non-hematologic 
malignancies (I)

N/A; MLN0128 or 
alisertib, or paclitaxel, or 
cetuximab, or irinotecan

NCT01425008; 
NCT02327169

HM95573 
(Belvarafenib)

N/A Locally advanced or metastatic solid tumors (I) Cobimetinib or 
cetuximab

NCT03284502

BMS-908662 (XL281) N/A Advanced or metastatic colorectal cancer (I/II); 
advanced solid tumors (I)

Alone or with cetuximab; 
N/A

NCT01086267; 
NCT00451880

MEK inhibitors

Trametinib 
(GSK1120212, JTP-
74057)

(+Dabrafenib) BRAF V600E 
or V600K melanoma, 
NSCLC, anaplastic thyroid 
cancer, solid tumors

Cancers with BRAF V600E mutations (II); solid 
tumors (I); PC (II); metastatic PC (II); biliary tract 
cancer (II)

Dabrafenib; gemcitabine; 
SBRT + pembrolizumab; 
gemcitabine; N/A

NCT04439292; 
NCT01428427; 
NCT02704156; 
NCT01231581; 
NCT01943864

Cobimetinib (XL-518, 
GDC-0973, RG7421, 
Cotellic)

Histiocytic neoplasms, 
melanoma

PC (I); locally advanced or metastatic PC (I) N/A; calaspargase 
Pegol-mknl

NCT04005690; 
NCT05034627

Selumetinib 
(AZD6244, ARRY-
142886, Koselugo)

Pediatric neurofibromatosis 
type 1

Advanced or metastatic PC who have failed first 
line gemcitabine (II); locally advanced or 
metastatic pancreatic cancer with KRAS G12R 
mutations (II); metastatic pancreatic cancer 
previously treated with chemotherapy (II); locally 
advanced or metastatic PC (II)

N/A; N/A; MK2206 
(Akt inhibitor) or 
mFOLFOX; erlotinib 
hydrochloride

NCT00372944; 
NCT03040986; 
NCT01658943; 
NCT01222689

Binimetinib (ARRY-
438162, ARRY-162, 
MEK162, MektoviI)

Unresectable or metastatic 
melanoma with a BRAF 
V600E mutation

Advanced BRAF mutant cancers (I/II); PC with 
somatic BRAF V600E mutation (II); advanced 
solid tumors harboring RAS or BRAFV60330E 
mutations (I)

Encorafenib; 
Encorafenib; RAF 265

NCT03843775; 
NCT04390243; 
NCT01352273

Pimasertib 
(AS703026, 
SAR24550, 
EMD1036239, 
MSC1936369B)

N/A PC (I/II) Gemcitabine NCT01016483

Refametinib 
(RDEA119, BAY86-
9766)

N/A Advanced or metastatic cancer (I); RAS-mutant 
hepatocellular carcinoma (II); advanced cancer 
(Ib)

Regorafenib; N/A; 
copanlisib

NCT02168777; 
NCT01915589; 
NCT01392521

E6201 (ER 806201) N/A BRAF V600 mutated metastatic melanoma (I); 
advanced solid tumors (I)

Dabrafenib; N/A NCT05388877; 
NCT00794781

PD-0325901 
(Mirdametinib)

N/A Advanced cancer (I) PF-05212384 or 
Irinotecan

NCT01347866

AZD8330 (ARRY-
424704, ARRY-704)

N/A Advanced malignancies (I) N/A NCT00454090

GDC-0623 (RG7420, 
G-868)

N/A Locally advanced or metastatic solid tumors (I) N/A NCT01106599
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RO4987655 
(CH4987655, 
RG7167)

N/A Advanced solid tumors (I) N/A NCT00817518

RO5126766 
(CH5126766, 
RG7304)

N/A Advanced solid tumors (I) N/A NCT00773526

TAK733 N/A Advanced nonhematologic malignancies (I) N/A NCT00948467

ERK inhibitors

Ulixertinib (BVD-
523)

N/A Advanced pancreatic and other solid tumors (I); 
metastatic PC (I); advanced MAPK pathway-
altered malignancies 

Palbociclib; Nab-
paclitaxel and 
gemcitabine; N/A

NCT03454035; 
NCT02608229; 
NCT04566393

GDC-0994 (RG7842) N/A Locally advanced or metastatic solid tumors (I) N/A NCT01875705

MK-8353 
(SCH900353)

N/A Advanced/metastatic solid tumors (I); advanced 
malignancies (I)

Selumetinib; pembrol-
izumab

NCT03745989; 
NCT02972034

JSI-1187 N/A Advanced solid tumors with MAPK pathway 
mutations (I)

Alone or with dabrafenib NCT04418167

ERAS-007 N/A Advanced or metastatic solid tumors (I/II); 
advanced gastrointestinal malignancies (I/II)

ERAS-601; encorafenib, 
cetuximab, palbociclib

NCT04866134; 
NCT05039177

Menin inhibitor

BMF-219 N/A NSCLC, pancreatic, colorectal cancers (I) N/A NCT05631574

1www.fda.gov.
2clinicaltrials.gov.
FDA: Food and Drug Administration; SOS: Son of Sevenless; KRAS: Kirsten rat sarcoma virus; HCC: Hepatocellular carcinoma; RCC: Renal cell carcinoma; 
ECD: Erdheim-Chester disease; GIST: Gastrointestinal stroma tumors; PC: Pancreatic cancer; RAF: Rapidly accelerated fibrosarcoma; RAS: Rat sarcoma 
viral oncogene family; MAPK: Mitogen-activated protein kinases; NSCLC: Non-small-cell lung carcinoma; SHP2: Src homology-2 domain-containing 
protein tyrosine phosphatase-2; NCT: National clinical trial; MEK: Mitogen-activated protein kinase/extracellular regulated protein kinases; N/A: Not 
applicable.

satisfactory[24-26]. Only recently AMG 510 (sotorasib) was developed to target G12C mutation in NSCLC without 
inhibiting wild-type KRAS[27]. Adagrasib (MRTX849) which is also a KRASG12C inhibitor is well tolerated, and 
preliminary results showed partial response in 50% of patients with PDAC harboring this mutation[28]. However, 
KRASG12C only occurs in 1%-2% PC and attempts to target more common KRAS isoforms have failed. One promising 
compound is MRTX1133, a small molecule that selectively inhibits KRASG12D by preventing SOS-catalyzed nucleotide 
exchange. Subsequently, it promotes tumor regression in immunocompetent PC models and alters the tumor microenvir-
onment by increasing tumor associated macrophages (TAM) and tumor-infiltrating cytotoxic T-cells. MRTX1133 is 
expected to enter phase I trial in 2023[29,30]. Other agents inhibiting G12D in the pre-clinical phase include BI-
KRASG12D, JAB-22000, and ERAS-4. A new category of drugs called tricomplex inhibitors has shown promising results 
in pre-clinical models of KRASG12V mutant cancers[31] and in a phase I trial RMC-6236 in KRASG12-mutant advanced solid 
tumors excluding G12C (NCT05379985). A recent study was able to selectively target KRASG12R using a small molecule 
electrophile[32]. Due to the challenging nature of direct KRAS inhibition focus was shifted on downstream signaling, 
knowing that some of the challenges include compensation by other pathways, and that inhibiting multiple pathways can 
result in toxicity[33].

Multiple mechanisms are implicated in the inevitable drug resistance seen with KRAS inhibitors, either by activation of 
wild-type KRAS which is mediated by receptor tyrosine kinase[34], synthesizing new KRASG12C proteins in response to 
MAPK suppression[35], or developing secondary mutations in KRAS inhibitor binding pocket[36].

RAF
With regards to drugs targeting the MAPK pathway, sorafenib was the first RAF inhibitor to be FDA-approved, initially 
for advanced renal cell carcinoma, followed by unresectable/metastatic hepatocellular carcinoma and metastatic differen-
tiated thyroid cancer[37]. In a phase II trial combining sorafenib and erlotinib, 12 of the first 15 patients required dose 
delays or reductions due to toxicity, and the study failed to reach its primary endpoint of 8-week progression-free 
survival (PFS)[38]. A second-generation of RAF inhibitors (e.g., vemurafenib and dabrafenib) was proven to be effective in 
BRAF V600E mutant metastatic melanoma[39]. Dabrafenib in combination with trametinib received a tumor agnostic 
accelerated approval for treatment of unresectable/metastatic solid tumors with BRAF V600E mutation that progressed 
on prior treatment[40]. Unfortunately, vemurafenib and dabrafenib were not as effective in KRAS-mutant cancers, due to 
compensatory ERK activation that led to enhanced tumor growth[41,42]. A third generation of RAF inhibitors called 
“paradox breakers” (PLX7904 and PLX8394) also blocks MEK-ERK1/2, which can overcome this resistance mechanism
[43], Unfortunately, a phase I/II trial to evaluate the safety of PLX8394 was terminated due to low accrual. Recently, 
another group called “pan-RAF inhibitors” (LY3009120, MLN2480, and HM95573) entered phase I trials. LY3009120 is a 
kinase inhibitor that showed efficacy in inhibiting mutated KRAS and BRAF in preclinical models of colorectal cancer 

http://www.fda.gov
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Figure 3 Kirsten rat sarcoma virus signaling network and targeted therapy. A schematic of the two major Kirsten rat sarcoma virus pathways driving 
cell survival and drugs that target them. KRAS: Kirsten rat sarcoma virus; AKT: Protein kinase; EGFR: Epidermal growth factor receptor; PIP: Prolactin-induced 
protein; ERK: Extracellular regulated protein kinases; MEK: Mitogen-activated protein kinase/extracellular regulated protein kinases; mTOR: Mammalian target of 
rapamycin; PI3K: Phosphoinositide 3-kinase; RAF: Rapidly accelerated fibrosarcoma; SHP2: Src homology-2 domain-containing protein tyrosine phosphatase-2; 
SOS: Son of sevenless.

with minimal paradoxical MAPK activation[44,45], however, a phase I trial in advanced cancers was terminated early due 
to lack of sufficient clinical efficacy (NCT02014116). MLN2480 (tovorafenib) showed an acceptable safety profile[46], and 
HM95573 (belvarafenib) was well tolerated and showed anti-tumor activity in advanced solid tumors with RAS or RAF 
mutations[47]. The Yes-associated protein (YAP) is a transcription coregulator downstream from KRAS that promotes cell 
proliferation[48]. Combining LY3009120 and YAP-inhibitor (verteporfin) showed anti-tumor effect in vivo and in vitro by 
blocking compensatory activation of AKT pathway[49].

MEK
As mentioned above, trametinib is a MEK1/2 inhibitor FDA approved in combination with dabrafenib (RAF-inhibitor) as 
a tumor agnostic drug[50]. Trametinib was studied in combination with gemcitabine in a placebo controlled clinical trial 
for untreated metastatic PDAC. Unfortunately, it did not show improvement in overall survival (OS), PFS, or overall 
response rate (ORR)[51]. This is potentially due to a compensatory mechanism called autophagy, initiated through 
activation of the AKT pathway[52]. A Phase II trial of selumetinib (MEK1/2 kinase inhibitor) in PC did not show any 
significant difference in OS when compared to capecitabine[53], another phase II study of selumetinib targeting only PC 
patients with KRASG12R mutation after at least two lines of prior systemic chemotherapy did not improve ORR, however, 
three patients had stable disease for ≥ 6 months[54]. A phase I/II trial studied the selective MEK1/2 inhibitor pimasertib 
in combination with gemcitabine vs gemcitabine alone in patients with metastatic PC. Despite the promising safety and 
efficacy of this combination, it did not improve PFS or OS[55]. Unfortunately, in whole there was no observed clinical 
benefit of MEK inhibitors in the multiple trials done in PC.

ERK
After resistance to BRAF and MEK inhibitors, the next downstream target is ERK. SCH772984[56] is a selective inhibitor 
of ERK1/2 that showed tumor regression in xenograft models refractory to BRAF and MEK inhibitors. Similar effects 
were seen with ulixertinib[57]. A phase Ib trial combining ERK1/2 inhibitor (GDC-0994) and MEK inhibitor (cobimetinib) 
in advanced solid tumors was terminated due to tolerability issues[58]. The ERK1/2 inhibitor JSI-1187-01 demonstrated 
pre-clinical efficacy in tumor models with MAPK pathway mutations, as well as synergy with BRAF inhibitors[59], and is 
being studied in a phase I trial (NCT04418167).

PI3K-AKT-mTOR-pathway
The PI3K-AKT-mTOR-pathway was shown in Table 2. One of the postulated reasons EGFR inhibitors and other targeted 
therapies develop resistance is the hyper-activation of PI3K-AKT-mTOR pathway, which can drive cancer progression 
and survival. PI3K is overexpressed in around 50% of patients with PC[60], and AKT2 is amplified in 10%-20% of PDAC
[61]. TAM plays a role in the development of PC[62] by creating an immune-suppressive microenvironment, minimizing 
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Table 2 Phosphoinositide 3-kinase-protein kinase-mammalian target of rapamycin-pathway inhibitors

Agent Combination Phase NCT number1

PI3K inhibitors (p110α) isoform

Alpelisib (BYL719) Gemcitabine and abraxane I NCT02155088

Buparlisib (BKM120) mFOLFOX6; trametinib (MEKi) I; I NCT01571024; NCT01155453

Pan-PI3K inhibitors

Copanlisib(BAY 80–6946) N/A I NCT00962611

PI3K and mTOR inhibitors

Voxtalisib (SAR245409, XL765) N/A I NCT00485719

Dactolisib(NVP-BEZ235) MEK162 (MEKi) I NCT01337765

Gedatolisib (PF-05212384, PKI-587) Palbociclib (CDKi) I NCT03065062

Pan-Akt inhibitors

MK2206 Monotherapy; dinaciclib (CDKi); selumitinib 
(MEKi) vs mFOLFOX6

I; I; II NCT00848718; NCT01783171; 
NCT01658943

Afuresertib (GSK2110183) Trametinib (MEKi); N/A I; II NCT01476137; NCT01531894

Uprosertib (GSK2141795) Trametinib (MEKi) I NCT01138085

Oleandrin (PBI-05204) N/A II NCT02329717

Perifosine N/A II; II NCT00053924; NCT00059982

RX-0201 Gemcitabine II NCT01028495

Rapalogs (mTORC1 inhibitors)

Sirolimus (rapamycin) Sunitinib (RTKi); N/A; metformin; 
vismodegib (SMOi)

I; II; I/II; I NCT00583063; NCT00499486; 
NCT02048384; NCT01537107

Temsirolimus (CCI-779, Torisel) Lenalidomide; gemcitabine; nivolumab (PD-
1i)

I; I; I/II NCT01183663; NCT00593008; 
NCT02423954

Everolimus (RAD001) Sorafenib (RTKi); trametinib (MEKi); 
gemcitabine; cetuximab (EGFRi) and 
capecitabine; N/A

I; I; I/II; I/II; II NCT00981162; NCT00955773; 
NCT00560963; NCT01077986; 
NCT00409292

Ridafirolimus Bevacizumab (VEGFRi) I NCT00781846

mTORC1/2 inhibitors

Vistusertib (AZD2014) N/A; selumitinib (MEKi); olaparib (PARPi) I; II; II NCT01026402; NCT02583542; 
NCT02576444

1clinicaltrials.gov
PI3K: Phosphoinositide 3-kinase; NCT: National clinical trial; MEKi: Mitogen-activated protein kinase/ extracellular regulated protein kinases inhibitor; 
CDKi: Cyclin-dependent kinase inhibitor; RTKi: Receptor tyrosine kinase inhibitor; SMOi: Smoothened inhibitor; PD-1i: Programmed cell death receptor-1 
inhibitor; EGFRi: Epidermal growth factor receptor inhibitor; VEGFRi: Vascular endothelial growth factor receptor inhibitor; mTOR: mammalian target of 
rapamycin; PARPi: Poly (ADP-ribose) polymerase inhibitor; N/A: Not applicable.

the antitumor effect of T-cells[63]. PI3K helps drive this immune suppression, so its inhibition can restore immune 
response against cancer cells as well as potentiate the effect of chemotherapy[64]. Additionally, AKT mediates an anti-
apoptotic effect and plays a role in chemoresistance[65]. Phosphatase and tensin homolog is a tumor suppressor of the 
AKT/mTOR pathway, its loss has been implicated in PC development, recurrence, and prognosis[66], as well as 
acceleration of KRASG12D-induced PDAC in mice[67]. An in vivo study tested PI3Kα-specific inhibitor (BYL) in combination 
with an EGFR inhibitor (erlotinib) and showed reduced tumor volume and apoptosis in PDAC cell lines[68]. Currently a 
clinical trial combining gedatolisib (PI3K/mTOR inhibitor) with palbociclib (CDK4/6 inhibitor) in advanced squamous 
cell cancers of the lung, pancreas, and solid tumors is recruiting (NCT03065062). A phase I/II trial studied the safety and 
efficacy of combining everolimus (mTOR inhibitor), cetuximab (EGFR inhibitor), and capecitabine, however, the 
combination resulted in significant epidermal and mucosal toxicities with minimal efficacy[69].

Small interfering RNA, MicroRNA, and clustered regularly interspaced short palindromic repeats
Pre-clinical studies show that small interfering RNAs (siRNAs) have potential in cancer treatment. To deliver siRNAs to 
target cancer cells, scientists devised two unique methods, one utilized nanoparticle[70] to target lung cancer cells and 
another study used a biodegradable polymeric matrix (LODER) to carry the anti KRASG12D siRNA. This resulted in the 
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decrease of KRAS levels and inhibited cell proliferation[71]. MicroRNAs (miRNA) regulate cell proliferation and 
contribute to PC development. Depending on their role they can act as tumour suppressor or oncogenic miRNAs[72,73]. 
MRX34 (miRNA-34 mimic) was used in a phase I clinical trial that utilized lipid-based vesicles (NOV40) as a delivery 
vector, for treating patients with advanced solid tumors. miRNA-96 directly targets KRAS oncogene decreasing PC cell 
invasion and slowing tumor growth both in vivo and in vitro[74]. Clustered regularly interspaced short palindromic 
repeat (CRISPR) is currently being studied in KRAS-mutated cancers. This technology is being harnessed to target 
inactivated tumor suppressor genes or overactive oncogenes. In a 2018 study CRISPR-Cas13a was developed to target 
KRASG12D mRNA. Subsequently, it also suppressed downstream ERK and AKT proteins resulting in apoptosis and 
significant tumor suppression in vivo and in vitro[75]. Two phase I trials utilizing the CRISPR platform are currently 
ongoing in PC (NCT04426669 and NCT04842812).

CONCLUSION
KRAS mutation remains the hallmark genetic aberration leading to PC. Although several studies have demonstrated 
positive preclinical results, the resulting clinical trial results have been largely disappointing. As we continue to have a 
deeper understanding of the KRAS pathway, resistance mechanisms, and the role and function of the immune system; we 
get closer to developing effective therapies to outsmart the scourge that is PC. Ongoing clinical trials targeting more 
common KRAS mutations in PC will hopefully lead to more effective therapy and change the outcomes for the thousands 
of patients affected by this disease every year.
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Abstract
BACKGROUND 
Immune cells play an important role in regulating the behavior of tumor cells. 
According to emerging evidence, six-transmembrane epithelial antigen of the 
prostate 4 (STEAP4) performs a crucial part in tumor microenvironmental 
immune response and tumorigenesis, and serves as the potential target for 
cellular and antibody immunotherapy. However, the immunotherapeutic role of 
STEAP4 in gastric cancer (GC) remains unclear.

AIM 
To investigate the expression of STEAP4 in GC and its relationship with immune 
infiltrating cells, and explore the potential value of STEAP4 as an immune 
prognostic indicator in GC.

METHODS 
The expression level of STEAP4 was characterized by immunohistochemistry in 
tumors and adjacent non-cancerous samples in 96 GC patients. Tumor Immune 
Estimation Resource was used to study the correlation between STEAP4 and 
tumor immune infiltration level and immune infiltration gene signature. R 
package was used to analyze the relationship between STEAP4 expression and 
immune and stromal scores in GC (GSE62254) by the ESTIMATE algorithm, and 
Kaplan-Meier Plotter and Gene Expression Profiling Interactive Analysis were 
applied to analyze the effect of STEAP4 on clinical prognosis.

RESULTS 
Immunohistochemistry analysis showed that STEAP4 expression was higher in 

https://www.f6publishing.com
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GC tissues than in adjacent tissues, and STEAP4 expression was positively correlated with the clinical stage of GC. 
In GC, the expression of STEAP4 was positively correlated with the infiltration levels of B cells, CD4+ T cells, 
macrophages, neutrophils, and dendritic cells. The expression level of STEAP4 was strongly correlated with most 
of the immune markers. In addition, STEAP4 expression was inversely correlated with tumor purity, but correlated 
with stromal score (r = 0.43, P < 0.001), immune score (r = 0.29, P < 0.001) and estimate score (r = 0.39, P < 0.001). 
Moreover, stromal, immune, and estimate scores were higher in the STEAP4 high expression group, whereas 
tumor purity was higher in the STEAP4 Low expression group. The relationship between STEAP4 expression and 
prognosis of patients with GC was further investigated, and the results showed that high STEAP4 expression was 
associated with poor overall survival and disease-free survival. In addition, Kaplan-Meier Plotter showed that high 
expression of STEAP4 was significantly correlated with poor survival of patients with GC.

CONCLUSION 
The current findings suggest an oncogenic role for STEAP4 in GC, with significantly high levels being associated 
with poor prognosis. Investigation of the GC tumor microenvironment suggests the potential function of STEAP4 
is connected with the infiltration of diverse immune cells, which may contribute to the regulation of the tumor 
microenvironment. In conclusion, STEAP4 may serve as a potential therapeutic target for GC to improve the 
immune infiltration, as well as serve as a prognostic biomarker for judging the prognosis and immune infiltration 
status of GC.

Key Words: Six-transmembrane epithelial antigen of the prostate 4; Gastric cancer; Immune infiltration; Prognosis; Biomarker

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The present study analyzed the expression level of six-transmembrane epithelial antigen of the prostate 4 
(STEAP4) in gastric cancer (GC) and found that high STEAP4 expression is significantly associated with poor survival of 
patients. STEAP4 is positively correlated with immune infiltration of different types of immune cells, and has strong correl-
ations with most immune markers. STEAP4 may become a potential biomarker for predicting the prognosis of GC patients.

Citation: Fang ZX, Hou YY, Wu Z, Wu BX, Deng Y, Wu HT, Liu J. Immune responses of six-transmembrane epithelial antigen of the 
prostate 4 functions as a novel biomarker in gastric cancer. World J Clin Oncol 2023; 14(8): 297-310
URL: https://www.wjgnet.com/2218-4333/full/v14/i8/297.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i8.297

INTRODUCTION
Gastric cancer (GC), the fifth most common malignant tumor, is the second leading cause of cancer-related death 
worldwide[1,2]. Although the overall survival (OS) of GC patients has improved with standardized extended (D2) 
lymphadenectomy and the implementation of chemotherapy and targeted therapy, its survival rate is still less than 30%
[3,4]. However, recent studies have shown that immune-involved mechanisms play a certain critical role in gastric 
tumors, and immunotherapy is considered a promising strategy for the therapeutics of gastric tumors[5]. In addition, 
Zhang et al[6] found that tumor-infiltrating lymphocytes can affect the prognosis and efficacy of chemotherapy and 
immunotherapy in GC patients. Therefore, there is an urgent need to elucidate the mechanism of tumor-immune 
interaction in GC, and to identify novel prognostic targets for immunotherapy.

Six-transmembrane epithelial antigen of the prostate 4 (STEAP4) consists of an N-terminal oxidoreductase domain and 
a six-helix transmembrane domain, serving as a transmembrane protein involved in metal reductase transport of copper 
and iron[7,8]. It is reported that high expression of STEAP4 is correlated with the pathogenesis of cancer and metabolic 
diseases[9-11]. STEAP4 is not only involved in the occurrence and development of breast cancer[12,13], but is also related 
to the inflammatory response of colon cancer[14]. It is also found that STEAP4 is highly expressed in prostate cancer 
tissues, serving as a promising prognostic indicator[15]. Nevertheless, the effect of STEAP4 in GC development and the 
mechanisms involved remain unclear.

In this study, the expression of STEAP4 and its correlation with the prognosis of GC patients are comprehensively 
analyzed. Moreover, the relevance between STEAP4 and different tumor-infiltrating immune cells and immune cell 
markers is also examined to clarify the essential role of STEAP4 in GC and provide a potential relationship and 
mechanism between STEAP4 and tumor-immune interactions.

https://www.wjgnet.com/2218-4333/full/v14/i8/297.htm
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MATERIALS AND METHODS
Patient information and ethics statement
Tissue array (XT17-037, OUTDO, China) recruited total 96 cases of GC, including 84 pairs of GC tissues and corres-
ponding adjacent tissues, and 12 extra GC samples. This investigation of STEAP4 in GC was approved by the Ethics 
Committee of Shantou University Medical College.

Immunohistochemical staining
The protocol for immunohistochemical staining was conducted as described previously[16]. The primary antibody used 
was anti-STEAP4 antibody in 1:400 diluent (Proteintech 11944-AP). The sections were visualized and evaluated 
independently under a bright-field microscope (PerkinElmer Vectra, United States) by two investigators with no prior 
knowledge of the patient information. The evaluation of STEAP4 expression was based on the sum of the scores from the 
staining intensities (0-3 indicating colorless, light yellow, brown and dark) and the percentage of positive cells (0-4 for 0%, 
1% to 25%, 26% to 50%, 51% to 74%, and 76% to 100%), and the patients were divided into two groups based on the sum 
score results[17].

STEAP4 mRNA expression in GC
Gene Expression Profiling Interactive Analysis (GEPIA) (http://gepia.cancer-pku.cn/index.html), an interactive network 
from TCGA and GTEx projects was used to further analyze the expression level of STEAP4, in TCGA expression data, in 
different clinical stages of GC[18]. The survival information of GC patients was also evaluated based on STEAP4 
expression in the GEPIA datasets.

Relationship between STEAP4 and infiltrating immune cells in GC
Tumor Immune Estimation Resource (TIMER) (https://cistrome.shinyapps.io/timer/) is an online dataset for systematic 
analysis of immune infiltration in various types of cancer[19]. The correlation between STEAP4 level and the abundance 
of infiltrating immune cells was analyzed using gene modules in the database. In addition, the correlation between 
STEAP4 level and biomarkers of tumor-infiltrating immune cells was also investigated, with scatterplots and Spearman’s 
value for estimated statistical signifcance. Gene markers of tumor-infiltrating immune cells included CD8+ T cells, CD4+T 
cells, B cells, monocytes, TAMs, M1 macrophages, M2 macrophages, neutrophils, natural killer cells (NK), dendritic cells 
(DCs), T-helper 1 (Th1) cells, T-helper 2 (Th2) cells, and follicle-helper T (Tfh) cells, T-helper 17 (Th17) cells, Tregs and 
exhausted T cells[20-22].

Expression of infiltrating immune cells in GC
The “ESTIMATE” algorithm of R package was used to calculate the immune score and stromal score of the GSE62254 
dataset (n = 300), which was helpful for the evaluation of immune and stromal constitute in tumors. The immune and 
stromal scores were also calculated by STEAP4 expression in immune and stromal cells in GC.

The prognostic value of STEAP4 in GC
Kaplan-Meier Plotter (http://kmplot.com/analysis/) was applied to analyze the correlation between STEAP4 and 
survival rate of GC[23]. Hazard ratios (HRs) and log-rank P values for 95% confidence intervals were calculated simultan-
eously.

Statistical and survival analysis
SPSS software was used for χ2 or Fisher’s exact probability tests to analyze the relationship of STEAP4 level and clinic 
information of GC patients. To investigate the prognosis of GC patients, the Kaplan-Meier survival curve was conducted, 
along with log-rank test. Differences were achieved with P < 0.05.

RESULTS
STEAP4 is highly expressed in GC compared with adjacent normal tissues
To investigate the expression profiling of STEAP4 in GC tissues, cancerous tissues and adjacent normal tissues were 
obtained from GC patients. Representative images of STEAP4 expression are shown in Figure 1. Based on the 
quantitation of STEAP4 expression levels in GC, a significantly high level of STEAP4 in GC tissues was found, compared 
with corresponding adjacent normal tissues (P = 0.0056) (Table 1).

A high level of STEAP4 tends to contribute to GC progression
The expression level of STEAP4 in 96 GC patients was further analyzed with their clinicopathological parameters 
(Table 2). Although no statistical significance was found between the expression level of STEAP4 and the clinicopath-
ologic parameters, including age of diagnosis, gender, lymph node status, vascular invasion and clinical stage (P > 0.05), 
the proportion of patients with high STEAP4 expression tended to increase with the progression of pathological stage, 
and high STEAP4 expression tended to be associated with lymph node metastasis and vascular invasion, indicating the 
potential contribution of STEAP4 to the progression of GC. The GEPIA database, regarding mRNA expression, was used 

http://gepia.cancer-pku.cn/index.html
https://cistrome.shinyapps.io/timer/
http://kmplot.com/analysis/
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Table 1 Comparison of six-transmembrane epithelial antigen of the prostate 4 levels between gastric cancer and adjacent normal 
tissues

STEAP4
Case (n)

Low (%) High (%)
χ2 P value

Tumor 84 20 (23.81) 64 (76.19)

Normal 84 37 (44.05) 47 (55.95)

7.674 0.0056

STEAP4: Six-transmembrane epithelial antigen of the prostate 4.

Table 2 Correlation between six-transmembrane epithelial antigen of the prostate 4 expression and clinicopathological parameters in 
gastric cancer patients

STEAP4
Clinical parameters

Low (%) High (%)
P value

Age

    < 60 9 (25.0) 27 (75.0)

    ≥ 60 12 (20.0) 48 (80.0)

0.5662

Gender

    Female 6 (19.4) 25 (80.6)

    Male 15 (23.1) 50 (76.9)

0.6800

T

    T1-3 15 (23.8) 48 (76.2) 0.5264

    T4 6 (18.2) 27 (81.8)

N

    N0 7 (35.0) 13 (65.0) 0.1105

    N1-N3 14 (18.4) 62 (81.8)

M

    M0 21 (22.3) 73 (77.7) 0.9999

    M1 0 (0) 2 (100)

Vascular invasion

    No 18 (26.1) 51 (73.9) 0.1105

    Yes 3 (11.1) 24 (88.9)

Clinical stage

    Phase 1 2 (25.0) 6 (75.0)

    Phase 2 8 (29.6) 19 (70.4)

    Phase 3 11 (18.6) 48 (81.4)

    Phase 4 0 (0) 2 (100)

0.5900

STEAP4: Six-transmembrane epithelial antigen of the prostate 4.

to verify the relationship of STEAP4 with clinical stage of GC. Interestingly, there was no significant difference in the 
expression of STEAP4 between 4 different clinical stages. However, an increased expression of STEAP4 was found in 
Stage III and Stage IV, compared with Stage I and Stage II, predicting the potential promoting role of STEAP4 in GC 
(Figure 2).

STEAP4 is positively correlated with the extent of immune infiltration in GC
Considering that tumor purity is an important factor affecting immune infiltration of clinical tumor samples analyzed by 
genomic approaches[24], it is of interest to investigate the tumor microenvironment-related immune infiltration with 
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Figure 1 Representative images of six-transmembrane epithelial antigen of the prostate 4 expression in patients with gastric cancer. A: 
Low expression of six-transmembrane epithelial antigen of the prostate 4 (STEAP4); B: High expression of STEAP4.

Figure 2 Relationship between six-transmembrane epithelial antigen of the prostate 4 level and clinical stage of gastric cancer patients. 
STAD: Stomach adenocarcinoma; STEAP4: Six-transmembrane epithelial antigen of the prostate 4.

STEAP4 levels. Interestingly, STEAP4 expression levels were found to be associated with higher immune infiltration in 
GC. The level of STEAP4 expression was positively associated with that of immune-infiltrating cells, including B cells, 
CD4+ T cells, neutrophils, macrophages and dendritic cells (Figure 3).

External verification confirms the positive correlation of STEAP4 with immune infiltration in GC
External verification was conducted on the GSE62254 dataset, with 300 GC samples, using the ESTIMATE algorithm in R 
software. Based on the features, stromal and immune scores were generated to reflect the proportion of stroma and 
immune cells, respectively, and single sample gene set enrichment analysis was used to combine the two to measure 
tumor purity. In Figure 4A-D, it is revealed that STEAP4 expression was inversely correlated with tumor purity and 
stromal score (r = 0.43, P < 0.001), immune score (r = 0.29, P < 0.001) and ESTIMATE score (r = 0.39, P < 0.001). In 
addition, stromal, immune, and estimate scores all increased with high STEAP4 expression (Figure 4F-H), whereas tumor 
purity was accompanied by low STEAP4 expression (Figure 4E).

Correlation analysis between STEAP4 expression and immunomarker sets
Due to the positive correlation between STEAP4 and immune infiltration was found in GC, further investigation was 
conducted to uncover the role of STEAP4 in the development of GC, and specify the subtype of immune cells associated 
with STEAP4. Diverse immunomarker sets were analyzed in TIMER database to verify the relationship of STEAP4 level 
with immune-infiltrating cells. After adjustment for purity, STEAP4 expression levels were significantly correlated with 
most of the immune marker sets of various immune cells and different T cells (Table 3).

Interestingly, the expression levels of gene markers for B cells, monocytes, TAMs, M1 and M2 macrophages and other 
immune cells were correlated with the expression of STEAP4. Specifically, it was found that the expression level of CD19, 
B cell CD79A, CD86, monocyte CD115, TAM CCL2 and IL-10, M1 macrophage IRF5 and PTGS2, and M2 macrophage 
CD163, VSIG4, and MS4A4A were significantly correlated with STEAP4 expression (P < 0.01) (Table 3, Figure 5), 
suggesting a function of STEAP4 in regulating the infiltration of macrophages during the progression of GC.
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Table 3 Correlation analysis between six-transmembrane epithelial antigen of the prostate 4 and the immunomarkers in gastric cancer

STAD

None Tumor purityImmune cells Gene markers

Cor P value Cor P value

CD8+ T cells CD8A 0.083 0.0925 0.039 0.455

CD8B 0.039 0.427 0.012 0.823

CD4+ T cells CD3D 0.003 0.959 -0.059 0.254

CD3E 0.043 0.382 -0.022 0.670

CD2 0.048 0.325 -0.006 0.914

B cells CD19 0.152 P < 0.01 0.127 P < 0.05

CD79A 0.185 P < 0.001 0.148 P < 0.01

Monocytes CD86 0.153 P < 0.01 0.109 P < 0.05

CD115 (CSF1R) 0.298 P < 0.001 0.261 P < 0.001

TAMs CCL2 0.334 P < 0.001 0.296 P < 0.001

CD68 0.118 P < 0.05 0.085 0.0981

IL10 0.250 P < 0.001 0.217 P < 0.001

M1 macrophages INOS (NOS2) -0.113 P < 0.05 -0.142 P < 0.01

IRF5 0.220 P < 0.001 0.201 P < 0.001

COX2 (PTGS2) 0.325 P < 0.001 0.312 P < 0.001

M2 macrophages CD163 0.283 P < 0.001 0.248 P < 0.001

VSIG4 0.232 P < 0.001 0.203 P < 0.001

MS4A4A 0.479 P < 0.001 0.194 0.0999

Neutrophils CD66b (CEACAM8) -0.109 0.338 -0.089 0.452

CD11b (ITGAM) 0.407 P < 0.001 0.118 0.320

CCR7 0.384 P < 0.001 0.118 0.319

Natural killer cells KIR2DL1 0.087 0.0768 0.078 0.129

KIR2DL3 0.055 0.262 0.042 0.410

KIR2DL4 -0.065 0.184 -0.088 0.087

KIR3DL1 0.079 0.107 0.084 0.102

KIR3DL2 0.073 0.138 0.063 0.217

KIR3DL3 -0.071 0.148 -0.06 0.240

KIR2DS4 0.019 0.693 0.012 0.819

Dendritic cells HLA-DPB1 0.129 P < 0.01 0.08 0.120

HLA-DQB1 0.025 0.609 -0.032 0.532

HLA-DRA 0.086 0.0789 0.046 0.376

HLA-DPA1 0.108 P < 0.05 0.066 0.199

BDCA-1 (CD1C) 0.370 P < 0.001 0.351 P < 0.001

BDCA-4 (NRP1) 0.533 P < 0.001 0.504 P < 0.001

CD11c (ITGAX) 0.258 P < 0.001 0.217 P < 0.001

Th1 T-bet (TBX21) 0.050 0.307 0.008 0.881

STAT4 0.204 P < 0.001 0.172 P < 0.001

STAT1 -0.051 0.304 -0.070 0.174

IFN-γ (IFNG) -0.195 P < 0.001 -0.229 P < 0.001
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IFN-α (TNF) 0.005 0.921 -0.045 0.387

Th2 GATA3 0.230 P < 0.001 0.205 P < 0.001

STAT6 0.122 P < 0.01 0.119 P < 0.05

STAT5A 0.220 P < 0.001 0.184 P < 0.001

IL13 0.038 0.436 0.049 0.339

Tfh BCL6 0.470 P < 0.001 0.451 P < 0.001

IL21 -0.031 0.529 -0.055 0.285

Th17 STAT3 0.337 P < 0.001 0.310 P < 0.001

IL17A -0.268 P < 0.001 -0.278 P < 0.001

Treg FOXP3 0.025 0.616 -0.028 0.589

CCR8 0.158 P < 0.01 0.129 P < 0.05

STAT5B 0.414 P < 0.001 0.383 P < 0.001

TGFβ (TGFB1) 0.299 P < 0.001 0.266 P < 0.001

T cell exhaustion PD-1 (PDCD1) -0.060 0.221 -0.114 P < 0.05

CTLA4 -0.072 0.141 -0.125 P < 0.05

LAG3 -0.119 P < 0.01 -0.170 P < 0.001

TIM-3 (HAVCR2) 0.124 P < 0.05 0.082 0.112

GZMB -0.121 P < 0.01 -0.169 P < 0.001

STAD: Stomach adenocarcinoma; TAM: Tumor-associated macrophage; Th: T helper cell; Tfh: Follicular helper T cell; Treg: Regulatory T cell; Cor: R value 
of Spearman’s correlation; None: Correlation without adjustment. Tumor purity: Correlation adjusted by tumor purity.

Figure 3 Correlation of six-transmembrane epithelial antigen of the prostate 4 expression with immune infiltration level in gastric cancer. 
STAD: Stomach adenocarcinoma.
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Figure 4 Stromal and immune scores in relation to six-transmembrane epithelial antigen of the prostate 4 in gastric cancer. A: Tumor purity; 
B: Stromal score; C: Immune score; D: ESTIMATE score; E: Tumor purity was higher in the six-transmembrane epithelial antigen of the prostate 4 (STEAP4) low 
expression group; F-H: Stromal score, immune score and ESTIMATE score were higher in the STEAP4 high expression group. STEAP4: Six-transmembrane 
epithelial antigen of the prostate 4.
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Figure 5 Six-transmembrane epithelial antigen of the prostate 4 expression correlates with macrophage infiltration in stomach 
adenocarcinoma (n = 415). A-D: Scatter plots of associations between six-transmembrane epithelial antigen of the prostate 4 and gene markers, including CD86, 
CSF1R of monocytes (A); CCL2, CD68, and IL10 of TAMs (B); IRF5, PTGS2 of M1 macrophages (C); and CD163, VSIG4, and MS4A4A of M2 macrophages (D). 
STAD: Stomach adenocarcinoma; TAM: Tumor-associated macrophage; STEAP4: Six-transmembrane epithelial antigen of the prostate 4.
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Figure 6 The close relationship between six-transmembrane epithelial antigen of the prostate 4 and dendritic cell and Treg cell 
infiltration. Scatter plots of associations between six-transmembrane epithelial antigen of the prostate 4 and markers, including HLA-DPB1, CD1C, NRP1, and 
ITGAX of dendritic cells (A); and STAT5B, TGFB1 of Tregs (B). DC: Dendritic cell; Treg: Regulatory T cell; STEAP4: Six-transmembrane epithelial antigen of the 
prostate 4.

DCs promote tumor metastasis by increasing the activity of Treg cells and decreasing the activity of CD8+ T cells[25]. 
Here, high expression of STEAP4 was correlated with a high degree of DC infiltration, and DC markers such as HLA-
DPB1, CD1C, NRP1 and ITGAX were also significantly correlated with STEAP4 expression (P < 0.01). In addition, 
STEAP4 was positively correlated with, that is STAT5B and TGFB1, biomarkers of Treg cells (Table 3, Figure 6), indicating 
a close relationship between STEAP4 and DC and Treg cell infiltration. However, whether STEAP4 can also mediate DC 
and tumor metastasis needs further research.

High expression of STEAP4 predicts poor prognosis in patients with GC
Based on the increased level of STEAP4 expression in GC, the prognostic value of STEAP4 was also evaluated on survival 
rate by using GEPIA database. It is worth noting that the expression of STEAP4 affects prognosis in all GC patients, and 
patients with high expression of STEAP4 have poor OS (P = 0.0015) and disease-free survival (DFS) (P = 0.059) (Figure 7A 
and B).

For immunohistochemical staining of STEAP4, it is showed that STEAP4 expression was not significantly correlated 
with OS. Although the difference did not meet statistical criteria (P > 0.05), high expression of STEAP4 tended to predict 
shorter OS in patients with GC, suggesting that STEAP4 protein levels could be used as a predictor of survival in patients 
with GC (Figure 7C). For further investigation, the Kaplan-Meier Plotter database was also applied to evaluate the 
prognostic signature of STEAP4. Interestingly, poor prognosis [OS: HR = 1.25, 95%CI: 1.05-1.48, P = 0.01; post-progression 
survival (PPS): HR = 1.8, 95%CI: 1.44-2.25, P = 1.5e-07; first progression (FP): HR = 1.38, 95%CI: 1.11-1.70, P = 0.003] was 
correlated with higher STEAP4 expression, suggesting that the level of STEAP4 influences the prognosis of GC patients 
(Figure 7D-F).

DISCUSSION
It is accepted that STEAP4 is an inflammatory metal reductase to catalyze the reduction of copper and iron, and the 
oxidation of NADPH. It has been shown that STEAP4 expression can promote the uptake of iron and copper, which can 
only be transported in reduced form through the cell membrane to exert their effects[9,14,26]. Liao et al[9] recently 
reported higher levels of cellular copper can enhance and maintain the activation of NF-κB, which leads to the production 
of inflammatory cytokines and chemokines, and Zhao et al[27] found STEAP4-mediated chemokine and cytokine 
induction enhances recruitment and activation of immune cells. As an important type of malignancy in gastrointestinal 
tract, GC is significantly associated with inflammatory and immune infiltration, both of which interact with the tumor 
microenvironment[28]. However, the regulatory factors in GC are not well characterized regarding inflammatory and 
immune infiltration.
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Figure 7 High expression of six-transmembrane epithelial antigen of the prostate 4 tends to be associated with poor prognosis in the 
patients of gastric cancer. A and B: Survival curves of overall survival (OS) and disease-free survival in the Gene Expression Profiling Interactive Analysis 
database (n = 384); C: Survival curves of OS in the tissue chip (n = 96); D-F: Survival curves of OS (D), post-progression survival (E), and first progression (F) in the 
Kaplan-Meier Plotter database (n = 875, n = 498, and n = 640). OS: Overall survival; DFS: Disease-free survival; PPS: Post-progression survival; FP: First 
progression.

Here, current research focused on STEAP4, a reductase related to oxidation, and its role in the progression of GC. We 
found that changes in STEAP4 expression levels are associated with the prognosis of GC, predicting poor prognosis of 
GC patients. Interestingly, high STEAP4 expression had a tendency to promote lymph node metastasis and vascular 
invasion, proposing STEAP4 as a predictor of tumor metastasis. In addition, we also show that in GC, the level of 
immune infiltration and multiple immune marker sets are correlated with STEAP4 expression level, and STEAP4 
expression is positively correlated with stromal cells and immune cells of the tumor microenvironment. Thus, studies 
demonstrating the potential role of STEAP4 in tumor immunology and its use as a cancer biomarker provide insight.

In current investigation, we used a GC tissue microarray to determine the expression level of STEAP4 in GC and its 
adjacent tissues, and prognosis. Based on the immunohistochemical analysis, STEAP4 is highly expressed in GC 
compared with normal tissues, and is associated with poor prognosis. Although there was a significant correlation 
between STEAP4 expression and clinicopathological parameters, patients with high STEAP4 expression tended to have a 
higher pathological stage, lymph node metastasis and vascular invasion. Analysis of the GC cohort in TCGA showed that 
increased expression of STEP4 is associated with higher clinical stage. Furthermore, analysis of data from GEPIA and 
Kaplan-Meier Plotter revealed that high levels of STEAP4 expression are associated with high hazard ratios of OS, DFS, 
PPS, and FP. Together, these findings suggest that STEAP4 may be a prognostic biomarker in GC.

Another important aspect of this study is that STEAP4 expression correlates with different levels of immune infiltration 
in GC. Our results show a moderate to strong positive correlation between the infiltration levels of M1/M2 macrophages 
and DCs with STEAP4 expression levels in GC, implicating a potential regulatory function of STEAP4 in tumor-
associated macrophage infiltration. Moreover, there is a significant correlation between STEAP4 expression and the 
regulation of several markers of helper T cells (Trf, Th17, and Treg), and it is known that the recruitment of regulatory T 
cells (Tregs) is another mechanism of immunosuppression[29]. Tumor cells secrete chemokines to attract Tregs and 
promote tumor angiogenesis[30], indicating that STEAP4 is a potential source for regulating T cell function in GC.

In addition, ESTIMATE algorithm analysis showed that high STEAP4 expression is positively correlated with stromal 
cells and immune cells. Interestingly, cancer develops in a complex tissue environment, and they rely on this en-
vironment for continuous growth, invasion and metastasis. Studies have shown that under the influence of carcinogenic 
factors, various cells in the tumor microenvironment undergo metabolic changes, which creates favorable conditions for 
the occurrence and development of tumors[31]. Not only immune cells, but also other stromal cells constituting the TME 
are also involved through metabolic reprogramming. Metabolites of stromal cells and immune cells not only serve as 
nutrient reservoirs to provide energy sources for tumor growth, but also act as messengers to transmit intercellular 
signals and participate in a variety of tumor-promoting signaling pathways[32]. This may be due to the recruitment of 
tumor-mediated immune cells by various chemokines secreted by tumor cells through activation of relevant signals in the 
TME[33]. Therefore, these results reveal that STEAP4 is specifically associated with immune-infiltrating cells, suggesting 
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that STEAP4 plays a role in immune escape in the microenvironment of GC.

CONCLUSION
The present study found that STEAP4 is a cancer-promoting factor in GC and can be used as a prognostic indicator in GC 
patients. GC patients with high expression of STEAP4 have a shorter survival time, and may play an important role in 
immune cell infiltration in GC patients, as well as serve as a prognostic biomarker.

ARTICLE HIGHLIGHTS
Research background
Six-transmembrane epithelial antigen of the prostate 4 (STEAP4), a transmembrane protein involved in metal reductase 
transport of copper and iron, has been reported as a potential target for cellular and antibody immunotherapy.

Research motivation
Few studies on STEAP4 in gastric cancer (GC), which may play a role in the immune response to the occurrence and 
development of GC.

Research objectives
The expression of STEAP4 in GC tissues and its correlation with the level of tumor immune infiltration were compre-
hensively analyzed and to explore the potential immune effect of STEAP4 in GC.

Research methods
The protein expression level, clinicopathological parameters and prognosis of STEAP4 in tumor and adjacent tissues of 
GC patients were detected by immunohistochemistry. An online database was used to study the correlation between 
STEAP4 and the level of tumor immunoinfiltration and the characteristics of immunoinfiltration genes. The relationship 
between STEAP4 expression and immune and stromal scores in the GC was analyzed by ESTIMATE algorithm.

Research results
Immunohistochemistry analysis showed that STEAP4 was highly expressed in GC and was positively correlated with the 
clinical stage of GC. The infiltration levels of immune cells such as B cells, CD4+ T cells, macrophages, neutrophils and 
dendritic cells were positively correlated with STEAP4. The expression level of STEAP4 was strongly correlated with 
most of the immune markers. In addition, the ESTIMATED algorithm analysis showed that the stromal, immune and 
estimated scores were higher in the group with high expression of STEAP4, while the tumor purity was higher in the 
STEAP4 Low expression group. The relationship between STEAP4 expression and prognosis of GC patients was further 
studied, and the results showed that high STEAP4 expression had shorter overall survival and disease-free survival. 
Moreover, Kaplan-Meier Plotter showed that high expression of STEAP4 was associated with poor survival in patients 
with GC.

Research conclusions
STEAP4 is indicated as a potential immune indicator of GC, targeting STEAP4 may provide a new therapeutic method for 
GC patients.

Research perspectives
The comprehensive analysis of STEAP4 function in GC still needs to explore the mechanism by which STEAP4 plays an 
immune role in GC.
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Abstract
BACKGROUND 
The coronavirus disease 2019 (COVID-19) pandemic has received considerable 
attention in the scientific community due to its impact on healthcare systems and 
various diseases. However, little focus has been given to its effect on cancer 
treatment.

AIM 
To determine the effect of COVID-19 pandemic on cancer patients’ care.

METHODS 
A retrospective review of a Nationwide Readmission Database (NRD) was 
conducted to analyze hospitalization patterns of patients receiving inpatient 
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chemotherapy (IPCT) during the COVID-19 pandemic in 2020. Two cohorts were defined based on readmission 
within 30 d and 90 d. Demographic information, readmission rates, hospital-specific variables, length of hospital 
stay (LOS), and treatment costs were analyzed. Comorbidities were assessed using the Elixhauser comorbidity 
index. Multivariate Cox regression analysis was performed to identify independent predictors of readmission. 
Statistical analysis was conducted using Stata® Version 16 software. As the NRD data is anonymous and cannot be 
used to identify patients, institutional review board approval was not required for this study.

RESULTS 
A total of 87755 hospitalizations for IPCT were identified during the pandemic. Among the 30-day index admission 
cohort, 55005 patients were included, with 32903 readmissions observed, resulting in a readmission rate of 59.8%. 
For the 90-day index admission cohort, 33142 patients were included, with 24503 readmissions observed, leading to 
a readmission rate of 73.93%. The most common causes of readmission included encounters with chemotherapy 
(66.7%), neutropenia (4.36%), and sepsis (3.3%). Comorbidities were significantly higher among readmitted hospit-
alizations compared to index hospitalizations in both readmission cohorts. The total cost of readmission for both 
cohorts amounted to 1193000000.00 dollars. Major predictors of 30-day readmission included peripheral vascular 
disorders [Hazard ratio (HR) = 1.09, P < 0.05], paralysis (HR = 1.26, P < 0.001), and human immunodeficiency 
virus/acquired immuno-deficiency syndrome (HR = 1.14, P = 0.03). Predictors of 90-day readmission included 
lymphoma (HR = 1.14, P < 0.01), paralysis (HR = 1.21, P = 0.02), and peripheral vascular disorders (HR = 1.15, P < 
0.01).

CONCLUSION 
The COVID-19 pandemic has significantly impacted the management of patients undergoing IPCT. These findings 
highlight the urgent need for a more strategic approach to the care of patients receiving IPCT during pandemics.

Key Words: Chemotherapy; Coronavirus disease 2019 pandemic; Nationwide readmission database; Readmission rates; 
Cancer; Healthcare cost

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Our nationwide study explored care for patients undergoing inpatient chemotherapy during the coronavirus disease 
2019 (COVID-19) pandemic. It is the first to analyze factors surrounding hospitalization for such patients. We found a 
higher readmission rate during the pandemic, with comorbidities posing a greater risk. Surprisingly, COVID-19 infection 
was not significantly linked to readmission. Hospitalization costs rose, averaging 22952.00 dollars. Our findings would 
interest the scientific community, hospital managers, and health policymakers. Understanding the pandemic's impact on 
cancer patients' care can lead to mitigating health policies.

Citation: Kanemo P, Musa KM, Deenadayalan V, Litvin R, Odeyemi OE, Shaka A, Baskaran N, Shaka H. Readmission rates and 
outcomes in adults with and without COVID-19 following inpatient chemotherapy admission: A nationwide analysis. World J Clin 
Oncol 2023; 14(8): 311-323
URL: https://www.wjgnet.com/2218-4333/full/v14/i8/311.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i8.311

INTRODUCTION
On the 11th of March 2020, the World Health Organization (WHO) declared coronavirus disease 2019 (COVID-19) a global 
pandemic following its discovery in December 2019 in Wuhan, China[1,2]. Since then, WHO has reported over 756 
million cases and 6.8 million deaths worldwide[3], with the United States alone accounting for over 100 million cases and 
1 million deaths[3]. COVID-19 is caused by a virus known as severe acute respiratory syndrome coronavirus 2[4], which 
results in a range of respiratory symptoms from mild to severe[4]. However, the introduction and widespread adminis-
tration of COVID-19 vaccines have contributed to a decline in infection rates[5].

The COVID-19 pandemic has had a profound impact on various aspects of human life[6], with healthcare services and 
delivery being particularly affected[7,8]. The 30-day readmission rate serves as a crucial metric used by the Center for 
Medicare and Medicaid Services to evaluate hospitals and assess the quality of healthcare services[9,10]. In 2012, the 
Center for Medicare and Medicaid Services introduced the Hospital Readmission Reduction Program to enhance 
healthcare quality and reduce costs[11]. The annual cost associated with readmissions averages between 15 and 20 billion 
dollars[12]. Reducing the 30-day readmission rates can significantly decrease healthcare costs and alleviate the strain on 
healthcare facilities[13]. Assessing readmission rates becomes even more important for patients undergoing 
chemotherapy, as chemotherapy often entails extended periods of treatment and substantial healthcare expenses[13]. A 
systematic review conducted prior to the COVID-19 pandemic revealed readmission rates ranging from 3% to 34% for 

https://www.wjgnet.com/2218-4333/full/v14/i8/311.htm
https://dx.doi.org/10.5306/wjco.v14.i8.311
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patients undergoing chemotherapy[14]. Another study by Tennison et al[14] reported a 55% readmission rate for patients 
undergoing chemotherapy in United States hospitals. However, since the onset of the COVID-19 pandemic, there has 
been a scarcity of data regarding the hospitalization and care of patients receiving chemotherapy during this period.

This study aims to investigate the impact of the COVID-19 pandemic on 30-day and 90-day readmission rates among 
patients hospitalized for inpatient chemotherapy (IPCT). We also aim to identify common causes and independent 
predictors of readmission in this patient population. By conducting this study, we aim to gain a deeper understanding of 
the effects of COVID-19 on the management of cancer patients. Furthermore, the findings of this study can contribute to 
the development of strategies that improve the care of cancer patients. Finally, we believe that this study will pave the 
way for further research on the effects of pandemics on healthcare infrastructure and services.

MATERIALS AND METHODS
Study design and data source
We conducted a retrospective cross-sectional review of hospitalizations for IPCT across the United States during a one-
year period in 2020. Hospitalization data for 2020 was retrieved from the Nationwide Readmission Database (NRD). The 
NRD is a national database that captures patients' hospitalization, readmissions, and other relevant discharge histories 
from over 31 different states in the United States. The NRD is a product of the Healthcare Cost and Utilization Project 
(HCUP), State Inpatient Databases, and the Agency for Healthcare Research and Quality[9]. The database records over 40 
International Classification of Diseases-10 (ICD-10) recognized diagnoses and 25 procedures[9]. It covers approximately 
62.2% of the United States population and 60.8% of total hospitalizations in the country[15]. It contains unique, verified 
de-identified patient linkage that enables tracking of individual hospitalizations and readmissions. Data within the NRD 
is available from January 1 to December 31 each year, and information outside of these dates cannot be accessed[16]. With 
over 18 million hospital stays recorded, the NRD provides ample and suitable data for our study.

Data Collection
We collected data on adult hospitalizations (age >18 years) for IPCT during the COVID-19 pandemic in 2020. Hospitaliz-
ations for conditions other than IPCT and those involving patients under 18 years of age were excluded from the study. 
Additionally, hospitalizations in December were excluded due to the lack of an adjoining 30-day period to determine 30-
day readmission. The hospitalizations were divided into two groups: The 30-day readmission cohort (30DRC) and the 90-
day readmission cohort (90DRC). Within each cohort, we identified and tagged each case that met our inclusion criteria as 
an index case on the first admission. Each index case was traced for readmission within 30 d of admission and tagged as a 
30-day readmission in the 30DRC. Similarly, each index case was traced for readmission within 90 d of admission and 
tagged as a 90-day readmission in the 90DRC. Specific patient data, including demographics (age, sex, health insurance 
type, household income), mortality on readmission, LOS, and cost of admission, were collected. Hospital-specific 
variables, such as type of hospital, bed size, and hospital location, were also obtained. To account for the effects of 
comorbid conditions, we utilized the Elixhauser Comorbidity Index (ECI) to assess the level of comorbidities in the 
hospitalizations. The ECI is a software tool developed as part of HCUP, which identifies 38 different pre-existing 
comorbidities in hospital administrative data[15]. The ECI software has been refined for ICD-10 comorbidities and is 
available in nationwide HCUP databases for years 2019 onwards[15]. The ECI demonstrates a better prognostic value 
compared to the Charlson comorbidity index[16].

Outcome measures
The primary outcome of our study was the all-cause 30-day and 90-day readmission rates. Secondary outcomes included 
demographic characteristics, insurance type, mortality rate during readmission, average LOS, average cost of 
readmission, and independent predictors of readmission.

Analysis method
All analyses were performed using weighted samples for national estimates in accordance with HCUP regulations for 
using the NRD[17]. Data analysis was conducted using Stata® Version 16 software (StataCorp, Texas, United States). We 
examined demographic characteristics and calculated mean age, sex distribution, and mean household income. 
Additionally, we analyzed hospital-specific features, including hospital location, teaching status, and bed size. 
Comorbidities were calculated as proportions in our cohorts using the 31 ECI comorbidities, and the chi-square test was 
employed to compare characteristics between index hospitalizations and readmissions in 2020. A multivariate Cox 
regression analysis was performed to identify independent variables associated with readmission.

Ethical Consideration
As with other HCUP databases, the NRD data is anonymous and cannot be used to identify individual patients. 
Therefore, institutional review board approval was not required for our study.
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RESULTS
We identified a total of 87756 hospitalizations for IPCT in the 2020 NRD database. In the 30DRC, we identified 55005 
index hospitalizations during the study period. Among these, there were 32904 readmissions within 30 d, resulting in a 
30-day readmission rate of 59.8%. Table 1 provides a comparison of the demographics of hospitalized patients between 
index hospitalizations and readmission cohort. Among the 90DRC, we identified 33636 index hospitalizations, of which 
24503 patients were readmitted within 90 d of admission. The 90-day readmission rate was 73.93%. In both readmission 
cohorts, the proportion of male patients was higher than female patients. The majority of hospitalized patients in both 
cohorts were in their middle age. Private health insurance was the primary payer for hospital bills in most cases. A 
significant number of patients in both readmission cohorts belonged to the 26th-50th quantile of the national median 
household income. The rates of 30-day and 90-day readmission were higher in patients with Medicaid and private 
insurance, as well as those with a higher comorbidity burden (ECI score ≥ 4).

Comorbidities analyzed were significantly more prevalent in readmissions compared to index hospitalizations in both 
readmission cohorts. Detailed comparisons of comorbidities between index hospitalizations and readmissions in the 
30DRCs and 90DRCs are listed in Tables 2 and 3, respectively. The majority of patients tested negative for COVID-19 in 
both index hospitalizations and readmissions, as depicted in Figure 1. Metropolitan teaching hospitals had the highest 
number of admissions in both cohorts. Table 4 summarizes the hospital characteristics among index hospitalizations and 
readmissions.

Common causes of readmission in both readmission cohorts included admissions for chemotherapy, neutropenia, non-
specified sepsis, antineoplastic-induced pancytopenia, agranulocytosis secondary to chemotherapy, sepsis due to 
Escherichia coli, admissions for immunotherapy, acute myeloblastic leukemia, specified sepsis, and acute kidney failure. 
Figure 2 demonstrates the top causes of 30-day readmission during the COVID-19 pandemic. Mortality was higher 
among readmitted patients in both readmission cohorts. Figure 3 compares the mortality in index hospitalizations and 
30DRCs and 90DRCs, respectively.

In both cohorts, readmissions had a shorter average LOS compared to index hospitalizations. The average LOS for 
readmitted patients was 5.60 d in the 30DRC, compared to 6.77 d for index cases (P < 0.001). In the 90DRC, the mean LOS 
for readmitted patients was 6.37 d, while index hospitalizations had a mean LOS of 7.51 d (P < 0.001). The total number of 
days lost due to hospitalization was higher in the 30DRC, totaling 184277 d compared to 156086 d in the 90-day cohort. 
The mean adjusted cost of hospitalization was higher in the 90-day cohort, with an average of 25646.4 dollars spent per 
index admission and 23477.0 dollars spent per readmission. In the 30DRC, the average cost per index admission was 
22951.9 dollars, and 19220.8 dollars per readmission. The total cost incurred due to readmission across the country was 
625 million dollars for the 30DRC and 568 million dollars for the 90DRC.

The results of the multivariable Cox regression analysis to identify independent predictors of 30-day and 90-day 
readmission are shown in Tables 5 and 6, respectively. Presence of comorbidities, including peripheral vascular disorder 
[Hazard ratio (HR) = 1.09, P = 0.048], paralysis (HR = 1.26, P < 0.001), human immunodeficiency virus/acquired immuno-
deficiency syndrome (HIV/AIDS) (HR = 1.14, P = 0.03), and lymphoma (HR = 1.23, P < 0.001), were associated with an 
increased risk of readmission for IPCT within 30 d of discharge during the COVID-19 pandemic. Being in the middle age 
group (HR = 0.83, P < 0.001), elderly age groups (HR = 0.78, P < 0.001), discharge against medical advice (HR = 0.69, P = 
0.031), renal failure (HR = 0.89, P = 0.004), liver disease (HR = 0.9, P = 0.02), and coagulopathy (HR = 0.91, P = 0.002) were 
associated with a decreased risk of readmission within 30 d of discharge. Figure 4 shows a Kaplan-Meier readmission 
curve for 30-day readmissions by COVID-19 status, with a P-value < 0.01.

A similar profile of comorbidities increased the risk of 90-day readmission as observed in the 30DRC, except for HIV/
AIDS (HR = 1.1, P = 0.211). Other variables analyzed for the risk of 90-day readmission followed the same trend as the 
30DRC, except for coagulopathy (HR = 0.95, P = 0.093).

DISCUSSION
Our study provides a comprehensive nationwide view of the care received by patients undergoing IPCT during the 
COVID-19 pandemic. To the best of our knowledge, this is the first study that specifically focused on and analyzed 
factors related to hospitalization for patients receiving IPCT during the pandemic. We observed a 30-day readmission rate 
of 58.9% and a 90-day readmission rate of 73.93%, both of which are significantly higher than rates reported in previous 
similar studies[18,19]. This increase can be attributed to the strain imposed on the healthcare system by the pandemic. 
Similar findings were reported by Loo et al[20] and Matthews et al[21], who also observed an increase in readmission rates 
during the COVID-19 pandemic. The demographics of our patients were comparable and consistent with those reported 
in studies conducted before the pandemic[11,22].

Several studies conducted during the pandemic have reported higher costs of hospitalization, and our study aligns 
with these findings[23,24]. With an average cost of re-hospitalization of 22952.0 dollars observed in our study, the cost 
was significantly higher than the average cost of 17035 dollars reported in similar hospitalizations before the pandemic
[25]. However, contrary to the findings of higher readmission costs compared to index admissions reported by Kwei-
Nsoro et al[9], our study revealed a higher cost of index admission.

The ECI scores were higher among readmitted hospitalizations compared to index hospitalizations due to the higher 
comorbidity burden among readmitted patients. Higher ECI scores are associated with higher mortality[26,27], which 
was also observed in our study, consistent with previous studies[28,29].
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Table 1 Comparison of patients’ demographics between inpatient chemotherapy and readmission for inpatient chemotherapy, 
Nationwide Readmission Database, 2020

Variables (unit) Index admission 30 d readmission P value

Mean age ± SD (yr) 54.7 ± 17.71 53.53 ± 17.94

Age range categories (%) < 0.001

18-44 yr 26.86 29.5

45-64 yr 40.06 39.62

65 yr and above 33.08 30.89

Sex (%) 0.182

Male 58.07 58.47

Female 41.93 41.53

Payer type (%) < 0.001

Medicare 34.43 32.33

Medicaid 17.06 18.14

Private insurance 46.14 47.25

Self pay 2.36 2.28

Median household income (%) 0.617

0-25th quintile 22.28 21.96

26th-50th quintile 27.91 28.02

50th-75th quintile 25.61 25.85

> 75th quintile 24.19 24.18

ECI score (%) < 0.001

0 4.88 4.14

1 18.61 17.7

2 23.75 23.35

3 20.61 20.53

≥ 4 32.15 34.28

ECI: Elixhauser comorbidity index.

Figure 1 Coronavirus disease 2019 status of index and readmitted case for 30-days and 90-days readmission cohort, 2020. COVID-19: 
Coronavirus disease 2019; DRC: Day readmission cohort.
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Figure 2 Top five causes of 30-days readmission for inpatient chemotherapy during coronavirus disease 2019 pandemic, Nationwide 
Readmission Database, 2020.

Figure 3 Comparison of Mortality Between Index Admission and Readmission in 30-days and 90-days readmission cohort, Nationwide 
Readmission Database, 2020.

Figure 4 Kaplan-Meier curve for 90-readmision, Nationwide Readmission Database, 2023. COVID: Coronavirus disease.
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Table 2 Comparing the 31 elixhauser comorbidities between index admission and 30-days readmission for inpatient chemotherapy, 
Nationwide Readmission Database, 2020

Variables (%) Index Readmission P value

Congestive heart failure 5.45 5.83 0.02

Cardiac arrhythmias 12.14 13.13 < 0.001

Valvular diseases 2.48 2.12 0.001

Pulmonary circulation disorders 2.1 2.47 0.001

Peripheral vascular disorders 4.81 5.1 0.141

Hypertension, uncomplicated 34.12 32.88 0.001

Paralysis 1.06 1.17 0.181

Other neurologic disorders 4.72 5.72 < 0.001

Chronic pulmonary disease 11.07 10.5 0.012

Diabetics, uncomplicated 8.44 8.5 0.757

Diabetics, complicated 8.63 8.28 0.105

Hypothyroidism 9.88 9.61 0.134

Renal failure 7.75 6.89 < 0.001

Liver disease 4.06 4.09 0.854

Peptic ulcer disease 0.34 0.33 0.859

HIV/AIDS 1.26 1.44 0.003

Lymphoma 45.89 48.77 < 0.001

Metastatic cancer 14.93 14.78 0.637

Solid tumor without metastasis 24.4 24.84 0.255

RA/collagen vascular disease 2.03 1.9 0.226

Coagulopathy 12.64 14.41 < 0.001

Obesity 10.33 9.81 0.159

Weight loss 10.76 11.12 0.207

Fluid and electrolyte disorders 23.17 28.16 < 0.001

Blood loss anemia 0.39 0.35 0.497

Deficiency anemia 3.09 2.63 0.001

Alcohol abuse 1.13 0.98 0.103

Drug abuse 2.32 2.35 0.832

Psychosis 0.68 0.76 0.089

Depression 12.39 12.59 0.429

Hypertension, complicated 8.04 7.66 0.063

HIV/AIDS: Human immunodeficiency virus/acquired immuno-deficiency syndrome; RA: Rheumatoid arthritis.

The most common cause of readmission was admission for chemotherapy. The Kaplan-Meier curve (Figure 4) 
demonstrated a shorter time to 50% readmission in the non-COVID-19 group (20 d) compared to the COVID-19 group (36 
d). This could be explained by the fact that COVID-19 positivity delayed the admission for chemotherapy, which was the 
most common cause of readmissions. Other causes of readmissions included neutropenia, sepsis, and acute kidney injury, 
in line with previous studies[13,30].

We observed a significant number of patients undergoing IPCT being managed in medium-sized metropolitan 
teaching hospitals. However, we did not observe any significant difference in the type of treatment center between index 
hospitalizations and readmissions. Middle-aged and elderly patients had a decreased risk of readmission, likely due to 
the higher prevalence of comorbidities in these age groups. Our results showed that comorbidities were associated with 
an increased risk of readmission, consistent with findings in other studies[31,32].
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Table 3 Comparison of the 31 elixhauser comorbidities between index admission and 90-days readmission for inpatient chemotherapy, 
Nationwide Readmission Database, 2020

Variables (%) Index Readmission P value

Congestive heart failure 5.88 6.59 0.002

Cardiac arrhythmias 13.16 14.17 0.001

Valvular diseases 2.69 2.19 0.001

Pulmonary circulation disorders 2.28 2.57 0.052

Peripheral vascular disorders 4.72 5.19 0.024

Hypertension, uncomplicated 34.58 33.12 < 0.001

Paralysis 1.09 1.13 0.645

Other neurologic disorders 4.81 5.91 < 0.001

Chronic pulmonary disease 11.68 11.09 0.026

Diabetics, uncomplicated 8.54 8.51 0.908

Diabetics, complicated 8.86 8.7 0.539

Hypothyroidism 10.31 9.77 0.003

Renal failure 8.38 7.88 0.033

Liver disease 4.36 4.42 0.814

Peptic ulcer disease 0.29 0.37 0.196

HIV/AIDS 1.09 1.12 0.667

Lymphoma 43.95 44.89 0.012

Metastatic cancer 15.5 14.48 < 0.001

Solid tumor without metastasis 24.39 23.94 0.181

RA/collagen vascular disease 2.13 1.91 0.077

Coagulopathy 13.27 15.73 < 0.001

Obesity 10.41 9.77 0.166

Weight loss 11.8 12.44 0.055

Fluid and electrolyte disorders 24.87 30.26 < 0.001

Blood loss anemia 0.44 0.42 0.876

Deficiency anemia 3.16 2.51 < 0.001

Alcohol abuse 1.29 1.13 0.144

Drug abuse 2.33 2.31 0.922

Psychosis 0.71 0.77 0.269

Depression 12.23 12.95 0.015

Hypertension, complicated 8.81 8.75 0.785

HIV/AIDS: Human immunodeficiency virus/acquired immuno-deficiency syndrome; RA: Rheumatoid arthritis.

Previous studies have indicated that discharge against medical advice increases the risk of readmission, but our results 
were contrary to this[16,32]. This could be explained by the possibility that patients who left the hospital against medical 
advice had limited access to the healthcare system, which was heavily impacted by the pandemic[8,33]. However, further 
research is needed to explore this area. We found weight loss to be an independent predictor of 90-day readmission, 
which is consistent with a survey of approximately 10000 general medicine discharges where weight loss was identified 
as a significant predictor of 30-day readmissions, aligning with our findings in the 90DRC[33]. However, we did not find 
weight loss to be an independent predictor of 30-day readmission, and the reason for this remains unclear. Additionally, 
contrary to our expectations and findings in similar studies[21,34], COVID-19 was not identified as an independent 
predictor of readmission. This could be due to the smaller percentage of COVID-19-infected patients in our study 
population or could be an area for further investigation.
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Table 4 Comparison of hospital specific characteristics of index admissions and readmissions for inpatient chemotherapy, Nationwide 
Readmission Database, 2020

Variables Index Readmission P value

Hospital bed size (%) 0.002

Small 7.51 8.49

Medium 15.96 16.01

Large 76.53 75.5

Teaching status of hospital (%) 0.002

Metropolitan, non teaching 5.51 6.09

Metropolitan teaching 93.48 92.27

Non-metropolitan 1.01 1.64

Finally, we acknowledge some limitations in our study. The readmission rates may vary across different states, but the 
NRD does not provide state-specific data, preventing us from drawing conclusions at the state level. Our study excluded 
elective hospitalizations in December, potentially leading to a missed number of readmissions during that month.

CONCLUSION
The COVID-19 pandemic has significantly impacted the management of patients receiving IPCT. There is a need for a 
more strategic approach in the care of patients undergoing IPCT during pandemics.

Table 5 Independent predictors of 30 d readmission for inpatient chemotherapy, Nationwide Readmission Database, 2020

Variables Hazard ratio Confidence interval P value

Age category

45-64 years 0.83 0.79-0.87 < 0.001

65 years and above 0.78 0.72-0.85 < 0.001

Discharge AMA 0.69 0.49-0.97 0.031

Payer type

Medicaid 1.04 0.97-1.12 0.299

Private insurance 1.02 0.99-1.09 0.564

Self pay 1.05 0.90-1.23 0.522

Median household income

25th-50th quantile 1.04 0.97-1.12 0.137

50th-75th quantile 1.04 0.96-1.09 0.103

> 75th quantile 1.03 0.90-1.09 0.263

COVID-19 0.91 0.68-1.22 0.543

Comorbidities

Congestive heart failure 0.92 0.85-1.00 0.059

Cardiac arrhythmias 0.96 0.91-1.01 0.147

Peripheral vascular disorders 1.09 1.00-1.19 0.048

Hypertension, uncomplicated 1.03 0.99-1.07 0.111

Paralysis 1.26 1.08-1.47 0.003

Chronic pulmonary disease 0.96 0.91-1.02 0.233

Diabetics, uncomplicated 0.94 0.89-1.00 0.058
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Renal failure 0.89 0.82-0.96 0.004

Liver disease 0.9 0.82-0.98 0.023

HIV/AIDS 1.14 1.01-1.30 0.038

Lymphoma 1.23 1.17-1.28 < 0.001

Coagulopathy 0.91 0.86-0.97 0.002

Weight loss 0.97 0.92-1.04 0.457

Hypertension, complicated 1.05 0.96-1.15 0.28

AMA: Against medical advice; HIV/AIDS: Human immunodeficiency virus/acquired immuno-deficiency syndrome.

Table 6 Independent predictors of 90 d readmission for inpatient chemotherapy, Nationwide Readmission Database, 2020

Variables Hazard ratio Confidence interval P value

Age category

45-64 yr 0.84 0.80-0.89 < 0.001

65 yr and above 0.74 0.68-0.80 < 0.001

Discharge AMA 0.65 0.47-0.90 0.01

Payer type

Medicaid 1.02 0.95-1.09 0.633

Private insurance 1.02 0.95-1.08 0.631

Self pay 1.15 0.99-1.33 0.056

Median household income

25th-50th quintile 1.03 0.97-1.09 0.329

50th-75th quintile 1.04 0.98-1.11 0.166

> 75th quintile 1.03 0.96-1.10 0.471

COVID-19 0.88 0.66-1.18 0.396

Comorbidities

Congestive heart failure 0.93 0.85-1.01 0.086

Cardiac arrhythmias 0.97 0.92-1.02 0.198

Peripheral vascular disorders 1.15 1.04-1.26 0.004

Hypertension, uncomplicated 1.02 0.98-1.07 0.296

Paralysis 1.21 1.02-1.43 0.027

Chronic pulmonary disease 0.97 0.92-1.03 0.386

Diabetics, uncomplicated 0.92 0.87-0.99 0.01

Renal failure 0.91 0.83-0.99 0.046

Liver disease 0.89 0.82-0.98 0.017

HIV/AIDS 1.1 0.94-1.29 0.211

Lymphoma 1.14 1.09-1.20 < 0.001

Coagulopathy 0.95 0.90-1.00 0.093

Weight loss 0.93 0.88-0.99 0.019

Hypertension, complicated 1.03 0.93-1.14 0.604

AMA: Against medical advice; HIV/AIDS: Human immunodeficiency virus/acquired immuno-deficiency syndrome.
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ARTICLE HIGHLIGHTS
Research background
The coronavirus disease 2019 (COVID-19) pandemic has had a profound impact on healthcare services and has resulted 
in modifications to the management of various diseases.

Research motivation
The treatment of cancer has undergone significant changes during the COVID-19 pandemic. Understanding the effects of 
these changes can provide valuable insights to better prepare for future pandemics.

Research objectives
This study aims to provide insights into the outcomes of hospitalization for in hospital chemotherapy during the COVID-
19 pandemic.

Research methods
We conducted a retrospective review of a Nationwide Readmission Database for patients undergoing inpatient 
chemotherapy (IPCT) during the COVID-19 pandemic. We analyzed data on readmission rates, causes of readmission, 
and predictors of readmission.

Research results
We found a 90-day readmission rate of 59.8% and a 30-day readmission rate of 73.93%. The most common cause of 
readmission was chemotherapy encounters (66.7%). Predictors of readmission included peripheral vascular disorders 
[Hazard ratio (HR) = 1.09, P = 0.04] and paralysis (HR = 1.26, P < 0.001). The total cost incurred due to readmission 
during the pandemic was 1193000000.00 dollars.

Research conclusions
The COVID-19 pandemic has had a significant impact on the management of cancer patients. There is a need for a more 
strategic approach to the care of patients undergoing IPCT during pandemics.

Research perspectives
This study opens the door for further investigation into the effects of pandemics on disease management.
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Abstract
Developing novel cancer therapies that exploit programmed cell death pathways 
holds promise for advancing cancer treatment. According to a recently published 
study in Science, copper death (cuproptosis) occurs when intracellular copper is 
overloaded, triggering aggregation of lipidated mitochondrial proteins and Fe–S 
cluster proteins. This intriguing phenomenon is triggered by the instability of 
copper ions. Understanding the molecular mechanisms behind cuproptosis and 
its associated genes, as identified by Tsvetkov, including ferredoxin 1, lipoic acid 
synthase, lipoyltransferase 1, dihydrolipid amide dehydrogenase, dihydroli-
poamide transacetylase, pyruvate dehydrogenase α1, pyruvate dehydrogenase β, 
metallothionein, glutaminase, and cyclin-dependent kinase inhibitor 2A, may 
open new avenues for cancer therapy. Here, we provide a new understanding of 
the role of copper death and related genes in cancer.
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Core Tip: Developing novel cancer therapies that exploit programmed cell death pathways holds promise for advancing 
cancer treatment. Cuproptosis-related genes were identified by Tsvetkov, including ferredoxin 1, lipoic acid synthase, lipoyl-
transferase 1, dihydrolipid amide dehydrogenase, dihydrolipoamide transacetylase, pyruvate dehydrogenase α1, pyruvate 
dehydrogenase β, metallothionein, glutaminase, and cyclin-dependent kinase inhibitor 2A. Here, we provide a new 
understanding of the role of copper death and related genes in cancer.
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INTRODUCTION
Tsvetkov et al[1] have proposed an intriguing new form of programmed cell death related to the mitochondrial 
tricarboxylic acid (TCA) cycle, resulting in proteotoxic stress and copper-induced death, referred to as cuproptosis. These 
forms of oxidative-stress-induced cell death are characterized by mitochondrial stress, including the accumulation of fatty 
acylated mitochondrial enzymes and the loss of Fe–S cluster proteins[1]. The dysregulation of copper homeostasis 
promotes cancer growth and causes irreversible cellular damage. A variety of mechanisms have been suggested for the 
ability of copper to induce cell death, such as oxidative stress, proteasome inhibition, and antiangiogenesis[2].

The exact molecular mechanism underlying cuproptosis remains unclear, but recent studies have shed light on 
potential contributors. For instance, knockout of the ferredoxin (FDX) 1 gene attenuates copper ionophore-induced cell 
death. Additionally, genes associated with the loss of lipidated mitochondrial enzymes and Fe-S cluster proteins loss, 
such as lipoic acid synthase (LIAS), lipoyltransferase (LIPT) 1, and dihydrolipoamide transacetylase (DLAT), may 
contribute to cuproptosis[1,3].

Although the precise correlation between cuproptosis and cancer is yet to be fully understood, imbalances in copper 
homeostasis have been implicated in cancer growth and cause irreversible cellular damage. Copper metabolism in vivo 
and cancer therapy has been extensively studied[4,5]. Certain genes involved in the cuproptosis pathway, such as FDX1, 
may also play a role in cancer development, serving as a key regulator of proptosis and associated with poor prognoses in 
specific cancer types[6]. Here, we review the progress of copper ions in cancer therapy, the function of cuproptosis-
related genes in cancer, and the possible target in cuproptosis.

COPPER IONS AND CANCER THERAPY
Recent studies have revealed three distinct mechanisms through which copper ions may induce cancer cell death. (1) 
Oxidative stress induction: Anticancer drug elesclomol has been found to exert its therapeutic effects through the transfer 
of copper ions to mitochondria, leading to oxidative stress[7]. Liu et al[8] demonstrated that flavonoids can induce 
mitochondrial apoptosis through modification of the redox cycle of copper ions; (2) inhibition of proteasomes: Chen et al
[9] synthesized copper diethyldithiocarbamate [Cu(DDC)(2)] nanoparticles (NPs) that improved the resistance of prostate 
cancer to treatment. Copper-ion-mediated endoplasmic reticulum (ER) stress is induced by proteasome inhibition and 
accumulation of ubiquitinated proteins. Proteasome inhibitors like bortezomib and carfilzomib have been explored for 
their potential as cancer treatment options in the form of various complexes, such as clioquinol and dithiocarbamates[10]; 
and (3) reduce angiogenesis: Copper ions play a significant role in endothelial cell migration, proliferation, and 
fibronectin synthesis, crucial steps in angiogenesis[11,12]. However, copper depletion can act as an antiangiogenic switch, 
blocking the growth of endothelial cells and preventing their proliferation. By inhibiting copper transporters or 
chaperones like human antioxidant protein 1 and consolidation tumor ratio-1, in addition to direct capture of intracellular 
copper, copper imbalance can be induced, leading to antiangiogenic effects[13,14]. Combining this approach with 
vascular targeting techniques, such as immunotherapy, can enhance the cancer-killing effects[15]. The tumor microenvir-
onment (TME) is a complex ecosystem where various immune cells interact and influence tumor growth and progression
[16,17]. In the early stage of tumor growth, neutrophils promote inflammation and tumor cell apoptosis by releasing 
cytokines. However, in the middle and late stages of tumor formation, neutrophils contribute to angiogenesis, 
accelerating tumor progression and local infiltration. Different T cell populations are involved in TME, among which 
CD8+ T cells can target and destroy tumor cells, secrete interferon, and inhibit angiogenesis. CD4+ T cells coordinate 
immune responses, with Th1 cells promoting cancer and T regulatory cells promoting tumor formation and survival, by 
secreting auxin and cytokines, which then interacts with fibroblasts and epithelial cells. Although less prevalent than T 
cells, tumor-infiltrating B cells have antitumor effects, including antigen presentation to T cells, production of antitumor 
antibodies, and secretion of cytokines that promote cytotoxic immune responses. Regulatory B cells, in contrast, promote 
tumors by producing cytokines that promote the immunosuppressive phenotype in macrophages, neutrophils, and 
cytotoxic T cells. Tumor-associated macrophages (TAMs) are the predominant immune cells in the TME. They are 
involved in coordinating cancer-related inflammation and can release macrophage colony-stimulating factor to recruit 
TAMs, which have been implicated in cancer development. Moreover, TAMs can release epidermal growth factor, 
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modify cancer cells, and accelerate cell migration and metastasis. Medullary suppressive cells promote tumor invasion by 
weakening innate and adaptive antitumor responses.

In light of the mechanisms described above for copper ions in cancer treatment, copper complexes have been 
extensively studied for their potential in anticancer therapy (Figure 1). For instance, copper-amino acid sulfhydryl NPs 
can reduce Cu2+ to Cu+ when reacting with localized glutathione. The generated Cu+ then reacts with hydrogen peroxide, 
resulting in an increase in reactive oxygen species (ROS) levels. Excessive ROS can induce apoptosis of cancer cells[18]. A 
copper-containing complex known as Cu-tuberous sclerosis complex (TSC) is another widely used complex to enhance 
cytotoxicity of TSC and ROS production[19]. Chronic inflammation in the body can induce carcinogenesis and facilitate 
cancer spread. Copper complexes containing nonsteroidal anti-inflammatory drugs (NSAIDs) are used to treat inflam-
mation and prevent cancer development (Table 1). In breast cancer stem-cell-like cells, Boodram et al[20] demonstrated 
that Cu-NSAID complexes could induce ROS accumulation, DNA damage, and cyclooxygenase-2 inhibition. Copper 
complexes with subcellular targeting properties can deliver more precise attacks on cancer cells. Kaur et al[21] reported 
that copper complexes containing polypyridine ligands could enter the ER in situ, leading to increased ROS levels and 
ER-stress-induced immunogenic cell death in cancer cells[22]. Although copper-complex-related therapies hold promise 
as a new anticancer strategy, their biocompatibility and application safety are critical challenges. Researchers have shown 
that copper complexes are cancer-killing, but long-term stability and biosafety tests remain to be conducted before these 
therapies can be translated into clinical applications.

THE ROLE OF CUPROPTOSIS-RELATED GENES IN CANCER
Cuproptosis remains an area of active exploration in its relationship with cancer. However, significant research has been 
conducted to understand the mechanisms through which cuproptosis-related gene molecules contribute to cancer 
development (Table 2). Figure 2 illustrates how these genes induce cuproptosis.

FDX1
FDX1 is a FDX protein primarily found in mitochondria, with diverse physiological functions, including the conversion of 
cytochromes during steroid hormone synthesis and vitamin D metabolism[23]. Shi et al[24] demonstrated that FDX1 is 
critical for Fe–S cluster biogenesis. Recent research has identified FDX1 as a key gene in the regulation of cuproptosis[25]. 
Zhang et al[26] study found that FDX1 expression did not significantly differ across clinical stages in most cancers. 
Although the reduction in FDX1 expression may not directly impact the growth, apoptosis, or cell cycle distribution of 
LUAD cells, it could affect their metabolism, as FDX1 knockout has been shown to promote glycolysis and fatty acid 
oxidation. Further investigations into the mechanisms of FDX1 in cancer pathogenesis revealed significant positive correl-
ations between FDX1 expression and immune cells in most cancers. FDX1 has been associated with major histocompat-
ibility complex, immune activation, immune suppression, chemokines, and chemotaxis[27]. Additionally, the products of 
factor receptors were positively coexpressed with FDX1, except for 1-aminocyclopropane-1-carboxylic acid  and tetrahy-
drocannabinolic acid. This indicates that FDX1 expression is closely related to the immune response of cancer cells, which 
has implications for prognosis and represents a potential target for immunosuppressants[28,29]. Given the crucial role of 
copper ions in cuproptosis, the significance of FDX1 as a key gene in this process makes it an intriguing target for cancer 
therapy. Studies exploring its role may offer valuable insights as it directly influences the protein fatty acylation cycle, 
leading to the aggregation of these proteins and interference with respiratory chain iron-sulfur cluster proteins.

LIAS
LIAS encodes a protein belonging to the biotin and LIAS families. Located in the mitochondria, this Fe–S enzyme 
contributes to lipoic acid biosynthesis, serving as the final step in the process. Diseases like diabetes, atherosclerosis, and 
neonatal epilepsy are associated with a lack of LIAS expression. Current studies on the association between the LIAS gene 
and cancer have predominantly focused on lung cancer[29].

Using in situ hybridization and real-time quantitative PCR, Mabeta et al[30] investigated the differential expression of 
the LIAS gene in normal lung tissue and lung cancer samples. Their findings suggest that alteration in LIAS expression 
levels can promote lung cancer development, making LIAS an attractive target for novel therapies[29]. However further 
studies are warranted to confirm its therapeutic effectiveness.

LIPT1
As a member of the fatty acyltransferase family, LIPT1 encodes an enzyme that catalyzes the transfer of fatty acyl groups 
from fatty acyl-AMPs to specific lysine residues in fatty-acid-dependent enzymes. LIPT1-related disorders include fatty 
acyltransferase 1 deficiency and leukodystrophy[31]. While there have been relatively few studies on LIPT1 in cancer, 
Chen et al[32] conducted a systematic investigation of genes related to prognosis in bladder cancer using the pathological 
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Table 1 Copper-related compounds and their antitumor mechanism

Compounds Mechanism Ref.

Elesclomol Transferring copper ions to mitochondria and increasing ROS 
level

Nagai et al[7]

Flavonoid drugs Interfering with copper ion redox and inducing mitochondrial 
apoptosis

Liu et al[8]

(Cu(DDC)2) Inhibiting proteasome and leading to ER stress activation Chen et al[9]

Copper ion chelating agent Inhibiting endothelial cell proliferation and angiogenesis Zhou et al[15]

Copper ion transporter inhibitor Inhibit endothelial cell proliferation and angiogenesis Yee et al[13], Karginova et al[14]

NPs(Cu-CysNPs) Reacting with glutathione to increase ROS level Ma et al[18]

Cu-TSC Inducing ROS accumulation Sîrbu et al[19]

Cu-NSAID compound Inducing ROS accumulation, DNA damage and COX-2 activity 
inhibition

Boodram et al[20]

Copper complexes containing polypyridine 
ligands

Increasing ROS level and inducing ER stress Kaur et al[21]

ROS: Reactive oxygen species; TSC: Tuberous sclerosis complex; COX-2: Cyclooxygenase-2; NSAID: Non-steroidal anti-inflammatory drugs; (Cu(DDC)2): 
Copper diethyldithiocarbamate; ER: Endoplasmic reticulum.

Table 2 Functions of cuproptosis-related genes in cancer

Genes Mechanism Ref.

FDX1 FDX1 knockout promotes glycolysis and fatty acid oxidation and alters amino 
acid metabolism

Zhang et al[26]

LIAS Involved in lipoic acid biosynthesis. Abnormally elevated transcript levels of 
LIAS contribute to the development of lung cancer

Burr et al[29]

LIPT1 Participating in the tricarboxylic acid cycle and is related to the prognosis of 
bladder cancer

Solmonson et al[31], Chen et al[32]

DLD Wang et al[33]

DLAT Converting pyruvate to acetyl-COA Promoting cancer cell growth by activating 
pentose phosphate pathway

Shan et al[40]

Inhibition of PDHA1 expression promotes glycolysis and cell proliferation Zhuang et al[43]PDHA1

PDHA1 promotes mitochondrial lipid synthesis Chen et al[45]

PDHB Overexpression of PDHB inhibits the proliferation and invasiveness Zhu et al[46]

MTF1 Induced co-expression of metallothionein with other genes involved in metal 
homeostasis contributes to tumor biogenesis and development

Günther et al[51]

GLS Encoding K-type mitochondrial glutaminase and is dysregulated in many tumors Choi and Park[52], Momcilovic et al[53]

CDKN2A A cyclin with mutations and aberrant methylation in a variety of tumors Zhao et al[56], Tam et al[60]

FDX1: Ferredoxin 1; LIAS: Lipoic acid synthase; LIPT1: Lipoyltransferase 1; DLD: Dihydrolipoamide dehydrogenase; DLAT: Dihydrolipoamide 
transacetylase; PDHA1: Pyruvate dehydrogenase alpha 1; PDHB: Pyruvate dehydrogenase beta; MTF1: Metallothionein; GLS: Glutaminase; CDKN2A: 
Cyclin dependent kinase inhibitor 2A.

atlas of the Cancer Genome Atlas. Their findings revealed a correlation between LIPT1 expression and bladder cancer 
prognosis[32]. However, further research is needed to elucidate the role of LIPT1 in other cancer types.

DIHYDROLIPOAMIDE DEHYDROGENASE (DLD)
DLD, encoded by the DLD gene, is an essential enzyme that significantly impacts cell metabolism, particularly pyruvate 
metabolism and the TCA cycle[33]. There is evidence that DLD could be used as a cancer-targeted therapy. In head and 
neck squamous cell carcinoma, DLD has been shown to be closely related to cystine deprivation and glutaminolysis. The 
biological function of DLD enhances mitochondrial KDH, MMP, and glutaminase activity. Increasing mitochondrial iron 
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Figure 1 Effects of excess copper and copper deficiency in cancer. Four copper-related pathways with cancer inhibition effects are described. 
Elesclomol mediates the entry of Cu2+ into the mitochondria and causes reactive oxygen species accumulation. Flavonoids interfere with copper ion oxidation and 
reduction, inducing mitochondrial apoptosis pathway activation. Copper diethyldithiocarbamate can inhibit proteasome and result in endoplasmic reticulum stress. 
Copper deficiency can suppress the proliferation and migration of endothelial cells and the formation of connexin, bridling tumor angiogenesis. TCA: Tricarboxylic 
acid; ROS: Reactive oxygen species; FDX1: Ferredoxin 1; MTF1: Metallothionein; CTR1: Consolidation tumor ratio-1.

levels can facilitate mitochondrial lipid peroxidation, or silencing DLD, which effectively reduces the proportion of cells 
undergoing death from cystine deprivation and reduces ROS levels in cystine-deprived cells. These processes have been 
closely related to cancer-programmed death[34]. Patients with endometrial cancer have exhibited abnormal levels of IgA 
and non-DLD IgG autoantibodies in their sera, indicating a correlation with mitochondrial DLD protein[35]. Comparing 
DLD protein expression levels between breast cancer and normal tissues revealed significant differences, highlighting the 
potential of DLD as a diagnostic and therapeutic target in breast cancer[36]. Using DLDH-based exogenous ROS to target 
skin cancer cells, Avraham et al[37] developed a method for targeting cancer cells, which could be a potential approach 
for melanoma treatment in the future.

DLAT
DLAT is an essential component of the pyruvate dehydrogenase complex, along with DLD and pyruvate dehydrogenase. 
This enzyme complex plays a crucial role in the synthesis of pyruvate acetyl-CoA. As the sole enzyme capable of 
converting citric acid into acetyl-CoA, DLAT can control the citric acid cycle–oxidative phosphorylation pathway, thus 
affecting the energy supply of cancer cells[38]. In gastric cancer cells, DLAT expression was significantly upregulated[39], 
making it a potential therapeutic target. DLAT promotes the growth of cancer cells by activating the pentose phosphate 
pathway[40]. Alternol, a compound that binds to multiple Krebs cycle enzymes, inhibits mitochondrial respiration and 
ATP production. This discovery offers a novel therapeutic strategy for treating prostate cancer[41].
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Figure 2 General molecular biological process of cuproptosis. Copper can be transported into cells through the action of consolidation tumor ratio-1 and 
elesclomol encapsulation. When Cu2+ encapsulated by elesclomol enter the mitochondria, it gains an electron from ferrodoxin 1 (FDX1) (FDX1 expression can be 
promoted by metallothionein) and converts into Cu+. Concurrently, proteins responsible for dehydrogenation and acyl transfer (dihydrolipoamide transacetylase, 
dihydrolipoamide S-succinyltransferase, dihydrolipoamide dehydrogenase, pyruvate dehydrogenase α1, and pyruvate dehydrogenase β) undergo electron loss and 
are liporated by lipoic acid synthase. Subsequently, Cu+ promotes the oligomerization of liporated proteins. This cascade of events leads to a series of phenomena, 
including reactive oxygen species accumulation, mitochondrial dysfunction, and tricarboxylic acid inhibition, ultimately culminating in cuproptosis. CTR1: 
Consolidation tumor ratio-1; (Cu (DDC)2): Copper diethyldithiocarbamate; FDX1: Ferrodoxin 1.

PYRUVATE DEHYDROGENASE α1 (PDHA1) AND PYRUVATE DEHYDROGENASE  β (PDHB)
PDHA1 and PDHB encode subunits of the pyruvate dehydrogenase complex, an essential enzyme complex within the 
mitochondria responsible for catalyzing pyruvate oxidation to acetyl-CoA, connecting glycolysis and the TCA cycle.

PDHA1 inhibition can increase proliferation, glycolysis, and Warburg effect in certain cancer cells. Gastric cancer has 
been shown to downregulate PDHA1, and elevated expression of PDHA1 correlates with poor prognosis[42]. Downregu-
lation of PDHA1 promotes the growth of gastric cancer. Exosomal miR-21-5p suppresses PDHA1 expression, thereby 
promoting glycolysis and cell proliferation in gastric cancer cells. PDHA1 expression in gastric cancer samples is 
negatively correlated with miR-21-5p levels[42]. Additionally, miR-21-5p/PDHA may influence ovarian cancer drug 
resistance through exosomal miR-21-5p-mediated regulation of PDHA1 expression[43]. The knockout strains had 
increased glycolysis, glucose intake, and glutamine consumption, while oxidative phosphorylation was inhibited, 
indicating enhanced Warburg effect and PDHA1. The proliferative capacity, angiogenic capacity, and drug resistance of 
the knockout esophageal cancer cells were significantly improved[44]. PDHA1 is closely associated with prostate cancer 
growth, where it is involved in mitochondrial lipid synthesis. Therefore, PDHA1 may be useful as a therapeutic target for 
prostate cancer[45].

PDHB also acts as a cancer suppressor gene. PDHB overexpression inhibits colon cancer cell proliferation, 
invasiveness, and glycolysis as it targets miR-146b-5p at the 3'-UTR end of the gene, promoting cancer cell growth[46]. 
Gastric cancer cells overexpressing PDHB exhibit reduced proliferation and migration[47]. PDHB inhibitors have also 
been shown to suppress cancer growth in various studies. For instance, reduced PDHB expression in non-small cell lung 
cancer indicates poor prognosis for patients[48], while PDHB may serve as a biomarker for breast cancer[49]. Thus, the 
progress made in the research on PDHA1 and PDHB in cancer highlights the broad potential applications of therapeutic 
drugs targeting these molecular targets.
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METALLOTHIONEIN (MTF1)
MTF1 plays a crucial role in the treatment resistance of malignant cancers[50]. Cells stimulated with heavy metals, such as 
copper, trigger the production of products encoded by MTF1, leading to the induction of metal sulfur production. During 
tumor biogenesis and progression, coexpression of proteins and other genes involved in metal homeostasis is implicated. 
Notably, MTF1 is highly expressed in ovarian cancer tissues, and its high expression is associated with poor patient 
survival and disease recurrence[51]. MTF1 knockout can inhibit the epithelial–mesenchymal transition process of ovarian 
cancer cells, thereby suppressing their proliferation, migration, and invasion, indicating that MTF1 may serve as a novel 
biomarker and therapeutic target for ovarian cancer[50]. Given the multiple aspects of MTF-1 activities, monitoring 
changes in its expression and activity during cellular stress and cancer may prove valuable for cancer screening and 
prognosis studies.

GLUTAMINASE (GLS)
GLS encodes mitochondrial glutaminase K, which is dysregulated in many cancers. GLS can modulate promoter 
methylation modification and influence the clinical prognosis. In both in vitro and in vivo studies, GLS-targeted therapy 
has demonstrated its potential to inhibit cancer growth[52,53]. Similarly, GLS has been detected in clinical samples from 
breast cancer, esophageal cancer, head and neck cancer, and leukemia. The expression of GLS is associated with poor 
prognosis in statistical analysis. Therefore, GLS can be considered a prognostic biomarker for certain types of cancer[54]. 
However, its use as a prognostic biomarker remains controversial and further research is necessary to clarify its role and 
potential clinical applications[55].

CYCLIN-DEPENDENT KINASE INHIBITOR 2A (CDKN2A)
During cancer development, aberrant gene silencing is highly associated with cell cycle regulation. Dysregulation of 
CDKN2A, which encodes the p16INK4a protein, has been causally linked to the pathogenesis of various cancer types, 
contributing to cancer recurrence, poor prognosis, cancer genesis, and metastasis[56]. CDKN2A mutations are responsible 
for 20%-40% of familial cancers and 2%-3% of sporadic melanomas[57]. Nonsynonymous mutations of CDKN2A were 
found in approximately 16% (9/56) of cutaneous melanoma metastases[58]. Activation of CDKN2A has been reported in 
95% of pancreatic adenocarcinoma cases due to promoter hypermethylation[59]. In lung cancer, CDKN2A inactivation 
has been observed in 75% of cases (30/40), including 16 homozygous deletions, 10 methylations, and four mutations[60]. 
CDKN2A gene mutations and abnormal methylation have also been reported in ovarian, gastric, and colorectal cancers, 
among others[56]. Reactivating CDKN2A genetically and epigenetically could offer promising approaches for cancer 
prevention and treatment.

DISCUSSION
Copper ion concentration in the human body is tightly regulated by a homeostatic mechanism to maintain trace levels, as 
excess copper becomes toxic and leads to cell death. However, the mechanism underlying copper-induced cytotoxicity is 
still unclear [61,62]. Recently, a novel form of cell death, cuproptosis, was discovered, which operates independently of 
known cell death mechanisms[1]. Cuproptosis-related genes were identified using CRISPR-Cas9 loss-of-function screens, 
which revealed seven positively regulated and three negatively regulated genes.

So far, the identified copper-ionophore-induced death genes include DLD, fatty acylated protein targets PDH complex 
including DLAT, PDHA, and PDHB. While studies on these genes in cancer have been more extensive[3], other 
components of the lipoic acid pathway, such as fatty acyl synthase LIAS and FDX1, remain relatively understudied in 
cancer, and further experiments are needed to verify their roles in different cancer types[1,3]. High cuproptosis activity 
status has been found to be a good prognostic indicator.

While some progress has been made in utilizing other types of programmed cell death for cancer treatment, there are 
still limitations in their application. Cuproptosis, being a novel form of programmed cell death, offers new perspectives 
on the correlation between its related genes and cancer prognosis. The combination of cuproptosis-targeted molecular 
drugs with existing therapies might open up new avenues for cancer treatment.

Currently, cuproptosis research is still in its infancy, and the existence of other signaling pathways for cell cuproptosis 
is not yet clear. Additionally, existing copper agents have poor targeting specificity and can cause serious side effects in 
patients undergoing treatment. These limitations and deficiencies impede the development and clinical implementation 
of cancer treatment strategies based on cuproptosis mechanisms.

In the future, researchers should focus on improving our understanding of the mechanism of cuproptosis in cancer 
cells and conducting thorough investigations into relevant mechanisms. Additionally, efforts should be directed towards 
developing copper-related formulations with high targeting and specificity (such as targeted nano-drug delivery systems) 
to maximize the targeting of cancer treatment while reducing toxic side effects. Lastly, it is necessary to develop and 
improve copper treatment plans in clinical practice in order to conduct relevant clinical trials and treatments for patients 
with cancer.
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Figure 3 The mechanisms underlying cuproptosis in cancer cells. GSH: Glutathione.

CONCLUSION
Cuproptosis is triggered by the direct interaction of copper ions with the fatty acylated components in the citric acid cycle 
of mitochondrial respiration. This interaction results in the aggregation of fatty acylated proteins and subsequent down 
regulation of Fe–S cluster proteins, leading to protein toxic stress and, ultimately leading to cell death (Figure 3). The 
elucidation of this mechanism provides a clear understanding of how previous copper ion drugs exert their antitumor 
effects. This provides potential possibilities for the clinical application of these drugs in antitumor therapy and also 
broadens the path for the development of new drugs targeting copper in the future.
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Abstract
Breast cancer is the most common malignancy in women worldwide. Triple-
negative breast cancer (TNBC), refers breast cancer negative for estrogen receptor, 
progesterone receptor and human epidermal growth factor receptor 2, charac-
terized by high drug resistance, high metastasis and high recurrence, treatment of 
which is a difficult problem in the clinical treatment of breast cancer. In order to 
better treat TNBC clinically, it is a very urgent task to explore the mechanism of 
TNBC resistance in basic breast cancer research. Pregnane X receptor (PXR) is a 
nuclear receptor whose main biological function is to participate in the meta-
bolism, transport and clearance of allobiological agents in PXR. PXR plays an 
important role in drug metabolism and clearance, and PXR is highly expressed in 
tumor tissues of TNBC patients, which is related to the prognosis of breast cancer 
patients. This reviews synthesized the important role of PXR in the process of 
high drug resistance to TNBC chemotherapeutic drugs and related research 
progress.
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Core Tip: Treatment of triple-negative breast cancer (TNBC) is a difficult problem in the clinical treatment of breast cancer. 
It is a very urgent task to explore the mechanism of TNBC resistance in basic breast cancer research. Pregnane X receptor 
(PXR) is a nuclear receptor whose main biological function is to participate in the metabolism, transport and clearance of 
allobiological agents in PXR. This reviews synthesized the important role of PXR in the process of high drug resistance to 
TNBC chemotherapeutic drugs and related research progress.
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INTRODUCTION
Cancer and cardiovascular disease are the two leading causes of death in the world, which seriously endanger people’s 
physical and mental health[1]. In recent years, the incidence of cancer has been showing an upward trend worldwide, 
and the growth rate and mortality rate of breast cancer in women are grim[2]. According to the overall cancer data in the 
world in 2020[3], breast cancer has exceeded lung cancer to become the number one malignant tumor in the world, 
accounting for 11.7% of all different types of cancer. The incidence and mortality of breast cancer rank the first in most 
countries in the world. Literature reports that in 2020, the number of new breast cancer cases in the world was more than 
2.26 million, and the number of deaths reached 685000, among which Chinese patients accounted for 18.4% of all cases in 
the world[4]. Therefore breast cancer has become the most threatening malignant tumor that endangers women’s health.

According to the different express of estrogen receptor (ER), human epidermal growth factor receptor 2 (HER-2), 
progesterone receptor (PR), and insufficient expression of proliferating cell nuclear antigen-67, breast cancer have been 
classified into several subtypes, these include: Luminal A, HER-2 overexpression, Luminal B and triple negative[5]. In all 
kinds of breast cancer, the type of breast cancer which is negative for PR, ER, and HER-2 is called triple-negative breast 
cancer (TNBC). It accounts for 10% to 20% of all types of breast cancer[6] and occurs mostly in young women[7]. TNBC 
mainly metastasize to the lung and brain, and its own biological characteristics make it have poor response to general 
local treatment and poor prognosis[8]. Although there have been great breakthroughs in the treatment of breast cancer 
recently, the treatment of advanced metastatic breast cancer (especially TNBC) is still a great clinical challenge. Although 
there are so many different subtypes in breast cancer, TNBC is the most clinically complex subtype to treat. Because the 
lackness of effective molecular targets, theraputic attempts for non-TNBC, such as endocrine therapy and HER2-targeted 
therapy, cannot benefit TNBC patients[9]. Poly (ADP-ribose) polymerase inhibitors and immune checkpoint-based 
immunotherapy have made important progress in preclinical and clinical research[10]. However, although these 
treatment strategies can benefit some patients, the overall benefit of all TNBC patients is still very limited. At present, 
chemotherapy is still an important treatment for TNBC[11]. However, TNBC is not all sensitive to chemotherapy, and the 
main reason for the failure of chemotherapy is the resistance of TNBC to chemotherapy[12]. In summary, this type of 
breast cancer is characterized by high degree of deterioration, high recurrence rate, high metastasis rate and low survival 
rate. It is particularly important to study the mechanism of chemotherapy resistance[13].

In 1998, when Kliewer et al[14] searched the mouse liver HHMI EST database, they found a sequence with high 
homology to the known nuclear receptor, and the protein encoded by this sequence can be activated by a series of natural 
or synthetic pregnane hormones, so they named it pregnane X receptor (PXR). Human PXR is expressed by the nuclear 
receptor subfamily 1 group I member 2 gene, located on chromosome 3q13-21, and consists of 10 exons and 9 introns, 
with a gene size of approximately 40 kb. In contrast to other nucleoid receptors, PXR possesses a large and somewhat 
flexible spherical ligand-binding domain, allowing it to bind a large number of compounds of different sizes and 
structures. Phosphorylation of residues at positions T248, Y249, and T422 of PXR is required for its ligand-activated 
function[15]. When PXR binds to its ligand, its conformation changes and activates the PXR pathway, which causes PXR 
to translocate from the cytoplasm to the nucleus and bind to the retinal X receptor to form a heterodimer, which in turn 
combine with the DNA response elements in the target gene’s specific promoter region to regulate their transcription[16]. 
The main biological function of PXR is to participate in the metabolism, transport and clearance of xenobiotics including 
chemotherapeutic drugs[17]. There are three phases involved in the metabolic process of PXR: Phase I, metabolizing 
enzymes; Phase II, conjugating enzymes; phase III, transporter[18] (Figure 1).

Although PXR is mainly expressed in liver, intestinal and colon tissues, it has been found that it is also expressed in 
normal breast tissues, and its expression level is even higher in breast cancer tissues[19]. PXR can affect the expression of 
drug resistance-related genes, thereby enhancing the metabolism and clearance function of chemotherapy drugs in cancer 
cells[20], and then plays an important role in breast cancer[21]. Studies have shown that the expression of PXR increased 
in docetaxel-resistant TNBC cells and tumor xenograft mice[22]. This article reviews the role of PXR in the drug resistance 
mechanism of TNBC.

https://www.wjgnet.com/2218-4333/full/v14/i9/335.htm
https://dx.doi.org/10.5306/wjco.v14.i9.335
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Figure 1 Three phases in the chemotherapy drug resistance mechanism caused by pregnane X receptor in triple-negative breast cancer. 
RXR: Retinal X receptor; PXR: Pregnane X receptor; ABC: Adenosine triphosphate binding cassette; CYPs: Cytochrome P450s; UGTs: Uridine diphosphate 
glucuronosyltransferase; GSTs: Glutathione transferase.

PXR AND METABOLIZING ENZYMES IN PHASE I OF DRUG METABOLISM
Drug metabolizing enzymes refers a special kind of enzymes, which responsible for the metabolism function of a variety 
of substances such as exogenous chemicals and endogenous biological small molecules. Cytochrome P450 (CYP) is an 
important enzyme system involved in the metabolism of xenobiotics in cells. CYP was first discovered in rat liver 
microsomes in 1958[23]. CYP is named for its typical absorption peak at 450 nm wave length[24]. The rules for CYP 
nomenclature include: Different numbers after the family represent different families, different letters after the family 
represent different subfamilies, and different numbers after the subfamily represent different peptides[25]. There are 18 
CYP families in human body, including 26 subfamilies and more than 50 different isoforms with catalytic functions[26]. 
Three families, CYP1, CYP2 and CYP3, account for nearly 70% of the human CYP family and response for most drugs’ 
metabolism progress. It is the dominant superfamily enzyme system not only involved in the drug metabolism phase I, 
but also affected drug oxidation, reduction or hydrolysis[27]. For patients with liver cancer, clarifying the expression 
information of CYP, strengthening the monitoring of medication, adjusting the dose and frequency of drugs, and 
reducing drug resistance and side effects are of great significance for the precise treatment of anticancer drugs[28].

It is demonstrated by Murray et al[29] that CYP2S1, CYP4V2, CYP3A4, and CYP26A1 were connected to the final 
survive rate of breast cancer patients, which also indicated the potential of CYP as a marker for the clinical results of 
breast cancer patients. A large number of studies have shown that CYP enzymes are related to breast cancer drug 
metabolism. Among them, CYP enzymes have been experimentally confirmed to be: CYP3A4, CYP3A5, CYP2C8, 
CYP2C9, CYP2J2, CYP1A1, CYP1B1, CYP17A1, CYP2B6, CYP2D6, CYP2C19, etc[30-33]. Alexanian et al[34] reported the 
lower expressions of CYP4A11 and CYP4A22 in normal breast tissues than those in TNBC tissues. Overexpression of 
CYP3A4 can promote the metabolism of docetaxel in triple negative breast cancer stem cells and further induce reduced 
accumulation of chemotherapy drugs in cancer cells, leading to cell drug resistance[22]. Two major metabolic enzymes of 
paclitaxel (CYP2C8, CYP3A4) and other genes involved in taxane heterogenic metabolism (e.g., CYP1B1) are associated 
with drug resistance in TNBC[35]. Numerous experiments have shown that CYP enzymes are significantly upregulated 
in TNBC patients [22,29,35]. Therefore, the association between CYP enzymes and tumor resistance in TNBC has attracted 
increasing attention.

It has been reported that activated PXR can transcriptically up-regulate the expression of CYP450 family members such 
as CYP3A4, CYP3A23, CYP2B6, CYP2B9, CYP2C55, CYP2C9 and CYP1A[36,37]. In experimental studies related to TNBC 
drug resistance, it has been confirmed that PXR can regulate the expression of CYP3A4, resulting in increased drug 
metabolism in TNBC, which is obviously related to TNBC chemotherapy resistance[22].
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PXR AND CONJUGATIVE ENZYMES IN PHASE II OF DRUG METABOLISM
Conjugation enzymes in phase II of drug metabolism are mainly various transferases, such as glutathione transferase 
(GST) and uridine diphosphate glucuronosyltransferase (UGT)[30]. GST, as an important part of the detoxification system 
of the body, is responsible for catalyzing the combination of glutathione and drugs, and expelling the conjugate from the 
body under the action of multidrug resistant-related proteins, all of above made GST plays a detoxification role[38]. UGT 
is the most important enzyme involved in human phase II of drug metabolism, and about 40%-70% of drugs and 
traditional Chinese medicine are metabolized by UGT[39]. UGT and GST can make exogenous harmful substances into 
water-soluble harmless small molecular substances, and then excreted in the form of bile and urine.

In 1978, Lawrence et al[40] found that there was a glutathione peroxidase without selenium in the liver tissue of mice, 
named GST. The GST family plays a crucial role in cellular defense by catalyzing the coupling reaction of carcinogens to 
glutathione, thereby preventing cell damage. Any mutation in the gene that expresses this enzyme may alter the catalytic 
process, which in turn can alter drug bioavailability and may amplify or reduce drug efficacy and toxicity[41]. Multidrug 
resistance (MDR) mediated by the overexpression of GST is the main cause of chemotherapy failure in breast cancer[42]. 
Compared with non-TNBC cells, GSTP1 expression is higher in TNBC, and GSTP1 plays a crucial role in the chemores-
istance of TNBC cells[43]. In GSTA1-overexpressing cancer cells, an unexpected lack of chemotherapeutic agents leads to 
enhanced cytotoxicity[44]. Overexpression of GSTA2 protects cancer cells from apoptosis can also induced by 
chemotherapeutic agents[45]. Upregulation of GSTA2 is associated with doxorubicin resistance[46]. A case-control study, 
which investigated children suffered acute lymphoblastic leukemia treated with different anticancer agents (vincristine, 
daunorubicin, cytarabine, etc.), showed that GSTM1 deficiency reduced the risk of recurrence by 18 times[47]. In addition, 
low survival rate was observed in patients with high GSTM1 expression who received high-dose cyclophosphamide, 
carmustine and cisplatin as initial chemotherapy for breast cancer[48]. Clearly, GST family is associated with drug 
resistance of breast cancer, and it also involved in the drug resistance of TNBC.

UGTs are a superfamily, so named because they mainly utilize uridine diphosphate glucuronic acid as a glycosyl 
donor. UGT catalyzes the binding of the substrate to the uridine diphosphate glucuronate group, making it more 
hydrophilic and conducive to elimination from the body. The human UGT superfamily is divided into two families based 
on nucleotide sequence similarity: UGT1A and UGT2[49]. The UGT1A gene cluster, encoded by a gene cluster located at 
2q37, contains a total of 17 exons. UGT1A enzymes, especially UGT1A1, have been shown to be overexpressed in tumor 
tissues and play a role in anticancer drug resistance[50], as well as in TNBC[51]. Overexpression of UGT1A6 counteracts 
the cytotoxicity caused by the breast cancer chemotherapy drug methotrexate[52]. UGT2B7 can induce epirubicin 
resistance in breast cancer cells[53]. To sum up that UGT, as a conjugation enzyme in phase II of drug metabolism, plays a 
important role in breast cancer resistance. Although there are few reports on UGT family in TNBC, the only reports can 
also illustrate the role of UGT in tumor resistance.

Among the conjugated enzymes in phase II of drug metabolism, the target genes of PXR have been found to include 
UGT1A1, UGT1A6, UGT1A3, UGT1A4 and GSTA1, GSTA2, GSTA3, GSTM1, GSTM2, GSTM3, GSTM4[30]. The 
mechanism of which PXR regulates UGT and GST, further lead to drug resistance in TNBC may be one of the drug 
resistance mechanisms, but due to the lack of relevant reports, more experiments are needed to prove it.

PXR AND TRANSPORTERS IN PHASE III OF DRUG METABOLISM
The transporters in phase Ⅲ of drug metabolism are mainly adenosine triphosphate binding cassette (ABC) membrane 
transporters, including MDR protein, multidrug resistation-associated protein (MRP) and breast cancer resistance protein 
(BCRP), which are mainly involved in drug transport and clearance[54].

ABC membrane transporters affect the therapeutic effect of drugs on malignant tumors by affecting the absorption and 
metabolism of drugs in cells. ABC transporters use adenosine triphosphate to efflux various compounds, including 
chemotherapeutic drugs of different structures and properties. A variety of ABC transporters are closely related to 
chemotherapy resistance of solid tumors including breast cancer, and increased drug efflux mediated by ABC 
transporters is the most common mechanism of MDR caused by drug efflux[55]. The ABC family of membrane 
transporters includes seven isoforms (ABCA-ABCG), among which the MDR protein 1 (MDR1/P-gp) gene is a membrane 
transporter encoded by the ABCB1 gene, with a relative molecular weight of 170 KDa, composed of 1280 amino acids, 
and located on the cell membrane. The energy released by ATP hydrolysis can be used to transport the hydrophobic and 
lipophilic drugs outside the cell, when MDR1/P-gp is overexpressed, drug efflux is increased through the role of efflux 
pump, thereby reducing the accumulation of drugs in cells and the effect of drugs on cells, thus causing drug resistance in 
tumor cells[56]. Overexpression of MDR has become an important mechanism of drug resistance mediated by TNBC, 
which is associated with poor outcome, reduced survival rate and chemoresistance of patients[57]. The MRP gene is a 
membrane transporter encoded by the ABCC gene, whereas BCRP is a membrane transporter encoded by the ABCG 
gene. In breast cancer related studies, ABCC1, ABCC3, ABCB1 and ABCG2 are associated with drug resistance [22,30,33]. 
Compared with other breast cancer subtypes, tmultidrug resistance protein-1 (ABCC1/MRP1), MDR protein-8 (ABCC11/
MRP8) and BCRP (ABCG2/BCRP) is significantly overexpressed in TNBC[58,59], which is closely related to chemot-
herapy resistance[60].

PXR regulates a variety of proteins, including MDR protein (ABCB1, ABCB2), MDR associated protein (ABCC2, 
ABCC3, ABCC4, ABCC5) and so on. These enzymes are mainly bile acid transporters, which mediate the metabolism and 
excretion of bile acids, as well as the transmembrane transport and clearance of chemotherapeutic drugs[61]. Overex-
pression of PXR leads to increased cellular levels of resistance proteins such as ABCC1 and ABCG2[62,63]. Studies have 
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Table 1 Role of pregnane X receptor in the mechanism of drug resistance in breast cancer (including triple-negative breast cancer)

Phase
Resistance-
associated proteins 
associated with PXR

Resistance-associated 
proteins associated 
with breast cancer

Resistance 
associated proteins 
associated with 
TNBC

Resistance related 
proteins known to be 
regulated by PXR in 
TNBC

Possible regulatory 
targets of PXR in TNBC 
(unconfirmed)

Phase Ⅰ CYP3A4, CYP3A23 CYP3A4, CYP3A5 CYP3A4 CYP3A4 CYP2C8

Enzymes 
metabolism

CYP3A11, CYP2B6 CYP2C8, CYP2C9 CYP4A11

CYPs CYP2C8, CYP2C9 CYP2J2, CYP1A1 CYP4A22

CYP2C19, CYP1A CYP1B1, CYP17A1 CYP2C8

CYP2B9, CYP2C55 CYP2B6, CYP2D6 CYP1B1

CYP2C19, CYP2S1

CYP4V2, CYP26A1

CYP4A11, CYP4A22

Phase Ⅱ GSTA1, GSTA2 GSTM1, GSTP1 GSTP1

Enzymes 
conjugation

GSTA3, GSTM1 GSTA1, GSTA2

GSTs GSTM2, GSTM3

GSTM4

UGTs UGT1A1, UGT1A6 UGT1A, UGT2B7 UGT1A1 UGT1A1

UGT1A3, UGT1A4

Phase Ⅲ ABCB1, ABCB2 ABCC1, ABCC3 ABCC1 ABCC1

Ttansporters ABCC1, ABCC2 ABCB1, ABCG2 ABCG2 ABCG2

ABCs ABCC3, ABCC4 ABCC11 ABCC11

ABCC5, ABCG2

PXR: Pregnane X receptor; TNBC: Triple-negative breast cancer; ABC: Adenosine triphosphate binding cassette; CYPs: Cytochrome P450s; UGTs: Uridine 
diphosphate glucuronosyltransferase; GSTs: Glutathione transferase.

also shown that PXR-mediated induction of ABCC2 seems to be involved in chemotherapy resistance in tamoxifen-
resistant breast cancer [64,65]. PXR has been confirmed to regulate two membrane transporters ABCB1 and ABCG2 in 
TNBC[66]. Clearly, PXR-mediated upregulation of ABC membrane transporter family expression in TNBC cancer 
patients is one of the mechanisms of chemotherapy resistance in TNBC.

CONCLUSION
In conclusion, although PXR is mainly expressed in liver, intestinal and colon tissues, it is also expressed in normal breast 
tissues, and its expression level is even higher in breast cancer tissues[67-70]. PXR is associated with the phenotype of 
TNBC and is a powerful and independent poor prognostic factor[71]. PXR can accelerate the metabolism and clearance of 
chemotherapy drugs in TNBC through the regulation of three phases of the metabolism of chemotherapy drugs: phase I 
drug metabolism enzymes CYPs, phase II drug binding enzymes GSTs and UGTs, and phase III drug transporter ABCs, 
thus resulting in drug resistance (Table 1). Among them, experiments have confirmed that PXR can regulate the 
expression of CYP3A4, ABCC1, and ABCG2 in TNBC, resulting in TNBC drug resistance. In the future, researchers 
should focus on improving our understanding of the mechanism of PXR in TNBC drug resistance, including regulation of 
PXR and function of PXR independence of drug metabolism.
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Abstract
Although the coronavirus disease 2019 (COVID-19) pandemic was declared to be 
no longer “a public health emergency of international concern” with its wide 
range of clinical manifestations and late complications, severe acute respiratory 
syndrome coronavirus 2 infection proved to be a serious threat, especially to the 
elderly and patients with comorbidities. Patients with oncologic diseases are 
vulnerable to severe infection and death. Indeed, patients with oncohematological 
diseases have a higher risk of severe COVID-19 and impaired post-vaccination 
immunity. Unfortunately, cancer patients are usually excluded from vaccine trials 
and investigations of post-vaccinal immune responses and the effectiveness of the 
vaccines. We aimed to elucidate to what extent patients with cancer are at 
increased risk of developing severe COVID-19 and what is their overall case 
fatality rate. We also present the current concept and evidence on the effectiveness 
and safety of COVID-19 vaccines, including boosters, in oncology patients. In 
conclusion, despite the considerably higher mortality in the cancer patient group 
than the general population, countries with high vaccination rates have demon-
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strated trends toward improved survival of cancer patients early and late in the pandemic.

Key Words: COVID-19; COVID-19 vaccines; RNA vaccines; Cancer; Oncological; Safety; Efficacy; Immunogenicity
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Core Tip: The coronavirus disease 2019 (COVID-19) pandemic has greatly impacted the lives of cancer patients. Their 
medical care has been challenging, given the competing risks of death from cancer and serious complications from severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Cancer patients are at high risk of severe complications and death 
from COVID-19. Protective SARS-CoV-2 antibodies and cellular immune response are induced after infection or/and 
COVID-19 vaccination. Vaccines decrease the risk of hospitalization and death from COVID-19. Therefore, vaccination of 
specific vulnerable groups, such as oncological patients, and all people in general, will slow the virus spread and save lives.

Citation: Ivanov N, Krastev B, Miteva DG, Batselova H, Alexandrova R, Velikova T. Effectiveness and safety of COVID-19 vaccines 
in patients with oncological diseases: State-of-the-art. World J Clin Oncol 2023; 14(9): 343-356
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INTRODUCTION
The coronavirus disease 2019 (COVID-19) pandemic has considerably impacted the lives of cancer patients. Their medical 
care has been challenging because of the competing risks of death from cancer or serious complications from severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) and the likely higher lethality in immunocompromised hosts[1,2]. 
Furthermore, patients diagnosed with malignancies are at higher risk of developing severe COVID-19[3] and fatal 
outcomes due to the disease. Studies have demonstrated variable mortality rates among subjects with hematological 
cancers and solid tumors, with some reporting fatality cases of as much as 40% of the infected subjects[4]. Despite this 
considerably higher mortality than the one observed in the general population, trends towards improved survival during 
the evolution of the pandemic have already been demonstrated in Europe, and much of this could be a direct result of the 
rigorous COVID-19 vaccination in this region[5].

Since the beginning of the pandemic, hundreds of different therapeutic options have been studied, including those 
well-known in the treatment of other diseases, such as reoriented drugs. Amongst them are remdesivir (initially 
developed for hepatitis C treatment, tocilizumab-rheumatoid arthritis, hydroxychloroquine-malaria, lupus, etc), corticost-
eroids, plasma from donors who have recovered from COVID-19, monoclonal antibodies (casirivimab + imdevimab, 
bamlanivimab, sotrovimab, cilgavimab + tixagevimab, etc), Janus kinase inhibitors (baricitinib), and even mesenchymal 
stem cells[6,7]. Targeting both the virus itself and the host’s immune response with variable effectiveness during the 
different stages of the disease. However, prevention in the form of COVID vaccines remains the most desirable option for 
the general population both in long-term health-related and financial terms. Cancer patients are no exception in this 
regard. But exactly how effective are vaccines in cancer patients compared to the general population? This is the question 
we will try to answer.

In this review, we elucidated to what extent patients with cancer are at increased risk of developing severe COVID-19 
and what is their overall case fatality rate. We also present the current concept and evidence on the effectiveness and 
safety of COVID-19 vaccines, including boosters, in oncology patients.

SEARCH STRATEGY
We performed a modified form of a biomedical narrative review according to recent recommendations for writing[8]. 
First, we thoroughly searched the scientific bibliographic databases Medline (PubMed) and Scopus. We used relevant 
free-text and Medical Subject Headings terms, as follows: (“COVID-19” OR “SARS-CoV-2”) AND (“cancer patients” OR 
“oncological patients”) AND (“COVID-19 vaccine” OR “mRNA vaccine”). We confined the search from January 1, 2020 to 
June 20, 2023. Then we identified additional papers using the search engine Google Scholar. Information from advisory 
committee meetings was also added.

COVID-19 AND PATIENTS WITH ONCOLOGICAL DISEASES
Patients with oncologic diseases are affected by SARS-CoV-2 in many different ways. Similar to many other infections, 
COVID-19 poses an additional risk of a fatal outcome for cancer patients. However, it is challenging to say to what extent 
patients with malignancies are threatened by complications of severe infections. As oncological diseases and treatment 

https://www.wjgnet.com/2218-4333/full/v14/i9/343.htm
https://dx.doi.org/10.5306/wjco.v14.i9.343
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protocols are extremely diverse, it can be expected that the course of SARS-CoV2 infection would also be quite different
[9-11].

The stage of disease, type of malignancy, and the sort and phase of the applied treatment modalities (surgery, 
chemotherapy, radiation therapy, and immunotherapy) introduce even more variables and more superimposing 
confounding factors, making this group of patients even more heterogeneous and difficult for overall risk assessment. 
Cancer patients who have recently undergone surgery or chemotherapy (especially during the induction phase with 
high-dose intensive regimens) are at a dramatically increased risk of death from COVID[12,13]. Side effects of 
chemotherapy, such as secondary immunodeficiency due to severe leukopenia and specific tissue toxicity due to some 
chemo- and immunotherapeutics, can significantly alter the course of COVID-19 infection, from worsening the patient’s 
overall condition and increasing the risk of complications and death to masking or mimicking the radiological pulmonary 
signs (e.g., immune checkpoint related pneumonitis)[13]. Finally, another confounding factor is the various therapeutic 
regimens used to treat infection in hospitals and intensive care units worldwide. Cancer patients are treated as high risk 
by default, which carries a risk (polypharmacy, drug interactions, adverse drug effects, acute kidney or liver failure, etc)
[14].

Below, we present data from several studies that attempt to measure and objectify this risk. The first large-scale meta-
analysis by 2020 done by Zhang et al[11] of 15 studies involving a total of 3019 patients from Europe, the United 
Kingdom, the United States, Canada, and Asia detected 22.4% circulating free RNAs (CFRs) in cancer patients with 
COVID-19, compared to 5.9% in noncancer patients. As in other patients, risk factors influencing the course and mortality 
are: Being over 65 years old, male sex, and having comorbidities (especially hypertension and diabetes). No significant 
difference in mortality was found between different continents. The study found that mortality in patients with lung 
cancer and hematological malignancies was highest, although the incidence of complications did not differ[11].

A study by Yang et al[15] involving 1575 patients, of whom 52 with various cancers (lung, colorectal, breast, cervical, 
thyroid, etc) showed that oncologic patients are at higher risk of presenting as severe/critical cases and are more likely to 
develop acute respiratory distress syndrome. Also, other life-threatening complications such as myocardial infarction and 
shock are significantly increased in frequency. Lower lymphocyte count, as well as higher concentrations of C-reactive 
protein, D-dimer, procalcitonin, interleukin 6 (IL-6), and lactate dehydrogenase, were reported to reach P < 0.05. Cancer 
patients are also more likely to have comorbidities, which, as it becomes clear in this study, contributes seriously to the 
overall higher CFR[15].

A meta-analysis of 122 papers and 9 studies, including a total of 805 patients by Afshar et al[16], demonstrated how 
heterogeneous the data on mortality in cancer patients are. They showed that cancer patients are more likely to be 
admitted to intensive care units, need invasive ventilation, and are more likely to die. The published CFR in the analyzed 
studies ranges from 5.5% to 60.0%, with a pooled CFR of 21%. However, the authors warn that these data should be 
interpreted cautiously due to the high heterogeneity and the small number of patients in most studies[16].

Large-scale survival analysis by Li et al[9] based on data from United Kingdom Biobank followed 4606 cancer patients 
(288 positives) and 4606 noncancer patients (275 positives) for 21 mo after the SARS-CoV2 test. The cumulative CFR of the 
positive cancer patients was six times higher than the negative ones. The hazard ratio was assessed for each specific 
malignancy in the study, and the results showed that hematological malignancies, melanoma, kidney, and uterine cancer 
had particularly high CFRs (up to 10 times higher than the noncancer controls). The authors emphasize the importance of 
timely vaccination in these groups of patients[9].

In contrast to the data above, a study by Brar et al[17] included 585 patients, 117 with active malignancies. It showed no 
statistically significant difference in morbidity or mortality in cancer patients vs the general population. Furthermore, the 
authors argued that the studies claiming the opposite did not consider confounding factors such as age, sex, and 
comorbidities. According to this study, cytotoxic treatment within 90 d of admission is not associated with worse 
outcomes[17].

A team from London published a study in onco-hematology patients, where 40% (14 of 35) of patients hospitalized 
with COVID-19 had succumbed to the infection[18]. In general, COVID-19 appears to have an increased risk of complic-
ations and mortality in a large proportion of cancer patients. In addition, besides the virus itself, the pandemic and the 
restrictive measures were associated with disrupted access to medical care, hindered timely diagnosis and treatment, the 
lack of follow-up of many patients and lower quality of life[19]. Studies have shown that since the beginning of the 
pandemic, the total number of newly diagnosed cancers has dropped substantially[20]. As many authors warned, this 
inevitably led to an increased frequency of advanced cancers at diagnosis. Delaying diagnosis and treatment resulted in 
lower chances of survival[21]. Yong et al[22] conducted a study in Canada using microsimulation models, which 
estimated that for colorectal cancers, suspending primary screening for only 6 mo will increase cancer incidence by about 
2200 cases, of which about 960 will be lethal over time. Consequences that otherwise would be prevented by the screening 
program and early detection.

Furthermore, there are many other indirect ways the COVID-19 pandemic affects cancer patients’ quality of life and 
mortality[13]. At the same time, the standard of living, the structure and stability of the health care system, and even 
political factors in connection with dealing with the pandemic play roles that should not be underestimated[23]. Knowing 
risk factors for the severity and mortality of COVID-19, cancer patients have their unique risk factors. They may include 
active and progressing cancer, type of cancer, administration of cytotoxic chemotherapy, radiation therapy, impaired 
immune system due to leukocytopenia, low immunoglobulin levels, long-lasting immunosuppression, comorbidities, and 
others.

Malignancies reported as comorbidities in patients hospitalized with confirmed COVID-19 in different countries are: 
(1) Malignancies in 7.2% in a cohort study with 138 adults with confirmed COVID-19 pneumonia in Wuhan, China, in 
January 2020[24]; (2) malignancies in 8% at admission in a cohort study with 1591 patients with laboratory-confirmed 
COVID-19 in Lombardy, Italy between February 20 and March 18, 2020[25]; and (3) Malignancies reported in 5.6% at 
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admission in a cohort study with 5700 patients with confirmed COVID-19 infection hospitalized in 12 New York City 
hospitals between March 1 and April 4, 2020[26].

In a cohort study of 928 adults with COVID-19 and current or past cancer diagnosis, solid tumors were found in 82%, 
including breast (21%), hematologic (22%), prostate (16%), gastrointestinal (12%), thoracic (10%), gynecologic (5%), and 
renal cell carcinoma (5%)[27,28]. The estimated overall mortality in the research was 13%: 20% for patients with multiple 
cancers, 18% for patients with hematological malignancies, and 12% for patients with solid tumors[27].

Zhang et al[11] showed the COVID-19 fatality rates in subgroup analysis: (1) By cancer type: 32.9% in patients with 
lung cancer; 34.2% in patients with hematologic cancer; 17.2% in patients with solid cancer; and (2) By cancer treatment: 
25.6% in patients with chemotherapy, 27.6% in patients with surgery, 24.3% in patients with immunotherapy, 21.3% in 
patients with targeted therapy, and 20.5% in patients with radiation therapy[11].

Children with cancer and positive for COVID-19 are at higher risk of severe illness than children without cancer. The 
cohort study found that about 20% of pediatric cancer patients with COVID-19 experienced a severe infection, compared 
to 1%-6% of children in the general population[29]. Among patients with hematologic malignancy and laboratory-
confirmed COVID-19, mortality was reported in 34% of adults and 4% of children[4].

We can summarize that the main challenges in cancer patients regarding COVID-19 are the often immunocom-
promised state (e.g., due to leukocytopenia, low immunoglobulin levels, long-lasting immunosuppression), the treatment 
(e.g., severe chemotherapy, radiation therapy), progression of cancer, comorbidities, and others.

IMMUNE RESPONSE IN CANCER PATIENTS
Cancer cells induce an immune suppressive microenvironment and use various mechanisms to “escape” the body’s 
immune response. As a systemic disease, cancer causes a wide range of functional and compositional changes in the 
immune system and can affect the body’s defenses against various pathogens[30,31].

Dendritic cells (DCs) are antigen-presenting cells with an essential role in originating and directing cellular and 
humoral immune responses, converging innate and adaptive immunity. DCs have been recognized as the most potent 
professional antigen-presenting cells[32].

Tumors use different strategies to alter DC maturation and function, such as: (1) The ability to influence the capacity of 
hematopoietic progenitor cells to differentiate into functional DCs[33,34]; (2) production of various immunosuppressive 
factors that block the maturation of CD34+ stem cells into DCs[35]; and (3) spontaneous apoptosis of DCs in peripheral 
blood of patients with breast cancer[36]. Quantitative and functional DC deficiencies have been widely observed in 
patients with several types of cancer including breast cancer[37,38], prostate cancer[38], non-small cell lung cancer[39,40], 
colon cancer[41], and melanoma[42].

Data have revealed that tumors disrupt normal hematopoiesis, leading to extramedullary hematopoiesis and myeloid 
skewing. The three branches of terminally differentiated myeloid cells (macrophages, DCs, and granulocytes) are 
essential for normal innate and adaptive immune response functioning. The tumor microenvironment alters myeloid cells 
and can convert them into potent immunosuppressive cells[43,44]. Lymphopenia caused by disease or treatment is 
frequent in oncology patients and affects their prognosis[45,46].

T cells, one of the primary arms of the adaptive immune response, are also affected in oncology patients. Cancer cells 
express various membrane and soluble T-cell inhibitory signals. For example, programmed cell death protein-ligand 1 
linking to programmed cell death protein 1 on T cells results in decreased activation, proliferation, survival, and 
cytotoxicity[47]. The last discovery led to the development of checkpoint inhibitors, a breakthrough in immuno-oncology, 
which led to the 2018 Nobel Prize for Physiology or Medicine. Indoleamine 2,3-dioxygenase, a soluble enzyme physiolo-
gically expressed in many tissues, is overproduced in some cancers leading to tryptophan depletion in the tumor 
microenvironment. T cells, being highly sensitive to tryptophan deprivation, suffer significant functional impairment, 
promoting tumor growth[48]. An increased rate of CD4+CD25+ regulatory T cells with potent immunosuppressive 
properties in the peripheral blood of individuals with cancer diseases has been reported[49,50].

Additionally, regulatory B cells (Bregs) are a newly designated subset of B cells that play a central role in regulating 
immune responses associated with inflammation, autoimmunity, and cancer. Increased Bregs express immunosup-
pressive properties in gastric cancer through the secretion of anti-inflammatory molecules, such as IL-10, and facilitating 
the conversion of T cells to regulatory T cells[44,51,52]. Additionally, tumor progression is associated with the dys-
function of natural killer cells due to the combined action of tissue-specific and systemic factors[53]. All of these immune 
alterations in cancer patients contribute to the differences in immune response after vaccination, including after COVID-
19 vaccine administration. Before the COVID-19 pandemic, we had an experience with influenza vaccine administration 
in patients with oncological diseases. Infectious complications resulting from bacterial, fungal, and viral (often due to 
reactivation of latent disease, primarily in patients with hematological malignancies) diseases are a severe cause of 
morbidity and mortality in cancer patients[54]. Oncology patients receiving chemotherapy are at increased risk of 
influenza virus infection and serious post-influenza complications. Cancer patients are eligible for influenza vaccination, 
although their response may be suboptimal due to immunosuppression associated with cancer itself and/or its treatment
[55,56]. Data have shown that cancer patients receiving chemotherapy can respond to influenza vaccination[57].

Breast cancer patients receiving influenza vaccination during FEC (5-fluorouracil, epirubicin, and cyclophosphamide)-
containing treatment regimens have exhibited significantly lower responses to influenza virus vaccination than healthy 
controls. Vaccination early during the chemotherapy cycle (day 4) induces better responses than vaccination on day 16
[58]. The summary of the available evidence reveals that immunization of individuals with malignancies is critical to their 
care and may protect them from significant morbidity and mortality associated with vaccine-preventable diseases[59].
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COVID-19 VACCINES FOR PATIENTS WITH ONCOLOGICAL DISEASES-DATA ON OUTCOMES AND 
EFFECTIVENESS
Several available COVID-19 vaccines are now in use all over the world. Moderate or severely immunocompromised 
people should receive a vaccination to protect them from severe COVID-19 disease[60,61].

The efficacy of COVID-19 vaccines in cancer patients is a question of continuous research, with most studies using 
immunological parameters as surrogate endpoints for clinical outcomes. Clinical trials investigating immune response 
after COVID-19 vaccination often use seroconversion to SARS-CoV-2 spike (S) protein as an endpoint for vaccine efficacy. 
Other parameters such as anti-spike antibody titers, detection of neutralizing antibodies, and cellular immune response 
are usually explored as secondary endpoints[62]. Some authors, however, underscore the role of neutralizing antibodies 
as the immunological parameter, which probably best correlates with the level of protection after COVID-19 vaccination
[63-65].

Both humoral and cellular immune responses to COVID-19 vaccines differ in patients with malignancies compared to 
noncancer patients; this is not only attributed to the immunosuppressive nature of the oncologic disease but also to the 
antitumor therapy itself and its direct impact on immune cells. While patients with solid tumors have seroconversion 
rates similar to the general population, the most significant concern regarding post-vaccination and post-infectious 
COVID-19 immunity lies with hematological malignancies, especially those where lymphocyte-depletion therapy is used. 
In support of this is the research of Monin et al[66], who presented interim results of a prospective observational study 
that explores the immunogenicity of one compared to receiving two doses of the COVID-19 vaccine in patients with 
cancer by assessing the humoral immune response between 151 patients (95 with solid tumors and 56 with hematological 
malignancies) and 54 healthy controls. Authors reported efficacy after the first dose in 94%, 38%, and 18% of control 
subjects, patients with solid tumors and hematological cancer, respectively. After the second dose, the response increased 
to 100% in controls, 95% in patients with solid cancers, and only 60% in the group with hematological malignancies[66].

When considering post-vaccination immunity in patients with cancer, we should consider that those with hemato-
logical malignancies are expected to show different levels of antibody response to COVID-19 vaccines compared to 
patients with solid tumors. One of the most substantial pieces of evidence in corroboration came from the CAPTURE trial
[67]. This prospective clinical study assessed the humoral response after COVID-19 vaccination in more than 700 subjects 
with solid tumors or hematologic neoplasms, 585 of whom did not have previous SARS-CoV-2 infection. The trial 
demonstrated 85% and 54% seroconversion rates for anti-spike antibodies after the second dose in patients with solid 
tumors and hematological malignancies, respectively. However, the response observed among participants was not the 
same for all SARS-CoV-2 variants[68].

The authors announced substantial differences in neutralizing antibodies concerning viral genotypes from the 
CAPTURE trial: 83% of patients developed detectable levels of the original SARS-CoV-2 and only 54% of the delta 
variant. And while nearly two-thirds (62%) of patients with solid tumors elicit humoral response against delta variant, 
only 31% of those with hematologic malignancies did so[67]. The prospective cohort study of immune response to 
COVID-19 vaccination in cancer patients CAPTURE (NCT03226886) also showed that among 585 patients, the antibody 
rates after two doses of BNT162b2 or AZD1222 vaccines given over 12 wk were assessed. The results showed that 
seroconversion was 85% and 59% after two doses in patients with solid and hematological malignancies, respectively. 
Neutralizing antibodies against SARS-CoV-2 VOCs were detected in a small proportion of patients, mainly with solid 
cancers. Vaccine-induced T-cell responses were found in 80% of patients regardless of the vaccine or type of cancer[67].

In an attempt to overcome this relatively low rate of seroconversion in patients with blood cancers, Greenberger et al
[69] conducted a large prospective cohort trial on nearly 700 patients vaccinated with three doses of the COVID-19 
vaccine. It was estimated that antibody response indeed increased with the 3rd (booster) dose, so 43% of those without 
detectable antibodies after the 2nd dose demonstrated humoral response after the booster. However, about 20% of all 
hematological patients still failed to achieve a response even with 3 doses of vaccine[69]. In contrast to the plethora of 
research on humoral immunity after COVID-19 vaccination in cancer patients, the cellular immune response in this 
setting is considerably less studied. In a review article by Rüthrich et al[70], the authors tried to summarize what is 
currently known about the issue in patients with solid tumors and hematological malignancies, comparing data from 
COVID-19 vaccines and other ”classical” vaccines. Although the assessment of T-cell immune response in the reviewed 
studies varied, most research used methods based on quantifying and characterizing pathogen-specific T cells and/or 
estimating T-cell function by cytokine measurement[70].

Observations on immune responses in patients with hematological malignancies revealed that although this 
population may lack adequate levels of neutralizing viral antibodies, especially after treatment with B cell-depleting 
agents such as anti-cluster of differentiation 20 monoclonal antibodies, COVID-19 vaccines are still able to produce 
protective cellular immunity. Solid evidence for the sufficient efficacy of T-cell response comes from a trial in patients 
with agammaglobulinemia who demonstrated improved COVID-19 infection outcomes after vaccination. However, 
cellular immunity could also be impaired in this specific patient population, and some of the significant factors for this 
are age, disease activity, immunosuppressive treatment, and low lymphocyte counts in circulation[70].

This discordance between humoral and cellular immune response could also be seen In patients with solid tumors. In 
this population, T-cell responses vary among different cancer subtypes and are determined mainly by the type of 
systemic antitumor treatment. Various studies have demonstrated wide ranges in terms of cellular immunity achieved 
after COVID-19 vaccination ranging from about 50% to nearly 90% of the vaccinated cases[71,72].

However, despite being generally higher than those observed in blood cancer patients, T-cell response in those with 
solid tumors remains significantly lower than in healthy controls. One of the most extensive trials reporting data on 
immune response in patients with solid tumors receiving systemic anticancer treatment is the VOICE study[73]. After 
recruiting nearly 800 subjects (240 without cancer), the authors assessed cellular immunity by measuring the SARS-CoV-2 
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spike-specific interferon gamma T-cell response after two vaccine doses. They reported cellular responses in 67%, 66%, 
and 53% of patients treated with chemotherapy, immunotherapy, or chemoimmunotherapy, respectively. Another 
interesting trial finding was that more than 40% of patients who did not elicit a humoral immune response could develop 
a T-cell response, highlighting the vaccine’s ‘double-edge sword’ efficacy in this specific population. Similar to the model 
observed with the humoral response, whether the cellular response is affected by a booster dose is still an open question 
since there are conflicting data. Some studies have reported significant enhancement of the T-cell response after the 3rd 
dose, whereas others refute such assertions[73].

To date, most trials reporting COVID-19 vaccine efficacy in cancer rely on immunological endpoints and not so much 
on clinical outcomes. However, a recent study on infection rate and outcomes in vaccinated patients with solid tumors 
and hematologic malignancies has raised concern that despite vaccination, these patients remain at risk of worse 
outcomes compared to the general population[74]. Among fully vaccinated cancer patients, who experienced 
breakthrough SARS-CoV-2 infection, the hospitalization rate, intensive care unit admission (or required mechanical 
vaccination), and death rate are 65%, 19%, and 13%, respectively. This is mainly attributed to patients’ comorbidities and 
the much worse COVID-19 prognosis in those with hematological malignancies.

In a prospective study conducted by Goshen-Lago et al[75], it was shown that patients with solid tumors demonstrated 
short-term efficacy and safety of the BNT162b2 vaccine. A follow-up study evaluated these outcomes at 6 mo after 
vaccination[76]. Participants were 154 patients with solid tumors and 135 controls (health workers). At 6 mo after 
vaccination, 122 patients were seropositive compared with 114 controls, and the serologic titers dramatically decreased 
almost equally in both cohorts. Efficacy and safety evidence of BNT162b2 vaccines shows that the serological profile in 
cancer patients after 6 mo resembles that of the general population[76].

A similar study was conducted by Barrière et al[77], who evaluated the immunogenicity of the BNT162b2 vaccine in 
patients with solid tumors. Serological analyses were performed during the first vaccination, during the booster dose 
(w3-w4), and 3-4 wk after the booster dose (w6-w8). The study reported the results for 122 of 194 evaluable patients with 
solid tumors who had at least two doses from January 2021 to March 2021. In the first analysis (w3-w4), 58 patients had 
neutralizing antibodies, although the median levels were significantly lower than in the control group. In the following 
analysis (w6-w8), the data showed the same anti-S seroconversion rate, demonstrating impaired immunogenicity of the 
BNT162b2 vaccine in cancer patients[77].

Shroff et al[78] also compared anti-S seroconversion to the BNT162b2 mRNA vaccine in patients with solid tumors on 
active cytotoxic anticancer therapy with healthy control participants. Neutralizing antibodies were found in 67% of cancer 
patients after the first immunization, and a follow-up analysis found a threefold increase in titers after the second or third 
doses. European Union Drug Regulating Authorities Clinical Trials (EudraCT) Number 2021-000291-11 was conducted in 
patients with solid cancers, multiple myeloma, and inflammatory bowel disease[79]. The study is a prospective, open-
label, phase four trial to monitor vaccine-specific antibody and cellular responses after booster vaccination with mRNA-
1273 or BNT162b2. The data show that booster vaccination against SARS-CoV-2 reverses the lack of response and early 
antibody weakening in immunocompromised patients.

Another study on the efficacy and safety of heterologous booster vaccination with Ad26.COV2.S after BNT162b2 
mRNA vaccine in cancer patients without antibody response was conducted in 2022[80]. The assessment was done 
directly before vaccination and 4 wk after. Ad26.COV2.S booster vaccination resulted in a serological response in 31% of 
nonresponders after a double dose of BNT162b2. Clinical trials with the number NCT04368728 reported results from 
individuals with a history of past or active neoplasms and up to 6 mo of follow-up after dose 2 of a placebo-controlled, 
observer-blinded trial of the BNT162b2 vaccine[81]. In participants with past or active neoplasms, two doses of the 
BNT162b2 vaccine improved efficacy and safety profile as in the overall trial population. No vaccine-related deaths were 
reported.

One of the first evaluations of the effectiveness of vaccination against breakthrough SARS-CoV-2 infections in cancer 
patients at a population level was done by Lee et al[82]. Analysis was performed in the cancer cohort by vaccine type 
(BNT162b2, ChAdOx1 nCov-19, or mixed, and other), cancer type and subtype, stage, date of cancer diagnosis, and 
anticancer treatment or radiotherapy. Data show that vaccination with different COVID-19 vaccines is effective in people 
with cancer, providing varying levels of protection against SARS-CoV-2 infection. However, it is lower in cancer patients 
than in the general population[82].

A single-arm prospective clinical trial was conducted with 106 cancer patients by Thakkar et al[83]. They received two 
doses of mRNA followed by one dose of AD26.CoV2.S vaccine or a third dose of mRNA vaccine. The results showed that 
a third dose induced immunity in cancer patients. Seroconversion was also assessed in 57% of patients who did not 
respond to primary vaccination. A fourth dose boosted the immune response by two-thirds. Some patients have 
neutralizing activity against the omicron variant[83].

In conclusion, all of these studies confirm that people with cancer are at increased risk of severe COVID-19 disease, 
hospitalization, and death after SARS-CoV-2 infection compared to the general population. The above data show that 
cancer patients have impaired overall vaccine effectiveness to the approved COVID-19 vaccines. Seroconversion in them 
decreases faster than in the control population. Although vaccination provides different levels of protection, there should 
be a global prioritization of the programs to boost vaccination for cancer people, considering the impact of other 
treatments.

There are still a lack of data on vaccine efficacy in cancer patients concerning novel virus variants like omicron[68]. 
Table 1 presents the studies on the effectiveness and safety of COVID-19 vaccination with different approved COVID-19 
vaccines in oncological patients with solid tumors[5,63,66,67,69-71,73,75-84,84].
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Table 1 Some of the more significant studies conducted on the efficacy and safety of COVID-19 vaccination with different approved 
COVID-19 vaccines in oncological patients with solid tumors

Ref. Type of 
vaccine Type of study Subjects (diagnosis, other 

specific characteristics) Data on efficacy
Data on safety 
(main side 
effects)

OnCovid 
study group
[5]

NA A multicenter 
observational 
registry-based 
study

All PTs included n = 2634 (100%); 
PTs with advanced tumor stage n 
= 1244 (46%); PTs with receipt of 
anti-cancer therapy within 4 wk of 
COVID-19 diagnosis n = 1305 
(51.8%); malignancy type: Breast n 
= 493 (18.9%); gastrointestinal n = 
476 (18.2%); 
gynecologic/genitourinary n = 530 
(20.3%); hematologic n = 357 
(13.7%)

The difference in the necessity of hospital-
ization due to COVID-19, oxygen therapy 
requirement, mechanical ventilation 
requirement, and 14-d CFR between PTs 
stratified across time five phases and two 
major outbreaks of the pandemic; hospital-
ization requirement: 1st phase-64.7% to 5th 
phase-42.7% (P < 0.01); proportion to PTs 
requiring oxygen: therapy, phase 1-62.6%, to 
phase 5-46.0% (P < 0.001); mechanical 
ventilation: Phase 1-12.1% to phase 5-11.8% (P 
= 0.01); CFR: 1st outbreak-25.6% to-2nd 
outbreak 16.2% (P < 0.001)

N/A

Khoury et al
[63], 2021

mRNA and 
adenoviral 
vector vaccines

20.2% of subjects had (95%CI) 50% protective 
neutralization level

N/A

Monin et al
[66], 2021

mRNA Prospective 
observational 
study

PTs with oncologic disease n = 
151: With solid cancer n = 95; with 
hematological malignancy n = 56; 
and HCs n = 54

Surrogate marker of efficiency: Serocon-
version after 1st dose: 32 of 34 (94%) HCs, 21 
of 56 (38%), PTs with solid cancer, 8 of 44 
(18%) PTs with hematologic malignancies; 
after 2nd dose: 12 of 12 (100%) HCs; 18 of 19 
(95%) PTs with solid, 3 of 5 (60%) PTs with 
hematologic malignancies

AE: Injection site 
pain within 7 d 
following the 
first dose in: 23 
of 65 (35%) PTs 
with cancer; 12 
of 25 (48%) HCs; 
no vaccine-
related deaths 
were reported

Greenberger 
et al[69], 
2021

mRNA and 
adenoviral 
vector vaccines

Retrospective 
cohort study

PTs with hematologic 
malignancies, n = 3300

Ehmsen et al
[71], 2021

mRNA Prospective 
cohort study 
(comparison 
between groups 
with different 
malignancies; 
no HCs)

PTs with cancer, n = 524, of whom: 
201 (38%) with solid cancer; 323 
(62%) with hematologic cancer; 
524 (100%) had a blood sample 
drawn at a median of 36 d after 
the second dose of vaccine; and 
247 (47%) had a second blood 
sample drawn 3 mo after the 
second dose of the vaccine

Seropositivity rate for anti-S IgG 36 d after 
vaccination: PTs with solid cancer 187 of 201 
(93%); PTs with hematologic cancer 215 of 323 
(66%); seropositivity rate for anti-S IgG 3 mo 
after vaccination: PTs with solid cancer-86%, 
PTs with hematologic cancer-53%; anti-S IgG 
titers; between 36-d and 3-mo samples 
declined from a median of 429 BAU/mL to a 
median of 139 BAU/mL (P = 0.03, Student’s t-
test); T-cell reactivity: PTs with solid cancer-
92 (46%), 70 (76%) mounted both CD4+ and 
CD8+ T-cell responses, 21 (23%) elicited only 
a CD8+ T-cell response, PTs with hematologic 
cancer-144 (45%), 81% were positive for both 
CD4+ and CD8+ T cells, 26 (18%) only elicited 
a CD8+ T cell response, 76% of the 
seronegative PTs did not elicit a T-cell 
response; PTs with solid cancer: only 1 of the 
14 (7%) seronegative PTs elicited a T-cell 
response; PTs with hematologic cancer: 28 of 
108 (26%) PTs elicited a T-cell response

N/A

Oosting et al
[73], 2021

mRNA Prospective, 
multicenter, 
non-inferiority 
trial

Cohort A: Individuals without 
cancer (control cohort); cohort B: 
PTs with SOTs, regardless of stage 
and histology, treated with 
immunotherapy; cohort C: PTs 
treated with chemotherapy; and 
cohort D: PTs treated with 
chemoimmunotherapy

Presence of SARS-CoV-2-binding antibodies 
after the second vaccination; at 28th d, 6 mo 
after 12 mo after a spike-specific T-cell 
response was defined as a two times or more 
significant increase in the number of spot-
forming cells

N/A

Placebo-
controlled, 
observer-
blinded, pivotal 
efficacy trial 
(randomized 1:1 
vaccine vs 

Systemic AEs: (1) 
Fatigue (34%-
51%); (2) 
headache (25%-
39%); (3) fever 
(11%), injection 
site reactions; (4) 

Polack et al
[84], 2020

mRNA vaccines All PTs included n = 43548; PTs 
with liver disease n = 217 (0.6%)

95% efficacy (9 vaccinated vs 169 controls 
with COVID-19); 10 cases of severe COVID-19 
infection vs 9 in the placebo group; flares: NR
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placebo) pain (71%-83%); 
(5) redness and 
swelling (< 7%); 
and (6) serious 
AE < 4%

Fendler et al
[67], 2021

BNT162b2 or 
AZD1222 
vaccines 
(CAPTURE, 
NCT03226886)

Prospective 
cohort study

585 PTs, the seroconversion rates 
after two doses of BNT162b2 or 
AZD1222 vaccines given over 12 
wk were assessed

After two doses of BNT162b2 or AZD1222 
vaccines given over 12 wk, seroconversion 
was 85% and 59% in PTs with solid and 
hematological malignancies, respectively; 
vaccine-induced T-cell responses were found 
in 80% of PTs regardless of the vaccine or 
type of cancer

N/A

Goshen-
Lago et al
[75], 2021

BNT162b2 
vaccine

Prospective 
study

154 PTs with SOTs and 135 HCs 
(health workers)

In PTs with cancer with active intravenous 
treatment, 79% (n = 122) of the PTs had 
positive serologic test results, compared with 
84% (n = 114) in the control group; analysis 
by age, sex, or disease stage has no significant 
differences within the PT cohort; 15% of the 
seropositive PTs became seronegative after 6 
mo, comparable to the control group

N/A

Waldhorn et 
al[76], 2021

BNT162b2 
vaccine

Prospective 
study

154 PTs with SOTs and 135 
controls

6 mo postvaccination, 79% of PTs and 84% of 
HCs were seropositive (P = 0.32); dramat-
ically decreased serology titer

Shroff et al
[78], 2021

BNT162b2 Phase 1 cohort 
trial

53 PTs with SOTs on active 
cytotoxic anticancer therapy and 
50 healthy cohort

Neutralizing antibodies were detected in 67% 
of PTs with cancer after the first 
immunization, followed by a threefold 
increase in median titers after the second dose

AEs were mild: 
temperature, 
fever, headache, 
redness, and 
swelling on the 
injection site

Barrière et al
[77], 2021

BNT162b2 VMO for 
vaccinated PTs 
under active 
treatment in the 
Department of 
Oncology of the 
Saint Jean 
Polyclinic, Nice, 
France

194 evaluable PTs with SOTs and 
31 HCs

58 PTs had neutralizing antibodies, although 
the median levels were significantly lower 
than those in the control group; the data 
demonstrating impaired immunogenicity of 
the BNT162b2 vaccine in immunocom-
promised PTs; % of efficacy was not reported

N/A

Thomas et al
[81], 2022

BNT162b2 
mRNA

Phase 3 
randomized 
clinical trial

3813 participants had a history of 
neoplasm: Most common 
malignancies were breast (n = 
460), prostate (n = 362), and 
melanoma (n = 223)

Vaccine efficacy was 94.4% (95%CI) after up 
to 6 mo of follow-up post-dose 2

N/A

Wagner et al
[79], 2022

mRNA-1273 or 
BNT162b2

Prospective, 
open-label, 
phase four trail

263 PTs with SOT, n = 63), MM, n 
= 70, IBD, n = 130 and 66 controls

1 mo after the two-dose primary vaccination, 
the highest nonresponder rate was found in 
MM PTs (17%); 6 mo after the second dose, 
18% of PTs with MM, 10% with SOT, and 4% 
with IBD became seronegative compared to 
the control group; the vaccination with 
mRNA-1273 led to higher antibody levels 
than with BNT162b2; booster vaccination 
increased antibody levels 8-fold in 
seropositive individuals and induced 
responses in those with undetectable pre-
booster antibody levels

N/A

Lee et al[82], 
2022

BNT162b2, 
ChAdOx1 nCov-
19, or mixed and 
other

Population-
based test-
negative case-
control study

Cancer cohort comprised 377194 
individuals, of whom 42882 had 
breakthrough SARS-CoV-2 
infections; the control population 
consisted of 28010955 individuals, 
of whom 5748708 had SARS-CoV-
2 breakthrough infections

Overall vaccine effectiveness was 69.8% in the 
control population and 65.5% in the cancer 
cohort; vaccine effectiveness at 3-6 mo was 
lower in the cancer cohort (47.0%) than in the 
control population (61.4%)

N/A

Reimann et 
al[80], 2022

Ad26.COV2.S 
after BNT162b2 
mRNA

32 oncological nonresponders to 
double-dose BNT162b2

The overall response rate was 31% Mainly mild 
local and 
systemic 
reactions

Two doses of 
mRNA or one 
dose of 
AD26.CoV2.S 
vaccine and 
administered a 

A third dose of the COVID-19 vaccine 
induces durable immunity in cancer PTs, 
leading to seroconversion in 57% of PTs who 
did not respond to primary vaccination; 18 
PTs with blood cancer and severe immune 
suppression had no response after three 

Thakkar et al
[83], 2023

Single-arm 
prospective 
clinical trial

cancer PTs N/A
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third dose of 
mRNA vaccine

doses; and the fourth dose boosted the 
immune response by 2/3 of PTs, with 
neutralizing activity against the omicron 
variant

AE: Adverse event; CI: Confidence interval; CFR: Circulating free RNA; COVID 19: Coronavirus disease 2019; HCs; Healthy controls; IBD: Inflammatory 
bowel disease; MM: Multiple myeloma; NA: Not available; N/A: Not applicable; PT: Patient; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 
2; SOT: Solid tumor; VMO: Vaccine monitoring observatory.

COVID-19 VACCINES AND CHEMOTHERAPY INTERACTIONS
People with cancer often have an increased susceptibility to infections due to various factors, including cancer itself and/
or, in some cases, the applied therapy, poor nutrition, and damaged physiological barriers. In addition, the incidence of 
neoplasia is highest in individuals aged 65 and over. When the immune system’s effectiveness is weakened, the elderly 
often have concomitant diseases for which they can also take medications[54,85].

Regarding cancer chemotherapy, conventional antitumor chemotherapeutic agents kill actively proliferating cells, 
including bone marrow cells, and myelosuppression is one of clinical oncology’s most common side effects[86]. 
Chemotherapy-induced neutropenia is a significant cause of hematological and dose-limiting toxicities of chemotherapy
[87]. Some currently available anticancer drugs, such as methotrexate and cyclophosphamide, express immunosup-
pressive effects and impair peripheral T cells’ proliferative and/or effector functions. Methotrexate is an antimetabolite of 
the antifolate type developed in 1947 and is included in the World Health Organization’s List of Essential Medicines. 
Currently, it is widely used not only in clinical oncology (in the treatment of acute lymphoblastic leukemia, acute myeloid 
leukemia, meningeal leukemia and lymphoma, osteosarcomas, non-Hodgkin’s lymphoma, breast and bladder cancers, 
etc.) but also as a first-line treatment in autoimmune, inflammatory diseases such as rheumatoid arthritis, psoriasis and 
Crone’s disease[88-90]. Methotrexate has been found to disturb antibody response after pneumococcal vaccination[91,92]; 
the drug reduces circulating T helper 17 (Th17) cells and impairs plasmablast and memory B-cell expansion following 
pneumococcal conjugate immunization in patients with rheumatoid arthritis[93].

Cyclophosphamide is an alkylating agent synthesized in 1958 and used for decades in clinical practice in the therapy 
regimens of neoplasms (malignant lymphomas, multiple myeloma, sarcoma, breast cancer, disseminated neuroblastomas, 
retinoblastoma, ovarian adenocarcinoma, etc) and as an immunosuppressive agent for the treatment of autoimmune and 
immune-mediated diseases such as multiple sclerosis. Cyclophosphamide shows selectivity for T cells and is an 
immunosuppressant to prevent transplant rejection and graft-vs-host complications[94]. Cyclophosphamide has been 
associated with suppressing helper Th1 activity and enhancing Th2 responses[95]. This drug inhibits Th1/Th17 responses 
and increases the cells secreting anti-inflammatory cytokines such as IL-4, IL-10, and transforming growth factor beta
[96]. A single administration of low-dose cyclophosphamide selectively suppresses regulatory T cells. The low-dose 
cyclophosphamide promotes antitumor immunity by selectively depleting regulatory T cells and enhancing effector T cell 
function. However, cyclophosphamide can also increase the number of myeloid-derived suppressor cells[97,98].

Treatment with tyrosine kinase inhibitors imatinib, dasatinib, and nilotinib applied in the treatment of chronic myeloid 
leukemia is associated with loss of memory B-cell subsets and impaired humoral immune responses to 23-valent polysac-
charide pneumococcal vaccine, likely due to the off-target kinase inhibitory activity of these drugs[99].

CONCLUSION
Data so far show that patients with cancer are at increased risk of severe COVID-19 and developing various complic-
ations mainly due to their immunocompromised state, type of treatment and comorbidities. Although cancer patients 
were excluded from vaccine trials, the investigations of post-vaccinal immune responses and the effectiveness of the 
vaccines showed that both humoral and cellular immune responses to COVID-19 vaccines differ in patients with 
malignancies compared to noncancer patients, and this is being attributed not only to the immunosuppressive nature of 
the oncologic disease but to the antitumor therapy itself and its direct impact on immune cells.

The evidence indicates that the efficacy of vaccinations could be impaired in cancer patients in line with a reduced rate 
of seroconversion and shorter duration compared to healthy controls. Despite these data, when focusing on the clinical 
outcomes instead of immunological endpoints regarding vaccine efficacy, COVID-19 vaccines demonstrated high effect-
iveness in preventing severe COVID-19 and infection-related death, and safety profile with comparable to healthy 
controls adverse effects in patients with solid tumors and hematological malignancies.

Despite the considerably higher mortality in the cancer patients group from COVID-19 than the general population, 
countries with high vaccination rates have demonstrated trends toward improved survival of cancer patients early and 
late in the pandemic. Nevertheless, vaccination of these patients and overall vaccination of the population has proven to 
significantly reduce the risk of complications and mortality of COVID-19 and should be promoted worldwide.
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Abstract
BACKGROUND 
Burkitt lymphoma (BL) is an exceptionally aggressive malignant neoplasm that 
arises from either the germinal center or post-germinal center B cells. Patients 
with BL often present with rapid tumor growth and require high-intensity multi-
drug therapy combined with adequate intrathecal chemotherapy prophylaxis, 
however, a standard treatment program for BL has not yet been established. It is 
important to identify biomarkers for predicting the prognosis of BLs and discrim-
inating patients who might benefit from the therapy. Microarray data and 
sequencing information from public databases could offer opportunities for the 
discovery of new diagnostic or therapeutic targets.

AIM 
To identify hub genes and perform gene ontology (GO) and survival analysis in 
BL.

METHODS 
Gene expression profiles and clinical traits of BL patients were collected from the 
Gene Expression Omnibus database. Weighted gene co-expression network 
analysis (WGCNA) was applied to construct gene co-expression modules, and the 
cytoHubba tool was used to find the hub genes. Then, the hub genes were 
analyzed using GO and Kyoto Encyclopedia of Genes and Genomes analysis. 
Additionally, a Protein-Protein Interaction network and a Genetic Interaction 
network were constructed. Prognostic candidate genes were identified through 
overall survival analysis. Finally, a nomogram was established to assess the 
predictive value of hub genes, and drug-gene interactions were also constructed.

RESULTS 
In this study, we obtained 8 modules through WGCNA analysis, and there was a 
significant correlation between the yellow module and age. Then we identified 10 
hub genes (SRC, TLR4, CD40, STAT3, SELL, CXCL10, IL2RA, IL10RA, CCR7 and 
FCGR2B) by cytoHubba tool. Within these hubs, two genes were found to be 
associated with OS (CXCL10, P = 0.029 and IL2RA, P = 0.0066) by survival ana-

https://www.f6publishing.com
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lysis. Additionally, we combined these two hub genes and age to build a nomogram. Moreover, the drugs related 
to IL2RA and CXCL10 might have a potential therapeutic role in relapsed and refractory BL.

CONCLUSION 
From WGCNA and survival analysis, we identified CXCL10 and IL2RA that might be prognostic markers for BL.

Key Words: Burkitt lymphoma; Weighted gene co-expression network analysis; Microarray data; Functional enrichment 
analysis; Prognosis; Therapeutic target

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study represents the pioneering investigation of gene expression in Burkitt lymphoma (BL) using weighted 
gene co-expression network analysis, coupled with functional enrichment analysis. In this study, we have successfully 
identified and validated 10 hub genes. Survival analysis has demonstrated that the overexpression of CXCL10 and IL2RA in 
BL may serve as robust prognostic indicators. Furthermore, an integrated mRNA signature and age nomogram potentially 
provide valuable prognostic insights for patients with BLs.

Citation: Xu YF, Wang GY, Zhang MY, Yang JG. Hub genes and their key effects on prognosis of Burkitt lymphoma. World J Clin 
Oncol 2023; 14(10): 357-372
URL: https://www.wjgnet.com/2218-4333/full/v14/i10/357.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i10.357

INTRODUCTION
Burkitt lymphoma (BL) is a highly aggressive B-cell non-Hodgkin's lymphoma characterized by the t (8; 14) chromosomal 
translocation involving the MYC oncogene and the immunoglobulin heavy chain gene (IGH)[1]. Three distinct clinical 
subtypes of BL have been identified: Namely endemic (African), sporadic (non-endemic), and immunodeficiency-
associated. Notably, chronic Epstein-Barr virus infection plays a pivotal role in the pathogenesis of BL, particularly in the 
endemic subtype[2]. Endemic BL is primarily found in countries located near the equator in Africa. The estimated annual 
incidence of endemic BL is 3-6 cases per 100000 children in African countries[3], which is approximately 50 times higher 
than that in the United States[4]. Sporadic BL predominantly occurs in the United States and Western Europe. The annual 
incidence of BL in the United States is approximately 3 cases per 1 million individuals, while in Europe it stands at 
around 2.2 cases per 1 million people[5]. Immunodeficiency-associated BL primarily affects individuals with HIV 
infection, typically those with relatively high CD4 counts and no opportunistic infections[6].

Patients with BL frequently exhibit rapid tumor growth, spontaneous tumor lysis, and elevated levels of serum lactate 
dehydrogenase. Currently, patients with BL necessitate a high-intensity multi-drug regimen in conjunction with adequate 
intrathecal central nervous system prophylaxis. However, the absence of an established standard treatment protocol for 
BL persists[7]. BL is an aggressive lymphoma, which can potentially be cured; however, patients with refractory and 
relapsed disease have an extremely poor prognosis[8]. Therefore, it is important to identify robust biomarkers for 
predicting the prognosis of BLs and discriminating patients who might benefit from therapy. The development of BL 
depends on the constitutive expression of the MYC gene located on chromosome 8q24, which encodes the transcription 
factor protein MYC[9]. MYC orchestrates the expression of target genes, regulating a variety of cellular processes, 
including cell growth, division, apoptosis, metabolism, adhesion, and motility[10]. MYC gene rearrangements are seen in 
the vast majority of BLs, and factors other than MYC translocation need to be present in the process of BL. However, it is 
not clear why and how B cells develop genetic alterations that result in increased MYC expression and ultimately lead to 
BL.

The Gene Expression Omnibus (GEO) is an international public repository constructed and maintained by the National 
Center for Biotechnology Information[11]. At the time of writing, the GEO database hosts more than 194000 public series. 
Weighted gene co-expression network analysis (WGCNA) is a widely used systematic biological method for generating 
gene co-expression networks[12,13]. In this study, WGCNA was first used to analyze genes of BL samples mined from the 
GEO database. Subsequently, we identified these hub genes and conducted a functional enrichment analysis. Addi-
tionally, a survival analysis was conducted to identify an mRNA signature that exhibits a significant association with 
prognosis. Finally, a prognostic nomogram was established based on the combination of gene signature and clinical 
characteristics.

https://www.wjgnet.com/2218-4333/full/v14/i10/357.htm
https://dx.doi.org/10.5306/wjco.v14.i10.357
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MATERIALS AND METHODS
Data collection and preprocessing
The raw gene expressions and the corresponding clinical follow-up data of GSE4475 and GSE69051 were downloaded 
from the GEO database (http://www.ncbi.nlm.nih.gov/geo/. Accessed Jan 20, 2023)[14], and the two datasets were built 
based on the GPL96 platform (HG-U133A) and GPL14951 platform (Illumina HumanHT-12 WG-DASL V4.0 R2 
expression beadchip) respectively. Analysis was performed on the raw gene expression data of the BL datasets and the 
corresponding clinical follow-up obtained from GSE4475, which included a total of 36 BL samples. The survival data of 
the hub genes was verified by downloading another dataset, GSE69051, which included 77 BL samples. The mRNA 
sequencing data annotation information was used to match the probe with the corresponding gene and transform the 
gene name into a gene symbol. Probes that corresponded to more than one gene were excluded from the dataset.

Co-expression network construction
WGCNA converts gene expression data into co-expression modules, establishing relationships between genes and 
focusing on gene modules rather than individual genes[15]. Besides, WGCNA can identify the gene modules related to 
clinical traits and has been widely used in cancer research. In this study, the top 5000 most variable genes were used to 
construct a co-expression network by using the package of WGCNA in R[13]. The power value was filtered out during 
the module construction process using the WGCNA algorithm. The mean connectivity and scale independence of 
network modules were analyzed using the gradient test under different power values, which ranged from 1 to 20. When 
the degree of independence was 0.85, the appropriate power value was determined. Then, the soft threshold test was 
performed. In this study, the soft threshold β was 12, and the network type was “signed”. The WGCNA algorithm further 
identified co-expression modules under these conditions. The minimum size of the gene group was set at 100 to ensure 
the reliability of the results for this module. Then, the correlation between the characteristics of the module-trait 
association module and clinical traits was visually expressed. The relationship between the expression profile and traits 
was analyzed to make a scatter plot between gene significance and module membership.

Hub genes identification and functional analysis
The Protein-Protein Interaction (PPI) network of the interested module was constructed using the Search Tool for the 
Retrieval of Interacting Genes/Proteins (STRING) database (available from https://cn.string-db.org/. Accessed 25 Jan 
2023)[16] and presented by Cytoscape software. The cytoHubba tool was used to screen the hub genes. Then, the selected 
hub genes were analyzed by Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis using 
Database for Annotation, Visualization, and Integrated Discovery (DAVID v.6.8: available from https://david.ncifcrf.
gov/. Accessed Jan 29, 2023)[17]. The possible functions were analyzed by biological processes, cellular components, and 
molecular functions, while the potential signal pathways were analyzed using KEGG.

Construction of hub genes PPI and genetic interaction network
The PPI network was used to analyze the hub genes at the protein level, and the STRING database (available from https:/
/string-db.org/. Accessed Jan 31, 2023) was used to check and predict the interaction between proteins[16]. The genetic 
interaction (GI) network, constructed using gene function prediction, aims to understand the complex interactions 
between genes. We used the Gene Multiple Association Network Integration Algorithm (GeneMANIA, available from 
https://genemania.org/. Accessed Jan 31, 2023) to analyze the hub genes[18]. The threshold of a collective score of 0.15 
was implemented.

Statistical analysis
Based on the 50th percentile cut-off value of each hub gene mRNA, patients were divided into high-expression and low-
expression groups. Log-rank test and Kaplan-Meier estimation were performed to obtain log-rank P value and evaluate 
hub genes in overall survival (OS). Cox regression analysis was conducted to examine the association between the risk 
score and clinical information, and a nomogram was generated. The survival curve and nomogram were carried out by R 
version 4.2.1. Additionally, P < 0.05 was statistically significant.

Drug-gene interaction
The DGIdb database (available from https://dgidb.org/. Accessed Feb 20, 2023) was used to investigate drug-gene 
interaction to identify drugs associated with hub genes[19]. The interaction network was visualized via Cytoscape.

RESULTS
Construction and screening of BL co-expression module
In this study, we obtained the BL dataset from GSE4475, resulting in a total of 13514 gene expression values. The clinical 
features of the BL samples are listed in Table 1. Then, we selected a total of 5000 genes with the highest average 
expression values for cluster analysis. Firstly, the clustering tree of 36 samples of BL was extracted from GSE4475 
(Figure 1). Secondly, we calculated the soft threshold (power value), and when the weight was equal to 12, the 
independence exceeded 0.85, indicating higher average connectivity (Supplementary Figure 1). By utilizing this power 
value for hierarchical clustering analysis and combining similar analysis results, a total of 8 modules were identified, 

http://www.ncbi.nlm.nih.gov/geo/
https://cn.string-db.org/
https://david.ncifcrf.gov/
https://david.ncifcrf.gov/
https://string-db.org/
https://string-db.org/
https://genemania.org/
https://dgidb.org/
https://f6publishing.blob.core.windows.net/87a939a2-6127-48e3-b598-9588075b3940/WJCO-14-357-supplementary-material.pdf
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Table 1 Clinical features of Burkitt lymphoma patients

Clinical features Total (n = 36)

Age, mean (range) 31.0 (2-90)

Gender

        Male 24

        Female 11

        Unknown 1

Stage

        I 4

        II 10

        III 5

        IV 6

        Unknown 11

Survival status

        Alive 20

        Dead 7

        Unknown 9

Ki 67

        ≤ 75% 4

        75%-90% 9

        > 90% 22

        Unknown 1

CCS

        < 10 29

        ≥ 10 5

        Unknown 4

CCS: Chromosomal Complexity Score.

including black (1073 genes), blue (967 genes), brown (853 genes), green yellow (140 genes), grey (1019 genes), magenta 
(219 genes), pink (267 genes) and yellow (462 genes) (Figure 2A). Genes in grey were not included in any module, thus 
we analyzed the interactive relationships underlying the 7 co-expression modules (Figure 2B). Given the well-established 
association between age and prognosis in BL patients, we opted to investigate the module that exhibited the strongest 
correlation with age for subsequent analysis[20,21]. A significant correlation between the yellow module and age was 
discovered (Figure 3). The correlation between modules and samples is shown in Supplementary Figure 2. Finally, we 
conducted a scatter diagram of the correlation between the yellow module and age (Figure 4).

Hub genes identification
All of the genes from the yellow module were uploaded to the STRING database, and a PPI network was constructed 
using Cytoscape software (Supplementary Figure 3). And the top 10 hub genes (SRC, TLR4, CD40, STAT3, SELL, CXCL10, 
IL2RA, IL10RA, CCR7 and FCGR2B) were screened out by cytoHubba tool. GeneMANIA showed the GI network of hub 
genes interaction at the mRNA expression level (Figure 5A). The STRING database generated the PPI co-expression 
network by analyzing the hub genes at the protein level (Figure 5B).

Functional and pathway enrichment analysis
Enrichment analyses of GO and KEGG were conducted to explore potential pathways of the hub genes. Forty-five GO-
enriched terms were shown in Supplementary Table 1. The top 10 GO terms (Figure 6A) included inflammatory response, 
external side of plasma membrane, plasma membrane, cellular response to lipopolysaccharide, positive regulation of 
interleukin-12 production, receptor binding, positive regulation of MAP kinase activity, positive regulation of JNK 
cascade, immune response and positive regulation of humoral immune response. In the KEGG analysis, 14 pathways 
enriched by genes in the yellow module were shown in Supplementary Table 2, and the top 10 KEGG terms (Figure 6B) 

https://f6publishing.blob.core.windows.net/87a939a2-6127-48e3-b598-9588075b3940/WJCO-14-357-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/87a939a2-6127-48e3-b598-9588075b3940/WJCO-14-357-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/87a939a2-6127-48e3-b598-9588075b3940/WJCO-14-357-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/87a939a2-6127-48e3-b598-9588075b3940/WJCO-14-357-supplementary-material.pdf
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Figure 1 Clustering tree of 36 samples of Burkitt lymphoma extracted from GSE4475. Red indicated more gene expression, white less, and grey 
indicated deletion. CCS: Chromosomal Complexity Score.

included viral protein interaction with cytokine and cytokine receptor, cytokine-cytokine receptor interaction, 
toxoplasmosis, measles, tuberculosis, chemokine signaling pathway, lipid and atherosclerosis, Toll-like receptor signaling 
pathway, Hepatitis B and JAK-STAT signaling pathway.

Survival analysis
Additional survival analysis was conducted on the hub genes to evaluate their impact on BL patients' survival. Due to the 
small sample size of GSE4475, we opted for GSE69051 for survival analysis (Figure 7). Two of the 10 hub genes were 
significantly associated with OS: CXCL10 (P = 0.029, Figure 7F) and IL2RA (P = 0.0066, Figure 7G).

Establishment of the nomogram and assessment of predictive value
Based on the hub genes and clinical data of the patients, a nomogram was developed to predict the 1- and 3-year OS of BL 
patients (Figure 8A). The model had a c-index of 0.84, and the calibration curve demonstrated strong agreement between 
predicted and observed survival times for both 1- and 3-year OS probabilities in the BL cohort (Figure 8B).

Identification of associated drugs
The drugs related to IL2RA and CXCL10 were identified by the DGIdb database, as these were the only significant results 
from survival analysis (Figure 9). These results may provide new ideas for the treatment of BL with poor prognosis.

DISCUSSION
BL, a highly aggressive lymphoma identified and described by Denis Burkitt in the last century, continues to be the most 
common childhood malignancy in Africa nowadays[22]. A defining feature of BL is the translocation between the c-MYC 
gene and the IgH gene, which is found in 80% of cases [t (8; 14)], or between c-MYC and either the kappa or lambda light 
chain gene, which is found in the remaining 20% [t (2; 8) or t (8; 22)][23]. The proliferation rate and apoptosis rate of BL 
tumor cells are extremely high, indicating that nearly 100% of the cells are positive for Ki-67. Intensive, short-course 
combination chemotherapy is recommended for most BL patients. DA-EPOCH (dose-adjusted etoposide, doxorubicin, 
cyclophosphamide, vincristine, prednisone) + rituximab may be an option for patients who cannot tolerate more 
aggressive regimens[7]. As the standard of treatment for BL has not yet been established, strictly controlled clinical trials 
are also recommended. The prognosis of BL patients is associated with both clinical and laboratory characteristics[8,24]. 
The BL international prognostic index can be used to assess the prognosis of adult patients with disseminated or 
immunodeficiency-related BL, but it is not currently used for stratifying BL treatment[20]. Previous studies have 
demonstrated associations between MYC rearrangements, TCF3 mutations or ID3 alterations (its negative regulator), 
TP53 modifications, CCND3 and CDKN2A changes, as well as non-antigen-dependent B cell receptor signaling (tonic B 
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Figure 2 Sample clustering to detect outliers and construction of co-expression modules. A: The constructed co-expression modules of Burkitt 
lymphoma genes by weighted gene co-expression network analysis; B: Interaction analysis between gene co-expression modules. The heatmap showed the 
Topological Overlap Matrix among genes in the analysis. Different colors on the x-axis and y-axis represented different modules. The intensity of inter-module 
connections was visually represented by the yellow brightness in the central region, gradually transitioning into deeper shades of orange.

cell receptor signaling) with the development and prognosis of BL; however, a comprehensive investigation into the 
prognostic significance of molecular events associated with BL is lacking[25].

As a bioinformatics algorithm, WGCNA offers numerous advantages over conventional methods for differential 
expression analysis. It primarily focuses on elucidating co-expression patterns, facilitating the identification of 
biologically relevant modules comprising interconnected genes, and enabling the detection of pivotal hub genes[26-28]. 
So far, gene modules related to several cancers have been analyzed and verified using WGCNA[29,30].
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Figure 3 Module-trait association. Correlation thermography between modular feature genes and clinical features of Burkitt lymphoma. Each row corresponded 
to a module feature, and the column corresponded to a clinical feature. Each cell contained the correlation and the corresponding P value. CCS: Chromosomal 
Complexity Score; ME: Module membership.

Figure 4 The scatter plot of the correlation for an age-related gene between module membership and gene significance in the yellow 
module.
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Figure 5 Genetic and Protein-Protein interaction network of hub genes. A: GeneMANIA was used to construct a genetic interaction network. The black 
nodes with a slash represent the query gene, while the other nodes represent the predicted genes. The purple edges indicate co-expression, whereas the blue edges 
signify co-localization; B: A physically and functionally connected Protein-Protein Interaction network implemented common goals through Search Tool for the 
Retrieval of Interacting Genes/Proteins, where nodes represented proteins and edges represented pairs of interactions between proteins. Node size and color 
indicated richness, while edge size and color reflected combined scores.

In this study, 8 modules were obtained through WGCNA. As many prior studies have shown a strong correlation 
between age and the prognosis of BL patients[20,21], we chose the yellow module that had the strongest correlation with 
age for further analysis. Ten hub genes (SRC, TLR4, CD40, STAT3, SELL, CXCL10, IL2RA, IL10RA, CCR7 and FCGR2B) 
were identified using cytoHubba. GO and KEGG functional analyses were conducted on hub genes, and the PPI and GI 
analysis of these hub genes revealed their related biological functions. Based on survival analysis, CXCL10 and IL2RA 
have been identified as genes that affect survival. Afterward, we used a nomogram to develop a new risk assessment 
system for BL patients based on the aforementioned genes and age, aiming to aid in identifying high-risk groups for this 
disease.

CXCL10 is one of the three ligands for CXCR3, which is a chemokine receptor[31]. Various studies have demonstrated 
that in addition to attracting CD8+ and CD4+ effector T cells to tumor sites and sites of inflammation, CXCL10 also 
governs the polarization and enhances the biological functionality of these cells. This makes CXCL10 a key chemokine 
driver and a valid target for the therapy of autoimmune diseases such as Inflammatory Bowel Disease, Multiple Sclerosis, 
Rheumatoid arthritis, and others. Previous studies have also found that chemokines and their receptors are involved in 
supporting tumor development and metastatic spread[32-35]. In addition to inducing effector TH1 cells, CXCL10 has 
recently been proven to be associated with the recruitment of CXCR3+ CD8+ T cells to the tumor site and the induction of 
Granzyme B production by these cells, thereby enhancing their anti-tumor activities[36]. Barreira da Silva et al[37] used 
Dipeptidyl peptidase 4 inhibitors to increase the endogenous level of CXCL10, thereby suppressing experimental 
melanoma. It has also been demonstrated that the combination of CXCL10 gene therapy and radiotherapy improves 
therapeutic efficacy in cervical cancer using a HeLa cell murine xenograft tumor model[38]. Numerous studies have 
demonstrated a positive correlation between increased expression of CXCL10 at the tumor site and improved prognosis 
in various human cancers[39-41]. However, the biological functions of CXCL10 in BL have not been addressed so far. Our 
study initially discovered that the high expression of CXCL10 appeared to be associated with a better prognosis. In our 
prognostic model, CXCL10 outperforms age, which is an accepted prognostic factor for BL. Further studies are required to 
investigate and validate the mechanism of CXCL10 in BL.
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Figure 6 Functional enrichment analysis results of hub genes. A: The top 10 gene ontology terms of hub genes; B: The top 10 Kyoto Encyclopedia of 
Genes and Genomes pathways of hub genes. GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes.
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Figure 7 Kaplan–Meier survival curve. A to J: Kaplan–Meier survival curve of identified hub genes in GSE69051.

IL2RA (CD25) is a low-affinity receptor for its ligand interleukin 2 (IL2), but when combined with IL2RB (CD122) and 
IL2RG (CD133), it forms the high-affinity IL2 receptor[42]. The binding of IL2 to IL2 receptor activates JAK1 and JAK3, 
which in turn activate several pathways that regulate cell survival and proliferation, including the PI3K/AKT, RAS/
RAF/MEK/ERK, and STAT5 pathways[43]. IL2RA expression is elevated in a variety of cancers, especially hematologic 
tumors[44-46]. Fell et al[47] studied 69 patients with leukemia, lymphoma, or multiple myeloma and found that the 
expression of IL2RA in T cells was associated with frailty independent of age. This means that patients with high IL2RA 
expression showed better tolerance to chemotherapy and thus might have a superior prognosis. However, another study 
demonstrated that high IL2RA mRNA expression was an independent and adverse prognostic factor in acute myeloid 
leukemia, specifically stratifying patients into a worse prognosis[48], while reports on IL2RA in chronic myelogenous 
leukemia (CML) were controversial, they described it as either a promoter or an inhibitor of CML cell proliferation and 
disease aggressiveness[45,46]. This study demonstrated that BL patients with high expression of IL2RA exhibited a better 
prognosis. Due to the controversial reports on the function of IL2RA and the lack of research on BL, further studies are 
required to validate the prognostic value of IL2RA in BL.

As a predictive statistical tool, a nomogram visually displays the significant factors that impact outcomes in multifactor 
regression analyses and simplifies survival probability prediction through an easy-to-understand graphical repres-
entation[49]. The construction of the nomogram model in this study is based on age, IL2RA, and CXCL10. The nomogram 
effectively visualizes the impact of identified hub genes and facilitates survival prediction, with the multivariate 
regression analysis serving as the fundamental component of this model. However, the nomogram would benefit from a 
validation cohort to enhance its current model. Therefore, it is recommended that additional patients with long-term 
follow-up be included in future studies.

Based on CXCL10 and IL2RA, we have also identified some drugs that may potentially play a therapeutic role in 
relapsed and refractory BL, which require further research on pharmacology and treatment protocols. There are also 
some limitations of the present study. Firstly, the sample size may not be sufficient and could result in selection bias. 
Secondly, the three different clinical types of BL have the same histological features and similar clinical behavior but 
differ in epidemiology, clinical presentation, and genetic characteristics, which might need to be classified and analyzed 
separately. What's more, additional genetic and experimental studies are required to explain the mechanism and the 
function of these hub genes in the carcinogenesis and progression of BLs. Due to the limited experimental conditions, our 
study exclusively utilized data sourced from publicly available databases. However, further validation is needed in larger 
samples or more external datasets.

CONCLUSION
In conclusion, this study is the first to investigate gene expression in BL using WGCNA. These findings provide a 
framework for identifying co-expression gene modules and discriminating key pathways and hub genes in BL. In the 
present study, we identified and verified 10 hub genes. Survival analysis showed that overexpression of CXCL10 and 
IL2RA in BL may serve as superior prognostic indicators. Additionally, an integrated mRNA signature and age 
nomogram potentially offer prognostic value for patients with BLs.
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Figure 8 Nomogram and calibration plot for GSE69051 cohort. A: The nomogram was constructed to predicting1, 3-year survival rate of Burkitt lymphoma 
patients; B: The calibration curves for predicting patient survival at 1 and 3 years in the cohort. OS: Overall survival.
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Figure 9 Drugs related to IL2RA and CXCL10.

ARTICLE HIGHLIGHTS
Research background
Burkitt lymphoma (BL) is an exceptionally aggressive malignant neoplasm originating from either the germinal center or 
post-germinal center B cells. However, a standardized treatment regimen for BL has yet to be established. The utilization 
of microarray data and sequencing information retrieved from public databases presents promising prospects for the 
identification of novel diagnostic or therapeutic targets.

Research motivation
It is crucial to identify biomarkers that can predict the prognosis of BLs and distinguish patients who would benefit from 
specific therapies.

Research objectives
The aim of our study was to identify hub genes and conduct gene ontology analysis specifically in BL, as well as perform 
functional enrichment analysis. Additionally, we performed survival analysis and developed a novel prognostic model 
incorporating candidate genes along with clinical features.
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Research methods
The gene expression profiles and clinical traits of BL patients were obtained from the Gene Expression Omnibus database. 
Weighted gene co-expression network analysis (WGCNA) was employed to construct gene co-expression modules, while 
the cytoHubba tool was utilized to identify hub genes. Prognostic candidate genes were identified through overall 
survival (OS) analysis. A nomogram was developed to evaluate the predictive value of the hub genes.

Research results
In this study, we identified 8 modules through WGCNA analysis and found a significant correlation between the yellow 
module and age. By using the cytoHubba tool, we identified 10 hub genes (SRC, TLR4, CD40, STAT3, SELL, CXCL10, 
IL2RA, IL10RA, CCR7, and FCGR2B). Among these hubs, two genes (CXCL10 with P = 0.029 and IL2RA with P = 0.0066) 
were associated with OS based on our survival analysis.

Research conclusions
This study is the first to investigate gene expression in BL using WGCNA. We have identified and validated 10 hub 
genes, demonstrating that the overexpression of CXCL10 and IL2RA in BL can serve as robust prognostic indicators. 
Furthermore, the integration of an mRNA signature with age nomogram holds promising potential for predicting patient 
outcomes in BLs.

Research perspectives
Further genetic and experimental investigations are imperative to elucidate the underlying mechanism and functional 
significance of these hub genes in the carcinogenesis and progression of BLs.
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Abstract
BACKGROUND 
Gastric cancer (GC) is a common malignant tumor of the digestive system. Disulf-
idptosis is a new programmed cell death mechanism, although its specific 
mechanism in GC is incompletely understood.

AIM 
In this study, we used bioinformatics analysis to explore a disulfidptosis-based 
predictive model related to GC prognosis and to identify potential therapeutic 
targets and sensitive drugs for GC.

METHODS 
We extracted GC-related data from The Cancer Genome Atlas and Gene 
Expression Omnibus databases. R software (version 4.2.1) was used for correla-
tion analysis.

RESULTS 
Through the above analysis, we found that the disulfidptosis related gene may be 
related to the prognosis of GC. Six genes, namely, PLS3, GRP, APOD, SGCE, 
COL8A1, and VAMP7, were found to constitute a predictive model for GC 
prognosis. APOD is a potential therapeutic target for treating GC. Bosutinib and 
other drugs are sensitive for the treatment of GC.

CONCLUSION 
The results of this study indicate that disulfidptosis is related to the prognosis and 
treatment of GC, while APOD represents a potential therapeutic target for GC.
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Core Tip: Gastric cancer (GC) is a common malignant tumor of the digestive system. Disulfidptosis is a new programmed 
cell death mechanism. The specific mechanism of disulfidptosis in GC is not fully understood. This study found that the 
disulfidptosis related gene may be related to the prognosis of gastric cancer. PLS3, GRP, APOD, SGCE, COL8A1, VAMP7, 
these six genes constitute a predictive model for gastric cancer prognosis. APOD is a potential therapeutic target. Bosutinib 
and other drugs are sensitive for the treatment of gastric cancer.

Citation: Li Q, Yin LK. Comprehensive analysis of disulfidptosis related genes and prognosis of gastric cancer. World J Clin Oncol 
2023; 14(10): 373-399
URL: https://www.wjgnet.com/2218-4333/full/v14/i10/373.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i10.373

INTRODUCTION
Gastric cancer (GC) is a common cause of cancer-related death worldwide, with a particularly high incidence in East Asia, 
such as South Korea, China, and Japan[1-9]. The early clinical symptoms of GC are not obvious and lack specificity[10-
14], which leads to a low rate of early diagnosis[15-26]. Most patients with GC are diagnosed late and have a poor 
prognosis[27-40]. Although the diagnosis and treatment strategies for GC have gradually increased in recent decades, the 
prognosis of advanced GC remains poor[41-47]. Therefore, there is an urgent need to find more biomarkers as novel 
therapeutic targets and to develop new drugs to improve diagnosis and treatment measures and, consequently, patient 
survival and prognosis.

GC is a heterogeneous disease[48], with previous studies suggesting that various cell programmed death mechanisms, 
including ferroptosis[49-54] and cuproptosis[55-58], represent novel research directions for GC. In recent years, it has 
been found that disulfidptosis[59], a novel and poorly studied mechanism of programmed cell death, represents a 
previously uncharacterized form of cell death induced by abnormal accumulation of disulfide in cells under glucose 
starvation, which is different from copper death and iron death. However, its role in GC and its related mechanisms are 
still unclear and need to be further explored.

In this study, we analyzed the sequencing data of tumor tissues from databases such as The Cancer Genome Atlas 
(TCGA)[60] and Gene Expression Omnibus (GEO) (Supplementary material)[61] and 14 disulfidptosis-related gene 
(DRGs)[59] (ACTN4, ACTB, CD2AP, CAPZB, DSTN, FLNA, FLNB, INF2, IQGAP1, MYH10, MYL6, MYH9, PDLIM1, and 
TLN1). We conducted differential analysis of DRGs, as well as analyses of the tumor mutation burden (TMB)[62,63], copy 
variations, gene ontology (GO)[64], and the kyoto encyclopedia of genes and genomes (KEGG)[65], among others. In this 
paper, the mechanism of DRGs involved in the occurrence and development of GC is discussed, and new therapeutic 
targets and drugs that may be related to the prognosis of GC are preliminarily analyzed and screened from a new 
perspective.

MATERIALS AND METHODS
Data downloading and processing
Expression data, clinical data, mutation data, and copy data related to GC were downloaded and organized from TCGA 
database. The GSE84433 and GSE26253 datasets and their platform annotation files were downloaded from the GEO 
database. Data were analyzed and processed using R software (version 4.2.1) and Perl software (version 5.30.0).

Differential and prognostic analyses
GC-related data were extracted from TCGA database and analyzed in combination with the disulfidptosis-related gene. 
Differential analysis, mutation load analysis, copy number variation frequency analysis, and survival analysis were 
performed using R software.

Disulfidptosis subtype analysis
R software was used to classify all samples related to the disulfidptosis-related gene in TCGA and GEO databases for 
survival analysis, heatmap clustering, gene set variation analysis (GSVA), immune cell differential analysis, subtype 
differential analysis, and GO and KEGG enrichment analyses.

Significant differential gene subtyping, prediction model construction, and analysis
We continued to perform survival analysis, heatmap clustering, and differential analysis of the DRGs on the samples 
classified by differential gene subtyping. Then, we randomly divided the significant differential samples into groups and 
performed least absolute shrinkage and selection operator (LASSO) regression analysis and univariate and multivariate 
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Cox regression analyses and constructed a prognostic model. Using the prognostic model, we calculated the risk score for 
each patient sample using the following formula:.where Coefi is the coefficient, and Xi is the expression level of the gene. 
We constructed a prognostic evaluation model for overall survival based on the risk score. We then constructed a Sankey 
diagram and analyzed the differences in risk scores between subtypes and the differential risk of the DRGs.

Prognostic model validation
The reliability of the prognostic model was verified by survival analysis, receiver operating characteristic (ROC) curve 
mapping, risk curve mapping, survival state map, and clustering heatmap of model genes in each subgroup.

Nomogram construction and analysis of the correlation between risk score and immunity, as well as drug 
susceptibility
Next, the independent prognostic factors of GC and potential therapeutic targets were sought by constructing the column 
diagram, and survival analysis of potential prognostic genes was performed by Gene Expression Profiling Interactive 
Analysis (GEPIA). Subsequently, immune cell correlation analysis, tumor microenvironment (TME) difference analysis, 
waterfall map construction, tumor mutation load analysis, microsatellite instability (MSI), stem cell correlation analysis, 
and drug sensitivity analysis were performed for the risk score.

Immunohistochemical analysis
We conducted immunohistochemical analysis of APOD using the human protein atlas (HPA) network database, 
comparing the differences in protein expression between GC tissues and adjacent normal tissues.

Statistical analysis
All statistical analyses were performed using R software (version 4.2.1). A P-value < 0.05 was considered statistically 
significant.

RESULTS
Difference analysis and prognosis analysis of DRGs
Difference analysis revealed that 10 DRGs, namely, ACTN4, ACTB, CD2AP, CAPZB, FLNB, INF2, IQGAP1, MYH10, MYH9 
and PDLIM1, were significantly different in GC samples and adjacent normal tissue samples (Figure 1A). Through 
mutation load analysis, copy number variation frequency analysis, and a genosphere map, we found that CAPZB and 
MYL6 were not mutated, while MYH10 had the most mutations. It was also found that CAPZB had the most deletion 
mutations, while IQGAP1 had the most insertion mutations. Cyclic analysis led to the identification of disulfidptosis 
mutations in 14 chromosomes (Figure 1B-D). Moreover, survival analysis showed that patients with high expression of 
TLN1, MYL6, MYH10, MYH9, IQGAP1, INF2, FLNA, DSTN, and ACTB had a reduced survival time, while those with high 
expression of PDLIM1 had an increased survival time (Figure 2A–J). Prognostic network diagram analysis showed that 
disulfidptosis-related genes, including PDLIM1, FLNA, MYH10, MYL6, and DSTN, were significantly correlated with the 
prognosis of GC (P < 0.05), and DSTN, FLNA, MYH10, and MYL6 were risk factors for the prognosis of GC, while 
PDLIM1 was a favorable factor for the prognosis of GC (Figure 2K).

Subtyping of the DRGs and analysis through GSVA, single-sample gene set enrichment analysis, GO, and KEGG 
analyses
Through clustering analysis of the DRG samples, we found that the best way to divide the samples was into two 
subtypes, A and B (Figure 3A-D). Through survival analysis of the two subtypes, we found significant differences 
between the groups, P < 0.05 (Figure 3E), and through clustering heatmap analysis, we found that most DRGs were 
upregulated in cluster A and downregulated in cluster B (Figure 3F). Using the GSVA package in R software, we 
performed KEGG pathway enrichment analysis on the DRG subtyping samples and found that the significantly different 
pathways enriched in the two subtypes included glutamate and glutamine metabolism, extracellular matrix receptor 
interaction, the transforming growth factor-beta (TGF-β) signaling pathway, and the pentose phosphate pathway 
(Figure 4A). Through GO functional enrichment analysis of the DRG subtyping samples with the GSVA package in R, we 
found that the main enrichment was in the positive regulation of the transforming growth factor receptor and Wnt 
signaling pathways (Figure 4B). We also found significant differences in immune cells, such as activated CD4 T cells, and 
activated CD8 T cells, between subtypes A and B, according to the analysis of the differences in immune cells between the 
subtypes (Figure 5A). Subtype differential analysis led to the identification of 282 significantly different co-expressed 
genes between subtypes A and B (Figure 5B and C). Moreover, GO analysis of these differentially expressed genes 
revealed that the enriched functions of these differentially expressed genes were mainly in the extracellular matrix tissue 
and negative regulation of the typical Wnt signaling pathway (Figure 5D). KEGG analysis of these differentially 
expressed genes revealed that these genes were enriched in the TGF-β, Wnt, and MAPK signaling pathways, as well as in 
other pathways (Figure 5E).
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Figure 1 The results of the differential expression analysis of disulfidptosis related genes in gastric cancer and adjacent normal tissues 
are presented. A: Shows the difference analysis of disulfidptosis related genes in gastric cancer tissue samples and adjacent normal tissue samples; B: Shows the 
waterfall plot of disulfidptosis related genes mutations; C: Presents the mutation frequency of disulfidptosis related genes; D: Shows the mutation sites of 
disulfidptosis related genes. CNV: Copy number variation.
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Figure 2 Screening disulfidptosis related genes related to the prognosis of gastric cancer. A-J: Show the Kaplan-Meier analysis of the survival 
curves of disulfidptosis related genes between high and low expression groups, and 10 disulfidptosis related genes related to gastric cancer prognosis were identified; 
K: Shows the COX analysis of the disulfidptosis related genes circle plot related to gastric cancer prognosis, and five significantly prognostic disulfidptosis related 
genes were identified.
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Figure 3 The sample classification, subgroup survival analysis, and differential gene heatmap related to disulfidptosis related genes are 
presented. A: Shows the clustering matrix plot of disulfidptosis related genes-related samples; B: Shows the clustering index plot of disulfidptosis related genes-
related samples; C: Presents the relative change area under the cumulative distribution function curve; D: Shows the tracking plot of disulfidptosis related genes 
subgroup samples; E: Presents the survival analysis curves of disulfidptosis related genes subgroups; F: Shows the differential gene clustering heatmap between 
disulfidptosis related genes subgroups.

Classification and correlation analysis of significant differentially expressed genes obtained from the disulfidptosis 
subtype samples
The related samples of differentially expressed genes were clustered into three subtypes (Figure 6A–D). Survival analysis 
showed that the prognosis of subtype C was different from that of subtypes A and B, with better prognosis for subtypes B 
and C (Figure 6E). Heatmap analysis showed that most samples in subtype C were upregulated, while most samples in 
subtype B were downregulated (Figure 6F). Differential expression analysis of the DRGs in the different gene subtypes 
showed that the expression of the DRGs was different in subtypes A, B, and C, with P < 0.05 (Figure 6G). We used the 
create data partition package to randomly divide the samples into two groups of equal size, the training and testing 
groups. Then, using LASSO regression and Cox regression, we analyzed the training group samples and constructed a 
six-gene risk model based on the DRG subtype: Risk score = (0.164102181511909* PLS3 expression) + (0.079055019007862* 
GRP expression) + (0.0649967121599996* APOD expression) + (0.0920219139298833* SGCE expression) + 
(0.107438278125729* COL8A1 expression) + (–0.0723643090076661* VAMP7 expression) (Figure 6H and I). The results of 
the risk model are shown in Supplementary Table 1. The Sankey diagram shows the distribution of samples among the 
different groups (Figure 7A). By evaluating the risk score for each group, we found significant differences in the risk 
between the groups (Figure 7B and C). By evaluating the risk score for the DRGs, we found that the expression levels of 
13 DRGs differed significantly between the high and low risk groups, with nine genes showing higher expression in the 
high-risk group and four genes showing higher expression in the low-risk group (Figure 7D).

Validation results of the risk model
We next used the risk model to score the differential gene-related samples mentioned above and then divided them into 

https://f6publishing.blob.core.windows.net/5873e51a-3949-48a8-afd5-1f3b449c3a86/WJCO-14-373-supplementary-material.pdf
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Figure 4 The significantly different kyoto encyclopedia of genes and genomes pathways and gene ontology functional analysis between 
disulfidptosis related genes subgroups are presented. A: Shows the significantly different kyoto encyclopedia of genes and genomes pathway enrichment 
analysis between disulfidptosis related genes subgroups; B: Shows the significantly different gene ontology pathway enrichment analysis between disulfidptosis 
related genes subgroups.
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Figure 5 The immune cell differential analysis, principal component analysis analysis, significantly different genes, and gene 
ontology/kyoto encyclopedia of genes and genomes analysis between disulfidptosis related genes subgroups are presented. A: Shows the 
immune cell differential analysis between disulfidptosis related genes subgroups; B: Presents the principal component analysis analysis of disulfidptosis related genes 
subgroups; C: Shows the significantly different genes between disulfidptosis related genes subgroups; D: Presents the gene ontology analysis of significantly different 
genes between disulfidptosis related genes subgroups; E: Presents the kyoto encyclopedia of genes and genomes analysis of significantly different genes between 
disulfidptosis related genes subgroups.

high- and low-risk groups for the overall, test set, and training set samples. We then performed survival, ROC, and risk 
analyses on each group. Survival analysis of each group revealed that the high-risk group had poorer prognosis than the 
low-risk group (Figure 8A-C). Through ROC curve analysis of each group, we found that the area under the curve values 
of the overall, training set, and test set samples for 1, 3, and 5 years were all > 0.05, indicating the accuracy of the model in 
predicting survival prognosis (Figure 8D-F). Risk curve analysis of the total, training set, and test set samples showed an 
increase in the number of deaths with an increase in the risk score. We also found that VAMP7 was a low-risk gene, while 
PLS3, GRP, APOD, SGCE, and COL8A1 were high-risk genes through heatmap analysis (Figure 8G-O). Comparison of the 
results of survival, ROC, and risk analyses among various groups showed that the results were consistent, indicating the 
accuracy of this risk model in predicting the prognosis of patients with GC.

Identification of potential therapeutic targets by constructing column line graphs and immune and drug sensitivity 
analyses
We found that APOD, PLS3, age, sex, and N staging are independent factors that impact patient prognosis, all of which 
are risk factors for the prognosis of patients with GC. The odds of patients surviving for 1, 3, and 5 years are 0.806, 0.527, 
and 0.39, respectively (Figure 9A). The correction curve shows that the predicted value of the model is close to the actual 
value (Figure 9B). Through immune cell analysis, we found that resting mast cells and APOD were significantly 
positively correlated. Moreover, PLS3 was significantly positively correlated with resting mast cells (Figure 9C). We also 
conducted survival analysis on APOD and PLS3 by GEPIA, which were found to have independent effects on the 
prognosis of GC through column line graph analysis, and found that the survival analysis of APOD showed significant 
differences (P < 0.05) (Figure 9D), while the survival analysis of PLS3 did not indicate the presence of significant 
differences (P > 0.05) (Figure 9E). In the relationship analysis between immune cells and risk scores, we found that 13 
types of immune cells were significantly correlated with risk scores (Figure 10). Through TME scoring, we found 
differences between high and low risk groups in terms of the Stromal Score and ESTIMATE Score, both of which were 
upregulated in the high-risk group (Figure 11A). The waterfall chart shows that the genes that undergo mutations in the 
high- and low-risk groups were consistent, while the probability of mutations occurring in the low-risk group was higher 
than that in the high-risk group (Figure 11B and C). Through TMB analysis, we found significant differences between the 
high- and low-risk groups, as well as a negative correlation between TMB and risk scores (Figure 11D and E). Through 
microsatellite instability analysis, we found significant differences between the microsatellite stability and MSI-high (MSI-
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Figure 6 The differential gene-related sample clustering matrix, clustering index, cumulative distribution function curve, tracking plot, 
survival curve, heat map, differential analysis of disulfidptosis related genes, lasso regression plot, and cvfit plot are presented. A: Shows 
the clustering matrix of differential gene-related samples; B: Presents the clustering index of differential gene-related samples; C: Shows the relative change area of 
the cumulative distribution function curve of differential gene-related samples; D: Presents the tracking plot of differential gene subgroups; E: Shows the survival 
curve of differential gene-related samples; F: Presents the heat map of differential gene-related samples; G: Presents the differential analysis of disulfidptosis related 
genes between differential gene-related sample groups; H: Shows the lasso regression plot; I: Presents the cvfit plot of the lasso regression.

H) groups, as well as between the MSI-H and MSI-low groups. The risk value of the MSI-H group is the lowest, and the 
proportion of stable samples in the high-risk group is as high as 71% (Figure 11F and G). Stem cell correlation analysis 
shows that RNA stemness scores (RNAss) is negatively correlated with risk scores (Figure 11H). Finally, drug analysis 
showed significant differences in the sensitivity of 89 drugs, including Bosutinib and Bryostatin (Figure 11I and J), 
between high- and low-risk groups.

Immunohistochemical analysis
Through the HPA network database, immunohistochemical analysis of APOD revealed that the protein expression level 
of APOD in GC tissues was significantly higher than that in normal tissues adjacent to GC (Figure 12).

DISCUSSION
The occurrence and development of GC are complex pathological processes involving the activation and alteration of 
multiple genes and signaling pathways[66]. Previous studies have shown that the expression of certain genes in GC tissue 
and normal gastric tissue can vary[67]. In this study, we analyzed the differential expression of 10 DRGs between GC 
tissue and adjacent normal tissue and found significant differences between the two. By analyzing the mutation waterfall 
plot and mutation frequency plot of DRGs, we observed that most DRGs were mutated in GC tissue, further indicating 
that DRGs are differentially expressed in cancer tissue. Previous studies have found that high expression of the disulf-
idptosis-related gene PDLIM1 may inhibit the proliferation, invasion, and migration of GC cells, promote apoptosis, and 
enhance their sensitivity to cisplatin[68]. It has also been found that the high expression of FLNA can lead to low survival 
rate and migration and invasion energy of GC cells[69]. Additionally, the disulfidptosis-related gene MYH10 may be 
related to the occurrence, development, and drug resistance of ovarian cancer[70], but its role in GC requires further 
exploration. Moreover, previous studies have revealed that DSTN increases the colony formation and migration ability of 
tumor cells when highly expressed[71], although its relationship with GC prognosis requires further study. Study on 
MYL6 revealed possible impacts on the migration of melanoma cells[72], but its relationship with GC needs further study. 
In this study, we found that PDLIM1, FLNA, MYH10, MYL6, and DSTN are significantly associated with GC prognosis (P 
< 0.05), among which, DSTN, FLNA, MYH10, and MYL6 are risk factors for GC prognosis, while PDLIM1 is a protective 
factor for GC prognosis. Our study further demonstrates the impact of DRGs on GC prognosis.

Our results revealed significant pathway and functional differences, as well as significantly different KEGG and GO 
pathways and functions between the two subtypes of disulfidptosis, mainly enriched in amino acid metabolism, TGF-β 
signaling pathway, pentose phosphate pathway, Wnt signaling pathway, and MAPK signaling pathway, among others. 
These functions and pathways may be related to the presence of GC. Indeed, previous studies have found that the TGF-β 
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Figure 7 Testing the reliability of prognostic models. A: A Sankey diagram of the relationships between various data is presented; B: Shows a box plot of 
the disulfidptosis subtype; C: Presents a box plot of gene subtypes; D: Shows the differential analysis of disulfidptosis related genes between high and low-risk 
groups.
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Figure 8 The accuracy of the prognostic model was verified by subgroup analysis. A-C: Survival curves between different groups are presented in 
panels; D-F: Show receiver operating characteristic curves between different groups; G-I: Risk curves for each group are presented; J-L: Show survival status plots 
for each group; M-O: Risk heat maps for each group are presented.

signaling pathway may be involved in the occurrence, invasion, proliferation, and metastasis of GC, affecting the 
prognosis of patients with GC[73-77]. Furthermore, some studies have suggested that the pentose phosphate pathway 
may be related to the proliferation of GC cells[78]. Previous studies have also found that the MAPK signaling pathway 
may also be involved in the occurrence, invasion, proliferation, and metastasis of GC, affecting the prognosis of GC[79-
87]. Additionally, some studies have found that the Wnt signaling pathway may be involved in the metastasis, migration, 
invasion, and progression of GC, affecting the prognosis of GC[88-94]. In the current study, we also found differences in 
immune cell infiltration between the subgroups of disulfidptosis gene typing. Taken together, these findings and research 
suggest that DRGs affect various aspects of patients with GC, including amino acid metabolism, various signaling 
pathways, and immune cell infiltration, all of which may affect the survival or prognosis of patients with GC; however, 
the specific mechanisms and functions need to be further explored.

In this study, we used a risk model to score differentially expressed genes in overall, training set, and testing set 
samples, dividing them into high- and low-risk groups. Survival, ROC, and risk analyses were conducted for each group. 
The results showed that the high-risk group had a poorer prognosis than the low-risk group in all groups, and the result 
trend was consistent, further demonstrating the reliability of the model.

Through column line chart analysis, we revealed that APOD, PLS3, age, sex, and N stage represent independent risk 
factors affecting patient prognosis, all of which are risk factors for GC prognosis. Through column line chart analysis, we 
observed that the survival rates of patients at 1, 3, and 5 years gradually decreased, with rates of 0.806, 0.527, and 0.39, 
respectively; this is consistent with the trend of 1-, 3-, and 5-year survival rates in previous studies on GC, further 
confirming the reliability of the prognostic model[95]. Additionally, we found that APOD represents an independent 
prognostic factor for GC in this model (P < 0.001). Previous studies on APOD have found that it may be involved in the 
construction of multiple GC prognostic and immune prediction models[96-103], which may be related to GC prognosis. 
In this study, we further analyzed the protein encoded by APOD in the HPA network database through immunohisto-
chemical analysis and found that its protein expression level in GC tissues was significantly higher than that in adjacent 
normal tissues, further indicating significant differences in APOD between GC tissues and adjacent normal tissues. 
Overall, our results suggest that APOD may play an important role in the occurrence and development of GC, while its 
expression level may be related to the prognosis of patients with GC, further suggesting that APOD represents a potential 
therapeutic target for GC.

We also found that the genes constituting the GC prognosis model were related to various immune cells, indicating 
that the DRGs may affect the immunity of patients with GC. The heatmap of the correlation between the model genes and 
immune cells in this study showed a significant positive correlation between disulfidptosis PLS3 and resting mast cells (P 
< 0.001). Indeed, previous studies have found a correlation between resting mast cells and GC[104,105], and it has been 
suggested that PLS3[106] may also be related to GC. Through the analysis of TME differences in the prognosis model, we 
found differences in the Stromal Score and ESTIMATE Score in the high- and low-risk groups, with both scores found to 
be upregulated in the high-risk group, indicating that the risk score of the prognosis model is related to the TME of GC. 
Through the analysis of the relationship between the risk score of the prognosis model and TMB, MSI, and stem cell 
correlation, we found that the risk score of the prognosis model was correlated with TMB, MSI, and RNAss. These results 
further indicate that the DRGs may be related to the immunity or immune therapy targets of TMB, MSI, and RNAss in 
patients with GC, which may affect the immune therapy effect and prognosis of patients with GC. Among them, MSI, an 
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Figure 9 Further analysis of prognostic models to screen potential therapeutic targets. A: Presents a column line chart; B: Shows a calibration 
curve; C: Presents a heat map of the correlation between model genes and immune cells; D:The survival curve of APOD in gastric cancer was significantly different 
between high and low risk groups (P < 0.05); E: The survival curve of PLS3 in gastric cancer was shown between high and low risk groups, and the results suggested 
that the difference was not significant (P > 0.05).
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Figure 10  The correlation between immune cells and risk scores is analyzed. A: There was a positive correlation between B cells naive and risk 
score; B: The result shows that macrophages M0 is negatively correlated with risk score; C: The results showed that macrophages M1 was positively correlated with 
risk score; D: The results showed that macrophages M2 was positively correlated with risk score; E: There was a negative correlation between mast cells activated 
and risk score; F: The results showed that mast cells reting was positively correlated with risk score; G: There was a positive correlation between monocytes and risk 
score; H: There was a negative correlation between natural killer cells activated and risk score; I: There was a negative correlation between plasma cells and risk 
score; J: There was a positive correlation between T cells CD4 naive and risk score; K: It showed that T cells follicular helper was negatively correlated with risk 
score; L: There was a positive correlation between T cells gamma delta and risk score; M: There was a positive correlation between T cells regulation and risk score.
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Figure 11  The correlation between the prognostic scoring model and tumor microenvironment, microsatellite instability, and RNAss, as 
well as drug sensitivity analysis, is presented. A: Shows the tumor microenvironment score for high and low-risk groups; B and C: Present waterfall plots of 
mutations for high and low-risk groups; D: Analyzes the differences in tumor mutation burden between high and low-risk groups; E: Shows the relationship between 
tumor mutation burden and risk score; F and G: Present microsatellite instability analysis for high and low-risk groups; H: Analyzes the correlation between stem cells 
and risk score; I and J: Present drug sensitivity analysis for drugs such as Bosutinib and Bryostatin.

immune therapy target, has been found to affect the treatment and prognosis of patients with GC in previous studies[107-
111], while the significant correlation between the GC risk prediction model established in this study and MSI indicates 
that MSI-targeted treatment may be meaningful for the treatment and prognosis of patients with GC. This further 
indicates the correlation between disulfidptosis and the immunity or immune therapy targets of patients with GC.

The results of our drug sensitivity analysis revealed that 89 drugs, including Bosutinib and Bryostatin, were 
significantly correlated with the sensitivity of GC treatment. Previous studies have found that Bryostatin can enhance the 
effect of paclitaxel in the treatment of GC[112], while others have found that Bosutinib may inhibit the migration of GC 
cells[113]. These results suggest that Bosutinib may have therapeutic effects on GC. The high sensitivity of Bosutinib and 
Bryostatin to GC found in this study suggests that they may be useful drugs for the treatment of GC. Therefore, the 89 
drugs represented by Bosutinib in this study may be potential drugs for the treatment of GC.

CONCLUSION
In conclusion, our findings suggest that the DRGs and their submolecules may have an impact on immunity, immuno-
therapy targets, signaling pathways, and drug sensitivity in patients with GC. DRGs, including PDLIM1, FLNA, MYH10, 
MYL6, and DSTN, may be related to the prognosis of GC. Six genes, namely, PLS3, GRP, APOD, SGCE, COL8A1, and 
VAMP7, constituted a prognostic model of GC associated with DRG. APOD may be a potential target for the treatment of 
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GC, while 89 drugs, including Bosutinib and Bryostatin, may be potential drugs for the treatment of GC.

Figure 12  The immunohistochemical analysis of the APOD gene based on human protein atlas is presented. A: Tumor tissue; B: Normal 
tissue. T: Tumor tissue; B: Normal tissue.

ARTICLE HIGHLIGHTS
Research background
Gastric cancer (GC) is one of the most common malignant tumors, although its pathogenesis remains unclear.

Research motivation
For the first time, in the current study, we constructed a new GC prognostic model based on the sub-group analysis of 
disulfidptosis-related genes (DRGs) and explored treatment targets and sensitive drugs.

Research objectives
The aims of this study were to explore a new GC prognostic model based on the sub-group analysis of DRGs and explore 
treatment targets and sensitive drugs.

Research methods
In this study, a bioinformatics strategy was used to extract GC-related data from The Cancer Genome Atlas and Gene 
Expression Omnibus databases, while R software (version 4.2.1) was used for correlation analysis.

Research results
Through the above analysis, we found that the didisulfidptosis-related gene may be related to the prognosis of GC. Six 
genes, namely, PLS3, GRP, APOD, SGCE, COL8A1, and VAMP7, constitute a predictive model for GC prognosis. APOD is 
a potential therapeutic target. Bosutinib and other drugs are suitable for the treatment of GC.

Research conclusions
The results of this study indicate that didisulfidptosis is related to the prognosis and treatment of GC. Additionally, 
APOD can be used as a potential therapeutic target for GC.

Research perspectives
Six genes, namely, PLS3, GRP, APOD, SGCE, COL8A1, and VAMP7, constitute a predictive model for GC prognosis. 
APOD is a potential therapeutic target for treating GC. Bosutinib and other drugs are suitable for the treatment of GC, 
although this requires further confirmation through molecular biology and clinical experiments.

FOOTNOTES
Author contributions: Li Q contributed to this work; Yin LK and Li Q prepared for the figures and tables; and all authors have approved 
the final manuscript.

Institutional review board statement: The data supporting the results of this study are available from Gene Expression Omnibus database 
(GSE84433andGSE26253) and the expression data, clinical data, mutation data, and copy data related to gastric cancer from The Cancer 
Genome Atlas database.

Conflict-of-interest statement: The authors deny any conflict of interest.

Data sharing statement: No additional data are available.



Li Q et al. Relationship between DRGs and GC

WJCO https://www.wjgnet.com 395 October 24, 2023 Volume 14 Issue 10

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 
original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: China

ORCID number: Qian Li 0009-0006-9250-0521; Long-Kuan Yin 0000-0001-5974-5443.

S-Editor: Qu XL 
L-Editor: A 
P-Editor: Zhang XD

REFERENCES
1 Li Y, Hu X, Lin R, Zhou G, Zhao L, Zhao D, Zhang Y, Li W, Ma P, Ren H, Liao X, Niu P, Wang T, Zhang X, Wang W, Gao R, Li Q, Church 

G, He J, Chen Y. Single-cell landscape reveals active cell subtypes and their interaction in the tumor microenvironment of gastric cancer. 
Theranostics 2022; 12: 3818-3833 [PMID: 35664061 DOI: 10.7150/thno.71833]

2 Chang X, Ge X, Zhang Y, Xue X. The current management and biomarkers of immunotherapy in advanced gastric cancer. Medicine 
(Baltimore) 2022; 101: e29304 [PMID: 35623069 DOI: 10.1097/MD.0000000000029304]

3 Zhang Y, Yu J. The role of MRI in the diagnosis and treatment of gastric cancer. Diagn Interv Radiol 2020; 26: 176-182 [PMID: 32209504 
DOI: 10.5152/dir.2019.19375]

4 Smyth EC, Nilsson M, Grabsch HI, van Grieken NC, Lordick F. Gastric cancer. Lancet 2020; 396: 635-648 [PMID: 32861308 DOI: 
10.1016/S0140-6736(20)31288-5]

5 Machlowska J, Baj J, Sitarz M, Maciejewski R, Sitarz R. Gastric Cancer: Epidemiology, Risk Factors, Classification, Genomic Characteristics 
and Treatment Strategies. Int J Mol Sci 2020; 21 [PMID: 32512697 DOI: 10.3390/ijms21114012]

6 Zhao Q, Cao L, Guan L, Bie L, Wang S, Xie B, Chen X, Shen X, Cao F. Immunotherapy for gastric cancer: dilemmas and prospect. Brief 
Funct Genomics 2019; 18: 107-112 [PMID: 30388190 DOI: 10.1093/bfgp/ely019]

7 Wu SL, Zhang Y, Fu Y, Li J, Wang JS. Gastric cancer incidence, mortality and burden in adolescents and young adults: a time-trend analysis 
and comparison among China, South Korea, Japan and the USA. BMJ Open 2022; 12: e061038 [PMID: 35863834 DOI: 
10.1136/bmjopen-2022-061038]

8 Yang X, Zhang T, Zhang H, Sang S, Chen H, Zuo X. Temporal trend of gastric cancer burden along with its risk factors in China from 1990 to 
2019, and projections until 2030: comparison with Japan, South Korea, and Mongolia. Biomark Res 2021; 9: 84 [PMID: 34784961 DOI: 
10.1186/s40364-021-00340-6]

9 Gao M, Yin H, Fei ZW. Clinical application of microRNA in gastric cancer in Eastern Asian area. World J Gastroenterol 2013; 19: 2019-2027 
[PMID: 23599620 DOI: 10.3748/wjg.v19.i13.2019]

10 Tang D, Liu S, Shen H, Deng G, Zeng S. Extracellular Vesicles Promote the Formation of Pre-Metastasis Niche in Gastric Cancer. Front 
Immunol 2022; 13: 813015 [PMID: 35173726 DOI: 10.3389/fimmu.2022.813015]

11 Gu X, Zhang Y, Huang Y, Ju S. Comprehensive Evaluation of Serum tRF-17-WS7K092 as a Promising Biomarker for the Diagnosis of 
Gastric Cancer. J Oncol 2022; 2022: 8438726 [PMID: 36245992 DOI: 10.1155/2022/8438726]

12 Titov SE, Anishchenko VV, Poloz TL, Veryaskina YA, Arkhipova AA, Ustinov SN. [Differential diagnostics of gastric cancer and 
precancerous changes of the gastric mucosa using analysis of expression of six microRNAS.]. Klin Lab Diagn 2020; 65: 131-136 [PMID: 
32159312 DOI: 10.18821/0869-2084-2020-65-2-131-136]

13 Tong H, Wang Y, Li Y, Liu S, Chi C, Liu D, Guo L, Li E, Wang C. Volatile organic metabolites identify patients with gastric carcinoma, 
gastric ulcer, or gastritis and control patients. Cancer Cell Int 2017; 17: 108 [PMID: 29200968 DOI: 10.1186/s12935-017-0475-x]

14 Zhao Y, Zhou T, Li A, Yao H, He F, Wang L, Si J. A potential role of collagens expression in distinguishing between premalignant and 
malignant lesions in stomach. Anat Rec (Hoboken) 2009; 292: 692-700 [PMID: 19306436 DOI: 10.1002/ar.20874]

15 Qi M, Liu D, Wang H, Bianba C, Ji W. Correlation of Single Nucleotide Gene Polymorphisms and Gastric Cancer Based on Magnetic 
Nanoparticles. J Nanosci Nanotechnol 2021; 21: 928-934 [PMID: 33183426 DOI: 10.1166/jnn.2021.18628]

16 Jiang L, Gong X, Liao W, Lv N, Yan R. Molecular targeted treatment and drug delivery system for gastric cancer. J Cancer Res Clin Oncol 
2021; 147: 973-986 [PMID: 33550445 DOI: 10.1007/s00432-021-03520-x]

17 Jiang H, Hu K, Xia Y, Liang L, Zhu X. Long Noncoding RNA KLF3-AS1 Acts as an Endogenous RNA of miR-223 to Attenuate Gastric 
Cancer Progression and Chemoresistance. Front Oncol 2021; 11: 704339 [PMID: 34745937 DOI: 10.3389/fonc.2021.704339]

18 Guo XM, Zhao HY, Shi ZY, Wang Y, Jin ML. [Application and Progress of Convolutional Neural Network-based Pathological Diagnosis of 
Gastric Cancer]. Sichuan Da Xue Xue Bao Yi Xue Ban 2021; 52: 166-169 [PMID: 33829686 DOI: 10.12182/20210360501]

19 Chen R, Yang M, Huang W, Wang B. Cascades between miRNAs, lncRNAs and the NF-κB signaling pathway in gastric cancer (Review). Exp 
Ther Med 2021; 22: 769 [PMID: 34055068 DOI: 10.3892/etm.2021.10201]

20 Chen J, Liu Z, Gao G, Mo Y, Zhou H, Huang W, Wu L, He X, Ding J, Luo C, Long H, Feng J, Sun Y, Guan X. Efficacy of circulating 
microRNA-130b and blood routine parameters in the early diagnosis of gastric cancer. Oncol Lett 2021; 22: 725 [PMID: 34429765 DOI: 
10.3892/ol.2021.12986]

21 Wang H, Li J. A systematic review and meta-analysis protocol of clinical characteristics and prognostic significance of mammalian target of 
rapamycin for gastric cancer patients. Medicine (Baltimore) 2020; 99: e21138 [PMID: 32769866 DOI: 10.1097/MD.0000000000021138]

22 Shafabakhsh R, Yousefi B, Asemi Z, Nikfar B, Mansournia MA, Hallajzadeh J. Chitosan: A compound for drug delivery system in gastric 
cancer-a review. Carbohydr Polym 2020; 242: 116403 [PMID: 32564837 DOI: 10.1016/j.carbpol.2020.116403]
Tan Z. Recent Advances in the Surgical Treatment of Advanced Gastric Cancer: A Review. Med Sci Monit 2019; 25: 3537-3541 [PMID: 23

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0009-0006-9250-0521
http://orcid.org/0009-0006-9250-0521
http://orcid.org/0000-0001-5974-5443
http://orcid.org/0000-0001-5974-5443
http://www.ncbi.nlm.nih.gov/pubmed/35664061
https://dx.doi.org/10.7150/thno.71833
http://www.ncbi.nlm.nih.gov/pubmed/35623069
https://dx.doi.org/10.1097/MD.0000000000029304
http://www.ncbi.nlm.nih.gov/pubmed/32209504
https://dx.doi.org/10.5152/dir.2019.19375
http://www.ncbi.nlm.nih.gov/pubmed/32861308
https://dx.doi.org/10.1016/S0140-6736(20)31288-5
http://www.ncbi.nlm.nih.gov/pubmed/32512697
https://dx.doi.org/10.3390/ijms21114012
http://www.ncbi.nlm.nih.gov/pubmed/30388190
https://dx.doi.org/10.1093/bfgp/ely019
http://www.ncbi.nlm.nih.gov/pubmed/35863834
https://dx.doi.org/10.1136/bmjopen-2022-061038
http://www.ncbi.nlm.nih.gov/pubmed/34784961
https://dx.doi.org/10.1186/s40364-021-00340-6
http://www.ncbi.nlm.nih.gov/pubmed/23599620
https://dx.doi.org/10.3748/wjg.v19.i13.2019
http://www.ncbi.nlm.nih.gov/pubmed/35173726
https://dx.doi.org/10.3389/fimmu.2022.813015
http://www.ncbi.nlm.nih.gov/pubmed/36245992
https://dx.doi.org/10.1155/2022/8438726
http://www.ncbi.nlm.nih.gov/pubmed/32159312
https://dx.doi.org/10.18821/0869-2084-2020-65-2-131-136
http://www.ncbi.nlm.nih.gov/pubmed/29200968
https://dx.doi.org/10.1186/s12935-017-0475-x
http://www.ncbi.nlm.nih.gov/pubmed/19306436
https://dx.doi.org/10.1002/ar.20874
http://www.ncbi.nlm.nih.gov/pubmed/33183426
https://dx.doi.org/10.1166/jnn.2021.18628
http://www.ncbi.nlm.nih.gov/pubmed/33550445
https://dx.doi.org/10.1007/s00432-021-03520-x
http://www.ncbi.nlm.nih.gov/pubmed/34745937
https://dx.doi.org/10.3389/fonc.2021.704339
http://www.ncbi.nlm.nih.gov/pubmed/33829686
https://dx.doi.org/10.12182/20210360501
http://www.ncbi.nlm.nih.gov/pubmed/34055068
https://dx.doi.org/10.3892/etm.2021.10201
http://www.ncbi.nlm.nih.gov/pubmed/34429765
https://dx.doi.org/10.3892/ol.2021.12986
http://www.ncbi.nlm.nih.gov/pubmed/32769866
https://dx.doi.org/10.1097/MD.0000000000021138
http://www.ncbi.nlm.nih.gov/pubmed/32564837
https://dx.doi.org/10.1016/j.carbpol.2020.116403


Li Q et al. Relationship between DRGs and GC

WJCO https://www.wjgnet.com 396 October 24, 2023 Volume 14 Issue 10

31080234 DOI: 10.12659/MSM.916475]
24 Zou WB, Yang F, Li ZS. [How to improve the diagnosis rate of early gastric cancer in China]. Zhejiang Da Xue Xue Bao Yi Xue Ban 2015; 44: 

9-14 [PMID: 25851969 DOI: 10.3785/j.issn.1008-9292.2015.01.002]
25 Mu YP, Sun WJ, Lu CW, Su XL. MicroRNAs May Serve as Emerging Molecular Biomarkers for Diagnosis and Prognostic Assessment or as 

Targets for Therapy in Gastric Cancer. Asian Pac J Cancer Prev 2015; 16: 4813-4820 [PMID: 26163596 DOI: 
10.7314/apjcp.2015.16.12.4813]

26 Zheng G, Xiong Y, Xu W, Wang Y, Chen F, Wang Z, Yan Z. A two-microRNA signature as a potential biomarker for early gastric cancer. 
Oncol Lett 2014; 7: 679-684 [PMID: 24527072 DOI: 10.3892/ol.2014.1797]

27 Xiang Z, Zhou X, Mranda GM, Xue Y, Wang Y, Wei T, Liu J, Ding Y. Identification of the ferroptosis-related ceRNA network related to 
prognosis and tumor immunity for gastric cancer. Aging (Albany NY) 2022; 14: 5768-5782 [PMID: 35835721 DOI: 10.18632/aging.204176]

28 White JR, Banks M. Identifying the pre-malignant stomach: from guidelines to practice. Transl Gastroenterol Hepatol 2022; 7: 8 [PMID: 
35243117 DOI: 10.21037/tgh.2020.03.03]

29 Sukri A, Hanafiah A, Kosai NR. The Roles of Immune Cells in Gastric Cancer: Anti-Cancer or Pro-Cancer? Cancers (Basel) 2022; 14 [PMID: 
36010915 DOI: 10.3390/cancers14163922]

30 Niu X, Ren L, Hu A, Zhang S, Qi H. Identification of Potential Diagnostic and Prognostic Biomarkers for Gastric Cancer Based on 
Bioinformatic Analysis. Front Genet 2022; 13: 862105 [PMID: 35368700 DOI: 10.3389/fgene.2022.862105]

31 Koopaie M, Ghafourian M, Manifar S, Younespour S, Davoudi M, Kolahdooz S, Shirkhoda M. Evaluation of CSTB and DMBT1 expression 
in saliva of gastric cancer patients and controls. BMC Cancer 2022; 22: 473 [PMID: 35488257 DOI: 10.1186/s12885-022-09570-9]

32 Hassen G, Kasar A, Jain N, Berry S, Dave J, Zouetr M, Priyanka Ganapathiraju VLN, Kurapati T, Oshai S, Saad M, Pathan J, Kamat S, 
Tirupathi R, Patel UK, Rana RK. Programmed Death-Ligand 1 (PD-L1) Positivity and Factors Associated with Poor Prognosis in Patients with 
Gastric Cancer: An Umbrella Meta-Analysis. Cureus 2022; 14: e23845 [PMID: 35530821 DOI: 10.7759/cureus.23845]

33 Waddingham W, Nieuwenburg SAV, Carlson S, Rodriguez-Justo M, Spaander M, Kuipers EJ, Jansen M, Graham DG, Banks M. Recent 
advances in the detection and management of early gastric cancer and its precursors. Frontline Gastroenterol 2021; 12: 322-331 [PMID: 
34249318 DOI: 10.1136/flgastro-2018-101089]

34 Feng H, Liu X. Interaction between ACOT7 and LncRNA NMRAL2P via Methylation Regulates Gastric Cancer Progression. Yonsei Med J 
2020; 61: 471-481 [PMID: 32469171 DOI: 10.3349/ymj.2020.61.6.471]

35 Canale M, Casadei-Gardini A, Ulivi P, Arechederra M, Berasain C, Lollini PL, Fernández-Barrena MG, Avila MA. Epigenetic Mechanisms in 
Gastric Cancer: Potential New Therapeutic Opportunities. Int J Mol Sci 2020; 21 [PMID: 32752096 DOI: 10.3390/ijms21155500]

36 Negovan A, Iancu M, Fülöp E, Bănescu C. Helicobacter pylori and cytokine gene variants as predictors of premalignant gastric lesions. World 
J Gastroenterol 2019; 25: 4105-4124 [PMID: 31435167 DOI: 10.3748/wjg.v25.i30.4105]

37 Gu X, Zhang Q, Zhang W, Zhu L. Curcumin inhibits liver metastasis of gastric cancer through reducing circulating tumor cells. Aging (Albany 
NY) 2019; 11: 1501-1509 [PMID: 30844765 DOI: 10.18632/aging.101848]

38 Cen D, Huang H, Yang L, Guo K, Zhang J. Long noncoding RNA STXBP5-AS1 inhibits cell proliferation, migration, and invasion through 
inhibiting the PI3K/AKT signaling pathway in gastric cancer cells. Onco Targets Ther 2019; 12: 1929-1936 [PMID: 30881044 DOI: 
10.2147/OTT.S194463]

39 Banks M, Graham D, Jansen M, Gotoda T, Coda S, di Pietro M, Uedo N, Bhandari P, Pritchard DM, Kuipers EJ, Rodriguez-Justo M, Novelli 
MR, Ragunath K, Shepherd N, Dinis-Ribeiro M. British Society of Gastroenterology guidelines on the diagnosis and management of patients at 
risk of gastric adenocarcinoma. Gut 2019; 68: 1545-1575 [PMID: 31278206 DOI: 10.1136/gutjnl-2018-318126]

40 Yang J, Bo L, Han T, Ding D, Nie M, Yin K. Pathway- and clinical-factor-based risk model predicts the prognosis of patients with gastric 
cancer. Mol Med Rep 2018; 17: 6345-6356 [PMID: 29532879 DOI: 10.3892/mmr.2018.8722]

41 Zhang Z, Wu H, Chong W, Shang L, Jing C, Li L. Liquid biopsy in gastric cancer: predictive and prognostic biomarkers. Cell Death Dis 2022; 
13: 903 [PMID: 36302755 DOI: 10.1038/s41419-022-05350-2]

42 Jin X, Liu Z, Yang D, Yin K, Chang X. Recent Progress and Future Perspectives of Immunotherapy in Advanced Gastric Cancer. Front 
Immunol 2022; 13: 948647 [PMID: 35844558 DOI: 10.3389/fimmu.2022.948647]

43 Ajani JA, D'Amico TA, Bentrem DJ, Chao J, Cooke D, Corvera C, Das P, Enzinger PC, Enzler T, Fanta P, Farjah F, Gerdes H, Gibson MK, 
Hochwald S, Hofstetter WL, Ilson DH, Keswani RN, Kim S, Kleinberg LR, Klempner SJ, Lacy J, Ly QP, Matkowskyj KA, McNamara M, 
Mulcahy MF, Outlaw D, Park H, Perry KA, Pimiento J, Poultsides GA, Reznik S, Roses RE, Strong VE, Su S, Wang HL, Wiesner G, Willett 
CG, Yakoub D, Yoon H, McMillian N, Pluchino LA. Gastric Cancer, Version 2.2022, NCCN Clinical Practice Guidelines in Oncology. J Natl 
Compr Canc Netw 2022; 20: 167-192 [PMID: 35130500 DOI: 10.6004/jnccn.2022.0008]

44 Necula L, Matei L, Dragu D, Neagu AI, Mambet C, Nedeianu S, Bleotu C, Diaconu CC, Chivu-Economescu M. Recent advances in gastric 
cancer early diagnosis. World J Gastroenterol 2019; 25: 2029-2044 [PMID: 31114131 DOI: 10.3748/wjg.v25.i17.2029]

45 Coutzac C, Pernot S, Chaput N, Zaanan A. Immunotherapy in advanced gastric cancer, is it the future? Crit Rev Oncol Hematol 2019; 133: 25-
32 [PMID: 30661655 DOI: 10.1016/j.critrevonc.2018.10.007]

46 Ratti M, Lampis A, Hahne JC, Passalacqua R, Valeri N. Microsatellite instability in gastric cancer: molecular bases, clinical perspectives, and 
new treatment approaches. Cell Mol Life Sci 2018; 75: 4151-4162 [PMID: 30173350 DOI: 10.1007/s00018-018-2906-9]

47 Alessandrini L, Manchi M, De Re V, Dolcetti R, Canzonieri V. Proposed Molecular and miRNA Classification of Gastric Cancer. Int J Mol 
Sci 2018; 19 [PMID: 29882766 DOI: 10.3390/ijms19061683]

48 Massarrat S, Stolte M. Development of gastric cancer and its prevention. Arch Iran Med 2014; 17: 514-520 [PMID: 24979566]
49 Song S, Shu P. Expression of ferroptosis-related gene correlates with immune microenvironment and predicts prognosis in gastric cancer. Sci 

Rep 2022; 12: 8785 [PMID: 35610340 DOI: 10.1038/s41598-022-12800-6]
50 Ouyang S, Li H, Lou L, Huang Q, Zhang Z, Mo J, Li M, Lu J, Zhu K, Chu Y, Ding W, Zhu J, Lin Z, Zhong L, Wang J, Yue P, Turkson J, Liu 

P, Wang Y, Zhang X. Inhibition of STAT3-ferroptosis negative regulatory axis suppresses tumor growth and alleviates chemoresistance in 
gastric cancer. Redox Biol 2022; 52: 102317 [PMID: 35483272 DOI: 10.1016/j.redox.2022.102317]

51 Yao F, Zhan Y, Pu Z, Lu Y, Chen J, Deng J, Wu Z, Chen B, Tian K, Ni Y, Mou L. LncRNAs Target Ferroptosis-Related Genes and Impair 
Activation of CD4(+) T Cell in Gastric Cancer. Front Cell Dev Biol 2021; 9: 797339 [PMID: 34966745 DOI: 10.3389/fcell.2021.797339]

52 Xiao S, Liu X, Yuan L, Wang F. A Ferroptosis-Related lncRNAs Signature Predicts Prognosis and Therapeutic Response of Gastric Cancer. 
Front Cell Dev Biol 2021; 9: 736682 [PMID: 34926441 DOI: 10.3389/fcell.2021.736682]
Huo J, Wu L, Zang Y. Eight-gene prognostic signature associated with hypoxia and ferroptosis for gastric cancer with general applicability. 53

http://www.ncbi.nlm.nih.gov/pubmed/31080234
https://dx.doi.org/10.12659/MSM.916475
http://www.ncbi.nlm.nih.gov/pubmed/25851969
https://dx.doi.org/10.3785/j.issn.1008-9292.2015.01.002
http://www.ncbi.nlm.nih.gov/pubmed/26163596
https://dx.doi.org/10.7314/apjcp.2015.16.12.4813
http://www.ncbi.nlm.nih.gov/pubmed/24527072
https://dx.doi.org/10.3892/ol.2014.1797
http://www.ncbi.nlm.nih.gov/pubmed/35835721
https://dx.doi.org/10.18632/aging.204176
http://www.ncbi.nlm.nih.gov/pubmed/35243117
https://dx.doi.org/10.21037/tgh.2020.03.03
http://www.ncbi.nlm.nih.gov/pubmed/36010915
https://dx.doi.org/10.3390/cancers14163922
http://www.ncbi.nlm.nih.gov/pubmed/35368700
https://dx.doi.org/10.3389/fgene.2022.862105
http://www.ncbi.nlm.nih.gov/pubmed/35488257
https://dx.doi.org/10.1186/s12885-022-09570-9
http://www.ncbi.nlm.nih.gov/pubmed/35530821
https://dx.doi.org/10.7759/cureus.23845
http://www.ncbi.nlm.nih.gov/pubmed/34249318
https://dx.doi.org/10.1136/flgastro-2018-101089
http://www.ncbi.nlm.nih.gov/pubmed/32469171
https://dx.doi.org/10.3349/ymj.2020.61.6.471
http://www.ncbi.nlm.nih.gov/pubmed/32752096
https://dx.doi.org/10.3390/ijms21155500
http://www.ncbi.nlm.nih.gov/pubmed/31435167
https://dx.doi.org/10.3748/wjg.v25.i30.4105
http://www.ncbi.nlm.nih.gov/pubmed/30844765
https://dx.doi.org/10.18632/aging.101848
http://www.ncbi.nlm.nih.gov/pubmed/30881044
https://dx.doi.org/10.2147/OTT.S194463
http://www.ncbi.nlm.nih.gov/pubmed/31278206
https://dx.doi.org/10.1136/gutjnl-2018-318126
http://www.ncbi.nlm.nih.gov/pubmed/29532879
https://dx.doi.org/10.3892/mmr.2018.8722
http://www.ncbi.nlm.nih.gov/pubmed/36302755
https://dx.doi.org/10.1038/s41419-022-05350-2
http://www.ncbi.nlm.nih.gov/pubmed/35844558
https://dx.doi.org/10.3389/fimmu.2022.948647
http://www.ncbi.nlm.nih.gov/pubmed/35130500
https://dx.doi.org/10.6004/jnccn.2022.0008
http://www.ncbi.nlm.nih.gov/pubmed/31114131
https://dx.doi.org/10.3748/wjg.v25.i17.2029
http://www.ncbi.nlm.nih.gov/pubmed/30661655
https://dx.doi.org/10.1016/j.critrevonc.2018.10.007
http://www.ncbi.nlm.nih.gov/pubmed/30173350
https://dx.doi.org/10.1007/s00018-018-2906-9
http://www.ncbi.nlm.nih.gov/pubmed/29882766
https://dx.doi.org/10.3390/ijms19061683
http://www.ncbi.nlm.nih.gov/pubmed/24979566
http://www.ncbi.nlm.nih.gov/pubmed/35610340
https://dx.doi.org/10.1038/s41598-022-12800-6
http://www.ncbi.nlm.nih.gov/pubmed/35483272
https://dx.doi.org/10.1016/j.redox.2022.102317
http://www.ncbi.nlm.nih.gov/pubmed/34966745
https://dx.doi.org/10.3389/fcell.2021.797339
http://www.ncbi.nlm.nih.gov/pubmed/34926441
https://dx.doi.org/10.3389/fcell.2021.736682


Li Q et al. Relationship between DRGs and GC

WJCO https://www.wjgnet.com 397 October 24, 2023 Volume 14 Issue 10

Epigenomics 2021; 13: 875-890 [PMID: 33942671 DOI: 10.2217/epi-2020-0411]
54 Chen W, Feng Z, Huang J, Fu P, Xiong J, Cao Y, Liu Y, Tu Y, Li Z, Jie Z, Xiao T. Identification of Ferroptosis-Related Long Noncoding 

RNA and Construction of a Novel Prognostic Signature for Gastric Cancer. Dis Markers 2021; 2021: 7724997 [PMID: 34394774 DOI: 
10.1155/2021/7724997]

55 Wang J, Qin D, Tao Z, Wang B, Xie Y, Wang Y, Li B, Cao J, Qiao X, Zhong S, Hu X. Identification of cuproptosis-related subtypes, 
construction of a prognosis model, and tumor microenvironment landscape in gastric cancer. Front Immunol 2022; 13: 1056932 [PMID: 
36479114 DOI: 10.3389/fimmu.2022.1056932]

56 Song X, Hou L, Zhao Y, Guan Q, Li Z. Metal-dependent programmed cell death-related lncRNA prognostic signatures and natural drug 
sensitivity prediction for gastric cancer. Front Pharmacol 2022; 13: 1039499 [PMID: 36339625 DOI: 10.3389/fphar.2022.1039499]

57 Nie H, Wang H, Zhang M, Ning Y, Chen X, Zhang Z, Hu X, Zhao Q, Chen P, Fang J, Wang F. Comprehensive analysis of cuproptosis-related 
genes in prognosis, tumor microenvironment infiltration, and immunotherapy response in gastric cancer. J Cancer Res Clin Oncol 2023; 149: 
5453-5468 [PMID: 36462036 DOI: 10.1007/s00432-022-04474-4]

58 Huang J, Chen M, Pei W, Xu Z, Ning J, Chen C. Distinct tumor microenvironment landscapes in gastric cancer classified by cuproptosis-
related lncRNAs. J Cancer 2022; 13: 3687-3700 [PMID: 36606199 DOI: 10.7150/jca.79640]

59 Liu X, Nie L, Zhang Y, Yan Y, Wang C, Colic M, Olszewski K, Horbath A, Chen X, Lei G, Mao C, Wu S, Zhuang L, Poyurovsky MV, James 
You M, Hart T, Billadeau DD, Chen J, Gan B. Actin cytoskeleton vulnerability to disulfide stress mediates disulfidptosis. Nat Cell Biol 2023; 
25: 404-414 [PMID: 36747082 DOI: 10.1038/s41556-023-01091-2]

60 Tomczak K, Czerwińska P, Wiznerowicz M. The Cancer Genome Atlas (TCGA): an immeasurable source of knowledge. Contemp Oncol 
(Pozn) 2015; 19: A68-A77 [PMID: 25691825 DOI: 10.5114/wo.2014.47136]

61 Barrett T, Wilhite SE, Ledoux P, Evangelista C, Kim IF, Tomashevsky M, Marshall KA, Phillippy KH, Sherman PM, Holko M, Yefanov A, 
Lee H, Zhang N, Robertson CL, Serova N, Davis S, Soboleva A. NCBI GEO: archive for functional genomics data sets--update. Nucleic Acids 
Res 2013; 41: D991-D995 [PMID: 23193258 DOI: 10.1093/nar/gks1193]

62 Addeo A, Friedlaender A, Banna GL, Weiss GJ. TMB or not TMB as a biomarker: That is the question. Crit Rev Oncol Hematol 2021; 163: 
103374 [PMID: 34087341 DOI: 10.1016/j.critrevonc.2021.103374]

63 Liu L, Bai X, Wang J, Tang XR, Wu DH, Du SS, Du XJ, Zhang YW, Zhu HB, Fang Y, Guo ZQ, Zeng Q, Guo XJ, Liu Z, Dong ZY. 
Combination of TMB and CNA Stratifies Prognostic and Predictive Responses to Immunotherapy Across Metastatic Cancer. Clin Cancer Res 
2019; 25: 7413-7423 [PMID: 31515453 DOI: 10.1158/1078-0432.CCR-19-0558]

64 Gene Ontology Consortium. Gene Ontology Consortium: going forward. Nucleic Acids Res 2015; 43: D1049-D1056 [PMID: 25428369 DOI: 
10.1093/nar/gku1179]

65 Kanehisa M, Goto S. KEGG: kyoto encyclopedia of genes and genomes. Nucleic Acids Res 2000; 28: 27-30 [PMID: 10592173 DOI: 
10.1093/nar/28.1.27]

66 Tao W, Li Y, Zhu M, Li C, Li P. LncRNA NORAD Promotes Proliferation And Inhibits Apoptosis Of Gastric Cancer By Regulating miR-214/
Akt/mTOR Axis. Onco Targets Ther 2019; 12: 8841-8851 [PMID: 31802897 DOI: 10.2147/OTT.S216862]

67 Sung H, Hu N, Yang HH, Giffen CA, Zhu B, Song L, Su H, Wang C, Parisi DM, Goldstein AM, Taylor PR, Hyland PL. Association of high-
evidence gastric cancer susceptibility loci and somatic gene expression levels with survival. Carcinogenesis 2017; 38: 1119-1128 [PMID: 
29028942 DOI: 10.1093/carcin/bgx090]

68 Tan Y, Li Y, Zhu H, Wu X, Mei K, Li P, Yang Q. miR-187/PDLIM1 Gets Involved in Gastric Cancer Progression and Cisplatin Sensitivity of 
Cisplatin by Mediating the Hippo-YAP Signaling Pathway. J Oncol 2022; 2022: 5456016 [PMID: 36164345 DOI: 10.1155/2022/5456016]

69 Sun GG, Sheng SH, Jing SW, Hu WN. An antiproliferative gene FLNA regulates migration and invasion of gastric carcinoma cell in vitro and 
its clinical significance. Tumour Biol 2014; 35: 2641-2648 [PMID: 24241900 DOI: 10.1007/s13277-013-1347-1]

70 Liu L, Chen C, Liu P, Li J, Pang Z, Zhu J, Lin Z, Zhou H, Xie Y, Lan T, Chen ZS, Zeng Z, Fang W. MYH10 Combines with MYH9 to Recruit 
USP45 by Deubiquitinating Snail and Promotes Serous Ovarian Cancer Carcinogenesis, Progression, and Cisplatin Resistance. Adv Sci (Weinh) 
2023; 10: e2203423 [PMID: 36929633 DOI: 10.1002/advs.202203423]

71 Yu J, Liang QY, Wang J, Cheng Y, Wang S, Poon TC, Go MY, Tao Q, Chang Z, Sung JJ. Zinc-finger protein 331, a novel putative tumor 
suppressor, suppresses growth and invasiveness of gastric cancer. Oncogene 2013; 32: 307-317 [PMID: 22370639 DOI: 10.1038/onc.2012.54]

72 Vierthaler M, Sun Q, Wang Y, Steinfass T, Poelchen J, Hielscher T, Novak D, Umansky V, Utikal J. ADCK2 Knockdown Affects the 
Migration of Melanoma Cells via MYL6. Cancers (Basel) 2022; 14 [PMID: 35205819 DOI: 10.3390/cancers14041071]

73 Kato S, Shiozaki A, Kudou M, Shimizu H, Kosuga T, Ohashi T, Arita T, Konishi H, Komatsu S, Kubota T, Fujiwara H, Okamoto K, 
Kishimoto M, Konishi E, Otsuji E. TRPV2 Promotes Cell Migration and Invasion in Gastric Cancer via the Transforming Growth Factor-β 
Signaling Pathway. Ann Surg Oncol 2022; 29: 2944-2956 [PMID: 34855064 DOI: 10.1245/s10434-021-11132-5]

74 Jiang H, Ma P, Duan Z, Liu Y, Shen S, Mi Y, Fan D. Ginsenoside Rh4 Suppresses Metastasis of Gastric Cancer via SIX1-Dependent TGF-β/
Smad2/3 Signaling Pathway. Nutrients 2022; 14 [PMID: 35458126 DOI: 10.3390/nu14081564]

75 Zhang X, Wu J. LINC00665 promotes cell proliferation, invasion, and metastasis by activating the TGF-β pathway in gastric cancer. Pathol 
Res Pract 2021; 224: 153492 [PMID: 34091388 DOI: 10.1016/j.prp.2021.153492]

76 Xiong R, Yin T, Gao JL, Yuan YF. HOXD9 Activates the TGF-β/Smad Signaling Pathway to Promote Gastric Cancer. Onco Targets Ther 
2020; 13: 2163-2172 [PMID: 32210582 DOI: 10.2147/OTT.S234829]

77 Xiong R, Gao JL, Yin T. G3BP1 activates the TGF-β/Smad signaling pathway to promote gastric cancer. Onco Targets Ther 2019; 12: 7149-
7156 [PMID: 31564899 DOI: 10.2147/OTT.S213728]

78 Tao L, Yu H, Liang R, Jia R, Wang J, Jiang K, Wang Z. Rev-erbα inhibits proliferation by reducing glycolytic flux and pentose phosphate 
pathway in human gastric cancer cells. Oncogenesis 2019; 8: 57 [PMID: 31591390 DOI: 10.1038/s41389-019-0168-5]

79 Xia S, Ji L, Tang L, Zhang L, Zhang X, Tang Q, Feng Z, Lu L. Proteasome Subunit Alpha Type 7 Promotes Proliferation and Metastasis of 
Gastric Cancer Through MAPK Signaling Pathway. Dig Dis Sci 2022; 67: 880-891 [PMID: 33721161 DOI: 10.1007/s10620-021-06903-9]

80 Feng X, Song Z, Huang Q, Jia J, Zhang L, Zhu M, Qian J. AIM2 Promotes Gastric Cancer Cell Proliferation via the MAPK Signaling 
Pathway. J Healthc Eng 2022; 2022: 8756844 [PMID: 35432843 DOI: 10.1155/2022/8756844]

81 Xu W, Zhou B, Wang J, Tang L, Hu Q, Chen H, Zheng J, Yan F. tRNA-Derived Fragment tRF-Glu-TTC-027 Regulates the Progression of 
Gastric Carcinoma via MAPK Signaling Pathway. Front Oncol 2021; 11: 733763 [PMID: 34497772 DOI: 10.3389/fonc.2021.733763]
Wu S, Chen M, Huang J, Zhang F, Lv Z, Jia Y, Cui YZ, Sun LZ, Wang Y, Tang Y, Verhoeft KR, Li Y, Qin Y, Lin X, Guan XY, Lam KO. 
ORAI2 Promotes Gastric Cancer Tumorigenicity and Metastasis through PI3K/Akt Signaling and MAPK-Dependent Focal Adhesion 

82

http://www.ncbi.nlm.nih.gov/pubmed/33942671
https://dx.doi.org/10.2217/epi-2020-0411
http://www.ncbi.nlm.nih.gov/pubmed/34394774
https://dx.doi.org/10.1155/2021/7724997
http://www.ncbi.nlm.nih.gov/pubmed/36479114
https://dx.doi.org/10.3389/fimmu.2022.1056932
http://www.ncbi.nlm.nih.gov/pubmed/36339625
https://dx.doi.org/10.3389/fphar.2022.1039499
http://www.ncbi.nlm.nih.gov/pubmed/36462036
https://dx.doi.org/10.1007/s00432-022-04474-4
http://www.ncbi.nlm.nih.gov/pubmed/36606199
https://dx.doi.org/10.7150/jca.79640
http://www.ncbi.nlm.nih.gov/pubmed/36747082
https://dx.doi.org/10.1038/s41556-023-01091-2
http://www.ncbi.nlm.nih.gov/pubmed/25691825
https://dx.doi.org/10.5114/wo.2014.47136
http://www.ncbi.nlm.nih.gov/pubmed/23193258
https://dx.doi.org/10.1093/nar/gks1193
http://www.ncbi.nlm.nih.gov/pubmed/34087341
https://dx.doi.org/10.1016/j.critrevonc.2021.103374
http://www.ncbi.nlm.nih.gov/pubmed/31515453
https://dx.doi.org/10.1158/1078-0432.CCR-19-0558
http://www.ncbi.nlm.nih.gov/pubmed/25428369
https://dx.doi.org/10.1093/nar/gku1179
http://www.ncbi.nlm.nih.gov/pubmed/10592173
https://dx.doi.org/10.1093/nar/28.1.27
http://www.ncbi.nlm.nih.gov/pubmed/31802897
https://dx.doi.org/10.2147/OTT.S216862
http://www.ncbi.nlm.nih.gov/pubmed/29028942
https://dx.doi.org/10.1093/carcin/bgx090
http://www.ncbi.nlm.nih.gov/pubmed/36164345
https://dx.doi.org/10.1155/2022/5456016
http://www.ncbi.nlm.nih.gov/pubmed/24241900
https://dx.doi.org/10.1007/s13277-013-1347-1
http://www.ncbi.nlm.nih.gov/pubmed/36929633
https://dx.doi.org/10.1002/advs.202203423
http://www.ncbi.nlm.nih.gov/pubmed/22370639
https://dx.doi.org/10.1038/onc.2012.54
http://www.ncbi.nlm.nih.gov/pubmed/35205819
https://dx.doi.org/10.3390/cancers14041071
http://www.ncbi.nlm.nih.gov/pubmed/34855064
https://dx.doi.org/10.1245/s10434-021-11132-5
http://www.ncbi.nlm.nih.gov/pubmed/35458126
https://dx.doi.org/10.3390/nu14081564
http://www.ncbi.nlm.nih.gov/pubmed/34091388
https://dx.doi.org/10.1016/j.prp.2021.153492
http://www.ncbi.nlm.nih.gov/pubmed/32210582
https://dx.doi.org/10.2147/OTT.S234829
http://www.ncbi.nlm.nih.gov/pubmed/31564899
https://dx.doi.org/10.2147/OTT.S213728
http://www.ncbi.nlm.nih.gov/pubmed/31591390
https://dx.doi.org/10.1038/s41389-019-0168-5
http://www.ncbi.nlm.nih.gov/pubmed/33721161
https://dx.doi.org/10.1007/s10620-021-06903-9
http://www.ncbi.nlm.nih.gov/pubmed/35432843
https://dx.doi.org/10.1155/2022/8756844
http://www.ncbi.nlm.nih.gov/pubmed/34497772
https://dx.doi.org/10.3389/fonc.2021.733763


Li Q et al. Relationship between DRGs and GC

WJCO https://www.wjgnet.com 398 October 24, 2023 Volume 14 Issue 10

Disassembly. Cancer Res 2021; 81: 986-1000 [PMID: 33310726 DOI: 10.1158/0008-5472.CAN-20-0049]
83 Wang JF, Zhao K, Chen YY, Qiu Y, Zhu JH, Li BP, Wang Z, Chen JQ. NKCC1 promotes proliferation, invasion and migration in human 

gastric cancer cells via activation of the MAPK-JNK/EMT signaling pathway. J Cancer 2021; 12: 253-263 [PMID: 33391422 DOI: 
10.7150/jca.49709]

84 Zhang Q, Wang X, Cao S, Sun Y, He X, Jiang B, Yu Y, Duan J, Qiu F, Kang N. Berberine represses human gastric cancer cell growth in vitro 
and in vivo by inducing cytostatic autophagy via inhibition of MAPK/mTOR/p70S6K and Akt signaling pathways. Biomed Pharmacother 
2020; 128: 110245 [PMID: 32454290 DOI: 10.1016/j.biopha.2020.110245]

85 Xu B, Li S, Fang Y, Zou Y, Song D, Zhang S, Cai Y. Proprotein Convertase Subtilisin/Kexin Type 9 Promotes Gastric Cancer Metastasis and 
Suppresses Apoptosis by Facilitating MAPK Signaling Pathway Through HSP70 Up-Regulation. Front Oncol 2020; 10: 609663 [PMID: 
33489919 DOI: 10.3389/fonc.2020.609663]

86 Xiang Z, Li J, Song S, Wang J, Cai W, Hu W, Ji J, Zhu Z, Zang L, Yan R, Yu Y. A positive feedback between IDO1 metabolite and COL12A1 
via MAPK pathway to promote gastric cancer metastasis. J Exp Clin Cancer Res 2019; 38: 314 [PMID: 31315643 DOI: 
10.1186/s13046-019-1318-5]

87 Du F, Sun L, Chu Y, Li T, Lei C, Wang X, Jiang M, Min Y, Lu Y, Zhao X, Nie Y, Fan D. DDIT4 promotes gastric cancer proliferation and 
tumorigenesis through the p53 and MAPK pathways. Cancer Commun (Lond) 2018; 38: 45 [PMID: 29976242 DOI: 
10.1186/s40880-018-0315-y]

88 Peng Y, Xu Y, Zhang X, Deng S, Yuan Y, Luo X, Hossain MT, Zhu X, Du K, Hu F, Chen Y, Chang S, Feng X, Fan X, Ashktorab H, Smoot 
D, Meltzer SJ, Hou G, Wei Y, Li S, Qin Y, Jin Z. A novel protein AXIN1-295aa encoded by circAXIN1 activates the Wnt/β-catenin signaling 
pathway to promote gastric cancer progression. Mol Cancer 2021; 20: 158 [PMID: 34863211 DOI: 10.1186/s12943-021-01457-w]

89 Liu H, Fredimoses M, Niu P, Liu T, Qiao Y, Tian X, Chen X, Kim DJ, Li X, Liu K, Dong Z. EPRS/GluRS promotes gastric cancer 
development via WNT/GSK-3β/β-catenin signaling pathway. Gastric Cancer 2021; 24: 1021-1036 [PMID: 33740160 DOI: 
10.1007/s10120-021-01180-x]

90 Li H, Zhao J, Sun J, Tian C, Jiang Q, Ding C, Gan Q, Shu P, Wang X, Qin J, Sun Y. Demethylation of the SFRP4 Promoter Drives Gastric 
Cancer Progression via the Wnt Pathway. Mol Cancer Res 2021; 19: 1454-1464 [PMID: 34016745 DOI: 10.1158/1541-7786.MCR-20-0933]

91 Guo Q, Xu J, Huang Z, Yao Q, Chen F, Liu H, Zhang Z, Lin J. ADMA mediates gastric cancer cell migration and invasion via Wnt/β-catenin 
signaling pathway. Clin Transl Oncol 2021; 23: 325-334 [PMID: 32607811 DOI: 10.1007/s12094-020-02422-7]

92 Tian S, Peng P, Li J, Deng H, Zhan N, Zeng Z, Dong W. SERPINH1 regulates EMT and gastric cancer metastasis via the Wnt/β-catenin 
signaling pathway. Aging (Albany NY) 2020; 12: 3574-3593 [PMID: 32091407 DOI: 10.18632/aging.102831]

93 Yue B, Liu C, Sun H, Liu M, Song C, Cui R, Qiu S, Zhong M. A Positive Feed-Forward Loop between LncRNA-CYTOR and Wnt/β-Catenin 
Signaling Promotes Metastasis of Colon Cancer. Mol Ther 2018; 26: 1287-1298 [PMID: 29606502 DOI: 10.1016/j.ymthe.2018.02.024]

94 Yang XZ, Cheng TT, He QJ, Lei ZY, Chi J, Tang Z, Liao QX, Zhang H, Zeng LS, Cui SZ. LINC01133 as ceRNA inhibits gastric cancer 
progression by sponging miR-106a-3p to regulate APC expression and the Wnt/β-catenin pathway. Mol Cancer 2018; 17: 126 [PMID: 
30134915 DOI: 10.1186/s12943-018-0874-1]

95 Xiaobin C, Zhaojun X, Tao L, Tianzeng D, Xuemei H, Fan Z, Chunyin H, Jianqiang H, Chen L. Analysis of Related Risk Factors and 
Prognostic Factors of Gastric Cancer with Bone Metastasis: A SEER-Based Study. J Immunol Res 2022; 2022: 3251051 [PMID: 35211630 
DOI: 10.1155/2022/3251051]

96 Song L, Wang S, Li Q, Lu Y, Yang R, Feng X. Identification and Validation of a m5C RNA Modification-Related Gene Signature for 
Predicting Prognosis and Immunotherapeutic Efficiency of Gastric Cancer. J Oncol 2023; 2023: 9931419 [PMID: 36936373 DOI: 
10.1155/2023/9931419]

97 Khan M, Lin J, Wang B, Chen C, Huang Z, Tian Y, Yuan Y, Bu J. A novel necroptosis-related gene index for predicting prognosis and a cold 
tumor immune microenvironment in stomach adenocarcinoma. Front Immunol 2022; 13: 968165 [PMID: 36389725 DOI: 
10.3389/fimmu.2022.968165]

98 Huo J, Guan G, Cai J, Wu L. Integrated analysis of 1804 samples of six centers to construct and validate a robust immune-related prognostic 
signature associated with stromal cell abundance in tumor microenvironment for gastric cancer. World J Surg Oncol 2022; 20: 4 [PMID: 
34983559 DOI: 10.1186/s12957-021-02485-y]

99 Dong R, Chen S, Lu F, Zheng N, Peng G, Li Y, Yang P, Wen H, Qiu Q, Wang Y, Wu H, Liu M. Models for Predicting Response to 
Immunotherapy and Prognosis in Patients with Gastric Cancer: DNA Damage Response Genes. Biomed Res Int 2022; 2022: 4909544 [PMID: 
36578802 DOI: 10.1155/2022/4909544]

100 Sun Q, Guo D, Li S, Xu Y, Jiang M, Li Y, Duan H, Zhuo W, Liu W, Zhu S, Wang L, Zhou T. Combining gene expression signature with 
clinical features for survival stratification of gastric cancer. Genomics 2021; 113: 2683-2694 [PMID: 34129933 DOI: 
10.1016/j.ygeno.2021.06.018]

101 Huo J, Wu L, Zang Y. Construction and Validation of a Universal Applicable Prognostic Signature for Gastric Cancer Based on Seven 
Immune-Related Gene Correlated With Tumor Associated Macrophages. Front Oncol 2021; 11: 635324 [PMID: 34178625 DOI: 
10.3389/fonc.2021.635324]

102 Guo X, Liang X, Wang Y, Cheng A, Zhang H, Qin C, Wang Z. Significance of Tumor Mutation Burden Combined With Immune Infiltrates in 
the Progression and Prognosis of Advanced Gastric Cancer. Front Genet 2021; 12: 642608 [PMID: 34306002 DOI: 
10.3389/fgene.2021.642608]

103 Hu C, Zhou Y, Liu C, Kang Y. A novel scoring system for gastric cancer risk assessment based on the expression of three CLIP4 DNA 
methylation-associated genes. Int J Oncol 2018; 53: 633-643 [PMID: 29901187 DOI: 10.3892/ijo.2018.4433]

104 Huang J, Song J, Li X, Liu S, Huang W, Shen Z, Cheng Y, Kou S, Gao Z, Tian Y, Hu J. Analysis and prognostic significance of tumour 
immune infiltrates and immune microenvironment of m6A-related lncRNAs in patients with gastric cancer. BMC Med Genomics 2022; 15: 164 
[PMID: 35879790 DOI: 10.1186/s12920-022-01318-5]

105 Zhao Y, Hu S, Zhang J, Cai Z, Wang S, Liu M, Dai J, Gao Y. Glucoside xylosyltransferase 2 as a diagnostic and prognostic marker in gastric 
cancer via comprehensive analysis. Bioengineered 2021; 12: 5641-5654 [PMID: 34506251 DOI: 10.1080/21655979.2021.1967067]

106 Cao L, Wang S, Zhang Y, Wong KC, Nakatsu G, Wang X, Wong S, Ji J, Yu J. Zinc-finger protein 471 suppresses gastric cancer through 
transcriptionally repressing downstream oncogenic PLS3 and TFAP2A. Oncogene 2018; 37: 3601-3616 [PMID: 29610526 DOI: 
10.1038/s41388-018-0220-5]

107 Yang Y, Shi Z, Bai R, Hu W. Heterogeneity of MSI-H gastric cancer identifies a subtype with worse survival. J Med Genet 2021; 58: 12-19 
[PMID: 32170001 DOI: 10.1136/jmedgenet-2019-106609]

http://www.ncbi.nlm.nih.gov/pubmed/33310726
https://dx.doi.org/10.1158/0008-5472.CAN-20-0049
http://www.ncbi.nlm.nih.gov/pubmed/33391422
https://dx.doi.org/10.7150/jca.49709
http://www.ncbi.nlm.nih.gov/pubmed/32454290
https://dx.doi.org/10.1016/j.biopha.2020.110245
http://www.ncbi.nlm.nih.gov/pubmed/33489919
https://dx.doi.org/10.3389/fonc.2020.609663
http://www.ncbi.nlm.nih.gov/pubmed/31315643
https://dx.doi.org/10.1186/s13046-019-1318-5
http://www.ncbi.nlm.nih.gov/pubmed/29976242
https://dx.doi.org/10.1186/s40880-018-0315-y
http://www.ncbi.nlm.nih.gov/pubmed/34863211
https://dx.doi.org/10.1186/s12943-021-01457-w
http://www.ncbi.nlm.nih.gov/pubmed/33740160
https://dx.doi.org/10.1007/s10120-021-01180-x
http://www.ncbi.nlm.nih.gov/pubmed/34016745
https://dx.doi.org/10.1158/1541-7786.MCR-20-0933
http://www.ncbi.nlm.nih.gov/pubmed/32607811
https://dx.doi.org/10.1007/s12094-020-02422-7
http://www.ncbi.nlm.nih.gov/pubmed/32091407
https://dx.doi.org/10.18632/aging.102831
http://www.ncbi.nlm.nih.gov/pubmed/29606502
https://dx.doi.org/10.1016/j.ymthe.2018.02.024
http://www.ncbi.nlm.nih.gov/pubmed/30134915
https://dx.doi.org/10.1186/s12943-018-0874-1
http://www.ncbi.nlm.nih.gov/pubmed/35211630
https://dx.doi.org/10.1155/2022/3251051
http://www.ncbi.nlm.nih.gov/pubmed/36936373
https://dx.doi.org/10.1155/2023/9931419
http://www.ncbi.nlm.nih.gov/pubmed/36389725
https://dx.doi.org/10.3389/fimmu.2022.968165
http://www.ncbi.nlm.nih.gov/pubmed/34983559
https://dx.doi.org/10.1186/s12957-021-02485-y
http://www.ncbi.nlm.nih.gov/pubmed/36578802
https://dx.doi.org/10.1155/2022/4909544
http://www.ncbi.nlm.nih.gov/pubmed/34129933
https://dx.doi.org/10.1016/j.ygeno.2021.06.018
http://www.ncbi.nlm.nih.gov/pubmed/34178625
https://dx.doi.org/10.3389/fonc.2021.635324
http://www.ncbi.nlm.nih.gov/pubmed/34306002
https://dx.doi.org/10.3389/fgene.2021.642608
http://www.ncbi.nlm.nih.gov/pubmed/29901187
https://dx.doi.org/10.3892/ijo.2018.4433
http://www.ncbi.nlm.nih.gov/pubmed/35879790
https://dx.doi.org/10.1186/s12920-022-01318-5
http://www.ncbi.nlm.nih.gov/pubmed/34506251
https://dx.doi.org/10.1080/21655979.2021.1967067
http://www.ncbi.nlm.nih.gov/pubmed/29610526
https://dx.doi.org/10.1038/s41388-018-0220-5
http://www.ncbi.nlm.nih.gov/pubmed/32170001
https://dx.doi.org/10.1136/jmedgenet-2019-106609


Li Q et al. Relationship between DRGs and GC

WJCO https://www.wjgnet.com 399 October 24, 2023 Volume 14 Issue 10

108 Pietrantonio F, Randon G, Di Bartolomeo M, Luciani A, Chao J, Smyth EC, Petrelli F. Predictive role of microsatellite instability for PD-1 
blockade in patients with advanced gastric cancer: a meta-analysis of randomized clinical trials. ESMO Open 2021; 6: 100036 [PMID: 
33460964 DOI: 10.1016/j.esmoop.2020.100036]

109 Kwon M, An M, Klempner SJ, Lee H, Kim KM, Sa JK, Cho HJ, Hong JY, Lee T, Min YW, Kim TJ, Min BH, Park WY, Kang WK, Kim KT, 
Kim ST, Lee J. Determinants of Response and Intrinsic Resistance to PD-1 Blockade in Microsatellite Instability-High Gastric Cancer. Cancer 
Discov 2021; 11: 2168-2185 [PMID: 33846173 DOI: 10.1158/2159-8290.CD-21-0219]

110 Chao J, Fuchs CS, Shitara K, Tabernero J, Muro K, Van Cutsem E, Bang YJ, De Vita F, Landers G, Yen CJ, Chau I, Elme A, Lee J, 
Özgüroglu M, Catenacci D, Yoon HH, Chen E, Adelberg D, Shih CS, Shah S, Bhagia P, Wainberg ZA. Assessment of Pembrolizumab 
Therapy for the Treatment of Microsatellite Instability-High Gastric or Gastroesophageal Junction Cancer Among Patients in the KEYNOTE-
059, KEYNOTE-061, and KEYNOTE-062 Clinical Trials. JAMA Oncol 2021; 7: 895-902 [PMID: 33792646 DOI: 
10.1001/jamaoncol.2021.0275]

111 Pietrantonio F, Miceli R, Raimondi A, Kim YW, Kang WK, Langley RE, Choi YY, Kim KM, Nankivell MG, Morano F, Wotherspoon A, 
Valeri N, Kook MC, An JY, Grabsch HI, Fucà G, Noh SH, Sohn TS, Kim S, Di Bartolomeo M, Cunningham D, Lee J, Cheong JH, Smyth EC. 
Individual Patient Data Meta-Analysis of the Value of Microsatellite Instability As a Biomarker in Gastric Cancer. J Clin Oncol 2019; 37: 
3392-3400 [PMID: 31513484 DOI: 10.1200/JCO.19.01124]

112 Ajani JA, Jiang Y, Faust J, Chang BB, Ho L, Yao JC, Rousey S, Dakhil S, Cherny RC, Craig C, Bleyer A. A multi-center phase II study of 
sequential paclitaxel and bryostatin-1 (NSC 339555) in patients with untreated, advanced gastric or gastroesophageal junction adenocarcinoma. 
Invest New Drugs 2006; 24: 353-357 [PMID: 16683077 DOI: 10.1007/s10637-006-6452-1]

113 Tseng LL, Cheng HH, Yeh TS, Huang SC, Syu YY, Chuu CP, Yuh CH, Kung HJ, Wang WC. Targeting the histone demethylase PHF8-
mediated PKCα-Src-PTEN axis in HER2-negative gastric cancer. Proc Natl Acad Sci U S A 2020; 117: 24859-24866 [PMID: 32958674 DOI: 
10.1073/pnas.1919766117]

http://www.ncbi.nlm.nih.gov/pubmed/33460964
https://dx.doi.org/10.1016/j.esmoop.2020.100036
http://www.ncbi.nlm.nih.gov/pubmed/33846173
https://dx.doi.org/10.1158/2159-8290.CD-21-0219
http://www.ncbi.nlm.nih.gov/pubmed/33792646
https://dx.doi.org/10.1001/jamaoncol.2021.0275
http://www.ncbi.nlm.nih.gov/pubmed/31513484
https://dx.doi.org/10.1200/JCO.19.01124
http://www.ncbi.nlm.nih.gov/pubmed/16683077
https://dx.doi.org/10.1007/s10637-006-6452-1
http://www.ncbi.nlm.nih.gov/pubmed/32958674
https://dx.doi.org/10.1073/pnas.1919766117


WJCO https://www.wjgnet.com 400 October 24, 2023 Volume 14 Issue 10

World Journal of 

Clinical OncologyW J C O
Submit a Manuscript: https://www.f6publishing.com World J Clin Oncol 2023 October 24; 14(10): 400-408

DOI: 10.5306/wjco.v14.i10.400 ISSN 2218-4333 (online)

ORIGINAL ARTICLE

Retrospective Study

Treatment of patients with multiple brain metastases by isolated 
radiosurgery: Toxicity and survival

André Vinícius de Camargo, Marcos Duarte de Mattos, Murilo Kenji Kawasaki, Danilo Nascimento Salviano 
Gomes, Allisson Bruno Barcelos Borges, Vinicius de Lima Vazquez, Raphael L C Araujo

Specialty type: Oncology

Provenance and peer review: 
Invited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B, B 
Grade C (Good): 0 
Grade D (Fair): 0 
Grade E (Poor): E

P-Reviewer: Bergsma H, 
Netherlands; Kupeli S, Turkey; 
Tang H, China

Received: June 27, 2023 
Peer-review started: June 27, 2023 
First decision: August 10, 2023 
Revised: September 1, 2023 
Accepted: September 22, 2023 
Article in press: September 22, 2023 
Published online: October 24, 2023

André Vinícius de Camargo, Marcos Duarte de Mattos, Murilo Kenji Kawasaki, Danilo Nascimento 
Salviano Gomes, Department of Radiotherapy, Barretos Cancer Hospital, São Paulo, Barretos 
14784-400, Brazil

Allisson Bruno Barcelos Borges, Department of Radiation Therapy, Hospital DF Star Rede 
D´Or, Brasília 70390-140, Brazil

Vinicius de Lima Vazquez, Department of Surgery, Barretos Cancer Hospital, São Paulo, 
Barretos 14784-400, Brazil

Raphael L C Araujo, Department of Surgery, Universidade Federal de São Paulo, São Paulo 
04024-002, Brazil

Raphael L C Araujo, IEP, Barretos Cancer Hospital, São Paulo, Barretos 14784-400, Brazil

Corresponding author: Raphael L C Araujo, MD, PhD, Adjunct Professor, Surgical Oncologist, 
Department of Surgery, Universidade Federal de São Paulo, No. 715 Napoleão de Barros 
Street, São Paulo 04024-002, Brazil. raphaellcaraujo@gmail.com

Abstract
BACKGROUND 
Radiosurgery for multiple brain metastases has been more reported recently 
without using whole-brain radiotherapy. Nevertheless, the sparsity of the data 
still claims more information about toxicity and survival and their association 
with both dosimetric and geometric aspects of this treatment.

AIM 
To assess the toxicity and survival outcome of radiosurgery in patients with 
multiple (four or more lesions) brain metastases.

METHODS 
In a single institution, data were collected retrospectively from patients who 
underwent radiosurgery to treat brain metastases from diverse primary sites. 
Patients with 4-21 brain metastases were treated with a single fraction with a dose 
of 18 Gy or 20 Gy. The clinical variables collected were relevant to toxicity, 
survival, treatment response, planning, and dosimetric variables. The Spearman’s 
rank correlation coefficients, Mann-Whitney test, Kruskal-Wallis test, and Log-
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rank test were used according to the type of variable and outcomes.

RESULTS 
From August 2017 to February 2020, 55 patients were evaluated. Headache was the most common complaint 
(38.2%). The median overall survival (OS) for patients with karnofsky performance status (KPS) > 70 was 8.9 mo, 
and this was 3.6 mo for those with KPS ≤ 70 (P = 0.047). Patients with treated lesions had a median progression-free 
survival of 7.6 mo. There were no differences in OS (19.7 vs 9.5 mo) or progression-free survival (10.6 vs 6.3 mo) 
based on prior irradiation. There was no correlation found between reported toxicities and planning, dosimetric, 
and geometric variables, implying that no additional significant toxicity risks appear to be added to the treatment 
of multiple (four or more) lesions.

CONCLUSION 
No associations were found between the evaluated toxicities and the planning dosimetric parameters, and no 
differences in survival rates were detected based on previous treatment status.

Key Words: Radiosurgery; Brain metastases; Radiotherapy; Survival; Toxicity; Cancer

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Toxicity and survival outcome of radiosurgery in patients with multiple brain metastases (≥ 4) were evaluated. A 
total of 55 patients were evaluated; headache was the most common complaint, but no associations were found between the 
evaluated toxicities and the planning and dosimetric parameters. The median overall survival found was 10 mo and the 
survival of the group that did not undergo irradiation before radiosurgery was 9.5 mo. The results are equivalent to those 
found by authors who evaluated patients with up to four lesions. Our data demonstrate the safe use of isolated stereotactic 
radiosurgery to treat patients with four or more brain metastases.

Citation: de Camargo AV, de Mattos MD, Kawasaki MK, Gomes DNS, Borges ABB, Vazquez VL, Araujo RLC. Treatment of 
patients with multiple brain metastases by isolated radiosurgery: Toxicity and survival. World J Clin Oncol 2023; 14(10): 400-408
URL: https://www.wjgnet.com/2218-4333/full/v14/i10/400.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i10.400

INTRODUCTION
It is estimated that 19.3 million new cancer cases and 10 million deaths occurred in 2020. Breast (11.7%) and lung (11.4%) 
cancers are among the most common cancer cases, causing 2.5 million deaths (24.9% of all cancer deaths)[1]. Besides 
being the most prevalent in the population, they are the most prevalent cancer types that evolve into brain metastasis due 
to their favorable microenvironment for brain metastases development[2,3].

The main radiotherapy technique used in brain metastasis is stereotactic radiosurgery (SRS) performed in a linear 
accelerator (LA). Thus, it is necessary to determine whether the treatment of multiple brain metastases by isolated 
radiotherapy is safe and non-inferior to the treatment of one or few lesions, regarding toxicity and survival[4-7] and if 
previous treatment, such as whole brain radiotherapy (WBRT), is beneficial before radiosurgery[8,9]. Moreover, to 
determine which therapy is appropriate for each patient’s prognosis, it is also important to estimate the survival rate of 
patients with brain metastasis through prognostic factors such as Karnofsky performance status (KPS), diagnosis-specific 
graded prognostic assessment (DS-GPA), score index for radiosurgery (SIR), and recursive partitioning analyses (RPA), to 
determine which therapy is adequate for the prognosis of each patient[10-14].

This work aimed to evaluate the toxicity of isolated radiosurgery in patients with multiple brain metastases (≥ 4 
lesions). In addition, overall survival and progression-free survival were evaluated, and survival was correlated with the 
prognostic index.

MATERIALS AND METHODS
Retrospective data were collected from 55 patients who underwent radiosurgery at Barretos Cancer Hospital from 
August 2017 to February 2020. Patients who presented with 4-21 brain metastases delineated with the aid of magnetic 
resonance (MR) were treated in a single fraction with a dose of 18 Gy or 20 Gy. Patients who met the inclusion criteria 
were included regardless of previous systemic and primary local treatment since all of them received radiation therapy 
for four or more brain lesions in palliative manners, and the main outcomes were either local or systemic toxicity. A 
frameless immobilization system was used for simulation and treatment. Simulation computed tomography with a slice 
thickness of 1.25 mm was used for all plannings.

https://www.wjgnet.com/2218-4333/full/v14/i10/400.htm
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All lesions were treated on a Varian TrueBeam® ™ STX Varian Medical Systems LA with high-definition mulitleaf (120-
leaf) collimator and planned with an Eclipse® treatment planning system (Varian Medical System Inc, version 13.6). The 
calculation algorithm used was the anisotropic analytical algorithm with a 1.25 mm calculation grid and heterogeneity 
correction. VMAT (RapidArc®, Varian Medical System, Inc.) treatment technique was used for all cases with a planning 
target volume (PTV) margin of 1 mm from the gross target volume contour. Before treatment, a cone-beam computed 
tomography scan was performed. Planning was carried out by the Department of Radiation Oncology with many 
physicists and radiation oncologists in who followed the institutional protocol of dose constraints in the organs at risk 
and of coverage of targets.

The following toxicities were collected: Headache, convulsion, focal deficit, drop in the level of consciousness, fatigue, 
nausea or vomiting, and mental confusion. They were based on the Common Terminology Criteria for Adverse Events. 
The patient’s first complaint after radiosurgery was selected.

Prognostic factors were also collected: Initial KPS and that at the first follow-up after radiosurgery, DS-GPA, SIR, and 
RPA. In addition, age, gender, and the International Classification of Disease of the primary tumor were also surveyed.

Dosimetric variables included were V5Gy, V8Gy, V10Gy, V12Gy, V14Gy, conformity index (CI), heterogeneity index 
(HI), dmax, and 50% isodose CI (CI_R50). The VxGy represents the volume of the “x” Gy dose that the normal brain 
minus PTV received. The CI was calculated by the ratio between the volume of the prescription isodose and the volume 
of the PTVs: Vpresc_isodose/VPTVs. The HI was calculated as (D2%-D98%)/D50%[15]. Dmax is the maximum point dose of the plan 
and the CI_R50 is the ratio between the volume of the 50% isodose line and the volume of the PTVs.

The geometric variables collected were the number of lesions, total target volumes, the smallest and largest target 
volumes, and the distance between the isocenter and the most distant lesion. The distance between the isocenter and the 
most distant lesion was determined using the coordinates of the lesion center and its respective isocenter. The calculation 
was according to equation 1. In cases where there was more than one isocenter, the distance was measured between the 
isocenter and the most distant lesion that its arcs was treated, as demonstrated in the Supplementary material.

Technical variables included were the total number of arcs, coplanar or non-coplanar arcs, number of non-coplanar 
arcs if used, and number of isocenters. The correlations between the dosimetric, geometric, and technical variables 
collected for this work were previously published by our group[16].

We reported the response in treated lesions as complete response, partial response, stable disease, progressive disease, 
or radionecrosis. Complete response indicated complete remission of all lesions; partial response indicated that some 
lesions entered complete remission, while others remained stable; stable disease indicated that all lesions remained the 
same size; progressive disease indicated that at least one of the lesions enlarged in size; and radionecrosis indicated that 
at least one lesion went through necrosis due to radiation. Information on the location of new lesions was also reported as 
either parenchymal or meningeal.

The initial date of treatment was used for estimating the overall and progression-free survival rates and for the 
outcomes, respectively, the date of death or the date of the last information obtained in the medical records after the 
treatment, and the date of the MR in which the progression of the treated lesions was detected or the date of the MR in 
which the appearance of new lesions was detected were used. Survival rates were calculated based on the data of 53 
patients with assessable clinical records.

In this study, radiosurgery treatment of multiple brain metastasis (≥ 4) delivered in a isolated manner and at a single 
dose was referred to as radiosurgery. Whenever the patient underwent radiosurgery in more than one course of 
treatment, we would consider the first radiosurgery with four or more lesions. To evaluate if the previous treatment 
influenced survival rates, patients were divided into two groups: No previous irradiation (NP) and irradiation before 
radiosurgery (P).

Comparisons of toxicities between categories or between different groups of patients were made using chi-square tests 
or Fisher exact tests, and Mann-Whitney tests for continuous variables, and the relation between prognostic factors and 
age was evaluated using Mann-Whitney or Kruskal-Wallis tests. The results are presented as proportions or median and 
interquartile when appropriate. Spearman’s correlation coefficient was used to determine if there was a correlation 
between toxicities and dosimetric and geometric variables. KPS comparison was made using a marginal homogeneity 
test. Survival was estimated by the Kaplan-Meier method and the curves of each category were compared using the Log-
rank test. Statistical relevance was considered if P < 0.05. Data were collected and managed using the research electronic 
data capture platform[17] and analyzed using the software SSPS® (v. 20).

RESULTS
The descriptive characteristics of groups NP and P are displayed in Table 1. Briefly, the most prescribed dosage was 18 
Gy (83.6%), and 67.3% of patients were female. Of the 55 patients who underwent radiosurgery, 32 (58.2%) declared 
feeling some toxicity, with headaches (38.2%) being the most frequent. Incidence rates for each toxicity are shown in 
Table 2.

The number of reported cases of toxicity as a function of time after treatment is shown in Table 3. It was observed that 
the highest incidence (40.6%) occurred between the first and third month after treatment. To deal with the heterogeneity 
of patients who had nervous system irradiation more than once, they were divided into four groups: (1) Patients with ≥ 4 
lesions who underwent radiosurgery only; (2) patients with previous either WBRT or SRS with less than four lesions or 
fractionated stereotactic radiotherapy (SRT); (3) patients that underwent irradiation after radiosurgery and reported side 
effects after the second irradiation; and (4) patients that were irradiated before and after radiosurgery and reported some 
toxicities after the last irradiation.
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Table 1 Descriptive characteristics of 55 patients treated by radiosurgery for multiple brain metastases (%)

Characteristic NP (n = 35) P (n = 20) P value

Age at treatment (yr)1 62 (51-67) 53 (42-58) 0.032

Age (yr) 0.162

< 55 15 (42.9) 13 (65)

≥ 55 20 (57.1) 7 (35)

Gender 0.391

Female 22 (62.9) 15 (75)

Male 13 (37.1) 5 (25)

Number of lesions1 5 (4-7) 5 (4-7) 0.89

Target volumes1 5.4 (2.2-9.9) 2.9 (1.63-4.3) 0.08

Primary site 0.85

Lung 16 (45.7) 7 (35)

Breast 8 (22.9) 7 (35)

Melanoma 8 (22.9) 6 (30)

Others 3 (8.6) 0

KPS n = 34 n = 20 0.194

≤ 70 6 (17.6) 7 (35)

> 70 28 (82.4) 13 (65)

DS-GPA n = 31 n = 20 0.7

0-1 11 (35.5) 8 (40)

1.5-2 14 (45.2) 7 (35)

2.5-3 4 (12.9) 2 (10)

3-4 2 (6.5) 3 (15)

RPA n = 34 n = 20 0.751

Class 1 2 (5.9) 1 (5)

Class 2 28 (82.4) 15 (75)

Class 3 4 (11.8) 4 (20)

SIR1 n = 34 n = 20 0.104

4 (4-6) 5 (4-6.5)

Prescription dose (Gy) 0.133

20 8 (22.9) 1 (5)

18 27 (77.1) 19 (95)

1Median and interquartile range (p25-p75).
P < 0.05 was considered significant. P: Previous irradiation before radiosurgery; NP: No previous irradiation; KPS: Karnofsky performance status; DS-GPA: 
Diagnosis-specific graded prognostic assessment; RPA: Recursive partitioning analyses; SIR: Score index for radiosurgery.

The proportion of patients per technique that had one irradiation before SRS of multiple lesions was ten for WBRT, 
seven for SRS with less than four lesions, and eight for SRT. Five patients did two previous irradiations before treating 
multiple brain metastases (≥ 4 lesions) by SRS. The proportion of patients in each group that reported toxicity was 17 of 
18 patients (94.4%) in group 1; 7 of 11 (12.7%) in group 2; 3 of 17 (17.6%) in group 3; and 5 of 9 (55.6%) in group 4.

The incidence of toxicities in each patient group is presented in Table 4. Despite the higher incidence in group 1, no 
statistical relevance was found between the four groups regarding the seven toxicities. There was also no difference in the 
toxicities among the different categories of DS-GPA, RPA, and SIR.

Regarding the response of treated lesions and the emergence of new lesions, there were no differences observed 
between the P and NP groups (P = 0.643 and P = 0.412, respectively). A single patient had a complete response, 17 had 
partial responses, seven were stable, 15 had progression, and six presented radionecrosis (half in each group).
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Table 2 Incidence of toxicities

Toxicity n of patients Percentage (%)

Headache 21 38.2

Convulsion 4 7.3

Focal deficit 5 9.1

Drop in level of consciousness 3 5.5

Fatigue 8 14.5

Nausea or vomiting 6 10.9

Mental confusion 1 1.8

Table 3 Number of reported cases of toxicity per period after treatment

Period (mo) n of patients Percentage

t < 1 4 12.5

1 ≤ t < 3 13 40.6

3 ≤ t < 6 6 18.8

6 ≤ t < 9 6 18.8

9 ≤ t < 12 2 6.2

t ≥ 12 1 3.1

Table 4 Incidence of toxicity in each group of patients, n (%)

Group 1 Group 2 Group 3 Group 4

Headache 10 (58.8) 4 (57.1) 2 (66.7) 5 (100)

Convulsion 1 (5.9) 1 (14.3) 1 (33.3) 1 (20)

Focal deficit 3 (17.6) 1 (14.3) 1 (20)

Drop in level of consciousness 2 (11.8) 1 (33.3)

Fatigue 6 (35.3) 1 (14.3) 1 (33.3)

Nausea or vomiting 5 (29.4) 1 (14.3)

Mental confusion 1 (5.9)

Total 28 8 5 7

Despite the higher number of patients that presented new lesions in group NP (18) compared to group P (11), there 
were no differences between the two groups. The number of patients with new lesions was 29, and 17 patients did not 
develop new lesions. According to location, new parenchymal lesions (26) were more frequent than meningeal ones (3).

Comparing the initial KPS with that evaluated in the first consult after treatment, a relevant difference was observed 
between them (P = 0.033). The percentage of patients whose KPS decreased after treatment was 39.6%, and 60.4% of 
patients improved or maintained their KPS.

No statistical correlation was observed between dosimetric and geometric variables and toxicities. The descriptive 
statistics of dosimetric, geometric, and technical variables have previously been published by our group[16].

The average overall survival (OS) was 13.3 mo, and the median was 10 mo. The life expectancy over time can be 
observed in Figure 1. It is noteworthy that the survival rate at 12 mo was 42%. Of 53 patients, 78% died, and of those, only 
10 patients (18.9%) were due to neurological causes.

No differences were observed in the OS rates between groups NP and P. The median survival in group NP was 9.5 mo, 
and in group P it was 19.7 mo (P = 0.110). Considering patients with KPS > 70 and KPS ≤ 70, a difference was observed in 
OS (P = 0.047) (Figure 1B). The median survival of the group with KPS > 70 was 8.9 mo, and in the group with KPS ≤ 70 it 
was 3.6 mo. No differences were observed in the survival of DS-GPA (P = 0.547), RPA (P = 0.113), and SIR categories 0 to 
4 and 5 to 10 (P = 0.586).

The OS of patients was categorized into two groups for each variable for analysis. No difference between them was 
found: Number of lesions (P = 0.840), n < 6 (10.5 mo) and n ≥ 6 (9.3 mo); volume of targets (P = 0.786), v < 5 cc (10.5 mo) 
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Figure 1 Kaplan-Meyer curves for overall survival of 53 patients treated by radiosurgery for multiple brain metastases. A: Overall survival 
(OS); B: OS according to Karnofsky performance status (KPS) > 70 and KPS ≤ 70.

and v ≥ 5 cc (9.5 mo); V12Gy ≤ 10 cc (11.1 mo) and V12Gy > 10 cc (9.6 mo) (P = 0.693); CI_R50 ≤ 8 (13.2 mo) and CI_R50 > 
8 (9.6 mo) (P = 0.655).

The median progression-free survival of patients with treated lesions (PFSL) was 7.6 mo. No differences (P = 0.293) 
were found between groups NP and P. The median PFSL of group NP was 6.3 mo, and in group P it was 10.6 mo. The 
curves for the PFSL of both groups are displayed in Figure 2A. The median survival free from the appearance of new 
lesions was 6 mo. No difference was observed between groups NP and P (P = 0.188). The median for group NP was 4.5 
mo, and for group P it was 8.9 mo. The curves of survival free from the appearance of new lesions in both groups are 
displayed in Figure 2B.

DISCUSSION
It was observed that in group 1, a higher proportion (94.4%) of patients reported grievances and a higher number of 
different toxicities. Nevertheless, no difference was observed between groups when comparing their toxicity incidence. 
Besides, the toxicities reported varied regarding their start point. One of the patients reported a grievance a year after 
treatment, thus rendering it difficult to classify it as a side effect of radiosurgery.

Analyzing the responses of treated lesions, six patients developed radionecrosis. As discussed by Blonigen et al[18], 
V10Gy and V12Gy can be predictors of radionecrosis. The median of V10Gy and V12Gy of those six patients was 27.8 cc 
(9.7-45.5 cc) and 17.6 cc (6.2-27.4 cc), respectively (only a single patient had the dosage of 20Gy as prescription).

The median OS found by Chang et al[8] was 9.2 mo and the median survival of patients treated only by SRS was 15.2 
mo. Aoyama et al[9] obtained a median OS of 8 mo on the arm of patients treated only by SRS. Brown et al[19] found a 
median OS of 13.5 mo and a median survival of 10.4 mo for patients treated only by SRS.

Sahgal et al[20] found a median OS of 10 mo for the group that only received SRS. The median time to local failure and 
development of new lesions was 6.6 mo and 4.7 mo, respectively. This last result matches the PFSL and the development 
of new lesions in this study. The four aforementioned studies compared patients who underwent SRS alone with patients 
treated by SRS + WBRT.

Scorsetti et al[21] observed a median OS of 16.2 mo and a 12-mo survival rate of 65.3% in the group of patients who 
underwent only SRS with an LA. They also indicated that 27 of the 130 patients (20.8%) included in that study presented 
symptomatic radionecrosis. The incidence obtained in that study was 10.9%.

Differently from the studies mentioned before, in which treated patients had up to four lesions, the current study 
evaluated patients with 4 to 21 lesions and, despite the underestimated OS (group P began treatment of metastasis before 
the studied SRS), it was observed that survival values are similar to studies with up to four lesions, especially when 
analyzing the global survival of all patients, and the survival of patients without previous irradiation, whose comparison 
is possible with the aforementioned studies.

Among the prognostic indexes, despite the predictive power of survival from DS-GPA, RPA, and SIR[11-14,22] being 
better than KPS for patients with brain metastasis, only KPS showed a difference in OS (P = 0.047) between patients with 
KPS > 70 and KPS ≤ 70. This likely occurred due to KPS considering only the clinical condition of patients, whereas other 
indexes also consider specific parameters of patients with brain metastasis that were not discretized in the analysis, such 
as the primary site of disease, number of lesions, and systemic diseases, among others.

Regarding the number of patients whose KPS decreased, it is important to note that metastatic patients have systemic 
diseases that worsen the clinical outcome. Therefore, we cannot contribute the decline of KPS to SRS, which is corrob-
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Figure 2 Kaplan-Meyer curves for progression-free survival. A: Progression-free survival (PFS) of 34 patients with treated lesions who did not undergo 
previous irradiation (NP group) and 19 patients who underwent prior irradiation (P group); B: PFS addressing the appearance of new lesions in both NP and P 
groups.

orated by the low death number due to neurological causes.
According to dosimetric, geometric, and technical variables, the lack of correlation with toxicities does not imply they 

do not impact each other, especially considering dosimetric variables used for planning approval. It is known that the 
volume of targets, number of lesions, distance between lesions, and the isocenter impact these plan evaluation indexes[16,
23-25]. What can be observed is that the indication of isolated radiosurgery for multiple brain metastases was safe, 
considering that the technique achieved dosimetric values good enough not to cause collateral effects.

This study has limitations inherent to the retrospective cohort model where selection and information biases cannot be 
discarded. There were patients subjected to multiple irradiation techniques before the SRS in this study, and many of the 
patients were also under systemic treatment, which may interfere with the clinical results. In addition, all of them 
received some or many kinds of local and systemic treatment for many types of tumors, since in our institution the 
radiosurgery for four or more lesions was reserved for local control in a palliative manner and usually failed for previous 
treatments. Regarding the toxicities, precise graduation was not possible to obtain and therefore, they were not differen-
tiated. Although our study had some missing data for clinical variables, they represent less than 4%, which seems 
acceptable for a retrospective study[26]. If factors were significantly associated with outcomes in univariate analysis, and 
they were not as demonstrated in Table 1, they would be entered into a multivariate analysis, but it was not possible.

The planning was performed by different personnel, with distinct dose prescriptions and, in some patients with one or 
more lesions (more significant volumes), planned with three fractions but, even in these cases, there were also four or 
more lesions treated with a single dose. Considering the prescription, we tested the difference between the doses of 18 
and 20 Gy regarding geometric, dosimetric, and technical variables, and no differences were observed.

CONCLUSION
Our data demonstrate the safe use of isolated SRS to treat patients with four or more brain metastases, with no significant 
association between dosimetric, geometric, or clinical parameters and the related toxicities.

ARTICLE HIGHLIGHTS
Research background
Radiosurgery for multiple brain metastases has been more reported recently without using whole-brain radiotherapy, but 
mainly for oligometastatic scenarios (up to 3-4 lesions). Nevertheless, the sparsity of the data still claims more 
information about toxicity and survival and their association with both dosimetric and geometric aspects of this 
treatment, especially for the presence of more lesions or in patients with previous irradiation.

Research motivation
To evaluate the toxicity of treatment offered for patients with four or more lesions.

Research objectives
To assess associations of toxicity and survival outcome of stereotactic radiosurgery (SRS) among patients with four or 
more brain lesions with or without previous brain irradiation.
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Research methods
Retrospective cohort.

Research results
Neither difference in toxicity nor survival was detected when comparing patients who underwent SRS for four or more 
brain lesions with or without previous brain irradiation.

Research conclusions
This retrospective study did not detect differences in toxicity for this population with or without previous irradiation, 
suggesting that the use of SRS for four or more brain lesions with or without previous brain irradiation is safe.

Research perspectives
This study claims for more data in larger studies in a prospective manner to better address this question.
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Abstract
BACKGROUND 
Colorectal cancer is a complex disease with high mortality rates. Over time, the 
treatment of metastatic colorectal cancer (mCRC) has gradually improved due to 
the development of modern chemotherapy and targeted therapy regimens. 
However, due to the inherent heterogeneity of this condition, identifying reliable 
predictive biomarkers for targeted therapies remains challenging. A recent 
promising classification system—the consensus molecular subtype (CMS) 
system—offers the potential to categorize mCRC patients based on their unique 
biological and molecular characteristics. Four distinct CMS categories have been 
defined: immune (CMS1), canonical (CMS2), metabolic (CMS3), and mesenchymal 
(CMS4). Nevertheless, there is currently no standardized protocol for accurately 
classifying patients into CMS categories. To address this challenge, reverse 
transcription polymerase chain reaction (RT-qPCR) and next-generation genomic 
sequencing (NGS) techniques may hold promise for precisely classifying mCRC 
patients into their CMSs.

AIM 
To investigate if mCRC patients can be classified into CMS categories using a 
standardized molecular biology workflow.

METHODS 
This observational study was conducted at the University of Chile Clinical 
Hospital and included patients with unresectable mCRC who were undergoing 
systemic treatment with chemotherapy and/or targeted therapy. Molecular 
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biology techniques were employed to analyse primary tumour samples from these patients. RT-qPCR was utilized 
to assess the expression of genes associated with fibrosis (TGF-β and β-catenin) and cell growth pathways (c-MYC). 
NGS using a 25-gene panel (TumorSec) was performed to identify specific genomic mutations. The patients were 
then classified into one of the four CMS categories according to the clinical consensus of a Tumour Board. Informed 
consent was obtained from all the patients prior to their participation in this study. All techniques were conducted 
at University of Chile.

RESULTS 
Twenty-six patients were studied with the techniques and then evaluated by the Tumour Board to determine the 
specific CMS. Among them, 23% (n = 6), 19% (n = 5), 31% (n = 8), and 19% (n = 5) were classified as CMS1, CMS2, 
CMS3, and CMS4, respectively. Additionally, 8% of patients (n = 2) could not be classified into any of the four CMS 
categories. The median overall survival of the total sample was 28 mo, and for CMS1, CMS2, CMS3 and CMS4 it 
was 11, 20, 30 and 45 mo respectively, with no statistically significant differences between groups.

CONCLUSION 
A molecular biology workflow and clinical consensus analysis can be used to accurately classify mCRC patients. 
This classification process, which divides patients into the four CMS categories, holds significant potential for 
improving research strategies and targeted therapies tailored to the specific characteristics of mCRC.

Key Words: Metastatic colorectal cancer; Targeted therapy; Consensus molecular subtypes; Personalized medicine

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Colorectal cancer is molecularly heterogeneous. Consensus molecular subtype classification sheds light on its 
biology, potentially guiding targeted therapy selection. However, an optimal consensus molecular subtype classification 
mechanism remains elusive. This workflow, which combines reverse transcription polymerase chain reaction and next-
generation sequencing, introduces a novel approach for molecular patient classification. We aim to use these techniques to 
improve the precision of tumour subtyping.

Citation: González-Montero J, Burotto M, Valenzuela G, Mateluna D, Buen-Abad F, Toro J, Barajas O, Marcelain K. Classification of 
patients with metastatic colorectal cancer into consensus molecular subtypes into real-world: A pilot study. World J Clin Oncol 2023; 
14(10): 409-419
URL: https://www.wjgnet.com/2218-4333/full/v14/i10/409.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i10.409

INTRODUCTION
Colorectal cancer (CRC) exhibits high incidence and mortality rates. At the time of diagnosis, approximately 25% of 
patients already present with metastatic disease, while 50% of those initially diagnosed with localized stages later 
develop disseminated disease[1]. Recent years have seen significant advancements in systemic therapies for metastatic 
colorectal cancer (mCRC) patients, including diverse combination chemotherapy regimens, targeted therapy, immuno-
therapy, and multi-kinase inhibitors[2]. Despite these improvements, patients’ responses remain variable and 
unpredictable due to the molecular heterogeneity of this disease. Thus, it is imperative to identify specific mutations for a 
personalized treatment approach[3].

Numerous efforts have attempted to identify distinct molecular mCRC phenotypes. In 2015, bioinformatic studies 
revealed a promising classification system with four consensus molecular subtypes (CMS)[4]. This classification system 
has gained widespread clinical acceptance and is currently guiding various ongoing clinical trials[5]. The four CMS are as 
follows: CMS1, or immune subtype, primarily affects young patients and exhibits rapid progression and resistance to 
conventional therapies. This subtype may benefit from aggressive chemotherapy and, potentially, immunotherapy. 
CMS2, or canonical subtype, is characterized by mutations in specific pathways linked to cellular metabolism. CMS3, or 
metabolic subtype, is characterized by mutations in pathways responsible for cellular metabolism, with a high prevalence 
of KRAS pathway mutations. Finally, CMS4, or mesenchymal subtype, is associated with mutations in fibrogenesis and 
epithelial-mesenchymal transition pathways, leading to a poor prognosis and a higher incidence of metastasis[5]. To date, 
there is no established methodology for effectively classifying patients into CMS categories. However, given that each 
CMS is linked to distinct patterns of mutations and gene expression, it is plausible that a molecular biology workflow 
designed to identify specific mutations could help accurately classify patients into different CMS groups[6]. Therefore, 
the objective of this study was to establish a workflow for assigning mCRC patients to CMS categories using reverse 
transcription-quantitative polymerase chain reaction (RT-qPCR) and next-generation sequencing (NGS) techniques.
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MATERIALS AND METHODS
Study design and participants
In this observational study conducted between 2020 and 2023, we analyzed primary tumor tissue samples from mCRC 
patients who were receiving systemic treatment at the University of Chile Clinical Hospital. Colon or rectal tissue 
samples were collected through colonoscopy or surgical procedures. The samples were processed and stored according to 
protocols established by the Biobank of Tissues and Fluids at the University of Chile (http://biobanco.uchile.cl/). Both 
formalin-fixed paraffin-embedded (FFPE) tissue biopsies and fresh neoplastic tissue (frozen without fixation) were 
examined.

The inclusion criteria for this study were as follows: Patients diagnosed with unresectable mCRC (colon or rectal 
cancer) confirmed through histological diagnosis. Undergoing treatment at the University of Chile Clinical Hospital. 
Receiving systemic therapy in accordance with international clinical guidelines (National Comprehensive Cancer 
Network[7] and European Society of Medical Oncology)[8]. Treatment regimens included chemotherapy (FOLFOX, 
CAPOX, or FOLFIRI) and targeted therapy (bevacizumab, aflibercept, cetuximab, panitumumab, regorafenib, and 
TAS102). Chemotherapy and targeted therapy regimens were selected by the physicians on a case-by-case basis.

The exclusion criteria for this study were as follows: Patients who underwent the removal of metastases (metastas-
ectomy) before enrollment. Any comorbidity leading to a life expectancy of less than six months. Inability to maintain 
clinical follow-up.

RT-qPCR
The expression of TGF-β, β-catenin, and c-MYC was investigated as follows: RNA was extracted from FFPE tissue using 
the RecoverAllTM Total Nucleic Acid Isolation Kit for FFPE (Invitrogen). Subsequently, the concentration of each RNA 
sample was determined using the Quant-iTTM RiboGreenTM RNA Reagent Kit (Invitrogen) on a Cytation 3 instrument 
(BioTek). RNA (1000) ng was then used to prepare cDNA with the AffinityScript qPCR cDNA Synthesis Kit (Agilent) 
according to the manufacturer’s instructions.  Amplifications by qPCR (real-time PCR) was conducted in triplicate using 
the Brilliant II SYBR Green qPCR Master Mix kit (Agilent) on an Eco Real-time PCR System (Illumina). The following 
cycling conditions were used: an initial denaturation step at 95ºC for 10 min, then 40 cycles of amplification (each cycle is 
10 s at 95ºC, 30 s at 60ºC and 15s at 72°C). A melting curve for each primer ensured amplification of a single product. 
Finally, six FFPE non-tumour tissue samples treated in the same manner as the FFPE tumour tissues from each patient 
were included as controls. The relative expression was calculated using the ΔΔCt method[9] and normalized using 
expression levels of reference genes: B2M, PPIA, and RPLP0. Table 1 presents a summary of the primers used to conduct 
the RT-qPCR experiments[10-15].

NGS
The presence of genomic mutations was assessed using a 25-gene panel (TumorSec) as described by our team[16]. The 
RecoverAllTM Total Nucleic Acid Isolation Kit for FFPE was utilized to extract genomic deoxyribonucleic acid (DNA) from 
FFPE samples. Briefly, samples were incubated with 1 mL of Histo-Clear at 50°C for 3 min to remove paraffin. The 
supernatant was then removed, followed by two ethanol washes, and the residual ethanol was evaporated using a 
SpeedVAC (Thermo Scientific). The samples were then incubated overnight in a digestion solution containing proteases. 
The next day, the samples were incubated at 80°C for 15 min and an isolation additive was added and centrifuged. 
Subsequently, the supernatant was transferred to a filter column and centrifuged to isolate the RNA, which was then 
treated with DNase. The column contained the DNA, which was subsequently treated with RNase. The DNA and RNA 
were washed with wash buffers and eluted in elution buffer in separate tubes.

Quantification and quality analysis: The purity and quantity of DNA and RNA were determined by measuring 
absorbance at 260/280 nm with the PicoGreen assay (Quant-iTTM PicoGreen® dsDNA, Invitrogen) and the Quant-iTTM 
RiboGreenTM RNA Reagent Kit, respectively, on a Cytation 3 instrument (Biotek). Additionally, DNA quality analysis was 
conducted by measuring fragment size with the HS Genomic DNA Analysis Kit (DNF-488) (Agilent) on a Fragment 
Analyzer instrument (Agilent). As the extraction of genomic DNA from FFPE samples often results in low yields and 
degradation ranging from more than 1000 bp to less than 200 bp, fragments less than 200 bp were not used for library 
preparation due to excessive degradation. To ensure adequate DNA quantity, a minimum of four, 6-μm FFPE sections per 
patient were used for sequencing. Moreover, each sample needed to contain more than 20% tumour content.

Library preparation: The KAPA HyperPlus Library Preparation Kit (Kapa Biosystems) was utilized to prepare DNA 
libraries. Library sizes and concentrations were verified for quality control purposes. The 260/280 nm ratio was measured 
with Cytation equipment and quantification was carried out using the Quant-iTTM PicoGreenTM dsDNA Assay Kit. 
Furthermore, library sizes were visualized using the HS NGS Analysis Kit in a Fragment Analyzer instrument.

NGS: NGS was conducted following a protocol previously published by our team[9]. For sequencing, an equimolar pool 
of libraries (4 nM) was prepared, diluted, and denatured to achieve a final concentration of 9.4–9.5 pM according to 
guidelines in the "MiSeq System Denature and Dilute Libraries Guide" (Illumina). Paired-end sequencing (300 cycles) was 
performed using the Illumina MiSeq System (MiSeq Reagent Kits v2). Finally, bioinformatics analysis was conducted.

Classification of patients into CMS categories
Given the absence of a singular marker that differentiates each of the four CMS categories on its own, we developed a 
comprehensive protocol involving analysis by a Tumour Board consisting of experts in Molecular and Medical Oncology. 
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Table 1 Primers employed for reverse transcription-quantitative polymerase chain reaction experiments to determine the expression of 
β-catenin, c-Myc and TFG-β, and the genes used as reference genes

Name Primer Sequence Product Lenght Ref.

Forward 5’- TACCTGAACCCGTGTTGCTCTC-3’TGF-β 

Reverse 5’- GTTGCTGAGGTATCGCCAGGA-3’

122 [10]

Forward 5’- CACAAGCAGAGTGCTGAAGGTG-3’β-catenin

Reverse 5’- GATTCCTGAGAGTCCAAAGACAG-3’

146 [11]

Forward 5’-GCCACGTCTCCACACATCAG-3’c-MYC

Reverse 5’-TGGTGCATTTTCGGTTGTTG-3’

132 [12]

Forward 5’-GTGCTCGCGCTACTCTCTC-3’B2M

Reverse 5’-GTCAACTTCAATGTCGGAT-3’

150 [13]

Forward 5’-GCAAATGCTGGACCCAACACAAAT-3’ PPIA

Reverse 5’-AATGGTGATCTTCTTGCTGGTCTTG-3’

174 [14]

Forward 5’-GCAATGTTGCCAGTGTCTG-3’RPLP0

Reverse 5’-GCCTTGACCTTTTCAGCAA-3’

142 [15]

Each case was individually assessed and the CMS was determined based on the criteria defined by Guinney et al[4]. The 
Tumour Board relied on patients’ clinical characteristics, mismatch repair (MMR) expression, and RT-qPCR and NGS 
results. Each patient’s CMS was determined by consensus among all committee members. Patients for whom a CMS 
consensus could not be reached were considered unclassifiable.

The Tumour Board employed the following criteria to classify each patient into one of the four CMS categories. It is 
important to note that none of these elements individually serve as a specific CMS marker; instead, classifications were 
based on the combination of multiple elements and reached through tumour board consensus. CMS1: presence of BRAF 
mutation; MMR protein deficiency; low TGF-β, β-catenin, and c-MYC mRNA expression; and absence of APC or KRAS 
mutations. CMS2 and CMS3: presence of APC mutation; absence of BRAF mutation (with a predominance of KRAS 
mutations in CMS3); MMR-proficient; low TGF-β and β-catenin mRNA expression; and high c-MYC mRNA expression. 
CMS4: MMR-proficient; high expression of TGF-β and β-catenin mRNA; low expression of c-MYC mRNA; and presence 
of non-categorical mutations identified through NGS[6].

Ethics
All procedures conducted in this study were in full compliance with the ethical standards set by the Institutional and 
National Research Committee, as well as the principles outlined in the 1964 Declaration of Helsinki and its subsequent 
amendments. Ethical approval for this study was obtained from the Ethics Committee of the University of Chile Clinical 
Hospital and Faculty of Medicine prior to beginning the research. Informed written consent was obtained from all 
patients before their participation in the trial.

Statistics
Results are presented as the number and percentage of total patients included in this study. To determine the appropriate 
sample size, we considered the estimated prevalence of each mCRC CMS. According to previous work[4], the expected 
prevalence of each CMS is approximately 20%–25%. A sample size of 25 patients was deemed sufficient to analyze the 
prevalence and distribution of the different CMS categories. Indeed, prior research has utilized sample sizes of 20–30 
patients; thus, a sample size of 25 patients is consistent with the literature. For the overall survival analysis of the studied 
patients, log-rank test was conducted using GraphPad Prism 10.0 software.

RESULTS
Between 2020 and 2023, a total of 26 patients with unresectable mCRC undergoing systemic treatment at the University of 
Chile Clinical Hospital were included in this study. Table 2 presents the demographic and clinical characteristics of the 
patients, including age, gender, primary tumour site, and the presence or absence of MMR proteins. Each patient is 
identified with a number from 1–26.

Molecular studies
Table 2 illustrates the results of an RT-qPCR-based gene expression analysis of TGF-β, β-catenin, and c-MYC in each of the 
patients studied. It is observed that the expression of these three genes is heterogeneous among patients. Table 3 provides 
a comprehensive overview of the mutations identified with the 25-gene TumorSec panel. The most frequently observed 



González-Montero J et al. Molecular subtypes in colorectal cancer

WJCO https://www.wjgnet.com 413 October 24, 2023 Volume 14 Issue 10

Table 2 Clinical characteristics, overall survival, and reverse transcription-quantitative polymerase chain reaction results of the n = 26 
patients included in the final analysis

Patient 
number Age Gender

Site of 
primary 
cancer

Overall 
survival 
(mo)

Miss-match 
repair 
proteins 
expression 

β-catenin 
expression (RT-
qPCR) (relative 
expression with 
respect to 
reference gene 
average)

c-MYC expression 
(RT-qPCR) 
(relative 
expression with 
respect to 
reference gene 
average)

TGF-β expression 
(RT-qPCR) 
(relative 
expression with 
respect to 
reference gene 
average)

CMS

1 69 Male Sigmoid 5 Proficient 0.185 2.864 0.201 CMS2

2 85 Female Right colon 31 Proficient 0.100 0.352 0.169 CMS1

3 68 Female Rectal and 
sigmoid

12 Proficient 0.042 0.384 0.076 CMS3

4 57 Male Rectal and 
sigmoid

34 Proficient 2.684 18.817 9.778 CMS3

5 45 Female Transverse 40 Proficient 1.812 19.445 5.231 CMS2

6 62 Male Rectum 28 Proficient 0.010 4.401 0.973 CMS3

7 54 Male Rectum 20 Proficient 0.301 3.234 1.433 CMS2

8 55 Male Sigmoid 53 Proficient 0.080 1.870 11.718 CMS4

9 73 Male Sigmoid 62 Proficient 0.038 0.645 0.461 CMS1

10 79 Male Rectum 40 Proficient 0.121 2.080 3.513 CMS3

11 56 Female Right colon 29 Proficient 0.235 3.799 14.700 CMS4

12 66 Female Right colon 10 Proficient 0.351 6.004 76.116 CMS4

13 53 Male Sigmoid 52 Proficient 0.233 3.863 2.688 CMS4

14 75 Male Sigmoid 35 Proficient 0.089 0.760 0.205 CMS3

15 63 Male Right colon 32 Proficient 0.089 0.760 0.466 CMS3

16 48 Female Sigmoid 28 Proficient 0.038 1.110 0.498 CMS3

17 53 Female Rectum 20 Proficient 0.084 1.124 0.801 Not classi-
fiable

18 71 Female Right colon 12 Proficient 0.083 1.540 0.897 CMS1

19 61 Female Sigmoid 45 Proficient 0.106 9.208 6.820 CMS4

20 71 Male Rectum 10 Proficient 0.013 0.855 0.065 CMS3

21 49 Female Sigmoid 6 Deficient 0.063 2.968 1.871 CMS1

22 74 Male Right colon 11 Deficient 0.047 0.552 0.249 CMS1

23 65 Female Rectum 39 Proficient 0.059 0.828 0.084 Not classi-
fiable

24 59 Female Sigmoid 8 Proficient 0.045 1.324 0.152 CMS2

25 54 Male Sigmoid 5 Deficient 0.036 0.543 0.127 CMS1

26 69 Male Sigmoid 22 Proficient 0.192 5.025 2.654 CMS2

Each patient is individually identified in the first column on the left with a sequential number ranging from 1 to 26. Additionally, the consensus molecular 
subtype assigned based on the Tumour Board analysis is provided. RT-qPCR: reverse transcription-quantitative polymerase chain reaction; TGF-β: 
Transforming growth factor beta; CMS: consensus molecular subtype.

mutations were in KRAS, TP53 and ARID1A. All observed mutations were single nucleotide variants (SNVs) and two 
patients possessed deletions.

Classification of patients into CMS categories
Out of the 26 patients analyzed, a specific CMS could be identified for 24 patients (92%) by clinical consensus by the 
Tumour Board. Two patients (8%) were found to be unclassifiable. Figure 1 illustrates the distribution of patients across 
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Table 3 Mutations identified in the n = 26 patients included in the final analysis through massive genomic sequencing using the 
TumorSec panel

Patient number Mutation Mutation variant classification Affected protein Variant type

TSC2 Missense p.R1729C SNV1

TP53 Missense p.R175H SNV

2 KRAS Missense p.G12C SNV

KRAS Missense p.G12V SNV3

TP53 Missense p.R175H SNV

KRAS Missense p.Q61H SNV4

PIK3CA Missense p.E545G SNV

5 TP53 Missense p.P152L SNV

6 KRAS Missense p.G12D SNV

BRCA2 Missense p.K584E SNV7

ARID1A Nonsense p.Q1584 SNV

KRAS Missense p.N116H SNV

TP53 Missense p.R175H SNV

PIK3CA Missense p.H1047R SNV

8

BRAF Missense p.N581Y SNV

BRCA2 Frameshift (deletion) p.N863Ifs11 SNV

ARID1A Frameshift (deletion) p.P1326Rfs155 SNV

9

PIK3CA Missense p.H1047R SNV

PTEN Nonsense p.Y225 SNV

KRAS Missense p.G12C SNV

10

TP53 Frameshift (insertion) p.Q317Pfs20 SNV

11 KRAS Missense p.Q61H SNV

KRAS Missense p.G12D SNV12

TP53 Missense p.R280K SNV

13 TP53 Missense p.R273H SNV

KRAS Missense p.G12D SNV14

TP53 Missense p.P278L SNV

KRAS Missense p.K117N SNV15

TP53 Missense p.R282W SNV

KRAS Missense p.G12D SNV16

TP53 Frameshift (deletion) p.S260Qfs3 Deletion

KRAS Missense p.Q61L SNV

BRCA2 Missense p.S3147Y SNV

17

TP53 Missense p.R249G SNV

KRAS Missense p.G12C SNV18

ARID1A Frameshift (deletion) p.Q611Hfs7 Deletion

19 TP53 Missense p.Y220C SNV

KRAS Missense p.A59G SNV

KRAS Missense p.G12D SNV

20

TP53 Missense p.H214R SNV



González-Montero J et al. Molecular subtypes in colorectal cancer

WJCO https://www.wjgnet.com 415 October 24, 2023 Volume 14 Issue 10

NRAS Missense p.Q61R SNV21

ARID1A Frameshift (deletion) p.K1072Nfs21 SNV

22 TP53 Missense p.R273C SNV

TP53 Nonsense p.E51 SNV23

ARID1A Frameshift (deletion) p.Q372Sfs19 SNV

TP53 Missense p.R248W SNV24

PIK3CA Missense p.E545K SNV

PTEN Nonsense p.Q149 SNV

KRAS Missense p.G13D SNV

TSC2 Missense p.R1713C SNV

TP53 Missense p.R273C SNV

TP53 Missense p.R158H SNV

25

ARID1A Nonsense p.R1335 SNV

BRCA2 Missense p.E3002K SNV26

TP53 Missense p.C176Y SNV

SNV: Single nucleotide variant.

Figure 1 Proportion of patients in each consensus molecular subtype after analysis by the Tumour Board among the 26 patients included 
on the final analysis. A specific consensus molecular subtype (CMS) was successfully identified in 24 out of the 26 patients. CMS1 n = 6. CMS2 n = 5. CMS3 n = 
8. CMS4 n = 5. Not classifiable n = 2. Each patient underwent an individual assessment by the Tumour Board, and a consensus was reached to determine their 
molecular subtype. Classification was based on clinical and histological characteristics, as well as the results of RT-qPCR (β-catenin, c-MYC and TGF- β) and NGS 
(TumorSec panel). CMS: Consensus molecular subtypes.

the four CMS categories. Specifically, 23% (n = 6), 19% (n = 5), 31% (n = 8), and 19% (n = 5) were classified as CMS1, 
CMS2, CMS3 and CMS4, respectively. Remarkably, the percentage of patients classified into each CMS category closely 
aligns with findings reported by Guinney et al[4]. The median overall survival of the total sample was 28 mo (Figure 2A), 
and for CMS1, CMS2, CMS3 and CMS4 it was 11, 20, 30 and 45 mo respectively, with no statistically significant 
differences between groups (Figure 2B).

DISCUSSION
The objective of the workflow outlined in this manuscript was to develop an RT-qPCR- and NGS-based method by which 
to classify mCRC patients into CMS categories. Our results demonstrate that it is possible to classify mCRC patients into a 
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Figure 2 Classification of patients into consensus molecular subtype categories. A: Kaplan-Meier Curve with overall survival (OS) of the n = 26 
patients included on the final analysis. mOS = 28 mo; B: Kaplan-Meier curve which shows OS of patients based on their molecular subtype classification. The median 
overall survival times were 11, 20, 30, and 45 mo for CMS1, CMS2, CMS3, and CMS4, respectively. There were no statistically significant differences observed 
among the studied groups (P = 0.0968).

specific CMS in approximately 90% of the cases.
To date, there are no validated tools from prospective studies for classifying patients into the four CMS categories. 

Although genomic platforms such as ColotypeR[17] and CMSCaller[18] have been utilized, they have not significantly 
impacted clinical practice. Our findings present an alternative protocol for patient classification, leveraging a 25-gene 
panel (TumorSec) and a three-gene RT-qPCR panel (TGF-β, β-catenin, and c-MYC). The selected genes play vital roles in 
the epithelial-mesenchymal transition, particularly TGF-β and β-catenin, which are specific to CMS4 (fibrotic)[19]. 
Additionally, c-MYC was chosen due to its utility for identifying CMS2 (metabolic)[20]. However, distinguishing between 
CMS2 and CMS3 remains challenging as they share genetic signatures and patterns of gene expression.

The relevance of classifying mCRC patients into CMS categories must be contextualized. Thus far, the selection of 
targeted therapies and the design of clinical studies have primarily relied on the identification of KRAS, NRAS, and BRAF 
mutations and MMR expression analyses[7-8]. However, incorporating knowledge of the CMS categories can offer 
significant advantages in both aspects. First, it can enhance the selection of targeted therapies, enabling a more person-
alized approach. Additionally, a better understanding of the CMS categories can lead to improved clinical study design, 
allowing for more tailored and effective treatments for patients with specific CMS profiles[6]. For instance, CMS1, charac-
terized by high lymphocytic infiltration and a worse prognosis, may benefit from aggressive therapeutic strategies such 
as combination triplet chemotherapy (FOLFOXIRI) and anti-angiogenic agents[21]. Monodrug immunotherapy could also 
be beneficial for these patients given their high frequency of microsatellite instability-high tumours as demonstrated in 
the KEYNOTE177 study[22]. Considering the high prevalence of BRAF mutations, future studies should examine the 
efficacy of BRAF inhibitors for these patients[23]. CMS2 and CMS3 share significant features and may respond to similar 
agents. For example, they may show sensitivity to anti-EGFR therapy, especially in CMS2 cases[24]. However, CMS3 
patients frequently develop KRAS mutations, primarily in exon 2, leading to constitutive activation of the mitogen-
associated protein kinase pathway, associated with a poorer prognosis and response to standard treatment[25]. CMS4, 
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which carries the worst prognosis, calls for the development of new strategies targeting the epithelial-mesenchymal 
transition or the TGF-β pathway. CMS4 tumours also show better response to irinotecan-based treatments or anti-
angiogenic agents such as bevacizumab[26].

It is important to note that the classification of CMS can also predict the prognosis of patients with mCRC[4]. While this 
study documented the overall survival of patients, there were no significant differences between groups, likely due to the 
low number of patients in each CMS category. Therefore, it cannot be established whether patients with different CMSs 
have different prognoses.

The principal innovation of this exploratory study lies in the establishment of a protocol for the classification of mCRC 
patients into CMS through RT-qPCR (TGF-β, β-catenin, and c-MYC) and a 25-gene NGS panel (TumorSec). Our results 
demonstrates that this combined approach has the potential to classify patients with mCRC into one of the four CMS 
categories in over 90% of cases. As there is currently no gold-standard for conducting this clinical-molecular classification, 
this approach may represent a significant advancement in the development of an optimal technique that could become 
the standard for these purposes. In the future, it is important to further explore CMS categories and incorporate this 
knowledge into clinical practice. While this protocol proposes a CMS classification scheme, prospective and large-scale 
studies are imperative to assessing whether this methodology truly influences therapeutic decisions for patients[5] and 
for validating the clinical utility of CMS categories[6].

CONCLUSION
In conclusion, we successfully classified mCRC patients into CMS categories using an RT-qPCR and NGS-based 
workflow. This approach opens avenues for tailoring therapies according to CMS subtypes, potentially leading to 
improved patient outcomes.

ARTICLE HIGHLIGHTS
Research background
Colorectal cancer is a heterogeneous disease; therefore, it is crucial to progress towards a molecular consensus classi-
fication in order to predict prognosis and therapy response.

Research motivation
The primary motivation is to progress towards a consensus molecular classification of metastatic colorectal cancer 
patients, to better guide targeted therapy.

Research objectives
The aim of this study is to classify a sample of metastatic colorectal cancer patients into consensus molecular subtypes 
using a reverse transcription -quantitative polymerase chain reaction polymerase chain reaction (RT-qPCR) and next-
generation genomic sequencing (NGS) protocol.

Research methods
Patients with unresectable metastatic colorectal cancer who were undergoing systemic treatment with chemotherapy 
and/or targeted therapy. Molecular biology techniques were employed to analyse primary tumour samples from these 
patients. RT-qPCR was utilized to assess the expression of genes associated with fibrosis (TGF-β and β-catenin) and cell 
growth pathways. NGS using a 25-gene panel (TumorSec) was performed to identify specific genomic mutations. The 
patients were then classified into one of the four CMS categories according to the clinical consensus of a Tumour Board.

Research results
n = 26 metastatic colorectal cancer patients analyzed. 23% (n = 6), 19% (n = 5), 31% (n = 8), and 19% (n = 5) were classified 
as CMS1, CMS2, CMS3, and CMS4, respectively. Additionally, 8% of patients (n = 2) could not be classified into any of the 
four CMS categories.

Research conclusions
It is possible to classify patients with metastatic colorectal cancer into consensus molecular subtypes through RT-qPCR 
and NGS techniques.

Research perspectives
Prospective studies are needed to determine if this classification is useful and if it has an impact on predicting the 
survival of patients with metastatic colorectal cancer.
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Abstract
BACKGROUND 
Since the start of the 21st century, prostate cancer with lung metastasis (PCLM) has 
accumulated significant scientific research output. However, a systematic 
knowledge framework for PCLM is still lacking.

AIM 
To reconstruct the global knowledge system in the field of PCLM, sort out hot 
research directions, and provide reference for the clinical and mechanism research 
of PCLM.

METHODS 
We retrieved 280 high-quality papers from the Web of Science Core Collection 
and conducted a bibliometric analysis of keywords, publication volume, and 
citation frequency. Additionally, we selected differentially expressed genes from 
global high-throughput datasets and performed enrichment analysis and protein-
protein interaction analysis to further summarize and explore the mechanisms of 
PCLM.

RESULTS 
PCLM has received extensive attention over the past 22 years, but there is an 
uneven spatial distribution in PCLM research. In the clinical aspect, the treatment 
of PCLM is mainly based on chemotherapy and immunotherapy, while diagnosis 
relies on methods such as prostate-specific membrane antigen positron emission 
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tomography/computed tomography. In the basic research aspect, the focus is on cell adhesion molecules and 
signal transducer and activator of transcription 3, among others. Traditional treatments, such as chemotherapy, 
remain the mainstay of PCLM treatment, while novel approaches such as immunotherapy have limited effect-
iveness in PCLM. This study reveals for the first time that pathways related to coronavirus disease 2019, cytokine-
cytokine receptor interaction, and ribosome are closely associated with PCLM.

CONCLUSION 
Future research should focus on exploring and enhancing mechanisms such as cytokine-cytokine receptor 
interaction and ribosome and improve existing mechanisms like cadherin binding and cell adhesion molecules.

Key Words: Prostate cancer; Lung metastasis; Chemotherapy; Immunotherapy; Bibliometric analysis; Enrichment analysis

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Discovering new insights into prostate cancer with lung metastasis (PCLM), this study presents a systematic 
analysis of 280 high-quality papers and global datasets. The uneven distribution of PCLM research is highlighted. Notably, 
this study uncovers the association of PCLM with pathways related to coronavirus disease 2019, cytokine-cytokine receptor 
interaction, and ribosomes. While traditional treatments remain crucial, novel approaches like immunotherapy show limited 
effectiveness. Future research should prioritize exploring mechanisms such as cytokine-cytokine receptor interaction and 
ribosomes while enhancing existing mechanisms like cell adhesion molecules. This study’s innovative findings contribute to 
the advancement of PCLM research, stimulating further exploration and potential improvements in diagnosis and treatment 
strategies.

Citation: Huang ZG, Chen Y, Wu T, Yin BT, Feng X, Li SH, Li DM, Chen G, Cheng JW, He J. What should be the future direction of 
development in the field of prostate cancer with lung metastasis? World J Clin Oncol 2023; 14(10): 420-439
URL: https://www.wjgnet.com/2218-4333/full/v14/i10/420.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i10.420

INTRODUCTION
Prostate cancer (PC) is the second most common cause of cancer-related fatalities[1]. Globally, there are more than 1.4 
million new cases of PC and over 370000 deaths related to PC each year[2]. Due to the prostate’s unique location and 
function in the male anatomy, the early diagnosis and treatment of PC face numerous challenges[3]. Consequently, many 
PC patients develop metastasis. Lung metastasis (LM) is a relatively common occurrence in PC, with over 10% of PC 
patients experiencing LM[4]. Patients with PC with LM (PCLM) often present symptoms such as difficulty breathing, 
persistent dry cough, chest tightness, hemoptysis, and pain, which significantly impact their overall health[5]. Moreover, 
PCLM often accompanies metastasis to other organs or tissues[6,7], which complicates the treatment process and 
increases patients’ suffering, further reducing the chances of a cure. Currently, treatment options for PCLM such as 
radiation therapy, chemotherapy, and surgical resection impose significant physiological, psychological, and economic 
burdens on patients due to their complex treatment procedures and high-risk operations, and these treatment strategies 
have a limited ability to achieve a complete cure for PCLM[8-10]. Therefore, PCLM is a very harmful disease, regardless 
of the clinical characteristics of PCLM or the base number of patients.

Over the past 22 years, researchers have increasingly focused on the field of PCLM. With the development of PCLM, 
researchers have generated significant scientific output. However, as scientific output on PCLM has accumulated over the 
years, the knowledge structure of PCLM has become both disorganized and a hindrance to research efficiency[11,12]. 
Bibliometrics, a method that quantitatively analyzes and measures literature information using statistical methods and 
information technology has been widely applied in medical research with promising results[13-17]. Therefore, biblio-
metric analysis may provide a partial solution to the aforementioned challenges.

To comprehensively analyze and summarize the field of PCLM, this study retrieved relevant papers on PCLM from the 
Web of Science Core Collection (WOSCC) and conducted a bibliometric analysis of the citation references and keywords. 
Additionally, we conducted a preliminary exploration of potential biological behavior in the field of PCLM. This article 
aims to help researchers interested in the field of PCLM grasp the research trends in this field more accurately and 
quickly, and to deeply understand the related fields and technology development trends. We hope that this study can 
provide inspiration and assistance in the development and promotion of the research field of PCLM on a global scale.

https://www.wjgnet.com/2218-4333/full/v14/i10/420.htm
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MATERIALS AND METHODS
Collection of PCLM paper data
The data for PCLM papers were collected from the WOSCC (https://www.webofscience.com/). The search strategy used 
in this study was TS = ((“prostat* cancer”) OR (“prostat* carcinoma”)) AND ((“pulmonary metastas*”) OR (“lung 
metastas*”) OR (“metasta* tumor of lung”) OR (“metasta* carcinoma of lung”) OR (“metasta* lung carcinoma”)).

The inclusion and exclusion criteria for PCLM papers in this study were as follows: (1) To avoid the impact of data 
fluctuation due to WOSCC updates and restrictions, only papers published between 2000 and 2022 were included; (2) To 
ensure analytical rigor, only research articles, review articles, and early access papers were included; (3) Due to 
restrictions of the relevant software, only English-language papers were included; and (4) Finally, after manual screening, 
papers that were not relevant to the topic were excluded. Therefore, 280 articles were included in this study (see 
Figure 1).

All the data for this study were downloaded from WOSCC in BibTeX format on May 2, 2023, with the recorded content 
being “full record” and “cited reference”. The data collection work was conducted separately by two authors. Any 
discrepancies that arose between the two authors during this process were resolved through in-depth discussions 
involving both authors and other collaborators to reach a consensus.

Bibliometric analysis of PCLM paper data
We utilized R software (version 4.2.2) for advanced statistical calculations, visualization, and comprehensive bibliometric 
analysis. This included creating topic evolution maps and keyword temporal heat maps. Additionally, we employed 
VOSviewer software (version 1.6.18) to handle large amounts of data and create keyword clustering visualizations.

Exploration of molecular mechanisms in PCLM
We searched the Gene Expression Omnibus, the Cancer Genome Atlas, Sequence Read Archive, and ArrayExpress 
databases, to identify suitable human tissue datasets that included both PC and PCLM tissues. One dataset, GSE 74367, 
met our inclusion criteria, and we downloaded the corresponding data. Using R software, we extracted expression 
matrices from the dataset and identified differentially expressed genes (DEGs) specific to PCLM. The criteria for DEG 
selection were |logFC| > 1 and P-value < 0.05. Subsequently, we performed gene ontology and Kyoto Encyclopedia of 
Genes and Genomes analyses of the selected DEGs to gain preliminary insights into the potential molecular mechanisms 
of PCLM. Furthermore, we utilized STING (version 11.5) and Cytoscape (version 3.9.1) to construct protein-protein 
interaction networks for further analysis of PCLM mechanisms.

RESULTS
Spatial and temporal distribution and changes in PCLM knowledge volume
From a spatial dimension, Figure 2A illustrates the overall increasing trend in the publication and citation count of PCLM 
papers since 2000. However, the annual publication trends appear to be less stable. This does not indicate that the PCLM 
field has not received enough attention, but may be related to some bottlenecks encountered in the PCLM field. The 
steady increase in citation counts over the years further supports this statement. In terms of spatial distribution, Figure 2B 
reveals that developed countries have made significant contributions to the PCLM field, including the United States (130 
papers), Japan (41 papers), Germany (27 papers), and Canada (20 papers), among others. This reflects the imbalance in 
the development of PCLM research across different regions. Encouragingly, emerging economies such as China and India 
are gaining importance and playing an increasingly significant role in the field.

Transition of hot topics in the PCLM field
Major hot directions in the PCLM field: Figure 3 illustrates that “expression”, “metastasis”, and “E-cadherin” are 
popular keywords in the PCLM field. We conducted a co-occurrence analysis using VOSviewer to identify the main hot 
directions in the PCLM field and provide an in-depth understanding of its knowledge composition. We selected 111 
keywords with a frequency of occurrence greater than four times from the PCLM papers to construct a co-occurrence 
network. Based on Figure 4 and Supplementary Table 1, the network can be primarily divided into four clusters. Cluster 
1: Basic research on tumor metastasis mechanisms (red portion in Figure 4A) includes keywords such as epithelial-
mesenchymal transition (EMT), E-cadherin, adhesion, and migration. Cluster 2: Clinical treatment and related research 
(green portion in Figure 4A) includes keywords such as therapy, surgery, radiotherapy, radical prostatectomy, gene 
therapy, immunotherapy, and chemotherapy. Cluster 3: Clinical diagnosis-related research [blue portion in Figure 4A 
includes keywords such as diagnosis, prostate-specific membrane antigen (PSMA), and positron emission tomography/
computed tomography (PET/CT)]. Cluster 4: Other basic research on PCLM (yellow portion in Figure 4A) includes 
keywords such as signal transducer and activator of transcription 3 (STAT3), microenvironment, androgen receptor (AR), 
mouse model, and angiogenesis. Surprisingly, recent hot topics, such as immunotherapy, are not emerging trends in this 
field, while phrases related to chemotherapy and targeted therapy, such as abiraterone acetate, docetaxel, cabazitaxel, and 
enzalutamide, are emerging keywords in this field (Figure 4B).

Evolution of hot topics in the PCLM field: Figures 5 and 6 demonstrate the evolution of hot topics in the PCLM field. In 
recent years, themes such as interleukin (IL)-12, gene therapy, and ganciclovir therapy have experienced a significant 

https://www.webofscience.com/
https://f6publishing.blob.core.windows.net/d68b1134-2be6-4c9c-9403-c6ddccee9ca8/WJCO-14-420-supplementary-material.pdf
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Figure 1  Flowchart of data collection from papers on prostate cancer with lung metastasis.

decrease in attention. On the other hand, PET/CT and PSMA in the diagnostic domain, enzalutamide, abiraterone 
acetate, and cabazitaxel in the clinical treatment domain, and metabolism and BReast-CAncer susceptibility gene 2 (
BRCA2) in the basic research domain have emerged as new hot topics. Meanwhile, immunohistochemistry, immuno-
therapy, radiotherapy, migration, and angiogenesis have remained long-standing hot topics in the PCLM field. 
Additionally, it is surprising that terms related to bone metastasis, such as bone, bone metastasis, and bone scintigraphy, 
have appeared with a relatively high frequency in the PCLM field.

Development status of major research topics in PCLM
We constructed a thematic strategic coordinate map based on Keyword Plus (ID) and Author Keywords (DE) in the 
PCLM literature to determine the development status of major research topics. Figure 7 reflects the following themes in 
the field of PCLM: Motor themes, including chemotherapy, docetaxel, migration, and mitoxantrone, which are important 
and well-developed topics; niche themes, including Ga-68-PSMA, STAT3, and tumor-associated macrophages, which 
currently have low impact but need further strengthening; emerging or declining themes, including cisplatin, immuno-
therapy, gene therapy, and IL-12; and basic themes, including PET/CT, radiotherapy, and radical prostatectomy, which 
are important but have not yet received significant development in the field.

Exploration of the biological behavior of PCLM
We collected 12729 DEGs from a global dataset and compared PC patients without LM (i.e., locally metastatic) and PC 
patients with LM. Among these DEGs, 6138 genes were upregulated, and 6591 genes were downregulated. Figure 8A, 
which presents the gene ontology functional annotations, shows that, in the biological process category, there are 
pathways such as regulation of the immune effector process and lymphocyte proliferation. The molecular function 
category has pathways such as focal adhesion, while in the cellular component category, cytokine activity and cadherin 
binding are prominent (Supplementary Table 2). Figure 8B, representing the Kyoto Encyclopedia of Genes and Genomes’ 
functional annotations, reveals pathways such as cell adhesion molecules, neuroactive ligand-receptor interaction, 
salmonella infection, cytokine-cytokine receptor interaction, and the cAMP signaling pathway (Supplementary Table 3 ). 
It is worth noting that the findings related to cadherin binding and cell adhesion molecules align with the previous 
discussions, further confirming their promotional role in the development of LM in PC patients. To further investigate 
and explore the relevant pathways of PCLM, we applied the maximal clique centrality method to identify the top 20 key 
proteins from the cadherin binding and cell adhesion molecule pathways and construct a protein-protein interaction 
network. We found that cell adhesion molecules are closely associated with the immunoglobulin superfamily, such as 
CD8A, CD86, and ICAM1, as well as integrin family proteins, including ITGB1, ITGB2, and ITGAM (Figure 9A and 
Supplementary Table 4). On the other hand, cadherin binding shows close correlations with calcium-binding proteins 
from the cadherin family, such as CDH1, CDH5, and CDH11, as well as with catenin family proteins, such as CTNNA1 
and CTNNB1 (Figure 9B and Supplementary Table 5).

https://f6publishing.blob.core.windows.net/d68b1134-2be6-4c9c-9403-c6ddccee9ca8/WJCO-14-420-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/d68b1134-2be6-4c9c-9403-c6ddccee9ca8/WJCO-14-420-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/d68b1134-2be6-4c9c-9403-c6ddccee9ca8/WJCO-14-420-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/d68b1134-2be6-4c9c-9403-c6ddccee9ca8/WJCO-14-420-supplementary-material.pdf
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Figure 2 Distribution and change in time and space of knowledge volume in the prostate cancer with lung metastasis field. A: Annual 
publications and citations of papers on prostate cancer with lung metastasis (2000-2022); B: Thermal diagram of the time distribution of national/regional papers. The 
b values represent the ratio of the total number of papers published in a country from 2000 to a certain year to the total number of papers published in a country.

DISCUSSION
PCLM is typically characterized by the presence of multiple nodules or areas of increased density in the lungs[18,19]. 
Metastatic lesions in the lungs can affect respiratory function and cause symptoms such as shortness of breath and chest 
tightness[5,20]. They can also exacerbate pre-existing lung diseases in patients, leading to poor prognoses. Extensive 
research efforts have been dedicated to understanding the biological behavior of PCLM, which has contributed to the 
continuous development of clinical treatment strategies. In recent years, the explosive growth and widespread adoption 
of bioinformatics, particularly next-generation sequencing technologies and single-cell sequencing, have enabled 
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Figure 3 Word clouds of high-frequency keywords in the papers on prostate cancer with lung metastasis. A: Keywords plus; B: Author’s 
keywords.

researchers to delve into the molecular mechanisms of PCLM in depth, leading to unprecedented progress in the field. 
However, the accumulation of scientific output over the years has resulted in a chaotic knowledge landscape in the field 
of PCLM. Therefore, this study aimed to systematically reconstruct the global knowledge system of PCLM, providing a 
reference for the future development of PCLM.

Spatial and temporal distribution and changes in scientific output in the PCLM field
In recent years, more systematic and precise screening and treatment have significantly improved the prognosis of PC up 
to a point[21,22]. However, effective treatment of PCLM still faces significant challenges and requires further exploration 
and breakthroughs[23]. Moreover, the number of PCLM patients is very large globally[1,2,4], which is further driving the 
exploration of and research into PCLM by scholars worldwide. This is consistent with the expanding volume of PCLM 
knowledge over the years. However, the uneven distribution of scientific output in the field of PCLM across regions in 
the spatial dimension may be related to the social and scientific development capabilities of those regions[24]. This 
implies that the uneven country/region distribution of scientific output about PCLM in the spatial dimension may be 
related to two factors. First, developed countries and regions have invested more in healthcare resources and scientific 
research infrastructure. Second, they have a higher number of research institutes, laboratories, and researchers. In 
contrast, some developing countries or poor regions may face the challenges of limited funding and inadequate research 
conditions, resulting in a relative lag in scientific research. In this way, a contradiction has arisen between developing 
countries with limited medical technology but high PC morbidity and mortality and developed countries with advanced 
medical technology but reduced PC morbidity and mortality[25,26]. Therefore, developed countries should proactively 
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Figure 4 Analysis of the co-occurrence of all keywords in the papers on prostate cancer with lung metastasis. A: Network visualization map; B: 
Overlay visualization map. The small circle represents the keyword. The area of the small circle represents the frequency of the keyword. The colors of the different 
areas represent their categories. The lines of the connecting circles represent keywords that appear in an article simultaneously.

conduct international exchanges and cooperation in the field of PCLM to promote the sharing of data, funds and 
equipment, technology and methods, and the establishment of international cooperation networks. Developing countries 
should increase their investment in PCLM-related research and actively seek transnational cooperation in the future. This 
will not only benefit the lives and health of the world’s people but will also benefit the development of the field of PCLM 
by making full use of clinical resources and research due to the international cooperation network and the improvement 
of the technological level of developing countries. Additionally, it is exciting that, in recent years, some developing 
countries have been contributing more to research in the field of PCLM, which should further narrow the uneven spatial 
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Figure 5 Topic trend graph. A: Keywords plus; B: Author’s keywords.

distribution of scientific output in PCLM.

Evaluation of hot research directions in the PCLM field
Researchers’ continuous exploration and attention worldwide have propelled ongoing iterations and updates in the field 
of PCLM knowledge. These changes are primarily reflected in the aspects described next.

Clinical treatment directions in the PCLM field
In the early years, researchers such as Ren et al[27] utilized techniques like gene modification to enhance the expression of 
interferon-beta in mesenchymal stem cells in a mouse model of PCLM and found that tumor cell apoptosis increased and 
that natural killer cell activity, which is associated with anti-tumor activity, significantly increased. In addition, the 
invasion and metastasis suppressor gene RhoGDI2 was identified by DNA microarray technology, and after the reconsti-
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Figure 6 Keyword time heat map. A: Keywords plus; B: Author’s keywords. The values represent the ratio of the total frequency of the keyword from 2000 to a 
certain year to its total frequency; from top to bottom, the number of papers published by the country increased in turn.
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Figure 7 Theme strategic coordinate map. A: Keywords plus; B: Author’s keywords. PET/CT: Positron emission tomography/computed tomography; IL-12: 
Interleukin-12.

tution of RhoGDI2 in metastatic cancer cells, it was found that LM was inhibited and the motility of cancer cells in vitro 
was reduced[28]. Therefore, interferon-beta and RhoGDI2 are considered effective potential targets for gene therapy. 
Additionally, researchers combined AdV-tk gene therapy with radiotherapy and chemotherapy in a mouse model of 
PCLM and found a significant reduction in lung nodules and cancer cell colonization in the lungs[29]. However, studies 
have indicated that these gene therapies are challenging to deliver effectively to the tumor site, leading to inadequate 
gene delivery and resulting in various adverse outcomes[30]. Currently, no effective clinical trials have successfully 
addressed this challenge. As a result, gene therapy is currently considered a peripheral topic, and it is not surprising that 
its popularity in the PCLM field has declined significantly in recent years.

In this field, radiation therapy has always been an important and highly regarded topic. In recent years, some reports 
have shown promising results in the treatment of PCLM patients using 177Lu-PSMA radioligand therapy (Lu-PRLT)[31,
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Figure 8 Molecular pathway map of prostate cancer with lung metastasis. A: Bubble map of differentially expressed genes (DEGs) based on the gene 
ontology enrichment analysis; B: Bubble map of DEGs based on the Kyoto Encyclopedia of Genes and Genomes enrichment analysis. GO: Gene ontology; KEGG: 
Kyoto Encyclopedia of Genes and Genomes.

Figure 9 Protein–protein interaction network graph of the top 20 key proteins ranked by the maximal clique centrality method. A: Cell 
adhesion molecules; B: Cadherin binding.

32]. However, PCLM patients who are PSMA(-)/fluorescein Di-β-D-galactopyranoside (FDG)(+) may not benefit from 
Lu-PRLT[33]. Therefore, some researchers have combined biologically guided radiation therapy with Lu-PRLT for 
PSMA(-)/FDG(+) PCLM patients and found this combination therapy to be beneficial[33]. Moreover, there have been 
case reports suggesting that the combination of stereotactic body radiation therapy and androgen deprivation therapy 
(ADT) can confer benefits in terms of biochemical response and disease-free survival in PCLM patients[34]. However, 
recurrences after radiation therapy in the treatment of PCLM frequently occur[35]. Furthermore, guidelines define 
radiation therapy for PCLM as palliative treatment and do not recommend it as part of curative approaches[35]. 



Huang ZG et al. PCLM

WJCO https://www.wjgnet.com 431 October 24, 2023 Volume 14 Issue 10

Therefore, although radiation therapy has broad prospects, it is considered a significant but underdeveloped topic in the 
PCLM field due to the many challenges it currently faces.

Radical surgery, as a traditional topic, has been widely applied in clinical practice for PC. However, there is currently 
insufficient evidence from evidence-based medicine and international guidelines to clearly define the role of radical 
surgery in PCLM patients[36]. Thus, radical surgery is a significant but underdeveloped topic in the PCLM field. Studies 
have shown that performing radical prostatectomy in animal models of PCLM can significantly reduce the number of 
lung metastases[37]. Furthermore, research reports have indicated that when the criteria for resection are met, LM 
resection as the preferred choice for PCLM patients can avoid or delay the use of ADT and its adverse effects, 
significantly improving patient prognosis[35]. This also demonstrates the promising development prospects of radical 
surgery in the PCLM field.

Immunotherapy, as an emerging direction, has been a topic of long-standing interest in this field. In the field of 
immunotherapy for PC, treatment plans have limitations. One example is sipuleucel-T, the only United States Food and 
Drug Administration-approved immunotherapeutic agent for metastatic desmoplasia-resistant PC, but it is indicated for 
asymptomatic or minimally symptomatic patients only[38]. Immune resistance poses another challenge in PC treatment. 
Factors like low tumor mutation loads and the presence of immunosuppressive cells can disrupt the immune system and 
create an immunosuppressive tumor microenvironment, leading to reduced therapeutic efficacy[39]. Additionally, there 
can be adverse effects associated with immunosuppressant therapy. For instance, patients may experience immune-
related adverse events, such as ulceration of the lower lip[40]. Furthermore, the clinical utility of certain treatments has 
yet to be validated. For example, a study by Komaru et al[41] that is currently in the animal experimentation stage has a 
long way to go before its potential in clinical practice can be determined. In addition, there have been fewer studies on 
relatively well-established immunotherapies in the field of PCLM relative to other treatments. These may be due to the 
unclear mechanisms currently available, which do not provide a solid theoretical basis for the development of more 
effective immunotherapies. These are significant barriers to the widespread clinical application of immunotherapy in 
PCLM. However, in recent years, targeted and less toxic immunotherapies have shown better and sustained response 
rates compared to conventional therapies. Immunotherapy has the potential to cure malignant tumors, including 
metastatic melanoma, lung cancer, and others[42-45]. This also explains the broad prospects of immunotherapy, as it 
emerges as a relatively new and promising hotspot in the strategic landscape (Figure 7). For example, recent research 
reports have made clinical applications of oncolytic viruses, which can specifically replicate, proliferate, and destroy 
PCLM cells through the nanodrug packaging approach[46]. Additionally, researchers have designed a spatially drug-
loaded M1 macrophage system in which M1 macrophage accumulates significantly in LM lesions, effectively enhancing 
the infiltration of cytotoxic T cells into lung metastases and boosting local anti-tumor immunity[47]. If these approaches 
could be widely implemented in clinical practice, a complete cure for PCLM might be within reach. In summary, the 
exploration of immunotherapy in this field has been long and challenging. However, breakthroughs in new technologies 
and a deeper understanding of molecular mechanisms in recent years have accelerated the progress of PCLM immuno-
therapy.

Contrary to immunotherapy, chemotherapy is a relatively new topic in the field of PCLM, despite being a traditional 
subject. Currently, there are several main directions for chemotherapy, including docetaxel, cabazitaxel, and combination 
therapy. Docetaxel is a well-established chemotherapy drug that has been proven to significantly prolong the survival of 
PCLM patients[48-50]. However, most PCLM patients develop resistance to docetaxel, leading to disease progression[50]. 
As for cabazitaxel, a phase 2 clinical trial has shown that it can significantly alleviate or stabilize the condition of 
metastatic castration-resistant PC and has the advantages of better tolerance and lower toxicity[51]. Furthermore, one 
study designed a cabazitaxel nanoparticle carrier that can be inhaled by M2 macrophage vesicles and that, in experi-
mental models, was able to more effectively enter tumor tissue and inhibit over 93% of LM occurrences[52]. Additionally, 
combining chemotherapy with targeted therapy or immunotherapy has shown promising efficacy against LM[53-55]. 
Chemotherapy is utilized in PCLM treatment, but it has limitations and challenges. One issue is resistance, such as the 
enhancement of doxorubicin resistance in PC by the TrkB protein[50]. Additionally, PC cells display inherent and 
acquired resistance to cisplatin, making it ineffective as a first-line chemotherapeutic agent for PC[56]. Most PC patients 
who undergo ADT eventually develop castration-resistant disease[57]. Chemotherapy also has adverse effects. For 
instance, potentially life-threatening events like neutropenia and febrile neutropenia can occur in patients with metastatic 
PC who receive doxorubicin-related chemotherapy[58]. Furthermore, ADT for PC increases the risk of cardiovascular and 
metabolic syndrome, which can lead to fatal outcomes[59]. Despite these treatment efforts, chemotherapy alone cannot 
fully cure PCLM. However, in the context of the limitations of other non-traditional treatments, chemotherapy has been 
widely adopted in clinical practice, and its efficacy has been clearly demonstrated, whether applied alone or in 
combination with other therapeutic means. Hence, it is not surprising that chemotherapy is recognized as a mature and 
important topic in this field.

In addition, in the field of targeted therapy, enzalutamide, a next-generation AR inhibitor, has been proven to 
significantly prolong the survival of patients with metastatic PC, despite the inevitable resistance mediated by SPP1 
through the phosphatidylinositol-4,5-bisphosphate 3-kinase/protein kinase B (Akt) and extracellular regulated kinase 1/2 
pathways or the reactivation and splice variants of the AR[60-62]. MiR-33b-3p inhibits metastasis by targeting DOCK4 in 
PC[63]. We could enhance miR-33b-3p expression to overcome the poor efficacy of proteasome inhibitors in metastatic PC 
in the future. It has also been reported that treatment with Lu-177-PSMA radioligand showed significant efficacy in PC 
patients and responded favorably to the treatment and regression of lung metastases after PSMA radioligand therapy 
(Lu-PRLT)[31]. High expression of C-C motif ligand 2 induced the production of carbon catabolite repression 4 (CCR4) in 
PC cells, which promotes migration and invasion of PC cells through enhanced Akt phosphorylation[64]. This study 
reveals CCR4 as a potential target for the treatment of PCLM. Putz et al[65] found that the cytokine signaling checkpoint 
CIS plays an important role in the occurrence of PC with LM and has a promising future in the treatment of PCLM. 
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Furthermore, in recent years, the emergence of abiraterone acetate has been confirmed by numerous studies to alleviate 
lung metastases and significantly prolong the survival of PCLM patients, and it has been regarded as a safe and effective 
treatment for many advanced PCLM patients[8,54,66,67].

In recent years, precision medicine has played an important role in a variety of diseases. In particular, tumors involve 
alterations in the biological behavior of multiple genes. The biological behaviors of various tumors are complex and 
diverse. Therefore, precision medicine with personalized treatment characteristics is a solution to the difficult problem of 
PCLM, which is hard to cure completely. One study reported that AR plays dual and opposite roles in vasculature 
encapsulating tumor clusters, emphasizing the complex function of AR and its importance in individualized cancer 
therapy[68]. This study provides new insights into the complex regulatory network of AR in metastatic tumors and lays 
the foundation for relevant precision medicine. It has also been reported that AuNSs@PDA-Ce6 nanoprobes significantly 
reduced tumor growth and inhibited LM, which has considerable potential for precise therapeutic diagnosis and 
metastasis inhibition[69]. In addition, Hlavac et al[70] revealed the characterization of prognostically distinct subgroups 
with precision medicine value by targeted sequencing of blood and archival samples from LM patients. However, 
regrettably, no mature precision medicine or personalized treatment for PCLM has been reported. In the future, precision 
medicine will also be an important endeavor in the field of PCLM.

Clinical diagnostic approaches in the field of PCLM
PSMA has been widely utilized in the PC screening. Many researchers have combined PSMA with PET/CT for clinical 
diagnosis. This includes the use of [99mTc]PSMA-T4 and 68Ga-PSMA-11, which have shown high efficacy in the 
diagnosis and detection of metastatic PC and recurrence, outperforming traditional imaging techniques[71-75]. However, 
there is still a notable false-negative rate in some patients[75]. Additionally, there are cases where lung metastases in PC 
patients are PSMA-negative, rendering PSMA-PET/CT unsuitable for detecting such patients[76]. Furthermore, 18F-
fluorocholine PET/CT has shown higher specificity compared to traditional methods for staging PCLM patients, but its 
sensitivity still needs improvement[77]. Therefore, although this approach has some influence in the field of PCLM, 
several issues still need to be further addressed and developed in the future.

Exploratory mechanisms in the field of PCLM
In recent years, with the advancement and widespread application of bioinformatics, particularly the progress in second-
generation DNA sequencing and single-cell sequencing technologies, researchers have been able to identify key 
molecules in PCLM more thoroughly and comprehensively, elucidating additional pathway mechanisms. This has led to 
the emergence of new research hotspots in basic research.

In terms of organism metabolism, studies have found that Camkk2 not only mediates the metastasis and colonization of 
PC cells in the lungs, but also disrupts normal metabolism, such as glucose and lipids, leading to the occurrence of 
metabolic syndrome and other complications[78]. It has also been reported that the regulation of glutamine metabolism 
can upregulate ARPC1A in PC cells, resulting in changes in the PC cell cytoskeleton and the cells’ migration and invasion 
of the lungs[79]. Furthermore, the regulatory role of the positive feedback loop between tryptophan hydroxylase 1 and β-
catenin/ZBP-89 signaling, as well as the modulation of microribonucleic acids in acidosis mediated by the Warburg 
effect, can enhance the metastatic ability of PC cells[80,81]. These findings indicate a close relationship between organism 
metabolism and the metastatic behavior of PC cells. In recent years, numerous studies have shown that mutations in 
BRCA2, which possesses DNA repair functions, enhance the ability of PC cells to develop LM and other types of 
metastases[8,82,83]. However, these studies are based on sporadic cases, and it is necessary to conduct more compre-
hensive and systematic research for supplementary validation. Regarding STAT3, CCL5 secreted by M2 macrophages 
enriched in the PC tissue microenvironment can promote STAT3-dependent EMT, enhancing the resistance and 
metastatic ability of PC cells toward the lungs[84]. In addition, immune checkpoints can inhibit T lymphocyte immune 
responses through the EGFR/JAK1/STAT3 pathway, promoting PC progression and the occurrence of LM[85,86]. 
Encouragingly, based on the related mechanisms of STAT3, research has found that the traditional Chinese medicine 
CFF-1 can effectively inhibit LM, prolong survival, and improve the quality of life for patients[85]. In terms of AR, PC cell 
growth is androgen-dependent in vitro, and the level of androgens in the body is positively correlated with tumor size in 
vivo[87]. Studies have also revealed that cell cycle proteins interact with AR, regulate the promoters of vascular 
endothelial-derived growth factor and matrix metalloproteinase 2, and enhance their expression, thereby promoting PC 
progression and increasing metastatic capacity[88]. These findings regarding AR indirectly provide theoretical evidence 
for the development and improvement of new-generation targeted drugs, such as enzalutamide, an AR inhibitor. These 
examples highlight the importance of translating basic research findings to clinical applications and improving PCLM 
treatment.

In addition, some mechanisms of PC metastasis have become independent clusters (Figure 4), indicating that this 
direction is relatively mature and independent as a hotspot. Studies have reported that the downregulation of E-cadherin, 
a result of certain inducing factors, promotes the migration and invasion of PC cells[89]. It has also been found that 
silencing AKT1 downregulates epithelial-associated E-cadherin and upregulates mesenchymal-associated N-cadherin, 
promoting the occurrence of EMT closely related to PCLM[90]. Furthermore, some studies have indicated that decreased 
cell adhesion caused by C-terminal binding protein or metabolic acidosis-induced abnormal expression of microribo-
nucleic acids enhances the metastatic ability of PC cells[81,91]. These findings suggest that abnormalities in cell-cell 
connections can enhance the likelihood of PC cell metastasis.

Finally, the presence of phrases such as “rats” suggests that many research results are still in the cellular, animal, and 
in vitro stages of experimentation and are still some distance from clinical translation. For example, the studies by 
Komaru et al[41], Pan et al[89], and Azhati et al[92] are still in the cellular, animal, and in vitro experimental stages and a 
long way from clinical practice. As mentioned above, PCLM scientific outputs represent countries/regions with a high 
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level of PCLM research but with fewer clinical case data due to the small number of PCLM patients, while countries/
regions with high PCLM morbidity and mortality have a relatively weak level of research on PCLM. This may also be a 
major obstacle to the translation of basic research results into clinical practice. For this reason, international collaboration 
and knowledge sharing are particularly important. In addition, basic research often involves complex cellular, molecular, 
and biological processes, which may lead to problems of instability and reproducibility of results. One strategy to address 
this challenge is to increase the reliability and reproducibility of results through multicenter studies, validation 
experiments, and mutual evaluation. Clinical translation requires significant financial and resource support. However, 
research funding is often limited, and industry needs to consider commercial viability. Strategies to address this challenge 
include seeking support from public and private funding, building partnerships, and exploring new sustainable financing 
models. Thus, the translation of basic research findings into clinical applications is urgent in the context of the limited 
effectiveness of contemporary treatment options. In conclusion, basic research on PCLM is important but 
underdeveloped at the present time.

In addition, bone metastasis is a prominent point in the field of PCLM. This is mainly because LM often coexists with 
bone metastasis and other metastatic lesions, while isolated PCLM is less common, accounting for approximately 20.4% 
of all PCLM cases[6,7]. This highlights the complexity and refractoriness of PCLM. Therefore, further exploration of the 
relevant mechanisms is necessary.

Summary and exploration of mechanisms in PCLM
The global state-of-the-art PCLM pathway map we have constructed suggests that LM in PC patients is likely closely 
related to abnormalities in pathways, such as cadherin binding and cell adhesion molecules. This is in line with existing 
reports and the information discussed herein. However, most of these studies have only associated adhesion or cadherin 
abnormalities with PC cell migration and invasion, and there is still a lack of mature research revealing their specific roles 
in in vivo metastasis. Nevertheless, the specific interactions between the immunoglobulin superfamily and the integrin 
family, as well as the mechanisms leading to abnormal cell adhesion, have been elucidated in other tumors[93]. The 
mechanisms by which members of the cadherin gene family regulate EMT and promote breast cancer metastasis have 
also been identified[94]. Therefore, the interactions we have identified among the immunoglobulin superfamily and the 
integrin, cadherin, and calcium-binding protein families in the cadherin binding and cell adhesion molecule pathways in 
PCLM may be directions that merit further exploration in the field of PCLM.

Additionally, mutual interactions between coronavirus [coronavirus disease 2019 (COVID-19)] and LM of other tumors 
have been reported[95-97]. Cytokine-cytokine receptor interaction and cytokine activity have been shown to be closely 
associated with enhanced invasion in distant metastasis of thyroid cancer, lymph node metastasis of gastric adenocar-
cinoma, and liver metastasis of colon cancer[98-100]. Furthermore, the ribosomal protein S6 kinase, which is closely 
related to EMT, invasion, and metastasis of tumor cells, has been proven to be an effective target for anticancer therapy
[101]. These findings indicate that COVID-19, cytokine-cytokine receptor interaction, and ribosomal pathways are closely 
related to tumor metastasis and have broad clinical application value. However, the detailed roles of these pathways in 
PCLM have not been reported. Therefore, these directions are also among worthy future explorations required in the field 
of PCLM.

Limitations of this study and future work plans
Several limitations of this study deserve attention. First, although most data in this study were analyzed using computer-
based analysis methods that are objective, efficient, and relatively accurate, occasional errors that are difficult to avoid 
and detect may have occurred. In the future, we should strengthen manual interventions to address this issue. Second, 
due to the limitations of the analysis tools, our bibliometric analysis included only detailed data from English papers that 
are available globally. Some high-quality, non-English papers may have been overlooked. In the future, we should 
improve our analytical methods to further analyze these papers. Third, the paper data in this study came only from 
WOSCC. In future, we should analyze data from multiple databases to complement and validate our results. Fourth, due 
to the poor timeliness of the data, some emerging hotspots may have been overlooked. In the future, we should update 
the data in a timely manner and improve the analysis methods to better capture emerging hotspots. Fifth, while we have 
gained new insights into the pathways involved in the biological behaviors of PCLM, they still lack in vivo and in vitro 
experimental verification. In the future, we should conduct further experimental validations related to these pathways.

CONCLUSION
In conclusion, with the continuous advancement of scientific technology in recent years, PCLM has received widespread 
attention. In this study, we conducted a bibliometric analysis to summarize the global knowledge system of PCLM over 
the past 22 years. This included clinical aspects based on chemotherapy and immunotherapy, diagnostic aspects based on 
PSMA-PET/CT, and basic aspects based on cell adhesion molecules and STAT3. Although current treatment approaches 
can improve the prognosis of PCLM patients to some extent, resistance to traditional therapies and the limitations of 
novel therapies still prevent the complete cure of PCLM. Furthermore, we identified the close association of COVID-19, 
cytokine-cytokine receptor interaction, and ribosome-related pathways with PCLM for the first time. Therefore, future 
research in the field of PCLM should focus on exploring and enhancing mechanisms such as cytokine-cytokine receptor 
interaction and ribosome-related pathways, and further improving existing mechanisms such as cadherin binding and 
cell adhesion molecules. This study establishes a robust theoretical foundation for the advancement and enhancement of 
novel therapeutic approaches with the potential to facilitate the full remission of PCLM as soon as possible.
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ARTICLE HIGHLIGHTS
Research background
Over the past 22 years, researchers have increasingly focused on prostate cancer (PC) with lung metastasis (LM), 
generating significant scientific output, but the accumulated knowledge has become disorganized and hindered research 
efficiency.

Research motivation
With the increase of researchers’ research enthusiasm in the field of PCLM over the years, scientific output has continued 
to increase, but there is no complete PCLM knowledge structure system. The purpose of this article is to establish a 
complete structural knowledge system and future development direction.

Research objectives
In order to further clarify the future development direction of PCLM, we reconstruct the global knowledge system in the 
field of PCLM. This research aims to help researchers interested in the field of PCLM grasp the research trends in this 
field more accurately and quickly, and to deeply understand the related fields and technology development trends. This 
study can provide inspiration and assistance in the development and promotion of the research field of PCLM on a global 
scale.

Research methods
The research gathered data on PCLM papers from Web of Science Core Collection (https://www.webofscience.com/) 
using a specific search strategy, resulting in 280 high-quality articles published between 2000 and 2022. Data was 
downloaded on May 2, 2023. We conducted a bibliometric analysis of keywords, publication volume, and citation 
frequency. Additionally, we selected differentially expressed genes from global high-throughput datasets and performed 
enrichment analysis and protein-protein interaction analysis to further summarize and explore the mechanisms of PCLM.

Research results
Over the past 22 years, PCLM has gained attention, with uneven research distribution. Clinically, chemotherapy and 
immunotherapy are primary treatments, while diagnosis relies on prostate-specific membrane antigen and positron 
emission tomography/computed tomography. Basic research focuses on cell adhesion molecules and signal transducer 
and activator of transcription 3. Traditional treatments like chemotherapy dominate, but novel approaches like immuno-
therapy show limited effectiveness. This research unveils the coronavirus disease 2019 (COVID-19)-related pathway’s 
newfound associations with PCLM.

Research conclusions
Recent scientific advancements have drawn attention to PCLM. This 22-year bibliometric analysis covered clinical 
diagnostic, and basic aspects. Current treatment improves prognosis, but resistance and limitations persist. The study 
identified novel associations with COVID-19 and pathways, suggesting future research should explore these mechanisms. 
This research provides a foundation for advancing novel PCLM therapies.

Research perspectives
Future research should prioritize enhancing cytokine-cytokine receptor interactions and ribosomal mechanisms while 
improving existing cadherin binding and cell adhesion molecules.
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Abstract
BACKGROUND 
Primary benign splenic tumours are unique and account for < 0.007% of all 
tumours identified during surgery and autopsy. Splenic lymphangiomas are 
rarely seen in adults. Splenic lymphangiomas may be asymptomatic, or may 
present with upper left abdominal pain, splenomegaly, hypersplenism, or splenic 
rupture with haemorrhagic shock. The clinical and radiological features of these 
lesions are not specific. This case report serves to remind the clinician to consider 
the rare but important differential diagnosis of splenic lymphangioma while 
treating splenic lesions.

CASE SUMMARY 
We report a case of splenic lymphangioma in a 22-year-old woman who presented 
with left upper quadrant abdominal pain for three months. Initial investigations 
were unremarkable; however, computed tomography later revealed multiple 
splenic micro-abscesses. The patient underwent laparoscopic splenectomy, and 
histopathological examination revealed splenic lymphangioma. The patient was 
discharged on postoperative day three. One month after surgery, the abdominal 
pain resolved completely, with no new complaints. Splenic lymphangiomas 
present clinically as splenomegaly or left upper quadrant abdominal pain; prompt 
intervention is necessary for avoiding complications.

CONCLUSION 
This case report concludes that splenic lymphangiomas should be considered in 
the differential diagnosis of splenomegaly or left upper quadrant pain, even in 
adults, because they are amenable to curative treatment. Delays in surgical 
intervention may lead to severe complications, such as infection, rupture, and 
hemorrhage. Such lesions can be safely managed with laparoscopy, involving less 
postoperative pain and early patient discharge with excellent cosmetic outcomes.

https://www.f6publishing.com
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Core Tip: We present the rare case report of splenic lymphangioma in an adult female. This is a very rare entity with only 
around 200 cases reported between 1970 to 2017. Isolated splenic lymphangioma is very rare and should be considered in 
the differential diagnosis of splenomegaly, for early intervention and prevention of potential complications.

Citation: Thorat S, Shaji FM. Splenic lymphangioma masquerading as splenic abscess managed by laparoscopic splenectomy: A case 
report. World J Clin Oncol 2023; 14(10): 440-444
URL: https://www.wjgnet.com/2218-4333/full/v14/i10/440.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i10.440

INTRODUCTION
Lymphangiomas are benign congenital malformations of the lymphatic vessels, commonly localised to the head, neck, 
and axillary regions. Intra-abdominal localisation is rare and occurs preferentially in the mesentery. Splenic lymphan-
giomas occur mainly in children and rarely in adults. Between 1939 and 2017, only 209 cases of splenic lymphangiomas in 
adults have been reported in the literature[1]. The rarity of lymphangiomas and their uncommon localisation pose a 
challenge for clinicians in making accurate preoperative diagnosis.

CASE PRESENTATION
Chief complaints
Complaints of intermittent left upper quadrant abdominal pain and fever for the three months.

History of present illness
Complaints of intermittent left upper quadrant abdominal pain and fever for the past three months, for which she had 
consulted multiple medical practitioners with no relief from her agony.

History of past illness
No history of any significant illness in the past.

Personal and family history
No significant personal or family history.

Physical examination
Physical examination results were unremarkable, except for mild tenderness on deep palpation in the left upper 
abdomen.

Laboratory examinations
Initial investigations, including blood tests, were unremarkable, except for a slight elevated white blood cell count.

The patient was investigated for possible sources of infection; blood cultures, urine cultures, sputum cultures were 
performed. Additionally, an infection panel screening was performed, and the result was negative. Cultures were also 
negative for the presence of any infection.

Imaging examinations
Abdominal ultrasonography revealed multiple splenic micro-abscesses. Further workup with contrast-enhanced 
computed tomography of the abdomen revealed splenomegaly and multiple hypodense lesions in the splenic 
parenchyma (the largest measuring 15 mm × 15 mm), suggestive of multiple splenic abscesses/cysts (Figure 1). The 
splenic vein and distal Superior Mesenteric Artery were dilated, indicating portal hypertension. Other findings included 
a right-sided hemorrhagic ovarian cyst. Upper gastrointestinal endoscopy was performed for portal hypertension, which 
showed mild gastritis and a Hill’s grade 1 hiatal hernia.

https://www.wjgnet.com/2218-4333/full/v14/i10/440.htm
https://dx.doi.org/10.5306/wjco.v14.i10.440
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Figure 1 Contrast-enhanced computed tomography film showing splenic cyst.

FINAL DIAGNOSIS
Splenic lymphangioma.

TREATMENT
Laparoscopic splenectomy.

OUTCOME AND FOLLOW-UP
The patient was admitted to our hospital and prepared for laparoscopic splenectomy (Figure 2). She was started on 
intravenous third generation cephalosporins and metronidazole to provide aerobic and anaerobic coverage, respectively, 
and administered vaccinations (including meningococcal, pneumococcal, and H. Influenza vaccines) 14 d before the 
surgery.

The patient underwent laparoscopic splenectomy. She was placed in the supine position, and the surgeon was 
positioned at the right lower side.

The spleen was removed using a Pfannenstiel incision, which was closed cosmetically with subcuticular sutures.
The total operative time was 160 min, with an estimated blood loss of 110 mL. Drains were placed at the postoperative 

site because the spleen formed adhesions with the pancreas. The drains were kept in place to check for any leakage, and 
they were removed on postoperative day (POD) two. The postoperative period was uneventful, and the patient was 
discharged on POD three.

The splenectomy specimen was sent for histopathological examination (Figure 3A). The spleen weighed 247 g. 
Histological examination findings revealed lymphangioma of the spleen, with areas of congestive splenomegaly 
(Figure 3B).

Postoperatively, all precautions were taken to prevent hospital acquired infections. The patient was advised to 
immediately present to the hospital in case fever develops after hospital discharge. One month after surgery, the 
abdominal pain resolved completely, with no new complaints.

DISCUSSION
Splenic lymphangioma is an uncommon malformation of the lymphatics of spleen mainly seen in children and rarely in 
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Figure 2 Laparoscopic splenectomy. A: Port placement for laparoscopic splenectomy; B: Intraoperative view of the splenic artery ligated with a haemoclip at 
the upper border of the pancreas; C: Intraoperative view of the spleen.

adults. Although its aetiology is unclear, it is widely regarded as a hamartomatous change rather than a neoplasm[2]. 
Histologically, splenic lymphangiomas are characterised by cystic spaces lined by attenuated endothelial cells[3]. This 
condition may present involving only the spleen. However, in most cases, it is part of a systemic involvement of the 
lymphatic channels affecting multiple organs (systemic lymphangiomatosis)[4]. Most lesions are detected in imaging 
studies incidentally, whereas larger lesions can cause compression symptoms due to pressure on adjacent organs.

CONCLUSION
This case report concludes that in patients presenting with splenomegaly and left upper abdominal pain, splenic 
lymphangioma should be considered as an important differential diagnosis. Missed diagnosis and delayed treatment can 
lead to serious complications such as rupture and hemorrhage[5]. Such lesions can be safely managed with laparoscopy, 
involving less postoperative pain and early patient discharge with excellent cosmetic outcomes.
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Figure 3 Splenectomy specimen and histopathological slide. A: Splenectomy specimen; B: Histopathological slide showing multiple cystic spaces filled 
with eosinophilic proteinaceous material.
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Abstract
BACKGROUND 
Breast cancer (BC) has become the most common malignancy in women. The 
incidence and detection rates of BC brain metastasis (BCBM) have increased with 
the progress of imaging, multidisciplinary treatment techniques and the extension 
of survival time of BC patients. BM seriously affects the quality of life and sur-
vival prognosis of BC patients. Therefore, clinical research on the clinicopatho-
logical features and prognostic factors of BCBM is valuable. By analyzing the 
clinicopathological parameters of BCBM patients, and assessing the risk factors 
and prognostic indicators, we can perform hierarchical diagnosis and treatment 
on the high-risk population of BCBM, and achieve clinical benefits of early 
diagnosis and treatment.

AIM 
To explore the clinicopathological features and prognostic factors of BCBM, and 
provide references for diagnosis, treatment and management of BCBM.

METHODS 
The clinicopathological data of 68 BCBM patients admitted to the Air Force 
Medical Center, Chinese People’s Liberation Army (formerly Air Force General 
Hospital) from 2000 to 2022 were collected. Another 136 BC patients without BM 
were matched at a ratio of 1:2 based on the age and site of onset for retrospective 
analysis. Categorical data were subjected to χ2 test or Fisher’s exact probability 
test, and the variables with P < 0.05 in the univariate Cox proportional hazards 

https://www.f6publishing.com
https://dx.doi.org/10.5306/wjco.v14.i11.445
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model were incorporated into the multivariate model to identify high-risk factors and independent prognostic 
factors of BCBM, with a hazard ratio (HR) > 1 suggesting poor prognostic factors. The survival time of patients was 
estimated by the Kaplan–Meier method, and overall survival was compared between groups by log-rank test.

RESULTS 
Multivariate Cox regression analysis showed that patients with stage III/IV tumor at initial diagnosis [HR: 5.58, 
95% confidence interval (CI): 1.99–15.68], lung metastasis (HR: 24.18, 95%CI: 6.40–91.43), human epidermal growth 
factor receptor 2 (HER2)-overexpressing BC and triple-negative BC were more prone to BM. As can be seen from 
the prognostic data, 52 of the 68 BCBM patients had died by the end of follow-up, and the median time from 
diagnosis of BC to the occurrence of BM and from the occurrence of BM to death or last follow-up was 33.5 and 14 
mo, respectively. It was confirmed by multivariate Cox regression analysis that patients with neurological 
symptoms (HR: 1.923, 95%CI: 1.005–3.680), with bone metastasis (HR: 2.011, 95%CI: 1.056-3.831), and BM of HER2-
overexpressing and triple-negative BC had shorter survival time.

CONCLUSION 
HER2-overexpressing, triple-negative BC, late tumor stage and lung metastasis are risk factors of BM. The presence 
of neurological symptoms, bone metastasis, and molecular type are influencing prognosis factors of BCBM.

Key Words: Breast cancer; Brain metastasis; Clinicopathological features; High-risk factors; Prognostic analysis

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We aimed to identify the high-risk factors of breast cancer brain metastasis (BCBM) and conducted prognostic 
analyses. Sixty-eight BCBM patients diagnosed and treated in the Air Force Medical Center in 2000–2022 were enrolled. 
Patients with human epidermal growth factor receptor 2 overexpressing and triple-negative breast cancer were more prone to 
BM and had shorter survival time. Late tumor stage and lung metastasis were independent risk factors for BM. The presence 
or absence of neurological symptoms and bone metastasis, and molecular type were independent prognostic factors for 
BCBM. Early screening of high-risk patients for BM helps improve survival rate.

Citation: Chen YR, Xu ZX, Jiang LX, Dong ZW, Yu PF, Zhang Z, Gu GL. Analysis of clinicopathological features and prognostic 
factors of breast cancer brain metastasis. World J Clin Oncol 2023; 14(11): 445-458
URL: https://www.wjgnet.com/2218-4333/full/v14/i11/445.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i11.445

INTRODUCTION
Breast cancer (BC) has become the malignancy with the highest morbidity rate in women[1]. The overall survival (OS) of 
BC patients has been prolonged with the popularization of universal screening and advances in treatment and 
management. The proportion of patients with BC brain metastasis (BM) (BCBM) is about 15%[2], which increases with the 
extension of OS[3]. BM seriously threatens the life expectancy and quality of life of BC patients, and leads to poor 
prognosis, with a median OS of only 7.4 mo[4]. At present, medical surveillance of the brain is not regarded as a routine 
follow-up item for BC patients in China and globally. BM has an insidious onset, and most patients are not given targeted 
diagnosis and treatment of the brain until clinical symptoms emerge, thus losing the best opportunity of diagnosis and 
treatment and, affecting the survival rate. Therefore, clinical research on the clinicopathological features and prognostic 
factors of BCBM is required. To identify the clinicopathological features and prognostic factors of BCBM, guide targeted 
medical monitoring and intervention and raise the survival rate of BCBM patients, 68 BCBM patients were screened from 
2238 BC patients admitted to our center from 2000 to 2022, and their clinical data were retrospectively studied.

MATERIALS AND METHODS
Inclusion and exclusion criteria
Inclusion criteria: patients pathologically diagnosed with BC in the Air Force Medical Center (formerly Air Force General 
Hospital) from 2000 to 2022 were retrospectively collected. Patients with BM (including brain parenchymal metastasis 
and meningeal metastasis) identified by imaging, cytology or histology were selected.

Exclusion criteria: (1) Patients with concomitant malignancy or with a history of malignancy of other origin; (2) patients 
with incomplete clinical data; (3) patients diagnosed with other neurological diseases; (4) patients complicated with 
serious fatal clinical diseases; and (5) male patients with BC.

https://www.wjgnet.com/2218-4333/full/v14/i11/445.htm
https://dx.doi.org/10.5306/wjco.v14.i11.445
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Enrolled cases and follow-up: 2238 BC patients were admitted to the Air Force Medical Center between 2000 to 2022, of 
whom, 101 (4.5%) developed BM. After ineligible cases were excluded, 68 patients were enrolled. Another 136 BC patients 
without BM (control group) were matched at a ratio of 1:2 based on the age and tumor site at initial diagnosis. Follow-up 
was performed by telephone interview, outpatient re-examination and inpatient examination until April 2023.

Indicators and parameters
Clinicopathological parameters of BC patients were statistically analyzed. Univariate Cox proportional hazards model 
analysis was performed on age (at diagnosis of BC; menstrual status (at diagnosis of BC); family history of tumors; lymph 
node stage; primary tumor size; tumor stage at initial diagnosis; estrogen receptor (ER) and progesterone receptor (PR) 
status; molecular and pathological type; presence or absence of liver, lung and bone metastasis; number of liver, lung and 
bone metastases; presence or absence of metastasis to other sites; number of metastases to other sites; and whether or not 
surgical treatment was performed. Covariates with statistical significance were further incorporated into a multivariate 
Cox proportional hazards model for analysis.

Prognostic indicators: age at diagnosis of BM; time from diagnosis of BC to occurrence of BM; menstrual status at 
diagnosis of BM; molecular type; presence or absence of liver, lung and bone metastasis; number of liver, lung and bone 
metastases; presence or absence of metastasis to other sites; number of metastases to other sites; tumor stage at initial 
diagnosis; lymph node stage; pathological type; presence or absence of symptoms at diagnosis of BM; size and number of 
BMs; and treatment means for BM (systemic or local therapy).

Parameters of local therapy: surgical resection and radiotherapy [mainly including whole brain radiation therapy 
(WBRT) and stereotactic radiotherapy (SRT) of brain tumor].

Multidisciplinary treatment (MDT) was defined as systemic therapy combined with radiotherapy or surgery. The 
presence or absence of symptoms was determined according to whether abnormal vision, ataxia, symptoms of 
intracranial hypertension (headache, nausea and vomiting, lethargy, etc.), motor dysfunction, and paresthesia occurred in 
patients diagnosed previously with BC.

Parameters of hormone receptor: hormone receptor and human epidermal growth factor receptor 2 (HER2) status was 
determined by immunohistochemistry. HER2 positive was defined as HER2(3+), or HER2(2+) was positive in in situ 
hybridization test, and HER2 negative was defined as HER2(-), HER2(+), or HER2(2+) was negative in in situ hybrid-
ization test. The positive threshold of ER and PR in immunohistochemistry was ≥ 1%. Molecular typing of BC was 
performed according to hormone receptor status and HER2 expression: luminal A type (ER- and/or PR-positive, and 
HER2-negative); luminal B type (ER- and/or PR-positive, and HER2-positive); HER2-overexpressing type (ER- and PR-
negative, and HER2-positive); and triple-negative type (ER-, PR- and HER2-negative). Tumor–node–metastasis (TNM) 
staging was carried out based on the American Joint Committee on Cancer 8th Edition Staging System.

Statistical analysis
Numerical data were compared between the two groups by χ2 test or Fisher’s exact probability test. The risk factors 
associated with BM at initial diagnosis of BC were first subjected to univariate Cox proportional hazards model analysis, 
and then covariates with P < 0.05 (selected by the backward conditional method) were incorporated into the multivariate 
Cox proportional hazards model. OS, defined as the time from the initial diagnosis of BM to death from any cause, or last 
follow-up, was compared between the groups using the log-rank test, and the survival time of patients was estimated by 
the Kaplan–Meier method. In the prognostic analysis of BCBM patients, univariate Cox proportional hazards model 
analysis was first performed, and then covariates with P < 0.05 (selected by the forward conditional method) were 
incorporated into the multivariate Cox proportional hazards model to identify the covariates related to survival 
outcomes, with a 95% confidence interval (95%CI). P < 0.05 was considered statistically significant. All statistical analyses 
were conducted with SPSS version 27.0 software (SPSS Inc., Chicago, IL, USA).

RESULTS
Tumor characteristics of BCBM patients
Among the 2238 patients with BC, BM was found at the initial diagnosis in two cases (0.089%) and during follow-up in 99 
cases (4.42%). In the BCBM group, the median age at diagnosis of BC was 47 (29–69) years; 35 cases (51.5%) were 
postmenopausal, eight (11.8%) had a family history of malignancy, and most patients (51.5%) had stage III/IV tumors. In 
terms of molecular type, there were 13 cases (19.1%) of luminal A BC, 22 (32.4%) of luminal B BC, 14 (20.6%) of HER2-
overexpressing BC, and 14 (20.6%) of triple-negative BC. Fifty-one cases (75.0%) were pathologically classified as invasive 
ductal carcinoma. Bone metastasis was the most common (55.9%), followed by lung and liver metastasis. Ten cases 
(14.7%) developed liver, lung and bone metastasis and BM during the course of disease. Modified radical mastectomy 
dominated in both groups, and the proportion of patients undergoing neoadjuvant chemotherapy, radiotherapy and 
HER2-targeted therapy in the BCBM group was higher than that in the non-BCBM group (Table 1).

Risk factors of BM
Sixty-eight BCBM patients were matched at a ratio of 1:2 with 136 BC patients of the same age and tumor site at initial 
diagnosis. The median time from the diagnosis of BC to the occurrence of BM was 33.5 (0–181) mo in BCBM patients. The 
risk factors of BCBM are shown in Table 2. In univariate Cox analysis, lymph node stage; tumor stage at the initial 
diagnosis; ER status; PR status; molecular type; presence or absence of bone metastasis, liver metastasis and lung 
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Table 1 Clinicopathological features and tumor characteristics of patients

Item Non-BCBM group (n = 136) [n (%)] BCBM group (n = 68) [n (%)] P 

Age at diagnosis of BC (yr)

≤ 35 9 (6.6) 12 (17.6)

35-55 79 (58.1) 43 (63.2)

> 55 48 (35.3) 13 (19.2)

0.009

Menstrual status at diagnosis of BC

Premenopause 69 (50.7) 33 (48.5)

Menopause 67 (49.3) 35 (51.5)

0.77

Family history of cancer

None 112 (82.4) 60 (88.2)

Other malignancies 16 (11.8) 8 (11.8)

BC 8 (5.9) 0 (0.0)

0.12

Lymph node stage

N0 56 (41.2) 19 (27.9)

N1 43 (31.6) 14 (20.6)

N2 25 (18.4) 17 (25.0)

N3 12 (8.8) 15 (22.1)

Missing 0 (0.0) 3 (4.4)

0.01

Tumor size

T1 53 (39.0) 18 (26.5)

T2 67 (49.3) 37 (54.4)

T3 13 (9.6) 11 (16.2)

T4 1 (0.7) 0 (0.0)

Missing 2 (1.5) 2 (2.9)

0.17

Tumor stage at the initial diagnosis

IA 29 (21.3) 3 (4.4)

IIA 39 (28.7) 19 (27.9)

IIB 29 (21.3) 7 (10.3)

IIIA 22 (16.2) 17 (25.0)

IIIB 2 (1.5) 0 (0.0)

IIIC 11 (8.1) 11 (16.2)

IV 3 (2.2) 7 (10.3)

Missing 1 (0.7) 4 (5.9)

< 0.001

ER

Negative 42 (30.9) 32 (47.1)

Positive 94 (69.1) 32 (47.1)

Missing 0 (0.0) 4 (5.9)

0.009

PR

Negative 52 (38.2) 39 (57.4)

Positive 84 (61.8) 25 (36.8)

Missing 0 (0.0) 4 (5.9)

0.003

Molecular type < 0.001
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Luminal A type 71 (52.2) 13 (19.1)

Luminal B type 28 (20.6) 22 (32.4)

HER2-overexpressing type 18 (13.2) 14 (20.6)

Triple-negative type 19 (14.0) 14 (20.6)

Missing 0 (0.0) 5 (7.4)

Pathological type

Noninvasive carcinoma 10 (7.4) 2 (2.9)

Invasive ductal carcinoma 95 (69.9) 51 (75.0)

Invasive lobular carcinoma 5 (3.7) 2 (2.9)

Others 26 (19.1) 8 (11.8)

Missing 0 (0.0) 5 (7.4)

0.42

Metastasis

Bone metastasis

Yes 12 (8.8) 38 (55.9)

No 124 (91.2) 30 (44.1)

< 0.001

Liver metastasis

Yes 7 (5.1) 20 (29.4)

No 129 (94.9) 48 (70.6)

< 0.001

Lung metastasis

Yes 8 (5.9) 35 (51.5)

No 128 (94.1) 33 (48.5)

< 0.001

Number of liver, lung and bone metastases

0 123 (90.4) 21 (30.9)

1 8 (5.9) 19 (27.9)

2 3 (2.2) 18 (26.5)

3 2 (1.5) 10 (14.7)

< 0.001

Number of metastases to other sites

0 118 (86.8) 33 (48.5)

1 15 (11.0) 24 (35.3)

2 2 (1.5) 8 (11.8)

3 1 (0.7) 3 (4.4)

< 0.001

Surgical treatment

No 3 (2.2) 7 (10.3)

Breast-conserving surgery 20 (14.7) 5 (7.4)

Modified radical mastectomy 106 (77.9) 43 (63.2)

Others 7 (5.1) 13 (19.1)

< 0.001

Radiotherapy

No 76 (55.9) 24 (35.3)

Yes 60 (44.1) 44 (64.7)

0.006

Chemotherapy

Neoadjuvant chemotherapy

No 119 (87.5) 55 (80.9)

Yes 17 (12.5) 13 (19.1)

0.21
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Anthracyclines

No 28 (20.6) 35 (51.5)

Yes 107 (78.7) 32 (47.1)

Missing 1 (0.7) 1 (1.5)

< 0.001

Taxane

No 35 (25.7) 22 (32.4)

Yes 101 (74.3) 46 (67.6)

0.35

HER2 targeted therapy

No 118 (86.8) 36 (52.9)

Yes 18 (13.2) 32 (47.1)

< 0.001

BC: Breast cancer; BCBM: Breast cancer brain metastasis; ER: Estrogen receptor; PR: Progesterone receptor; HER2: Human epidermal growth factor 
receptor 2.

metastasis; number of bone, liver and lung metastases; number of metastases to other sites; and surgical mode were 
statistically significant. The above factors were incorporated into multivariate Cox analysis, and it was found that patients 
with stage III/IV tumor at initial diagnosis [hazard ratio (HR): 5.58, 95%CI: 1.99–15.68], lung metastasis (HR: 24.18, 
95%CI: 6.40–91.43), and HER2-overexpressing and triple-negative BC were more prone to BM.

Prognostic analysis
The median age in 68 BCBM patients at diagnosis of BM was 50.5 (30–70) years. Presence or absence of bone metastasis, 
molecular type, and presence or absence of neurological symptoms at initial diagnosis of BCBM were significant 
covariates in multivariate Cox analysis. The median time from initial diagnosis of BM to death from any cause or last 
follow-up was 14 (2–138) mo in the 68 BCBM patients. The survival time of BCBM patients with different molecular types 
is shown in Figure 1. Of the 68 BCBM patients, 44 (64.7%) were diagnosed with BM due to neurological symptoms; 
mainly dizziness, which was the initial symptom of 23 (52.3%) patients with BCBM. In addition, typical symptoms of BM 
included headache (19 cases), nausea and vomiting (10 cases), walking instability (7 cases), blurred vision (5 cases), 
memory loss (4 cases) and slow response (3 cases), and they often occurred simultaneously. The median survival time 
was 12 mo among BCBM patients with neurological symptoms, 30 mo among asymptomatic patients (Figure 2), 14 mo 
among BCBM patients with bone metastasis, and 23 mo among those without bone metastasis (Figure 3). The relevant 
results are presented in Table 3.

Of the 68 BCBM patients, four (5.9%) underwent no treatment, 27 (39.7%) underwent MDT with local therapy plus 
systemic medication, 30 (44.1%) were given local therapy only, and seven (10.3%) were given medication only. The 
median survival time of patients receiving MDT was 21 mo, which was superior to that of patients receiving medication 
or local therapy alone. Tumor resection was performed in 11 cases and all of them were treated with postoperative 
radiotherapy. After BM, 16 patients received HER2-targeted therapy, including trastuzumab single targeted therapy for 
five cases, trastuzumab plus tyrosine kinase inhibitors (TKIs) for two cases, and capecitabine plus TKI for seven cases, 
and their median survival time was 17, 23 and 54 mo, respectively. The remaining two patients received trastuzumab + 
pertuzumab dual-targeted therapy, and they were still alive as of the follow-up endpoint (Table 4).

DISCUSSION
In this study, the median time from the diagnosis of BC to the occurrence of BCBM was 33.5 (0–181) mo. The risk of BM 
varied among patients with different molecular subtypes of BC. HER2-overexpressing and triple-negative BC had a high 
tendency to BM, consistent with previous reports[5]. Patients with advanced stage and lung metastasis were also at high 
risk of BM. Due to the specificity of the physiological structure of the brain (such as the presence of the blood–brain 
barrier), there is still a lack of effective intervention means, and BM predicts poor survival outcomes. The results of 
descriptive statistics, univariate and multivariate Cox proportional hazards model analysis showed that the molecular 
type, and presence or absence of neurological symptoms and bone metastasis at diagnosis of BM were independent 
prognosis factors of patients with BM.

In this study, it was found that HER2-overexpressing and triple-negative types were high-risk molecular types of 
BCBM. Patients with HER2-overexpressing and triple-negative BC accounted for 20.6% of BM patients, in line with 
research findings that the incidence rate of BM in HER2-overexpressing type and triple-negative BC is 20%–30%[6]. Sixty-
nine studies involving 28 countries on risk factors of BCBM concluded that young age, ER-negative, HER2 overex-
pression, later tumor stage, histological grade, tumor size, and lymph node metastasis are all independent risk factors of 
BCBM[7]. Univariate analysis of this study showed that lung, liver and bone metastasis, the number of liver, lung and 
bone metastases, and the number of metastases to other sites were associated with an increased risk of BM in BC patients. 
In multivariate analysis, only lung metastasis was statistically significant (HR: 24.18, 95%CI: 6.40–91.43). As shown in 
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Table 2 High-risk factors of breast cancer brain metastasis

Univariate Cox Multivariate Cox
Item

HR (95%CI) P HR (95%CI) P 

Age at diagnosis of BC (yr)

≤ 35 Reference

> 35 0.008 (0-1.89) 0.083

Menstrual status at diagnosis of BC

Premenopause Reference

Menopause 1.29 (0.52-3.20) 0.59

Family history of cancer

None Reference

Yes 0.62 (0.26-1.44) 0.26

Lymph node stage

N0-N1 Reference

N2-N3 2.77 (1.40-5.48) 0.004 NS

Tumor size

T1-T2 Reference

T3-T4 1.44 (0.65-3.15) 0.37

Tumor stage at the initial diagnosis

I-II Reference

III-IV 3.84 (1.89-7.78) < 0.001 5.58 (1.99-15.68) 0.001

ER

Negative Reference

Positive 0.49 (0.27-0.87) 0.015 NS

PR

Negative Reference

Positive 0.36 (0.18-0.69) 0.002 NS

Molecular type

Luminal A type Reference

Luminal B type 3.95 (1.71-9.14) 0.001 5.36 (1.61-17.76) 0.006

HER2-overexpression type 4.01 (1.61-9.96) 0.003 5.0 (1.30-19.25) 0.019

Triple-negative type 4.34 (1.55-12.11) 0.005 NS NS

Pathological type

Others Reference

Invasive ductal carcinoma 1.83 (0.83-4.05) 0.14

Invasive lobular carcinoma 1.31 (0.22-7.69) 0. 77

Surgical treatment

Others Reference

Modified radical mastectomy 0.48 (0.26-0.90) 0.021 NS

Bone metastasis

No Reference

Yes 7.19 (3.13-16.52) < 0.001 NS

Liver metastasis
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No Reference

Yes 7.44 (2.77-20.01) < 0.001 NS

Lung metastasis

No Reference

Yes 15.87 (5.61-44.89) < 0.001 24.18 (6.40-91.43) < 0.001

Number of liver, lung and bone metastases

< 2 Reference

≥ 2 17.78 (5.38-58.73) < 0.001 NS

Number of metastases to other sites

< 2 Reference

≥ 2 7.33 (2.05-26.27) 0.002 NS

95%CI: 95% confidence interval; NS: Not statistically significant; HR: Hazard ratio; ER: Estrogen receptor; PR: Progesterone receptor; BC: Breast Cancer; 
HER2: Human epidermal growth factor receptor 2.

Figure 1 Survival analysis of patients with different molecular types.

Figure 2 Survival analysis of patients with or without symptoms.

previous studies, cyclooxygenase 2 and epidermal growth factor receptor ligand can serve as mediators of cancer cells 
passing through the blood–brain barrier[8], and they are associated with lung cancer infiltration, which may account for 
the predisposition of patients with lung metastases to BM[9]. Lymph node status and age at diagnosis of BC have been 
verified to be associated with the risk of BM[10], but no clear association was observed in this study. The later tumor 
stage often corresponds to later seeking of treatment, greater tumor burden, greater lymph node infiltration, and 
increased risk of metastasis and recurrence, including BM[11].

Clinically, the treatment regimen is often selected based on the number, location and size of BMs, the patient’s physical 
condition, extracranial metastasis, and the possible benefits of treatment. SRT is mainly applied to BM patients with < 4 
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Table 3 Prognostic factors of breast cancer brain metastasis

Univariate Cox Multivariate Cox
Item

HR (95%CI) P HR (95%CI) P 

Age at diagnosis of BM (yr)

≤ 35 Reference

> 35 1.033 (0.315-3.385) 0.957

Time from BC to BM (mo)

≤ 24 Reference

> 24 0.896 (0.482-1.664) 0.727

Menstrual status at diagnosis of BM

Premenopause Reference

Menopause 0.685 (0.331-1.416) 0.307

Molecular type

Luminal A type 0.253 (0.087-0.730) 0.011 0.227 (0.074-0.693) 0.009

Luminal B type 0.279 (0.128-0.607) 0.001 0.293 (0.129-0.663) 0.003

HER2-overexpressing type 0.274 (0.121-0.618) 0.002 0.319 (0.135-0.754) 0.009

Triple-negative type Reference

Bone metastasis

No Reference

Yes 1.980 (1.135-3.453) 0.016 2.011 (1.056-3.831) 0.034

Liver metastasis

No Reference

Yes 1.121 (0.626-2.007) 0.701

Lung metastasis

No Reference

Yes 1.616 (0.929-2.810) 0.089

Number of liver, lung and bone metastases

≤ 2 Reference

> 2 1.548 (0.894-2.682) 0.119

Number of metastases to other sites

< 2 Reference

≥ 2 1.425 (0.711-2.858) 0.318

Tumor stage

I-II Reference

III-IV 0.813 (0.466-1.419) 0.466

Lymph node stage

N0-N1 Reference

N2-N3 0.843 (0.486-1.464) 0.545

Pathological type

Others 0.287 (0.073-1.133) 0.075

Invasive lobular carcinoma Reference

Invasive ductal carcinoma 0.208 (0.060-0.725) 0.014 NS

Symptoms
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No Reference

Yes 2.171 (1.191-3.959) 0.011 1.923 (1.005-3.680) 0.048

Size of BM (cm)

≤ 3 Reference

> 3 0.803 (0.449-1.439) 0.462

Number of BM

≤ 3 Reference

> 3 1.248 (0.721-2.160) 0.428

Surgery for BM

No Reference

Yes 0.744 (0.348-1.591) 0.446

Treatment after BM

Local therapy Reference

Medication alone 1.531 (0.638-3.674) 0.064

Systemic therapy 0.748 (0.317-1.765) 0.507

Local therapy

SRT 1.350 (0.513-3.549) 0.543

WBRT 1.600 (0.633-4.043) 0.320

Both 1.935 (0.680-5.506) 0.216

Neither Reference

95%CI: 95% confidence interval; NS: Not statistically significant; HR: Hazard ratio; BC: Breast Cancer; BM�Brain Metastasis; WBRT: Whole brain radiation 
therapy; SRT: Stereotactic radiotherapy; HER2: Human epidermal growth factor receptor 2.

Figure 3 Survival analysis of patients with or without bone metastasis.

tumor lesions and brain tumor < 3 cm. In this study, the median survival time was 12 mo among patients treated with 
WBRT alone, 16 mo among patients treated with SRT alone, 18 mo among patients treated with WBRT + SRT, and 18 mo 
among patients undergoing surgery for brain tumors. Consistent with this study, a study showed that WBRT produces 
no OS benefit but significant neurocognitive decline[12]. Of the 68 patients, 24 had BMs ≤ 3 cm, and 22 patients (91.7%) 
underwent SRT. SRT has become the first-line treatment for BC patients with small brain metastases[13].

Despite advances in early diagnosis and effective treatment, distant metastasis remains an important factor threatening 
the survival of BC patients[14]. In this study, the median survival time of patients with luminal A, luminal B, HER2-
overexpressing and triple-negative BC was 26, 30, 21 and 8 mo, respectively. The prognosis of HER2-overexpressing and 
triple-negative BC patients was poor. It is difficult for most drugs to reach effective blood concentration in the brain due 
to the presence of the blood–brain barrier. With the progress made in novel targeted drugs in the past decade, 
breakthroughs have been made in the treatment of HER2-positive BC. Trastuzumab, pertuzumab, antibody-drug 
conjugate and TKIs (lapatinib, pyrotinib, etc.) have been marketed successively, extending the OS of HER2-positive 
patients. Studies have revealed that lapatinib + capecitabine can delay the time of WBRT[15]. The PERMEATE study 
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Table 4 Treatment methods of brain metastasis

Item Patients with BM (n = 68) Median survival time (mo)

Medication 7 12

MDT 27 21

Local therapy alone 30 15

Neither 4

Local therapy n = 57

SRT alone 19 16

Surgery + SRT 6 19

SRT + WBRT 10 18

Surgery + WBRT 3 30

WBRT 17 12

Surgery + SRT + WBRT 2 21

HER2 targeted therapy n = 16

Trastuzumab 5 17

Trastuzumab + pertuzumab 2

Trastuzumab + TKI 2 23

Capecitabine + TKI 7 54

MDT: Multidisciplinary treatment; WBRT: Whole brain radiation therapy; SRT: Stereotactic radiotherapy; TKI: Trastuzumab plus tyrosine kinase 
inhibitors; BM: Brain Metastasis; HER2: Human epidermal growth factor receptor 2.

explored the efficacy of lapatinib plus capecitabine in the treatment of patients with HER2-positive BM, and found that 
the objective response rate of brain can reach 74.6% in patients undergoing the initial neurological radiotherapy[16]. In 
this study, the median survival time of patients given capecitabine plus TKIs was 54 mo. As of April 2023, the median 
survival time of HER2-positive BCBM patients enrolled in PERMEATE is up to 31.5 mo[16]. In this study, the patients 
treated from 2000 to 2022 were enrolled, and trastuzumab was marketed in China since 2002, so some patients did not 
undergo targeted therapy due to early drug shortage and high treatment cost, which may be one of the reasons for poor 
prognosis of HER2-overexpressing BC patients. In view of the current effective treatment, HER2-positive patients should 
be more active in undergoing brain examination and timely treatment.

The results of multivariate Cox regression analysis showed that the HR value of BM patients with neurological 
symptoms was 1.923 times (95%CI: 1.005–3.680) that of asymptomatic patients (P = 0.048), suggesting that the presence of 
neurological symptoms at diagnosis is associated with a poor prognosis. The median survival time was 30 mo for 
asymptomatic patients and 12 mo for symptomatic patients. A study involving long-term survivors of BCBM showed that 
asymptomatic BCBM patients are more likely to achieve long-term survival of > 15 mo[17]. In this study, asymptomatic 
patients with BM had a smaller diameter of brain tumor (≤ 3 cm: 95.8% vs 75.0%, P = 0.031), fewer brain metastases (≤ 3: 
58.3% vs 43.2%, P = 0.232), and younger age at diagnosis of BC (≤ 35 years: 95.8% vs 75%, P = 0.031) than symptomatic 
patients, consistent with the characteristics (young age, small diameter of brain tumor, small number of brain tumors, and 
good physical status without neurological burden) of asymptomatic patients[18]. Due to smaller size and number of brain 
tumors of asymptomatic patients, a wider range of treatment options is available, and SRT is preferred, which is 
associated with milder neurological impairment[17]. A prospective study on 1196 asymptomatic patients with BCBM 
treated with SRT also confirmed that compared with symptomatic patients, asymptomatic BM patients have good 
neurological status and reduced neurological mortality[18]. A previous study showed that early detection of BM is 
associated with longer OS as compared to symptomatic BM[19]. Considering the health economic benefits, however, 
brain screening has not been utilized as routine follow-up for BC patients in China and globally. According to an 
American study, regular head magnetic resonance imaging screening can save an average of USD 1326 in treatment costs 
for each BCBM patient. Although there are differences in the medical system between the USA and China, some 
references are still provided for the formulation of follow-up plans for BC patients in China[20].

The presence of extracranial metastases was identified as an independent prognostic factor in the 2020 version of the 
Breast Graded Prognostic Assessment. Bone metastasis is the most common mode of metastasis, accounting for 60%–70% 
of metastatic BC[21]. In this study, 38 (55.9%) patients with BM had bone metastasis. The prognosis of BC bone metastases 
is better than that of other distant metastases, with a median survival time of 36 mo[22], and the survival rate significantly 
declines when complicated with metastasis to other sites[23]. In a cohort of 1330 triple-negative BC patients with BM, the 
median OS was 13 mo (95%CI: 11.5–14.5 mo) for bone metastasis alone and 8 mo (95%CI: 6.3–9.7 mo) for bone metastasis 
+ metastasis to other sites[24]. In this study, the median survival time was 14 mo for patients with BM + bone metastasis 
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and 23 mo for patients without bone metastasis, and the HR value in multivariate analysis was 2.011 times that of patients 
without bone metastasis (95%CI: 1.056–3.831) (P = 0.034). Common skeletal-related events in patients with bone 
metastasis include pathological fracture, spinal cord compression, hypercalcemia, and bone pain[21], resulting in limited 
daily activity and reduced quality of life. In this study, the median age of 68 BCBM patients was 50.5 (30–70) years. The 
mean menopausal age of Chinese women is 49.5 years, and menopausal women are prone to osteoporosis as well as an 
increased risk of pathological fracture when complicated with bone metastasis. Fracture-induced immobilization, 
decrease of physical performance score, and long-term complications related to immobilization (thromboembolism, 
respiratory tract infection, etc.) are all reasons for the decrease in survival rate. In the case of paralysis caused by spinal 
cord compression, the survival rate declines further, with a 1-year survival rate of only 17.6%[25].

There were some limitations to this study, such as its small sample size and single-center, retrospective nature, which 
inevitably introduced selection and recall bias. The clinical data collected from 2000 to 2022 may have had missing follow-
up data. Notably, the absence of pathological results and imaging data for some patients diagnosed before 2010 may have 
influenced the analytical outcomes. Moreover, shifts in clinical guidelines, the introduction of new medications, and 
advances in the healthcare economy during this period have altered the diagnostic criteria, treatment modalities, and 
patient management approaches. Other potential confounding factors like the genotype of BC patients were not 
extensively analyzed due to their low detection rate. The lack of prospective studies introduced uncertainty in pin-
pointing the precise onset time for patients with asymptomatic BM. Currently, the efficacy of early screening for BCBM, 
its potential for early intervention, and whether early detection enhances survival rate, necessitate validation through 
multicenter prospective studies.

CONCLUSION
Stage III/IV, lung metastasis, and HER2-overexpressing and triple-negative types are high-risk factors of BCBM, and 
aggressive monitoring of BM is required. It is recommended that BC patients undergo regular brain examinations since 
detecting and treating BC before neurological symptoms emerge may produce better outcomes. Patients with central 
nervous system symptoms, HER2-overexpressing and triple-negative BC, and bone metastasis have poor prognosis.

ARTICLE HIGHLIGHTS
Research background
Breast cancer (BC) brain metastasis (BCBM) is an important influencing factor of the long-term prognosis of BC patients. 
Triple-negative type is a known risk factor of BCBM, suggesting that patients with different clinicopathological types 
have differences in survival time.

Research motivation
To explore the influencing factors of the occurrence, development, and prognostic survival of BCBM to provide references 
for the diagnosis, treatment and management of patients with BM.

Research objectives
To perform more aggressive screening of high-risk patients of BCBM, benefiting patients from early diagnosis and 
treatment, and producing better outcomes.

Research methods
Clinicopathological data of 68 BCBM patients admitted to the Air Force Medical Center (formerly Air Force General 
Hospital) between 2000 and 2022 and another 136 matched BC patients were retrospectively analyzed. The high-risk 
factors and prognostic factors of BCBM patients were analyzed by univariate and multivariate Cox regression analyses, 
the survival time of patients was estimated by the Kaplan–Meier method, and the overall survival was compared 
between two groups by log-rank test.

Research results
Stage III/IV, lung metastasis, and human epidermal growth factor receptor 2 (HER2)-overexpressing and triple-negative 
types were high-risk factors of BCBM. Patients with neurological symptoms, bone metastasis, and HER2-overexpressing 
and triple-negative BC had poor prognosis, requiring more effective treatment to improve the survival rate of these 
patients.

Research conclusions
The prognosis of BCBM is poor. Active follow-up and screening of the brain should be performed for patients with late 
stage at initial treatment, lung metastasis, and HER2-overexpressing and triple-negative BC. The median survival time of 
patients with neurological symptoms, bone metastasis, and HER2-overexpressing and triple-negative BC significantly 
decreases.
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Research perspectives
More multicenter large studies on BCBM are required to provide references for the management of high-risk patients, 
and more effective treatment is needed to raise the survival rate of patients with poor prognosis.
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Abstract
BACKGROUND 
Liver cancer resection, especially in patients with hemihepatectomy or extended 
hemihepatectomy, often leads to poor prognosis, such as liver insufficiency and 
even liver failure and death, because the standard residual liver volume (SRLV) 
cannot be fully compensated after surgery.

AIM 
To explore the risk factors of poor prognosis after hemihepatectomy for hepato-
cellular carcinoma and evaluate the application value of related prognostic 
approaches.

METHODS 
The clinical data of 35 patients with primary liver cancer in Nantong Third 
People's Hospital from February 2016 to July 2020 were retrospectively analyzed. 
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The receiver operating characteristic curve was created using medcac19.0.4 to compare the critical values of the 
SRLV in different stages of liver fibrosis after hemihepatectomy with those of liver dysfunction after hemihep-
atectomy. It was constructed by combining the Child-Pugh score to evaluate its application value in predicting 
liver function compensation.

RESULTS 
The liver stiffness measure (LSM) value and SRLV were associated with liver dysfunction after hemihepatectomy. 
Logistic regression analysis showed that an LSM value ≥ 25 kPa [odds ratio (OR) = 6.254, P < 0.05] and SRLV ≤ 
0.290 L/m2 (OR = 5.686, P < 0.05) were independent risk factors for postoperative liver dysfunction. The accuracy 
of the new liver reserve evaluation model for predicting postoperative liver function was higher than that of the 
Child-Pugh score (P < 0.05).

CONCLUSION 
SRLV and LSM values can be used to evaluate the safety of hemihepatectomy. The new liver reserve evaluation 
model has good application potential in the evaluation of liver reserve function after hemihepatectomy.

Key Words: Hepatocellular carcinoma; Hemihepatectomy; Prognosis; Standard residual liver volume; Liver stiffness measure 
value

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: To explore the risk factors and predictive methods of poor prognosis after hemihepatectomy for hepatocellular 
carcinoma and evaluate its application value. The clinical data of 35 patients with primary liver cancer were retrospectively 
analyzed. The critical values of standard residual liver volume (SRLV) in different stages of liver fibrosis after hemihep-
atectomy were compared with those of liver dysfunction after hemihepatectomy. We found that SRLV and liver stiffness 
measure values can be used to evaluate the safety of hemihepatectomy.

Citation: Yue ZQ, Zhang P, Yan S, Ju LL, Wang HX, Yuan LX, Chen L, Wu JZ, Cao YL. Clinical study of standard residual liver 
volume and transient elastography in predicting poor prognosis of patients after hemihepatectomy. World J Clin Oncol 2023; 14(11): 
459-470
URL: https://www.wjgnet.com/2218-4333/full/v14/i11/459.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i11.459

INTRODUCTION
Liver cancer is a malignant tumor associated with high mortality worldwide[1-3]. Hepatocellular carcinoma (HCC), one 
of the main types of liver cancer, is often found in advanced stages and cannot be cured[4-6]. As a highly heterogeneous 
disease, HCC mostly develops as a result of hepatitis B cirrhosis[7]. China has the largest number of hepatitis B virus 
infections in the world; therefore, the number of HCC patients accounts for more than half of the total number of HCCs 
worldwide[8]. To date, surgical resection and liver transplantation are still effective treatments for HCC; however, due to 
the shortage of liver sources, the main treatment for HCC is surgery[9]. Liver cancer resection, especially in patients with 
hemihepatectomy or extended hemihepatectomy, often leads to poor prognosis, such as liver insufficiency and even liver 
failure and death, because the standard residual liver volume (SRLV) cannot be fully compensated after surgery[10]. 
Research suggests that preoperative liver fibrosis and cirrhosis are the main causes[11]. In recent years, an increasing 
number of studies have shown that the liver stiffness measure (LSM) value is significantly related to the degree of 
cirrhosis, which can reflect the degree of liver inflammation and fibrosis[12,13]. Accordingly, the purpose of this study 
was to investigate the risk factors and predictive methods of poor prognosis after hemihepatectomy for HCC and verify 
whether the changes in liver structure can be reflected by the LSM value and SRLV to assess the liver's compensatory 
capacity. Finally, we established a liver reserve function evaluation model by combining the LSM value and Child-Pugh 
scores and evaluated its application value.

MATERIALS AND METHODS
Patient characteristics
The clinical case data were obtained from 35 HCC patients undergoing hemihepatectomy in the Nantong Third People’s 
Hospital between February 2016 and July 2020, and all patients met the inclusion criteria for this study. The study was 
approved by the Ethics Committee of the Nantong Third People's Hospital Affiliated with Nantong University. Written 
informed consent was obtained from all patients before being enrolled in the study. The inclusion criteria were as follows: 
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(1) According to the China liver cancer staging for the diagnosis and treatment standard of primary liver cancer (2019 
edition), the stage of liver cancer was stage Ia, Ib or IIa, the tumor was located only in the left or right half of the liver, and 
hemihepatectomy was needed; (2) all patients were positive for HBsAg before the operation, and HCC was confirmed by 
pathology after surgery; (3) liver enhancement computed tomography (CT) was performed before the operation; (4) the 
LSM value was detected by transient elastography (Fibro Touch) before the operation; and (5) patients had more 
complete clinical case data. The exclusion criteria were as follows: (1) The patient did not have a standard hemihep-
atectomy; (2) the postoperative pathology of the patients was confirmed as cholangiocarcinoma or metastatic carcinoma; 
(3) the patient had a preoperative intervention, ablation, or chemoradiotherapy; (4) secondary operation; (5) other 
complications affecting liver function before the operation, such as hepatic encephalopathy, abdominal dropsy, and other 
conditions; and (6) the presence of other malignant tumors or serious diseases.

Surgical procedure
The patient was placed in a supine position with a soft pad on the high right lumbar back (no pad height was required for 
left hemihepatectomy), an oblique incision was made at the right abdominal costal margin, approximately 30 cm in 
length, layer by layer into the abdominal cavity; adhesions were separated, and each connective tissue and ligament of 
the liver were cut to fully expose the liver. The texture and morphology of the liver and spleen were observed, the 
completely free left or right lobe of the liver was selected according to the location of the tumor, the lesions that had not 
been detected before the operation were examined by intraoperative ultrasound, and the abdominal cavity was explored 
for the presence or absence of tumor implantation and metastasis. Subsequently, the liver hilum was selectively blocked, 
and the left or right hemiliver was resected, along with the gallbladder removal and extended hemihepatectomy 
according to the preoperative conditions, with surgical margins generally larger than 1 cm from the tumor margin. The 
operation area was carefully checked for the presence or absence of bleeding and biliary fistula, an abdominal drainage 
tube was placed, and each layer of the abdominal wall was closed layer by layer.

Determination of SRLV
Preoperatively, Philips brilliance CT was used to perform a routine double-phase scan of the patient's liver with a 
thickness of 1.25 mm. Then, portal vein stage tomography was selected, and rapid liver volume measurement software 
was used to draw the liver boundary layer-by-layer (the inferior vena cava and gallbladder were avoided) and calculate 
the total liver volume (TLV). The volume of half of the liver was measured by drainage after the liver was isolated. The 
body surface area (BSA) was calculated according to the literature[14,15]. Finally, postoperative remnant liver volume 
(RLV) = TLV-the volume of half of the liver, and SRLV = RLV/BSA.

Determination of LSM values
According to the measurement requirements of the American Association for the Study of Liver Diseases[16], we 
measured the LSM value using a liver FibroTouch (FT) device developed by Haskell Medical Technology Company. In 
detail, the LSM value was measured 10 consecutive times for each patient, the quartile spacing was specified to be less 
than 30% as the effective measurement, and the median was chosen as the LSM value. All operations were performed by 
the same physician with extensive experience in the diagnosis of hepatobiliary diseases using ultrasound. A schematic 
illustration of the measurement results is shown in Figure 1. Then, a new model of liver reserve assessment was 
constructed according to the combination of the Child-Pugh score and the LSM value (Table 1).

Evaluation of postoperative hepatic fibrosis
By observing the paraffin sections of the liver under the microscope, we phased fibrosis according to the Scheuer scoring 
system as follows[17]: S0 stage, no liver fibrosis; S1 stage, liver fibrosis limited to the portal region; S2 stage, liver fibrosis 
extending to the portal region or portal interval, but the vascular relationship was normal; S3 stage, liver fibrosis with 
structural changes but not obvious cirrhosis; and S4 stage, cirrhosis (Figure 2).

Evaluation of postoperative liver function
According to the definition of liver dysfunction after hepatectomy from the International Study Group of Liver Surgery
[18], we defined liver dysfunction as the results of a 5-d laboratory examination after hepatectomy that showed elevated 
international normalized ratio (INR) and total bilirubin (INR > 1.5; total bilirubin > 20.5 mmol/L); additionally, the 
patient was assessed for liver function, kidney function, respiratory function and the need for special assessment and 
special clinical treatment.

Statistical analysis
All statistical analyses were performed using IBM SPSS Statistics 25.0, and the measurement data were compared using 
the t test or single-factor analysis of variance (ANOVA). The Wilcoxon rank-sum test was used when the variance was 
uneven, and the Chi square test was used for counting data. Analysis of independent risk factors was completed using 
unconditional logistic regression. We used medcalc19.0.4 to draw the receiver operating characteristic (ROC) curve of the 
subjects and analyzed the area under the ROC curve under different factors. P < 0.05 was considered statistically 
significant.
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Table 1 The new liver reserve assessment model

Score 1 2 3 

HE No 1-2 3-4

ABD No Mild Moderate to severe

TIBL (μmol/L) < 34 34-51 > 51

ALB (g/L) > 35 28-35 > 28

Prothrombin Time (secprolonged) < 15 15-17 > 17

LSM (kPa) < 15 15-25 > 25

Note-scoring criteria: A score less than 9 = grade I; a score between 9 and 12 = grade II; a score greater than 12 = grade III. HE: Hepatic encephalopathy; 
ABD: Abdominal dropsy; TIBL: Total bilirubin; ALB: Albumin; LSM: Liver stiffness measure.

Figure 1 Schematic diagram of transient elastography results of the liver.

RESULTS
Risk factors for liverdysfunction after hemihepatectomy
The 35 patients in this study were grouped according to the presence or absence of liver dysfunction after surgery as 
follows: 12 patients had postoperative liver dysfunction, and 23 patients had no liver dysfunction. Then, the following 25 
factors were analyzed. The results showed that the preoperative LSM value and SRLV were correlated with liver 
dysfunction after hemihepatectomy in HCC patients (P < 0.05, Table 2).

LSM value and SRLV are independent risk factors for liver dysfunction after hemihepatectomy
The preoperative LSM value and SRLV were selected as independent variables, and regardless of whether liver 
dysfunction was selected as the dependent variable, a logistic regression model was developed for analysis. The results 
showed that the preoperative LSM value and SRLV were independent risk factors for liver dysfunction after hemihep-
atectomy (P < 0.05, Table 3).



Yue ZQ et al. Predicting prognosis of with after hemihepatectomy

WJCO https://www.wjgnet.com 463 November 24, 2023 Volume 14 Issue 11

Table 2 Comparison of the clinical features of the surgical safety group and liver dysfunction group (mean ± SD)

Postoperative liver function
Variables Total

No liver dysfunction Liver dysfunction
P value

Sex

Male 19 12 7 1.000

Female 16 11 5

Age (yr)

< 60 20 14 6 0.721

≥ 60 15 9 6

BMI

< 24 kg/m2 21 13 8 0.721

> 24 kg/m2 14 10 4

BSA (m2) 1.71 ± 0.18 1.75 ± 0.16 0.514

WBC (× 109/L) 5.51 ± 2.39 5.19 ± 1.55 0.672

RBC (1012/L) 4.30 ± 0.65 4.61 ± 0.44 0.146

PLT (× 109/L) 126.17 ± 53.74 149.33 ± 79.83 0.314

ALB (g/L) 40.71 ± 4.23 39.63 ± 4.18 0.478

Scr (μmol/L) 76.98 ± 39.07 64.87 ± 10.63 0.303

ALT [U/L, M (QR)] 67.26 ± 94.41 46.58 ± 30.40 0.468

AST [U/L, M (QR)] 45.61 ± 23.63 58.00 ± 68.68 0.436

TB [umol/L, M (QR)] 15.63 ± 7.20 20.99 ± 8.36 0.056

GGT [U/L, M (QR)] 115.17 ± 112.78 124.00 ± 145.78 0.844

AFP [ng/mL, M (QR)] 9999.23 ± 25773.40 8545.66 ± 15372.77 0.859

PIVKA-II [μg/L, M (QR)] 1799.54 ± 5017.78 3574.73 ± 6543.79 0.378

PT (s) 12.59 ± 1.46 12.39 ± 1.04 0.682

INR (s) 1.10 ± 0.12 1.05 ± 0.11 0.227

LSM value (kPa) 20.34 ± 4.89 25.78 ± 5.38 0.005a

ICG R15 (%) 7.99 ± 5.13 11.96 ± 6.43 0.055

SRLV (L/m2) 0.349 ± 0.075 0.276 ± 0.036 0.003a

Tumor-localizing

Left half liver 15 10 5 1.000

Right half liver 20 13 7

Tumor diameter [cm, M (QR)] 6.63 ± 3.86 7.81 ± 4.91 0.436

Time of hepatic portal occlusion 
[min, M (QR)]

14.65 ± 19.42 15.75 ± 14.10 0.864

Intraoperative bleeding [mL, M 
(QR)]

908.70 ± 818.76 1541.67 ± 1612.57 0.130

Operation time (min) 176.30 ± 49.98 185.83 ± 72.89 0.651

aP < 0.01 vs group of safe operation (no liver dysfunction) and liver dysfunction. PIVKA-II was abnormal prothrombin. BMI: Body mass index; BSA: Body 
surface area; WBC: White blood cell; RBC: Red blood cell; PLT: Platelet; ALB: Albumin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; 
TB: Total bilirubin; GGT: γ-glutamyl transpeptidase; AFP: Alpha fetoprotein; PT: Prothrombin time; INR: International normalized ratio; LSM: Liver 
stiffness measure; ICG: Indocyanine green; SRLV: Standard residual liver volume.
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The critical value of SRLV for different stages of postoperative fibrosis
The staging results of postoperative liver fibrosis showed 0 cases in the S0 stage, 6 cases in the S1 stage, 14 cases in the S2-
S3 stage, and 15 cases in the S4 stage. Then, we compared and analyzed the critical values of SRLV for different stages, 
and the results showed that the difference in SRLV among the three phases was statistically significant (P < 0.05, Table 4). 
ROC curve analysis showed that the area under the curve for the S2-S3 stage was 0.743, the sensitivity was 0.467, the 
specificity was 0.100, and the critical value of SRLV was 0.257 L/m2; the area under the curve for the S4 phase was 0.861, 
the sensitivity was 0.857, the specificity was 0.762, and the critical value of SRLV was 0.311 L/m2 (Figure 3).

The critical value of SRLV for postoperative liver dysfunction
In 12 patients with postoperative liver dysfunction, the staging results of postoperative liver fibrosis showed 0 cases in 
the S0 stage, 1 case in the S1 stage, 7 cases in the S2-S3 stage, and 4 cases in the S4 stage. Additionally, the corresponding 
SRLVs were compared and analyzed, and the results showed that the difference in SRLV among the three phases was 
statistically significant (P < 0.05, Table 5). ROC curve analysis showed that the area under the curve for stage S2-S3 was 
0.943, the sensitivity was 0.857, the specificity was 0.100, and the safety-critical value for SRLV was 0.285 L/m2; the area 
under the curve for stage S4 was 0.938, the sensitivity was 0.100, the specificity was 0.750, and the safety-critical value of 
SRLV was 0.285 L/m2 (Figure 4).

Application of a new assessment model in predicting liver dysfunction after hemihepatectomy
We reviewed and analyzed the clinical data of 35 patients in this study and followed up with the patients. The results 
showed that there were no postoperative deaths, and all patients were discharged within 3 wk after the operation. 
Statistical analysis showed that with Child-Pugh score was grade A, the accuracy rate of predicting postoperative liver 
function compensation was 54.8%; the accuracy rate of grade B was 25.0%. The new model was classified as grade I, and 
the accuracy rate of predicting postoperative liver function compensation was 100.0%, which was higher than that of the 
Child-Pugh score (χ2 = 7.452, P = 0.007). Similarly, that of grade II was 91.3%, which was higher than the Child-Pugh score 
(χ2 = 9.928, P = 0.013). There was a significant difference between the two models in evaluating the prognosis after 
hemihepatectomy (P < 0.05, Table 6).

DISCUSSION
HCC is one of the most common malignant tumors. With the improvement of the technical level of hepatectomy, the 
mortality rate after HCC resection has decreased significantly[19-21]. However, the mortality rate is still 5%-8%, 
especially in patients with hemihepatectomy[21]. The main cause of death after hemihepatectomy is liver failure[22]. The 
surgical resection range is so large such that the postoperative remnant liver cannot meet the needs of the body; more 
importantly, doctors lack a comprehensive understanding of the liver reserve function of patients before surgery. As a 
single evaluation indicator, indocyanine green (ICG) is better than many biochemical indicators. When many conven-
tional liver function indicators have not yet become abnormal in value, the ICG retention rate at 15 min (ICG R15) can 
reflect liver function damage or occult liver disease in a timely manner[23]. However, ICG has certain limitations and is 
easily interfered with by factors such as the patient's cooperation ability, liver cell uptake capacity, liver blood flow, bile 
duct obstruction, bilirubin, etc[24,25]. SRLV is a reliable index of preoperative liver reserve function at home and abroad
[26,27]. However, considering that HCC patients often have varying degrees of liver fibrosis before the operation, the 
liver reserve and regeneration function in such patients may vary depending on the extent of liver fibrosis, even if the 
SRLV is the same; therefore, it is not satisfactory to evaluate liver reserve function only in terms of liver volume. The 
diagnosis of preoperative liver fibrosis mainly depends on liver histopathological examination; however, because of 
invasive examination, a low positive rate, difficulty in follow-up, and dynamic detection, the need to consider the wishes 
of patients and other factors, scholars at home and abroad have explored the use of elastic techniques instead of liver 
biopsy to assess the extent of liver fibrosis or cirrhosis by measuring the LSM value[17]. Therefore, it is very important to 
evaluate the safety of hemihepatectomy by correctly staging the degree of liver fibrosis before surgery.

First, in this study, the factors that may be related to liver dysfunction in HCC patients after hemihepatectomy were 
statistically analyzed. The results showed that preoperative LSM and SRLV were associated with liver dysfunction in 
HCC patients after hemihepatectomy (P < 0.05). Multivariate logistic regression analysis showed that preoperative LSM 
and SRLV were independent risk factors for liver dysfunction in HCC patients after hemihepatectomy.

Then, according to the Scheuer score standard, we observed the degree of liver fibrosis using microscopy and analyzed 
the SRLV critical value of different stages of liver fibrosis in all patients and the SRLV critical value of different stages of 
liver fibrosis in postoperative liver insufficiency cases by ROC curve analysis. The results showed that the critical values 
of SRLV were 0.257 L/m2 and 0.310 L/m2 in patients with liver fibrosis in stages S2-S3 and S4, respectively, and 0.285 
L/m2 in patients with postoperative liver dysfunction. SRLV critical values were similar in both cases, suggesting that it is 
safe and feasible to predict the SRLV threshold of HCC patients undergoing hemihepatectomy by pathological stages of 
liver fibrosis. It is suggested that the operation is safe if SRLV > 0.310 L/m2.

At present, the elastic technique has been used to evaluate the degree of liver fibrosis or cirrhosis. It has been widely 
accepted because of its simplicity, repeatability, noninvasiveness, low cost, and other factors. At present, studies have 
reported that the sensitivity and specificity of the LSM value to predict the degree of hepatitis cirrhosis are high, and the 
LSM value is confirmed to be related to complications after partial hepatectomy in patients[28]. However, there is no 
uniform standard for the patient's disease background, and the operation is limited to only partial or segmental 
hepatectomy. There is no study on the application of transient elastography to predict the degree of liver fibrosis and 
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Table 3 Logistic regression analysis based on preoperative the liver stiffness measure value and standard residual liver volume

Independent variables P value OR 95%CI

LSM ≥ 25 kPa 0.032 6.254 1.172-33.374

SRLV ≤ 290 ML/m2 0.048 5.686 1.017-31.793

OR: Odds ratio; CI: Confidence interval; LSM: Liver stiffness measure; SRLV: Standard residual liver volume.

Table 4 The standard residual liver volume of different stages of liver fibrosis in 35 patients after hemihepatectomy (mean ± SD)

Liver fibrosis stage Number SRLV (L/m2) F value P value

S1 6 289.43 ± 22.36 8.164 0.001

S2-S3 15 290.33 ± 56.70

S4 14 375.53 ± 72.24

SRLV: Standard residual liver volume.

Table 5 The standard residual liver volume of different liver fibrosis stages in 12 patients with liver insufficiency after hemihepatectomy

Liver fibrosis stage Number SRLV (L/m2) F value P value

S1 1 234.20 4.768 0.039

S2-S3 7 263.14 ± 31.28

S4 4 308.98 ± 18.02

SRLV: Standard residual liver volume.

Table 6 The comparison of two assessment methods, n (%)

Grade 3 wk after surgery (cases)
Model Total Grade Number

A (I) B (II) C (III)

A 31 17 (54.8) 14 (45.2) 0

B 4 0 1 (25) 3 (75)

Child-Pugh score 35

C 0 0 0 0

I 11 11 (100)a 0 0

II 23 0 21 (91.3)b 2 (18.7)

The new evaluation model 35

III 1 0 0 1

aP < 0.05 vs new evaluation model grade I and Child-Pugh grade A.
bP < 0.05 vs new evaluation model grade II and Child-Pugh grade B.

cirrhosis in hemihepatectomy, and there is no study on the LSM value in evaluating liver function reserve before 
hemihepatectomy. In addition, recent studies have shown that transient elastography cannot be used to accurately assess 
patients with obstructive jaundice. Therefore, more rigorous inclusion and exclusion criteria were adopted in this study. 
We used Fibro Touch elastic imaging equipment (FT-3.5R50) developed by Haskell Medical Technology Company and a 
two-dimensional ultrasonic probe to avoid the influence of liver tumors and large blood vessels inside and outside the 
liver on the measurement results. The measured LSM value was 22.20 ± 5.63 kPa, which is similar to that reported at 
home and abroad[12]. We established a new liver reserve assessment model based on the Child-Pugh score combined 
with the LSM value and observed its application in the evaluation of liver reserve function in patients with HCC 
undergoing hemihepatectomy. The results showed that the accuracy of the new evaluation model in predicting 
postoperative liver function compensation was 100.0% (P < 0.05), and the accuracy rate of predicting mildly poor liver 
function compensation after the operation was 91.3% (P < 0.05), which was higher than that of the Child-Pugh score. 
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Figure 2 The different stages of liver fibrosis in 35 cases of hemihepatectomy (hepatic encephalopathy × 200). A: Stage S1; B: Stage S2; C: 
Stage S3; D: Stage S4.

Figure 3 The receiver operating characteristic curve of the standard residual liver volume in different stages of liver fibrosis. A: Stages S2-
S3; B: Stage S4.
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Figure 4 The receiver operating characteristic curve of the standard residual liver volume in different stages of liver fibrosis in patients 
with liver dysfunction. A: Stage S2-S3; B: Stage S4.

Therefore, we believe that the new liver reserve assessment model can provide a reference for preoperative safety 
assessment of patients with liver cancer undergoing hemihepatectomy, which can increase patient safety during the 
perioperative period and reduce the incidence of liver failure after the operation. Additionally, it can provide a reference 
for patients with liver cancer who are expected to receive hemihepatectomy or extended hemihepatectomy.

CONCLUSION
In summary, through this study, we found that for patients with moderate or severe liver fibrosis, when the predicted 
SRLV is greater than 0.310 L/m2, the new evaluation model of liver function reserve predicts that the postoperative liver 
function compensation is good before the operation, and hemihepatectomy is safe; when the predicted SRLV is less than 
0.285 L/m2, the new liver reserve assessment model predicts poor liver function compensation after hepatectomy, and the 
probability of liver dysfunction after hemihepatectomy is higher. A blind operation should be avoided, and the operation 
should be evaluated after full liver protection. Patients in whom severe liver dysfunction is expected after surgery need to 
undergo antiviral treatment and undergo portal vein embolization or associated life partition and portal vein ligation for 
staged hepatectomy, and the values of SRLV and LSM should be reevaluated after liver regeneration. After contralateral 
liver regeneration, the SRLV and LSM values are reevaluated. It is expected that hemihepatectomy is still feasible for 
patients with well-compensated liver function. The LSM value combined with SRLV is safe and reliable.

However, the sample size involved in this study is too small and has no statistical significance in theory; nevertheless, 
the author believes that the LSM value and SRLV are useful safety indices for the evaluation of HCC hemihepatectomy. 
The new liver reserve evaluation model based on the Child-Pugh score combined with the LSM value can improve on the 
Child-Pugh score; it has important clinical guiding importance for the evaluation of liver reserve function in HCC 
patients with hemihepatectomy and provides a theoretical basis for further investigations conducted by our research 
group.

ARTICLE HIGHLIGHTS
Research background
Liver cancer resection often leads to poor prognosis, because the standard residual liver volume (SRLV) cannot be fully 
compensated after surgery.

Research motivation
Hemihepatectomy or extended hemihepatectomy often leads to liver insufficiency and even liver failure.
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Research objectives
This study aimed to explore the risk factors of poor prognosis after hemihepatectomy for hepatocellular carcinoma and 
evaluate the application value of related prognostic approaches.

Research methods
The clinical data of 35 patients with primary liver cancer were retrospectively analyzed. The critical values of SRLV in 
different stages of liver fibrosis after hemihepatectomy were compared with those of liver dysfunction after hemihep-
atectomy.

Research results
Logistic regression analysis showed that the liver stiffness measure (LSM) value ≥ 25 kPa [odds ratio (OR) = 6.254, P < 
0.05)] and SRLV ≤ 0.290 L/m2 (OR = 5.686, P < 0.05) were independent risk factors for postoperative liver dysfunction. 
The accuracy of the new liver reserve evaluation model for predicting postoperative liver function was higher than that of 
the Child-Pugh score (P < 0.05).

Research conclusions
LSM values and SRLV can be used to evaluate the safety of hemihepatectomy.

Research perspectives
The new liver reserve evaluation model has good application potential in the evaluation of liver reserve function after 
hemihepatectomy.
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Abstract
BACKGROUND 
Flap reconstruction after resection of a superficial malignant soft tissue tumor 
extends the surgical field and is an indicator for potential recurrence sites.

AIM 
To describe a grading system for surgical field extension of soft tissue sarcomas.

METHODS 
Grading system: CD-grading is a description system consisting of C and D values 
in the surgical field extension, which are related to the compartmental position of 
the flap beyond the nearby large joint and deeper extension for the pedicle, 
respectively. C1/D1 are positive values and C0/D0 are negative. With a known 
location, 1/0 values can be "p" (proximal), "d" (distal), and "b" (in the tumor bed), 
and the description method is as follows: flap type, CxDx [x = 0, 1, p, d or b].

RESULTS 
Four representative patients with subcutaneous sarcomas who underwent 
reconstruction using fasciocutaneous flaps are presented. The cases involved a 
distal upper arm (elbow) synovial sarcoma reconstructed using a pedicled 
latissimus dorsi (pedicled flap: CpDp); a distal upper arm (elbow) pleomorphic 
rhabdomyosarcoma reconstructed using a transpositional flap from the forearm 
(transpositional flap: CdD0); an undifferentiated pleomorphic sarcoma in the 
buttocks reconstructed using a transpositional flap (transpositional flap: C0D0); 
and a myxofibrosarcoma in the buttocks reconstructed using a propeller flap from 
the thigh (pedicled flap: CdDd).

CONCLUSION 
The reconstruction method is chosen by the surgeon based on size, location, and 
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other tumor characteristics; however, the final surgical field cannot be determined based on preoperative images 
alone. CD-grading is a description system consisting of C and D values in the surgical field extension that are 
related to the compartmental position of the flap beyond the nearby large joint and deeper extension for the 
pedicle, respectively. The CD-grading system gives a new perspective to the flap reconstruction classification. The 
CD-grading system also provides important information for follow-up imaging of a possible recurrence.

Key Words: Soft tissue; Sarcoma; Surgery; Sarcoma; Grading system; Surgical flap
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Core Tip: Flap reconstruction after resection of a superficial malignant soft tissue tumor extends the surgical field and is an 
indicator for potential recurrence sites. CD-grading is a description system consisting of C and D values in the surgical field 
extension that are related to the compartmental position of the flap beyond the nearby large joint and deeper extension for the 
pedicle, respectively. C1/D1 and C0/D0 are positive and negative values, respectively. The CD-grading system gives a new 
perspective to flap reconstruction classification. The CD-grading system also provides important information for follow-up 
imaging of a possible recurrence.
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INTRODUCTION
Soft tissue sarcomas comprise a group of rare heterogeneous neoplasms that account for < 1% of all cancers[1]. Soft tissue 
sarcomas can occur in any soft tissue, but are most common in the extremities. Wide resection of the sarcoma and the 
surrounding normal tissue is necessary to reduce the recurrence rate[2]. Flap reconstruction is used to repair soft tissue 
defects after resection of a soft tissue sarcoma, especially a superficial soft tissue sarcoma[3,4].

The term “tumor bed” refers to the area of tissue remaining after a malignant tumor is removed. The tumor bed 
includes the tumor and surrounding healthy tissues where cancer cells may exist[5]. Use of a reconstruction flap 
following soft tissue sarcoma resection can extend the surgical field or tumor bed because of flap elevation or dissection 
of recipient vessels.

The current Cancer Staging Manual of the American Joint Committee on Cancer (AJCC) of soft tissue sarcoma is 
widely used based upon tumor size, histologic grade, and the presence of metastasis[6]. AJCC supports the R classification, 
which categorizes surgical margins as negative (R0), microscopically positive (R1), or grossly positive (R2)[7,8]. Flaps can 
be classified based on several factors (pedicled, free, or the tissue type from which the flap is made). Classification of flaps 
according to clinical complications has also been reported[9]; however, there is no system describing surgical field 
extension related to flap reconstruction.

In the current report we propose a grading classification, the CD-grading system, to describe extension of the surgical 
field related to flap reconstruction after superficial soft tissue sarcoma resection. Representative cases are also presented.

MATERIALS AND METHODS
Classification: CD-grading system for a superficial sarcoma in the extremities
The new grading system (CD-grading system) was used herein for superficial soft tissue sarcomas with extremity 
resection reconstructed by fascio-(musculo)-cutaneous flaps. Upper extremity tumors are defined as lesions arising distal 
to the acromioclavicular joint and include tumors of the shoulder girdle and axilla. Lower extremity tumors are defined 
as lesions arising distal to the iliac crest, including tumors of the gluteal region[9]. Additional skin grafting does not affect 
the grade; the skin grafting cases were not excluded.

The CD-grading system consists of C- and D-values. The C-value indicates the "compartmental position of the flap 
beyond the nearby large joint " and when the flap crosses a nearby large joint, the C-value is positive (C1). When the flap 
is within the compartment, the C-value is negative (C0). Large joints include the shoulders, elbows, wrists, hips, knees, 
and ankles. If the location of a flap crossing the joint location is proximal, the C-value is Cp (p = proximal) and when 
crossing a distal large joint the C-value is Cd (d = distal).

D-value means “deeper extension for the pedicle.” The pedicle is already exposed, and the negative D-value is D0. If 
dissection of the pedicle is necessary, the positive D-value is D1. When the dissected pedicle is located proximal to the 
surgical field, the D-value is Dp (p = proximal), when the dissected pedicle is located distally, the D-value is Dd (d = 
distal), and when the pedicle dissection is within the surgical bed, the D-value is Db (b = surgical bed; Tables 1 and 2).

https://www.wjgnet.com/2218-4333/full/v14/i11/471.htm
https://dx.doi.org/10.5306/wjco.v14.i11.471
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Table 1 C-value for flap location beyond the nearby large joint

C-value Description

Within the compartment 0 C0

1: any C1

p: proximal Cp

Extra compartment

d: distal Cd

Table 2 D-value for surgical field extension for the pedicle dissection

Pedicle D-value Description

Already exposed 0 D0

1: Any D1

p: Proximal Dp

d: Distal Dd

Dissection of the pedicle

b: Within tumor bed Db

The flap type is described before the CD-values as “flap type, CxDx,” in which x can be 0, 1, p, d, or b. There is no strict 
rule in the description of the flap type; however, an easy and understandable description, such as distinguishing between 
a local or free flap, would be required.

Transpositional fascial flap/propeller flap
In cases involving transpositional fasciocutaneous or propeller flaps[10], the flap is located within the compartment, the 
C-value is C0, the D-value is D0, and the CD-grade is C0D0. When the flap is from the extra compartment across the large 
joint, the C-value is C1, the D-value is D0, and the CD-grade is C1D0. When the flap is obtained proximally and crosses a 
large joint, the CD-grade is CpD0, and when the flap is derived distally and crosses a large joint, the CD-grade is CdD0 
(Tables 3 and 4).

Pedicled flap
The C-value in the pedicle flap is the same as the transpositional flap. The flap is located within the compartment and the 
C-value is C0. When the flap comes from the extra compartment across the joint, the C-value is C1. C1 can be Cp or Cd 
depending on the flap location (proximal or distal). The D-value reflects the location of the pedicle. The pedicle flap needs 
extension of the surgical field to deeper tissues, therefore the D-value is always D1. When the pedicle is located proximal 
to the surgical field, D1 can be Dp (p = proximal), and when the pedicle is located distal to the surgical field, the D1 can 
be Dd (d = distal; Tables 3 and 5).

Free flap
The donated area of the flap does not affect the surgical field in terms of tumor contamination, and the C-value in the free 
flap is always C0. When the pedicle is already exposed at the surgical field, the D-value is D0. When the pedicle is not 
exposed, and the pedicle needs to be exposed, then the D-value is D1. When the pedicle is located proximal to the surgical 
field, D1 can be Dp (p = proximal), and when the pedicle is located distal to the surgical field, the D1 can be Dd (d = 
distal). When the pedicle is exposed at the deeper tissues within the surgical field, the D-value is Db (Tables 3 and 6).

RESULTS
Herein we present four cases of superficial soft tissue sarcomas. Two elbow soft tissue sarcomas and two buttock soft-
tissue sarcomas are presented. One elbow soft tissue sarcoma patient was a 47-year-old female with a synovial sarcoma at 
the elbow (distal upper arm) reconstructed with a pedicled latissimus dorsi; the CD-grade was CpDp (pedicled flap, 
CpDp; Figure 1). The second elbow soft tissue sarcoma patient was an 85-year-old male with a pleomorphic rhabdomy-
osarcoma at the elbow (distal upper arm) reconstructed using a transpositional flap from the forearm; the CD-grade was 
CdD0 (transpositional flap, CdD0; Figure 2). The first patient with a buttock soft tissue sarcoma was a 65-year-old female 
with an undifferentiated pleomorphic sarcoma at the buttock reconstructed using a transpositional flap; the CD-grade 
was C0D0 (transpositional flap, C0D0[11]; Figure 3). The second patient with a buttock sarcoma was a 46-year-old male 
with a myxofibrosarcoma that was reconstructed using a propeller flap from the thigh; the CD-grade was CdDd (pedicled 
flap, CdDd; Figure 4).
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Table 3 Possible classification of flap reconstruction

CD-grade Transpositional flap Pedicled flap Free flap

C0D0 C0D0 Not applied C0D0

C0D1 NA C0Dp, C0Dd C0Dp, C0Dd, C0Db

C1D0 CpD0, CdD0 NA NA

C1D1 NA CpDp, CdDd NA

NA: Not available.

Table 4 Transpositional fasciocutaneous flap/propeller flap

Flap location C-value D-value CD-grade

Within the compartment 0 0 C0D0

Extra compartment: from any 1 0 C1D0

From proximal p 0 CpD0

From distal d 0 CdD0

Table 5 Pedicled flap

Flap location C-value D-value (pedicle location) CD-grade

Within the compartment 0 1 (any) C0D1

From proximal 0 p (proximal) C0Dp 

From distal 0 d (distal) C0Dd

Extra compartment 1 1 (any) C1D1

From proximal p p (proximal) CpDp

From distal d d (distal) CdDd

Table 6 Free flap

Pedicle location C-value D-value (pedicle location) CD-grade

Already exposed 0 0 C0D0

Necessary for dissection 0 1 (any) C0D1

From  proximal 0 p (proximal) C0Dp

From  distal 0 d (distal) C0Dd

Within tumor bed 0 b (within tumor bed) C0Db

DISCUSSION
Soft tissue sarcomas require wide resection with healthy tissue margins[12,13]. Thus, the surgical field is wider than the 
tumor size. The extension of the tumor bed has the possibility of tumor contamination. Therefore, recognition of tumor 
bed extension is necessary. Discrepancies between the preoperative tumor burden and postoperative tumor bed contour 
have been identified after tumor burden replacement with a latissimus dorsi flap[14]. Flap reconstruction increases the 
surgical field during superficial soft tissue sarcoma resection[15].

A flap is applied to the defect after resection of a soft tissue sarcoma, especially a superficial soft tissue sarcoma. The 
choice of flap is often determined by the surgeon's preference, as well as the location of the tumor. The tumor bed after 
resection of soft tissue sarcomas cannot be predicted solely based on preoperative imaging. If amputation is necessary in 
the case of a re-occurrence, the level of amputation is important. Extension of the tumor bed due to flap reconstruction 
carries the risk of tumor contamination and may require more proximal amputation. The C-value gives information that 
indicates the likelihood of tumor contamination across the greater joint.
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Figure 1 Synovial sarcoma at the distal upper arm (elbow) reconstructed by a pedicled latissimus dorsi (pedicled flap, CpDp). A: A 47-year-
old female with a synovial sarcoma at the elbow (distal upper arm). Magnetic resonance imaging showed a tumor with heterogenous low-to-high signal intensity on 
the T2-weighted image. Before (A-I) and after (A-II) chemotherapy of doxorubicin and ifosfamide, the tumor size was reduced. B-D: A wide surgical resection was 
performed with a pedicled latissimus dorsi. The CD-grade was CpDp (pedicled flap, CpDp).

Figure 2 Pleomorphic rhabdomyosarcoma at the distal upper arm (elbow) reconstructed by transpositional flap (transpositional flap, 
CdD0). A: An 85-year-old male with a pleomorphic rhabdomyosarcoma at the elbow (distal upper arm); B: Magnetic resonance imaging showed a tumor with 
homogenous high-signal intensity on T2-weighted images (B-I) and low-signal intensity on T1-weighted images (B-II). A wide surgical resection was performed. The 
transpositional flap was obtained from the upper arm and forearm; C-G: Skin grafting was performed at the forearm. The CD-grade was CdD0 (transpositional flap, 
CdD0).

There is a risk of tumor contamination if deep tissues are created in the surgical field. The D-value represents the 
location of the pedicle. Dissection of the pedicle and recipient vessels requires dissection to the deeper layers, resulting in 
extension of the surgical field, with a D-value of D1. Transposition flaps in the compartment do not require exposure of 
the donor vessels, therefore less deep tissue exposure is advantageous in terms of reducing the potential for tumor 
recurrence, with a D-value of D0. Similarly, even in cases of a free flap requiring microsurgery, if the recipient vessels are 
already exposed, the D-value is D0 because deeper tissue dissection is not necessary.

The AJCC Staging of Soft Tissue Sarcomas (eighth edition) is based upon the tumor size, histologic grade, and the 
presence of metastasis. Tumor size is classified into four categories with border values of 5, 10, and 15 cm. The notation 
regarding tumor depth (superficial or deep from the superficial fascia) has been eliminated from the seventh edition of 
the AJCC Staging of Soft Tissue Sarcomas[6]. The surgical staging of musculoskeletal sarcomas has 4 types of surgical 
margins [intralesional, marginal, wide, and radical (compartmental)], as proposed by Enneking et al[16]. A 2-3 cm 
surgical margin provides reasonable local control of soft tissue sarcomas[17]. The AJCC supports the R classification, 
which categorizes margins as negative (R0), microscopically positive (R1), or grossly positive (R2)[7,8]. Furthermore, the 
Union Against Cancer (UICC) proposed a R + 1 mm classification that requires 1 mm of healthy tissue between the tumor 
and margin to define a negative margin (R0)[18,19], thus resulting in more resections being considered microscopically 
positive (R1). Radiation therapy can be performed as adjuvant therapy, especially if cancer cells remain after the 
resection. Radiation has a role in reducing the risk of recurrence in soft tissue sarcoma resection[5]. The term, tumor bed, 
refers to the area of tissue remaining after a malignant tumor is removed. The tumor bed may have cancer cells[5]. 
Recognition of tumor bed extension is necessary for postoperative radiation. Without flap reconstruction following soft 
tissue sarcoma resection, the tumor bed can largely be predicted with the preoperative staging based upon the images 
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Figure 3 Undifferentiated pleomorphic sarcoma at the buttock reconstructed by a transpositional flap (transpositional flap, C0D0). A: A 65-
year-old female with an undifferentiated pleomorphic sarcoma at the buttock. Magnetic resonance imaging revealed a subcutaneous tumor. The tumor had a cystic 
appearance and contained liquid with slightly high signal intensity on the T2-weighted image. The periphery of the cystic wall was thick with a solid neoplastic lesion 
and intermediate signal intensity on T2-weighted images (A-I). Computed tomography showed that the lesion is located at the buttock (A-II); B: A resection of the 
tumor was designed; C and D: The tumor was resected and the defect was reconstructed with a transpositional flap donated from the lateral abdomen. The CD-grade 
was C0D0 (transpositional flap, C0D0).

Figure 4 Myxofibrosarcoma at the buttock reconstructed by a propeller flap (pedicled flap, CdDd). A: A 46-year-old male with a myxofibrosarcoma 
at the buttock. Magnetic resonance imaging revealed that the tumor showed heterogenous low-to-high signal intensity on the T2-weighted image. Before (A-I) and 
after (A-II) chemotherapy of doxorubicin and ifosfamide, the tumor size was reduced; B: The resection of the tumor was designed (B-I) and performed (B-II); C and E: 
A propeller flap from the thigh was designed (C-I) and the pedicle was preserved (C-II) and performed. The CD-grade was CdDd (pedicled flap, CdDd).

and the histologic findings. With flap reconstruction, tumor bed prediction is difficult without the surgical method 
information. Indeed, the new grading system can give information of surgical field extension associated with flap 
reconstruction.

There are several limitations in the new grading system. First, this classification is completely new and still theoretical. 
Clinical use of the assembled clinical data would be necessary, and some modification may be required for improvement. 
Second, the new grading system was used for superficial soft tissue sarcomas resected in the extremities and fascio-
(musculo)-cutaneous flaps, in which hands and feet were not included. The new grading system might be modified for 
any part of bones and soft tissue sarcomas. Third, flap type description is not strictly defined in the new grading system, 
which may result in ambiguity; however, according to the flap technique improvement, description of the flap would be 
diverse. Therefore, no flap description restrictions were used in the new grading system. Finally, the new grading system 
cannot describe the length or area required for postoperative radiation. Excessive information in the grading system, 
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however, would make the new grading system difficult for clinical use.

CONCLUSION
We have proposed a method to describe extension of the surgical field in reconstruction after superficial soft tissue 
sarcoma resection. The method described can give values for tumor bed extension after flap reconstruction. The 
description of whether or not the operative field has been extended due to reconstruction is considered to be important 
information for image evaluation of recurrence.

ARTICLE HIGHLIGHTS
Research background
Flap reconstruction can extend the surgical field or tumor bed because of flap elevation or dissection of recipient vessels 
during resection of superficial soft tissue sarcomas. There is currently no method describing extension of the surgical 
field.

Research motivation
Extension of the surgical field cannot be predicted based on preoperative images for flap reconstruction after superficial 
soft tissue sarcoma resection. Knowledge of the surgical field extension is important information for evaluation of 
recurrence images or possible postoperative radiation.

Research objectives
A theoretical CD-grading system was developed consisting of C and D values in the surgical field extension. The C-value 
represents the flap beyond the nearby large joint and the D-value pertains to a deeper extension.

Research methods
C1/D1 and C0/D0 are positive and negative values, respectively. With a known location, C values are "p" (proximal), "d" 
(distal), and "b" (in the tumor bed). The description method is as follows: flap type, CxDx [x = 0, 1, p, d or b].

Research results
Classification and possible values are shown in the tables (transpositional fascial flap/propeller, pedicled, and free flaps). 
Four representative patients with subcutaneous sarcomas who underwent reconstruction using fasciocutaneous flaps are 
presented.

Research conclusions
The new grading system can give values for tumor bed extension after flap reconstruction following superficial soft tissue 
sarcoma resection. The description of whether or not the operative field has been extended due to reconstruction is 
thought to be important information for evaluation of recurrence images.

Research perspectives
Clinical use of assembled clinical data would be necessary and some modification may be required for improvement, 
especially if the new grading system is modified for any part of bone and soft tissue sarcomas.
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Abstract
BACKGROUND 
The COP9 signalosome subunit 6 (COPS6) has been implicated in cancer 
progression, while its precise role in most types of cancer remains elusive.

AIM 
To investigate the functional and clinical relevance of COPS6 across various 
tumor types using publicly available databases.

METHODS 
We used R software and online analysis databases to analyze the differential 
expression, prognosis, mutation and related functions of COPS6 in pan-cancer.

RESULTS 
Differential expression analysis and survival analysis demonstrated that COPS6 
was highly expressed and associated with high-risk profiles in the majority of 
cancer types. Possible associations between COPS6 expression level and pro-
gnostic outcomes were found using data from public databases. Mutational 
analysis revealed that missense mutations were the predominant type of COPS6 
mutation. Additionally, positive correlations were identified between COPS6 
expression level and tumor mutational burden and microsatellite instability in 
most types of cancer. Immune infiltration analysis demonstrated a negative 
correlation between COPS6 expression level and CD8+ T cell infiltration in certain 
types of cancer. The correlation between COPS6 expression level and cancer-
associated fibroblast infiltration exhibited heterogeneity, in which a positive 
correlation was found in head and neck squamous cell carcinoma and tenosy-
novial giant cell tumor, and a negative correlation was identified in diffuse large 
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B-cell lymphoma and thymoma. The correlation between COPS6 expression level and macrophage infiltration was 
closely related to macrophage type. Gene co-expression and enrichment analysis highlighted transcription 
elongation factor B polypeptide 2 and G protein pathway suppressor 1 were significantly and positively associated 
with COPS6 expression level. These genes were predominantly involved in processes, such as ubiquitin-mediated 
proteolysis and human immunodeficiency virus 1 infection.

CONCLUSION 
In conclusion, this study systematically explored the significance of COPS6 across different tumor types, providing 
a solid foundation for considering COPS6 as a novel biomarker in cancer research.

Key Words: COPS6; Biomarker; Tumor mutational burden; Immune infiltration; Prognostic analysis

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The COP9 signalosome subunit 6 COPS6 has been implicated in several cancer types. However, its precise role in 
most cancer types remains poorly understood. Therefore, we aimed to investigate the function of COPS6 in various tumor 
types. Through our analysis, we discovered that COPS6 is highly expressed and associated with high-risk profiles in most 
cancers. Meanwhile, COPS6 expression was positively correlated with tumor mutation burden, microsatellite instability, and 
immune infiltration of the tumor microenvironment. Our findings suggest that COPS6 could be a potential biomarker for 
cancer research. Our study contributes to the understanding of the role of COPS6 in cancer progression and highlights the 
clinical applications.

Citation: Wang SL, Zhuo GZ, Wang LP, Jiang XH, Liu GH, Pan YB, Li YR. Computational exploration of the significance of COPS6 
in cancer: Functional and clinical relevance across tumor types. World J Clin Oncol 2023; 14(11): 479-503
URL: https://www.wjgnet.com/2218-4333/full/v14/i11/479.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i11.479

INTRODUCTION
According to recent data from the American Cancer Society, it is projected that the United States will witness 1958310 
new cancer cases and 609820 cancer-related deaths by 2023[1]. While there has been a 1.5% decrease in cancer mortality 
rates between 2019 and 2020, with an overall decline of 33% since 1991, the incidence of breast cancer, prostate cancer, 
and uterine cancer is on the rise, imposing potential challenges to the future progress. Furthermore, these types of cancer 
demonstrate significant disparities in mortality rates among different ethnic groups. Conversely, gastric cancer, 
esophageal cancer, and cervical cancer have shown downward mortality rates, while lung cancer, colorectal cancer 
(CRC), and female breast cancer continue to exhibit gradually upward mortality rates[2,3]. These trends underscore the 
persisting challenges caused by cancer. Hence, it is imperative to explore new targets for early diagnosis and personalized 
treatment, as emphasized by previous studies[4,5]. The identification and analysis of novel pan-cancer genes can provide 
valuable insights into the intricate process of tumorigenesis. Public databases and online analysis tools, such as The 
Cancer Genome Atlas (TCGA) and Gene Expression Omnibus (GEO) provide convenient access to comprehensive cancer-
related functional genomics datasets across diverse cancer types, enabling in-depth pan-cancer analysis[6,7].

The COP9 signalosome (COPS) is a multiprotein complex involved in protein degradation, transcriptional activation, 
signal transduction, and tumor progression[8,9]. COPS6, together with its dimerization partner COPS5, plays a crucial 
role in the activation process of deneddylase activity by embedding into the core of the helical bundle[10]. While the 
literature has reported the mechanisms of COPS6 in human malignancies, such as cervical cancer, papillary thyroid 
carcinoma (THCA), CRC, breast cancer, lung adenocarcinoma (LUAD), and glioblastoma, the available information is 
incomplete and the underlying mechanisms remain to be fully elucidated[11].

The present study aimed to comprehensively elucidate the involvement and clinical implications of COPS6 in many 
diverse types of cancer. This involved an in-depth analysis of differential expression patterns, prognostic values, gene 
mutations, immune infiltration, correlation analysis, and functional enrichment assessment, utilizing publicly available 
databases.

MATERIALS AND METHODS
Differential expression analysis
GEPIA2 (http://gepia2.cancer-pku.cn/#degenes) was utilized for analysis of RNA-seq expression data collected from 
TCGA and Genotype-Tissue Expression (GTEx) projects, enabling differential analysis, correlation analysis, and survival 
analysis[12]. Genetic difference analysis was conducted using TIMER2 (http://timer.cistrome.org/)[13]. COPS6 
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expression level in tumor and normal samples was compared using R (ver. 4.0.3), TIMER2, and GEPIA2. Box plots were 
generated using the ggpubr R (ver. 4.0.3) package, and differential expression of COPS6 in TCGA samples was 
determined using the Wilcoxon test. For cancers lacking normal controls in the TCGA database, the TIMER2 website was 
employed for differential analysis of the COPS6 gene.

For protein analysis, UALCAN online portal (http://ualcan.path.uab.edu/analysis-prot.html) was utilized to examine 
gene, protein, methylation, and phosphorylation differences[14]. UALCAN facilitated the comparison of differential 
expression of COPS6 protein between tumor and normal tissues. Age-differential expression data was obtained using the 
limma and ggpubr R packages, while clinical stage differential expression of COPS6 was obtained from the GEPIA2 
website.

Survival analysis
To perform survival analysis for COPS6, the "Survival Map" feature of GEPIA2 was utilized. This facilitated plotting 
heatmaps representing overall survival (OS) and disease-free survival (DFS) using data from TCGA database. Forest 
plots, encompassing OS, progression-free interval (PFI), disease-specific survival (DSS), and disease-free interval (DFI), 
were generated using the survival and forestplot R packages in association with Cox analysis.

In March 2022, the pan-cancer data were downloaded from the TCGA database, including tumor stage, tumor grade, 
survival time, and mutation information. The raw data were preprocessed by the R programming language. The 
survminer R package was utilized to generate Kaplan-Meier survival curves for OS, PFI, DSS, and DFI, with a 
significance level set at P < 0.05.

Genetic alteration analysis
For mutation analysis, cBioPortal (https://www.cbioportal.org/) was utilized[15]. In this study, the "Quick Search" 
feature of cBioPortal was employed to examine the mutation frequency, type, copy number alteration (CNA), and 
structural variants of TCGA tumors involving COPS6. Furthermore, information related to the specific mutation sites and 
three-dimensional (3D) structure of the COPS6 protein was collected. To assess the impact of COPS6 alterations on 
patient survival, "TCGA, PanCancer Atlas" and "Compassion/Survival" modes were utilized to plot OS, DSS, DFS, and 
progression-free survival curves for TCGA cases with and without COPS6 alterations, respectively, using the log-rank 
test.

Immune infiltration analysis
To investigate immune infiltration, TIMER2 web server was used. In the present study, the presence of CD8+ T cells, 
cancer-associated fibroblasts, natural killer (NK) cells, and macrophages was assessed using the "Immune" module. To 
explore the relationship between immune inflammatory cells and COPS6 expression, multiple algorithms were utilized, 
including XCELL, EPIC, TIMER, MCPCOUNTER, CIBERSORT-ABS, TIDE, CIBERSORT, and QUANTISEQ. P values and 
partial correlation values were obtained using the purity-adjusted Spearman's rank correlation test to quantify the 
strength and significance of the observed correlations.

Enrichment analysis and correlation analysis
The "Similar Gene Detection" module on the GEPIA2 website was utilized to identify the top 100 genes correlated with 
COPS6. Further analysis using the "correlation analysis" module on the same website narrowed down the selection to the 
top 5 genes with the highest correlation coefficients. Heatmap analysis of these genes was conducted using the 
"Gene_Corr" module available on the TIMER2 website. The purity-adjusted Spearman's rank correlation test was applied 
to obtain P-values and partial correlation values.

For protein-protein interaction (PPI) analysis, the STRING database (https://string-db.org/) was employed[16]. 
COPS6 was submitted to the database to generate a PPI network with Homo sapiens as the reference organism. The 
network settings included a full network type, evidence-based network edges, experiments as active interaction sources, a 
minimum required interaction score of high confidence (0.7), and a maximum number of interactors shown in the 1st and 
2nd shells.

To identify overlapping genes between the COPS6-related genes obtained from the GEPIA2 and STRING, a Venn 
diagram was generated using GraphPad Prism 9.0.0 software (GraphPad Software Inc., San Diego, CA, United States). 
The gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses were 
performed using the DAVID database (https://david.ncifcrf.gov/home.jsp) with involvement of parameters, such as 
"OFFICIAL_GENE_SYMBOL", "Homo sapiens", and "functional annotation chart".

RESULTS
COPS6 expression level varied in various tumors
The overview of the pan-cancer analysis workflow is shown in Figure 1A. Differential expression analysis of COPS6 was 
conducted on TCGA data using R programming language. Significant differential expression (P < 0.05) of COPS6 was 
found between normal and tumor tissues in several cancer types, including bladder cancer (BLCA), breast invasive 
carcinoma (BRCA), cholangiocarcinoma (CHOL), colon adenocarcinoma (COAD), esophageal carcinoma (ESCA), 
glioblastoma multiforme (GBM), head and neck squamous cell carcinoma (HNSC), kidney chromophobe (KICH), kidney 
renal clear cell carcinoma (KIRC), kidney renal papillary cell carcinoma (KIRP), liver hepatocellular carcinoma (LIHC), 
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Figure 1 Differential expression analysis of COP9 signalosome subunit 6 in pan-cancer. A: Overview of the pan-cancer analysis workflow; B: 
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Differential expression analysis of COP9 signalosome subunit 6 (COPS6) in the The Cancer Genome Atlas (TCGA) database using the Wilcoxon test in R software; 
C: Differential expression analysis of COPS6 in matched TCGA normal and Genotype-Tissue Expression data using the GEPIA2 website with specific cutoff criteria. b
P � 0.01�cP � 0.001. CHOL: Cholangiocarcinoma; DFI: Disease-free interval; DLBC: Diffuse large B-cell; DSS: Disease-specific survival; GO: Gene ontology; KEGG: 
Kyoto Encyclopedia of Genes and Genomes; LAML: Acute myeloid leukemia; MIS: Microsatellite instability; OS: Overall survival; PAAD: Pancreatic adenocarcinoma; 
PFI: Progression-free interval; SKCM: Skin cutaneous melanoma; THYM: Thymoma; TMB: Tumor mutational burden.

LUAD, lung squamous cell carcinoma (LUSC), prostate adenocarcinoma (PRAD), rectum adenocarcinoma (READ), 
THCA, and uterine corpus endometrial carcinoma (UCEC) (Figure 1B). Differential expression analysis results of COPS6 
in these tumors and normal samples were obtained from the GEPIA2 website. Furthermore, COPS6 expression level 
exhibited significant differences in skin cutaneous melanoma (SKCM), pancreatic adenocarcinoma (PAAD), thymoma 
(THYM), diffuse large B-cell lymphoma (DLBCL), acute myeloid leukemia (LAML), and CHOL (Figure 1C) compared 
with TCGA normal samples using GTEx data.

To compare protein expression level of COPS6 among multiple types of cancer, protein expression differences between 
tumor and normal tissues from the CPTAC database on the UALCAN website were compared. The results revealed the 
elevated expression level of COPS6 in hepatocellular carcinoma and clear cell renal cell carcinoma tissues (Figure 2A). 
Additionally, the relationship between COPS6 expression level and clinical parameters was investigated using the 
GEPIA2 website, indicating the presence of association between COPS6 expression level and clinical stages of LUAD, 
KICH, KIRP, and LIHC (P < 0.05) (Figure 2B). Furthermore, significantly upregulated COPS6 expression level in ESCA, 
LUAD, and LUSC in cases who aged < 65-years-old in TCGA database was found, whereas COPS6 expression level was 
reduced in KIRC (P < 0.05) (Figure 2C).

COPS6 expression level was associated with the prognosis of patients with diverse types of cancer
To assess the relationship between COPS6 expression level and patient prognosis across various tumors, patients were 
divided into high and low COPS6 expression groups based on the median COPS6 expression level. Utilizing the GEPIA2 
website, it was revealed that high expression level of COPS6 was significantly associated with poor OS in GBM (P = 
0.017), KICH (P = 0.031), mesothelioma (MESO) (P = 0.0026), lower grade glioma (LGG) (P = 0.007), LIHC (P = 0.011), and 
LUAD (P = 0.018) (Figure 3A). Conversely, low expression level of COPS6 was correlated with poor DFS in KIRP (P = 
0.042), while high expression level of COPS6 was associated with poor DFS in LGG (P = 0.0013), LIHC (P = 0.024), adreno-
cortical carcinoma (ACC) (P = 0.034), KIRC (P = 0.009), MESO (P = 0.0027), and stomach adenocarcinoma (STAD) (P = 
0.049) (Figure 3B). Cox regression analysis indicated that COPS6 was a high-risk gene for OS in HNSC, KICH, KIRC, 
LGG, LIHC, and MESO (P < 0.05), while it was appeared as a low-risk gene for OS in BRCA (P < 0.05). Additionally, 
COPS6 was identified as a high-risk gene for DSS in KICH, KIRC, LGG, MESO, and READ (P < 0.05), as well as a low-risk 
gene for DSS in BRCA (P < 0.05). Moreover, COPS6 was found as a high-risk gene for DFI in ACC, LGG, LIHC, and STAD 
(P < 0.001), as well as a high-risk gene for PFI in KICH, KIRC, LGG, MESO, and STAD (P < 0.05), while a low-risk gene 
for PFI in BRCA (P < 0.05). These findings were derived from TCGA database using the survival and forestplot R package 
(Figure 3C). The association between COPS6 expression level and OS (Figure 4A), PFI (Figure 4B), DSS (Figure 4C), and 
DFI (Figure 4D) was further confirmed through Kaplan-Meier survival analysis in pan-cancer patients from TCGA 
database.

Correlation between COPS6 mutation and tumor progression
Using the cBioPortal website, comprehensive information was obtained regarding the mutation types, frequency, CNAs, 
and structural variants of COPS6 across all TCGA tumors. Missense mutations were identified as the predominant 
mutation type. Among all TCGA tumors, the highest frequency of variations was found in esophageal adenocarcinoma 
(9.89%), with amplification being the most frequent alteration (9.34%) (Figure 5A). A 3D representation of the COPS6 
protein (Figure 5B) was constructed, revealing a notable mutation site, R197C/H, observed in one case each of adreno-
cortical carcinoma and endometrioid carcinoma (Figure 5C). Investigation of the relationship between COPS6 mutations 
and prognosis in TCGA cases revealed no significant impact of mutation status on the prognosis of all types of cancer 
(Figure 5D).

Furthermore, the correlations between COPS6 expression level and tumor mutational burden (TMB) and microsatellite 
instability (MSI) were analyzed. Positive correlations were identified between COPS6 expression level and TMB in 
LUAD, KIRP, LUSC, HNSC, PAAD, KICH, LIHC, KIRC, UCEC, LGG, BRCA, and PRAD (P < 0.05), while negative correl-
ations were found in THYM, COAD, ESCA, and LAML (P < 0.05) (Figure 5E). Positive associations between COPS6 
expression level and MSI were observed in BRCA, USC, THCA, SKCM, SARC, PRAD, PAAD, KIRP, KIRC, HNSC, DLBC, 
and LIHC (P < 0.05), with a positive association observed in COAD (P < 0.05) (Figure 5F). Additionally, comparison of the 
COPS6 promoter methylation level between normal and tumor samples revealed a higher methylation level in the tumor 
group in PRAD, LUSC, HNSC, BRCA, and KIRC, whereas a lower methylation level in BLCA (Figure 5G).

Correlation between COPS6 expression level and immune infiltration
The relationship between COPS6 expression level and immune-infiltrating cells in TCGA tumors was examined using the 
TIMER2 website. Across multiple algorithms, a negative correlation was found between COPS6 expression level and 
CD8+ T cell infiltration in BRCA-LumA, HNSC, HNSC-HPV-, SKCM, SKCM-metastasis, and tenosynovial giant cell 
tumor (TGCT) (Figure 6A and B). Conversely, the correlation between cancer-associated fibroblast infiltration and COPS6 
expression level exhibited heterogeneity. Negative correlations were identified in DLBCL, OV, SARC, THYM, and THCA, 
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Figure 2 Association between COP9 signalosome subunit 6 and clinical parameters in pan-cancer. A: Differential analysis of COP9 signalosome 
subunit 6 (COPS6) protein expression in pan-cancers using the CPTAC database accessed through the UALCAN website; B: Relationship between COPS6 
expression and clinical stage analyzed with the GEPIA2 website; C: Correlation between COPS6 expression and age using R software. KICH: Kidney chromophobe; 
KIRC: Kidney renal clear cell carcinoma; LIHC: Liver hepatocellular carcinoma; LUAD: Lung adenocarcinoma.

while positive correlations were found in HNSC, HNSC-HPV-, and TGCT (Figure 6C and D). The relationship between 
COPS6 expression level and macrophage infiltration varied depending on macrophage subtype. An inverse association 
was detected between COPS6 expression level and M1 macrophages, along with a positive association between COPS6 
expression level and M2 macrophages in certain tumors (Figure 6E and F). For instance, in DLBCL, four algorithms 
demonstrated a negative association between COPS6 expression level and M1 macrophages, while TIDE algorithm 
revealed a positive association between COPS6 expression level and M2 macrophages. Moreover, in BRCA, KIRC, THCA, 
and THYM, the TIDE algorithm indicated a positive correlation between COPS6 expression level and M2 macrophages. 
In most of the tumors, NK cell infiltration exhibited a weak correlation with COPS6 expression level, and clear associ-
ations were found only in a few tumors (Figure 6G and H). For instance, in THCA and THYM, COPS6 expression level 
showed a negative correlation with NK cell infiltration. Further analysis of NK cell subtypes revealed a negative 
correlation between COPS6 expression level and activated NK cell infiltration, as well as a positive correlation between 
COPS6 expression level and resting NK cell infiltration.

Enrichment analysis and correlation analysis of COPS6-associated genes
To gain deeper insights into the molecular mechanisms involving COPS6 in growth and progression of tumors, the 
GEPIA2 website was employed to screen the top 100 COPS6-associated genes. Subsequently, the top 5 genes with the 
highest correlation coefficients were identified and summarized as follows: POLR2J (r = 0.69, P < 0.001), BUD31 (r = 0.65, 
P < 0.001), TAF6 (r = 0.66, P < 0.001), ALKBH4 (r = 0.62, P < 0.001), and POP7 (r = 0.61, P < 0.001) (Figure 7A and B). The 
PPI network analysis was performed using the STRING website, resulting in the establishment of a network of 35 node 
genes (Figure 7C). The intersection of COPS6-associated genes obtained from the GEPIA2 and STRING led to the identi-
fication of GPS1 and TCEB2 (Figure 7D). Furthermore, the genes derived from both databases were merged, resulting in 
the detection of a total of 135 COPS6-related genes. Subsequently, GO and KEGG pathway enrichment analyses were 
conducted (Figure 7E and F). The KEGG pathway analysis revealed that COPS6-associated genes were enriched in 
pathways, such as ubiquitin-mediated proteolysis, nucleotide excision repair, human immunodeficiency virus 1 infection, 
Parkinson's disease, and circadian rhythm. The GO enrichment analysis indicated enrichment in the proteasomal protein 
catabolic process, proteasome-mediated ubiquitin-dependent protein catabolic process, protein modification by small 
protein removal, intrinsic apoptotic signaling pathway, protein deneddylation, COPS, Cullin-RING ubiquitin ligase 
(CRL) complex, SCF ubiquitin ligase complex, Cul4A-RING E3 ubiquitin ligase complex, Cullin family protein binding, 
ubiquitin-protein transferase activity, and ubiquitin-like protein transferase activity.

DISCUSSION
The COP9 signalosome (CSN) is a complex protein composed of eight subunits (CSN1-CSN8), participating in various 
physiological processes. The CSN1, 2, 3, 4, 7, and 8 subunits contain a percutaneous coronary intervention domain, which 
acts as a scaffold in CSN assembly, while the COPS6 and COPS5 subunits possess an Mpr1-Pad 1-N-terminal (MPN) 
domain[17]. COPS5 primarily exerts catalytic enzymatic activity, whereas COPS6, as an essential component of CSN, 
lacks the metal-binding site and isopeptidase activity associated with the COPS5 MPN domain. The precise function of 
COPS6 remains has still remained elusive[18]. COPS6 is involved in various processes, including the ubiquitin 
proteasome system, signal transduction, DNA damage response, and tumor progression. It exhibits a high expression 
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Figure 3 Survival analysis of COP9 signalosome subunit 6. A: Overall survival (OS) and disease-free survival analysis conducted with the GEPIA2 
website using the log-rank test (P < 0.05); B: Forest plots illustrating disease-specific survival (DSS), OS, progression-free interval (PFI), and disease-free interval 
(DFI) analyzed with Cox analysis in R software. ACC: Adrenocortical carcinoma; GBM: Glioblastoma multiforme; KICH: Kidney chromophobe; KIRP: Kidney renal 
papillary cell carcinoma; LGG: Lower grade glioma; LIHC: Liver hepatocellular carcinoma; LUAD: Lung adenocarcinoma; MESO: Mesothelioma; STAD: Stomach 
adenocarcinoma.

level in diverse tumors, and studies have explored its role in cancer[19].
At present, there is a growing interest among researchers in investigating the role of COPS6 in tumors, as it has been 

shown to predominantly promote cancer. The CRLs are involved in the ubiquitination of Myc, and Fbxw7, a CRL 
component, which participates in Myc ubiquitination. In mouse experiments, Chen et al[20] demonstrated that COPS6 
enhances Fbxw7 degradation through binding, thereby maintaining Myc stability and promoting tumor progression. 
Additionally, in a mouse model, Zhao et al[21] revealed that COPS6 attenuates p53-mediated tumor suppression, 
promotes tumor growth by stabilizing MDM2 protein, and participates in DNA damage-associated apoptosis. In human 
tumors, COPS6 also plays a significant role in tumor progression. Fang et al[22] demonstrated that COPS6 overexpression 
in CRC is associated with a worse prognosis. Mechanistic studies suggested that ERK2 directly binds to CSN6 Leu163/
Val165 and phosphorylates COPS6 at Ser148, thereby regulating β-Trcp and stabilizing β-catenin expression, 
consequently blocking the ubiquitin-proteasome pathway and promoting CRC development.
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Figure 4 Kaplan-Meier survival analysis of COP9 signalosome subunit 6 in the The Cancer Genome Atlas database performed in R 
software. A: Overall survival analysis. B: Progression-free interval analysis; C: Disease-specific survival analysis; D: Disease-free interval analysis. ACC: 
Adrenocortical carcinoma; BRCA: Breast invasive carcinoma; KIRC: Kidney renal clear cell carcinoma; LGG: Lower grade glioma; LIHC: Liver hepatocellular 
carcinoma; LUAD: Lung adenocarcinoma; LUSC: Lung squamous cell carcinoma; MESO: Mesothelioma.

Programmed death-1/programmed death-ligand 1 (PD-1/PD-L1) checkpoint blockade is an emerging immunotherapy 
modality in various tumors, while its regulatory mechanism remains uncertain. Su et al[23] demonstrated that COPS6 
expression level could be regulated by the EGFR-ERK pathway, inhibiting PD-L1 degradation and maintaining PD-L1 
stability in GBM. Additionally, several studies have reported the involvement of COPS6 in the epithelial-mesenchymal 
transition process in various tumors, promoting tumor invasion and metastasis. For instance, Zhang et al[24] revealed that 
the COPS6-UBR5-CDK9 axis could control melanoma proliferation and metastasis, while Mao et al[25] found that COPS6 
could promote migration and invasion of cervical cancer cells by regulating the expression level of cathepsin L through 
the autophagy-lysosomal system. Furthermore, COPS6 was found to maintain the key transcription factor Snail1, 
promoting the invasion of breast cancer cells by inhibiting Snail1 ubiquitination[26].

While previous studies have highlighted the significant role of COPS6 in the progression of specific tumors, the hetero-
geneity of tumors suggests potential variations in its function across different cancer types. Therefore, a comprehensive 
analysis and screening are necessary to validate existing findings and provide direction for the future COPS6-related 
studies. In the present study, it was attempted to conduct comprehensive multilevel differential analysis and survival 
analysis of COPS6 in pan-cancer data collected from various public databases and online analysis tools, including TCGA, 
GEO, CPTAC, GEPIA2, TIMER2, and UALCAN. The findings demonstrated that the expression level of the COPS6 gene 
was significantly upregulated in the most types of cancer compared with normal tissues, except for KICH and LAML. 
Prognostic analysis revealed that the high expression level of COPS6 was typically associated with worse prognosis in the 
majority of tumors, while showing a favorable prognosis in KIRP, BRCA, LUSC, and PCPG. Mutational analysis 
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Figure 5 Mutation analysis of COP9 signalosome subunit 6. A: Mutation frequency and types visualized through the cBioPortal website; B: Three-
dimensional structure highlighting the R197C/H mutation site in COP9 signalosome subunit 6 (COPS6); C: Mutation sites depicted in the cBioPortal website; D: 
Survival analysis of COPS6 mutations in pan-cancer; E: Correlation of COPS6 with tumor mutational burden (tumor mutational burden) in pan-cancer using R 
software; F: Correlation of COPS6 with microsatellite instability (microsatellite instability) in pan-cancer using R software; G: Promoter methylation levels of COPS6 in 
prostate adenocarcinoma (PRAD), lung squamous cell carcinoma (LUSC), head and neck squamous cell carcinoma (HNSC), breast invasive carcinoma (BRCA), 
bladder cancer (BLCA), and kidney renal clear cell carcinoma (KIRC) accessed through the UALCAN website. OS: Overall survival; DFS: Disease-free survival; PFS: 
Progression-free survival; DSS: Disease-specific survival.

indicated that missense mutations were the predominant mutation type found in COPS6. Additionally, TMB and MSI 
exhibited a positive correlation with COPS6 expression level in most of the tumors, and only few tumors showed a 
negative correlation. Further exploration of the impact of COPS6 mutations on patient outcomes revealed that these 
mutations did not significantly contribute to a worse prognosis in any specific tumor types. However, a comprehensive 
analysis across all tumors indicated a trend towards a shorter OS associated with COPS6 mutations. Therefore, it can be 
concluded that COPS6 mutations have a limited effect on patient prognosis.

Subsequently, the association between COPS6 expression level and the tumor immune microenvironment (TMIE) was 
investigated in various types of cancer. The TMIE plays a pivotal role in tumor progression, immune evasion, and 
therapeutic resistance, involving key components, such as CD8+ T cells, cancer-associated fibroblasts, macrophages, and 
NK cells[27]. The findings of the present study demonstrated a negative correlation between COPS6 expression level and 
CD8+ T cell infiltration in several tumors, such as BRCA, HNSC, and TGCT. This aligns with Du et al[28]’s results, 
demonstrating that COPS6 could inhibit CD8+ T cell infiltration within the tumor microenvironment (TME), thereby 
facilitating tumor immune evasion. Furthermore, a negative correlation was identified between COPS6 expression level 
and the M1 phenotype of tumor-associated macrophages (TAMs), while a positive correlation was found with the M2 
phenotype. TAMs, which are macrophages that infiltrate tumor tissue and differentiate from monocytes, predominantly 
adopt the immunosuppressive M2 phenotype in the TMIE[29]. The present study revealed a positive correlation between 
COPS6 expression level and the M2 phenotype in the TIDE algorithm for DLBCL, BRCA, KIRC, THCA, THYM, and other 
tumors, while other algorithms exhibited a negative correlation with the M1 phenotype. However, it is noteworthy that in 
some tumors, only the TIDE algorithm yielded consistent results, while other algorithms suggested a negative or no 
correlation between COPS6 expression level and the M2 phenotype. This discrepancy could be attributed to variations in 
the statistical methods employed by each algorithm, necessitating further experimental validation of these findings.

There is a scarcity of research regarding the interaction between COPS6 Level and TME, highlighting the urgent need 
to explore the role of COPS6 in the TME. Furthermore, in the present study, correlation and enrichment analyses of 
COPS6 were conducted, and GPS1 and TCEB2 were identified as the two genes, exhibiting the strongest correlation. This 
investigation sheds light on the potential function and significance of COPS6 as a novel biomarker in cancer, setting the 
stage for further research on its molecular mechanisms and the development of targeted therapies. Moreover, the 
findings emphasize the importance of studying the COPS6-related TIME. However, it should be noted that the current 
study of COPS6 is preliminary, and the specific mechanisms of its action in different types of cancer remain elusive. 
Therefore, additional resources and efforts are warranted to delve deeper into the role of COPS6 in cancer.

The present study revealed a potential association of COPS6 with survival outcomes in various tumors. Notably, GPS1 
and TCEB2 were identified as the two genes exhibiting the strongest correlation with COPS6 at both the gene and protein 
levels, making them promising targets for future investigations. Additionally, a significant association was found 
between COPS6 expression level and immune infiltration in diverse types of cancer, such as BRCA, HNSC, and TGCT, 
where research on the TIME remains limited.

CONCLUSION
This study is the first to explore the role of COPS6 in pan-cancer, taking full use of the existing public database to 
investigate COPS6 from the aspects of gene expression level, mutation, TIME, and prognosis. However, there are also 
some deficiencies in this study. For instance, only a multifaceted analysis of COPS6 was conducted through 
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Figure 6 Immune infiltration analysis of COP9 signalosome subunit 6 in the The Cancer Genome Atlas database using the TIMER2 
website. A: Heatmap depicting the correlation between COP9 signalosome subunit 6 (COPS6) and CD8+ T cells; B: Scatter plot illustrating the relationship between 
COPS6 and CD8+ T cells; C: Heatmap displaying the correlation between COPS6 and cancer-associated fibroblasts; D: Scatter plot demonstrating the relationship 
between COPS6 and cancer-associated fibroblasts; E: Heatmap indicating the correlation between COPS6 and macrophages; F: Scatter plot showing the 
relationship between COPS6 and macrophages; G: Heatmap presenting the correlation between COPS6 and natural killer (NK) cells; H: Scatter plot depicting the 
relationship between COPS6 and NK cells. TPM: Transcripts per million.
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Figure 7 Correlation analysis and enrichment analysis of COPS6. A: Heatmap displaying the top 5 genes correlated with COPS6 in pan-cancer 
accessed through the TIMER2 website; B: Scatter plot illustrating the correlation between COPS6 and the top 5 genes in pan-cancer using the GEPIA2 website; C: 
Protein-protein interaction network of COPS6 obtained from the STRING database; D: Intersection of COPS6-related genes screened in GEPIA2 and STRING, 
resulting in GPS1 and TCEB2; E: Kyoto Encyclopedia of Genes and Genomes enrichment analysis of the combined COPS6-related genes from GEPIA2 and 
STRING; F: Gene ontology enrichment analysis of the combined COPS6-related genes from GEPIA2 and STRING. TPM: Transcripts per million.

bioinformatics, while no experiment was carried out to verify the results, hindering the generalization of the findings.
In conclusion, the present study provided early evidence that COPS6 could be associated with clinicopathological 

characteristics in various tumors and could play a role in several cancer hallmarks. Additional research is needed to 
further elucidate the role of COPS6 in cancer progression.

ARTICLE HIGHLIGHTS
Research background
The COP9 signaling body subunit 6 (COPS6) has been implicated in cancer progression, but its precise role in most types 
of cancer is unknown.

Research motivation
This study aimed to investigate the functional and clinical relevance of COPS6 in different tumor types, using publicly 
available databases.
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Research objectives
This study hopes to provide a basis for COPS6 as a novel biomarker for cancer research by exploring the role of COPS6 in 
different cancer types.

Research methods
We used R software and online analysis databases to analyze the differential expression, prognosis, mutation and related 
functions of COPS6 in pan-cancer.

Research results
Differential expression analysis and survival analysis demonstrated that COPS6 was highly expressed and associated 
with high-risk profiles in the majority of cancer types. Missense mutations are the main type of COPS6 mutations, and in 
most types of cancer, the levels of COPS6 expression are positively correlated with tumor mutation burden and 
microsatellite instability. Immune infiltration analysis found COPS6 to play different roles in different cancers. Gene co-
expression and enrichment analysis highlighted COPS6-related genes were predominantly involved in processes, such as 
ubiquitin-mediated proteolysis and human immunodeficiency virus 1 infection.

Research conclusions
This study provides early evidence that COPS6 may be associated with the clinicopathological features of various tumors 
and may play a role in several cancer features, providing a basis for subsequent studies related to COPS6.

Research perspectives
Since this study mainly focused on data analysis, subsequent studies required experimental validation of relevant results.
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Abstract
BACKGROUND 
Pancreatic cancer is difficult to be diagnosed early clinically, while often leads to 
poor prognosis. If optimal personalized treatment plan can be provided to 
pancreatic cancer patient at an earlier stage, this can greatly improve overall 
survival (OS). Circulating tumor cells (CTCs) are a collective term for various 
types of tumor cells present in the peripheral blood (PB), which are formed by 
detachment during the development of solid tumor lesions. Most CTCs undergo 
apoptosis or are phagocytosed after entering the PB, whereas a few can escape 
and anchor at distal sites to develop metastasis, increasing the risk of death for 
patients with malignant tumors.

AIM 
To investigate the significance of CTCs in predicting the prognosis of early 
pancreatic cancer patients.

METHODS 
The PubMed, EMBASE, Web of Science, Cochrane Library, China National 
Knowledge Infrastructure, China Biology Medicine, and ChinaInfo databases 
were searched for articles published through December 2022. Studies were 
considered qualified if they included patients with early pancreatic cancer, 
analyzed the prognostic value of CTCs, and were full papers reported in English 
or Chinese. Researches were selected and assessed using the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses protocol and the Newcastle-
Ottawa Scale criteria. We used a funnel plot to assess publication bias.

RESULTS 
From 1595 publications, we identified eight eligible studies that collectively 
enrolled 355 patients with pancreatic cancer. Among these original studies, two 
were carried out in China; three in the United States; and one each in Italy, Spain, 
and Norway. All eight studies analyzed the relevance between CTCs and the 
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prognosis of patients with early-stage pancreatic cancer after surgery. A meta-analysis showed that the patients 
that were positive pre-treatment or post-treatment for CTCs were associated with decreased OS [hazard ratio (HR) 
= 1.93, 95% confidence interval (CI): 1.197-3.126, P = 0.007] and decreased relapse-free/disease-free/progression-
free survival (HR = 1.27, 95%CI: 1.137-1.419, P < 0.001) in early-stage pancreatic cancer. Additionally, the results 
suggest no statistically noticeable publication bias for overall, disease-free, progression-free, and recurrence-free 
survival.

CONCLUSION 
This pooled meta-analysis shows that CTCs, as biomarkers, can afford reliable prognostic information for patients 
with early-stage pancreatic cancer and help develop individualized treatment plans.

Key Words: Pancreatic cancer; Surgery; Prognosis; Systematic review; Meta-analysis; Biomarkers
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Core Tip: There is no consensus regarding the prognostic value of circulating tumor cells (CTCs) in early-stage pancreatic 
cancer after surgery. This is the first systematic review and meta-analysis to investigate the potential of CTCs in predicting 
survival time in early pancreatic cancer. We pooled the analyses of the relationship between CTCs and overall/disease-
free/progression-free/relapse-free survival in related studies. Patients testing positive for CTCs pre- or intra-surgery may 
have worse prognoses, requiring more intense chemotherapy and closer follow-up.

Citation: Zhang ZH, Bao YW, Zhao YJ, Wang JQ, Guo JT, Sun SY. Circulating tumor cells as potential prognostic biomarkers for 
early-stage pancreatic cancer: A systematic review and meta-analysis. World J Clin Oncol 2023; 14(11): 504-517
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INTRODUCTION
Pancreatic cancer is a fatal disease with poor prognosis. In 2018, pancreatic cancer was the seventh leading cause of 
cancer-related mortality worldwide[1]. The number of annual diagnoses of and deaths related to pancreatic cancer in 
China have exceeded those in the United States[2]. The incidence of pancreatic cancer continues to increase at a rate of 
0.5%-1.0% each year, and it is projected to be the second deadliest cancer by 2030 in Western countries[3]. Despite 
continuous advances in chemotherapy, radiation, and surgical techniques; the prognosis of patients with pancreatic 
cancer remains significantly poor. Approximately half of the patients experience reoccurrence within the first year, 
mainly due to metastatic disease occurrence after surgical resection. Consequently, one of the most important challenges 
is to identify a factor that can assess the survival outcome of patients with early pancreatic cancer before surgery, 
optimize treatment, and assist in the development of monitoring strategies.

Currently, technological innovations in imaging and endoscopy are being used to improve the diagnostic accuracy of 
pancreatic cancer. Computed tomography (CT) and magnetic resonance imaging (MRI) remain first-line diagnostic 
modalities for clinical suspicion. Endoscopic ultrasound (EUS) and EUS-guided fine-needle aspiration (EUS-FNA), also 
play important roles in its diagnosis. However, imaging features of early pancreatic cancer are subtle, and the general 
consensus is that it is difficult to detect early lesions[4]. Liquid biopsy is a new technology that detects biomarkers, such 
as carcinoembryonic antigen, carbohydrate antigen 19-9 (CA19-9), or CA125, from nonsolid biological tissues, such as 
blood[5], and has received increased attention because of its convenience and noninvasiveness[6]. However, these 
biomarkers all lack sufficient sensitivity and specificity for diagnostic purposes.

With the development of medical testing technologies, circulating tumor cells (CTCs) have emerged as a popular 
research topic over the last few decades. CTCs are a small number of tumor cells that detach from primary tumors, 
circulate through the bloodstream, and are the main source of its dissemination and metastasis[7]. Unlike traditional 
histopathological examinations, which are usually complex and risky for difficult-to-biopsy tumors such as pancreatic 
cancer, CTCs are noninvasive. CTCs can provide real-time and comprehensive information about the tumor because they 
are enriched in the bloodstream and originate from different regions of the original tumor or metastasis. Moreover, CTCs 
can present large-scale health information, such as the expression of genes and proteins and alteration of cellular contents 
and cell membranes, which are essential for improving diagnostic accuracy and developing individualized treatments[8]. 
Recently, an increasing number of studies have revealed that CTCs show promise for prognostic evaluation in several 
tumors, including lung[9], renal[10], breast[11], gastric[12], and colorectal cancers[13].

Nonetheless, the prognostic effect of CTCs in early pancreatic cancer remains ambiguous, mainly because of the 
increasing number of CTC isolation methods and different study designs. Therefore, this study aimed to perform a 
structural meta-analysis of currently available evidence on the prognostic value of CTCs in early-stage pancreatic cancer.

https://www.wjgnet.com/2218-4333/full/v14/i11/504.htm
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MATERIALS AND METHODS
Search strategy
Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, we conducted 
a comprehensive literature search of all studies published in database repositories before December 2022 that were 
related to the use of CTCs for the diagnosis of pancreatic cancer. The search was performed only in English and Chinese 
databases including PubMed, EMBASE, Web of Science, Cochrane Library, China National Knowledge Infrastructure 
(CNKI), China Biology Medicine (CBM), and ChinaInfo. Only studies published in Chinese and English were included in 
the analysis. Search terms included these keywords, MeSH (medical subject headings) terms, and their entry terms: 
“Pancreatic Neoplasms”(MeSH), “Neoplasm, Pancreatic,” “Pancreatic Neoplasm,” “Pancreas Neoplasms,” “Neoplasm, 
Pancreas,” “Neoplasms, Pancreas,” “Pancreas Neoplasm,” “Neoplasms, Pancreatic,” “Cancer of Pancreas,” “Pancreas 
Cancers,” “Pancreas Cancer,” “Cancer, Pancreas,” “Cancers, Pancreas,” “Pancreatic Cancer,” “Cancer, Pancreatic,” 
“Cancers, Pancreatic,” “Pancreatic Cancers,” “Cancer of the Pancreas,” “Neoplastic Cells, Circulating”(MeSH), 
”Neoplasm Circulating Cells,” “Circulating Neoplastic Cells,” “Cell, Circulating Neoplastic,” “Cells, Circulating 
Neoplastic,” “Circulating Neoplastic Cell,” “Neoplastic Cell, Circulating,” “Circulating Tumor Cells,” ”Cell, Circulating 
Tumor,” “Cells, Circulating Tumor,” “Circulating Tumor Cell,” ”Tumor Cell, Circulating,” “Tumor Cells, Circulating,” 
“Cells, Neoplasm Circulating,” “Cell, Neoplasm Circulating,” “Neoplasm Circulating Cell,” “Circulating Cells, 
Neoplasm,” “Tumor Cells, Embolic,” “Cell, Embolic Tumor,” “Cells, Embolic Tumor,” “Embolic Tumor Cell,” ”Tumor 
Cell, Embolic,” “Embolic Tumor Cells,” “Embolism, Tumor,” “Embolisms, Tumor,” “Tumor Embolism,” “Tumor 
Embolisms,” “Prognostic,” “Prognosis,” “Prognos*”. These terms were supplemented by the logical operators “and” and 
“or.” To expand the literature, we reviewed and evaluated the references of the included studies.

Selection criteria
Two independent investigators reviewed the article titles and abstracts according to inclusion and exclusion criteria to 
exclude irrelevant studies. Subsequently, the full texts of the included studies were analyzed to determine their suitability 
for meta-analysis. In case of any contradictions, a third reviewer was consulted for adjudication. The inclusion and 
exclusion criteria were formulated based on the PRISMA of Diagnostic Test Accuracy Studies guidelines. Inclusion 
criteria: (1) Studies included participants of any age with histologically or cytologically confirmed early pancreatic cancer 
(early pancreatic cancer was defined as pancreatic adenocarcinoma with a maximum tumor diameter of 4 cm, regional 
lymph node metastasis of no more than three nodes, and no distant metastasis); (2) studies that investigated pre- or intra-
operative CTCs as a prognostic biomarker in blood for early pancreatic cancer patients’ survival results after surgery; (3) 
sufficient published data available for calculating hazard ratio (HR) and 95% confidence interval (CI) of overall survival 
(OS) and progression-free survival (PFS); (4) studies that were published in English or Chinese; and (5) studies that were 
reported as full paper publications. Exclusion criteria: (1) Patients were diagnosed with pancreatic cancer at advanced 
stages or studies that didn’t analyze the results of early pancreatic cancer patients independently; (2) studies that did not 
provide adequate data on the prognostic performance of CTCs for early pancreatic cancer patients; (3) patients didn’t 
receive surgical therapy; and (4) articles were published in languages other than English and Chinese. Overall, five non-
human studies, case reports, comments, meta-analyses, reviews, and published clinical and treatment guidelines were 
excluded.

Data extraction
To decrease systematic errors during data collection, two reviewers independently selected the studies. Any conflicting 
cases were carefully reviewed, and a third reviewer was consulted to reach a consensus. Data extraction from the eligible 
papers included the following items: (1) General information about the article: first author, publication date, and country; 
(2) study information: number of patients, evidence of confirmed pancreatic cancer, CTCs separation solution, CTCs 
determination criteria, and follow-up time; and (3) data for the meta-analysis: HR with 95%CI for OS, PFS or disease-free 
survival (DFS), recurrence-free survival (RFS). For articles without HR and 95%CI, we used Engauge Digitizer 11.3 to 
calculate them based on the survival rate extracted from Kaplan-Meier curves.

Risk of bias
The quality of the included studies was assessed based on the Newcastle-Ottawa Scale (NOS) criteria for non-randomized 
studies, which included three key domains covering “selection,” “comparability,” and “outcome.” A star rating system 
was used to semi-quantitatively evaluate study quality, and those who met the standards for each item were awarded 
one or two stars. Scores range from zero to nine. A score equal to or greater than seven indicates high quality. This tool 
objectively evaluates the risk of bias and assesses concerns regarding its applicability. The quality assessment was 
performed by two independent reviewers. Any disagreements were discussed until an agreement was reached. 
Publication bias was investigated using a funnel plot, with P < 0.05 indicating a significant publication bias.

Statistical analysis
Review Manager 5.3 software (The Nordic Cochrane Center, The Cochrane Collaboration, Copenhagen, Denmark) was 
used to assess the pooled HR effect size. Heterogeneity between studies was assessed using Cochran’s Q test and I2 
statistics. According to Higgins and Thompson, I2 > 50% or P < 0.1 was viewed as consistent significant heterogeneity. A 
fixed-effect model was used when minor heterogeneity was observed. Otherwise, a random-effects model was used to 
calculate the pooled HR. Subgroup analyses based on ethnicity, separation solution, treatment, and follow-up time were 
performed to explore potential sources of heterogeneity. Finally, we conducted a sensitivity analysis to evaluate the effect 
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of a single study on overall outcomes.

RESULTS
Characteristics and quality of the included studies
A total of 1963 articles were collected, including 91 from CNKI, 273 from ChianInfo, 90 from CBM, 258 from PubMed, 55 
from EMBASE, 31 from Cochrane, and 1165 from Web of Science. After deleting 368 duplicate references, we screened the 
titles and abstracts of 1595 residual articles. In total, 1551 articles were excluded (520 meta-analyses or reviews; 32 non-
human studies; 15 articles published in languages other than English and Chinese; 161 meeting abstracts, case reports, 
guidelines, or letters; and 823 irrelevant studies). According to the inclusion and exclusion criteria, we read the full text of 
the 44 remaining studies, of which 36 articles were ultimately excluded (5 irrelevant studies and 31 articles with data 
deficiency). Consequently, eight studies involving 355 patients with early-stage pancreatic cancer were included in our 
meta-analysis[14-21]. A flow diagram of the literature search and filtering process is shown in Figure 1.

The characteristics of these studies are summarized in Table 1. The overall research quality was rated as moderate by 
the NOS, with an average score of 6.75 (Table 2). Among these original studies, two were conducted in China; three in the 
United States; and one each in Italy, Spain, and Norway. The publication years were 2014 (n = 1), 2018 (n = 1), 2021 (n = 
5), and 2022 (n = 1). All eight studies analyzed the correlation between CTCs and prognosis in patients with early-stage 
pancreatic cancer after surgery. While four studies included early pancreatic cancer patients only[14,19-21], the remaining 
four studies contained early and advanced pancreatic cancer patients with early pancreatic cancer patients accounting for 
at least 30% of the total patients[15-18]. In total, five studies detected CTCs in the peripheral blood (PB), two studies 
detected CTCs in the PB and portal venous blood (PVB), and one study detected CTCs in the central venous catheter and 
portal blood. Blood samples were collected solely before surgery in four studies[16,17,21], before and after surgery in 
three studies[14,15,18], and during surgery in only one study[19]. Only pre- and intra-operative CTC data were included 
in this meta-analysis. Although eight studies applied different CTC enrichment and separation methods, including 
commercially available CTC detection kits[14,17], dielectrophoresis-field flow fractionation (DEP-FFF)[15], and CTC 
isolation systems[18-21], most methods essentially rely on the density characteristics of CTCs as well as the epithelial and 
mesenchymal markers expressed by CTCs. Most studies applied DFS, OS, PFS, and RFS as survival outcomes, while only 
Hugenschmidt et al[20] adopted cancer-specific survival as an outcome indicator. Seven of the eight studies reported the 
adjusted HR and 95%CI for the association between DFS/PFS/RFS and positive CTCs. For the one that did not, we 
calculated these values according to the Kaplan-Meier curves provided in the articles. In addition, only three of the eight 
included studies reported the adjusted HR and 95%CI for the association between OS and positive CTCs while another 
two studies provided Kaplan-Meier curves for OS.

The relationship between CTCs and prognosis of early-stage pancreatic cancer patients after surgery
We conducted a meta-analysis to assess the association between CTCs detected in the blood samples of patients with 
early-stage pancreatic cancer and their prognosis after surgery. The degree of heterogeneity among the five studies that 
provided the adjusted HR and 95%CI for OS was low (I2 = 41%, P = 0.15); therefore, we chose a fixed-effect model for 
analysis. The pooled analyses of the five studies, containing 169 patients, showed that positive detection of pre-treatment 
or post-treatment CTCs was associated with decreased OS (HR = 1.93, 95%CI: 1.20-3.13) that was statistically significant (
Z = 2.69, P = 0.007) (Figure 2A). There was a moderate degree of heterogeneity among the seven studies available for the 
adjusted HR and 95%CI of RFS/DFS/PFS (I2 = 65%, P = 0.01); therefore, we chose a random-effects model for analysis. 
The results showed that positive pre-treatment or post-treatment CTCs were associated with decreased DFS/PFS/RFS 
(HR = 1.97, 95%CI: 1.20-3.25) that were statistically significant (Z = 2.67, P = 0.008) (Figure 2B).

Subgroup analysis
Because of the high heterogeneity in the DFS/PFS/RFS results, meta-regression was conducted to explore the sources of 
heterogeneity. No apparent deviation was found in the ethnicity, treatment, and follow-up time subgroups. Later analysis 
demonstrated that CTC-positive patients were associated with decreased DFS/PFS/RFS in subgroups that detected CTCs 
by the CellSearch system (HR = 2.62, 95%CI: 1.65-4.16, Z = 4.09, P < 0.001), and the heterogeneity between subgroups was 
low (P = 0.018) (Figure 3).

Sensitivity analysis
To explore the potential sources of this difference, we conducted sensitivity analysis by sequentially excluding each 
study. When the study by Xing et al[14] was excluded, the heterogeneity of the remaining studies was significantly 
reduced (OS: I2 = 0%, P = 0.44; DFS/PFS/RFS: I2 = 0%, P = 0.76), and the pooled results for both OS and DFS/PFS/RFS 
were increased (OS: HR = 3.06 95%CI: 1.59-5.86, Z = 3.36, P < 0.001; DFS/PFS/RFS: HR = 2.60 95%CI: 1.78-3.812, Z = 
4.001, P < 0.001) (Figure 4). Nevertheless, the direction of the pooled results for the OS and DFS/PFS/RFS subgroups 
were not affected, indicating a negative association between CTC positivity and lower OS or DFS/PFS/RFS.

Publication bias
We used a funnel plot to assess publication bias in this meta-analysis. The results showed no publication bias for OS (P = 
0.653) and DFS/PFS/RFS (P = 0.117) (Figure 5).
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Table 1 Characteristics of the included studies

Ref. Year Country Sample Separation 
Solution

Markers and 
expression 
level on PC 
CTC

Cases No-
positive Treatment Outcome Follow-

up time

Xing et al[14] 2021 China Peripheral 
blood

SE-iFISH CD44+ CTEC: 
DAPI 
+/CD45-
/CD31 
+/CD44 
+/Vimentin (+ 
or -) with 
aneuploid 
CEP8

73 Not 
reported

Surgery OS/DFS Median 
10.8 mo 
(1.2-31.8 
mo)

Semaan et al
[15]

2021 United 
States

Peripheral 
blood

DEP-FFF pEMT-CTC: 
CD45 -, 
EpCAM + 
and/or Pan-
CK +, 
Vimentin +, 
DAPI +

31 early 
stages 
(74 
total)

28 Surgery/neoadjuvant 
treatment

OS/PFS Median 
15.4 mo 
(0-43.1 
mo)

Padillo-Ruiz et 
al[21]

2021 Spain Central 
venous 
catheter and 
portalblood

ICC DAPI +/CK 
+/CD45 -

35 35 Surgery/chemotherapy OS/DFS 24 mo

Court et al[16] 2018 United 
States

Peripheral 
blood

NanoVelcro 
chip

DAPI +/CD45 
-/CK +; CD45 
positivity 
greater than 2 
× background

40 early 
stages 
(126 
total)

27 Surgery/chemotherapy OS/RFS ≥ 24 mo

Cheng et al[17] 2022 China Peripheral 
blood

LT-PCR FR + CTC 25 early 
stages 
(44 
total)

13 Surgery/chemotherapy OS/DFS Median 
20 mo (6-
28 mo)

White et al[18] 2021 United 
States

Peripheral 
blood and 
portal 
venous 
blood

CellSearch DAPI +/CK + 
/CD45 -

33 early 
stages 
(34 
total)

21 Surgery/neoadjuvant 
treatment

OS/RFS Median 
14.1 mo 
(0.86-1.97 
mo)

Bissolati et al
[19]

2014 Italy Peripheral 
blood and 
portal 
venous 
blood

CellSearch DAPI +/CK 
+/CD45 -

20 9 Surgery/chemotherapy OS/PFS Median 
39.2 mo 
(36-45 
mo)

Hugenschmidt 
et al[20]

2021 Norway Peripheral 
blood

CellSearch EpCAM 
+/DAPI +/CK 
+/CD45 -

98 7 Surgery CSS/DFS Median 
96 mo 
(63-126 
mo)

DEP-FFF: Dielectrophoresis-field flow fractionation; ICC: Immunocytochemistry; SE-iFISH: Subtraction enrichment and immunostaining-fluorescence in 
situ hybridization; PC: Pancreatic cacner ; CTCs: Circulating tumor cells; LT-PCR: Ligand-targeted polymerase chain reaction; CK: Cytokeratin; DAPI: 4',6-
diamidino-2-phenylindole; EpCAM: Epithelial cell adhesion molecule; CSS: Cancer specific survival; DFS: Disease-free survival; OS: Overall survival; PFS: 
Progression-free survival; pEMT: Partial epithelial-mesenchymal transition.

The relationship between CA19-9 and the prognosis of early-stage pancreatic cancer patients after surgery
In order to compare the potential of CTC and CA19-9 in predicting patient prognosis, we extracted the adjusted HR and 
95%CI of DFS related to CA19-9 in the included articles. Only four studies had the required data[14,16-18]. The degree of 
heterogeneity of the adjusted HR and 95%CI for DFS was high (I2 =73%, P = 0.01), so we used a random-effects model for 
the analysis. The pooled analyses of the four studies, containing 171 patients, showed that the CA19-9 level in the PVB of 
early-stage pancreatic cancer patients was not an independent predictor of a shorter time to recurrence (HR = 1, 95%CI: 
1.00-1.00; Z = 0.36, P = 0.72) (Figure 6). Considering the impact of sampling time on the results, we excluded the study of 
White et al[18], which collected venous blood after resection. Though the heterogeneity of the remaining studies was 
significantly reduced (I2 = 48%, P = 0.15), the combined HR was still 1 (95%CI: 1.00-1.00; Z =2.20, P = 0.03) (Figure 7).
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Table 2 Quality assessment of the included studies according to the Newcastle-Ottawa Scale criteria for non-randomized studies

Selection Comparability Outcome Total 
stars

Ref.
Representativeness Selection of 

non-exposed
Ascertainment of 
exposure

Outcome not 
present at start

Comparability on most 
important factors

Comparability on 
other risk factors

Assessment of 
outcome

Long enough 
follow-up (median 
� 24 mo)

Completeness of 
follow-up

Xing et al[14] - 1 1 1 1 - 1 - 1 6

Semaan et al[15] - 1 1 1 1 - 1 - 1 6

Padillo-Ruiz et al
[21]

- 1 1 1 1 - 1 1 1 7

Court et al[16] - 1 1 1 1 - 1 1 1 7

Cheng et al[17] 1 1 1 1 1 - 1 - 1 7

White et al[18] - 1 1 1 1 - 1 - 1 6

Bissolati et al[19] 1 1 1 1 1 - 1 1 1 8

Hugenschmidt et 
al[20]

- 1 1 1 1 - 1 1 1 7

1Meets the criteria of the scale. A maximum of one ‘star’ for each item within the ‘Selection’ and ‘Outcome’ categories; maximum of two ‘stars’ for ‘Comparability’; -Does not meet the criteria of the scale.

DISCUSSION
In this meta-analysis, we found that CTC detected in patients with early pancreatic cancer is negatively correlated with 
the prognosis time after surgery. After data collection and filtering, eight studies from 2014 to 2022, including 355 patients 
with early-stage pancreatic cancer, were included in our analysis. Through data sorting and meta-analysis, we 
demonstrated that testing positive pre- or intra-treatment for CTCs was associated with decreased OS and RFS/DFS/PFS 
in early-stage pancreatic cancer. Nevertheless, our meta-analysis showed a high degree of heterogeneity in DFS/PFS/
RFS. To determine the potential sources of the heterogeneity, we conducted a subgroup analysis. The pooled results were 
not affected by ethnicity, treatment, or follow-up time, whereas subgroup analysis by CTCs separation solution decreased 
the heterogeneity between the groups, indicating that this might have caused the heterogeneity. Studies that enumerated 
CTCs by the CellSearch system demonstrated a more obvious correlation between CTC-positive patients and decreased 
DFS/PFS/RFS. However, except for this system, all other separation solutions contained only one study; therefore, we 
were unable to obtain pooled results. Sensitivity analysis was conducted by using the “leave-one-out method.” Notably, 
when a study by Xing et al[14] was removed, the heterogeneity of the remaining studies was significantly reduced, and 
the pooled results for both OS and DFS/PFS/RFS were relatively elevated. We infer that the differences present in this 
study may be derived from the separation solutions employed as well as the stemness markers used to identify the stem 
cell-like phenotype of CTCs. Importantly, the results demonstrating the survival-jeopardizing effects of CTCs were 
maintained. We suggest that patients testing positive for CTCs pre- or intra-treatment may have a worse prognosis and 
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Figure 1 Flow diagram for searching and filtering eligible studies included in the meta-analysis.

require more intense chemotherapy and closer follow-up. Furthermore, we collected data regarding CA19-9 in the 
included studies and four studies containing 171 patients, that met our requirements. Our meta-analysis showed that the 
preoperative CA19-9 level in the PVB of early-stage pancreatic cancer patients was not an independent predictor for 
shorter time of recurrence after resection.

The prevalence of pancreatic cancer has increased dramatically globally, and is expected to become a leading cause of 
cancer-related mortality[22]. Only 10%-15% of patients have localized pancreatic cancer suitable for surgery[3], which is 
the only potentially curative therapy known to date. Even for patients with a localized disease, a high proportion 
experience postoperative recurrence within 5 years, caused by local tumor recurrence or distant metastases. The 1- and 5-
year survival rates are 63% and 17%, respectively[23]. Therefore, identifying high-risk populations for screening and 
prevention, early diagnosis, and establishing personalized treatment plans are currently the primary challenges[24].

Imaging, including EUS, CT and MRI, which can provide a convenient and noninvasive diagnosis, remains the first-
line diagnostic modality for pancreatic cancer and is used to evaluate therapeutic efficacy in many organs[25-28]. 
However, cross-sectional imaging is limited in the visualization of small and metastatic tumors, which can frequently 
result in underestimation of the pancreatic cancer stage[29]. EUS-FNA or EUS-fine needle biopsy (EUS-FNB) can localize 
pancreatic lesions measuring < 3 cm, providing a minimally invasive tissue biopsy[30]. EUS-FNB is increasingly 
becoming a practical tool for diagnosing malignancy in various pancreatic solid lesions[31,32]. EUS-FNA combined with 
needle-based confocal laser endomicroscopy (nCLE) can achieve real-time imaging for in vivo tissue analysis[33]. 
However, these examinations requires anesthesia and may be accompanied by complications such as acute pancreatitis, 
tumor dissemination, and postoperative hemorrhage. Besides, nCLE is limited by the duration of the surgical time and 
the operability of the 19G FNA needle[33]. More recently, liquid biopsy has received a great deal of attention for its ability 
to assess a comprehensive cancer profile in a noninvasive and real-time manner[26]. Serum CA19-9 level is the only 
diagnostic biomarker approved by the United States Food and Drug Administration for pancreatic cancer. Moreover, 
CA19-9 can be an independent predictor of prognosis for pancreatic cancer patients[34]. An elevated CA19-9 level after 
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Figure 2 Forest plots of the five studies show a shorter overall survival and disease-free survival/progression-free survival/recurrence-
free survival in early pancreatic patients with positive pre-treatment or post-treatment circulating tumor cells detection. A: Overall survival; 
B: Disease-free survival/progression-free survival/recurrence-free survival. CI: Confidence interval.

Figure 3 Forest plot of the three studies that used the CellSearch system shows a decreased disease-free survival/progression-free 
survival/recurrence-free survival in early pancreatic patients that were positive pre-treatment or post-treatment for circulating tumor 
cells. CI: Confidence interval.

resection or during chemotherapy predicts a high probability of tumor recurrence or progression[35]. However, the 
prognostic ability of preoperative CA19-9 is still disputed, since it is mostly detected in advanced stages, it is neither 
sensitive nor specific enough to identify early-stage patients or for the differential diagnosis of patients at different stages; 
additionally, it is also positive in many other benign and malignant pancreatic diseases such as pancreatitis, cholestasis, 
and gastric cancer[7]. In this meta-analysis, the pooled results of the four studies, that we examined, demonstrated that 
the prognostic effect of CA19-9 in peripheral venous blood on early postoperative recurrence of early-stage pancreatic 
cancer is not as obvious as that of CTCs.

In the past decade, an increasing number of studies have examined the prognostic value of CTCs in cancers of various 
organs, as the formation of tumor metastases relies heavily on the survival of CTCs and their ability to mediate 
angiogenesis in target organs[36]. CTCs are tumor cells shed from both primary and secondary foci and are found 
circulating in the bloodstream; therefore, they can provide valuable information about primary tumors and secondary 
deposits. In addition, isolation and in vivo cultures of animal xenografts provide deeper information on individual tumor 
characteristics[37]. Prospective observational studies have also revealed that CTC numbers rarely drop to zero even after 
complete resection in both chemo-naïve and post-neoadjuvant patients and can be observed longitudinally before disease 
recurrence[38]. However, the deficiency of relevant studies and different research designs make the clinical significance of 
CTCs in early pancreatic cancer prognosis a controversial topic. A thorough analysis of the prognostic performance of 
CTCs is critical for monitoring and developing treatment strategies for patients with pancreatic cancer.

CTCs in the bloodstream are difficult to capture and identify because their concentration in the circulatory system is 
extremely low (1-10 cells/10 mL) in most cases[39]. Furthermore, CTCs are scattered among an enormous number of 
erythrocytes and leukocytes, posing tremendous challenges for their complete collection and accurate detection. To 
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Figure 4 Sensitivity analysis of the influence of each study on the pooled results for the overall survival and disease-free sur-
vival/progression-free survival/recurrence-free survival subgroups. A: Overall survival; B: Disease-free survival/progression-free survival/recurrence-
free survival.
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Figure 5 Funnel plots were generated for the included studies to determine whether or not publication bias was found for both the overall 
survival and disease-free survival/progression-free survival/recurrence-free survival subgroups. A: Overall survival; B: Disease-free 
survival/progression-free survival/recurrence-free survival.

Figure 6 Forest plots of the four studies show that the carbohydrate antigen 19-9 level in the venous blood of early-stage pancreatic 
cancer patients was not an independent predictor of a shorter time to recurrence. CI: Confidence interval.

Figure 7 Forest plots of the three studies, that detected the carbohydrate antigen 19-9 level in the venous blood before surgery, show 
that it was not an independent predictor of a shorter time to recurrence for early-stage pancreatic cancer patients. CI: Confidence interval.

improve this situation, several methods have been used for CTC enrichment, such as density centrifugation, immuno-
magnetic enrichment with anti-CD45 monoclonal antibodies, epithelial cell adhesion molecule (EpCAM), and cell 
filtration technology. Additionally, epithelial cell-specific markers, such as the cytokeratin (CK) family, and mesenchymal 
markers, such as N-cadherin and vimentin, have been used to identify epithelial and mesenchymal CTCs, respectively[40,
41]. Numerous platforms based on these technologies have been developed. The CellSearch system is the only platform 
approved by the Food and Drug Administration for confirming the presence of CTCs in patients with pancreatic cancer. 
This system first enriches CTCs by taking advantage of their characteristic expression of the EpCAM on their membrane 
surface and then distinguishing different cells by immunostaining markers such as CD45, 4',6-diamidino-2-phenylindole 
(DAPI), and CK 8, 18, 19[42]. However, the detection rates are only 20% and 5%-42% for resectable and advanced 
pancreatic cancers, respectively [19,43]. This is because most CTCs undergo epithelial-mesenchymal transition (EMT) and 
thus lack or express low levels of epithelial markers that are generally used as the basis for the detection of these cells
[44]. In addition, separation solutions based on these epithelial markers may exclude cells that play important roles in 
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metastasis and chemoresistance[45]. In our included studies, Court et al[16] used the microfluidic NanoVelcro CTC chip 
to evaluate the presence and number of CTCs. This platform greatly improves CTC capture and identification by utilizing 
anti-EpCAM-coated 3D-nanosubstrates in conjunction with microfluidic chaotic mixers and by adding tumor identi-
fication markers, which enhance the synergistic effects of cell–substrate contact frequency as well as its affinity[46]. This 
platform also allows seamless integration with laser capture microdissection for single CTC isolation[47]; moreover, the 
separated cells can be subjected to downstream molecular analyses[48]. However, an important limitation of this assay is 
that it is similar to the CellSearch system. In addition, using membrane filtration may reduce specificity, as some CTCs 
are found to be equal or smaller in size than nucleated blood cells[49]. The combination of specific mesenchymal markers 
may be a future direction for these assays. Considering their failure to detect EpCAM- or CK-negative CTCs, Lin et al[50] 
developed an integrated tumor cell surface molecule-independent SE-iFISH platform in 2015. Using fluorescence in situ 
hybridization with a specific chromosome centromere probe, this system can detect aneuploidy in the PB, which is a 
common manifestation of chromosome instability and malignant solid tumors. Moreover, Semaan et al[15] used an 
antigen-independent approach called DEP-FFF, which utilizes the physical properties of cells and allows the isolation of 
phenotypically distinct CTCs. In doing so, they obtained not only epithelial and mesenchymal CTCs, but also 
intermediate-state CTCs, which may show greater invasiveness and therapeutic resistance. Another valid method to 
detect the molecular characterization of CTCs is PCR. This is most likely due to the detection of multiple tumor markers, 
which could downgrade the effect of the heterogeneity that exists in CTCs. Among the included studies, Cheng et al[17] 
used immunomagnetic depletion and ligand-targeted polymerase chain reaction to detect the expression rate of folate 
receptor + CTCs in patients with different stages of pancreatic cancer. Traditional genetic studies of CTCs are limited by 
the low specificity of the enrichment methods, which contributes to the presence of nuclear blood cells, necrotic cells, 
tumor-derived exosomes, and cellular fragments. Therefore, the obtained nucleic acids may not accurately reflect the 
hereditary properties of CTCs[42]. In recent years, single-cell separation and whole-genome amplification of CTCs have 
been developed to overcome this challenge. However, studies on pancreatic cancer are still lacking.

Although the pooled results of our meta-analysis indicated that CTCs were associated with shorter OS and DFS/PFS/
RFS in patients with early pancreatic cancer after surgery, three of the eight included studies showed no significant 
correlation between the existence of CTCs and both OS and DFS/PFS/RFS. Colin et al[48] found that CTCs were 
independent predictors of RFS following surgery and could correctly identify patients with occult metastatic disease 
preoperatively. However, when the analysis was limited to the early-stage subset, CTC count was no longer associated 
with shorter RFS. One possibility is that they used only 4 mL of PB, which may be too small to detect CTCs in patients 
with early-stage pancreatic cancer. For example, White et al[18], the CTC number in the PB did not contribute to 
predicting the OS or RFS of patients after resection, and the CTC number in the PVB was not associated with RFS. 
However, their results showed complete collinearity between the number of CTCs detected in the PVB and the OS. They 
hypothesized that this was caused by pancreatic venous drainage, as well as the capture and dilution effects of the liver 
for CTCs in the portal circulation. Similarly, the research of Bissolati et al[19] showed no significant correlation between 
the number of CTCs and survival time. However, they found that patients with a positive intraoperative detection of 
CTCs in the PVB had a higher liver metastasis rate, indicating that CTCs are of great significance for guiding adjuvant 
chemotherapy and postoperative follow-up monitoring. Overall, these studies revealed that CTCs in the blood of patients 
with pancreatic cancer are difficult to detect, particularly in early-stage patients.

In contrast, despite the different separation technologies and biomarkers used, the prognostic value of CTCs as a 
survival indicator for patients with early-stage pancreatic cancer was demonstrated in the remaining five studies. 
Moreover, they indicated that CTCs could provide tumor characteristics. Xing et al[14] used CD44+ as a marker to detect 
CTCs, which represent a more stem-like phenotype and can cause tumor metastasis, promoting tumor growth, 
angiogenesis, and drug resistance. Semaan et al[15] detected the longitudinal characterization of CTC subtypes and 
described EMT-CTCs as a more aggressive phenotype that is more prone to therapeutic resistance. In addition, the 
preoperative CTCs level in the PVB of early-stage pancreatic cancer patients may be a better prognostic marker then the 
preoperative CA19-9 level. This may broaden the selectivity of biomarkers for pancreatic cancer.

Our study has several limitations. First, the small number of included studies as well as the numerous types of 
separation strategies and research designs limited the power of our analysis. Second, several studies did not provide HR 
and 95%CI directly; therefore, we estimated them based on Kaplan-Meier curves, which may cause deviations. Finally, 
four of the eight studies recruited patients with pancreatic cancer at all stages, and we only extracted data about patients 
with early-stage pancreatic cancer; hence, the information was not detailed.

CONCLUSION
This meta-analysis reveals the potential of CTCs as a prognostic biomarker for early-stage pancreatic cancer. Although we 
rigorously gathered and analyzed the data, the essential limitations of the included studies caused a high degree of 
heterogeneity and hindered deeper exploration, which reduced the confidence level of our study. To overcome these 
difficulties, large-scale multicenter cohort studies are urgently needed to explore the full potential of CTCs.
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ARTICLE HIGHLIGHTS
Research background
Pancreatic cancer is a terribly invasive and poorly prognosis disease with a five-year survival less than 10%. Recently, 
more and more studies demonstrated that circulating tumor cells (CTCs) can be a significant prognostic marker of 
pancreatic cancer.

Research motivation
In this study, we conducted a meta-analysis to analyse the prognostic role of CTCs in patients with pancreatic cancer and 
investigated whether CTCs can provide prognostic information and assist develop personalized treatment plans.

Research objectives
Our research aims at exploring the predictive effect of CTCs on survival indicators of pancreatic cancer patients in 
different studies.

Research methods
A standardized literature search of databases was conducted for articles about CTCs published through December 2022. 
After screening based on inclusion and exclusion criteria, data relevant to prognosis were extracted for analysis. We used 
a fixed- or random-effect model to calculate the pooled hazard ratio (HR) and 95% confidence interval (CI) of overall 
survival (OS) and progression-free survival (PFS) according to the degree of heterogeneity.

Research results
Eight eligible studies with a total number of 355 patients with early-stage pancreatic cancer were included. This meta-
analysis showed that positive pre-treatment or post-treatment CTCs was associated with shorter OS (HR = 1.93, 95%CI: 
1.197-3.126, P = 0.007) and decreased relapse-free/disease-free/PFS (HR = 1.27, 95%CI: 1.137-1.419, P < 0.001) in patients 
with early-stage pancreatic cancer. While the CA19-9 level in the portal venous blood of early-stage pancreatic cancer 
patients showed no significant correlation with postoperative recurrence time of patients (HR = 1, 95%CI: 1.00-1.00, P = 
0.03).

Research conclusions
Our meta-analysis indicates that CTCs are closely related to the prognosis of early pancreatic cancer patients and can 
serve as a guiding indicator for developing patient important treatment plans.

Research perspectives
Researchers should extend follow-up time to observe the relationship between CTC and OS. Besides, large-scale 
multicenter cohort studies are urgently needed to explore the full potential of CTCs.
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Abstract
BACKGROUND 
The development of cancer is thought to involve the dynamic crosstalk between 
the tumor cells and the microenvironment they inhabit. Such crosstalk is thought 
to involve mechanotransduction, a process whereby the cells sense mechanical 
cues such as stiffness, and translate these into biochemical signals, which have an 
impact on the subsequent cellular activities. Bibliometric analysis is a statistical 
method that involves investigating different aspects (including authors’ names 
and affiliations, article keywords, journals and citations) of large volumes of 
literature. Despite an increase in mechanotransduction-related research in recent 
years, there are currently no bibliometric studies that describe the global status 
and trends of mechanotransduction-related research in the cancer field.

AIM 
To investigate the global research status and trends of mechanotransduction in 
cancer from a bibliometric viewpoint.

METHODS 
Literature on mechanotransduction in cancer published from January 1, 1900 to 
December 31, 2022 was retrieved from the Web of Science Core Collection. Excel 
and GraphPad software carried out the statistical analysis of the relevant author, 
journal, organization, and country information. The co-authorship, keyword co-
occurrence, and keyword burst analysis were visualized with VOSviewer and 
CiteSpace.
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RESULTS 
Of 597 publications from 745 institutions in 45 countries were published in 268 journals with 35510 citation times. 
With 270 articles, the United States is a well-established global leader in this field, and the University of California 
system, the most productive (n = 36) and influential institution (n = 4705 citations), is the most highly active in 
collaborating with other organizations. Cancers was the most frequent publisher with the highest H-index. The 
most productive researcher was Valerie M. Weaver, with 10 publications. The combined analysis of concurrent and 
burst keywords revealed that the future research hotspots of mechanotransduction in cancer were related to the 
plasma membrane, autophagy, piezo1/2, heterogeneity, cancer diagnosis, and post-transcriptional modifications.

CONCLUSION 
Mechanotransduction-related cancer research remains a hot topic. The United States is in the leading position of 
global research on mechano-oncology after almost 30 years of investigations. Research group cooperations exist but 
remain largely domestic, lacking cross-national communications. The next big topic in this field is to explore how 
the plasma membrane and its localized mechanosensor can transduce mechanical force through post-transcrip-
tional modifications and thereby participate in cellular activity regulations and cancer development.

Key Words: Bibliometric analysis; Mechanotransduction; Cancer; Visualization; Signal transduction

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Through bibliometric analysis, we found that mechanotransduction-related cancer research remains a hot topic, 
with approximately 100 papers and 5000 citations generated per year in the past three years. Additionally, the United States 
is a well-established global leader of this field, and the University of California system is the most influential organization in 
this field. We predict that investigating how the plasma membrane and its localized mechanosensors transduce mechanical 
forces via post-transcriptional modifications and thereby participate in the regulation of cellular activity will be the next big 
research topic in the cancer field.

Citation: Zhang YZ, Li MZ, Wang GX, Wang DW. Bibliometric analysis of the global research status and trends of mechanotrans-
duction in cancer. World J Clin Oncol 2023; 14(11): 518-534
URL: https://www.wjgnet.com/2218-4333/full/v14/i11/518.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i11.518

INTRODUCTION
Cancer is a devastating disease characterized by the transduction of abnormal cell signals, which leads to oncogenic 
cellular behaviors such as uncontrolled proliferation and resistance to death[1]. According to the latest statistics, cancer is 
the second most common cause of death worldwide after cardiovascular disease[2]. Therefore, it is crucial to determine 
the pathogenesis of this disease so that effective therapeutic approaches can be identified. Although cancer is primarily 
regarded as being a genetic disease caused by the stepwise accumulation of gene mutations, an increasing number of 
studies suggest that environmental factors might also have a significant influence on the development of this disease[3]. 
The tumor microenvironment (TME) consists of cancer-associated fibroblasts (CAFs), endothelial cells, immune cells, and 
the extracellular matrix (ECM), and together these provide the biochemical and mechanical signals required to stimulate 
the occurrence, survival, and development of cancer[4]. While the importance of biochemical stimuli (such as small 
molecules, growth factors, and cytokines) in cancer progression is well-established, the role of mechanical force is still 
relatively underexplored although recent investigations suggest that it is on par with the chemical factors[5-7].

In cancerous tissues, mechanical forces such as shear stress, tension, and compression, are suggested to be generated 
during cell-TME and cell-cell contact events[8]. These forces are then translated into biochemical signaling cascades with 
the help of various mechanoreceptors, including G protein-coupled receptors, ion channels, and cell junction proteins[9,
10]. This process of transducing specific mechanosignals into distinct intracellular biochemical signals is called mechano-
transduction[5]. Abnormal mechanical signals (generated by the environment or cells), can alter the expression of genes 
and transduction of signaling pathways. This leads to the dysregulated cell behaviors that are associated with many 
diseases, including cancer[11]. For example, when compared with normal tissues, cancerous tissues have a more rigid 
ECM, which contributes to the aberrant mechanotransduction observed[12]. This leads to an increase in the expression of 
many oncogenic transcription factors (such as YAP/TAZ, Twist1, and β-catenin), which enhances cell proliferation, the 
epithelial-mesenchymal transition (EMT), and/or cell migration in cancer cells[13]. Interestingly, YAP/TAZ has also been 
reported to contribute to tissue stiffness by increasing the expression of the crucial ECM modifiers, CTGF and CYR61[14-
17]. Therefore, a positive mechanotransductive feedback loop between cancer cells and the ECM is regarded as one of the 
major culprits for cancer malignancy[17]. In addition, when cancer cells are surrounded by a rigid, crosslinked ECM, then 
this impedes immune cell invasion and drug distribution, which leads to immune surveillance escape and drug resistance

https://www.wjgnet.com/2218-4333/full/v14/i11/518.htm
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[6,18].
The concept of mechanotransduction also helps to explain the mechanisms of cancer initiation, invasion, and 

metastasis from a new perspective. Considering the fundamental role of mechanotransduction in cancer development, 
researchers are now developing new cancer therapeutics based on the specific mechanical properties of and mechano-
signal transducers generated by tumors. For example, Simtuzumab and Simvastatin, which reduce ECM stiffness and 
inhibit YAP/TAZ hyperactivation, respectively, have been evaluated for their anti-cancer efficacy in preclinical studies
[18-20]. Mechanotransduction is therefore already showing great promise for clinical applications, and so further compre-
hensive investigations in this field will likely reveal more therapeutic strategies for cancer treatment. Thus, gaining a 
better understanding of the current research status of mechanotransduction in cancer is likely to shed light on important 
research questions and directions for future study.

Bibliometric analysis is a useful quantitative method to comprehensively analyze publications from many different 
aspects (including the authors and their affiliations, journal title and article keywords), to reveal collaborative networks 
and emerging trends in specific research areas[21-23]. Although increasing numbers of research papers now focus on the 
role of mechanotransduction in cancer, to date, no bibliometric analysis has been conducted to quantify the situation. To 
this end, here we present the updated bibliometric analysis of research conducted on mechanotransduction in cancer and 
reveal the current research being conducted in this field. In this way, we aim to provide a better understanding of the 
present status of this study area and predict key topics of future investigation in this promising research field.

MATERIALS AND METHODS
Searching strategies
We retrieved literature on ‘mechanotransduction in cancer’ research from the Web of Science Core Collection (WoSCC). 
The publication period was set from January 1, 1900 to December 31, 2022, and only English publications were included. 
The search strategy is illustrated in Figure 1. All recorded data, including the authors’ names, institutions, and countries, 
as well as keywords, were downloaded from the WoSCC and normalized to a standard format. To avoid ambiguity, we 
cross-checked duplicate authors among the documents. Meeting abstracts, editorial materials, corrections, and retractions 
were excluded from our research.

Keyword analysis
The keywords were extracted from the keyword section of articles. To avoid potential deviations, similar or same 
keywords with different expressions were manually standardized to correct and/or group similarities as previously 
suggested[23-25], before VOSviewer or CiteSpace analysis. Burst keywords were assessed using CiteSpace (V6.2R4 SE) 
with the following parameters: time slicing (from January 1994 to December 2022), years per slice (1), node type 
(keyword), the minimum burst duration (1 year), γ (0.39) and others (default). A keyword co-occurrence analysis was 
conducted with VOSviewer (version 1.6.18) with the following parameters: Type of analysis (co-occurrence), unit of 
analysis (keywords), counting method (full counting), minimum number of occurrences of a keyword (3).

Data visualization
The number of publications and citations in the indicated time was presented using GraphPad Prism 8. Visualization of 
bibliometric information, including co-authorship analysis, keyword co-occurrence, and burst analysis, was conducted 
with VOSviewer (version 1.6.18) and CiteSpace (V6.2R4 SE).

RESULTS
General information
A total of 597 publications comprising 388 research and 209 review articles, were extracted for deep analysis. Although 
the concept of mechanotransduction was established progressively from the 1950s to the 1980s[26-28], the first paper 
describing mechanotransduction in cancer was only published in 1994[29]. Since then, this topic has gradually gained 
more attention from researchers in the cancer research field. Based on the number of publications and citations analysed 
in our bibliometric study on mechanotransduction-related cancer research, we prepared a growth curve comprising three 
clear stages. The first stage described the period from 1994 to 2010, during which time < 10 papers were published each 
year. In the second stage, which ran from 2012 to 2017, a slow growth rate was observed, and in the third stage (2018-
2022), the growth rate started to accelerate, with almost 100 articles being published in the final year (Figure 2A).

In the 597 articles that were published, there was an average of 59.48 citations per paper. The top 10 most cited papers 
included six reviews and four research articles; these are listed in Supplementary Table 1 and they are ranked by the 
number of times they were cited. The most highly cited review article (n = 2882 citations) was published by Chambers et 
al[30], and the most highly cited research article (n = 1021 citations) was contributed by Aragona et al[31].

During our exploration of mechanotransduction in cancer, we sub-divided the publications into 56 research categories 
to indicate the multidisciplinary crossovers that occurred. After the top 10 categories were generated (Figure 2B), we 
found that cell biology (n = 191), oncology (n = 130), and biochemistry molecular biology (n = 117), accounted for 73.37% 
of all the publications. This indicates that molecular cytology is a key contributor to research on the role of mechanical 
force in cancer development.

https://f6publishing.blob.core.windows.net/b5e42013-e4ef-4f1a-b187-52c9aa6706dc/WJCO-14-518-supplementary-material.pdf


Zhang YZ et al. Bibliometrics of mechanotransduction in cancer

WJCO https://www.wjgnet.com 521 November 24, 2023 Volume 14 Issue 11

Figure 1 The strategy we used to search for publications about mechanotransduction in cancer. 597 publications closely correlated with 
mechanotransduction in cancer were extracted based on this strategy.

Analysis of countries and institutions
Although a total of 45 countries was found to contribute publications on the topic of mechanotransduction in cancer, the 
top 10 most productive countries generated 87.6% of all the papers. Of these, the United States was the most productive 
as it was responsible for 270 (i.e., 45.23%) of the publications. China (n = 119, 19.93%) and Italy (n = 41, 6.87%) held the 
second and third positions, respectively, but both lagged behind the United States (Table 1). However, when we ranked 
the countries in terms of the average citation times, Canada occupied the first place with an average of 197.33 citations per 
paper. This was followed by Italy and Spain with values of 109.17 and 93.09, respectively. In addition, according to this 
ranking approach, the United States (73.74 times) held a middle position, whereas China (20.34 times) was at the bottom 
of the ranking list. To evaluate the cooperation between different countries, a co-authorship network was established with 
a criterion of at least three publications in each country. As shown in Figure 3, the United States (with the most extended 
research history in this field), collaborated most with other countries, followed by the United Kingdom. In addition, it 
was interesting to find that although 37.78% (i.e., 17/45) of the countries only published one or two papers, most of this 
work was conducted in the recent five years. This indicates that more countries are stepping into this research field.

Our data analysis also showed that 745 organizations were involved in research related to mechanotransduction in 
cancer. After ranking these according to the number of publications, we found that the top 10 organizations accounted for 
35.85% (214/597) of all papers. The University of California system ranked first with 36 articles, and this was followed 
sequentially by UDICE-French Research Universities (n = 27), Centre National de la Recherche Scientifique (n = 25), the 
University of Illinois system (n = 21), and Institut National de la Sante et de la Recherche Medicale (Inserm). It was 
striking to find that three institutions from France occupied three of the top five positions with a total of 31 publications 
(Table 2). Another analysis of the global inter-institutional network showed that the University of California system 
collaborated most with other organizations, followed sequentially by the University of Padua, Harvard University, and 
University College London (Figure 4).

Analysis of journals and authors
Articles related to the field of mechanotransductive cancer research were distributed among 268 different academic 
journals. The top 10 journals to publish papers in this field accounted for 22.61% (135/597) of all the articles 
(Supplementary Table 2), but 162 journals (60.45%) only published one paper in this research area. Cancers ranked first 
with 29 (4.86%) publications, followed by the International Journal of Molecular Sciences (n = 20, 3.35%) and the Journal of 
Cell Science (n = 17, 2.85%).

We also found that a total of 3001 authors contributed to these 597 publications. After analyzing the top 10 authors in 
terms of the number of papers (Supplementary Table 3), we found that Valerie M. Weaver from the University of 
California system was the most productive researcher with n = 10 publications. She was followed by Stefano Piccolo from 
the University of Padua (n = 9), Antonios Gargalionis from the National & Kapodistrian University of Athens (n = 9), and 
Marc D. Basson from John D. Dingell Veterans Affairs Medical Center (n = 8). Notably, according to the total (T) and 
average (A) citation times of the papers generated from each author, Stefano Piccolo (T = 3167; A = 351.89), Tito Panciera 
(T = 2076, A = 296.57), Valerie M. Weaver (T = 2495, A = 249.5), Michelangelo Cordenonsi (T = 1983, A = 330.5), and 
Patricia J. Keely (T = 1478, A = 246.33) ranked the top 5, indicating that they were in positions of authority. To investigate 
if there were any collaborations between the various authors in this field, an authorship network analysis was performed 
by identifying those with at least three publications. As shown in Figure 5, the authors were distributed into 43 clusters, 

https://f6publishing.blob.core.windows.net/b5e42013-e4ef-4f1a-b187-52c9aa6706dc/WJCO-14-518-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b5e42013-e4ef-4f1a-b187-52c9aa6706dc/WJCO-14-518-supplementary-material.pdf
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Table 1 The top 10 productive countries that published papers about mechanotransduction in cancer

Rank Country Publications % Total citations Average citations Connections H-index

1 United States 270 45.23 19911 73.74 22 69

2 China 119 19.93 2421 20.34 10 25

3 Italy 41 6.87 4476 109.17 12 22

4 Germany 37 6.20 2072 56.00 10 18

5 United Kingdom 34 7.54 2098 61.71 15 20

6 France 31 5.19 2466 79.55 12 19

7 Spain 22 3.69 2048 93.09 11 14

8 Canada 21 3.52 4144 197.33 8 13

9 Japan 20 3.35 761 38.05 4 14

10 South Korea 20 3.35 355 17.75 2 9

Table 2 The top 10 productive organizations publishing papers about mechanotransduction in cancer

Rank Organization Publications Citations Average citation Country % H-index

1 University of California System 36 4705 130.69 United States 6.03 21

2 UDICE-French Research Universities 27 1875 69.44 France 4.52 17

3 Centre National de la Recherche Scientifique 25 1843 73.72 France 4.19 16

4 University of Illinois System 21 1013 48.24 United States 3.52 14

5 Institut National de la Sante et de la Recherche Medicale 20 1845 92.25 France 3.35 13

6 University of Texas System 20 1619 80.95 United States 3.35 15

7 University of London 18 1388 77.11 United Kingdom 3.02 13

8 University of Padua 16 3399 212.44 Italy 2.68 12

9 Harvard University 16 2463 153.94 United States 2.68 13

10 Vanderbilt University 15 691 46.07 United States 2.51 10

with 4 clusters containing at least ten authors. This indicates that there were partial connections between the different 
groups in this research area.

Keyword analysis
To explore the current research themes and discover hot topics in mechanotransduction-related cancer research, we 
acquired 666 keywords by collating those with the same meaning or category from all 597 papers. Among them, the top 4 
co-occurrent keywords that were consistent with our research topic, were: Mechanotransduction, cancer, mechanical 
force, and mechanical property. However, when these keywords were restricted to at least 3 co-occurrences, only 93 items 
could satisfy this criterion. We next established a network based on these 93 keywords and found that they could be 
further subdivided into eight clusters (Figure 6A and Supplementary Table 4). We found that 19 keywords were included 
in cluster 1 (red) as follows: Angiogenesis, cadherin, caveolin, cell death, endothelial cell, epithelial cell, growth factor/
receptor, hypoxia, integrin, invadopodia, mitogen-activated protein kinases/extracellular signal-regulated kinase 
(MAPK/ERK), mechanical force, matrix metalloproteinases (MMPs), mechanistic target of rapamycin (mTOR), NF-κB, 
phosphatidylinositol 3-kinase/protein kinase B (PI3K/AKT), plasma membrane, signal transduction, and traction force 
microscopy. Cluster 2 (green) also contained 19 items. These were: AMP-activated protein kinase, cell cycle, cell 
morphology, cytoskeleton or cytoskeleton remodeling, epigenetic regulation, gene regulation, heterogeneity, lamin, linc 
complex, mechanotransduction, metabolism, microfluidics, migration, nuclear envelope, nuclear mechanics, nucleo-
skeleton, nucleus, pancreatic stellate cell, and SRC. Cluster 3 (blue) contained the following 16 items: Calcium, cancer, 
DNA damage, dormancy, immunology, invasion, ion channel, mechanobiology, metastasis, motility, oxidative stress, 
piezo1/2, post-translational modification, SRF, stem cell, and TRP. Cluster 4 (yellow) contained 11 items: 3D culture, 
autophagy, cancer diagnosis, cancer stem cell (CSC), drug resistance, hydrogel, immunotherapy, organoid, programmed 
cell death protein 1/programmed cell death ligand 1, pharmacology, and polycystin. Cluster 5 (purple) contained 8 items: 
Atomic force microscopy, CAF, ECM or ECM remodeling, mechanical property, oncophysics, therapy, TME, and tumor 
model. Cluster 6 (cyan) contained 8 items: Contact inhibition, G protein-coupled receptor (GPCR), growth, Hippo, 
polarity, TAZ, transcription factor, and YAP. Cluster 7 (orange) contained 7 items: Catenin, EMT, fibrosis, noncoding 

https://f6publishing.blob.core.windows.net/b5e42013-e4ef-4f1a-b187-52c9aa6706dc/WJCO-14-518-supplementary-material.pdf
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Figure 2 Trends and categories of publications about mechanotransduction in cancer. A: The annual number of publications and citations from 
1994 to 2022; B: The research categories of publications related to mechanotransduction in cancer.

RNA, transforming growth factor-beta (TGF-β), transcription, and Wnt, and cluster 8 (brown) had 5 items: Adhesion, 
focal adhesion kinase (FAK), mechanical microenvironment, morphogenesis, and RhoA/Rho/ROCK. These grouped 
keywords were further marked according to the average publication year to reflect their yearly development. Figure 6B 
shows that the keywords in clusters 1 and 8 were mainly labeled in purple, suggesting that they appeared relatively early 
on in this field. In contrast, there were more keywords labeled in yellow in clusters 4 and 5, indicating that the topics in 
these two clusters gained more attention in recent years. Of note, some keywords exhibited a relatively late mean 
publication year and low mean frequency of occurrence, and so we suggest that these might be the next big topics to be 
investigated in this area. These include “plasma membrane [average appearing year (AAY) = 2021.00]”, “autophagy 
(AAY = 2021.00)”, “piezo1/2 (AAY = 2021.17)”, and “heterogeneity (AAY = 2021.25)”.

In addition to our analysis of co-occurring keywords, a burst keyword analysis (which identifies keywords that were 
frequently used over a certain period), was carried out with the CiteSpace software. We found that “mechanical force” 
was the most potent keyword; this appeared in 2006 with a burst strength of 3.99. In addition, the longest burst duration 
occurred for “signal transduction” (with a burst strength of 2.19); this started in 2004 and lasted for 9 years. Apart from 
these two keywords, “cancer diagnosis”, “post-transcriptional modification” and “plasma membrane” were shown to 
have the highest more recent burst time (Figure 6C), indicating possible new research topics in mechanotransduction-
associated cancer studies.

DISCUSSION
The concept of mechanotransduction developed gradually between the 1950s and 1980s as researchers studied how 
stretching forces influenced membrane depolarization in excitable cells such as nerves[26-28]. The fact that mechanotrans-
duction might play a role in cancer was first suggested in 1994, and since then it has helped to explain many puzzles in 
the cancer research field[29]. However, compared to biochemical signal transduction, the role of mechanotransduction in 
cancer development was largely overlooked from 1994 to 2006. The field then gradually received more attention, and 
more than 40 papers were published between 2006 and 2016, probably due to the boom in research on the Hippo 
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Figure 3 Analysis of countries working on mechanotransduction in cancer. A: CiteSpace was used to conduct the cooperation network between 
countries. The number of publications is represented by the node size and the different publication years are indicated by the different colors; B: VOSviewer was used 
to visualize the cooperation between country network. The number of publications is represented by the size of the node and the connection strength is indicated by 
the line thickness.

pathway[32]. Notably, there was then a slight reduction in the number of publications in 2017, followed by a substantial 
increase in 2018. Since then, this field has become far more popular among cancer researchers, such that in the last three 
years, > 80 papers were published per year. As the number of publications increased, so did the number of times that the 
publications were cited. Indeed, the average citation time reached 59.48 citations per paper, suggesting the high quality of 
research conducted in this field. Furthermore, Drs David Julius and Ardem Patapoutian were awarded the 2021 Nobel 
Prize in Physiology or medicine for their work on mechanosensitive ion channels[33]. Therefore, this might encourage 
more groups to conduct mechanotransduction-related cancer research.
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Figure 4 Network analysis of organizations. The collaboration between organizations was analysed with VOSviewer.

By ranking the top 10 productive countries in this area, we found that all except China are advanced countries. The 
United States has established the lead position of global research on mechano-oncology after nearly 30 years of investig-
ations. However, the number of publications from China indicates that they are in a catch-up position, although the 
average citation time for their papers is still relatively low. This might be due to the relatively low quality of the public-
ations so far, even though the quantity is high. In addition, the low number of publications in the past from China and the 
more recent fast growth rate might inherently overly inflate the contribution of highly cited papers to the average citation 
time. To address this phenomenon, the Chinese government should provide more financial and political support for this 
research field and encourage original research. For Chinese scholars, discovering new research frontiers as early as 
possible and carrying out in-depth research is indispensable for improving their international influence and academic 
standing. It is also important to note that although Canada published 21 articles and is ranked only eighth according to 
the number of publications, it has the highest average citation rate. One reason for this might be that a review paper 
published by a Canadian oncology group (Chambers et al[30]), systematically describes the role of mechanical factors on 
the various physiological stages of cancer metastasis, and this attracts the highest citation frequency in this field.

We also found that cooperations existed between each country, with China and the United States having the most 
exchanges and collaborations. At the institutional level, we found that cooperations existed in developed countries such 
as the United States, France, and the United Kingdom. However, in other countries mutual partnerships tended to be 
insufficient, especially in undeveloped countries, including China. In addition, although several connections between 
different research groups were found on our authorship network map, these group cooperations largely remained 
domestic, lacking cross-national communications. Furthermore, three of the top productive and influential scientists in 
this field (i.e., Valerie M. Weaver, Stefano Piccolo, and Antonios Gargalionis), have relatively few collaborations with 
other researchers. The study of mechanotransduction in cancer not only requires an in-depth exploration of molecular 
mechanisms but also necessitates a large number of clinical samples or populations for clinical validation or translation. 
At this point, inter-country or inter-institutional collaboration should be advocated, either by sharing clinical databases or 
by dividing the project into concrete tasks based on the respective expertise. With this approach, significant 
breakthroughs in this field might be achieved at the earliest time. In addition to collaboration between research groups, 
interdisciplinary collaborations are also essential for a research field to flourish. Mechanotransduction-related cancer 
research involves various different disciplines, including biology, physics, and medicine, and so interdisciplinary 
exchanges are beneficial for the diversity of research and to create new perspectives and questions. For example, in vivo 
mechanosensing is based on force-dependent protein deformation and reorganisation[34]. However, due to a lack of 
molecular resolution in cellular imaging techniques, the intracellular mechanisms are unknown. Recently, with the 
development of super-resolution microscopy and molecular force sensors, it is now possible to gain molecular insights 
into mechanosensing in living cells[35]. Moreover, the development of novel imaging techniques has helped to advance 
our knowledge of the molecular mechanisms involved in mechanotransduction[36].
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Figure 5 Visualization of author cooperation. VOSviewer was used to visualize the co-authorship network. The clusters are indicated by the different colors 
and the lines represent the various collaborations between authors.

The 597 papers we found were published in almost 300 journals. This suggests that this field is widely recognized by 
publishers. Notably, some highly prestigious and influential journals, such as Nature, Cell, and Cancer Cell, have accepted 
relevant articles in recent years, which indicates that this research direction is significant and holds great potential for 
future investigations. We also found that there was a positive correlation between the average number of times that 
papers published in the top 10 most productive journals were cited, and the impact factor of the journal. This reflects the 
vibrancy and attractiveness of this research field. However, except for the Proceedings of the National Academy of Science of 
the United States of America and Cancer Research, we found that most of these journals such as Cancers and International 
Journal of Molecular Sciences are less highly qualified; therefore, more in-depth explorations are required in the future.

Eight clusters were enriched through a keywords co-occurrence analysis. Cluster 1, with 19 keywords, appeared to 
elucidate the mechanisms of tumor angiogenesis from the viewpoint of mechanotransduction. Indeed, by providing 
oxygen and nutrition, tumor angiogenesis, which is initiated by vascular endothelial cell activation, is one of the most 
fundamental factors for tumor growth and metastasis[37,38]. Hypoxia and growth factors plus their receptors (including 
vascular endothelial-derived growth factor/vascular endothelial-derived growth factor receptor and fibroblast growth 
factor/fibroblast growth factor receptor) are known to induce endothelial cell proliferation via various signal transduction 
pathways such as via hypoxia-inducible factor-1, PI3K/Akt/mTOR, MAPK/ERK, integrin, and NF-κB signaling[39,40]. In 
addition, MMPs facilitate endothelial cell invasion by degrading the surrounding ECM components[41,42]. As well as 
these biochemical pathways, the shear force of the blood flow and stiffness of the tumor tissues are also considered to be 
essential parameters that influence angiogenesis by regulating endothelial (tip and stalk) cell migration and vessel stabil-
ization[43,44]. For example, it has been demonstrated that caveolin-1 and caveolae act as mechanosensors to respond to 
altered shear forces for endothelial cell stimulation[45,46]. The mechanical forces exerted on cells can be measured using 
traction force microscopy, and so this technique might help researchers discover more plasma membrane-localized 
mechanosensors during angiogenesis[47,48].

Clusters 2 and 3 emphasize the molecular mechanisms of mechanotransduction in cancer metastasis from the 
perspective of cytoskeletal and nucleoskeletal remodeling, and ion channels, respectively. During metastasis, cancer cells 
detach from the site of the primary tumor. They then migrate and invade the surrounding microenvironments, and after 
intravasation into vessels and escaping immune surveillance, they seed and colonize distant sites[49]. As essential initial 
steps during metastasis, the migration and invasion processes subject cancer cells to different mechanical forces. These are 
generated due to contact with the TME, and are characterized by increased solid stress, fluid pressure, and tissue stiffness 
when compared with their counterparts in normal tissue[17]. Although the rigid TME imposes compressive stress on 
migrating cancer cells, which can cause DNA damage, these mechanical forces can in turn activate the DNA repair 
system, which limits genotoxicity and maintains regular cellular activity[50]. Various ion channels, such as TRP, 
polycystin, and piezo1/2, are involved in this process as mechanosensors. For example, in the presence of membrane 
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Figure 6 Keyword co-occurrence and burst analysis. A: VOSviewer was applied in our keyword co-occurrence analysis. The colors indicate different 
clusters and the node size indicates the number of publications; B: A keyword overlay was visualized with VOSviewer. The circle size reflects the number of 
publications and the average published year is shown by different colored circles; C: CiteSpace was used to conduct the keyword burst analysis. The red rectangles 
represent the duration of a keyword.

tension, TRP or piezo1/2 undergo conformational changes, which leads to their activation and an influx of extracellular 
Ca2+[51-53]. Such alterations in the Ca2+ influx often result in cytoskeleton rearrangements, which directly affect downstream 
signaling by changing the affinity of cytoskeletal protein binding and regulatory proteins[54]. Then, with the assistance of 
the linker of the nucleoskeleton and cytoskeleton complex, the mechanical forces are transferred to the nucleoskeleton, 
which distorts the nuclear envelope, impacts the epigenetic state and regulates gene expression[55].

Clusters 4 and 5 highlight the contributing factors that determine the mechanical properties during cancer progression 
and so these might be useful for the development of relevant pharmaceutical interventions and therapeutical applic-
ations. CSCs are the main culprits for the heterogeneity of cancer as they are responsible for cancer initiation, invasive 
front formation, and drug resistance. It is suggested that the mechanical forces induced by the dense ECM might activate 
the autophagy and Hippo pathways to promote CSC proliferation and stemness[56,57]. Thus, an alternative explanation 
for the generation of heterogenous CSC populations (except for their intrinsic differences) might be that the heterogenous 
TME exerts differential mechanical forces on these cells[58]. CAFs are a key component of the TME in most solid tumor 
tissues, and the secretomes that originate from these cells contribute to the formation of the ECM[59]. During cancer 
development, CAFs and cancer cells secrete proteolytic enzymes, cytokines, growth factors, and/or other ECM 
components, which result in high ECM deposition and increased stiffness[60]. The upregulation of programmed cell 
death ligand 1 under these stiffer ECM conditions enables cancer cells to evade the immune system; a characteristic that is 
positively correlated with increased malignancy[61]. As expected, these unique cancer ECM characteristics have already 
been applied to cancer diagnosis[62]. The three-way biochemical and mechanical crosstalk between CAFs, cancer cells, 
and the ECM facilitate the remodeling of the latter. The resulting altered mechanical properties of the ECM are favorable 
for cancer survival, proliferation, drug resistance, and metastasis[63]. Therefore, mechanistic investigations of mechano-
transduction during oncogenesis are crucial for the development of relevant pharmaceutical interventions and 
therapeutical applications[64]. Due to the development of 3D cell culture systems and atomic force microscopy, the 
mechanical properties can now be mimicked and evaluated to reflect the TME and physical cell-matrix interactions 
in vivo. These methods could therefore be used to screen anti-cancer drugs and in mechanotransduction-related cancer 
research[65,66].

Cluster 6 shows how cancer cells can override contact inhibition from the viewpoint of mechanotransduction. In cell 
culture conditions, when the density of normal cells reaches a high enough level, the close physical contact between the 
cells leads to cell cycle arrest and the suppression of proliferation[67]. Several GPCRs can sense and transduce the higher 
pressure resulting from the increased cell contacts, to downstream signals. This leads to the cytoplasmic translocation of 
YAP and TAZ, which nullifies their transcriptional activation[68]. In addition to an inhibition of proliferation in cell dense 
regions, cell migration is also affected when two normal cells collide. Indeed, cell repolarisation is necessary to separate 
cells after a collision, and RACK1-dependent cytoskeletal reorganization at the migratory front is also crucial for this 
process[69,70]. However, these events do not occur during carcinogenesis, and so cancer outgrowth and metastasis is the 
result[71]. The hyperactivation of YAP and TAZ (caused by a loss of E-cadherin or spectrin), helps to explain the reduced 
contact inhibition that occurs in cancer from the proliferation perspective[72,73]. However, the reasons for the loss of 
contact inhibition from the cell migration viewpoint, remain elusive and require further investigation.

Cluster 7 describes the role of Wnt signaling in the mechanical force-driven EMT. The EMT is a process by which 
epithelial cells are transformed into mesenchymal cells, which then migrate and secrete more ECM components, and so it 
is crucial for cancer metastasis and drug resistance[74,75]. The activation of the WNT/β-catenin signaling pathway 
contributes to the transcription of EMT regulators such as Snail and Slug, both of which inhibit the expression of E-
cadherin, and therefore reduce intercellular adhesion and increase cell motility[76]. In addition, TGF-β and some long 
noncoding RNAs respond to the increase in ECM stiffness, and in this way, they regulate WNT/β-catenin activity and 
participate in the EMT[18,77].
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Finally, cluster 8 demonstrates the impact of the mechanical microenvironment on cell adhesion. The three main 
characteristics of tumor mechanical microenvironments are an increase in matrix stiffness, solid stress, and interstitial 
fluid pressure, and these are proposed to activate FAK, which drives focal adhesion formation and primes the RhoA/
ROCK signaling cascade[78,79]. This signaling pathway is involved in regulating the organization of the actin 
cytoskeleton and, therefore, it enables cells to alter their shape and migrate from their primary sites[80].

After performing co-occurring and burst keyword analyses, we found that the keywords “plasma membrane”, 
“autophagy”, “piezo1/2”, “heterogeneity”, “cancer diagnosis”, and “post-transcriptional modification” are likely to be 
the next topics of interest in this field. Interestingly, both keyword analysis methods indicated that the plasma membrane, 
a mechanosensing structure that transduces the mechanical stimulus to downstream biochemical signal transduction 
pathways, is a popular topic for future research. Contrary to the increase in substrate stiffness that occurs in cancerous 
tissues, the plasma membrane of cancer cells is softer than in normal cells, which means that they can migrate more easily
[81]. Moreover, the softer plasma membrane along with the underlying cytoskeleton, are more likely to undergo 
alterations in configuration in response to external mechanical stimuli, and this affects the subsequent transmission of 
biochemical signals[82]. Since membrane tension is closely associated with cancer cell behavior, this characteristic has 
recently been used for the diagnosis and prognosis of a low-grade glioma via the establishment of a membrane tension-
related gene signature[83]. In addition, many cell membrane-localized proteins such as ion channels and other mechano-
sensitive proteins are reported to be highly expressed in cancers and act as mechanosensors, which respond to the rigid 
TME by changing their conformation[84,85]. Of note, the 2021 Nobel Prize was awarded for the discovery of piezo1/2 as 
mechanosensitive ion channel proteins, and this has initiated a burst of related studies, especially in the cancer research 
field[33]. Indeed, piezo proteins are closely associated with several cancers and so their potential as diagnostic and 
prognostic cancer biomarkers is indisputable. In addition, due to the contribution of mechanical force from the TME in 
the regulation of tumor heterogeneity, identifying the mechanical properties of areas surrounding a tumor and 
developing therapeutics to counter the mechanical forces with carcinogenic impact would be favorable for precise cancer 
diagnosis and treatment[86].

The main biochemical signals generated from the mechanical forces, are transduced in the form of phosphorylations. 
Therefore, identifying more post-transcriptional modification types under different mechanical stimuli might provide 
some novel perspectives for determining how extracellular cues influence intracellular activities[87,88]. For example, it is 
now accepted that autophagy is activated by mechanical stress and plays a role in tumorigenesis[89-91]. Therefore, 
further investigations to explore how the plasma membrane and its localized mechanosensors transduce mechanical 
forces through post-transcriptional modifications (and thereby participate in the regulation of cellular activity), will not 
only help to reveal the reasons behind tumor heterogeneity but will also benefit the diagnosis, treatment, and prognosis 
of cancer. For example, the increase in stiffness is a well-recognized feature of cancer mechanics that has been used 
previously for cancer diagnosis and prognosis[12]. The continued development and validation of mechanobiological 
biomarkers that reflect the mechanical properties of tissue microenvironments are likely to facilitate the clinical 
application of mechano-oncology. Moreover, the mechanosensitivity of cancer cells is suggested to promote malignant 
cell behaviors[92,93], and mechanical abnormalities are the main culprit that drives cancer chemoresistance via the 
activation of cellular drug efflux or DNA repair systems[94]. Therefore, deciphering the detailed signaling pathways such 
as autophagy and post-transcriptional modifications involved in mechanotransduction might allow the development of 
new drugs that can be used in combination with current cancer therapies. This would increase the likelihood of 
therapeutic success and minimize the chance of developing drug resistance, which is advantageous for the prognosis of 
cancer patients.

Limitations
Here, we used a bibliometric approach to analyze the trends and important issues regarding mechanotransduction 
studies in cancer research. While this analysis provides a relatively complete and understandable picture of the state of 
research today, there are several inevitable limitations. First, while the WoSCC used in this study, is regarded as being a 
reliable database for bibliometric analysis, the use of additional database sources would provide a more comprehensive 
view of the situation. Second, some papers that are already included in the associated databases might be delayed being 
included in the WoSCC, leading to statistical bias and a loss of precision. Finally, analyzing and summarizing research 
trends based on keywords alone, might be subjective and therefore lack a depth of exploration when compared with 
traditional literature reviews.

CONCLUSION
Our results show that mechanotransduction-related cancer research is an increasingly popular topic in the world today. 
The United States is in the leading position of global research on mechano-oncology after almost 30 years of investig-
ations, and the University of California system (with the largest number of collaborators), is the most influential 
organization based on its publication and citation times. Research group cooperations exist but remain largely domestic, 
lacking cross-national communications. Our findings suggest that investigations exploring how the plasma membrane 
and its localized mechanosensors might transduce mechanical force through post-transcriptional modifications and 
thereby participate in the cellular activity regulations and cancer development, will be the next big topic in this field.
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ARTICLE HIGHLIGHTS
Research background
Mechanical stimuli, generated by the contact between cells (both tumor and non-tumur) or with the non-cellular microen-
vironment, have been demonstrated to play a significant role in the development of cancer. Unlike biochemical 
transduction, which depends on small molecules, growth factors, and cytokines, mechanotransduction is a process 
whereby cells sense mechanical cues in their external environment and translate them into biochemical signals to impact 
their intracellular activities. Indeed, in recent investigations, the importance of mechanical stimulation in cancer 
development is described as being on par with biochemical factors. Drs David Julius and Ardem Patapoutian were 
awarded the 2021 Nobel Prize in Physiology or Medicine for their work on mechanosensitive ion channels, which has 
already acted as a new catalyst for the increasing numbers of researchers to conduct mechanotransduction-related cancer 
research. Bibliometrics is a useful quantitative method to comprehensively analyze publications in multiple aspects, 
including the authors, organizations, countries, journals, and keywords, to uncover collaboration conditions and 
emerging trends in specific research areas. Although increasing numbers of research papers are now starting to focus on 
the role of mechanotransduction in cancer, to date no bibliometric analysis has been conducted to quantify the situation.

Research motivation
The deep understanding of mechanotransduction in cancer will not only help determine the reasons behind the tumor 
heterogeneity, but also facilitate the development of more versatile approaches to cancer diagnosis and therapy.

Research objectives
To provides an objective evaluation of the dynamics and emerging trends of mechanotransduction-related cancer 
research.

Research methods
We present the first bibliometric analysis of research conducted on mechanotransduction in cancer and reveal the current 
trends and hot topics in this field.

Research results
This study showed that mechanotransduction-related cancer research remains a hot topic, with approximately 100 papers 
and 5000 citations generated per year in the past three years. Additionally, the United States is a well-established global 
leader of this field, and the University of California system is the most influential organization in this field. The keywords 
“plasma membrane”, “autophagy”, “piezo1/2”, “heterogeneity”, “cancer diagnosis”, and “post-transcriptional 
modification” are likely to be the next topics of interest in this field.

Research conclusions
Our results found that mechanotransduction-related cancer research is an increasingly popular topic in the world today. 
The United States is in the leading position of global research on mechano-oncology after almost 30 years of investig-
ations, and the University of California system (with the largest number of collaborators), is the most influential 
organization based on its publication and citation times. Research group cooperations exist but remain largely domestic, 
lacking cross-national communications.

Research perspectives
We predict that the next ‘hot’ topic in cancer research will be investigating how localized mechanosensors in the plasma 
membrane transduce mechanical forces via post-transcriptional modifications to participate in the regulation of cellular 
activity.
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Abstract
BACKGROUND 
Immunotherapy, specifically the use of checkpoint inhibitors such as pembrol-
izumab, has become an important tool in personalized cancer therapy. These 
inhibitors target proteins on T-cells that regulate the immune response against 
tumor cells. Pembrolizumab, which targets the programmed cell death 1 receptor 
on T-cells, has been approved for the treatment of metastatic melanoma and non-
small cell lung cancer. However, it can also lead to immune-related side effects, 
including pneumonitis, colitis, thyroid abnormalities, and rare cases of type 1 
diabetes.

CASE SUMMARY 
The case presented involves an adult patient in 30s with breast cancer who 
developed hyperglycemia after receiving pembrolizumab treatment. The patient 
was diagnosed with diabetic ketoacidosis and further investigations were 
performed to evaluate for new-onset type 1 diabetes. The patient had a history of 
hypothyroidism and a family history of breast cancer. Treatment for diabetic 
ketoacidosis was initiated, and the patient was discharged for close follow-up 
with an endocrinologist.

CONCLUSION 
This literature review highlights the occurrence of diabetic ketoacidosis and new-
onset type 1 diabetes in patients receiving pembrolizumab treatment for different 
types of cancer. Overall, the article emphasizes the therapeutic benefits of 
immunotherapy in cancer treatment, particularly pembrolizumab, while also 
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highlighting the potential side effect of immune-related diabetes that can occur in a small percentage of patients. 
Here we present a case where pembrolizumab lead to development of diabetes after a few cycles highlighting one 
of the rare yet a serious toxicity of the drug.

Key Words: Pembrolizumab; Breast cancer; Autoimmune diabetes; Keytruda; Immunotherapy; Case report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Our review highlights an important and rare adverse effect of Pembrolizumab. We have also reviewed the number 
of cycles patients were treated with Keytruda before the onset of diabetes. Clinicians should be watchful for the signs and 
symptoms. Early discontinuation of immunotherapy is needed to prevent significant morbidity and mortality.
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INTRODUCTION
Immunotherapy has become an essential tool in the treatment of cancers and represents therapeutic advancement in the 
individualized cancer therapy[1]. The role of immunotherapy is based on the ability to recognize abnormal tissue and 
enhance body’s immune system against tumor cells. Immune system has both stimulators and inhibitors for the immune 
response generation in order to maintain balance and avoid auto-immune response to self antigens by means of positive 
selection of T cells. But sometimes this positive selection leads to lack of required immune response against tumor cells, 
which leads to tumor growth[2]. There are multiple check-points in cell production have been identified like T cell 
immunoglobulin and mucin-domain containing-3, T cell immunoglobulin and ITIM domain, lymphocyte activation gene-
3, indoleamine 2, 3-dioxygenase 1, and V-domain immunoglobulin suppressor of T cell activation, but to date only United 
States Food and Drug Administration (FDA) approved check-point inhibitors are those which targets cytotoxic T 
lymphocyte antigen 4 (CTLA-4), programmed cell death protein 1 (PD-1), or programmed cell death protein-ligand 1 
(PD-L1)[3]. The mechanism behind is the inhibition of check point inhibitors namely CTLA-4, PD-1, or PD-L1 which 
results in the increased anti-tumor immune response. These check point inhibitors are expressed on T-cells and their 
activation leads to the decreased T-cell proliferation from inhibition of T-cell receptor mediated signaling, reduced 
cytokines secretion limiting inflammatory response and autoimmunity[4]. The immune check point inhibitors are the 
monoclonal antibodies directed against the above mentioned ligands which results in the immune activation against the 
tumor cells[5]. Pembrolizumab is a monoclonal antibody designed against check point inhibitor PD-1 receptor on surface 
of T-cells resulting in the proliferation of T-cells and enhanced intrinsic immune mediated anticancer activity[6]. PD-1 
receptor is a cell surface protein expressed on activated T cells which on binding with the ligands PD-L1 and PD-L2 leads 
to the inhibition of kinase signaling pathways causing suppression of T-cell[7]. Pembrolizumab was originally approved 
by FDA for metastatic melanoma in 2014 and for non-small cell lung cancer in 2014[1]. Since then it has been widely used 
in the treatment of different cancers especially those with resistance to first line therapies. Excessive immune activation 
has been a frequent and serious side effect of the immune therapies. Most common adverse effects reported from the 
clinical trials are pneumonitis, colitis, thyroid abnormalities, liver and kidney issues[8]. Type 1 diabetes was only reported 
in 0.1% of the patients in the clinical trials making this rare but significant side effect of the treatment[1]. Here we present 
a case of a young female who presented with hyperglycemia after getting treatment with the pembrolizumab for the 
breast cancer.

CASE PRESENTATION
Chief complaints
Nausea, Vomiting and Hyperglycemia at outpatient chemotherapy infusion center.

History of present illness
The patient presented to the emergency department for the evaluation of hyperglycemia, which was found at the infusion 
center during 4th cycle. The patient complained of nausea, vomiting which was non-bilious and non-bloody associated 
with dizziness. The patient denied any fever, shortness of breath, chest pain, abdominal pain or loss of consciousness, 
recent weight loss, travel history, constipation or diarrhea.

https://www.wjgnet.com/2218-4333/full/v14/i11/535.htm
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History of past illness
Hypothyroidism and triple negative left invasive mammary breast carcinoma with Ki 67%-90% diagnosed an year ago 
which was at anatomical stage 2A/Clinical prognostic stage 2B status post chemotherapy with carboplatin and Paclitaxel 
along with 3 cycles of Pembrolizumab.

Personal and family history
The patient social history was significant for 2-3 cigarettes a day before getting diagnosed with breast cancer and 
occasional alcohol consumption and marijuana consumption. The family history was significant for breast cancer in 
mother and sister.

Physical examination
Physical examination was unremarkable.

Laboratory examinations
The initial blood work up revealed Hemoglobin level of 12.8 g/dL, white cell count of 4.7 K/CMM, Hematocrits of 37.2% 
and platelet count of 332 K/CMM. Complete metabolic panel was significant for sodium level of 133 mEq/L, Bicarbonate 
level of < 10 mEq/L with anion gap of > 19 mEq/L, blood glucose level of 343 mg/dL. Liver and Kidney functions were 
benign. Beta hydroxy butyrate level was found to be elevated > 46.8 mg/dL. Urinalysis was positive for glucose and 
ketones. Amylase and lipase level were within normal limits. Arterial blood gas analysis showed pH of 7.13 with pCO2 of 
23 mmHg, pO2 of 65 mmHg, and bicarbonate level of 8 mmol/L. HbA1c level was found to be 6.8. During hospital-
ization, work up for the new onset type 1 diabetes mellitus (T1DM) was done. IA-2 antibody, Insulin antibody, glutamic 
acid decarboxylase antibody was negative. C-peptide level was found to be low at 0.24. Cortisol and Thyroid stimulating 
hormone level was within normal limits. So, involvements of other endocrine abnormalities were ruled out.

Imaging examinations
No imaging studies were done.

MULTIDISCIPLINARY EXPERT CONSULTATION
Endocrinologist was consulted because of labile glucose level and to optimize insulin regimen on discharge.

FINAL DIAGNOSIS
Diabetic ketoacidosis.

TREATMENT
Intensive care unit was consulted and the patient was managed as per protocol for diabetic ketoacidosis.

OUTCOME AND FOLLOW-UP
Patient was discharged for the close follow up with endocrinologist. Pembrolizumab was stopped and the chemotherapy 
was continued.

Our literature review mentions the prior studies highlighting the effects of pembrolizumab leading to autoimmune 
diabetes. The mean number of cycles was 4 and the mean number of weeks leading to presentation after the start of 
treatment was 15.4. The mean HbA1c of the patients was 7.97. Below mentioned are the baseline characteristics of the 
patients along with the disease presentation (Tables 1 and 2)[9-56].

DISCUSSION
This study presents a comprehensive literature review of similar cases that were reported on various databases. These 
patients were started on various chemotherapy regimens for different cancer, but after no or little improvement from 
those modalities, were eventually started on immunotherapy particularly pembrolizumab. These patients presented to 
the emergency department with various chief complaints including from asymptomatic hyperglycemia to diabetic 
ketoacidosis (DKA) and were eventually diagnosed with insulin dependent diabetes mellitus. The time of presentation 
for all these patients varied a lot in terms of range from after just one cycle to as long as 19 cycles with average 
beingcycles. This average number of cycles is skewed most probably, because the most number of patients developed this 
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Table 1 Baseline characteristics

Ref. No. of patients Age/Sex Type of cancer Time from first administration (wk) No. of cycle

de Filette et al[9], 2019 61/M NSCLC 8 2

de Filette et al[9], 2019 91 65 Melanoma/NSCLC 4.5

Clotman et al[10], 2018 73/F Melanoma 8 2

Clotman et al[10], 2018 14 63 6 3

Farina et al[11], 2019 10 62 Melanoma/Lung cancer 5

Kyriacou et al[12], 2020 68/F Lung cancer 7 2

Banatwalla et al[13], 2021 83/F Melanoma 23 7

Hernandez et al[14], 2021 67/M SCC tongue 3 1

Bansal et al[15], 2022 85/F Lung adeno 9 3

Kedzior et al[16], 2021 51/F Lung adeno 8 2

Cunha et al[17], 2022 59/F Lung adeno 3 1

Kähler et al[18], 2020 5 74-85, 3F and 2M Melanoma 4

Tohi et al[19], 2019 75/M Urothelial CA 10 3

Edahiro et al[20], 2019 61/F Lung adeno 25 8

Magis et al[21], 2018 41/F Melanoma 57 19

Samoa et al[22], 2020 12/M Hodgkin's lymphoma 15 5

Li et al[23], 2018 67/M NSCLC 10 3

Boyle et al[24], 2019 56/M Melanoma 22 months

Boyle et al[24], 2019 74/F Merkel cell cancer 23 7

Sankar et al[25], 2021 85/F Bladder CA 9 months

Hakami et al[26], 2019 52/M Melanoma 21 7

Chaudry et al[27], 2020 75/M NSCLC 12 4

Kotwal et al[28], 2019 11 61 4

Zand et al[29], 2022 81/F Melanoma 26 8

Maamari et al[30], 2019 47/F Cardiac angiosarcoma 6 1

Alrifai et al[31], 2019 69/M NSCLC 15 4

Hong et al[32], 2020 76/M Lung 11 3

Hong et al[32], 2020 78/F Melanoma 4 1

Hong et al[32], 2020 65/F Biliary CA 21 7

Skorpen et al[33], 2019 60s/M Lung adeno 8 2

Martin-Liberal et al[34], 2015 54/F Melanoma 9 3

Gaudy et al[35], 2015 44/F Melanoma 8 2

Aleksova et al[36], 2016 61/M Melanoma 6 1

M A et al[37], 2016 55/M Melanoma 27 9

Hansen et al[38], 2016 58/M Melanoma 17

Alhusseini et al[39], 2017 65/M Lung adenocarcinoma 3 1

F A et al[40], 2017 48/F Melanoma 2 1

Tay et al[41], 2017 74/F Melanoma 3 1

Chae et al[42], 2017 76/M Lung adenocarcinoma 1 1

Smith-Cohn et al[43], 2017 61/F Cholangiocarcinoma 18 6

C M et al[44], 2017 58/M Melanoma 4
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Abayev et al[45], 2018 71/M Melanoma 26

Ioana et al[46], 2018 52/M Melanoma 13

Kalkan et al[47], 2018 73/F NSCLC 9 3

Reslan et al[48], 2018 79/M Melanoma 24 5

Fernandez et al[49], 2019 15/M Soft tissue sarcoma 2 1

Sfeir et al[50], 2019 90/M Melanoma

Talib et al[51], 2019 67/F Esophageal squamous cell CA 8 2

Gunjur et al[52], 2019 77/F Melanoma 3 Days 1

Singh et al[53], 2019 70/M Melanoma 10 3

Akopyan et al[54], 2020 66/F Urothelial CA 6 months

Zagouras et al[55], 2020 52/M Lung adenocarcinoma 9 3

Kethireddy et al[56], 2021 85/M 9 3

NSCLC: Non-small cell lung cancer; SCC: Squamous cell carcinoma.

diabetic complication earlier rather than later in the course of starting immunotherapy. This observation is also supported 
by a relatively lower value of glycated hemoglobin value as compared to classic type 1 diabetic patients who develop 
diabetic ketoacidosis[57]. At the same time, a diagnosis of T1DM was established by presence of one or the other classic 
antibodies in most of the patients. Among patients who were tested for these antibodies, many of them were positive for 
anti-glutamic acid decarboxylase antibodiesand some of them were positive for others like islet cell antibodies or insulin 
antigen 2 antibodies. This conclusion is based on the data from the patients who were tested for these antibodies. To some 
extent this data suggest that presence of these antibodies is lower in these patients as compared to patients with classic 
T1DM, where a presence of at least one antibody in 97.8%[58]. On reviewing the literature it was found that incidence of 
newly diagnosed diabetic ketoacidosis is more in patients receiving pembrolizumab dose of 400 mg every 6 wk as 
compared to conventional 200 mg every 3 wk[18]. These patients are more prone to develop other endocrinopathies as 
well particularly thyroid related issues along with diabetes[59]. The pathophysiology of these immune checkpoint 
inhibitors induced diabetes mellitus is still not clear. Human leukocyte antigen is the key structure involved in the 
presentation of different peptides, one of which might be containing “diabetogenic peptide” in genetically susceptible 
individuals[60]. Recognition of this complex by T cell receptor stimulates cytotoxic T-cells that lead to destruction of B-
cells in pancreas. Alternatively, these auto-antigenic peptides gets presented to the regulatory T cells, stimulation of 
which leads to secretion of different kind of cytokines like Interleukin 1, Interleukin 2, Interferon gamma, Tumor necrosis 
factor alpha and beta. These cytokines in turn stimulate cytotoxic T cells and eventual destruction of B cells ensues. To 
avoid this phenomenon, interaction between PD-1 and its PD-L1 is really important to maintain self tolerance against 
pancreatic islets[9]. Different Immune checkpoint inhibitors affect different pathways. Pembrolizumab in particular 
inhibits the PD-1/PD-L1 pathway, which leads to destruction of pancreatic islet cells and development of T1DM.

The predisposing factors in an individual for development of immune checkpoint inhibitors induced diabetes is not 
well defined as opposed to individuals with classic T1DM. Individuals with certain genotypes like DR3-DQ2 and DR4-
DQ8 have shown to have higher risk of developing classic T1DM as compared to the general population[61]. In our 
study, we have not included genotypes of patients as there was not much data available regarding that in most cases, but 
studies particularly focusing on these aspects have shown that individuals with high risk genotypes have developed 
diabetes more while being on immune checkpoint inhibitors as compared individuals with other genotypes[9]. So, these 
individuals were at a high risk, but rapid onset of diabetes with presentation of ketoacidosis and relatively a low glycated 
hemoglobin value as compared to classic T1DM makes it different. In our study, some of the patients also had history of 
autoimmune disease, which makes them more susceptible to develop other autoimmune disease. Patients with already 
diagnosed and well controlled type 2 diabetes are also shown to be at high risk of worsening diabetes and presenting 
with diabetic ketoacidosis along with blood work showing presence of autoantibodies.

Although this is one of the rare side effects of the immunotherapies but with development of new immunotherapy 
agents, these cases should be kept in mind particularly while giving therapies to patients with high risk factors. Initial 
check for glycated haemoglobin before starting therapy for both diagnosed and undiagnosed diabetic patients can be 
useful for the risk stratification. A regular and timely checkup for glucose along with education for signs and symptoms 
of hyperglycemia should be introduced in patients receiving these agents. This could lead to detection of early 
development or worsening diabetes. Another significant finding in most of the patients was continuation of immuno-
therapy after initial management of diabetic ketoacidosis was possible with introduction of as needed long and short 
acting insulin regimen. This is not the best option, but stopping immunotherapy in advanced malignancies, where very 
few treatment options are available is not desirable. The prognosis particularly because of the development of these 
endocrinopathies did not seem to change in most of the patients.
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Table 2 Diabetes characteristics

Ref. Presentation HbA1C C-peptide Auto Ab Outcome

de Filette et al[9] DKA 0.02 nmol/L GADA Not known

de Filette et al[9] 71% DKA 7.6 Low in 84% 51% GADA 18% IA213% 
ICA26% Anti-Insulin

Not known

Clotman et al[10] DKA 7.1 Low GADA, ICA Stayed on insulin

Clotman et al[10] 70% DKA 7.5 Low in 93% 56% GADA

Farina et al[11] 69% DKA 7.76 0.1 50% GADA+ 97% remained on 
Insulin therapy

Kyriacou et al[12] DKA 7 Low GADA+ Stayed on insulin

Banatwalla et al[13] DKA 8.2 0.09 All neg Stayed on insulin

Hernandez et al[14] DKA 6.9 Stayed on insulin

Bansal et al[15] HHS 8.3 Normal GADA + Stayed on insulin

Kedzior et al[16] DKA 8.3 Undetected GADA+

Cunha et al[17] DKA 5.6 Undetected GADA+ Stayed on insulin

Kähler et al[18] DKA 9.7, 6.5, 7.5, No data 
for other 2

Low in 1 GADA+ in 2

Tohi et al[19] DKA 6.7 Undetected GADA negative Stayed on insulin

Edahiro et al[20] DKA 8.4 Low GADA negative Stayed on insuline

Magis et al[21] DKA 6.8 < 0.003 GADA negative,IA-2 Positive Stayed on insulin

Samoa et al[22] DKA 8.9, Intial was 6.0 Low GADA negative,IA-2 
PositiveIA Positive

Stayed on insulin

Li et al[23] DKA 8 Low All ab negative Stayed on insuline

Boyle et al[24] DKA 7.4 Low All ab negative Stayed on insulin

Boyle et al[24] DKA Low All ab negative

Sankar et al[25] DKA 6.8 All ab negative Stayed on insulin

Hakami et al[26] DKA 8.3 < 0.001 All ab negative Stayed on insulin

Chaudry et al[27] DKA GADA + Stayed on insulin

Kotwal et al[28] 8 DKA,1 HHS,1 Ketosis,1 
Hyperglycemia

9.7 5/6 Low 4/7 GADA+, 1/7 IAA+, 1/7 
IA2A+

Stayed on insulin

Zand et al[29] DKA 8.9 All ab negative Stayed on insulin

Maamari et al[30] DKA 6.4 Low GADA+ Stayed on insulin

Alrifai et al[31] DKA 9.2 Low GADA+ Stayed on insulin

Hong et al[32] DKA 10.4 Low All ab negative Stayed on insulin

Hong et al[32] DKA 11.4 Low All ab negative Stayed on insulin

Hong et al[32] DKA 5.8 Low All ab negative Stayed on insulin

Skorpen et al[33] DKA 8.4 Undetected All ab negative Stayed on insulin

Martin-Liberal et al
[34]

DKA GADA+ Stayed on insulin

Gaudy et al[35] DKA 6.85 Undetected All ab negative Stayed on insulin

Aleksova et al[36] DKA Low All ab negative Stayed on insulin

M A et al[37] DKA 10.7 All ab negative Stayed on insulin

Hansen et al[38] Simple T1DM 7.1 Low GADA+ Dced insulin

Alhusseini et al[39] DKA 8.5 Undectable GADA+, ICA+ Stayed on insulin

F A et al[40] DKA 8 Undectable GADA+, IA+ Stayed on insulin
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Tay et al[41] DKA 9.3 Undectable All ab Negative Stayed on insulin

Chae et al[42] DKA 5.8 Low GADA+, ICA+ Stayed on insulin

Smith-Cohn et al
[43]

DKA 8.7 GADA+ Stayed on insulin

C M et al[44] DKA 7.4 Undetectable All ab Negative

Abayev et al[45] DKA 11.8 Normal All ab Negative Stayed on insulin

Ioana et al[46] DKA 8.3 Undetectable All ab Negative

Kalkan et al[47] DKA Low All ab Negative

Reslan et al[48] DKA 7.5 Stayed on insulin

Fernandez et al[49] DKA 5.5 Low GADA+

Sfeir et al[50] DKA 10.2 Low All ab negative Stayed on insulin

Talib et al[51] DKA 7.9 Low GADA+

Gunjur et al[52] DKA 6.9 Low GADA+, ICA+ Stayed on insulin

Singh et al[53] DKA GADA+ Stayed on insulin

Akopyan et al[54] DKA All ab negative Stayed on insulin

Zagouras et al[55] Hyperglycemia 5.7 Low GADA+ Stayed on insulin

Kethireddy et al[56] T1DM 9 GADA+ Stayed on insulin

NSCLC: Non-small cell lung cancer; SCC: Squamous cell carcinoma; DKA: Diabetic ketoacidosis; GADA: Glutamic acid decarboxylase antibody; IA-2: Islet 
antibody; ICA: Islet cell antibodies; IAA: Insulin autoantibodies; ab: Antibodies.

CONCLUSION
In the end, there is a need for a lot of research in this particular aspect regarding recognition of high risk individuals for 
developing these rare side effects, which might eventually help patients to avoid these side effects. Identifying different 
biomarkers apart from classic autoantibodies can also help in early detection of diabetes. More studies are needed to find 
out exact pathophysiology behind this side effect which is also the need of the hour.
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Abstract
BACKGROUND 
Calcitriol-induced hypercalcemia has been rarely reported in cases of lung cancer; 
however, it is frequently reported in cases of lymphoid malignancy and granulo-
matous disease. We present a rare case of hypercalcemia associated with squamo-
us cell cancer of the lung with elevated calcitriol level.

CASE SUMMARY 
A 61-year-old Caucasian female with severe hypercalcemia of 15 mg/dL, which 
led to a new diagnosis of metastatic lung cancer. Since the parathyroid hormone-
related peptide (PTHrP) level was minimally elevated at 2.1 pmol/L, we believe 
excessive calcitriol production by tumor cells was the underlying mechanism for 
hypercalcemia. Calcitriol was significantly elevated at 130 pg/mL with a low 25-
hydroxyvitamin D level of 25.9 ng/mL and suppressed PTH level of 8 pg/mL. 
Corticosteroids are generally used to treat calcitriol-induced hypercalcemia, but 
we successfully treated our patient with bisphosphonate, highlighting the further 
utility of bisphosphonates in hypercalcemia treatment.

CONCLUSION 
We believe that the underlying cause of hypercalcemia, in this case of metastatic 
squamous cell lung carcinoma, was elevated calcitriol, which was likely produced 
by the tumor cells. In addition to PTHrP, calcitriol levels should be included in the 
workup for hypercalcemia in cases of lung cancer. However, the pathophysiology 
and prognostic significance of dysregulated calcitriol production in solid tumors 
remain unclear and warrant further research. Bisphosphonate may be used as a 
steroid-sparing therapy even in cases of calcitriol-induced hypercalcemia and 
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warrants further investigation.
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Core Tip: Our case report illuminates a rare mechanism of hypercalcemia in lung malignancies, characterized by elevated 
calcitriol. Despite its rarity, it sheds light on the pathophysiology of hypercalcemia in solid malignancies, notably lung 
cancers. To the best of our knowledge, this is the first documented case in medical literature to present this mechanism. 
Moreover, the successful management of this condition with bisphosphonates highlights the potential efficacy of this 
treatment approach for future cases involving similar symptoms. By emphasizing this novel observation, our report 
contributes to the expanding body of knowledge regarding hypercalcemia in lung cancers and paves the way for the 
development of novel therapeutic strategies for the treatment of such cases.

Citation: Prakash A, Khalid F, Alalwan A, Bader H, Du D, Meghal T. Calcitriol induced hypercalcemia - a rare phenomenon in lung 
cancer: A case report. World J Clin Oncol 2023; 14(11): 544-548
URL: https://www.wjgnet.com/2218-4333/full/v14/i11/544.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i11.544

INTRODUCTION
Hypercalcemia associated with malignancy (HAM) is a common clinical finding and may even present as an oncologic 
emergency. It has been found in up to 30% of cases of malignancy[1]. The estimated yearly prevalence of hypercalcemia 
for all cancers is 1.46% to 2.74%[2]. Calcitriol overproduction is a rare etiology of HAM and accounts for merely 1% of 
cases of HAM[3]. It has been frequently reported in cases of Hodgkin and non-Hodgkin lymphoma and also in some 
cases of ovarian dysgerminoma, pancreatic neuroendocrine tumors, seminomas, and renal cell carcinoma[4-6]. In our 
extensive literature search, we came across just one case report of squamous cell lung cancer by Akai et al[7], where 
calcitriol overproduction was exclusively responsible for hypercalcemia and treated with tumor resection. We present a 
rare case of squamous cell lung carcinoma with hypercalcemia and elevated calcitriol levels, which was treated succ-
essfully with bisphosphonate. To the best of our knowledge, bisphosphonates have never been reported for the treatment 
of calcitriol-induced hypercalcemia in the case of squamous cell lung carcinoma.

CASE PRESENTATION
Chief complaints
Hypercalcemia on routine blood work investigation.

History of present illness
The patient didn’t complain of any significant symptoms at the time of presentation. However, during detailed history 
taking, she reported vague complaints of nausea, fatigue, and generalized weakness but denied any other symptoms like 
constipation, palpitation, confusion, etc.

History of past illness
She has a past medical history of diabetes, hyperlipidemia, and depression.

Personal and family history
The patient has a remote history of tobacco smoking more than 15 years ago. She denies any supplementation with 
vitamin A, vitamin D, or calcium, frequent use of antacids, or excessive consumption of dairy products. Her current 
medications include atorvastatin and sertraline. Patient denies any significant family history.

Physical examination
Her vital signs and physical exam were within normal limits.

Laboratory examinations
Three months prior to the presentation, her calcium level was noted to be within the normal range of 10.1 (range: 8.6-10.3 
mg/dL). In a routine lab work performed one week before the presentation, her corrected serum calcium was noted to be 
elevated first time at 13 mg/dL. She was asymptomatic at that point so decision was made to monitor with serial labs. 
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Our patient presented for repeat lab draw a week later and now her corrected serum calcium was 14.3 mg/dL, so she was 
instructed to visit the emergency department for further evaluation. She was admitted 12 h later on the same day and her 
corrected serum calcium further worsened to 15 mg/dL with an ionized calcium value of 7.5 mg/dL (range: 4.5-5.6). Her 
albumin was 3.4 mg/dL, creatinine 0.5 mg/dL, estimated glomerular filtration rate > 60 mL/min/1.73 m2, magnesium 1.9 
mg/dL (range: 1.8-2.4), phosphorus 2.4 mg/dL (range: 2.5-4.9). 25-hydroxyvitamin D was noted to be low: 25.9 ng/mL 
(30-100 ng/mL), with elevated calcitriol level: 130 pg/mL (24.8-81.5 pg/mL) and suppressed intact parathyroid hormone 
(PTH) level: 8 pg/mL (15-65 pg/mL) and minimally elevated PTH-related peptide (PTHrP) 2.1 pmol/L (normal < 2.0 
pmol/L). Complete blood count and urinalysis were within normal limits.

Imaging examinations
Chest X-ray reveals a left hilar opacity, which was concerning for lung neoplasm. Upon further investigation with 
contrasted pan-computed tomography, the patient was noted to have a left lower lobe mass with an epicenter in the left 
lower lobe bronchus with invasion into the mediastinum and multiple hepatic metastases. No metastasis to bones, brain 
or spleen was noted. A core biopsy was performed on one of the liver metastases. Histopathology findings were consis-
tent with metastatic squamous cell carcinoma, moderately differentiated. Immunohistochemistry of biopsied tissue 
sample was positive for markers p63, cytokeratin 5/6 heterogeneously positive; negative for thyroid transcription factor, 
cytokeratins 7, caudal-related homeobox transcription factor 2 and GATA binding protein 3. Thus, immunohisto-
chemistry findings were also consistent with squamous cell carcinoma of lung. The tissue sample shows high progra-
mmed cell death ligand 1 expression (Figure 1).

FINAL DIAGNOSIS
Calcitriol induced hypercalcemia.

TREATMENT
Our patient was paucisymptomatic but had rapid rise in serum calcium level so we decided to treat her hypercalcemia. 
The patient was managed with intravenous normal saline, subcutaneous calcitonin administered twice, and a single 
infusion of zoledronic acid 4 mg during the course of the hospital stay. Her calcium level improved rapidly to 9.8 mg/dL 
within 48 h and she was discharged from the hospital. Her calcium level 2-wk later was noted to be elevated again at 13 
mg/dL and was given another dose of zolendronic acid. Four weeks after discharge, her calcium level was noted to be 
within the normal range at 9.9 mg/dL.

OUTCOME AND FOLLOW-UP
The patient is scheduled to receive infusion of zolendronic acid once every month to manage hypercalcemia. She is 
planned to undergo chemotherapy with carboplatin, paclitaxel and pembrolizumab.

DISCUSSION
Hypercalcemia results from dysregulation between normal bone formation and the degradation cycle. The patho-
physiology of HAM can be broadly classified into: (1) Local osteolytic hypercalcemia; (2) Humoral hypercalcemia 
mediated through PTHrP; and (3) Excess production of 1,25-dihydroxy vitamin D (calcitriol).

In the current case, calcitriol level was noted to be significantly elevated with suppressed PTH level and minimal 
elevation of PTHrP. The question is about what’s causing the calcitriol elevation in this case. Squamous cell cancer of the 
lung is usually associated with hypercalcemia driven by PTHrP elevation. In granulomatous disease such as sacrcoidosis, 
there is extrarenal production of calcitriol via autonomous 1-α-hydroxylase activity in tissue macrophages. PTHrP can 
also upregulate 1-alpha hydroxylase activity and calcitriol production in mice models, but it does not increase calcitriol 
production in humans[8,9]. In this patient, we tend to believe that hypercalcemia was due to a PTHrP-independent 
mechanism since PTHrP was minimally elevated. Additionally, extrarenal synthesis of calcitriol is dependent on its 
substrate 25-hydroxyvitamin D, which was low in this case, thus excluding extrarenal calcitriol production as an 
underlying mechanism. It’s very possible that it was being ectopically produced by tumor cells in an autonomous fashion
[10]. Although staining of the biopsy sample for 1,25-dihydroxy vitamin D and 1-alpha-hydroxylase was not done to 
confirm calcitriol’s ectopic production, the treatment response further solidifies our hypothesis. Increased calcitriol level 
in cases of granulomatous disease is believed to be due to the upregulation of 1-alpha hydroxylase activity, and its 
autocrine regulation is sensitive to corticosteroid therapy. Hence, corticosteroid is indicated in the treatment of 
hypercalcemia in such cases[11,12]. However, in our case, hypercalcemia responded remarkably to treatment with bispho
-sphonate and didn’t require any steroid treatment, making us doubtful of any increased 1-alpha-hydroxylase activity.
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Figure 1 Computed tomography images. A: Computed tomography (CT) showing left lower lobe mass involving left bronchus; B: CT abdomen with contrast 
showing liver metastases; C: CT chest showing left lower lobe mass invasion into mediastinum.

The standard treatment approach for HAM is aimed at: (1) Promoting renal calcium excretion through intravenous 
normal saline administration and even loop diuretics, sometimes; and (2) Reducing bone absorption through the use of 
bisphosphonates and denosumab in refractory cases. Calcitonin can also be used as an adjunctive therapy with bisphos-
phonates, but tachyphylaxis develops within 48 h. Corticosteroids are the first-line agents for the treatment of calcitriol-
mediated hypercalcemia by inhibiting the transcription of 25-hydroxyvitamin D-1-hydroxylase; however, it was not 
required in our case. That being said, bisphosphonates may have more of a role in the treatment of HAM. Bisphosphonate 
may inhibit the adhesion of osteoclast precursors to stromal osteoblasts through the increased expression of intercellular 
adhesion molecule-1, which is promoted by calcitriol[13,14]. In a case series reported by Rizzoli et al[15], bisphosphonate 
was more effective than steroids in the treatment of hypercalcemia, probably due to its bone anti-resorptive effect. 
Bisphosphonates may have additional effects, including induction of apoptosis, inhibition of invasion, and antiangiogenic 
properties, as seen in some preclinical studies[16]. It would be worthwhile to conduct further research to investigate the 
cellular effects of calcitriol and bisphosphonate in patients with lung cancer.

CONCLUSION
We believe that the underlying cause of hypercalcemia, in this case of metastatic squamous cell lung carcinoma, was 
elevated calcitriol, which was likely produced by the tumor cells. In addition to PTHrP, calcitriol levels should be 
included in the workup for hypercalcemia in cases of lung cancer. However, the pathophysiology and prognostic 
significance of dysregulated calcitriol production in solid tumors remain unclear and warrant further research. Bisphos-
phonate may be used as a steroid-sparing therapy even in cases of calcitriol-induced hypercalcemia and warrants further 
investigation.
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Abstract
Adenosine triphosphate (ATP) induced cell death (AICD) is a critical cellular 
process that has garnered substantial scientific interest for its profound relevance 
to cancer biology and to therapeutic interventions. This comprehensive review 
unveils the intricate web of AICD mechanisms and their intricate connections 
with cancer biology. This review offers a comprehensive framework for compre-
hending the multifaceted role of AICD in the context of cancer. This is achieved 
by elucidating the dynamic interplay between systemic and cellular ATP 
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homeostasis, deciphering the intricate mechanisms governing AICD, elucidating its intricate involvement in cancer 
signaling pathways, and scrutinizing validated key genes. Moreover, the exploration of AICD as a potential avenue 
for cancer treatment underscores its essential role in shaping the future landscape of cancer therapeutics.

Key Words: Adenosine triphosphate induced cell death; Adenosine triphosphate homeostasis; Mechanism; Cancer signaling 
pathways; Prognosis and clinical values; Cancer treatment

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The research delves deeply into the pivotal realm of adenosine triphosphate (ATP)-induced cell death (AICD), a 
fundamental cellular phenomenon that has captured significant scholarly interest owing to its pertinence in cancer biology 
and therapeutic strategies. Our review is dedicated to delivering an all-encompassing grasp of the intricate mechanisms 
underpinning AICD and its far-reaching ramifications within the cancer context. By meticulously dissecting the dynamic 
interplay between systemic and cellular ATP homeostasis, unraveling the governing mechanisms steering AICD, and 
probing its intricate entanglement with cancer signaling pathways, we present an exhaustive framework that illuminates the 
multifaceted role of AICD in the realm of cancer.
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INTRODUCTION
In recent years, adenosine triphosphate (ATP) induced cell death (AICD) has emerged as a discernible mode of cell death 
triggered by elevated extracellular ATP (eATP) levels, exhibiting intimate association with the progression of various 
cancer types[1-3]. ATP, or adenosine triphosphate, a nucleotide crucial for cellular energy metabolism, assumes a pivotal 
role in multiple tumor-related signaling pathways and biological processes[4,5]. Nonetheless, the precise mechanisms 
and modalities underlying AICD have long remained elusive. Subsequent investigations have unveiled the distinctive 
features and regulatory mechanisms of AICD, setting it apart from other forms of cell demise such as apoptosis and 
necrosis. This review provides a concise summary of key discoveries in the field of AICD that have propelled ad-
vancements (Figure 1)[5-12].

The identification of AICD represents a significant milestone in the realm of cell biology. Initially, researchers noted 
that the addition of exogenous ATP to cells resulted in cell death, thereby generating considerable interest and instigating 
extensive investigations[1]. AICD, being an inevitable facet of the cell's life cycle, assumes a pivotal role in maintaining 
tissue homeostasis and functionality, holding profound significance for tissue development, as well as the etiology and 
progression of various diseases. The mechanisms and specific manifestations of AICD remain unknown.

In the realm of oncology, aberrant regulation of AICD is a crucial determinant in tumor initiation and progression. It 
exerts direct influence on the fate of tumor cells, impeding their proliferation, invasion, and metastasis, while also 
indirectly suppressing tumor development through immune system activation[13-15]. Furthermore, AICD elicits 
transformative changes in the tumor microenvironment, having an impact on the proliferative, invasive, and migratory 
capabilities of tumor cells. Consequently, an extensive exploration of the interconnections and correlations between AICD 
and cancer provides novel targets and strategies for cancer therapy, facilitating a profound comprehension of the 
mechanisms underlying cancer onset and progression.

This paper presents a comprehensive review of the mechanisms underlying AICD and its association with cancer. The 
primary objective is to outline potential avenues for future research, investigating various aspects related to AICD and its 
relevance to cancer. Through an in-depth exploration of these mechanisms and their functions , this paper aspires to 
unveil novel breakthroughs in cancer treatment development and to enhance our comprehension of the occurrence and 
progression of cancer.

SYSTEMIC AND CELLULAR ATP HOMEOSTASIS
ATP homeostasis in biological systems and cells is a dynamic state of balance that involves the precise regulation of ATP 
concentration within a specific range. This is achieved through intricate processes including ATP synthesis, degradation, 
transport, and exchange both within and outside the cell, as well as regulation by the intracellular environment. 
Maintaining ATP homeostasis is crucial for sustaining cellular energy metabolism and overall physiological function. 
Various external factors can impact ATP production and stability, thereby perturbing ATP homeostasis.

https://www.wjgnet.com/2218-4333/full/v14/i12/549.htm
https://dx.doi.org/10.5306/wjco.v14.i12.549
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Figure 1 Chronological depiction of key milestones in the exploration of adenosine triphosphate induced cell death. ATP: Adenosine 
triphosphate.

These factors encompass fluctuations in oxygen levels, alterations in nutrient availability, exposure to toxins and 
pharmacological agents, variations in temperature and thermal stress, changes in potential of hydrogen (pH), activation 
of inflammatory and immune responses, oxidative stress resulting from the accumulation of reactive oxygen species, 
infections and pathogen invasions, exposure to environmental toxins, as well as prolonged or intense physical and 
psychological stressors. Internally, several factors participate in the regulation of ATP homeostasis. This includes the 
coordinated regulation of ATP synthesis pathways, ATP consumption pathways, ATP transport pathways, and ATP 
hydrolase activity. Additionally, ATP homeostasis can be affected by disruptions in intracellular ATP leakage, alterations 
in eATP transport pathways, and dysregulation of eATP metabolic pathways (Figure 2).

EXTERNAL FACTORS THAT AFFECT ATP HOMEOSTASIS IN SYSTEMS AND CELLS
Hypoxia induces an elevation in eATP levels, which can be attenuated by the administration of L-type Ca2+ channel 
blockers and reduced by the activity of a nucleoside hydrolase such as apyrase. Furthermore, the application of 
iberiotoxin (100 nM), a specific blocker of O2-sensitive Ca2+-dependent K+ channels, has been shown to enhance the release 
of ATP[16]. Nutrient deficiency also affects ATP synthesis and metabolism[17].

Chemotherapeutic agents trigger the release of ATP through two main mechanisms: Caspase-gated pannexin-1 (Panx1) 
channels and caspase/Panx1-independent pathways. Various pro-apoptotic drugs, such as topoisomerase II inhibitors, 
kinase inhibitors, and proteomic inhibitors, induce the functional activation of Panx1 channels by inhibiting the C-
terminal cleavage of Panx1 mediated by caspase-3. The activation of caspase-activated Panx1 channels facilitates the 
efflux of ATP, as well as adenosine diphosphate (ADP) and adenosine monophosphate (AMP), which collectively 
constitute over 90% of the adenine nucleotide pool released during the transition from early to late apoptosis[18].

Blood flow undergoes a substantial increase in response to elevated temperatures, most likely attributed to 
physiological mechanisms governed by temperature-sensitive regulatory processes. ATP exhibits sensitivity to 
physiological temperature elevations observed both in vitro and in vivo, potentially as a result of the activation of cystic 
fibrosis transmembrane conductance regulator (CFTR)-like channels that disrupt ATP synthesis and stability[19]. 
Brainstem astrocytes possess the capacity to directly perceive alterations in blood and brain carbon dioxide and pH levels, 
and potentially govern the function of respiratory neuronal networks to modulate respiration. The reduction in 
extracellular pH triggers the release of ATP, which results in the depolarization of neighboring astrocytes and neurons. 
Perturbations in acid-base equilibrium can impede the regular progression of intracellular energy metabolism and impact 
ATP synthesis and stability[20]. Clodronate, as a highly effective and specific inhibitor of vesicular ATP release, 
represents a distinctive therapeutic approach to the management of chronic pain. Its inhibitory action on vesicular ATP 
release implicates its potential efficacy in the treatment of various purinergic-mediated disorders, such as inflammatory 
conditions, diabetes, and neurological ailments.

These discoveries underscore the contribution of chronic inflammation and immune responses to the dysregulation of 
cellular ATP homeostasis[21]. These findings imply that hydrogen peroxide triggers the release of ATP from intracellular 
compartments into the extracellular milieu via lysosomal exocytosis. The generation of reactive oxygen species during 
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Figure 2 The process of adenosine triphosphate production necessitates the sequential progression through a series of reactions 
encompassing glycolysis, pyruvate decarboxylation, the krebs cycle, and the respiratory chain. Cellular entities harness carbon sources to 
generate adenosine triphosphate (ATP) via glycolysis and the respiratory chain. Engineered cellular systems, when designed along specific pathways to facilitate 
targeted product synthesis, incur heightened ATP consumption for processes such as sugar uptake, cellular proliferation, biosynthesis, product efflux, and the 
acquisition of tolerance to cytotoxic agents. Furthermore, the equilibrium of ATP is influenced by a range of factors, including pH levels and oxygen availability. 
Perturbations in these dynamics can result in the overproduction of intracellular ATP, leading to its efflux through membrane-associated signaling channels or 
extracellular vesicles. Subsequent activation of cell membrane-associated P2 receptors by extracellular ATP triggers the influx of intracellular calcium ions, 
culminating in apoptotic cell demise. ATP: Adenosine triphosphate.

oxidative stress disrupts the delicate balance of ATP homeostasis[22]. Accumulating evidence suggests that the ATP/
P2X7 signaling pathway confers extensive protection against viral infections in the host. The eATP exerts inhibitory 
effects on the replication of various viruses, including vesicular stomatitis virus, Newcastle disease virus, mouse 
leukemia virus, and herpes simplex virus, both in vivo and in vitro, by activating P2X7 receptors [P2X7R/purinergic 
receptor P2X7 (P2X7Rs)]. Concurrently, ATP administration leads to a significant upregulation of interferon-beta (IFN-β) 
expression in a concentration- and time-dependent manner. Mechanistically, ATP stimulates the secretion of IFN-β 
through the activation of the (p38 mitogen-activated protein kinase/c-jun n-terminal kinase/activating transcription 
factor 2) P38/JNK signaling pathway, which plays a crucial role in facilitating antiviral immune responses[23]. 
Furthermore, cellular energy homeostasis, particularly ATP production and stability, can be disrupted by environmental 
toxins (e.g., heavy metals, organic pollutants) and prolonged or heightened stress. These external factors can disrupt the 
delicate balance of energy metabolism within cells, leading to alterations in ATP synthesis and stability[24,25].
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INTERNAL FACTORS AFFECTING ATP HOMEOSTASIS IN SYSTEMS AND CELLS
The ATP synthesis pathway exerts a considerable influence on the cellular release of ATP. Oxidative phosphorylation and 
photophosphorylation, catalyzed by F1F0-ATP synthetase, represent the fundamental mechanisms by which cells 
generate energy through ATP synthesis[26]. Enhanced enzymatic activity of F1F0-ATP synthetase results in increased 
ATP production. Mitochondrial exposure to shear stress induces mitochondrial ATP production via the involvement of a 
specific protein called fossa or fossa protein-1, thereby converting the mechanical shear stress into a novel modulator of 
ATP production. This process leads to the release of ATP from vesicles and initiates purinergic Ca2+ signaling[25]. These 
findings indicate that under conditions of metabolic activity or stress, the ATP synthesis pathway can be activated in 
response to mitochondrial dysfunction, resulting in an upregulation of ATP production. Additionally, aberrant ion 
channels[27], transporters, and membrane vesicles can also contribute to augmented ATP synthesis in cells, thereby 
increasing the pool of available ATP for subsequent release.

Furthermore, the ATP-consuming pathway plays a crucial role in the release of ATP by cells. Cell proliferation, for 
instance, is associated with heightened ATP consumption[28]. In muscle protein synthesis, citrulline has been shown to 
induce ATP redistribution, resulting in increased ATP consumption during the process[29]. As a consequence, cells 
release more ATP to fulfill their heightened energy demands. Similarly, during the shortening of rabbit psoas muscle skin 
fibers, ATP consumption is elevated[30]. Studies have also demonstrated that certain abused drugs, such as degeneration 
of optic atrophy, exhibit increased ATP consumption during their transport across filter-grown CACO-2-monolayers[31]. 
ATPase and ATP-dependent enzyme reactions are implicated in this increased ATP consumption, which subsequently 
affects the quantity of ATP released by cells. These findings underscore the significance of the ATP-consuming pathway 
in modulating ATP release dynamics in cellular processes.

ATP transport channels play a vital role in cellular ATP release. Notably, the opening of the Panx1 half-channel is 
modulated by the activity of P2X7Rs. Evidence suggests that P2X7Rs are activated under pathological conditions like 
ischemia, leading to the opening of the PANX1 half-channel. This allows substantial Ca2+ influx from the extracellular 
space and the release of ATP from the cytoplasm, ultimately triggering cell death[32]. These findings indicate that 
activated Pannexin channels facilitate ATP release from the intracellular space through the cell membrane to the 
extracellular environment.

CFTR also promote ATP release by stimulating independent ATP release channels, thus governing cellular autocrine 
signaling[27]. Studies have demonstrated that CFTR forms pores in the cell membrane, enhancing the efflux of ATP from 
the cytoplasm to the extracellular milieu. Furthermore, eATP plays a regulatory role in various signaling systems, 
including the propagation of intercellular Ca2+ signaling (ICS). Nexin semi-channels, P2X7Rs, pannexin channels, anion 
channels, vesicles, and transporters are recognized as potential ATP-released channels; however, their precise contri-
butions to ICS remain subject to debate. In the inner ear, these connexins play a dual and crucial role in Ca2+ signaling: 
serving as semi-channels, they promote ATP release and sustain long-range ICS propagation; acting as gap junction 
channels, as well as facilitating the diffusion of Ca2+-mobilized second messengers among coupled cells[33]. Additionally, 
the binding of ATP facilitates the release of substrates by multidrug resistant protein [34]. Simultaneously, multidrug-
resistant protein participates in intracellular substance transport and excretion, contributing to the transport of ATP from 
the cytoplasm to the extracellular space, thus promoting ATP release.

Cells can regulate the balance of ATP concentration inside and outside the cell by modulating the activity of ATP 
hydrolase. Among the ATP hydrolases, exonucleoside triphosphate diphosphate hydrolases form a significant enzyme 
family, with members including ectonucleoside triphosphate diphosphohydrolase 1 (CD39) and ENTPD3. These enzymes 
are capable of catalyzing the hydrolysis of ATP to ADP, leading to the degradation and subsequent release of ATP[35]. 
Moreover, the ectonucleotide pyrophosphatase/phosphodiesterase family includes members such as ectonucleotide 
pyrophosphatase/phosphodiesterase 1 and ectonucleotide pyrophosphatase/phosphodiesterase 2, which are also 
involved in ATP hydrolysis. These enzymes catalyze the hydrolysis of ATP to AMP and two inorganic phosphate ions. 
The impact of eATP on the release of ATP from cells is a multifaceted and intricately regulated process that entails the 
interplay of various cell surface receptors, channels, and enzymes.

AICD MECHANISMS
The complexity of AICD can vary depending on the specific cell type and the surrounding microenvironment. 
Nevertheless, several general mechanisms have been elucidated. One of these mechanisms involves the activation of 
purinergic receptors, particularly the P2X7R, which can initiate a cascade of events leading to cell death. Another 
mechanism is associated with the elevation of intracellular calcium ion concentration. Moreover, ATP-triggered cell death 
may also contribute to the activation of inflammatory responses. Lastly, AICD is linked to the perturbation of 
mitochondrial function, with the release of cytochrome c being strongly associated with the activation of apoptosis 
signaling pathways (Figure 3).

EATP stimulates the activation of the P2X7R, leading to inflammasome activation and the release of pro-inflammatory 
cytokines in monocytes. Native-like T cells effectively respond to innate stimuli by secreting a multitude of pro-inflam-
matory cytokines, and human T cell compartments exhibit the highest expression of the P2X7R. Within the innate 
lymphoid population, Tγδ cells demonstrate heightened sensitivity to P2X7R activation compared to conventional T cells, 
influencing fundamental cellular mechanisms such as calcium signaling and AICD[36]. Neuroinflammation is positively 
linked to P2X7R activation through risk-associated molecular patterns, with eATP being the most prominent among 
them. The P2X7R is expressed in various retinal cells, including retinal endothelial cells, and ATP serves as the sole 
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Figure 3 Illustration of the mechanism of adenosine triphosphate induced cell death, which involves several interconnected pathways. 
Upon binding to the purinergic receptor P2X7 (P2X7R), extracellular adenosine triphosphate (ATP) induces a surge in intracellular calcium levels, leading to caspase 
activation and subsequent cell death. Additionally, ATP activates the NOD-like receptor family pyrin domain containing 3 inflammasome by releasing High Mobility 
Group Box 1/Toll-Like Receptor 4, triggering caspase-1 activation and promoting cell apoptosis. The interaction between ATP and P2X7Rs also activates the Nuclear 
Factor-kappa B and Phosphatidylinositol 3-kinase-protein kinase B/hypoxia-inducible factor pathways, resulting in DNA damage and cell death. Simultaneously, the 
continuous accumulation of intracellular Ca2+ stimulates the opening of the mitochondrial permeability transition pore, leading to DNA damage and ultimately cell 
necrosis. Ca2+ induces mitochondria to release cytochrome c, further contributing to the apoptotic process. Moreover, ATP-triggered cellular demise instigates a 
transformative shift within the extracellular microenvironment, concurrently unleashing a plethora of cytokines. Lastly, apart from elucidating the fundamental 
underpinnings of ATP induced cell death, this Figure also encapsulates a synthesized appraisal of the plausible mechanisms governing microenvironmental 
equilibrium, as extrapolated from relevant literature. ATP: Adenosine triphosphate; NF-κB: Nuclear Factor-kappa B; NLRP3: NOD-like receptor family pyrin domain 
containing 3; PI3K-AKT: Phosphatidylinositol 3-kinase-protein kinase B; ROS: Reactive oxygen species; TNF-α: Tumor necrosis factor-alpha; IL: Interleukin; ASC: 
Apoptosis-related speckle-like protein; STAT: Signal transducer and activator of transcription.

physiological agonist for P2X7. High glucose induces periretinal cell death by activating P2X7R, and the ATP released by 
the deceased cells functions as a "danger signal," further amplifying the inflammatory response caused by glucose-
induced injury[37]. Research has demonstrated that brief (1-4 min) stimulation of mouse macrophages with high eATP 
leads to delayed (hourly) cell death, as evidenced by DEVDase (caspase-3 and caspase-7) activity. “Transient” P2X7R 
activation and Ca2+ overload have been identified as triggers for death in native mouse macrophages, independent of 
Panx1 and pro-inflammatory caspase-1 and toll-like receptor (TLR) signaling[38]. Furthermore, knockdown of chloride 
intracellular channel protein 4 enhances ATP-induced apoptosis of HN4 cells through mitochondrial and endoplasmic 
reticulum pathways[39].
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AICD AND CANCER SIGNALING PATHWAYS
AICD is directly associated with multiple signaling pathways in tumor cells, achieved through the binding and activation 
of key molecules in these pathways. Among them, a correlation exists between the mitochondrial pathway and AICD. 
Upon eATP activation of the P2X7R, intracellular mitochondrial Ca2+ levels increase, leading to the formation of Bcl-2-
associated X /Bcl-2 homologous antagonist/killer oligomer complexes that insert into the outer membrane pores of 
mitochondria. This causes changes in mitochondrial osmotic pressure and transmembrane potential loss, subsequently 
facilitating the release of cytochrome c from mitochondria into the cytoplasm and activating the caspase-9 precursor.

Consequently, caspase-3 and caspase-7 are activated, triggering a Caspase cascade reaction, and ultimately inducing 
cell apoptosis[40-47]. ATP promotes apoptosis by activating extracellular P2X7Rs. The apoptosis of tumor cells can induce 
apoptosis in surrounding cells, resulting in proliferative necrosis, providing an environment favorable for cancer spread. 
P2X7R activation leads to tumor necrosis factor (TNF) activation, stimulating Caspase activation, and initiating the 
execution phase of apoptosis[48,49]. Simultaneously, P2X7R activation alters membrane permeability, leading to an 
outflow of intracellular ions, cell swelling, and rupture, ultimately causing cell necrosis[50,51]. Necrosis is an internal 
tumor death that creates an ideal environment for cancer dissemination. ATP activates immune cell membrane P2X7Rs, 
triggering the release of necrosis factors, and activating serine-threonine kinases such as receptor-interacting protein 
kinase 1 and receptor-interacting protein kinase 3 after TNF receptor 1 or TLR stimulation, ultimately inducing necrosis
[50-54].

The autophagy pathway plays a crucial role in recycling metabolic waste in tumor cells, ensuring their energy 
requirements are met, or facilitating evasion of apoptosis, ultimately leading to tumor cell proliferation. ATP can promote 
autophagy initiation by activating the AMP-activated protein kinase (AMPK) signaling pathway[55,56]. When 
intracellular ATP levels decrease, AMPK becomes phosphorylated and activated, subsequently activating the unc-51-like 
autophagy activating kinase 1 complex and initiating the autophagy process.

Nuclear factor kappaB (NF-κB) assumes a critical role in numerous biological processes of tumor cells, encompassing 
inflammation, proliferation, survival, apoptosis, angiogenesis, epithelial-mesenchymal transition (EMT), metastasis, stem-
cell characteristics, metabolism, and therapeutic resistance. Prior investigations have established that NF-κB activation 
leads to DNA damage and initiates the signaling pathway of NF-κB[57]. The Wnt signaling pathway holds paramount 
significance in embryonic development by preserving stem cell properties and dictating cell fate. When ATP binds to the 
P2 purinergic receptor, it activates protein kinase C and phosphoinositide 3-kinase (PI3K) signaling pathways, thereby 
inhibiting the activity of glycogen synthesis kinase-3β (GSK-3β)[57-60].

Consequently, β-catenin is no longer phosphorylated and degraded by GSK-3β, which regulates cell growth and differ-
entiation. Several studies have indicated that ATP can promote the activation of the PI3K/protein kinase B (Akt) pathway 
through P2 purinergic receptor activation. This process results in PI3K catalyzing the transformation of phosphatidylin-
ositol diphosphate into phosphatidylinositol triphosphate (PIP3). Subsequently, PIP3 attracts Akt kinase to the cell 
membrane, resulting in its phosphorylation and activation. Activated Akt kinase modulates cancer development by 
phosphorylating a diverse array of downstream effector proteins.

MAPK comprises a cluster of evolutionarily conserved serine-threonine kinases, encompassing extracellular signal-
regulated kinase (ERK), p38, JNK, and big mitogen-activated protein kinase 1, with each representing distinct classical 
MAPK pathways. ATP phosphorylates and activates MAPK protein kinases (such as ERK, JNK, and p38) by engaging P2 
purinergic receptors[61].

Research has revealed that AICD may incite DNA damage, consequently activating tumor protein 53 (p53) expression 
and function. Activated p53 effectively regulates multiple target genes, including cyclin-dependent kinase inhibitor 1 
(p21), Bax, p53 upregulated modulator of apoptosis, etc., which are closely associated with cancer development[62,63]. 
The induction of AICD exerts a direct or indirect impact on cancer signaling pathways and cancer characteristics, thus 
further underscoring its vital role in cancer.

VALIDATED KEY GENES IN AICD KEY GENES: FUNCTIONS, PROGNOSIS, AND CLINICAL VALUES
The underlying mechanism of AICD remains incompletely understood. However, several overarching mechanisms have 
been revealed. Among them, a pivotal pathway involves the activation of the P2 receptor family, specifically the P2X7R, 
by eATP. Perturbation or activation of these genes may modify susceptibility to AICD. Furthermore, investigations into 
ATP homeostasis have highlighted the regulatory role of PANX1 protein in intracellular ATP concentration, thus 
influencing AICD. Also, activation of P2X7R triggers an elevation in intracellular calcium levels, which is balanced by the 
calcium release-activated calcium channel protein 1 (ORAI1) and stromal interaction molecule (STIM) 1 proteins to 
maintain intracellular calcium homeostasis. Besides these mechanisms, apoptotic and mitochondrial pathways also 
participate in AICD. Consequently, 37 genes have been identified as crucial players in the AICD mechanism. As the 
concept of AICD gains prominence, researchers are increasingly focusing on its role in diverse tumor types, implying that 
the expression levels and clinical significance of AICD may hold significant relevance across different tumors.

Therefore, this paper will discuss prevalent cancer types globally. Table 1 below enumerates the functions and 
subcellular localizations of these genes during AICD. Due to the limited availability of cancer prognosis-related 
information regarding AICD genes, an extensive analysis was conducted using clinical data from the database provided 
by the American Cancer Letters and Biology Institute (https://www.aclbi.com/static/index.html/). Table 1, establishes a 
comprehensive gene prognosis model centered on AICD, aiming to assess the prognostic significance of individual genes 
across several types of cancer.

https://www.aclbi.com/static/index.html/
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Table 1 List of adenosine triphosphate induced cell death core genes and their relationship with tumors

Gene Full name Risk factor Protective factor
Clinical 
prognostic 
value

Role in ATP induced 
cell death Ref.

P2RX7 Purinergic receptor 
P2X7

NA NA HNSC, KIRC, 
LAML, SARC

Activates inflammatory 
mediators and increases 
calcium ions

Tamajusuku et al
[89]

CASP3 Caspase-3 DPG, HNSC, MESO OV, THYM ACC, COAD, 
LGG, LIHC, 
LUSC, PAAD

Caspase-3 cleavage by 
caspase-1/4/5/11 forms 
pores, releasing pro-
inflammatory cytokines

Souza et al[90]

PANX1 Pannexin-1 NSCLC, BRCA, RCA, 
SARC, MESO

LUAD, MESO, 
PAAD, STAD

P2X7 activation opens 
PANX1 channels, 
releasing ATP and 
triggering cell death 
pathways

Shoji et al[91]

NLRP3 NOD-like receptor 
family pyrin 
domain-containing 
protein 3

SARC, TGCT PAAD LAML, SKCM NLRP3 activated by 
stimuli forms inflam-
masome, triggers 
caspase-1 activation, 
releases cytokines, 
induces apoptosis

Sadatomi et et al
[92]

CASP1 Caspase-1 DPG, HNSC, PAAD, 
LAML, THYM

BRCA, MESO BRCA, LAML, 
LGG, MESO, 
SARC, THYM

Caspase-1 induces 
cytokine processing, 
pyrosis, and inflam-
mation

Sadatomi et al[92]

P2RY1 P2Y purinoceptor 1 DPG, PAAD NA BLCA, KIRC P2RY1 can increase 
calcium ions in the 
Golgi apparatus

Ohishi et al[93]

P2RY11 P2Y purinoceptor 11 NA HNSC,PAAD,UCEC, Rb, 
TGCT

ACC, BLCA, 
LGG, UCEC, 
UVM

Involved in immune 
inflammatory 
mechanisms

Yoon et al[94]

ORAI1 Calcium release-
activated calcium 
channel protein 1

RCA, SARC, MESO HNSC ACC, BLCA, 
KIRP, LGG, 
MESO,

Increased intracellular 
calcium ions

Peng et al[95]

STIM1 Stromal interaction 
molecule 1

HNSC, PCPG SARC KIRP, PAAD, 
UVM

STIM1 responds to ATP-
induced calcium influx, 
activating ORAI1 and 
promoting cell death

Peng et al[95]

CASP8 Caspase-8 CESC, RCA DPG, BRCA, OV, SKCM, 
SARC

LGG, PAAD, 
SKCM

CASP8 causes apoptosis Zeng et al[96]

CASP9 Caspase-9 DPG, NSCLC, ACC, 
THYM

PAAD,BRCA, Rb, MESO ACC, BLCA, 
BRCA, LAML, 
LGG, MESO

CASP9 causes apoptosis Zeng et al[96]

CASP7 Caspase-7 HCC, THYM BRCA, MESO ACC, KIRC, LGG, 
LIHC, STAD

CASP7 causes apoptosis Zeng et al[96]

P2RX3 Purinergic receptor 
P2X3

DPG PAAD,NSCLC, CESC, Rb KIRC, KIRP, 
LUAD

NA Ohishi et al[93]

NLRP1 NLR family pyrin 
domain-containing 
protein 1

RCA, MESO, THYM HNSC, NSCLC, SARC LGG, LUAD, 
SKCM

NLRP1 activates 
caspase-1, induces 
pyrodeath, and releases 
IL-1β and IL-18

Zhao et al[97]

P2RX4 P2X purinoceptor 4 HNSC, HCC, RCA, 
Rb, MESO

DPG, UCEC LGG, LIHC, 
MESO, UCEC, 
UVM

P2RX4 contributes to 
AICD (pyroptosis) by 
activating the NLRP3 
inflammasome, leading 
to IL-1β and IL-18 
production

Ohishi et al[93]

P2RX5 P2X purinoceptor 5 RCA, ACC HNSC ACC, KIRC, LGG, 
SKCM

NA Ohishi et al[93]

ATP induces cell death 
via SAPK pathways, 
regulating apoptosis, 
necrosis, and stress 

SAPK Stress-Activated 
Protein Kinase

NA NA NA Humphreys et al
[98]
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signaling

p38 MAPK p38 mitogen-
activated protein 
kinases (p38 MAPK)

NA NA NA ATP activates p38 
MAPK, which leads to 
cell death through 
apoptosis and necrosis

Noguchi et al[99]

ASK1 Apoptosis Signal-
Regulating Kinase 1

OV, THYM DPG, HNSC, RCA KIRC, LAML, 
LGG, MESO, 
PAAD, READ, 
SKCM

Excessive ATP induces 
cellular stress, activating 
ASK1 and downstream 
pathways for cell death

Noguchi et al[99]

NOX2 NADPH oxidase 2 NA NA CESC, KIRC, 
LIHC, LUAD, 
SKCM

ATP activates NOX2, 
generating ROS causing 
oxidative stress and 
potential cell death

Noguchi et al[99]

bax BCL2 Associated X NA PAAD, BRCA, CESC, 
RCA

LGG, LIHC, 
MESO, SKCM, 
UVM

Excessive ATP triggers 
BAX activation, 
mitochondrial 
dysfunction, and 
apoptotic cell deat

Wen et al[100]

MLC Myosin Light Chain UCEC, MESO HNSC, PAAD, BRCA, 
CESC, RCA, PCPG

CESC, KIRC ATP depletion hampers 
muscle contraction, 
affecting myosin 
function and cellular 
viability

Hwang et al[101]

ROCK I Rho-associated, 
coiled-coil 
containing protein 
kinase 1

THYM BRCA, RCA KIRC, LGG, 
PAAD

ATP activates P2X7 
receptors, inducing 
apoptosis via the 
Rho/ROCK pathway, 
potentially involving 
ROCK I

Hwang et al[101]

ERK1/2 Extracellular Signal-
Regulated Kinase 1 
and 2

NA NA NA ERK1/2 promotes cell 
survival or antagonizes 
apoptosis, but 
prolonged activation 
may lead to cell death. 
Activates the ERK1/2 
pathway, affecting cell 
fate

Tsukimoto et al
[102]

P2X6 P2X purinoceptor 6 DPG, HNSC, BRCA, 
OV, UCEC, RCA, 
MESO

SARC, ACC ACC, HNSC, 
KIRC, LGG, OV, 
UVM

Activation may raise 
calcium levels, 
potentially triggering 
cell death

Banfi et al[103]

CYTC Cytochrome c HNSC, NSCLC, Rb, 
MESO, THYM

DPG, RCA ACC, BRCA, 
COAD, HNSC, 
KIRP, LAML, 
LGG, LUAD, 
MESO, UCEC

Cytochrome c released 
by mitochondria during 
cell stress triggers cell 
apoptosis

Sadatomi et al[92]

TNF-α Tumor necrosis 
factor alpha

CESC, Rb, MESO HNSC, PAAD, RCA, 
SARC

SKCM, THYM ATP induces cell death, 
activating TNF-α and 
triggering apoptosis or 
necroptosis pathways. 
Immune cells produce 
TNF-α in response to 
ATP, amplifying the 
cellular response

Hide et al[5]

P2RY5 P2R purinoceptor 5 NA NA NA NA Yoon et al[94]

P2RY14 P2R purinoceptor14 RCA HNSC, HCC, OV, UCEC 
MESO

HNSC, KIRP, 
LUAD, SKCM, 
UCEC

NA Ohishi et al[93]

P2RY13 P2R purinoceptor 13 NA PAAD, NSCLC, CESC, 
SKCM, RCA, SARC

ACC, CESC, 
KIRC, LUAD, 
SARC, SKCM, 
UCEC

P2Y13 may play a role 
in ADP receptors, 
mainly involved in ATP 
homeostasis

Ohishi et al[93]

P2RY12 P2R purinoceptor 12 DPG,PAAD,OV, 
SARC, MESO, 
THYM,

NSCLC LAML, LUAD, 
SKCM

P2Y12 may play a role 
in ADP receptors, 
mainly involved in ATP 
homeostasis

Ohishi et al[93]

P2Y6 may be involved 
in calcium signaling 

P2RY6 P2R purinoceptor 6 DPG, HNSC, PAAD, 
HCC, BRCA, RCA

SARC, KIRC, LGG, 
SKCM, UVM

Ohishi et al[93]
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leading to cell death

P2RY4 P2R purinoceptor 4 HCC, SARC HNSC, PAAD, RCA PRAD P2Y6 may be involved 
in calcium signaling 
leading to cell death

Ohishi et al[93]

P2RY2 P2R purinoceptor 2 DPG, UCEC, BRCA, 
OV

RCA, SARC BLCA, GBM, 
LAML, LGG, 
MESO, OV, 
PAAD, UCEC, 
UVM

ATP binding triggers 
intracellular signaling 
pathways that may lead 
to cell death

Ohishi et al[93]

ANO6 Anoctamin-6 HNSC, PAAD, OV, 
NSCLC, BRCA, 
CESC

BRCA, CESC, 
KIRC, LGG, 
MESO, OV, 
PAAD

As a calcium-activating 
channel and 
superburning enzyme, it 
may influence cell death 
pathways

Ousingsawat et al
[104]

cyclinE2 cyclinE2 DPG, HCC, UCEC, 
RCA, SARC, Rb, 
ACC, MESO

HNSC ACC, BRCA, 
KICH, KIRP, 
LGG, LIHC, 
LUAD, MESO, 
THYM

NA Wang et al[105]

cyclinD2 Cyclin D2 HNSC PAAD, NSCLC, BRCA, 
LAML, MESO, PCPG

LAML, LGG, 
LUSC, MESO, 
PAAD, SKCM, 
THCA, UCEC

NA Wang et al[105]

ACC: Adrenocortical carcinoma; BLCA: Bladder urothelial carcinoma; BRCA: Breast invasive carcinoma; CESC: Cervical squamous cell carcinoma and 
endocervical adenocarcinoma; CHOL: Cholangiocarcinoma; COAD: Colon adenocarcinoma; COADREAD: Colon adenocarcinoma/rectum 
adenocarcinoma esophageal carcinoma; DLBC: Lymphoid neoplasm diffuse large B-cell lymphoma; ESCA: Esophageal carcinoma; GBM: Glioblastoma 
multiforme; GBMLGG: Glioma; HNSC: Head and neck squamous cell carcinoma; KICH: Kidney chromophobe; KIPAN: Pan-kidney cohort (KICH + KIRC 
+ KIRP); KIRC: Kidney renal clear cell carcinoma; KIRP: Kidney renal papillary cell carcinoma; LAML: Acute myeloid leukemia; LGG: Brain lower grade 
glioma; LIHC: Liver hepatocellular carcinoma; LUAD: Lung adenocarcinoma; LUSC: Lung squamous cell carcinoma; MESO: Mesothelioma; OV: Ovarian 
serous cystadenocarcinoma; PAAD: Pancreatic adenocarcinoma; PCPG: Pheochromocytoma and paraganglioma; PRAD: Prostate adenocarcinoma; READ: 
Rectum adenocarcinoma; SARC: Sarcomav; SKCM: Skin cutaneous melanoma; STAD: Stomach adenocarcinoma; STES: Stomach and esophageal 
carcinoma; GCT: Testicular germ cell tumors; THCA: Thyroid carcinoma; THYM: Thymoma; UCEC: Uterine corpus endometrial carcinoma; UCS: Uterine 
carcinosarcoma; UVM: Uveal melanoma.

AICD IN GLOBALLY-PREVALENT CANCER TYPES
Breast cancer
Breast cancer is the predominant malignancy among women globally, holding the foremost position in cancer-related 
mortalities. Emerging investigations have revealed a significant elevation of P2X7Rs in breast cancer, implicating their 
involvement in mediating crucial cellular processes. Specifically, P2X7Rs have been associated with the activation of the 
Akt signaling pathway, the calcium-activated small conductance calcium-activated potassium channel 3 potassium 
channel, and the induction of EMT. Additionally, they play a regulatory role in the secretion of extracellular vesicles, 
thereby fostering breast cancer invasion and migration. These mechanisms are influenced by factors such as hypoxia and 
ATP exposure[64]. In T47D cells, the silencing of the P2X7R remarkably hindered the invasion and migration induced by 
ATP stimulation. Moreover, the activation of P2X7Rs by ATP led to a down-regulation of E-cadherin protein levels and 
an up-regulation of matrix metalloproteinase-13 (MMP-13) production[65]. This suggests that ATP-induced activation of 
P2X7Rs may facilitate breast cancer cell invasion and migration through the activation of the Akt pathway and the 
regulation of E-cadherin and MMP-13 expression. Furthermore, the glycoprotein PANX1 has emerged as a key player in 
breast cancer metastases, bearing similarities in structure and function to connexins and contributing to cell-environment 
communication. Elevated PANX1 expression has been associated with a shift towards an EMT phenotype and has been 
implicated in the tumor-promoting role of breast cancer, correlating with unfavorable clinical outcomes in breast cancer 
patients[66].

The expression levels of ORAI1 were also found to be upregulated in breast cancer cell lines. Employing ORAI1 small 
interfering RNA (siRNA) interference in breast cancer cells resulted in reduced calcium ion entry related to storage 
operations and altered calcium inflow linked to invasive stimulation. Microarray data analysis of 295 breast cancer cases 
indicated that the transcriptional breast cancer subtype with the worst prognosis (basal type) exhibited alterations in the 
relationship between ORAI1 regulatory factors, namely STIM1 and STIM2. Notably, breast cancer patients with tumors 
expressing high levels of STIM1 and low levels of STIM2 had significantly worse prognoses[67]. In vitro investigations 
have further validated the pivotal role of STIM1 in the proliferation and metastasis of breast cancer. STIM1 was found to 
be expressed in 66.1% of breast cancer cases, a significantly higher proportion than in adjacent non-tumor tissues. 
Moreover, STIM1 overexpression demonstrated positive associations with larger tumors, lymph node metastasis, and 
negative estrogen receptor status. Additionally, in breast cancer patients, increased STIM1 expression was significantly 
linked to poorer disease-free survival but did not exhibit a significant correlation with overall survival[68].
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The P2Y2 receptor plays a pivotal role in the progression of various tumor types. It exhibits high expression levels in 
MCF7 and Hs578T breast cancer cells. Targeting the P2Y2 receptor with siRNA leads to a significant attenuation of ATP- 
or uridine 5’-triphosphate-driven migration and invasion of breast cancer cells, along with down-regulation of the EMT-
related genes snail family transcriptional repressor 1 and E-cadherin. Consistent with in vitro findings, the expression of 
the P2Y2 receptor was markedly higher at the tumor infiltrating margin, invasive tumor cells within breast adipose tissue, 
and/or cancer embolus of lymphatic sinus compared to the tumor core[69]. Abnormal expression and mutations of the 
P2Y6 receptor have been observed in most tumor types and strongly correlated with poor prognosis in breast cancer 
patients. Additionally, uridine diphosphate significantly enhances the migration and invasion of breast cancer cells, and 
this effect can be blocked by P2Y6 receptor-specific inhibitors MRS2578 and P2Y6 short hairpin RNA (shRNA)[70]. 
Furthermore, the expression of P2Y12 is significantly up-regulated in cisplatin-treated 4T1 breast cancer cell lines. The 
combined use of P2Y12 inhibitors and cisplatin significantly enhances the cytotoxic response of 4T1 cancer cells[71]. 
Notably, a certain relationship exists between AICD and breast cancer. Being an intracellular energy molecule, ATP plays 
critical biological functions within the cell. Therefore, further investigations are warranted to elucidate the mechanism of 
action and potential therapeutic value of ATP in breast cancer.

Lung cancer
Lung cancer, one of the most prevalent cancer types globally, is directly associated with smoking, but it can also affect 
non-smokers. It involves the uncontrolled proliferation of lung cells, leading to the formation of malignant tumors. 
Recent research has demonstrated a significant relationship between the dysregulated expression of the P2X7R and the 
occurrence and progression of lung cancer. Particularly, the P2X7R is prominently expressed in tumor-associated 
macrophages (TAMs), and its deficiency impairs the “M2-like” polarization of TAM by reducing the phosphorylation of 
signal transducer and activator of transcription 6 and interferon regulatory factor 4. Consequently, P2X7 deficiency 
curtails lung cancer and Lewis lung cancer progression by inhibiting tumor cell proliferation and angiogenesis, 
promoting T cell mobilization, and reverting M2-like TAM polarization[72]. Furthermore, relevant data has verified the 
functional presence of P2X1, P2X4, and P2X7Rs in laboratory of allergic disease 2 cells and HLMC[73].

Overexpression of ORAI1/calcium release activated calcium modulator 1 (CRACM1) has a suppressive effect on 
extracellular signal-regulated kinase 1/2 (ERK1/2) and Akt phosphorylation. This overexpression induces the expression 
of the cell cycle regulator p21 while reducing the expression of cyclin D3. As a result, cell cycle arrest occurs in the G0/G1 
phase. Of particular significance is that the heightened expression of ORAI1/CRACM1 significantly diminishes 
epidermal growth factor-triggered calcium influx[74]. In non-small cell lung cancer (NSCLC), the expression of STIM1 is 
substantially elevated compared to benign lesions and is positively correlated with advanced T stages of NSCLC. STIM1 
knockdown in NSCLC cell lines A549 and lung cancer (SK-MES-1) Leads to significant inhibition of cell proliferation and 
arrests A549 and SK-MES-1 cells in the G2/M and S phases of the cell cycle. Moreover, STIM1 knockdown markedly 
reduces the growth of xenografted tumors in nude mice[74,75].

While some studies have indicated the potential involvement of ATP in the regulation of lung cancer occurrence and 
development, further research is needed to confirm and clarify whether ATP acts as an independent risk factor for lung 
cancer. Additionally, exploring how ATP-related mechanisms can be applied for clinical intervention remains an essential 
area of investigation.

Colorectal cancer (CRC)
CRC stands as a prominent contributor to cancer-related mortality on a global scale. In CRC patients, distinct phenotypes 
characterized by high and low P2X7R expressions have been identified. Those exhibiting high P2X7R expression 
displayed shorter survival, elevated serum carcinoembryonic antigen levels, and more advanced tumor stages. Moreover, 
P2X7R expression showed significant upregulation in metastatic CRC and metastatic CRC cell lines, indicating a positive 
correlation between P2X7R expression and metastasis[75,76]. P2X7R, through inducing glucose transporter protein 1 
(GLUT-1) expression, aids in tumor cells’ resistance to unfavorable conditions. GLUT1, a principal glucose transporter in 
CRC cells, serves as a prognostic marker for adverse outcomes in CRC patients. Recent investigations have identified 
P2X7R and GLUT-1 as potential prognostic biomarkers for the development of novel treatment strategies. Higher P2X7R 
expression was found in patients with poorly differentiated tumors, and those with GLUT-1 overexpression experienced 
reduced overall survival and disease-free survival. Therefore, P2X7R and GLUT-1 may independently serve as prognostic 
markers, offering a novel avenue for targeted therapy in CRC patients[77].

Purinergic receptors, particularly P2Y2 receptors, have been identified to exert an anti-apoptotic effect in ursolic acid-
induced CRC HT-29 and prostate cancer DU145 cells. P2Y2 receptor activation leads to Src activation, subsequently 
phosphorylating p38, resulting in cyclooxygenase-2 (COX-2) overexpression and thereby inducing resistance to apoptosis 
in HT-29 and DU145 cells[78]. Current investigations indicate that sustained activation of P2Y6R may contribute to the 
development of intestinal tumors by inhibiting the apoptotic process and promoting chemotherapy resistance, which 
poses a critical challenge in the management of CRC patients[79].

STIM1 overexpression is prevalent in CRC patients. Notably, elevated STIM1 expression is significantly associated 
with tumor size, depth of invasion, lymph node metastasis, and serum carcinoembryonic antigen levels in CRC. 
Furthermore, ectopic STIM1 expression enhances the motility of CRC cells, while STIM1 depletion through shRNA 
inhibits CRC cell migration[80]. Additionally, ORAI1 is upregulated in human CRC tissues, and its high expression is 
closely linked to tumor invasion depth, lymph node metastasis, and peri-nerve invasion. Patients with high ORAI1 
expression experience shortened overall survival. CRC cell lines also exhibit upregulated ORAI1 expression. Although 
ORAI1 downregulation suppresses cell proliferation, this growth inhibition is not attributed to augmented apoptosis, and 
STIM1 does not participate in the regulation of CRC cell proliferation[81].
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Prostate cancer
Prostate cancer, one of the most prevalent malignancies in men, is characterized by the aberrant proliferation and 
propagation of malignant cells within prostate tissue. In the context of prostate cancer, the expression profile of P2X7R 
exhibits a distinctive stage-specific pattern, initially appearing in the nucleus, progressing to the cytoplasm, and 
ultimately localizing to the apical membrane of epithelial cells. Early biopsy findings revealed that all 114 prostate tissues 
examined exhibited positive P2X7 staining, indicating the presence of P2X7 at the early stage of prostate cancer[82]. 
Subsequent investigations demonstrated that the downregulation of P2X7 by siRNA substantially attenuated the in vitro 
migration and invasion of prostate cancer cells driven by ATP or 2’,3’-O-(Benzoyl-4-benzoyl)-adenosine 5’-triphosphate, 
while also suppressing tumor invasion and metastasis in nude mice. Additionally, the silencing of P2X7 significantly 
reduced the expression of EMT/invasion-related genes, namely Snail, e-cadherin, claudin-1, interleukin (IL)-8, and matrix 
metalloproteinase-3, along with dampening the phosphorylation of PI3K/AKT and ERK1/2[83].

Moreover, P2X4 protein exhibits expression in prostate epithelial cells, a specific subset of CD66+ neutrophils, and the 
majority of CD68+ macrophages. Elevated P2X4 expression in prostate cancer has been associated with post-radical 
prostatectomy metastasis. Depletion of the P2X4 gene leads to a reduction in the growth, migration, and invasion of 
prostate cancer cells. Furthermore, knockout of P2X4 in Myc-CaP cells results in a significant decrease in the subcu-
taneous growth of allografts in FVB/NJ mice[84]. Additionally, other investigations have demonstrated that indoline 
derivatives can activate the P2Y1R receptor and induce mitochondrial apoptosis signaling[85]. In prostate cancer cells, the 
P2Y2 receptor shows a notable expression. Suppression of the P2Y2 receptor inhibits cell invasion and metastasis. 
Moreover, ATP presence promotes the expression of IL-8 and Snail genes while inhibiting the expression of E-cadherin 
and Claudin-1. Consequently, knockdown of the P2Y2 receptor affects the expression of these EMT/invasion-related 
genes both in vitro and in vivo[86].

The functional interplay between STIM1 and ORAI1, as well as the calcium channel selectivity of ORAI1, are crucial for 
its pro-apoptotic effect. Furthermore, it was observed that resistance to apoptosis in androgen-independent prostate 
cancer cells was associated with the down-regulation of ORAI1 expression and store-operated calcium entry. Upon 
ORAI1 restoration, steroid-deprived cells transfected with ORAI1 exhibited reestablished channel currents for calcium 
storage operations, leading to the restoration of normal apoptosis rates. Therefore, irrespective of the stimulus inducing 
apoptosis, ORAI1 plays a vital role in initiating apoptosis and establishing an anti-apoptotic phenotype in prostate cancer 
cells[87].

Concurrently, STIM1 and ORAI1 have been demonstrated to hinder cell growth by arresting human prostate cancer 
cells in the G0/G1 phase and promoting cell senescence. Additionally, STIM1 and ORAI1 inhibit the NF-κB signaling 
pathway and remodel the tumor microenvironment by reducing the formation of M2-type macrophages, potentially 
creating an unfavorable milieu for tumor growth inhibition. However, STIM1 can also promote cell migration and EMT 
through the activation of transforming growth factor-beta, Snail, and Wnt/β-Catenin pathways[88]. These findings 
collectively indicate that STIM1 and ORAI1 play a multifaceted and vital regulatory role in prostate cancer development, 
encompassing crucial biological processes such as cancer cell growth, apoptosis, and metastasis.

Therefore, this paper discussed prevalent cancer types globally. Table 1 below enumerates the functions and 
subcellular localizations of these genes during AICD[89-105]. Due to the limited availability of cancer prognosis-related 
information regarding AICD genes, an extensive analysis was conducted using clinical data from the database provided 
by the American Cancer Letters and Biology Institute (https://www.aclbi.com/static/index.html/). Table 1, establishes a 
comprehensive gene prognosis model centered on AICD, aiming to assess the prognostic significance of individual genes 
across several types of cancer.

AICD AS POTENTIAL CANCER TREATMENT
The elucidation of the AICD mechanism has offered valuable insights into prospective drug investigations, underscoring 
its promising potential in cancer treatment. In recent years, there has been a notable surge of interest within the scientific 
community towards harnessing the AICD mechanisms for cancer therapy. This intricate mechanism involves the 
engagement of eATP with the P2X7R located on the cell membrane’s surface, culminating in heightened intracellular 
calcium ion levels and concurrent activation of the PI3K/Akt signaling cascade, which impacts molecules including NF-
KB, toll-like receptor 4, and tumor necrosis factor-alpha (TNF-α), ultimately triggering cell death. This comprehensive 
exploration into the molecular intricacies furnishes a robust scientific foundation for the future development of novel 
therapeutics targeting this pathway.

Caffeine exerts its impact by facilitating the degradation of intracellular adenylate (AMP), thereby intensifying the 
cellular consumption of ATP. In the context of the rat brain, a notable interplay emerged between chronic high-intensity 
interval training (HIIT) and caffeine consumption, revealing a linkage to the activity of Na+-K+-ATPase and antioxidant 
enzymes within the brain, alongside the manifestation of anti-anxiety behaviors. Notably, caffeine administration was 
observed to amplify anxiety-related behaviors, while concurrently mitigating alterations induced by HIIT in the 
antioxidant system and Na+-K+-ATPase activity[106]. This implies that caffeine could potentially heighten AMP 
degradation through the modulation of ATPase activity. Notably, a mitochondrial reverse transport inhibitor, 
atractyloside, perturbs adenylate transport within mitochondria, thus precipitating intracellular ATP degradation.

Furthermore, recent investigations have revealed a spectrum of novel P2X7R inhibitors, including emodin, which have 
demonstrated substantial efficacy in suppressing P2X7R-mediated breast cancer invasion, signifying their promising 
potential for prospective clinical applications[64]. A notable example is brilliant blue G (BBG), a P2X7R inhibitor, crucial 
in addressing bone cancer pain. Noteworthy findings have indicated that BBG-mediated inhibition of P2X7R or 
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utilization of small interfering RNA directed against P2X7 in RVM distinctly diminishes spinal cord 5-HT levels and Fos 
expression[107]. Additionally, it is noteworthy that P2Y12 receptor selective antagonists play a vital role in diverse 
malignancies. Clopidogrel, for instance, has been identified as an efficacious selective P2Y12 receptor antagonist, pivotal 
in orchestrating platelet function regulation and eliciting positive effects in the context of cancer[108].

Furthermore, the dose-dependent attenuation of ATP-induced intracellular calcium concentration signaling [(Ca2+)i] 
through the phospholipase C inhibitor U73122 underscores its important role. These pharmacological attributes compel-
lingly underscore the functional expression of G-protein-coupled P2Y2 receptors in esophageal squamous cell cells[109]. 
To encapsulate, P2 receptor-associated inhibitors confer potent suppression of tumor cell proliferation, invasion, immune 
modulation, angiogenesis, and tumor microenvironment regulation, as well as influencing drug targets and enhancing 
chemotherapy sensitization. Moreover, these inhibitors may fortify immune cell-mediated tumor assaults, thus 
augmenting therapeutic outcomes.

Suppression of PANX1 protein levels through shRNA-mediated downregulation or application of channel-blocking 
agents such as carbenoxolone and probenecid has robustly attenuated cell proliferation and migration, concurrently 
stimulating melanin synthesis. Intriguingly, cell surface biotin labeling analysis revealed an intracellular reservoir of 
PANX1 within melanoma cells. Notably, PANX1’s potential modulation of signal transduction via the Wnt/β-catenin 
pathway is underscored by the significant reduction in β-catenin levels following PANX1 silencing[110]. Concurrently, 
berberine (BBR) exhibited notable effects on MDA-MB-231 cell viability, fostering dose-dependent lactate dehydrogenase 
release, while effectively curtailing colony formation and migratory potential. BBR further exhibited marked suppression 
of pro-inflammatory cytokine secretion, including IL-1α, IL-1β, IL-6, and TNF-α[111]. Subsequent investigations revealed 
downregulated expressions of P2X P2X7, NOD-like receptor family pyrin domain containing 3 (NLRP3), pre-Caspase-1, 
apoptosis-related speckle-like protein (ASC) encompassing caspase activation and recruitment domains, Caspase-1 p20, 
IL-18, and IL-1β in the NLRP3 inflammatory body pathway. Moreover, decreased mRNA levels of NLRP3, caspase-1, and 
ASC further corroborated these findings[111].

The concept of AICD mechanism has garnered significant interest within the realm of cancer therapy, emerging as a 
focal point for exploration within innovative anti-cancer therapeutic avenues. Serving as a fundamental underpinning of 
cell demise, the AICD mechanism is intrinsically intertwined, either directly or indirectly, with diverse modes of cell 
death. This interplay holds the potential to reveal intricate associations among distinct cell death modalities. Recent 
investigations underscore the promise of harnessing AICD as a catalyst for novel therapeutic approaches, potentially 
encompassing novel drug development and synergistic utilization with established treatments to enhance therapeutic 
efficacy. Nevertheless, while the appeal of the AICD mechanism is compelling, its practical application necessitates 
further comprehensive scrutiny, aimed at elucidating intricate molecular underpinnings, refining its applicability 
spectrum, and addressing safety parameters. Furthermore, this study made use of the ClinicalTrials.gov website (https://
clinicaltrials.gov/), a comprehensive repository of clinical trial information, to compile a list of AICD-associated genes 
that have undergone completed clinical trials (Table 2).

REFLECTIONS ON ATP AND AICD
The intricate interplay between ATP and AICD within the tumor microenvironment, its intersection with anti-tumor 
immunity, and the nuanced impact of individual variances on cancer progression and therapeutic responsiveness pose an 
interesting challenge for scientific research. Firstly, while the pivotal role of ATP in instigating apoptotic cascades within 
neoplastic cells is acknowledged, the precise orchestration of its regulatory mechanisms remains unknown.

Immunological integrity serves as a robust “fortification” to the human body. However, the link between extrinsic 
factors and unhealthy lifestyles may affect the strength of immune cells over time, leading to gradual weakness and an 
eventual breach in the body’s protective barrier. Consequently, the body becomes susceptible to infections and ailments. 
AICD has demonstrated its potential to galvanize the immune system. However, the specific recognition and response 
mechanisms of immune cells against antigens liberated by AICD remain shrouded in mystery. The elevated metabolic 
activity of tumor cells and their heightened demise in the TME lead to an augmented ATP concentration. Remarkably, 
ATP undergoes gradual enzymatic transformation into adenosine through the sequential CD39→Ecto-5’-Nucleotidase 
→androgen receptor pathway. Consequently, the dynamic distribution and concentration of ATP in the tumor microen-
vironment represents an unsolved conundrum that warrants closer investigation.

The notion of a specific immune response pertains to the targeted immune reaction directed against a particular 
pathogenic entity. Molecules intricately linked with immunological responses possess the capacity to instigate cell death, 
often paralleled by the demise of infected cellular hosts. However, the induction of cell death through ATP activation 
may yield diverse outcomes in distinct immune cell types. Heterogeneous immune cell populations exhibit varying 
sensitivities to ATP-triggered cell death, thereby influencing the vigor and efficiency of immune functionalities. 
Interventions targeting the adenosine pathway not only counteract immunosuppression but also amplify ATP accumu-
lation within the tumor microenvironment through the CD39 blockade. Abundant ATP receptors in immune cells, 
including dendritic cells, macrophages, and neutrophils, foster heightened immune activity upon exposure to eATP.

Furthermore, the intricate role of ATP in modulating immunosuppressive dynamics within the tumor microenvir-
onment remains partially veiled. Often characterized by immunosuppressive traits, the tumor microenvironment’s 
potential for immune subversion, and whether ATP release can serve as a countermeasure to revert this suppressive state, 
warrant further exploration. Remarkably, individual responsiveness to ATP stimulation may exhibit substantial variation, 
potentially rendering certain individuals more predisposed to heightened susceptibility to AICD, while others may 
manifest attenuated responses. Genetic idiosyncrasies among individuals underpin a broad spectrum of cancer treatment 
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Table 2 Clinical trials for adenosine triphosphate induced cell death

NCT 
number Conditions Drugs Brief summary

NCT02587819 Carcinoma, basal cell Treatment with BSCT This phase 1 clinical trial assesses the safety of BSCT (anti-nf-P2X7) 10% 
Ointment in basal cell Carcinoma  patients

NCT03088644 Healthy Drug: JNJ-54175446; Drug: 18F-
JNJ-64413739

Open-label trial investigates P2X7R occupancy using PET tracer 18F-JNJ-
64413739 for P2X7R with JNJ-54175446

NCT03437590 Healthy Drug: JNJ-55308942; Drug: 
[18F]-JNJ-64413739

The primary objective of this investigation is to quantify the inhibition of [18F]-
JNJ-64413739 uptake in the brain upon achieving peak plasma concentration 
(Tmax) and at 24 hours after administering a single dose of JNJ-55308942. 
Additionally, this study aims to establish a comprehensive model for 
understanding the interplay between JNJ-55308942 exposure and its receptor 
interactions

NCT01664000 Solid tumors Drug: Thioureidobutyronitrile A phase 1 open-label trial with dose escalation is being conducted to explore 
the safety, pharmacokinetics, and pharmacodynamics of intravenous kevetrin 
(thioureidobutyronitrile) in advanced solid tumor patients

NCT00899158 Pancreatic cancer Other: Immunologic techniques; 
Other: Laboratory biomarker 
analysis; procedure: Biopsy

The study seeks to clarify how caspase-3, phosphatidylinositol-3 kinase, and 3-
methylhistidine  contribute to skeletal muscle wasting in weight loss among 
pancreatic cancer patients

NCT04972188 Healthy ZYIL1 capsule This phase I study investigates the safety, tolerability, pharmacokinetics, and 
pharmacodynamics of orally administered ZYIL1 in healthy adult subjects 
through a prospective, open-label, multiple-dose approach

NCT04015076 Healthy Drug: Inzomelid; Drug: Placebo This phase 1 study aims to assess the safety, tolerability, pharmacokinetics, 
pharmacodynamics, and food effects of Inzomelid in healthy adults through a 
randomized, double-blind, placebo-controlled design. An open-label cohort 
will also verify the safety, pharmacokinetics, and pharmacodynamics of 
Inzomelid in adult patients with cryopyrin-associated periodic syndromes

NCT04938414 Subarachnoid 
hemorrhage, 
aneurysmal

Diagnostic test: Lumbar 
puncture

Caspase-1 inhibition mitigates pyroptotic neuroinflammation and alleviates 
cerebrospinal fluid circulation impairment post subarachnoid hemorrhage

NCT02872818 Apoptotic signal 
pathways in 
endometrial 
hyperplasia

Drug: 17β estradiol 
hemihydrate; Drug: Metformin; 
Drug: Medroxyprogesterone 
acetate

This study aims to clarify apoptotic signaling pathways involving Survivin, 
Bcl-2, Bax, c-Myc, and caspase-9 in a rat model of iatrogenic endometrial 
hyperplasia treated with metformin and medroxyprogesterone acetate

NCT02466516 Non-alcoholic steato-
hepatitis

Drug: SEL; Biological: SIM This phase 2 randomized, open-label trial evaluates the safety, tolerability, and 
efficacy of GS-4997 alone or combined with simtuzumab (SIM) in non-alcoholic 
steatohepatitis subjects with F2-F3 fibrosis stages

NCT00169130 Lymphoma, large-cell, 
diffuse

Drug: Doxorubicin; Drug: 
Cyclophosphamide; Procedure: 
Autologous stem cell 
transplantation

This prospective study investigates the ACVBP regimen followed by 
autologous stem cell transplantation in treatment-naive patients aged 60 or 
below with low-intermediate risk diffuse large B-cell lymphoma and BCL-2 
overexpression

NCT02582879 Chronic Lymphocytic 
Leukemia (CLL)

NA This multicenter, prospective, observational registry examines CLL/SLL 
patients initiating approved oral kinase inhibitors, BCL-2 inhibitors, or other 
anti-CLL therapies. The study aims to comprehensively analyze treatment 
patterns, including patient characteristics, resource use, clinical outcomes, and 
patient-reported outcomes

NCT02226965 Lymphoma, diffuse 
large B-Cell

Drug: PNT2258 A phase II trial investigates PNT2258 in patients with relapsed or refractory 
diffuse large B-cell lymphoma

NCT00005032 Lung cancer Biological: Oblimersen sodium; 
Drug: Paclitaxel

A Phase I/II trial explores the combination of G3139, a BCL-2 antisense 
oligonucleotide, with paclitaxel for treating recurrent small cell lung cancer

NCT02419560 Lymphoma, mantle-
cell recurrent 
lymphoma, mantle-
cell

Drug: ABT-199 and ibrutinib 
combination

This study aims to determine the optimal dosing regimen for combining 
ibrutinib with ABT-199 to treat relapsed or refractory mantle cell lymphoma

NCT00085228 Prostate cancer Biological: Oblimersen sodium; 
Drug: docetaxel

Docetaxel and similar agents block tumor cell division through diverse 
mechanisms, while oblimersen may boost docetaxel's impact by sensitizing 
tumor cells to enhance its efficacy

NCT03255096 Diffuse large B-cell 
lymphoma 
high-grade B-cell 
lymphoma

Drug: RO6870810; Drug: 
Venetoclax; Drug: Rituximab

An open-label Phase Ib study assessing the safety, pharmacokinetics, and 
clinical effects of RO6870810 and Venetoclax in patients with 
relapsed/refractory DLBCL and/or high-grade B-cell lymphoma carrying gene 
rearrangements (MYC and/or BCL2 and/or BCL6), with or without Rituximab

B Cell lymphoma 
follicular lymphoma 

To evaluate new vaccine formulations for viability and adverse effects, as well 
as analyze immune responses targeting the patient's lymphoma-specific 

NCT00001572 Drug: Id-KLH Vaccine; Drug: 
QS-21 (Stimulation-QS-21) Drug
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neoplasm idiotype

NCT00062010 Lung cancer Biological: Interferon alpha; 
Drug: 13-cis-retinoic acid; Drug: 
Paclitaxel

In patients with recurrent small cell lung cancer undergoing interferon alfa, 
isotretinoin, and paclitaxel treatment, the investigation aims to determine 
treatment response frequency and duration, evaluate regimen toxicity, assess 
overall survival duration, and explore potential links between bcl-2 levels in 
peripheral blood monocytes and treatment outcomes

NCT00039481 Cardiac toxicity; 
unspecified childhood 
solid tumor, protocol 
specific

Biological: Oblimersen sodium; 
Drug: dexrazoxane 
hydrochloride; Drug: 
Doxorubicin hydrochloride

In this phase I trial, oblimersen's effectiveness, combined with chemotherapy 
and dexrazoxane, is assessed for treating relapsed or refractory solid tumors in 
youth. Chemotherapeutic agents inhibit tumor cell division through diverse 
mechanisms, impeding growth or triggering cell death. Oblimersen is 
anticipated to heighten the potency of doxorubicin and cyclophosphamide by 
increasing tumor cell sensitivity. Dexrazoxane, a chemoprotective agent, may 
also shield normal cells from chemotherapy's adverse effects

NCT00666666 Adenocarcinoma of 
the prostate 
stage iv prostate 
cancer

Drug: AT-101; Drug: 
Bicalutamide; Other: LHRH 
agent

In this phase II trial, gossypol's potential to hinder tumor cell growth by 
blocking blood flow is studied when combined with androgen ablation therapy 
for newly diagnosed metastatic prostate cancer. Androgens stimulate prostate 
tumor cell proliferation, which can be reduced by luteinizing hormone-
releasing hormone agonists and drugs such as bicalutamide. The simultaneous 
use of gossypol and androgen ablation therapy appears to hold potential as a 
viable treatment approach for prostate cancer

NCT00003103 Bladder cancer 
breast cancer 
colorectal cancer

Biological: Oblimersen sodium; 
Drug: Docetaxel

This phase I/II trial evaluates oblimersen's effectiveness in treating solid 
tumors that have not responded to previous therapies, utilizing various 
mechanisms to halt tumor cell division, leading to growth arrest or cell death

NCT03080311 Small cell lung cancer; 
solid tumor

Drug: APG-1252 In this Phase I trial, the safety, pharmacokinetic, and pharmacodynamic 
profiles of intravenously administered APG-1252 are examined in patients with 
small cell lung cancer or other solid tumors

NCT00016263 Melanoma (skin) Biological: Oblimersen sodium; 
Drug: Dacarbazine

This randomized study compares Dacarbazine alone to Dacarbazine combined 
with G3139 (Bcl-2 Antisense Oligonucleotide) in patients with advanced 
malignant melanoma

NCT00169000 Metastatic breast 
cancer

Drug: Capecitabine; Drug: 
Docetaxel

Phase I study using accelerated titration design to determine MTD of 
capecitabine (days 1-14) combined with fixed dose docetaxel (75 mg/m2 IV, 
day 8). Nine patients will be treated at MTD, evaluating pharmacokinetics, Bax: 
Bcl-2 ratios, and antitumor response

NCT02997423 Glioblastoma This multi-institutional, consortium-based, non-interventional study aims to 
assess if high cytochrome c oxidase activity in newly diagnosed primary GBM 
tumor specimens is linked to reduced overall survival (primary outcome) and 
progression-free survival (secondary outcome) times

NCT01205503 Breast cancer 
non-hodgkin's 
lymphoma

Drug: Mesna; Drug: Saline; 
Drug: Doxorubicin

This study aims to investigate if mesna can inhibit specific chemical alterations 
in the blood of doxorubicin-treated patients. Researchers hypothesize that these 
changes may be associated with "chemobrain," a cognitive impairment 
reported by some chemotherapy recipients

NCT01037790 Adult solid tumor 
adenocarcinoma of the 
colon 
adenocarcinoma of the 
rectum

Drug: PD-0332991 PD 0332991 has the potential to hinder tumor cell growth by blocking key 
enzymes vital for cell proliferation. This phase II trial evaluates PD 0332991's 
effectiveness and side effects in treating patients with resistant solid tumors

NCT02154490 Recurrent squamous 
cell lung carcinoma 
stage iv squamous cell 
lung carcinoma AJCC 
v7

Drug: Docetaxel; biological: 
Durvalumab; Drug: Erlotinib 
hydrochloride

Create a National Clinical Trials Network for screening sizable yet 
homogeneous cancer populations, assigning them to a multi-sub-study "Master 
Protocol." Assess the screen success rate, defined as the percentage of screened 
patients enrolling in a therapeutic sub-study

outcomes and their efficacy. The profound impact of individual variations in ATP responsiveness on cancer progression 
and therapeutic response underscores a pressing inquiry, necessitating thorough investigation into the underpinning 
mechanisms and conceivable implications.

Additionally, the intricate interplay between the complex and diversified tumor microenvironment and individualized 
patterns of ATP responsiveness can engender pronounced dissimilarities in cell death incidence and severity. Such 
variances may closely interlink with the tempo of tumor evolution, aggressiveness, and treatment susceptibility. 
Nonetheless, a comprehensive resolution to this enigma remains elusive, with further research needed to unravel the 
intricate relationships between ATP responsiveness, individual differences, and the multifaceted intricacies of the tumor 
microenvironment.

LIMITATIONS AND FUTURE
ATP, an essential extracellular signaling molecule, has been recognized as a cause of cell death induced by high eATP 
concentrations. It can trigger cell death through diverse mechanisms and directly impact tumor cells to inhibit their 
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proliferation, invasion, and metastasis. Additionally, ATP can hinder tumor development by activating the immune 
system. However, the precise mechanisms and occurrence of AICD have been the subject of debate and remain unclear 
until now, despite preliminary insights into the relationship between AICD and cancer having been gained. Further 
investigation is warranted to elucidate the intricate mechanisms underlying AICD, particularly at the cellular and 
molecular levels There also needs to be a comprehensive characterization of the distinctive changes associated with this 
process. Additionally, a comprehensive understanding of the interplay and relative significance of AICD in relation to 
other cell death pathways in diverse disease contexts is crucial. Moreover, investigating the varied responses of different 
cell types to AICD and exploring potential cell-specific mechanisms are important avenues for future research. These 
endeavors will enhance our understanding of the molecular mechanisms governing AICD, facilitate the identification of 
novel regulators, and offer new targets and strategies for the development of cancer therapies and other related diseases.

The introduction of the concept of AICD has sparked increasing interest among researchers regarding its association 
with tumors. Investigations into this relationship have encompassed numerous prevalent cancer types, examining the 
correlation between AICD and various tumor characteristics. However, due to insufficient biological evidence and experi-
mental verification, these studies have offered indirect evidence of the connection between AICD and cancer. The precise 
role of genes in the direct or indirect interplay between AICD and tumors remains unclear. Consequently, these studies 
have been unable to identify the genes and features that may exert a more significant influence on the relationship 
between AICD and cancer. Consequently, further research is imperative to comprehensively explore and validate the 
intricate association between AICD and cancer, ultimately identifying the pivotal factors involved in this interplay.

Moving forward, it is crucial to validate the potential of AICD in clinical applications and advance the development of 
therapeutic strategies that induce AICD with high efficiency and selectivity. Additionally, synergistic combinations with 
immunotherapy should be further explored. In summary, AICD represents an autonomous and innovative cell death 
paradigm. However, comprehensive investigations are needed to elucidate the precise mechanisms underlying AICD and 
establish the intricate connections between AICD and cancer.

CONCLUSION
ATP serves as a vital extracellular signaling molecule for cell survival, yet excessive ATP can induce cell death. With the 
introduction of the concept of AICD, extensive literature has emerged focusing on its investigation and elucidation. 
Researchers have made discoveries regarding ATP-activated proteins and provided comprehensive reviews on the topic. 
However, a comprehensive synthesis of the  literature remains lacking, especially an overview of the mechanisms 
underlying AICD. Further investigation is needed to explore the intricate details of AICD, particularly in terms of its 
cross-regulation and mutual influence with other cell death pathways, as well as its relative importance in various disease 
conditions. Moreover, the distinctive changes occurring at the cellular and molecular levels during AICD have yet to be 
fully described.

This paper provides an in-depth exploration of the multifaceted mechanisms through which AICD. It delineates how 
ATP serves as a mediator of apoptosis via diverse pathways, encompassing the activation of caspases within the cysteine 
protease family, the regulation of mitochondrial membrane potential, and the modulation of apoptosis-related protein 
expression. Additionally, ATP exerts a profound impact on cancer cells by instigating various forms of cell necrosis, 
including necrotic apoptosis and necrotic tumor cell death. The involvement of ATP in orchestrating the delicate balance 
between cell survival and death is underscored through its regulation of the autophagy process.

In the realm of cancer biology, ATP emerges as a pivotal regulator influencing tumor cell proliferation, invasion, and 
metastasis. The article underscores ATP's role in impeding tumor growth by activating apoptosis pathways and 
enhancing immune-mediated tumor clearance through the induction of tumor cell necrosis. Furthermore, ATP's contri-
bution extends to the modulation of the tumor microenvironment, influencing factors such as inflammation and immune 
responses, thereby exerting a significant impact on tumor development.

On the therapeutic front, the study accentuates the potential of ATP as a therapeutic agent for inducing cell death. By 
precisely adjusting ATP levels and subsequently activating core pathways involved in cell death, targeted induction of 
tumor cell death becomes achievable, offering promising prospects for therapeutic intervention. This comprehensive 
exploration establishes a crucial theoretical foundation for future research endeavors and clinical applications.
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Abstract
Well-differentiated thyroid carcinoma has a favorable prognosis with a 5-year 
survival rate of over 95%. However, the undifferentiated or anaplastic type 
accounting for < 0.2%, usually in elderly individuals, exhibits a dismal prognosis 
with rapid growth and disappointing outcomes. It is the most aggressive form of 
thyroid carcinoma, with a median survival of 5 mo and poor quality of life 
(airway obstruction, dysphagia, hoarseness, persistent pain). Early diagnosis and 
staging are crucial. Diagnostic tools include biopsy (fine needle aspiration, core 
needle, open surgery), high-resolution ultrasound, computed tomography, 
magnetic resonance imaging, [(18)F]fluoro-D-glucose positron emission tomo-
graphy/computed tomography, liquid biopsy and microRNAs. The BRAF gene (
BRAF-V600E and BRAF wild type) is the most often found molecular factor. 
Others include the genes RET, KRAS, HRAS, and NRAS. Recent management 
policy is based on surgery, even debulking, chemotherapy (cisplatin or 
doxorubicin), radiotherapy (adjuvant or definitive), targeted biological agents and 
immunotherapy. The last two options constitute novel hopeful management 
modalities improving the overall survival in these otherwise condemned patients. 
Anti-programmed death-ligand 1 antibody immunotherapy, stem cell targeted 
therapies, nanotechnology achievements and artificial intelligence imple-
mentation provide novel promising alternatives. Genetic mutations determine 
molecular pathways, thus indicating novel treatment strategies such as anti-
BRAF, anti-vascular endothelial growth factor-A, and anti-epidermal growth 
factor receptor. Treatment with the combination of the BRAF inhibitor dabrafenib 
and the MEK inhibitor trametinib has been approved by the Food and Drug 
Administration in cases with BRAF-V600E gene mutations and is currently the 
standard care. This neoadjuvant treatment followed by surgery ensures a two-
year overall survival of 80%. Prognostic factors for improved outcomes have been 
found to be younger age, earlier tumor stage and radiation therapy. A multi-
disciplinary approach is necessary, and the therapeutic plan should be individu-
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alized based on surveillance and epidemiology end results.
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Core Tip: Anaplastic thyroid carcinoma is uncommon but one of the most lethal neoplasms. The optimal management 
remains unclear. The addition of novel targeted therapy and immunotherapy to the traditional management of surgery, 
radiation and chemotherapy has improved the outcomes. Multimodality management and the emerging use of individualized 
treatment based on novel therapeutic agents offers promising results. However, further research efforts involving the 
molecular microenvironment and biological drivers should be made.
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INTRODUCTION
Τhyroid carcinoma incidence is increasing, but that of the anaplastic and medullary types remains rather stable. The 
overall increase is due mainly to the rise of the most commonly occurring papillary carcinoma, which is associated with 
the best prognosis[1-3]. The incidence of anaplastic carcinoma in Europe has been assessed to be far less than 6 cases per 
100000 population, more precisely, 0.1-0.3 cases per 100000 population in Denmark, the Netherlands and Wales[2,4,5] and 
0.12-0.2 cases per 100000 population in the United States[3]; thus, it has been characterized as a rare disease[6].

The 5-year survival of a well-differentiated thyroid carcinoma exceeds 95%[7]. In contrast, the undifferentiated form, 
also called by a revised and better term, anaplastic carcinoma determined from World Health Organization classification
[8], accounts for less than 0.2%[9] or as much as 1%-2% of all thyroid malignancies[10,11]. It comes from the follicular 
epithelium and constitutes one of the most lethal neoplasms related to disappointing outcomes[4,9,11]. Its median 
survival is restricted to only 4 to 6 mo, accompanied by poor quality of life[4,10].

Rapidly growing neck tumors are often accompanied by devastating and occasionally life-threatening events. They 
may invade the trachea, causing airway obstruction and asphyxia; the esophagus, causing dysphagia; the recurrent 
laryngeal nerve, causing paralysis and hoarseness; major vessels, causing manifestations of superior vena cava syndrome 
or brain intermittent ischemia; and neural plexuses, causing persistent pain. Additionally, at the time of diagnosis, 
metastases are found in half of cases, mainly pulmonary metastases (40%), followed by brain metastases (10%)[4,9,12-14].

A long existing untreated nodular goiter (30% of cases) or known history of papillary carcinoma is usually found 
mainly in the elderly with female predominance[3,4]. Preexisting papillary carcinoma may indicate a potent divergent 
transformation[15,16]. Early diagnosis based mainly on ultrasound (US) and core needle biopsy is crucial[17-21]. The 
following staging after the initial diagnosis of anaplastic carcinoma is of great importance and can be achieved by 
computed tomography (CT), magnetic resonance imaging (MRI)[18,19], and preferably positron emission tomography/
CT (PET-CT)[17,22,23]. Modern molecular testing by revealing implicated genes, basically the BRAF gene (BRAF-V600E 
and BRAF wild type), and other molecules[24-27] can contribute to more accurate diagnosis but most importantly 
determine molecular pathways indicating novel treatment strategies by targeted biological factors, i.e., anti-BRAF, anti-
vascular endothelial growth factor (VEGF)-A or anti-epidermal growth factor receptor (EGFR) agents[24].

Nanotechnology achievements may offer either a vehicle for advanced drug delivery systems promoting targeted 
therapy[28,29] or a core for chemo-photothermal (lenvatinib-laser irradiation) therapy[30]. Additionally, these advances 
may provide tools for diagnosing disease progression in the form of magnetic or radiolabeled probes[29]. Immuno-
therapy with an anti-programmed cell death-ligand 1 (PD-L1) monoclonal antibody (atezolizumab) may increase the 
action of radiotherapy on cancer cells and is a novel innovation[31]. Stem cell-targeted therapies are other novel emerging 
alternatives with promising perspectives[24,32,33].

Machine learning with deep learning along with artificial intelligence implementation has provided preliminary 
encouraging results for diagnosis, imaging assessment, treatment and outcome prediction. It now remains to be used in 
clinical practice[10,34]. A multidisciplinary approach must be followed with an individualized therapeutic plan based on 
surveillance and epidemiology end results (SEER)[3,9,35-37].

The management policy constitutes the standard treatment, including surgery first of all, even debulking surgery, 
adjuvant chemotherapy that mainly uses cisplatin or doxorubicin and docetaxel-paclitaxel, and accelerated hyperfunc-
tional external beam radiotherapy, preferably neo-adjuvant and definitive. It can increase the median survival up to 10 
mo[24]. The novel hopeful management by targeted biological agents and immunotherapy has further improved the 
overall survival in these otherwise condemned patients[4,9,24,38,39].
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Treatment with the combination of the BRAF inhibitor dabrafenib and the MEK inhibitor trametinib was approved by 
the Food and Drug Administration (FDA) of the United States in 2014 for mutated melanoma and in 2018 for mutated 
anaplastic thyroid carcinoma; thus, it has already been used successfully in cases of metastatic or locally advanced 
inoperable anaplastic thyroid carcinoma with BRAF-V600E gene mutation. This targeted therapy has been recommended 
as neoadjuvant treatment followed by surgery. It constitutes the standard care and ensures a two-year overall survival of 
80%[4,24,40,41].

The main prognostic factors for improved outcomes have been younger age, earlier tumor stage, tumor size, 
multifocality, radiation therapy and novel targeted therapy[10,42]. This narrative review evaluates the current knowledge 
on anaplastic thyroid carcinoma with extreme aggressiveness and a dismal prognosis, emphasizing proper diagnosis and 
management. This study was based on the data of an extensive literature review from PubMed extending to September 
2023, focusing particularly on full-text papers published only in the English language over the last five years.

DIAGNOSIS
The diagnostic steps are shown schematically in Figure 1.

Presentation
The anaplastic thyroid carcinoma exhibits a rapid onset with a large, hard, painful neck mass, cough with or without 
hemoptysis and dyspnea (35%) in cases of trachea invasion, hoarseness (40%) or dysphagia (40%), with local spread in 
over 50% of cases, lymph node involvement, possible skin invasion, and rapid evolution with dramatic invasion of 
adjacent structures that may need urgent intervention as mentioned above in the introduction section[4,6,43].

A recent large study from the United States including 5359 patients with anaplastic thyroid carcinoma provides an 
analysis of several presentation characteristics. The majority of patients were women (58%), non-Hispanic white (80%), 
with a median age of 70 ± 12 years, a median tumor size of 6.1 cm (range 4.5-8 cm), and distant metastases (29%)[44].

It is important for rapidly growing neck swelling to differentiate anaplastic thyroid carcinoma from thyroid lymphoma 
by biopsy[45] since they have completely different management strategies. The lymphoma requires no surgical 
intervention but only R-CHOP chemotherapy (rituximab, cyclophosphamide, doxorubicin, vincristine or otherwise called 
oncovin, and prednisolone) accompanied by immediate extreme volume reduction and long-term excellent outcomes[46].

Imaging
US can be used to detect heterogeneous echogenicity, abnormal shape, calcifications, increased vascularity, diffuse infilt-
ration of adjacent tissues and regional lymph node involvement. US plain or preferably high resolution is the first step of 
exploration[18,19], followed preferably by core needle biopsy[21]. After establishing the diagnosis of the primary tumor 
of anaplastic thyroid carcinoma, staging imaging is necessary for local tumor extension assessment and revealing distant 
metastases.

Contrast-enhanced CT or MRI and magnetic resonance angiography can reveal any involvement of major vessels or 
lymph nodes and any other local involvement or distant metastases. CT can be used to detect heterogeneous tumor 
appearance, necrosis, calcifications, hypervascularity, and possible infiltration of the trachea and esophagus. CT is 
preferred over MRI[18,19]. Additionally, fiberoptic laryngoscopy for vocal cord evaluation, bronchoscopy and esopha-
goscopy are necessary prerequisites[20,43].

However, more precise assessment has been offered by [(18)F]fluoro-D-glucose PET-CT, which ensures better anatomic 
location with active metabolic uptake detecting occult deposits[17,23,47]. It can be especially valuable in elderly patients 
for accurate disease setting assessment that can precisely determine the appropriate management strategy[22].

Molecular testing for implicated genes and other molecules
Prompt diagnosis and on-time management without any delay are imperative tasks, particularly in severe life-
threatening complications. Molecular testing is indicated to better determine mutations and proper targeted therapy 
either as neo-adjuvant in unresectable cases or adjuvant after surgical excision[48], especially in cases of refractory 
carcinoma[49]. The American Thyroid Association (ATA) recent guidelines include recommendations for molecular 
testing for anaplastic thyroid carcinoma[50].

The BRAF gene mutation (BRAF-V600E and BRAF wild type) is the most important molecular factor found in 40%-50% 
of patients with anaplastic thyroid carcinoma[4,6,51]. The MEK gene has a close connection to the BRAF gene. Both are 
responsible for mitogen-activated protein kinase that promotes cell proliferation, tumor growth and angiogenesis[41,52,
53]. Other mutations found involve the following genes: p53 in 63% of cases, RET, RAS (KRAS, HRAS, NRAS) in 22% of 
cases, TERT promoter in 75% of cases, PIK3CA in 18% of cases, EIF1AX in 14% of cases, PTEN in 14% of cases[6,24,50], 
and NESTIN, CCND1, POU5F1, MCL1, MYBL2, MCL1, IQGAP1, SOX2, and NANOG[33]. Additionally, epigenetic-related 
genes, i.e., the chromatin remodeling SWI/SNF complex in 36% of cases, histone methyltransferases in 24% of cases, and 
DNA mismatch repair pathway genes in 10%-15% of cases, were found[6]. Gong et al[54] recognized 10 hub genes for 
anaplastic thyroid carcinoma: CXCL8, CDH1, AURKA, CCNA2, FN1, CDK1, ITGAM, CDC20, MMP9, and KIF11. RAS gene 
mutations have been reported to correlate with increased aggressiveness and increased mortality[55]. Unfortunately, 
targeted therapy is not yet available[50]. A positive result for mutated neurotrophic tyrosine receptor kinase (NTRK) gene 
testing is valuable to select patients for therapy by tropomyosin receptor kinase inhibitors (larotrectinib, entrectinib)[56]. 
miRNA-506 downregulation has been found in anaplastic thyroid carcinoma. This molecule normally regulates the WNT 
and NOTCH signaling pathways to adjust cell proliferation and migration. Thus, in practical view, as a new therapeutic 
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Figure 1 Scheme of diagnostic steps for anaplastic thyroid carcinoma. CT: Computed tomography; MRI: Magnetic resonance imaging; PET-CT: 
Positron emission tomography/computed tomography; TNM: Tumor-node-metastasis.

targeted biological agent, it could suppress tumor progression and dissemination[25].
In an experimental model, intercellular adhesion molecule-1 (ICAM1) was an attractive target for anaplastic and 

papillary thyroid carcinoma by a monoclonal antibody; its distribution was explored by MRI[57]. Another molecule, 
collagen triple helix repeat containing-1 (CTHRC1), has been found to decrease the survival of patients with anaplastic 
thyroid carcinoma by promoting its progression and invasion via the WNT pathway and epithelial-mesenchymal 
transition. Blocking its action could be particularly useful[58]. Histone lysine lactylation represents a novel epigenetic 
mark that can boost the proliferation of anaplastic thyroid carcinoma. Blocking this protein may increase the action of 
BRAF-V600E gene inhibitors, thus preventing the progression of the mutated malignancy[51]. PD-L1 expression was 
found to be positive in a high proportion in papillary 87% but with weaker and patchy expression, and in anaplastic 
thyroid carcinoma 73%, indicating that the latter can exhibit a better response to immunotherapy[59].

Biopsy
It is obvious, that in cases of rapidly enlarging neck nodules, the necessary first step is an US imaging performance. 
Advances in the US technology provide precise diagnostic capability by high resolution US. However, then biopsy is 
fundamental to make the diagnosis. Fine needle aspiration (FNA) cytology using a 21-25 gauge needle under US 
guidance has been widely used as an initial step in diagnosis by cytologic examination[20,21,34,45,60]. However, due to 
its high false-negative results, low sensitivity of 54%-61% vs 77%-80% of core needle biopsy (CNB), and specificity of 87% 
vs 100% of CNB[20,21] or often inconclusive results, this option tends to be omitted recently in favor of CNB. Because of 
performance, using it is considered a vain spending of time[21,45].

CNB is performed under US guidance and by local anesthesia using a 16-20 Ga needle to take at least 2-3 tissue 
samples by separate punctures for histopathologic examination[20,21,45]. In addition, the sample can be immediately 
used for molecular testing[20]. CNB yields the most accurate diagnostic ability and thus constitutes the method of first 
choice instead of its application after nondiagnostic FNA, which, in contrast to current guidelines, is advised. There was 
no patient discomfort or malignant cell seeding or notable complications. A little bleeding requiring simple compression 
or hematoma formation may occur rarely[20,21,45].

Incision biopsy or open surgery biopsy under local or even general anesthesia and skin incision takes 2-3 cm3 of tissue, 
avoiding any necrotic area. However, it has been abandoned and substituted by CNB[21]. Liquid biopsy is a new 
noninvasive genotyping diagnostic method that can detect malignant cells in serum and tumor DNA or other 
extracellular parts, providing valuable information. It may contribute to diagnosis, prognosis, and follow-up for 
assessment of the response to treatment or relapse[26,27]. All the abovementioned diagnostic tools are shown in Table 1.

Pathological staging
By definition, all anaplastic thyroid carcinomas are considered advanced and classified in stage IV by the American Joint 
Committee on Cancer (AJCC) and Union for International Cancer Control (UICC) according to the tumor-node-metastasis 
(TNM) system (tumor size and local extension, regional lymph node status and distant metastases). The 8th edition of 
TNM classification and staging by the AJCC and UICC are shown in Tables 2 and 3[6,8,61].

MANAGEMENT
There have been several management options, including novel targeted therapy and immunotherapy[4,6,24,44,62]. They 
are presented below. In a recent cohort study including 97 patients, these options were presented in combination as 
follows: (1) Surgical intervention in 45% of cases; (2) Chemotherapy in 41% of cases; (3) Neoadjuvant or definitive 
radiotherapy in 35% of cases; and (4) Targeted therapy in 29% of cases. The median overall survival was 6.5 mo, and it 
was inferior in those who did not undergo surgery. Multivariate analysis showed that stage IVC and lack of radiotherapy 
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Table 1 Used diagnostic tools for anaplastic thyroid carcinoma

n Modality

1 Plain ultrasound or preferably high resolution ultrasound

2 Core needle biopsy under ultrasound guidance preferably

3 FNA cytology under ultrasound guidance

4 Staging imaging (CT, MRI-MRA, 18F-FDG PET-CT)

5 Bronchoscopy

6 Esophagoscopy

8 Fiberoptic laryngoscopy

9 Molecular testing (BRAF, MEK, NTRK, RET, RAS, p53 genes)

10 MicroRNAs

11 PD-L1 expression

12 Liquid biopsy

13 Histopathology

14 Pathological TNM staging

FNA: Fine-needle aspiration; CT: Computed tomography; MRI-MRA: Magnetic resonance imaging/magnetic resonance angiography; 18F-FDG PET-CT: 
[(18)F]fluoro-D-glucose positron emission tomography/computed tomography; PD-L1: Programmed death-ligand 1; TNM: Tumor-node-metastasis.

Table 2 T classification in tumor-node-metastasis system for anaplastic thyroid carcinoma of American Joint Committee on Cancer and 
Union for International Cancer Control 8th edition

T Size Extension

T1 ≤ 2 cm Limited into thyroid

T1a ≤ 1 cm Limited into thyroid

T1b > 1 cm and ≤ 2 cm Limited into thyroid

T2 > 2 cm and ≤ 4 cm Limited into thyroid

T3 > 4 cm Limited into thyroid or extrathyroid macroscopic invasion only of thyroid muscles and 
subcutaneous tissue

T3a > 4 cm Limited into thyroid

T3b Any size Extrathyroid macroscopic invasion only of thyroid muscles and subcutaneous tissue

T4 Any size Macroscopic invasion of major adjacent structures

T4a Any size Macroscopic invasion of larynx, trachea, esophagus, recurrent laryngeal nerve

T4b Any size Macroscopic invasion of carotid artery, major vessels in mediastinum, prever-tebral fascia

were associated with worse overall survival[42].
This multimodality management, including additional tyrosine kinase inhibitors, could provide a survival of more 

than one year[63]. Given that in 433 studied patients with advanced metastatic anaplastic thyroid carcinoma (stage IVC), 
there was a median overall survival of 2 mo and a one-year overall survival of 6.9%[64], better multimodality mana-
gement including novel therapeutic agents is needed, especially for this most lethal form[65]. The optimal combination of 
multimodality treatment[63,66] and mainly the new tyrosine kinase inhibitor lenvatinib yields encouraging results[11].

Surgery
Surgery constitutes the cornerstone of treatment despite the existing debate. It may range from palliative debulking 
intervention to more radical resections, including total or near total thyroidectomy and extended lymphadenectomy, 
including the central and lateral lymph node level either unilaterally or bilaterally[6,8,36,53,61]. The above curative 
surgery may be performed in some patients with earlier disease and may provide, accompanied by adjuvant 
chemotherapy, occasional long survival over 5 years[18,19]. By multivariate analysis in a systematic review and meta-
analysis, surgery and radiotherapy were found to be independent factors predicting increased overall survival[36]. 
Complete surgical excision followed by adjuvant therapy is the optimal opportunity for cure[4,47]. However, in general, 
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Table 3 Tumor-node-metastasis staging for anaplastic thyroid carcinoma of American Joint Committee on Cancer and Union for 
International Cancer Control 8th editiona

Stage IVA IVB IVC

T1-T3a, N1, M0

T3b, any N, M0

Parameters T1-T3a, N0, M0

T4, any N, M0

Any T, any N, M1

T: Tumor size; N0: Negative regional lymph nodes; N1: Positive regional lymph nodes; M0: Without any distant metastases; M1: Presence of distant 
metastases.

extreme radical resection, such as laryngectomy, tracheal resection, esophagectomy or complete neck dissection without 
notable oncological contribution, is not indicated[47]. Tumor removal increases the benefits of the treatment. In 
combination with radiation, new chemotherapy and novel gene targeted therapy can achieve locoregional disease control 
and improve survival and quality of life[36,41,53,65,67]. The guidelines of the National Comprehensive Cancer Network 
and ATA recommend surgical resection by lobectomy or near total thyroidectomy with wide lymphadenectomy in stage 
IVA and IVB, even in stage IVC when an R0 or at least R1 intervention could be achieved in locally resectable tumors[36,
43,68-70]. However, many locally unresectable cases may respond to neoadjuvant external beam radiation, chemotherapy 
or even targeted therapy (dabrafenib and trametinib) for BRAF gene mutation, thus becoming resectable and ensuring 
surgical excision[43]. Timely detection and proper treatment reduce the number of advanced cases with distant 
metastases[9].

As shown in Figures 2 and 3, the current best practice for respectable tumors is surgery with adjuvant chemotherapy, 
radiation therapy and targeted therapy-immunotherapy such as dabrafenib and trametinib but immunotherapy if BRAF 
and MET gene mutations exist; for unresectable tumors, current best practice involves palliative surgery and targeted 
therapy-immunotherapy in combination with chemoradiation therapy[47].

Patients with inoperable disease may undergo palliative surgery to improve morbidity and avoid complications and 
life-threatening urgent events[48,71]. Unless there is debulking surgery for decompression, it includes the performance of 
tracheostomy and gastrostomy, preferably percutaneous by endoscopy assistance for feeding in case prior to radiation, 
which may cause esophageal stricture[36,48]. In cases of esophageal invasion or stenosis, feeding tube placement by an 
interventional radiologist can ensure enteral feeding[43].

Palliative airway management for symptom relief must be based on multidisciplinary team collaboration by designing 
the plan carefully. It is well known that tracheostomy may be related to morbidity and problems affecting quality of life
[43]. It should be emphasized overall that patients undergoing extended surgical intervention and receiving adjuvant 
radiation and chemotherapy gain the chance of the best overall survival[9,48]. Aggressive locoregional surgery and 
radiotherapy must be performed whenever possible, and adding chemotherapy can lead to further improvement; 
however, in unresectable cases, radiotherapy and chemotherapy must be preferred[9].

Chemotherapy
Taxanes (paclitaxel, docetaxel, and cabazitaxel) can be effectively used to treat various forms of cancer by replicating 
inhibition. Doxorubicin (adriamycin) is an anthracyclin that inhibits cancer cell growth by topoisomerase II activation in 
the process of DNA repair. Platinum-based chemotherapy (cisplatin, carboplatin, oxaliplatin) is widely used. Attachment 
to DNA causes destruction of cancer cells by replicating inhibition. These chemotherapeutic drugs have been used in 
various cancers, including anaplastic thyroid carcinoma[6,53,67].

The ATA guidelines recommend adjuvant or neoadjuvant chemotherapy by combination of: (1) Paclitaxel with 
carboplatin; (2) Doxorubicin with cisplatin; (3) Doxorubicin with docetaxel; or (4) Paclitaxel alone or doxorubicin alone
[6]. Unfortunately, chemoresistance often occurs in anaplastic thyroid carcinoma even in the most effective regimen of 
paclitaxel[6,72]. Adjuvant chemotherapy increases the median survival and the survival rate[48,67].

Subsequently, other drugs enhancing chemotherapy efficiency have been added. The combination with targeted 
biological agents such as dabrafenib and trametinib, in cases of mutated BRAF and MEK genes, respectively, may 
overcome this resistance[6,12,72]. In unmutated cases, novel immunotherapy (anti-PD-1 and anti-PD-L1) has been a 
recent revolution[6,12,72].

Chemotherapy added to radiation therapy further improves survival compared to radiation alone in resected cases as 
well as in unresected cases[73]. A randomized controlled phase II trial from 34 centers in the United States including 89 
patients showed that the combination of paclitaxel chemotherapy with pazopanib, a multitargeted inhibitor of tyrosine 
kinase receptors and radiation therapy, was feasible, safe and promising[74].

Anlotinib, another new multitargeted inhibitor of tyrosine kinase receptors [VEGF, FGFR, platelet-derived growth 
factor receptor (PDGFR), c-kit] approved by the United States FDA, in combination with chemotherapy with paclitaxel, 
capecitabine or paclitaxel, capecitabine, and carboplatin as first-line therapy is a safe and effective treatment for locally 
advanced or metastatic thyroid carcinoma. As reported, it had an objective response rate of 60%, a disease control rate of 
88%, and provided a progression-free survival of 25.1 wk and a median disease specification survival of 96 wk[75,76].
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Figure 2 Scheme of treatment steps for resectable anaplastic thyroid carcinoma.

Figure 3 Scheme of treatment steps for unresectable anaplastic thyroid carcinoma.

Radiotherapy
Local rapid progression of anaplastic thyroid carcinoma and recurrence are related to the extreme malignancy of the 
disease. Subsequently, local control is of great importance. Radiation therapy is the main stem of every potent successful 
management, providing cessation of progression and regression of the tumor extent before surgery as well as prevention 
of recurrence after attempted surgical resection[6].

Radiotherapy can be applied as a neoadjuvant or definitive adjuvant modality generally by external beam radiation 
therapy (EBRT), which accelerates hyperfunction and improves median overall survival[24,48,77]. It is a necessary part of 
the current multimodality treatment combined with surgery, chemotherapy, targeted therapy and novel immunotherapy
[9,42,63,73,74].

EBRT was assessed by a multivariate analysis in 433 stage IVC patients with anaplastic thyroid carcinoma as an 
independent prognostic factor of survival along with surgery and chemotherapy[24]. The optimal dose of hyperfunction 
EBRT varies between 45-70 G, and a subsequent hypofunction dose > 5 G can prevent local recurrence and death[6]. A 
retrospective study including 491 patients with anaplastic thyroid carcinoma found that the combination of radiation 
therapy and chemotherapy provided better overall survival than radiotherapy alone regardless of surgery and distant 
metastases. Prognostic factors for survival were older age, single marital status, local extension, distal metastases and 
surgery[73]. Among various management modalities, adjuvant chemoradiation after surgical intervention seems to be the 
better modality for prolonged survival in stage IVA resectable tumors without negative prognostic factors[67]. 
Radiotherapy may have synergy with immunotherapy by modulating microenvironmental immunity[62]. Brain 
metastases account for up to 10% of metastatic cases, with an overall survival of 3 mo[13]. Radiation therapy and 
lenvatinib targeted therapy have been reported in such cases, but with limited efficacy[14].

Targeted therapies
Targeted therapy by biological agents is based on monoclonal antibodies and is intended to block certain cancer 
development pathways[56,78-81]. The drugs for mechanisms of some implicated gene mutations include the following: 
(1) Angiogenesis-lenvatinib, sorafenib, sunitinib, vandetanib, combretastatin; (2) EGFR-docetaxel, gefitinib; (3) BRAF-
dabrafenib, vemurafenib, encorafenib; and (4) MEK-trametinib, cobimetinib, binimetinib[24]. The combination of the 
BRAF inhibitor dabrafenib with the MEK inhibitor trametinib is the most widely used because it is considered more 
effective than each drug alone[6,24,41,82,83]. Combretastatin targets tumor vascularity. It has been used as adjuvant 
treatment in combination with paclitaxel - carboplatin but without notable results. Likewise, sorafenib had limited 
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usefulness; instead, other anti-angiogenetic agents, such as vandetanib, sunitinib, and lenvatinib, exhibited significant 
anti-neoplastic efficacy[24]. Vandetanib, a multitarget tyrosine inhibitor that acts mainly against EGFR and VEGF 
receptor (VEGFR), promotes apoptosis (programmed cell death) and inhibits tumor growth, migration and invasion[62,
84]. Sunitinib, another multitarget tyrosine inhibitor, acts mainly against VEGFR and PDGFR to inhibit tumor growth by 
deprivation of its blood supply[62]. Lenvatinib is an inhibitor of kinase that inactivates VEGFRs (VEGFR 1, VEGFR 2, and 
VEGFR 3) and subsequently prevents angiogenesis and tumor growth. It has been used in anaplastic and well-differen-
tiated thyroid carcinoma as an alternative to radioactive iodine, in inoperable hepatocellular carcinoma, and in advanced 
renal cell carcinoma in combination with everolimus[11,30,85]. Carfilzomib, a proteasome inhibitor approved by the 
United States FDA for multiple myeloma, is the most effective such drug for treating anaplastic thyroid carcinoma; by 
acting on cell proliferation and p27 gene overexpression, which promotes apoptosis and cell death[62]. Suberoylanilide 
hydroxamic acid, a histone deacetylase inhibitor approved by the United States FDA for skin T-cell lymphoma, causes 
p21 gene overexpression that promotes apoptosis and cell death[62].

A recent study from Japan including 36 patients with unresectable anaplastic thyroid carcinoma treated initially with 
lenvatinib showed an average survival of 5.8 mo, longer than the 2-mo survival from paclitaxel initial treatment, a 
response rate of 33% and a median overall survival of 5 mo[86].

Glutamin metabolism and subsequent glutaminolysis are biological features that are highly increased in anaplastic 
thyroid carcinoma and modulate cancer cell survival by sustaining mitochondrial function and oxygen balance. 
Glutaminolysis inhibition causes cell death. The tyrosine kinase inhibitors lenvatinib and sorafenib affect this signaling 
pathway of oncogenesis and enhance the efficiency of conventional chemotherapy, such as doxorubicin or taxanes, which 
otherwise may have minimal influence on patient survival[12]. ICAM1 is an interesting target of monoclonal antibodies 
with promising results[57]. The polo-like kinase 4 inhibitor has anticancer efficacy and synergy with sorafenib[87]. 
CTHRC1 promotes the progression of anaplastic thyroid carcinoma and is associated with worse outcomes[58]. The 
depletion of fibronectin may overcome resistance to BRAF gene inhibitor treatment. It can be targeted by MARK (ERK) 
pathway inhibition (ipilimumab, vemurafenib)[88]. Additionally, diclofenac added to BRAF gene inhibitors by targeting 
metabolism overcomes any resistance and maximizes the treatment effect[89]. Targeting the EZH2 complex promotes 
anticancer activity and can be a promising strategy[90]. Recent research data showed that one-carbon metabolism had a 
possible role in metabolic stress, and its targeting would be a valuable promising therapy[12].

Immunotherapy
Immunotherapy has been applied increasingly on a preliminary experimental basis but with promising future 
perspectives. Thus, it has been included in many research protocols. The existing immunotherapy regimens in 
combination with targeted therapy (dabrafenib - trametinib) can provide a further potential increase in effectiveness and 
improved survival benefits[41,91,92]. It is undoubted that the multimodality current treatment plan is accompanied by 
the best outcomes of this otherwise lethal disease[40]. However, unfortunately, for the mutated BRAF gene wild type, 
there has not yet been effective treatment[4].

Since the recent innovation of targeted PD-1 and PD-L1 interaction by monoclonal antibodies atezolizumab, spartal-
izumab and pembrolizumab, the application of immunotherapy has been increasing[6,12,93]. It may be a promising 
therapeutic choice, especially in those with high PD-1 and PD-L1 expression without BRAF gene mutations[4,40,48,59,
94]. Atezolizumab, a monoclonal antibody against PD-L1, gives encouraging results in combination with radiation 
therapy[31]. Spartalizumab and pembrolizumab are monoclonal antibodies against PD-1[4]. Spartalizumab has been used 
in a phase II clinical study in unresectable locally advanced or metastatic cases, showing a one-year survival of 40% and a 
median overall survival of 5.9 mo. Among the side effects, diarrhea, pruritus, fever, and fatigue have been reported[95]. 
Pembrolizumab has been used in likewise unresectable cases, showing a one-year survival of 38% and a median overall 
survival of 4.4 mo[96].

Various tumor experimental models of anaplastic thyroid carcinoma microenvironment in mice have been developed 
for scientific research and monoclonal antibody or other innovative drug production[30,97]. Novel promising therapies, 
including immunotherapy, multikinase inhibitors, aurora kinase inhibitors, gene therapy by oncolytic viruses, epigenetic 
modulators, and apoptosis-inducing agents, have been introduced[40,72,76,98,99].

Prognosis and survival
Early diagnosis and treatment yield the best outcome and prognosis[100-102]. A study from the United States including 
719 patients found that racial, ethical and socioeconomic status seems to influence survival and prognosis. Nonwhite 
patients had a lower likelihood of receiving treatment and poorer survival; those living in high poverty had a worse 
prognosis[103]. A large cohort study from China including 735 patients with multidisciplinary management of anaplastic 
thyroid carcinoma found an overall survival of 10.7% at 2 years and 8.1% at 5 years. By stage, survival at 2 years was 
36.5% (IVA), 15.6% (IVB), and 1.4% (IVC)[9]. A large single institution 20-year study from the United States including 479 
patients with multimodality management of anaplastic thyroid carcinoma found a constantly increasing overall survival 
among three periods of treatment due to progression improvement by the addition of targeted therapy and immuno-
therapy. The overall survival for 2000-2013 was 35% at 1 year and 18% at 2 years; for 2014-2016, it was 47% at 1 year and 
25% at 2 years; for 2017-2019, it was 59% at 1 year and 42% at 2 years[104]. A nationwide cohort study from the 
Netherlands including 812 patients with management of anaplastic thyroid carcinoma during the period 1989-2016 found 
a median overall survival of 2.2 mo, overall one-year survival of 12%, and one-year survival of 21.6% in those without 
distant metastases. Prognostic factors for better survival were age < 65 years, treatment based on more than two to three 
modalities, without distant metastases and bilateral lymph node involvement[5]. A recent large study including 5359 
patients with anaplastic thyroid carcinoma found a total one-year survival of 23%[44]. A nationwide cohort study from 
Denmark including 320 patients with management of anaplastic thyroid carcinoma during the period 1980-2014 found a 
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Table 4 Predictive factors for favorable prognosis of anaplastic thyroid carcinoma

n Factor

1 Female patients

2 Age ≤ 60 yr

3 Married patients

4 Asymptomatic patients

5 Tumor ≤ 5 cm in size

6 Single primary tumor

7 Without local tissue invasion

8 Without lymph node involvement (N0)

9 Without distant metastases (M0)

10 Kind of therapy

11 Multimodality treatment

1-year survival of 18% and a 5-year survival of 12%[2].
Another recent large study from China including 1080 patients with stage IVA: 6.3%, IVB: 21.9%, IVC: 71.8% anaplastic 

thyroid carcinoma management found disease specific survival at 1 mo of 83.1%, at 6 mo, 37.5%, and at 12 mo, 21%. The 
1-year disease specific survival was 53.3% for stage IVA, 36.5% for IVB and 13.1% for IVC[35]. A recent study from a 
tertiary academic hospital in the United States including 45 patients found a median survival of 6.1 mo; smaller tumors 
and chemotherapy were related to better survival[105]. It was found by regression analysis that age, distant metastases 
and tumor size were independent factors of worse prognosis[106].

It was found by univariate analysis that distant metastases, lymph node involvement, tumor > 5 cm in size, and local 
infiltration were predictive factors for worse prognosis[107]. Multivariate analysis showed that the absence of both 
symptoms and distant metastases was related to longer survival. The asymptomatic patients were younger (≤ 60 years) 
and had smaller tumors (≤ 5 cm) than symptomatic patients with anaplastic thyroid carcinoma[108]. Another study found 
by multivariate analysis that age, sex, marital status, multiple primary tumors, distant metastases, and therapy type were 
independent prognostic factors for cancer-specific survival[109]. A recent large study from China including 1140 patients 
with anaplastic thyroid carcinoma management found an overall survival of 27.6% at 6 mo, 15.1% at 1 year, and 6.2% at 2 
years. The age cutoff was 65 years as a significant predictive factor of improved survival[110]. The predictive factors for 
favorable prognosis are shown in Table 4.

It has been reported that age ≥ 65 years, palliative surgery and white cell count ≥ 10000/mm3 are predictive factors for 
worse prognosis[67]. Despite proper management, recurrence with a high incidence may occur. An overall survival of 5-6 
mo (specifically 9 mo for stage IVA, 4.8 mo for stage IVB and 3 mo for stage IVC) and a one-year survival of 20% have 
been reported[43]. Although, the overall prognosis of anaplastic thyroid carcinoma is very poor, in some cases is 
relatively good. There is evidence that patients with anaplastic carcinoma clearly transformed from papillary thyroid 
carcinoma, or those with mutated BRAF gene had a significantly better prognosis than other patients. Despite, the 
conflicting aspects for the above mentioned, it could be possibly explained by the higher expression of PD-L1 in papillary 
than in anaplastic carcinoma and response to immunotherapy[59] and anti-BRAF targeted therapy[24]. A long-term 
survival reaching above 5 years has been reported in isolated cases after surgical excision and adjuvant chemotherapy[18,
19].

CONCLUSION
Anaplastic thyroid carcinoma is a rare, rapidly growing and extremely aggressive neoplasm with a dismal prognosis. The 
correct early diagnosis and treatment are important perquisites for the management of an otherwise lethal condition. US 
and core needle biopsy are used to make the diagnosis. Preoperative imaging, histopathology and molecular testing 
establish an accurate natural status and determine the therapeutic strategy plan. Complete surgical resection with wide 
lymphadenectomy whenever possible is the main step followed by chemoradiation therapy, targeted therapy and 
immunotherapy. Palliation management may improve the quality of an otherwise unbearable life. Novel multimodal 
treatment that must be personalized offers the best chance to manage this incurable disease.
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Abstract
Significant controversies exist with regards to the optimal management of lateral 
pelvic lymph nodes metastases (mLLN) in patients with low rectal cancer. The 
differing views held by Japanese and Western clinicians on the management of 
mLLN have been well documented. However, the adequacy of pelvic lymph node 
dissection (PLND) or neoadjuvant chemoradiation (NACRT) alone in addition to 
total mesorectal excision (TME) have recently come into question, due to the 
relatively high incidence of lateral local recurrences following PLND and TME, or 
NACRT and TME alone. Recently, a more selective approach to PLND has been 
suggested, involving a combination of neoadjuvant therapy, followed by PLND 
only to patients in whom the oncological benefit is likely to outweigh the risk of 
potential adverse events. A number of studies have attempted to retrospectively 
identify certain nodal characteristics on preoperative imaging, such as nodal size, 
appearance, and size reduction following neoadjuvant therapy. However, no 
consensus has been reached regarding the optimal criteria for a selective approach 
to PLND, partly due to the heterogeneity and retrospective nature of most of 
these studies. This review aims to provide an overview of recent evidence with 
regards to the diagnostic challenges, considerations for, and outcomes of the 
current management strategies for mLLN in rectal cancer patients.
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Core Tip: The optimal management strategy for lateral pelvic lymph node metastases (mLLN) requires a multimodal 
approach, involving chemoradiation and pelvic lymph node dissection (PLND), in order to achieve adequate local control in 
patients with locally advanced low rectal cancer. This selective approach requires careful selection of patients who would 
benefit most from PLND, using pre-treatment nodal short axis measurements as a surrogate for mLLN risk.

Citation: Chua JYJ, Ngu JCY, Teo NZ. Current perspectives on the management of lateral pelvic lymph nodes in rectal cancer. World 
J Clin Oncol 2023; 14(12): 584-592
URL: https://www.wjgnet.com/2218-4333/full/v14/i12/584.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i12.584

INTRODUCTION
Total mesorectal excision (TME) and the circumferential resection margin have been widely accepted as crucial elements 
in the surgical treatment of rectal cancer. However, the management of pelvic side wall disease remains controversial, 
and historically divergent between countries in the West and those in the far East. While the former predominantly 
recommend the use of radiotherapy (with or without chemotherapy), pelvic lymph node dissection (PLND) is preferred 
in the latter. This has been reflected in guidelines published by their respective societies[1-3].

Results from the Dutch TME trial[4] (10-year local recurrence (LR) rates of 5% in the irradiated group vs 11% in the 
non-irradiated group, P < 0.0001) and the Swedish Rectal Cancer Trial[5] (LR rate of 9% in the irradiated group vs 26% in 
the non-irradiated group, P < 0.001) supported the use of neoadjuvant radiotherapy. These rates were comparable to 
patients who underwent PLND in some Japanese studies. In contrast, early results of PLND in the West[6,7] were 
discouraging due to high perioperative morbidity and limited reported oncological benefit[8], resulting in its slow 
uptake.

In Japan, however, lower local failure rates (Dukes B cases 8.4% vs 26.1%, P < 0.01, Dukes C cases 24.5% vs 44.3%, P < 
0.01) and improved 5-year survival (Dukes B cases 83.2% vs 63.7%, P < 0.05; Dukes C cases 52.5% vs 30.8%, P < 0.05) were 
reported when extended lymphadenectomy was performed[9]. In addition, PLND was only associated with a slight 
prolongation of operating time (additional 60 min), a modest increase in operative blood loss (additional 150 mL), and no 
increase in operative mortality[9].

This article aims to elucidate the factors contributing to the contrasting recommendations in the management of lateral 
pelvic lymph nodes (LLN), and to provide a more contemporary approach to this conundrum. Literature search was 
performed electronically using PubMed (MEDLINE) and the Reference Citation Analysis (https://www.referencecitation-
analysis.com) was applied. The search terms were as follows: pelvic lymph node dissection or PLND, lateral lymph node 
metastasis, and rectal cancer in combination with Boolean operators AND and OR. All studies in English were extracted 
for review by the authors.

THE SIGNIFICANCE OF THE LATERAL PELVIC LYMPH NODES
The difference in lymphatic drainage of the lower rectum from the upper rectum has been well documented, with Gerota
[10] describing how tumours in the mid and lower rectum appear to exhibit lateral lymphatic drainage into the iliac 
nodes in addition to upward drainage through mesorectal nodes[11,12].

The risk of developing lateral lymph node metastases (mLLN) in rectal cancer has been shown to vary with several 
factors. Distance from the anal verge has been reported to be inversely related to the risk of mLLN, with rates of up to 
33.3% observed in tumours  3.9cm from the anal verge[13]. Locally advanced pT3 and pT4 tumours tend to also be 
associated with higher rates of mLLN[13]. In particular, it has been demonstrated that mLLN were mostly located in the 
group of nodes along the internal iliac artery (IIA), being the first draining basin from the lateral rectal ligaments[14-16].

Traditional TNM staging for rectal cancer classifies malignant deposits in the external iliac and obturator nodes as 
distant metastases[17]. On the other hand, the Japanese Classification of Colorectal, Appendiceal, and Anal Carcinoma 
(3rd edition)[18], includes lymph nodes along the IIA, obturator, external iliac, common iliac (CIA), and median sacral 
arteries within its definition of regional lymph nodes, in the context of lower rectal cancers. This was based on survival 
data from the Japanese Nationwide Multi-Institutional Study on Lateral Pelvic Lymph Node Metastasis in Low Rectal 
Cancer[19]. Patients with metastasis to the above, so-called external lateral pelvic nodes, demonstrated more favourable 
overall survival and cancer-specific survival if they underwent PLND, than in patients with stage IV disease who 
underwent R0 resection (overall survival 29% vs 24%, P = 0.0240, cancer-specific survival 37% vs 27%, P = 0.0117). In 
addition, Ogura et al[20] determined that LLN enlargement did not appear to influence distant recurrence rate, 
suggesting that mLLN likely represent locoregional disease.

https://www.wjgnet.com/2218-4333/full/v14/i12/584.htm
https://dx.doi.org/10.5306/wjco.v14.i12.584
https://www.referencecitationanalysis.com
https://www.referencecitationanalysis.com
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DIAGNOSTIC DILEMMAS – DIAGNOSTIC CRITERIA, MISDIAGNOSIS AND MISSED DIAGNOSES
However, epidemiological studies on mLLN suffer from the heterogenous methods used in evaluating nodal disease, 
with incidence rates being reported to range between 8.8% and 34%[13,21]. Studies that do not involve PLND would base 
their diagnosis on imaging, whereas analyses involving patients who had undergone PLND would report based on 
pathological confirmation. Most studies that evaluate recurrences in the pelvic side wall do so by means of imaging 
parameters.

The main challenge in preoperative radiological assessment of LLN lies in not missing occult metastases within the 
nodes (missed diagnoses), while minimising cases of misdiagnoses. Most imaging modalities have been evaluated for 
their diagnostic accuracy in detecting suspicious lateral pelvic nodes. Ultrasonography was suggested as a potential 
imaging modality for this purpose, but failed to adequately examine obturator nodes[22], and has largely been surpassed 
by other imaging modalities such as computed tomography (CT) and magnetic resonance imaging (MRI). Even then, the 
sensitivity of CT and MRI in detecting mLLN varies greatly between studies[23,24]. More recently, the accuracy of F-
fluorodeoxyglucose positron-emission tomography (18F-FDG PET) as a diagnostic adjunct in addition to CT or MRI has 
also been evaluated, although many guidelines do not include 18F-FDG PET scanning as part of the initial staging for 
rectal cancer patients[2,25]. A study by Ishihara et al[26] evaluated the accuracy of 18F-FDG PET scanning in identifying 
suspicious LLN post neoadjuvant chemotherapy, using a calculated maximum standard uptake value (SUV max) of 1.6, 
and reported an accuracy, sensitivity, and specificity of 85.7%, 76.5%, and 100% respectively. Metastatic LLN were found 
to have a significantly higher SUV max when compared to LLN without metastatic deposits (mean ± standard deviation 
2.2 ± 1.3 vs 1.2 ± 0.3, P < 0.01). A similar study by Yukimoto et al[27] subsequently reported similar values (accuracy 
92.3%, sensitivity 82.4%, specificity 93.4%) with a slightly lower SUVmax cutoff value of 1.5. These studies were mainly 
limited due to their small cohort size, and the utility of 18F-FDG PET scanning in rectal cancer in most units has been 
mainly limited to the evaluation of equivocal findings on contrast-enhanced CT, or in patients with a strong contrain-
dication to intravenous contrast[3]. As a result, the European Society for Medical Oncology and the American Society of 
Colon and Rectal Surgeons still recommend the use of pelvic MRI for locoregional staging[2,25].

Apart from the type of imaging modality, there also exists a lack of consensus in what imaging features constitute a 
suspicious LLN, or mLLN. Table 1 summarises the various criteria used. Most studies retrospectively identify short 
(SAD), or long axis diameter (LAD) measurements and nodal features that correlate with pathological nodal metastases 
and/or oncological outcome. The multi-national Society of Abdominal Radiology – Rectal & Anal Cancer Disease-
Focused Panel recently published a consensus statement[28] to promote consistent terminology and reporting standards 
amongst abdominal radiologists. The consensus statement recommended internal iliac and obturator nodes with SAD > 7 
mm be reported as suspicious[28]. The MERCURY[29] study reviewed the preoperative MRI images of patients with 
biopsy-proven rectal adenocarcinoma within 15cm from the anal verge who underwent TME without PLND. The nodes 
were considered suspicious based on the presence of mixed signal intensity and/or an irregular nodal capsule border.

Further contributing to the heterogeneity is the inconsistent use of pre- or post-neoadjuvant imaging, or a combination 
of both sets of imaging (reflecting the response to neoadjuvant treatment). Akiyoshi et al[30] showed that the incidence of 
occult mLLN was as high as 20% even in patients with a post-neoadjuvant nodal size of 5 mm or less, supporting the 
recommendation of basing further treatment selection on pre-neoadjuvant imaging.

With regards to post-neoadjuvant nodal size, Cribb et al[31] found that a SAD of  5 mm on post-treatment MRI was 
associated with a worse 3-year local recurrence-free survival [hazard ratio (HR) 8.35, P = 0.001]. Malakorn et al[32] 
concluded that a post-neoadjuvant nodal size of  5 mm was 100% sensitive for identifying patients with mLLN and as 
such recommend using a post-neoadjuvant LLN size cutoff of 5 mm for PLND. The high reported sensitivity of a post-
treatment nodal SAD of  5 mm is promising and has been recommended as suitable criteria for PLND[32,33]. In addition, 
the Lateral Node Study Consortium demonstrated that PLND can be safely omitted in patients with LLN measuring 4mm 
or less on restaging MRI due to the negligible risk of lateral local recurrence at 3 years in this subgroup of patients[14].

Akiyoshi et al[30] analysed patients with cT3/4 rectal cancers who underwent either bilateral (15.6%) or unilateral 
(84.4%) PLND, based on a nodal LAD cutoff of  7 mm on pre-neoadjuvant CT or MRI. Pathological mLLN were found in 
40.3% of patients, and persistent LLN on restaging was associated with a higher rate of metastatic deposits when 
compared with LLN that responded to neoadjuvant chemoradiotherapy (CRT) (75% vs 20%, P < 0.0001)[30].

In publications reporting pathological results, incidence rates can also be confounded by potential missed diagnoses. 
The identification of micrometastatic disease or isolated tumour cells may sometimes pose a diagnostic challenge. Miyake 
et al[34] compared the sensitivity of one-step nucleic acid amplification assay results to conventional histological 
diagnosis, and identified a number of additional histologically-negative nodes with metastatic disease. Limitations in 
commonly utilised histological processing methods may have resulted in a small proportion of missed diagnoses of 
mLLN, with failure to pathologically upstage such patients resulting in adverse prognostic implications.

THE ADEQUACY OF PLND OR/AND CHEMORADIATION
While the efficacy of neoadjuvant CRT in reducing LR rates have been well documented[4,5], lateral pelvic recurrences 
have nonetheless been reported in cases where PLND was omitted after CRT[35]. Kim et al[36] reported a 64.6% lateral 
local recurrence (LLR) rate, out of a 7.2% LR rate following pre or post-operative chemoradiotherapy, after a median 
follow-up period of 65 mo. Kusters et al[37] similarly reported a 64.3% LLR rate and 18.7% LR rate. Both studies 
concluded that LLN measuring  10 mm were associated with an increased risk of recurrence and poorer overall survival, 
and that CRT alone in these patients did not confer adequate local control.
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Table 1 Summary of diagnostic criteria for suspicious lateral pelvic lymph nodes

Study Imaging 
modality Nodal size Nodal features

Schaap et al[53], 
2021

MRI Pre-treatment: SAD  7 mm -

Amano et al[23], 
2020

MRI; CT; PET-
CT

(MRI or CT) SAD > 6 mm; (PET/CT) 
increased FDG uptake 

-

Kim et al[54], 
2020

MRI Pre-treatment: SAD  7 mm; Post-
treatment: 
SAD  4 mm

-

Lee et al[55],  2019 CT or MRI Pre-treatment: SAD  8 mm -

Sapci et al[56], 
2019

MRI Size > 5 mm And either heterogeneity or border irregularity

Schaap et al[57], 
2018

MRI SAD  10 mm -

Kim et al[58], 
2018

MRI Pre-treatment: SAD  5 mm Signal intensity homo/heterogenous; Margins irregular or well defined; DWI 
signal intensity high or low; Size reduction rate

Akiyoshi et al
[30], 2015

MRI Pre-treatment: SAD  8 mm -

Kobayashi et al
[59], 2015

CT LAD > 9 mm; SAD > 6 mm -

Ogawa et al[60], 
2015

MRI SAD  10 mm or  5 mm (institution-
dependent)

Enlarged LPLN on palpation; Enlarged perirectal node or LPLN  5 mm

Ogawa et al[61], 
2014

MRI LAD  5 mm; LAD < 5 mm -

Shihab et al[29], 
2011

MRI No size criteria Mixed signal intensity or irregular nodal capsule border

Matsuoka et al
[62], 2007

MRI LAD  10 mm; SAD  5 mm Ovoid shape; heterogeneity

CT: Computed tomography; MRI: Magnetic resonance imaging; LAD: Long axis diameter; SAD: Short axis diameter; LPLN: Lateral pelvic lymph node.

On the other hand, the Japanese JCOG0212[38-40] randomised controlled trial illustrated the impact of bilateral 
prophylactic PLND alone, without the use of CRT, even though adjuvant chemotherapy was prescribed to pathological 
stage III patients. Only patients without clinically suspicious LLN nodes (SAD  10 mm on CT/MRI) were enrolled. The 
study reported that the addition of PLND resulted in a statistically significant reduction in LR rates (7.4% vs 12.6%, P = 
0.024), and a higher local recurrence-free survival of 85.3%, compared to 80.3% with TME alone. The authors therefore 
concluded that the trial failed to demonstrate the noninferiority of TME alone, even though the significant reduction in 
LR may have resulted from the SAD cutoff of 10mm being insufficiently sensitive in predicting for mLLN. Nonetheless, 
the 7% incidence of occult mLLN in this trial suggests that a significant proportion of patients were subjected to the 
morbidity of PLND without deriving any oncological benefit.

Other studies evaluated the impact of combining the two treatment modalities. Kim et al[35] retrospectively analysed 
366 patients with cT3/4 tumours within 8 cm from the anal verge who received CRT prior to TME without PLND. They 
reported a LR rate of 7.9% after a median follow-up duration of 40.1 mo, with 82.7% of these being LLR. Conversely, the 
addition of PLND to TME significantly reduced LR rates despite prior CRT (CRT+TME 19.5% vs CRT+TME+PLND 5.7%, 
P = 0.042)[20].

A three-armed multinational study by Kusters et al[41] compared patients with rectal cancer from the Netherlands and 
Japan who underwent either: (1) TME alone; (2) TME with (neo)adjuvant radiation; or (3) TME with PLND. Similar 
overall LR rates were reported between groups (2) and (3) (RT+TME 5.8% vs 6.9% PLND+TME, HR 1.0 (0.6-1.8). Only 
group (1) had a higher 5-year LR rate of 12.1%.

Recently, a multicentre retrospective study by Ogura et al[14] found that nodes along the internal iliac artery were less 
responsive to chemoradiation, and concluded that IIA nodes measuring 7 mm or more on pre-treatment MRI were 
predictors of lateral local recurrence. The study reported 5-year LLR rates of 52.3% following neoadjuvant chemoradio-
therapy and TME surgery but without PLND[14]. When PLND was performed, the 5-year LLR risk was significantly 
reduced to 8.7% (P = 0.007)[14].
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SELECTIVE PLND POST NEOADJUVANT RADIOTHERAPY
The optimal management of mLLN appears to therefore be shifting towards a selective multimodal approach, with 
selective PLND post neoadjuvant therapy appearing to offer higher rates of local control in several studies. Numerous 
variables have been proposed as potential indications for PLND due to their reported sensitivities in identifying occult 
mLLN, and their prognostic implications. In addition to the aforementioned studies, Akiyoshi et al[42] reviewed patients 
with stage II-III low rectal cancer who underwent preoperative CRT prior to surgery. PLND was performed in patients 
with suspicious LLN on pre-neoadjuvant CT or MRI, using SAD criteria of ≥ 7 mm[42]. Patients with clinically enlarged 
LLN underwent PLND irrespective of findings on post-treatment restaging[42]. The study observed that no LLR occurred 
in patients who underwent PLND, while 3.4% of patients who only underwent TME post chemoradiation developed LLR
[42]. A similar study by Ishihara et al[43] reported similar findings. PLND was again performed based on the presence of 
suspicious pre-neoadjuvant nodes, irrespective of their response to neoadjuvant treatment[43]. The study reported LLR 
rates of 0% and 0.9% in patients who underwent TME with PLND and TME only respectively[43], suggesting that the 
selective addition of PLND is key in achieving local control in the lateral pelvis. Therefore, suspicious internal iliac or 
obturator nodes with pre-treatment SAD of ≥ 7 mm, or the presence of nodes displaying heterogeneity and/or irregular 
borders, should form indications for PLND.

TECHNICAL CHALLENGES OF PLND
In the treatment of rectal cancer, PLND typically involves removal of nodes in the internal iliac and obturator 
compartments[44]. The JCOG0212 trial concluded that the addition of PLND was associated with a significantly longer 
operative time (median 360 min vs 254 min, P < 0.0001) when compared to TME alone, and was associated with more 
intraoperative blood loss (576 mL vs 337 mL, P < 0.0001)[45]. No statistically significant differences were reported with 
regards to the incidence of anastomotic leakage (P = 0.46), urinary retention (P = 0.18), wound infection (P = 0.81), pelvic 
abscess (P = 0.29), or bowel obstruction (P = 1.00)[45]. A meta-analysis of extended lymphadenectomy vs conventional 
surgery for rectal cancer found similar results, with no significant differences in perioperative mortality (P = 0.63) or 
morbidity (P = 0.13)[46].

In a bid to promote the safe implementation of PLND, Ngu et al[47] conceptualised the use of origami to convert the 
pelvic side wall from a 2-dimensional region into a 3-dimensional compartment made up of two triangular pyramids. The 
authors sought to simplify PLND into a procedure involving three planes, three boundaries, and three steps. The three 
planes consisted of: (1) The ureterohypogastric nerve fascia (UHNF); (2) the vesicohypogastric fascia; and (3) the external 
iliac muscular plane. Following medialisation of the UHNF, the proximal boundary is marked by two key landmarks: 
superficially where the ureter crosses the CIA and, at a deeper plane, the bifurcation of the common iliac vein, where the 
obturator nerve enters the pelvic sidewall compartment. The distal boundary is delineated superficially by the vas 
deferens or round ligament, and, at a deeper level, the obturator foramen. The third (deep) boundary is marked by the 
terminal branches of the internal iliac vessels. The three steps of PLND involve: (1) The separation of these three planes, 
(2) followed by the delineation of the three boundaries, and (3) finally the dissection of the internal iliac vessels, with en 
bloc removal of the lympho-fatty tissue.

Tang et al[48] compared the short-term outcomes of laparoscopic PLND against open PLND, and concluded that 
laparoscopic PLND was associated with a shorter operative time (255 min vs 300 min, P = 0.001), less intraoperative blood 
loss (50 mL vs 300 mL, P < 0.001), lower incidence of postoperative complications (32% vs 15%, P = 0.005), shorter 
postoperative hospital stay (8 vs 14 d, P < 0.001), and excision of more lateral pelvic nodes (9 vs 7 nodes, P = 0.025) when 
compared to open PLND. Oncological outcomes were similar, with no differences reported in 3-year overall survival (P = 
0.581) and disease-free survival (P = 0.745) rates[48]. Aside from the aforementioned postoperative complications, this 
study also reported other surgical complications such as chylous ascites and lower limb neuropathy, as well as systemic 
complications such as renal failure, pneumonia, and arrhythmias[48].

Utilization of the robotic platform in PLND has recently been shown to result in lower blood loss (25 mL vs 637 mL, P < 
0.0001) and less postoperative complications including wound infection, anastomotic leakage, urinary retention, and 
small bowel obstruction when compared to open PLND, but operative times were longer (455 min vs 410 min, P < 0.007)
[49]. Robotic PLND was also associated with superior 5-year local relapse-free survival rates compared to open PLND 
(98.6% vs 90.9%, P = 0.029), with similar overall survival (robotic 95.4% vs open 87.8%, P = 0.106) and relapse-free survival 
rates (robotic 79.1% vs open 69.9%, P = 0.157)[50]. Although PLND is a technically demanding procedure with significant 
risk of associated morbidity, robotic or laparoscopic assistance may be useful adjuncts, associated with lower 
postoperative morbidity rates when performed by experienced surgeons.

Although not traditionally a recordable perioperative morbidity, the potential of missed nodes during PLND may 
result in poorer oncological outcomes. A novel strategy to potentially mitigate the risk of intraoperatively missed nodes 
during PLND is the utilisation of indocyanine green (ICG) during laparoscopic PLND[51,52]. Ohya et al[52] conducted a 
retrospective study of patients who underwent PLND for tumours cT3 and above with clinically suspicious lateral pelvic 
nodes on pre-op imaging. The study demonstrated an increased lymph node yield (ICG 14 vs no ICG 9, P < 0.001), 
without a substantial difference in post-operative complications (P = 0.57), aside from a longer operative time (ICG 426 
min vs no-ICG 369 min, P < 0.001). ICG use was also associated with a significant reduction in intraoperative blood loss 
(13 mL vs 100 mL, P = 0.001). The authors recently published their long-term follow-up data, and the higher lymph node 
yield with ICG translated into a reduction in 3-year cumulative LR rates (ICG 0% vs no-ICG 9.3%, P = 0.048), although no 
statistically significant difference was reported in relapse-free survival and overall survival rates[51].
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CONCLUSION
The difficulty in reaching a global consensus with regards to the optimal management of LLN in rectal cancer stems from 
the heterogeneity of available data, mainly consisting of retrospective cohort studies using various parameters to define 
what constitutes a clinically suspicious LLN, or mLLN. Contemporary data appears to suggest that the optimal strategy 
may lie somewhere between the traditional views held by Western countries and the far East. Several conclusions can be 
drawn from the existing data: Firstly, pelvic lymph node dissection in rectal cancer has to offered selectively. The 
JCOG0212[38-40] study demonstrated that in the absence of radiologically suspicious nodes, the majority of patients 
would not benefit from PLND, hence justifying a more selective, non-prophylactic approach to PLND. Secondly, the 
optimal management strategy for mLLN in patients with rectal cancer requires a multimodal approach, involving a 
combination of neadjuvant chemoradiation and selective PLND. Thirdly, until more robust data is made available, a 
prudent choice would be to use a SAD of  7 mm, or the presence of suspicious features, as criteria for selective PLND. 
This assessment should be made based on pre-neoadjuvant MRI.
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Abstract
Coix seed is a dry and mature seed of Coix lacryma-jobi L.var.ma-yuen (Roman.) 
Stapf in the Gramineae family. Coix seed has a sweet, light taste, and a cool 
nature. Coix seed enters the spleen, stomach, and lung meridians. It has the effects 
of promoting diuresis and dampness, strengthening the spleen to prevent 
diarrhea, removing arthralgia, expelling pus, and detoxifying and dispersing 
nodules. It is used for the treatment of edema, athlete's foot, poor urination, 
spleen deficiency and diarrhea, dampness and obstruction, lung carbuncle, 
intestinal carbuncle, verruca, and cancer. The medicinal and health value is high, 
and it has been included in the list of medicinal and food sources in China, which 
has a large development and application space. This article reviews the current 
research achievements in the processing methods and anti-tumor activities of Coix 
seed and provides examples of its clinical application in ancient and modern 
times, aiming to provide reference for further research on Coix seed and 
contribute to its clinical application and development. Through the analysis of the 
traditional Chinese patent medicines, and simple preparations and related health 
food of Coix seed queried by Yaozhi.com, the source, function, and dosage form 
of Coix seed were comprehensively analyzed, with a view of providing a 
reference for the development of Coix seed medicine and food.

Key Words: Coix seed; Cancer; Tumor; Coix lacryma-jobi L.var.ma-yuen (Roman.) Stapf; 
Medicinal herbs
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Core Tip: Cancer is a serious disease that causes a huge economic and social burden worldwide. In addition, cancer has 
become one of the biggest health threats globally. Numerous studies have confirmed that Coix seed has anti-tumor effects. 
This article will review its preparation, anti-tumor effects, and edible value.

Citation: Meng FD, Yuan L, Lu DD, Yang YT, Xu DJ, Che MY, Nan Y. Anti-tumor effect of coix seed based on the theory of 
medicinal and food homology. World J Clin Oncol 2023; 14(12): 593-605
URL: https://www.wjgnet.com/2218-4333/full/v14/i12/593.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i12.593

INTRODUCTION
Cancer is a serious disease that causes a huge economic and social burden worldwide. An estimated 19.3 million new 
cancer cases and nearly 10 million cancer deaths were reported in 2020. It is expected that the global cancer burden will 
reach 28.4 million cases by 2040, an increase of 47% compared to 2020[1]. In addition, cancer has become one of the 
biggest health threats globally. Therefore, how to effectively prevent and treat cancer has become a global focus of 
attention[1]. So, exploring effective cancer treatment measures is crucial.

Medicinal and food-dual-use foods can be consumed as both delicious foods and medicinal herbs for treating diseases. 
They belong to traditional Chinese medicine and have good therapeutic effects. They are also nutritious and delicious 
foods that people often eat. Coix seed, which can be used as both food[2]and medicine[3], is an important raw material 
for the development of food or health food. Coix seed is a good medicine and food for dispelling dampness and 
strengthening the spleen.

At present, Chinese herbal medicine[4] has significant effects in inhibiting cancer proliferation, metastasis, inducing 
cell apoptosis[5], blocking the cell cycle, alleviating pain[6], improving quality of life[7], and has received widespread 
attention from researchers[8,9]. Numerous studies have confirmed that Coix seed has anti-tumor effects. This article will 
review its preparation, anti-tumor effects, and edible value (Figure 1).

Figure 1 Flow chart.
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BRIEF INTRODUCTION
Coix seed, also known as Xie Li, Qishi, Ganmi, etc, is a dry and mature seed of Coix lacryma-jobi L. var.ma-yuen (Roman.) 
Stapf in the gramineae family[10]. Most regions in China produce it, mainly in Fujian, Hebei, and Liaoning. It is 
commonly found near houses, in the wilderness, by rivers, in streams, or in damp valleys. Coix seed has a sweet and light 
taste and a cool nature. It enters the spleen, stomach, and lung meridians. As a drug, it has the effects of promoting 
diuresis and dampness, strengthening the spleen[11] to stop diarrhea, removing arthralgia, expelling pus, and 
detoxifying and dispersing nodules. It can treat edema, athlete's foot, poor urination, spleen deficiency and diarrhea, 
dampness and obstruction, lung carbuncle, intestinal carbuncle, verruca, cancer[12,13], etc. As a food, its developed 
products have functions[14,15] such as increasing bone density, improving sleep, immune regulation[16,17], weight loss
[18], regulating blood lipids and blood sugar, improving gastrointestinal function, anti-fatigue, promoting growth and 
development, improving memory, antioxidant[19], delaying aging, and protecting liver damage[20].

PROCESSING
Coix seed has a long history of and has various methods of processing[21]. Since the Northern and Southern Dynasties, 
there have been records of two processing methods: Glutinous rice stir frying and salt soup boiling. Subsequently, the 
Song Dynasty first proposed the stir frying method. Salt frying was added in the Ming Dynasty. During the Qing 
Dynasty, local stir frying was added. So far, commonly used processing methods such as stir frying, earth frying, bran 
frying, and sand frying have been recorded in the modern Chinese Pharmacopoeia and national and provincial 
processing standards (Table 1).

THE ANTI-TUMOR EFFECT OF COIX SEED
Screening of active ingredients and targets in Coix seed
We used Coix seed as a keyword to search on the TCMSP (Traditional Chinese Medicine Systems Pharmacology 
Database and Analysis Platform, https://old.tcmsp-e.com/index.php)[22]. The active ingredients and their related action 
targets were picked according to the criteria of oral bioavailability[23] ≥ 30% and drug-likeness ≥ 0.18. Then, we 
translated the name into Gene Symbol format to obtain target genes for the main active ingredients of Coix seed via 
Uniprot database (https://www.uniprot.org/). We imported the active ingredients and their targets of Coix seed into 
Cytoscape 3.9.1 software to draw an "active ingredient-target" network. Next, we imported drug targets into the STRING 
database (http://string-db.org), species limited to “Homo sapiens”, to retrieve protein-protein interaction relationships, 
and imported them into Cytoscape 3.9.1 software to create a network diagram. Through the Metascape database (https://
metascape.org/), we conducted the Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis on the 
target. The results of KEGG signal pathways are introduced into the Bioinformatics database (http://www.bioin-
formatics.com.cn/) and presented in the form of a bar chart and selected pathways related to cancer (Figure 2). The 
KEGG results indicate that the Coix seed target is associated with multiple cancer pathways and can effectively combat 
cancer. So, the next main analysis is the anti-tumor effect of Coix seed.

Anti-cancer effect of Coix seed and its components
Coix seed is a commonly used clinical drug with activities such as anti-tumor (Figure 3), immune regulation[24,25], 
hypoglycemic[26,27], anti-inflammatory[28,29], improving intestinal microbiota[17,30], lowering blood lipids[31,32], and 
promoting angiogenesis[33]. After KEGG enrichment analysis, we mainly discuss the pharmacological effects of Coix 
seed on anti-tumor effects (Table 2). Studies have confirmed that Coix seed and its extract can reduce the proliferation, 
invasion and migration of lung cancer[34], colon cancer, liver cancer, breast cancer, cervical cancer, gastric cancer, 
pancreatic cancer and other cancers, and can promote their apoptosis (Figure 4).

Lung cancer: Coix seed has a prominent inhibitory healing effect on lung cancer metastasis, and can inhibit proliferation 
and promote apoptosis. Research has shown that Paclitaxel combined with Kanglaite (KLT) can significantly improve 
patients' physical fitness, reduce bone metastasis area and tumor weight, and have significant effects in clinical treatment
[35]. MiRNA-21 is a therapeutic effect indicator for lung cancer. By comparing the changes in indicators before and after 
treatment with KLT, the expression of miRNA-21 is reduced, indicating that KLT has a significant therapeutic effect on 
advanced lung cancer[36]. After cell experiments, Coix Polysaccharides can significantly inhibit the proliferation of lung 
cancer cells, and may induce apoptosis of lung cancer cells by increasing the expression of caspase-3 and caspase-9 genes
[37]. KLT has significant anti-tumor activity in Lewis lung cancer mice, and when combined with cisplatin, it can improve 
chemotherapy efficacy and immune function by reducing TAM levels and improving hypoxia status[38]. Other studies 
have confirmed that Coix polysaccharides can demonstrably inhibit the migration and invasion of A549 cells in vitro cell 
experiments, and its molecular mechanism may be the down-regulation of S100A4 gene and protein expression levels[39].

Colon cancer: Research has shown that Coix seed performs well in combating colon cancer, blocking cell cycle, promoting 
apoptosis, and synergistic effects to achieve the effect of inhibiting colon cancer. On the HT-29 colon cancer cell model, 
the anticancer effect of Coix seed oil is dose-dependent and time-dependent. With the increase of drug concentration and 
the passage of time, the survival rate of tumor cells will also decrease[40]. The synergistic effect of paclitaxel treatment 

https://old.tcmsp-e.com/index.php
https://www.uniprot.org/
http://string-db.org
https://metascape.org/
https://metascape.org/
http://www.bioinformatics.com.cn/
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Table 1 Processing method of Coix seed

Coix seed Processing method Source

Coix seed Remove imports Chinese Pharmacopoeia (2020)

Fried coix seeds Clean the mix seeds and fry them until they are slightly yellow Processing Standards of TCM Decoction Pieces 
in Hubei Province (2018)

Fried mix seed 
with bran

Clean the mix seeds and fry them with bran until they are slightly yellow Chinese Pharmacopoeia (2020)

Fried coix seed 
in clay

Take the pure Coix seeds and fry them according to the method of soil frying until 
the surface benefits burn yellow and bulks up to the degree

Processing standard of TCM detection pieces in 
Henan Province  
(2005)

Coix seed 
powder

Take coix seeds, remove impurities and crush them into fine powder Processing Standards of TCM Decoction Pieces 
in Sichuan Province (2015)

Jiao coix seed Fry until browned Processing Standards of TCM Decoction Pieces 
in Tianjin (2018)

Scald coix seed Take the coix seed, wash it, moisten it thoroughly, steam it, dry it, and press it with 
the oil and method until it looks like a bubble

Fujian Province Traditional Chinese Medicine 
Processing Standards (1988)

TCM: Traditional Chinese medicine.

Figure 2 Relationship between active components of Coix seed and cancer.

after pretreatment with KLT is the best, and KLT inhibits nuclear factor NF-κΒ and upregulates the expression of 
connexin 43, making cancer cells sensitive to paclitaxel[41], thereby exerting an inhibitory effect on colon cancer cells.

Liver cancer: The components of Coix seed have good therapeutic effects on liver cancer, and an efficient and safe 
anticancer drug delivery system has been developed. There have been studies on injecting KLT into transplanted liver 
tumors in rats and evaluating its impact, pros and cons. Research has shown that injecting KLT into implanted hepato-
cellular carcinoma is more effective than ethanol, and KLT has fewer side effects on liver function than ethanol[42]. In the 
study, Wang et al[43] discovered that the combination of Norcantharidin and Coix seed oil can exert anti-tumor efficacy 
by regulating the immune system. Coix seed components have an inhibitory effectiveness on the progression of liver 
tumors in nude mice and have minimal toxicity to the liver and kidneys[44]. Bitargeted microenvironments based on 
Coix seed receptors can effectively target tumors, enhance their inhibitory effect on tumor proliferation, and induce 
cancer cell apoptosis, thereby prolonging patient survival time[45].

Breast cancer: Coix seed oil has a large scale anti-cancer effect. Ting F found that Coix seed oil has a great inhibitory effect 
on triple negative breast cancer, which inhibited the proliferation and growth of triple negative breast cancer[46]. The 
results of network pharmacology and in vitro experiments show that KLT has an inhibitory effect on triple negative breast 
cancer, which can inhibit cell proliferation and invasion, block cell cycle and induce cell apoptosis. Its mechanism of 
action may be to block G2/M phase cells and downregulate G2/M phase related genes[47].

Cervical cancer: Microemulsions containing Coix seed components exhibit good anti cervical cancer effects, leading to 
cell cycle arrest and apoptosis, and to cancer cell death. Dissolving paclitaxel in Coix seed oil, the two synergistically fight 
cancer, exert stronger in vitro cytotoxicity, and induce cell apoptosis, which has a stronger therapeutic effect on cervical 
cancer[48]. Joint application of Coix Seed Oil and Tripterine can work synergistically on the proliferation of cervical 
cancer, as well as anti-angiogenesis and induction of cell apoptosis. In mouse models, minimal toxicity to important 
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Table 2 Anti-cancer effect of Coix seed and its components

Pharmacological 
effect Ingredient Conclusion

Lung cancer Kanglaite Paclitaxel combined with kanglaite is effective in improving bone metastasis of lung cancer

Kanglaite 
injection

Kanglaite injection can significantly reduce the expression of miRNA-21 in patients with advanced lung 
cancer, and has a good thermal effect

Kanglaite Kanglaite can achieve benefits by reducing TAM levels and improving hypoxia in mice with Lewis lung 
cancer

Colon cancer Coix seed oil Coix seed oil plays an anti-colon cancer role by inducing G2 rest and topology of HT-29 cells by regulating 
PI3K/AKT signaling pathway

Colorectal cancer Kanglaite 
injection

Kanglaite pretreatment may increase the effect of Taxol on colored cancer

Hepatoma Coix seed 
components

Octanoyl galactose ester modified microemulsion system self-assembled by coil seed components to enhance 
tumor targeting and hepatoma therapy

Coix seed 
ingredients

Bitargeted microemissions based on Coix seed ingredients have the effect of enhancing life tube 
transmission and synergistic therapy

Triple negative breast 
cancer 

Kanglaite 
injection

Kanglaite injection was confirmed to have anti TNBC effects by arresting cell cycle and inhibiting CDK1 
precipitation

Coix seed oil Coix seed oil exerts an anti-triple negative breast cancer effect by interrupting miR-205/S1PR1 axis

Clinical cancer Coix seed oil Self-enhancing system colored with paclitaxel and Coix seed oil deeply penetrated can enhance efficiency of 
clinical cancer

Coix seed oil Transferrin modified microemulsion carrying Coix seed oil and tripterine (Tf CT MEs) can be used to 
improve tube specific accumulation and connection to enhance clinical cancer treatment

Coix seed oil Coix seed oil and tripterine coated microemissions with a transfer modification (Tf CT MES) could improve 
the treatment of cervical cancer

Gastric cancer Kanglaite 
injection

Kanglaite inhibits the expression of drug resistance genes through suppressing PVT1 in cisplatin-resistant 
gas cancer cells

Pancreatic cancer Coix seed oil Coix seed oil regulations mitochondrial functional image to induce apoptosis of human pancreatic cancer 
cells via the PTEN/PI3K/AKT signaling pathway

Coix seed extract Coix seed extract could augment the efficiency of gemcitabine therapy in pancreatic cancer cells

Coix seed 
emission

Coix seed emission synergistically enhances the antagonist activity of gemcitabine in pancreatic cancer 
through inhibition of NF- κ B signaling

Ameliorates cancer 
cachexia

Coix seed oil Coix seed oil ameliorates cancer cachexia by counteracting muscle loss and fat lipolysis

TNBC: Triple negative breast cancer.

organs was detected[49,50].

Gastric cancer: Coix seed can reduce the vitality of gastric cancer cells, promote cell apoptosis, and upgrade the quality of 
life. The reason of KLT regulating chemotherapy resistance in gastric cancer cells may be through regulating expression 
of MDR1 and MRP1 to inhibit cell viability and promote cell apoptosis. KLT can alleviate the development of multiple 
drug resistance (MDR) and participate in the potential mechanism of MDR in gastric cancer[51]. Comparing the 
indicators before and after treatment, the study found that patients with advanced gastric cancer treated with KLT 
combined with chemotherapy had reduced cancer, reduced chemotherapy side effects, and a further improved quality of 
life[52].

Pancreatic cancer: Coix seed can promote apoptosis of pancreatic cancer cells, make it sensitive to treatment, and enhance 
the therapeutic effect. Coix seed oil may adjust mitochondrial dysfunction and induces apoptosis in PANC-1 PC cells 
through PTEN, which may be related to the down-regulation of p-AKT and p-PI3K protein expression by Coix seed oil
[53]. Coix seed extract can synergistically reinforce the anti-pancreatic cancer effect of Gemcitabine, significantly alleviate 
the up regulation of ABCB1 and ABCG2 proteins caused by the use of Gemcitabine, and detect strong correlation 
between Bioluminescence pharmacokinetic parameters and pharmacodynamic indicators and anti-tumor efficacy[54]. 
The anti-tumor effect of Coix seed emission combined with Gemcitabine is superior to that of any drug alone, and its 
mechanism is that Coix seed emission can eliminate the activation of NF-κB, making pancreatic cancer cells sensitive to 
gemcitabine therapy[55].



Meng FD et al. The anti-tumor effect of coix seed

WJCO https://www.wjgnet.com 598 December 24, 2023 Volume 14 Issue 12

Figure 3 Relationship between Coix seed and cancer.

Figure 4 Mechanism of anti-tumor action of Coix seed and its components.

Improving cancer cachexia: Researchers have found that administering Coix seed oil can significantly prevent weight 
loss and improve systemic inflammation in mice, without affecting food intake and tumor size. The results indicate that 
Coix seed oil can cause muscle and adipose tissue loss caused by cancer cachexia[56]. The results of clinical research on 
the injection of Coix seed oil into patients showed that Coix seed oil can effectively control the degree of pain, alleviate 
adverse reactions such as constipation and nausea, and raise the quality of life[57].
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Figure 5 Source and quantity of Chinese patient medicine containing Coix seed.

Figure 6 Chinese medicine dosage form containing Coix seed.

APPLICATION OF COIX SEED
The medicinal value of coix seed
Coix seed has been widely applied since ancient times, and formulas containing Coix seed have also been widely used. 
Yiyi Fuzi Baijiang Powder can slow down the progression of colorectal cancer by simultaneously regulating target genes 
and related signaling pathways of multiple active ingredients, possibly by regulating cell apoptosis, cell proliferation, and 
protein and enzyme binding[58], and this has been experimentally validated[59]. Yiyi Fuzi Baijiang Powder has a good 
effect in treating ulcerative colitis, can inhibit intestinal symptoms in mice, and improve intestinal pathology[60]. 
According to reports, Qingyi huaji decoction can be applied as a valid method to treat pancreatic cancer, and research has 
confirmed that it can inhibit the growth and progression of tumor through various mechanisms such as anti-inflam-
matory and induction of cell apoptosis[61]. Shenling Baizhu Powder inhibits colitis related colorectal cancer by inhibiting 
epithelial mesenchymal transformation and myelogenous inhibitor infiltration, and reduces mortality by reducing the 
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Figure 7 Anatomic Therapeutic Chemical classification of Chinese patient medicine.

incidence rate and diversity of colon tumors[62]. Traditional Chinese patent medicines and simple preparations 
containing coix seed was searched on the website of Yaozhi (http://db.yaozh.com/) with the keyword "coix seed". It was 
recorded in the Ministry of Health drug standard Chinese prescription preparation, China Pharmacopoeia 2020 edition 
one, Standard for new drug conversion, National standard competition of Chinese patient medicine, New national 
Chinese patient medicine 2nd edition. There are 134 kinds of traditional Chinese patent medicines and simple preparations 
containing Coix seed (Figure 5). From the perspective of dosage forms, there are 17 types of traditional Chinese patent 
medicines and simple preparations containing Coix lachryma jobi seed, in which tablets are the main, followed by granules 
and capsules (Figure 6). We summarized the efficacy of 134 traditional Chinese patent medicines and simple preparations 
varieties containing coix seed, which can be roughly divided into 9 categories (Figure 7). According to the efficacy 
analysis, the traditional Chinese patent medicines and simple preparations that contain Coix lachryma jobi seed mainly 
focuses on the digestive system, musculoskeletal system, urogenital system.

Edible value of Coix seed
Coix seed is often used in dietary therapy[25]. Gastrointestinal symptoms caused by chemotherapy, such as weakness, 
vomiting, and nausea, can be alleviated by qi-yin-reinforcing porridge[63]. In recent years, there have also been many 
health foods mainly made of Coix seed. The keyword "Coix seed" was searched on Yaozhi.com (http://db.yaozh.com/), 
and a total of 126 Coix seed related health foods approved by the State Food and Drug Administration were obtained, 
such as mountain medicine Coix seed granules, Coix seed sea buckthorn capsules, healthy Runtong tea, bone 
strengthening powder, etc, which have immune regulation, weight loss, blood lipid and blood glucose regulation 
properties. To improve gastrointestinal function and other functions, the statistical data of the health functions involved 
in Coix Seed Health Products are shown in Figure 8. So far, there are mainly 18 types of Coix seed health product 
formulations used (Figure 9). The development forms of Coix seed health food functions are very diverse, with diverse 
products and dosage forms that can meet the specific needs of different populations.

Usage of Coix seed
Coix seed has the effect of promoting metabolism and reducing gastrointestinal burden, and can be used as a nourishing 
food for weak patients during or after illness[64]. It is worth noting that people with spleen deficiency and diarrhea can 
stir fry Coix seed before consumption, which has a better effect. Due to its ability to remove dampness, Coix seed should 
be used with caution for those who suffer from body fluid depletion after fever, or for those who are usually Yin deficient 
or Yin deficient with excessive fire. Pregnant women and those with slippery semen or constipation should not consume 
it. If these people consume coix seed, it may cause a greater burden on their physical health.

DISCUSSION
We used Coix Seed; Semen coicis; Coix lacryma jobi L. var. mayen (Roman.) Stapf and cancer; neoplasm and tumor as 
keywords to search on PubMed. And four related reviews were found in the past 5 years. Among them, Huang et al[12] 
discussed the chemical composition, anticancer mechanisms, marketed drugs, dosage forms, and clinical applications of 
fatty oils, including coix seed and other plants. Pan et al[65] only discusses the treatment of malignant tumors in the 

http://db.yaozh.com/
http://db.yaozh.com/
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Figure 8 Function statistics of health care products containing Coix seed.

Figure 9 Dosage form containing Coix seed health care products.

female reproductive system with coix seed. This article discusses the anti-tumor effect of coix seed and is not limited to 
malignant tumors in the female reproductive system. Lu et al[66] discussed the anticancer effect of KLT, which is an 
extract of Coix seed oil. This article also discusses some other components of coix seed. Kim et al[67] discussed the anti-
pancreatic cancer effect of various natural plants including Coix lachryma seed. In the past 5 years, there has been no 
specialized review on the anticancer effect of Coix seed and its components, as well as the homology between medicine 
and food. This article starts from the perspective of homology between medicine and food, and conducts KEGG analysis 
of the effective ingredient targetscoix seed and its components, as well as the homology between medicine and food. This 
article starts from the perspective of homology between medicine and food, and conducts KEGG analysis of the effective 
ingredient targets of Coix seed through bioinformatics methods, proving that Coix seed indeed has anti-tumor effects, 
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and systematically reviews the anti-tumor effect of Coix seed. The application of Coix lachryma seed in traditional 
Chinese patent medicines and simple preparations and food was also summarized and sorted out, and the relevant data 
was displayed through charts. Methods, proving that Coix seed indeed has anti-tumor effects, and systematically reviews 
the anti-tumor effect of Coix seed. The application of Coix lachryma seed in traditional Chinese patent medicines and 
simple preparations and food was also summarized and sorted out, and the relevant data was displayed through charts.

CONCLUSION
In recent years, more and more studies have shown that Coix seed has the function of inhibiting the growth and 
metastasis of cancer cells, reducing the mortality rate of cancer patients. Therefore, Coix seed has become a highly 
anticipated health product. With the increasing emphasis on healthy diet, the idea of "treating diseases before they occur" 
has become increasingly popular, and Coix seed has received more and more attention in the field of medicinal and food 
homology. In the future, coix seed can be used to develop various new health products, such as cosmetics, and pharma-
ceuticals, to meet people's needs for health and beauty. At the same time, Coix seed can also be used to study new 
medicinal ingredients and treatment methods in order to further improve its health benefits.

FOOTNOTES
Author contributions: Meng FD, Lu DD, Yang YT, Xu DJ, Che MY and Nan Y designed the research study; Meng FD, Yang YT, Che MY 
and Yuan L collected the literature, Yuan L, Meng FD and Xu DJ analyzed the data and wrote the manuscript; All authors have read and 
approved the final manuscript.

Supported by Ningxia Natural Science Foundation, No. 2022AAC02039; Ningxia Key Research and Development Program, No. 
2023BEG02015; National Natural Science Foundation of China, No. 82260879.

Conflict-of-interest statement: The authors declare having no conflict of interests for this article.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 
original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: China

ORCID number: Fan-Di Meng 0009-0009-9757-5815; Ling Yuan 0000-0003-2838-0976; Dou-Dou Lu 0009-0009-4644-9181; Ya-Ting Yang 0009-
0004-4026-7428; Duo-Jie Xu 0009-0000-8992-4688; Meng-Ying Che 0009-0002-7560-1719; Yi Nan 0000-0002-5511-9266.

S-Editor: Lin C 
L-Editor: Filipodia 
P-Editor: Zhang XD

REFERENCES
1 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray F. Global Cancer Statistics 2020: GLOBOCAN Estimates of 

Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin 2021; 71: 209-249 [PMID: 33538338 DOI: 
10.3322/caac.21660]

2 Igbokwe IC, Wei M, Feng Y, Duan Y, Ma H, Zhang H. Coix Seed: A Review of Its Physicochemical Composition, Bioactivity, Processing, 
Application, Functionality, and Safety Aspects. Food Rev Int 2022; 38 Suppl 1: 921-939 [DOI: 10.1080/87559129.2021.1892129]

3 Nurkolis F, Gunawan W, Hardinsyah H, Mayulu N, Wijayanti M.   Health Benefits of Coix Seed (Coix lacryma-jobi): A Study Review. Curr 
Dev Nutr 2022; 6 Suppl 1: 524 [DOI: 10.1093/cdn/nzac077.027]

4 Yang M, Zhu SJ, Shen C, Zhai R, Li DD, Fang M, Xu JN, Gan YN, Yang L, Ren ZY, Zheng RX, Robinson N, Liu JP. Clinical Application of 
Chinese Herbal Injection for Cancer Care: Evidence-Mapping of the Systematic Reviews, Meta-analyses, and Randomized Controlled Trials. 
Front Pharmacol 2021; 12: 666368 [PMID: 34025425 DOI: 10.3389/fphar.2021.666368]

5 Lu Y, Li CS, Dong Q. Chinese herb related molecules of cancer-cell-apoptosis: a minireview of progress between Kanglaite injection and 
related genes. J Exp Clin Cancer Res 2008; 27: 31 [PMID: 18718024 DOI: 10.1186/1756-9966-27-31]

6 Su P, Leng Y, Liu J, Yu Y, Wang Z, Dang H. Comparative Analysis of the Efficacy and Safety of Different Traditional Chinese Medicine 
Injections in the Treatment of Cancer-Related Pain: A Bayesian Network Meta-Analysis. Front Pharmacol 2021; 12: 803676 [PMID: 
35197850 DOI: 10.3389/fphar.2021.803676]

7 Wu X, Chung VCH, Lu P, Poon SK, Hui EP, Lau AYL, Balneaves LG, Wong SYS, Wu JCY. Chinese Herbal Medicine for Improving Quality 
of Life Among Nonsmall Cell Lung Cancer Patients: Overview of Systematic Reviews and Network Meta-Analysis. Medicine (Baltimore) 
2016; 95: e2410 [PMID: 26735544 DOI: 10.1097/MD.0000000000002410]

8 Qi F, Li A, Inagaki Y, Gao J, Li J, Kokudo N, Li XK, Tang W. Chinese herbal medicines as adjuvant treatment during chemo- or radio-therapy 
for cancer. Biosci Trends 2010; 4: 297-307 [PMID: 21248427]

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0009-0009-9757-5815
http://orcid.org/0009-0009-9757-5815
http://orcid.org/0000-0003-2838-0976
http://orcid.org/0000-0003-2838-0976
http://orcid.org/0009-0009-4644-9181
http://orcid.org/0009-0009-4644-9181
http://orcid.org/0009-0004-4026-7428
http://orcid.org/0009-0004-4026-7428
http://orcid.org/0009-0004-4026-7428
http://orcid.org/0009-0000-8992-4688
http://orcid.org/0009-0000-8992-4688
http://orcid.org/0009-0002-7560-1719
http://orcid.org/0009-0002-7560-1719
http://orcid.org/0000-0002-5511-9266
http://orcid.org/0000-0002-5511-9266
http://www.ncbi.nlm.nih.gov/pubmed/33538338
https://dx.doi.org/10.3322/caac.21660
https://dx.doi.org/10.1080/87559129.2021.1892129
https://dx.doi.org/10.1093/cdn/nzac077.027
http://www.ncbi.nlm.nih.gov/pubmed/34025425
https://dx.doi.org/10.3389/fphar.2021.666368
http://www.ncbi.nlm.nih.gov/pubmed/18718024
https://dx.doi.org/10.1186/1756-9966-27-31
http://www.ncbi.nlm.nih.gov/pubmed/35197850
https://dx.doi.org/10.3389/fphar.2021.803676
http://www.ncbi.nlm.nih.gov/pubmed/26735544
https://dx.doi.org/10.1097/MD.0000000000002410
http://www.ncbi.nlm.nih.gov/pubmed/21248427


Meng FD et al. The anti-tumor effect of coix seed

WJCO https://www.wjgnet.com 603 December 24, 2023 Volume 14 Issue 12

9 Ni M, Wang H, Wang M, Zhou W, Zhang J, Wu J, Zhang D, Jing Z, Liu X, Wu Z, Guo S, Jia S, Zhang X, Sheng X. Investigation on the 
Efficiency of Chinese Herbal Injections for Treating Non-small Cell Lung Cancer With Vinorelbine and Cisplatin Based on Multidimensional 
Bayesian Network Meta-Analysis. Front Pharmacol 2020; 11: 631170 [PMID: 33708126 DOI: 10.3389/fphar.2020.631170]

10 Tajalifar M. RCoix Seeds: A Mini Review. J Plant Genet Breed 2018; 2
11 Du W, Zhu W, Ge W, Li C. Research on the effect of spleen-invigorating and anti-swelling active ingredients in crude and processed coix seed 

based on Spectrum - Effects relationship combined with chemometrics. J Pharm Biomed Anal 2021; 205: 114350 [PMID: 34507270 DOI: 
10.1016/j.jpba.2021.114350]

12 Huang Y, Zhu J, Lin X, Hong Y, Feng Y, Shen L. Potential of Fatty Oils from Traditional Chinese Medicine in Cancer Therapy: A Review for 
Phytochemical, Pharmacological and Clinical Studies. Am J Chin Med 2019; 47: 727-750 [PMID: 31094213 DOI: 
10.1142/S0192415X19500381]

13 Kuo CC, Chen HH, Chiang W. Adlay ( yì yĭ; "soft-shelled job's tears"; the seeds of Coix lachryma-jobi L. var. ma-yuen Stapf) is a Potential 
Cancer Chemopreventive Agent toward Multistage Carcinogenesis Processes. J Tradit Complement Med 2012; 2: 267-275 [PMID: 24716141 
DOI: 10.1016/s2225-4110(16)30112-2]

14 Weng WF, Peng Y, Pan X, Yan J, Li XD, Liao ZY, Cheng JP, Gao AJ, Yao X, Ruan JJ, Zhou ML. Adlay, an ancient functional plant with 
nutritional quality, improves human health. Front Nutr 2022; 9: 1019375 [PMID: 36618703 DOI: 10.3389/fnut.2022.1019375]

15 Zeng Y, Yang J, Chen J, Pu X, Li X, Yang X, Yang L, Ding Y, Nong M, Zhang S, He J. Actional Mechanisms of Active Ingredients in 
Functional Food Adlay for Human Health. Molecules 2022; 27 [PMID: 35956759 DOI: 10.3390/molecules27154808]

16 Suzuki Y, Miyahara T, Jinnouchi M, Miura Y, Taka H, Kaga N, Ohara-Takada A. A Comprehensive Analysis of Plasma Cytokines and 
Metabolites Shows an Association between Galectin-9 and Changes in Peripheral Lymphocyte Subset Percentages Following Coix Seed 
Consumption. Nutrients 2022; 14 [PMID: 35565664 DOI: 10.3390/nu14091696]

17 Jinnouchi M, Miyahara T, Suzuki Y. Coix Seed Consumption Affects the Gut Microbiota and the Peripheral Lymphocyte Subset Profiles of 
Healthy Male Adults. Nutrients 2021; 13 [PMID: 34836336 DOI: 10.3390/nu13114079]

18 Jang JW, Lim DW, Chang JU, Kim JE. The Combination of Ephedrae herba and Coicis semen in Gambihwan Attenuates Obesity and 
Metabolic Syndrome in High-Fat Diet-Induced Obese Mice. Evid Based Complement Alternat Med 2018; 2018: 5614091 [PMID: 30210573 
DOI: 10.1155/2018/5614091]

19 He C, Li Z, Liu H, Zhang H, Wang L, Chen H. Chemical compositions and antioxidant activity of adlay seed (Coixlachryma-jobi L.) oil 
extracted from four main producing areas in China. J Food Sci 2020; 85: 123-131 [PMID: 31872874 DOI: 10.1111/1750-3841.14982]

20 Chen LC, Zhang SY, Zi Y, Zhao HM, Wang HY, Zhang Y. Functional coix seed protein hydrolysates as a novel agent with potential 
hepatoprotective effect. Food Funct 2020; 11: 9495-9502 [PMID: 33078805 DOI: 10.1039/d0fo01658f]

21 Zhou Y, Wu MH, Luo SM, Huang ZH, Zhang Y, Ma ZG, Cao H, Xu CL. [Historical evolution of Coicis Semen processing methods]. 
Zhongguo Zhong Yao Za Zhi 2020; 45: 2694-2701 [PMID: 32627505 DOI: 10.19540/j.cnki.cjcmm.20200328.306]

22 Ru J, Li P, Wang J, Zhou W, Li B, Huang C, Guo Z, Tao W, Yang Y, Xu X, Li Y, Wang Y, Yang L. TCMSP: a database of systems 
pharmacology for drug discovery from herbal medicines. J Cheminform 2014; 6: 13 [PMID: 24735618 DOI: 10.1186/1758-2946-6-13]

23 Xu X, Zhang W, Huang C, Li Y, Yu H, Wang Y, Duan J, Ling Y. A novel chemometric method for the prediction of human oral 
bioavailability. Int J Mol Sci 2012; 13: 6964-6982 [PMID: 22837674 DOI: 10.3390/ijms13066964]

24 Suzuki Y, Konaya Y. Coix Seed May Affect Human Immune Function. Nat Prod Commun 2021; 16 [DOI: 10.1177/1934578X211048642]
25 Yin HM, Wang SN, Nie SP, Xie MY. Coix polysaccharides: Gut microbiota regulation and immunomodulatory. Bioactive Carbohydrates and 

Dietary Fibre 2018; 16: 53-61 [DOI: 10.1016/j.bcdf.2018.04.002]
26 Hameed A, Hafizur RM, Khan MI, Jawed A, Wang H, Zhao M, Matsunaga K, Izumi T, Siddiqui S, Khan F, Adhikari A, Sharma KR. Coixol 

amplifies glucose-stimulated insulin secretion via cAMP mediated signaling pathway. Eur J Pharmacol 2019; 858: 172514 [PMID: 31265841 
DOI: 10.1016/j.ejphar.2019.172514]

27 Zhang W, Jia X, Xu Y, Xie Q, Zhu M, Zhang H, Zhao Z, Hao J, Li H, Du J, Liu Y, Liu WH, Ma X, Hung W, Feng H. Effects of Coix Seed 
Extract, Bifidobacterium BPL1, and Their Combination on the Glycolipid Metabolism in Obese Mice. Front Nutr 2022; 9: 939423 [PMID: 
35923203 DOI: 10.3389/fnut.2022.939423]

28 Yuan HB, Zhu YD, Wang SS, Meng LN. Anti-Inflammatory Effect of Adlay Seed Protein in Diabetic Mice. Curr Top Nutraceut R 2018 [DOI: 
10.37290/ctnr2641-452x.17:380-387]

29 Zhou Q, Yu R, Liu T, Li Y, Zhong J, Zhang T, Liu Z, Hu Y. Coix Seed Diet Ameliorates Immune Function Disorders in Experimental Colitis 
Mice. Nutrients 2021; 14 [PMID: 35010997 DOI: 10.3390/nu14010123]

30 Wang H, Yin H, Zhong Y, Hu J, Xia S, Wang Z, Nie S, Xie M. Polysaccharides from fermented coix seed modulates circulating nitrogen and 
immune function by altering gut microbiota. Curr Res Food Sci 2022; 5: 1994-2003 [PMID: 36324864 DOI: 10.1016/j.crfs.2022.10.007]

31 Chen L, Xue S, Dai B, Zhao H. Effects of Coix Seed Oil on High Fat Diet-Induced Obesity and Dyslipidemia. Foods 2022; 11 [PMID: 
37431015 DOI: 10.3390/foods11203267]

32 Kim SO, Yun SJ, Lee EH. The water extract of adlay seed (Coix lachrymajobi var. mayuen) exhibits anti-obesity effects through 
neuroendocrine modulation. Am J Chin Med 2007; 35: 297-308 [PMID: 17436369 DOI: 10.1142/S0192415X07004825]

33 Du J, Yin G, Hu Y, Shi S, Jiang J, Song X, Zhang Z, Wei Z, Tang C, Lyu H. Coicis semen protects against focal cerebral ischemia-reperfusion 
injury by inhibiting oxidative stress and promoting angiogenesis via the TGFβ/ALK1/Smad1/5 signaling pathway. Aging (Albany NY) 2020; 
13: 877-893 [PMID: 33290255 DOI: 10.18632/aging.202194]

34 Lu T, Yu J, Gao R, Wang J, Wang H, Wang X, Xu B, Cao L, Wu J, Ni B, Li S, Li J. Chinese patent medicine Kanglaite injection for non-
small-cell lung cancer: An overview of systematic reviews. J Ethnopharmacol 2023; 302: 115814 [PMID: 36240975 DOI: 
10.1016/j.jep.2022.115814]

35 Cao L, Long L, Hu C. Efficacy of Paclitaxel Combined with Kanglaite Injection in Treatment of Bone Metastases of Lung Cancer. Iran J 
Public Health 2019; 48: 1445-1451 [PMID: 32292727]

36 Wu Y, Zhang J, Hong Y, Wang X. Effects of Kanglaite Injection on Serum miRNA-21 in Patients with Advanced Lung Cancer. Med Sci Monit 
2018; 24: 2901-2906 [PMID: 29735968 DOI: 10.12659/MSM.909719]

37 Lu X, Liu W, Luo C. Apoptotic effect of coix polysaccharides on A549 lung cancer cells in vitro. Zhongguo Fei Ai Za Zhi 2012; 15: 624-629 
[PMID: 23164347 DOI: 10.3779/j.issn.1009-3419.2012.11.04]

38 Duan GC. The Effects of Combination of Coix Seed Extract and Cisplatin on TAM and Expression of HIF-1α in Vivo in Lewis Lung 
Carcinoma. Iran J Public Health 2018; 47: 838-843 [PMID: 30087869]

http://www.ncbi.nlm.nih.gov/pubmed/33708126
https://dx.doi.org/10.3389/fphar.2020.631170
http://www.ncbi.nlm.nih.gov/pubmed/34507270
https://dx.doi.org/10.1016/j.jpba.2021.114350
http://www.ncbi.nlm.nih.gov/pubmed/31094213
https://dx.doi.org/10.1142/S0192415X19500381
http://www.ncbi.nlm.nih.gov/pubmed/24716141
https://dx.doi.org/10.1016/s2225-4110(16)30112-2
http://www.ncbi.nlm.nih.gov/pubmed/36618703
https://dx.doi.org/10.3389/fnut.2022.1019375
http://www.ncbi.nlm.nih.gov/pubmed/35956759
https://dx.doi.org/10.3390/molecules27154808
http://www.ncbi.nlm.nih.gov/pubmed/35565664
https://dx.doi.org/10.3390/nu14091696
http://www.ncbi.nlm.nih.gov/pubmed/34836336
https://dx.doi.org/10.3390/nu13114079
http://www.ncbi.nlm.nih.gov/pubmed/30210573
https://dx.doi.org/10.1155/2018/5614091
http://www.ncbi.nlm.nih.gov/pubmed/31872874
https://dx.doi.org/10.1111/1750-3841.14982
http://www.ncbi.nlm.nih.gov/pubmed/33078805
https://dx.doi.org/10.1039/d0fo01658f
http://www.ncbi.nlm.nih.gov/pubmed/32627505
https://dx.doi.org/10.19540/j.cnki.cjcmm.20200328.306
http://www.ncbi.nlm.nih.gov/pubmed/24735618
https://dx.doi.org/10.1186/1758-2946-6-13
http://www.ncbi.nlm.nih.gov/pubmed/22837674
https://dx.doi.org/10.3390/ijms13066964
https://dx.doi.org/10.1177/1934578X211048642
https://dx.doi.org/10.1016/j.bcdf.2018.04.002
http://www.ncbi.nlm.nih.gov/pubmed/31265841
https://dx.doi.org/10.1016/j.ejphar.2019.172514
http://www.ncbi.nlm.nih.gov/pubmed/35923203
https://dx.doi.org/10.3389/fnut.2022.939423
https://dx.doi.org/10.37290/ctnr2641-452x.17:380-387
http://www.ncbi.nlm.nih.gov/pubmed/35010997
https://dx.doi.org/10.3390/nu14010123
http://www.ncbi.nlm.nih.gov/pubmed/36324864
https://dx.doi.org/10.1016/j.crfs.2022.10.007
http://www.ncbi.nlm.nih.gov/pubmed/37431015
https://dx.doi.org/10.3390/foods11203267
http://www.ncbi.nlm.nih.gov/pubmed/17436369
https://dx.doi.org/10.1142/S0192415X07004825
http://www.ncbi.nlm.nih.gov/pubmed/33290255
https://dx.doi.org/10.18632/aging.202194
http://www.ncbi.nlm.nih.gov/pubmed/36240975
https://dx.doi.org/10.1016/j.jep.2022.115814
http://www.ncbi.nlm.nih.gov/pubmed/32292727
http://www.ncbi.nlm.nih.gov/pubmed/29735968
https://dx.doi.org/10.12659/MSM.909719
http://www.ncbi.nlm.nih.gov/pubmed/23164347
https://dx.doi.org/10.3779/j.issn.1009-3419.2012.11.04
http://www.ncbi.nlm.nih.gov/pubmed/30087869


Meng FD et al. The anti-tumor effect of coix seed

WJCO https://www.wjgnet.com 604 December 24, 2023 Volume 14 Issue 12

39 Luo C, Wang X, An C, Hwang CF, Miao W, Yang L, Xu M, Bai A, Deng S. Molecular inhibition mechanisms of cell migration and invasion 
by coix polysaccharides in A549 NSCLC cells via targeting S100A4. Mol Med Rep 2017; 15: 309-316 [PMID: 27922683 DOI: 
10.3892/mmr.2016.5985]

40 Ni C, Li B, Ding Y, Wu Y, Wang Q, Wang J, Cheng J. Anti-Cancer Properties of Coix Seed Oil against HT-29 Colon Cells through Regulation 
of the PI3K/AKT Signaling Pathway. Foods 2021; 10 [PMID: 34829119 DOI: 10.3390/foods10112833]

41 Wang Y, Zhang C, Zhang S, Zhao Z, Wang J, Song J, Wang Y, Liu J, Hou S. Kanglaite sensitizes colorectal cancer cells to Taxol via NF-κΒ 
inhibition and connexin 43 upregulation. Sci Rep 2017; 7: 1280 [PMID: 28455529 DOI: 10.1038/s41598-017-01480-2]

42 Wu LQ, Lu Y, Lu HJ, Zhao ZG, Yang M. Efficacy of intra-tumor injection of Kang-Lai-Te in treating transplanted hepatoma in rats. 
Hepatobiliary Pancreat Dis Int 2004; 3: 580-584 [PMID: 15567749]

43 Wang D, Yang C, Wang Z, Yang Y, Li D, Ding X, Xu W, Zheng Q. Norcantharidin combined with Coix seed oil synergistically induces 
apoptosis and inhibits hepatocellular carcinoma growth by downregulating regulatory T cells accumulation. Sci Rep 2017; 7: 9373 [PMID: 
28839202 DOI: 10.1038/s41598-017-09668-2]

44 Qu D, Liu M, Huang M, Wang L, Chen Y, Liu C, Liu Y. Octanoyl galactose ester-modified microemulsion system self-assembled by coix seed 
components to enhance tumor targeting and hepatoma therapy. Int J Nanomedicine 2017; 12: 2045-2059 [PMID: 28352174 DOI: 
10.2147/IJN.S125293]

45 Qu D, Sun W, Liu M, Liu Y, Zhou J, Chen Y. Bitargeted microemulsions based on coix seed ingredients for enhanced hepatic tumor delivery 
and synergistic therapy. Int J Pharm 2016; 503: 90-101 [PMID: 26947738 DOI: 10.1016/j.ijpharm.2016.03.001]

46 Fang T, Jiang YX, Chen L, Huang L, Tian XH, Zhou YD, Nagle DG, Zhang DD. Coix Seed Oil Exerts an Anti-Triple-Negative Breast Cancer 
Effect by Disrupting miR-205/S1PR1 Axis. Front Pharmacol 2020; 11: 529962 [PMID: 33101013 DOI: 10.3389/fphar.2020.529962]

47 Zhao M, Fu L, Xu P, Wang T, Li P. Network Pharmacology and Experimental Validation to Explore the Effect and Mechanism of Kanglaite 
Injection Against Triple-Negative Breast Cancer. Drug Des Devel Ther 2023; 17: 901-917 [PMID: 36998242 DOI: 10.2147/DDDT.S397969]

48 Chen Y, Wang S, Hu Q, Zhou L. Self-emulsifying System Co-loaded with Paclitaxel and Coix Seed Oil Deeply Penetrated to Enhance 
Efficacy in Cervical Cancer. Curr Drug Deliv 2023; 20: 919-926 [PMID: 35762559 DOI: 10.2174/1567201819666220628094239]

49 Guo M, Qu D, Qin Y, Chen Y, Liu Y, Huang M. Transferrin-Functionalized Microemulsions Coloaded with Coix Seed Oil and Tripterine 
Deeply Penetrate To Improve Cervical Cancer Therapy. Mol Pharm 2019; 16: 4826-4835 [PMID: 31663764 DOI: 
10.1021/acs.molpharmaceut.9b00717]

50 Chen Y, Qu D, Fu R, Guo M, Qin Y, Guo J, Chen Y. A Tf-modified tripterine-loaded coix seed oil microemulsion enhances anti-cervical 
cancer treatment. Int J Nanomedicine 2018; 13: 7275-7287 [PMID: 30510417 DOI: 10.2147/IJN.S182475]

51 Zhang XW, Liu L, Zhang XZ, Bo P. Kanglaite inhibits the expression of drug resistance genes through suppressing PVT1 in cisplatin-resistant 
gastric cancer cells. Exp Ther Med 2017; 14: 1789-1794 [PMID: 28810651 DOI: 10.3892/etm.2017.4650]

52 Zhan YP, Huang XE, Cao J, Lu YY, Wu XY, Liu J, Xu X, Xiang J, Ye LH. Clinical safety and efficacy of Kanglaite® (Coix Seed Oil) 
injection combined with chemotherapy in treating patients with gastric cancer. Asian Pac J Cancer Prev 2012; 13: 5319-5321 [PMID: 
23244156 DOI: 10.7314/apjcp.2012.13.10.5319]

53 Yang J, Liu Y, Lu S, Sun X, Yin Y, Wang K, Liu S. Coix seed oil regulates mitochondrial functional damage to induce apoptosis of human 
pancreatic cancer cells via the PTEN/PI3K/AKT signaling pathway. Mol Biol Rep 2022; 49: 5897-5909 [PMID: 35543827 DOI: 
10.1007/s11033-022-07371-8]

54 Qian Y, Xiong Y, Feng D, Wu Y, Zhang X, Chen L, Gu M. Coix Seed Extract Enhances the Anti-Pancreatic Cancer Efficacy of Gemcitabine 
through Regulating ABCB1- and ABCG2-Mediated Drug Efflux: A Bioluminescent Pharmacokinetic and Pharmacodynamic Study. Int J Mol 
Sci 2019; 20 [PMID: 31652737 DOI: 10.3390/ijms20215250]

55 Qian Y, Yang B, Xiong Y, Gu M. Coix seed emulsion synergistically enhances the antitumor activity of gemcitabine in pancreatic cancer 
through abrogation of NF-κB signaling. Oncol Rep 2016; 36: 1517-1525 [PMID: 27459907 DOI: 10.3892/or.2016.4958]

56 Liu H, Li L, Zou J, Zhou T, Wang B, Sun H, Yu S. Coix seed oil ameliorates cancer cachexia by counteracting muscle loss and fat lipolysis. 
BMC Complement Altern Med 2019; 19: 267 [PMID: 31615487 DOI: 10.1186/s12906-019-2684-4]

57 Zhang P, Meng X, Tang X, Ren L, Liang J. The effect of a coix seed oil injection on cancer pain relief. Support Care Cancer 2019; 27: 461-
465 [PMID: 29971522 DOI: 10.1007/s00520-018-4313-z]

58 Yan H, Li Y, Yang B, Long F, Yang Z, Tang D. Exploring the mechanism of action of Yiyi Fuzi Baijiang powder in colorectal cancer based 
on network pharmacology and molecular docking studies. Biotechnol Genet Eng Rev 2023; 1-21 [PMID: 36735641 DOI: 
10.1080/02648725.2023.2167765]

59 Xiang B, Geng R, Zhang Z, Ji X, Zou J, Chen L, Liu J. Identification of the effect and mechanism of Yiyi Fuzi Baijiang powder against 
colorectal cancer using network pharmacology and experimental validation. Front Pharmacol 2022; 13: 929836 [PMID: 36353478 DOI: 
10.3389/fphar.2022.929836]

60 Yang J, Miao L, Xue Y, Wang X. Yiyi Fuzi Baijiang Powder Alleviates Dextran Sulfate Sodium-Induced Ulcerative Colitis in Rats via 
Inhibiting the TLR4/NF-κB/NLRP3 Inflammasome Signaling Pathway to Repair the Intestinal Epithelial Barrier, and Modulating Intestinal 
Microbiota. Oxid Med Cell Longev 2023; 2023: 3071610 [PMID: 36691639 DOI: 10.1155/2023/3071610]

61 Yang PW, Xu PL, Cheng CS, Jiao JY, Wu Y, Dong S, Xie J, Zhu XY. Integrating network pharmacology and experimental models to 
investigate the efficacy of QYHJ on pancreatic cancer. J Ethnopharmacol 2022; 297: 115516 [PMID: 35817247 DOI: 
10.1016/j.jep.2022.115516]

62 Lin X, Xu W, Shao M, Fan Q, Wen G, Li C, Jing L, Sun X. Shenling Baizhu San supresses colitis associated colorectal cancer through 
inhibition of epithelial-mesenchymal transition and myeloid-derived suppressor infiltration. BMC Complement Altern Med 2015; 15: 126 
[PMID: 25897964 DOI: 10.1186/s12906-015-0649-9]

63 Zhao CH, He B, Yang YF, Liao J. Dietary therapy of qi-yin-reinforcing porridge for the alleviation of chemotherapy related symptoms of 
gastrointestinal tumors: a single-case randomized controlled study. Chin J Integr Med 2013; 19: 418-423 [PMID: 23784467 DOI: 
10.1007/s11655-013-1329-y]

64 Li H, Peng L, Yin F, Fang J, Cai L, Zhang C, Xiang Z, Zhao Y, Zhang S, Sheng H, Wang D, Zhang X, Liang Z. Research on Coix seed as a 
food and medicinal resource, it's chemical components and their pharmacological activities: A review. J Ethnopharmacol 2023; 319: 117309 
[PMID: 37858750 DOI: 10.1016/j.jep.2023.117309]

65 Pan X, Shen Q, Zhang C, Zhang X, Li Y, Chang Z, Pang B. Coicis Semen for the treatment of malignant tumors of the female reproductive 
system: A review of traditional Chinese medicinal uses, phytochemistry, pharmacokinetics, and pharmacodynamics. Front Pharmacol 2023; 
14: 1129874 [PMID: 36909176 DOI: 10.3389/fphar.2023.1129874]

http://www.ncbi.nlm.nih.gov/pubmed/27922683
https://dx.doi.org/10.3892/mmr.2016.5985
http://www.ncbi.nlm.nih.gov/pubmed/34829119
https://dx.doi.org/10.3390/foods10112833
http://www.ncbi.nlm.nih.gov/pubmed/28455529
https://dx.doi.org/10.1038/s41598-017-01480-2
http://www.ncbi.nlm.nih.gov/pubmed/15567749
http://www.ncbi.nlm.nih.gov/pubmed/28839202
https://dx.doi.org/10.1038/s41598-017-09668-2
http://www.ncbi.nlm.nih.gov/pubmed/28352174
https://dx.doi.org/10.2147/IJN.S125293
http://www.ncbi.nlm.nih.gov/pubmed/26947738
https://dx.doi.org/10.1016/j.ijpharm.2016.03.001
http://www.ncbi.nlm.nih.gov/pubmed/33101013
https://dx.doi.org/10.3389/fphar.2020.529962
http://www.ncbi.nlm.nih.gov/pubmed/36998242
https://dx.doi.org/10.2147/DDDT.S397969
http://www.ncbi.nlm.nih.gov/pubmed/35762559
https://dx.doi.org/10.2174/1567201819666220628094239
http://www.ncbi.nlm.nih.gov/pubmed/31663764
https://dx.doi.org/10.1021/acs.molpharmaceut.9b00717
http://www.ncbi.nlm.nih.gov/pubmed/30510417
https://dx.doi.org/10.2147/IJN.S182475
http://www.ncbi.nlm.nih.gov/pubmed/28810651
https://dx.doi.org/10.3892/etm.2017.4650
http://www.ncbi.nlm.nih.gov/pubmed/23244156
https://dx.doi.org/10.7314/apjcp.2012.13.10.5319
http://www.ncbi.nlm.nih.gov/pubmed/35543827
https://dx.doi.org/10.1007/s11033-022-07371-8
http://www.ncbi.nlm.nih.gov/pubmed/31652737
https://dx.doi.org/10.3390/ijms20215250
http://www.ncbi.nlm.nih.gov/pubmed/27459907
https://dx.doi.org/10.3892/or.2016.4958
http://www.ncbi.nlm.nih.gov/pubmed/31615487
https://dx.doi.org/10.1186/s12906-019-2684-4
http://www.ncbi.nlm.nih.gov/pubmed/29971522
https://dx.doi.org/10.1007/s00520-018-4313-z
http://www.ncbi.nlm.nih.gov/pubmed/36735641
https://dx.doi.org/10.1080/02648725.2023.2167765
http://www.ncbi.nlm.nih.gov/pubmed/36353478
https://dx.doi.org/10.3389/fphar.2022.929836
http://www.ncbi.nlm.nih.gov/pubmed/36691639
https://dx.doi.org/10.1155/2023/3071610
http://www.ncbi.nlm.nih.gov/pubmed/35817247
https://dx.doi.org/10.1016/j.jep.2022.115516
http://www.ncbi.nlm.nih.gov/pubmed/25897964
https://dx.doi.org/10.1186/s12906-015-0649-9
http://www.ncbi.nlm.nih.gov/pubmed/23784467
https://dx.doi.org/10.1007/s11655-013-1329-y
http://www.ncbi.nlm.nih.gov/pubmed/37858750
https://dx.doi.org/10.1016/j.jep.2023.117309
http://www.ncbi.nlm.nih.gov/pubmed/36909176
https://dx.doi.org/10.3389/fphar.2023.1129874


Meng FD et al. The anti-tumor effect of coix seed

WJCO https://www.wjgnet.com 605 December 24, 2023 Volume 14 Issue 12

66 Lu C, Wu S, Ke L, Liu F, Shang W, Deng X, Huang Y, Zhang Q, Cui X, Mentis AA, Xie Y, Wang Z. Kanglaite (Coix Seed Extract) as 
Adjunctive Therapy in Cancer: Evidence Mapping Overview Based on Systematic Reviews With Meta-Analyses. Front Pharmacol 2022; 13: 
901875 [PMID: 36034785 DOI: 10.3389/fphar.2022.901875]

67 Kim A, Ha J, Kim J, Cho Y, Ahn J, Cheon C, Kim SH, Ko SG, Kim B. Natural Products for Pancreatic Cancer Treatment: From Traditional 
Medicine to Modern Drug Discovery. Nutrients 2021; 13 [PMID: 34836055 DOI: 10.3390/nu13113801]

http://www.ncbi.nlm.nih.gov/pubmed/36034785
https://dx.doi.org/10.3389/fphar.2022.901875
http://www.ncbi.nlm.nih.gov/pubmed/34836055
https://dx.doi.org/10.3390/nu13113801


WJCO https://www.wjgnet.com 606 December 24, 2023 Volume 14 Issue 12

World Journal of 

Clinical OncologyW J C O
Submit a Manuscript: https://www.f6publishing.com World J Clin Oncol 2023 December 24; 14(12): 606-619

DOI: 10.5306/wjco.v14.i12.606 ISSN 2218-4333 (online)

ORIGINAL ARTICLE

Retrospective Study

Clinical outcomes of newly diagnosed primary central nervous 
system lymphoma treated with zanubrutinib-based combination 
therapy

Ning Wang, Fei-Li Chen, Lu Pan, Yan Teng, Xiao-Juan Wei, Han-Guo Guo, Xin-Miao Jiang, Ling Huang, Si-
Chu Liu, Zhan-Li Liang, Wen-Yu Li

Specialty type: Oncology

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): 0 
Grade C (Good): C 
Grade D (Fair): D 
Grade E (Poor): 0

P-Reviewer: Mehdipour P, Iran

Received: June 1, 2023 
Peer-review started: June 1, 2023 
First decision: August 16, 2023 
Revised: September 5, 2023 
Accepted: November 17, 2023 
Article in press: November 17, 2023 
Published online: December 24, 
2023

Ning Wang, Lu Pan, Yan Teng, Wen-Yu Li, School of Medicine, South China University of 
Technology, Guangzhou 510006, Guangdong Province, China

Fei-Li Chen, Xiao-Juan Wei, Han-Guo Guo, Xin-Miao Jiang, Ling Huang, Si-Chu Liu, Zhan-Li Liang, 
Guangdong Provincial People’s Hospital, Guangdong Academy of Medical Sciences, 
Guangzhou 510080, Guangdong Province, China

Corresponding author: Wen-Yu Li, Doctor, Chief Doctor, School of Medicine, South China 
University of Technology, No. 123 Huifu West Road, Guangzhou 510006, Guangdong 
Province, China. lwy80411@163.com

Abstract
BACKGROUND 
High-dose methotrexate (HD-MTX) combined with other chemotherapeutic 
agents is an effective treatment for patients with newly diagnosed primary central 
nervous system lymphoma (PCNSL); however, some patients have adverse 
reactions.

AIM 
To retrospectively evaluate disease outcomes and mutational profiles in newly 
diagnosed PCNSL patients treated with a zanubrutinib/HD-MTX combination 
regimen.

METHODS 
Nineteen newly diagnosed PCNSL patients were treated with zanubrutinib/HD-
MTX until disease progression, intolerable toxicities, or physician/patient-
directed withdrawal. Safety and efficacy were assessed per the CTCAE v5.0 and 
RECIST v1.1 criteria, respectively. The primary endpoint was the objective 
response rate (ORR), and the secondary endpoints were progression-free survival, 
overall survival (OS), and safety.

RESULTS 
The median follow-up duration was 14.7 mo (range, 3.9–30 mo). The ORR for all 
patients was 84.2%, and 2-year progression-free- and OS rates were 75.6% and 
94.1%, respectively. All patients completed the induction phase, and nine patients 
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underwent autologous stem cell transplantation as consolidation therapy, resulting in an ORR of 88.9%. Ten 
patients received zanubrutinib as maintenance therapy and achieved an ORR of 80%. All patients showed an 
acceptable safety profile. The sequencing results for cerebrospinal fluid (CSF) and tumor tissue showed that PIM1 
mutations were the most frequent genetic alterations. Circulating tumor DNA was correlated with disease relapse 
and response.

CONCLUSION 
Our empirical observations demonstrated that the combination of zanubrutinib with HD-MTX yielded a marked 
clinical response and tolerability among newly diagnosed PCNSL patients. Non-invasive CSF liquid biopsy 
profiling may be feasible for evaluating treatment response and tumor burden.

Key Words: Zanubrutinib; High-dose methotrexate; Primary central nervous system lymphoma; Liquid biopsy; Circulating 
tumor DNA

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Zanubrutinib combined with high-dose methotrexate provided a marked clinical response and tolerance in newly 
diagnosed primary central nervous system lymphoma patients. Additionally, the detection of circulating tumor DNA in 
cerebrospinal fluid played a significant part in disease surveillance and treatment response monitoring. However, given the 
small sample size and retrospective nature of this study, further research is required to validate our findings.

Citation: Wang N, Chen FL, Pan L, Teng Y, Wei XJ, Guo HG, Jiang XM, Huang L, Liu SC, Liang ZL, Li WY. Clinical outcomes of 
newly diagnosed primary central nervous system lymphoma treated with zanubrutinib-based combination therapy. World J Clin Oncol 
2023; 14(12): 606-619
URL: https://www.wjgnet.com/2218-4333/full/v14/i12/606.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i12.606

INTRODUCTION
Primary central nervous system lymphoma (PCNSL) is an aggressive lymphoma that is confined to the brain, 
leptomeninges, eyes, cerebrospinal fluid (CSF), or spinal cord, without evidence of systemic disease[1,2]. Almost all 
PCNSLs constitute diffuse large B-cell lymphoma (DLBCL)[3]. However, the treatments for PCNSL and DLBCL differ. 
High-dose methotrexate (HD-MTX) is the primary treatment for PCNSL. HD-MTX (3.5 g/m2) combined with other 
chemotherapeutic agents is effective; however, some patients have adverse reactions[4,5]. Therefore, it is necessary to 
identify drugs that can be combined with HD-MTX to solve this issue.

Zanubrutinib, a novel oral inhibitor of Bruton’s tyrosine kinase (BTK), is a promising therapeutic intervention in B-cell 
antigen receptor (BCR) and Toll-like receptor (TLR) signaling. This signaling network integrates signals from the BCR 
and TLR pathways. The key players, BCR-associated protein CD79B and myeloid differentiation primary response 88 
(MYD88), act as bridges linking interleukin-1 and TLRs with the potent nuclear factor kappa B pathway[6-9]. Activating 
mutations were observed in MYD88 and CD79B across various studies of PCNSL[6,10-13]. Studies have shown that BTK 
inhibitors can cross the blood-brain barrier and effectively modulate signaling cascades downstream of MYD88 and 
CD79B[14-17], demonstrating their potential efficacy in PCNSL. Recent studies on zanubrutinib-containing therapeutic 
regimens have highlighted their effectiveness in cases of DLBCL with CNS involvement[18]. However, despite these 
advancements, a critical gap remains: the absence of concrete clinical evidence supporting the use of zanubrutinib in 
PCNSL with CNS involvement. The BTK inhibitor, ibrutinib, combined with HD-MTX has demonstrated an objective 
response rate (ORR) of 80% with an acceptable safety profile in a phase Ib study[19]. Therefore, we retrospectively 
analyzed the clinicopathological characteristics, treatment outcomes, and adverse events in newly diagnosed PCNSL 
patients treated with combined HD-MTX and zanubrutinib. We also explored the next-generation sequencing of 
circulating tumor DNA (ctDNA) in CSF, both before and during treatment, as well as the safety profile, treatment 
response, and genomic biomarkers.

MATERIALS AND METHODS
Patients
From May 2020 to April 2022, 19 eligible PCNSL patients from XX Hospital, China, were identified for inclusion in this 
study. The inclusion criteria were as follows: (1) Newly diagnosed pathologically confirmed PCNSL; (2) ≥ 18 years of age; 
(3) Treatment with HD-MTX and zanubrutinib combination therapy; and (4) Received at least two cycles of chemo-
therapy. The exclusion criteria were as follows: (1) Non-primary CNS lymphoma; (2) Previous treatment with other BTK 
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inhibitors; and (3) Patients with incomplete follow-up data, for whom we were unable to evaluate efficacy. The selection 
criteria are also shown in Figure 1.

This study was approved by the Clinical and Research Ethics Committee of the Guangdong Provincial People’s 
Hospital, Guangzhou, China. All procedures in the present study that involved human participants were performed in 
accordance with the Declaration of Helsinki. All patients provided written informed consent to participate in this study.

Treatment protocol
The treatment regimen was designed to achieve optimal outcomes through induction therapy with combined HD-MTX 
and zanubrutinib. HD-MTX was administered at a dose of 3.5 g/m2, with a total of 4-8 doses planned. Zanubrutinib was 
prescribed at a dose of 160 mg orally (PO) twice daily (BID). Zanubrutinib administration was paused on the days of HD-
MTX infusion to mitigate potential interactions and was resumed once HD-MTX clearance was achieved. Following 
induction therapy, zanubrutinib was administered as maintenance therapy until specific endpoints were reached, namely 
disease progression, intolerable toxicity, autologous stem cell transplantation (ASCT), or mortality.

Stem cell assessment and ASCT
Prior to ASCT, a comprehensive evaluation of each patient’s stem cell composition was performed. The ASCT process 
comprised the use of peripheral blood autologous hematopoietic stem cells. To prepare patients for ASCT, a pre-
conditioning regimen was administered that comprised either carmustine, etoposide, cytarabine, and melphalan or 
carmustine, etoposide, cytarabine, and cyclophosphamide. This pre-conditioning aimed to optimize the transplantation 
environment. Subsequently, granulocyte colony-stimulating factor was administered to mobilize stem cells. The screening 
process involved monitoring cluster of differentiation 34-positive (CD34+) hematopoietic stem cells in peripheral blood 
using flow cytometry. The ideal threshold for peripheral blood CD34+ cells was set at ≥ 20 cells/μL. This monitoring 
enabled prediction of the required collection quantity and duration, with a minimum standard of CD34+ cells not at 2 × 
106/kg. A desirable transplant condition was generally achieved when the final collection of CD34+ cells exceeded 5 × 106

/kg.

Response assessment
Therapeutic response was evaluated in accordance with the international PCNSL Collaborative Group guidelines[1]. 
Response to treatment was assessed using magnetic resonance imaging and CSF evaluation every second cycle. In 
accordance with the guidelines, each patient’s best response to treatment was recorded to evaluate the ORR, including 
complete response (CR, no contrast enhancement on imaging) and partial response (≥ 50% decrease disease enhancement 
on imaging). Any new lesions were defined as progressive disease (PD), and any other conditions were defined as stable 
disease. Progression-free survival (PFS) was calculated from the start of treatment to the time of disease progression or 
death due to PCNSL. Overall survival (OS) was calculated from the date of diagnosis to the time of death from any cause.

Sample collection and processing
CSF and peripheral blood samples were collected and stored at -80°C. Tumor biopsy specimens were obtained using 
formalin-fixed, paraffin-embedded tissues. Samples were analyzed using capture-based targeted next-generation 
sequencing in a central testing laboratory (Nanjing Geneseq Technology, Inc., Nanjing, China). This approach, as 
previously outlined, targets 102 lymphoma-associated genes, facilitating precise genetic characterization[20,21]. The 
DLBCL [non-germinal center B-cell (non-GCB) or germinal center B-cell (GCB)] subtype was determined using immuno-
histochemical staining in accordance with the Hans classification, in the Department of Pathology of the Guangdong 
People’s Hospital, Guangzhou, China.

Statistical analysis
GraphPad Prism 9 (version 9.0.2; GraphPad Software, Inc., San Diego, CA, United States) was used for the data analysis. 
Baseline characteristics were described using medians for continuous variables and percentages for categorical variables. 
PFS and OS were analyzed by the Kaplan–Meier method, P values were calculated using the log-rank test, and P < 0.05 
indicated a significant difference.

RESULTS
Baseline patients’ data
Data for 19 patients with newly diagnosed PCNSL who were treated with HD-MTX plus zanubrutinib were 
retrospectively analyzed (Figure 1). The patients’ clinicopathological characteristics are summarized in Table 1. The 
patients’ median age was 57 years (range, 27-81 years), and five patients had an Eastern Cooperative Oncology Group 
performance score > 2 (Table 1). Ten patients were women, and 16 patients had lesions in deep areas, namely the 
periventricular tissue, corpus callosum, brainstem, basal ganglia, and/or cerebellum. Eleven patients had high CSF 
protein concentrations (> 450 mg/L), and only one patient had a high lactate dehydrogenase serum level (> 250 U/L). 
The International Extranodal Lymphoma Study Group risk score was low-grade in 3 patients, median-grade in 12 
patients, and high-grade in 1 patient.
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Table 1 Baseline data of the patients with primary central nervous system lymphoma

Characteristic N = 19

Age, yr 57 (27–81)

Sex, n (%)

Male 9 (47.4)

Female 10 (52.6)

ECOG-PS ≥ 2, n (%) 5 (26.3)

Invasion of deep intracranial areas, n (%) 16 (84.2)

High CSF protein concentration (> 450 mg/L), n (%) 11 (68.75)1

High LDH serum concentration (> 250 U/L), n (%) 1 (5.3)

IELSG risk score, n (%)

        Low 3 (18.75)1

        Intermediate 12 (75)1

        High 1 (6.25)1

Follow-up time (mo) 14.7 (3.9–30)

1Three patients refused lumbar puncture for personal reasons.
ECOG-PS: Eastern Cooperative Oncology Group performance score; CSF: Cerebrospinal fluid; LDH: Lactate dehydrogenase; IELSG: International 
Extranodal Lymphoma Study Group.

Treatment duration and response
All 19 patients received 120 doses of induction therapy. ASCT was administered as consolidation therapy in nine patients. 
None of the patients received corticosteroid therapy. HD-MTX therapy was discontinued in one patient due to delayed 
HD-MTX excretion. Nine patients completed ASCT, with an ORR of 88.9% (CR/PR: 6/2). Eight patients were still in 
remission at the time of writing (Figure 2 and Table 2). Ten patients received maintenance therapy comprising 
zanubrutinib with lenalidomide for 6 mo, and zanubrutinib monotherapy was administered continuously until disease 
progression.

The median follow-up duration was 14.7 mo (range, 3.9-30 mo). All patients were evaluated for treatment response, 
which revealed CR in 11 patients, partial response in 5 patients, and PD in 3 patients. The ORR was 84.2%, and 2-year PFS 
and OS rates were 75.6% and 94.1%, respectively. The median PFS and median OS for the entire cohort were not reached 
(Table 3 and Figure 3).

Safety and adverse events
The prevalent hematological toxicity in patients who received HD-MTX plus zanubrutinib treatment was anemia (100%), 
followed by lymphocytopenia (84.2%). The leading non-hematological toxicities were hypoalbuminemia (94.7%) and 
hypokalemia (78.9%) (Table 4). It is noteworthy that no grade 4 non-hematological toxicities were recorded, and the 
observed adverse effects of therapy were mild and required no additional therapeutic interventions. No treatment-related 
fatalities were observed.

Clinical response and baseline tumor genomic characteristics
We also explored the association between treatment response and tumor genomic traits. CSF samples were available for 
eight patients, while six patients had baseline tumor biopsy samples available for genomic analysis (Figure 4). Forty-two 
genetic alterations were detected (tumor tissue samples: n = 30, CSF samples: n = 30), and 18 alterations were the same in 
the primary tumor tissue and CSF samples (Figure 5). The most common mutation detected in both CSF and primary 
tumor samples was PIM1, followed by alterations of B-cell lymphoma 6, MYD88, GNA13, and TBL1XR1.

Among the 19 patients, 9 had non-GCB disease, with 6 (66.7%) responding positively to the zanubrutinib-based 
regimen. The remaining 10 patients with GCB disease achieved a 100% response rate to the same regimen. Among the 
patients with MYD88 alterations, four achieved CR, constituting 50% of this subgroup, with the zanubrutinib-based 
regimen. In the subset of eight patients with alterations in key genes involved in the BCR pathway, such as CD79B and 
MYD88, the ORR reached 60%. The response rates for patients with alterations in MYD88 and CD79B were 50% (4/8) and 
37.5% (3/8), respectively (Table 2). Two patients (P1 and P7) with alterations in both MYD88 and CD79B genes 
demonstrated a 50% ORR, with one achieving a CR, as shown in Table 2.

The role of CSF ctDNA in disease surveillance
Eight CSF samples were collected during various treatment cycles, i.e., at baseline and just before cycles 3, 5, and 6. One 
exception was patient 6, who underwent assessments only after cycle 3 and cycle 6 for personal reasons. Six patients 
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Table 2 Baseline tumor genomic characteristics of the patients with primary central nervous system lymphoma

Patient ID COO Subtype Best response (mo) MYDBB CD79B Ki-67 Cyclin D1 Other IHC results

p973624 1 Non-GCB CR (22.2)1 L265P Y196D > 90%+ NA CD20(+++), CD79a(+++), CD3(−), CD5(−), CD21(−), CD23(−), 
Bcl6(>90%+), MUM1(>90%+), FOXP1(>90%+), Bcl2(60%+), c-
Myc(40%+), CD30(−), ALK(ALK1)(−), CD138(−), P53(+), c-
Met(−), PD-L1(22C3)(30%+)

p968283 2 GCB CR (23)1 NA NA 100%+ − CD43(−), CD20(+++), CD3(−), CD79a(+++), CD5(−), CD23(−), 
CD10(95%+), CD21(−), CD30(−), ALK(ALK1)(−), Bcl6(90%+), 
CD138(−), MUM1(65%+), Bcl2(50%+), c-Myc(20%+), GFAP(−), 
Olig2(−)

p955842 3 Non-GCB SD (6.0) NA NA 70%+ − LCA(+++), OCT-2(+++), CD20(+++), CD19(+++), CD10(−), 
Bcl6(70%+), MUM1(40%+), CD3(−), CD5(+), ALK(ALK1)(-), 
CD23(−), CD21(−), CD30(−), CD138(−), Bcl2(++), TdT(−), 
GECT1(+), FOXP1(+++), c-Myc(80%+), c-Met(−), P53(+++), 
GFAP(−), CK(−), EMA(−)

p241574 4 Non-GCB CR (27.5)1 NA K159Q, V223R 90%+ − LCA(++), CD79a(++), CD43(−), CD20(+), CD3(−), CD5(−), 
CD23(−), CD10(−), CD21(−), CD30(−), ALK(ALK1)(−), 
Bcl6(90%++), CD138(−), MUM1(70%+), Bcl2(50%+), TdT(−), 
GECT1(30%+), FOXP1(+), c-Myc(70%+), c-Met(+), LMP-1(−), 
EBNA2(−), P53(+), PD-L1(22C3)(90%+)

p939668 5 Non-GCB PR (28.5)1 NA NA NA NA NA

p932230 6 GCB CR (29.5)1 S219C NA 98%+ NA CD20(+++), CD79a(+++), CD3(−), CD5(−), ALK(ALK1)(−), 
CD21(−), CD23(−), Bcl6(90%+), MUM1(20%+), CD10(100%+), 
CK(−), Vimentin(−), EMA(−), S100(−), GFAP(−), Bcl2(80%+), 
GECT1(35%+), FOXP1(80%+), c-Myc(45%+), C-MET(50%+), 
P53(4%+), PD-L1(22C3)(10%+)

p929763 7 Non-GCB CR (18.8) L265P C.553-2A>C 90%+ − CD43(−), CD20(+++), CD3(−), CD79a(+++), CD5(−), CD23(−), 
CD10(−), CD19(+++), CD22(++), CD21(−), CD30(−), 
ALK(ALK1)(−), Bcl6(10%+), CD138(−), MUM1(20%+), 
Bcl2(70%+), TdT(−), c-Myc(5%+), GFAP(−)

p173185 8 Non-GCB PR (8.0) L265P NA NA NA ERCC1(−), β-tubulin(+++), EGFR(+++), VEGF(+), ALK(−), 
CD56(−), CgA(−), Syn(−)

p651739 9 GCB CR (23.0) NA NA 90%+ − CD43(+), CD20(+++), CD3(+), CD79a(++), CD5(−), CD23(−), 
CD10(+++), CD21(−), CD30(−), ALK(ALK1)(−), Bcl6(60%+), 
CD138(−), MUM1(++), Bcl2(−), TdT(−), c-Myc(20%+), GFAP(−), 
Olig2(−)

p1013138 10 GCB CR (12.5) NA NA 90%+ − CD3(−), CD5(−), CD20(++), CD79a(++), CD30(−), 
ALK(ALK1)(−), SALL4(−), OCT3/4(−), AFP(−), GFAP(−), 
Olig2(−), MUM1(+), CD10(++), Bcl6(++), CD23(−), Bcl2(−), 
GCET-1(+), FOXP1(+), c-Myc(70%+), c-Met(−), P53(95%++), PD-
L1(22C3)(TC <1%+, IC 70%+)

CK(−), CD20 and CD79a(+), CD3(−), CD5(−), Bcl-2(80%+), p2010722 11 Non-GCB PR (16.6) NA NA 80%+ −
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MUM-1(+), CD10(−), Bcl6(−)

p998505 12 Non-GCB PR (22.2) NA NA 70%+ 2%+ D3(+), CD5(++), CD20(+++), CD79a(+++), CD30(−), CD10(−), 
GFAP(−), Olig2(−), CK(−), CD43(++), CD23(−), CD21(−), 
ALK(ALK1)(−), Bcl6(20%+), CD138(−), MUM1(80%+), 
Bcl2(90%+++), TdT(−), GCET-1(−), FOXP1(+++), c-Myc(70%+), c-
Met(−), P53(1%+), PD-L1(22C3)(70%+)

p1013897 13 GCB CR (14.2) NA NA 85%+ − CD20(+++), CD3(−), CD79a(+++), CD5(−), CD30(<1%+), 
ALK(ALK1)(−), CD23(−), CD10(+++), CD21(−), Bcl6(70%+), 
CD138(+), MUM1(40%+), Bcl2(5%+), TdT(−), Cyclin D1(−), c-
Myc(40%+), c-Met(60%+), P53(70%+), PD-L1(22C3)(40%+)

p2020811 14 GCB CR (10.8) NA NA 90%+ NA CD3(+), CD5(+), CD79a(+), CD10(+), Bcl6(±), CD20(+++), 
Bcl6(80%+), MUM1(<5%+), CD10(+), Ki67(90%+), CD3(−), 
AE1/AE3(−), EMA(−), P40(−), CD3(−), GFAP(−) 

P2003851 15 GCB CR (13.1) NA NA 80%+ − EMA(−), S100(−), GFAP(+), Syn(+), CgA(−), Olig2(+), NeuN(+), 
CD34(+), CD3(+), CD5(+), CD79a(+), CD20(+), CD43(10%+), 
CD30(−), ALK(ALK1)(−), Bcl6(>90%+), Bcl2(90%+), TdT(−), 
GCET-1(90%+), FOXP1(>90%+), c-Myc(40%+), c-Met(−), LMP-
1(−), EBNA2(−), P53(60%+), PD(−), L1(22C3)(30%+)

p996213 16 GCB CR (18.3) NA NA NA NA NA

P1010986 17 GCB CR (14.7) NA NA 95%+ − CD43(+), CD20(+++), CD3(−), CD79a(++), CD5(−), CD23(−), 
CD10(60%+), CD21(−), CD30(−), ALK(ALK1)(−), Bcl6(60%+), 
CD138(−), MUM1(90%+), Bcl2(15%+), TdT(−), c-Myc(30%+)

P2052819 18 Non-GCB PR (3.9) NA NA 90%+ − GFAP(−), Olig2(−), CD20(+++), CD79a(++), CD3(−), CD5(−), 
CD21(−), CD23(−), CD10(−), Bcl6(60%++), MUM1(90%+++), 
CD138(−), Bcl2(90%+++), c-Myc(70%++), CD30(−), 
ALK(ALK1)(−) 

P2045773 19 GCB PR (5.2) NA NA 90%+ − CD19(+++), CD20(+++), CD3(−), CD5(−), GFAP(−), Olig2(−), 
CD23(+), CD10(−), CD21(−), CD30(−), ALK(ALK1)(−), 
Bcl6(70%+), CD138(−), MUM1(70%+), Bcl-2(95%+), TdT(−), c-
Myc(40%+), c-Met(−)

1Still in remission.
PCNSL: Primary central nervous system lymphoma; ID: Identification number; COO: Cell of origin; NA: Not available; IHC: Immunohistochemistry; GCB: Germinal center B cell; CR: Complete response; SD: Stable disease; PR: Partial 
response: CD: Cluster of differentiation; Bcl6: B cell lymphoma 6; MUM-1: Multiple myeloma antigen 1; FOXP1: Forkhead box protein P1; Bcl2: B cell lymphoma 2; ALK: Anaplastic lymphoma kinase; PD-L1: Programmed death-ligand 
1; GFAP: Glial fibrillary acidic protein; LCA: Leucocyte common antigen; TdT: Terminal deoxynucleotidyl transferase; GECT: Gene expression in developing tissues with micro computed tomography; CK: Cytokeratin; EMA: Epithelial 
membrane antigen; LMP-1: Epstein–Barr virus-encoded latent membrane protein 1; EBNA2: Epstein–Barr virus nuclear antigen 2; P53: Tumor protein 53; EGFR: Epidermal growth factor receptor; VEGF: Vascular endothelial growth 
factor; CgA: Chromogranin A; Syn: Syndecan; SALL4: Sal-like protein 4; AFP: Alpha fetoprotein; Olig2: Oligodendrocyte lineage transcription factor 2; TC: Tumor cells; IC: Immune cells; D3: Cyclin D3; NeuN: Neuronal nuclear antigen.

showed a robust radiographic response to treatment, resulting in a significant reduction in CSF mutant allele frequency. 
One patient (P3) showed a stable radiographic response, confirmed by magnetic resonance imaging, but the ctDNA levels 
remained unchanged in the CSF specimen (Figure 6). However, this patient experienced PD following completion of the 
zanubrutinib-based induction regimen. Therefore, whole-brain radiotherapy (30 GY) with temozolomide and 
zanubrutinib was initiated. This approach led to a favorable radiographic response, and the patient is presently 
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Table 3 Efficacy of high-dose methotrexate plus zanubrutinib for newly diagnosed primary central nervous system lymphoma

Parameter N = 19

OS rate (%) -

        24-mo (95%CI) 94.1% (83.6%-100%)

Median PFS -

        24-mo (95%CI) 75.6% (53.4%-100%)

ORR (%) 84.2%

        ASCT (consolidation therapy) 88.9%

        Zanubrutinib (maintenance therapy) 80%

Median follow-up time (mo) 14.7

        95%CI 3.9–30

OS: Overall survival; CI: Confidence interval; PFS: Progression-free survival; ORR: Objective response rate; ASCT: Autologous stem cell transplantation.

Table 4 Adverse events in patients treated with high-dose methotrexate plus zanubrutinib

Adverse event Grade 1 Grade 2 Grade 3 Grade 4 Total (%)

Hematological toxicities

        Leukopenia 3 7 1 11 (57.9)

        Neutropenia 3 6 2 11 (57.9)

        Lymphocytopenia 6 8 2 16 (84.2)

        Thrombocytopenia 5 1 6 (31.6)

        Anemia 8 10 1 19 (100)

Non-hematological toxicities

        Transaminase increase 4 4 (21.1)

        Creatinine increase 2 1 3 (15.8)

        Hypoalbuminemia 16 2 18 (94.7)

        Hypokalemia 10 4 1 15 (78.9)

        Lung infection NA

NA: Not applicable.

continuing with this treatment. Another patient (P8) demonstrated a partial radiographic response. The mutant allele 
frequency in the CSF decreased markedly with treatment, excluding the gene fusion of BCR-ABL1 (Figure 6). However, 
this patient developed PD as peripheral lesions, and subsequently received rituximab, zanubrutinib, and lenalidomide 
(IR2) as second-line treatment.

DISCUSSION
The outcomes in our case series showed that combined therapy with zanubrutinib and HD-MTX was well-tolerated as a 
frontline therapeutic regimen for patients diagnosed with PCNSL. Nine patients transitioned to ASCT following the 
zanubrutinib and HD-MTX induction phase, while another 10 patients underwent maintenance therapy with 
zanubrutinib alone. Only three patients developed disease progression. Data for all 19 patients were included in the 
evaluation of PFS and OS. Only one patient (P6) discontinued HD-MTX therapy, owing to delayed HD-MTX excretion, 
and the regimen was changed to rituximab, zanubrutinib, and lenalidomide. No instances of treatment-related mortality 
were recorded throughout the study. However, limitations exist in our study. It is well recognized that the journey from 
the initiation of the oncogenic event to the point of clinical diagnosis is protracted, spanning approximately a decade. This 
extended timeline underscores the intricacies inherent in the development of neoplastic disorders, revealing that the 
characterization of “newly diagnosed” necessitates a more nuanced understanding-one that acknowledges the substantial 



Wang N et al. CNS lymphoma treated with zanubrutinib-based combination therapy

WJCO https://www.wjgnet.com 613 December 24, 2023 Volume 14 Issue 12

Figure 1 Patient acquisition flow diagram. PCNSL: Primary central nervous system lymphoma; HD-MTX: High-dose methotrexate; ASCT: Autologous stem 
cell transplantation; BEAM: Carmustine, etoposide, cytarabine, and melphalan; BEAC: Carmustine, etoposide, cytarabine, and cyclophosphamide; CFS: Cancer 
Fatigue Scale. R:21 days/month: Lenalidomide for maintenance therapy.

Figure 2 Clinical response and progression-free survival of all patients. o: using a zanubrutinib-based maintenance regimen. *: Using ASCT as a 
consolidation regimen; →: Ongoing; �: PD; ID: Identification number; PD: Progressive disease; CR: Complete response; PR: Partial response; PFS: Progression-free 
survival; ASCT: Autologous stem cell transplantation.

span of disease evolution prior to medical recognition.
Our study emphasizes the importance of adopting novel therapeutic strategies to address the multifaceted nature of 

PCNSL. Historically, HD-MTX has played a pivotal role, serving as a cornerstone for first-line induction regimens in 
PCNSL. This is owing to its ability to penetrate the blood-brain barrier and achieve effective anti-tumor concentrations
[22-24]. However, even with this treatment, approximately half of the patients experience relapse, and 5-year survival 
rates remain discouragingly low, at 30%-40%[3]. Studies have shown that HD-MTX-based first-line regimens result in an 
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Figure 3 Kaplan-Meier curve for overall survival and progression-free survival. A: overall survival; B: progression-free survival. OS: Overall survival; 
PFS: Progression-free survival.

Figure 4 Gene alterations detected in tumor tissue and cerebrospinal fluid. A: Tumor tissue; B: Cerebrospinal fluid. CSF: Cerebrospinal fluid; P: 
Patient.

ORR of approximately 68% in PCNSL patients over the age of 60 years. In newly diagnosed PCNSL, the median PFS is 35 
mo and 8 mo for patients younger and older than 60 years, respectively[22,25]. In this study, the combination of 
zanubrutinib with HD-MTX demonstrated robust anti-tumor activity, with an ORR of 84.2%, which is higher than that 
achieved by HD-MTX-based chemotherapy alone. Our results also identified a 2-year PFS of 75.6% and an OS of 94.1%. 
The median PFS and median OS for the entire cohort were not reached at the time of writing, even after a follow-up of 
14.7 mo (range: 3.9-30 mo). Previous studies have shown that zanubrutinib exhibits greater selectivity in inhibiting BTK 
compared with the off-target effects observed with ibrutinib[26]. The profound BTK inhibition observed with 
zanubrutinib in both blood and lymph nodes is hypothesized to maximize the potential for deep and sustained 
remissions in conditions such as chronic lymphocytic leukemia and other hematological disorders. In the phase I BGB-
3111-AU-003 study, which evaluated zanubrutinib monotherapy for chronic lymphocytic leukemia/small lymphocytic 
leukemia, efficacy was assessed in a cohort of 78 patients. This patient group included individuals with high-risk disease 
features, such as adverse cytogenetics (del(11q), 23.3%; del(17p) and/or TP53 mutation) at a rate of 19.1%[26]. After a 
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Figure 5 Concordance between baseline primary tumor tissue and cerebrospinal fluid samples for mutation detection. CSF: Cerebrospinal 
fluid.

Figure 6 Disease monitoring during therapy by evaluating cerebrospinal fluid circulating tumor DNA. A: P8; B: P3. PR: Partial response; SD: 
Stable disease; P8: Patient 8; P3: Patient 3.

median follow-up of 13.7 mo (range: 0.4-30.5 mo), the ORR was 96.2% (75/78) (95% confidence interval: 89.2-99.2). This 
ORR group included two patients (2.6%) who achieved CR, 63 (80.8%) who achieved PR, and 10 (12.8%) with PR with 
lymphocytosis[26].

In our study, nine patients completed ASCT after the induction phase of zanubrutinib-based combination therapy and 
achieved an ORR of 88.9% (CR/PR: 6/2), indicating the advantage of ASCT as a consolidation regimen. Furthermore, 
studies have shown that ASCT is an effective consolidation strategy in PCNSL[27,28]. Therefore, ASCT should be the first 
choice for suitable patients.

Lenalidomide is an immunomodulatory agent that shows good anti-tumor activity as a BTK inhibitor in DLBCL[27]. 
Lenalidomide combined with ibrutinib and rituximab shows promising anti-tumor activity in relapsed/refractory 
DLBCL[29]. In our study, one patient (P6) achieved CR after receiving an IR2-based regimen and zanubrutinib 
maintenance. In patients who do not tolerate HD-MTX and experience toxicity, IR2 may be a better choice. In our study, 8 
of 10 patients achieved a therapeutic response with zanubrutinib maintenance. Therefore, for PCNSL patients who are 
unsuitable for ASCT, lenalidomide and zanubrutinib as maintenance therapy might be promising.

PCNSL patients are divided into three major molecular subtypes: A GCB subtype, an activated B-cell (ABC) subtype, 
and a type III subtype, whose cell origin is unidentified. The first two subtypes account for approximately 80% of all 
cases; ABC DLBCL patients have poorer outcomes[30]. To our knowledge, there are no reports of the results of 
zanubrutinib therapy for the GCB and ABC subtypes of PCNSL. Nine of the 19 patients in our study had non-GCB 
disease and 6 (66.7%) responded to the zanubrutinib-based regimen. Ten patients had GCB disease, and all (100%) 
responded to the zanubrutinib-based regimen. Zanubrutinib may have had a better effect on the ABC subtype in 
previous studies.

Previous studies have shown that next-generation sequencing may be used as a molecular diagnostic method prior to 
delivering targeted therapies, particularly BCR inhibitors, in the case of MYD88-mutated tumors[31]. In our study, CSF 
liquid biopsies were evaluated using next-generation sequencing in eight patients, while XX underwent radiological 
evaluation. Six patients had dramatically lower CSF mutant allele frequencies compared with patients 3 and 8. Patient 8 
achieved a partial radiographic response during the induction treatment, while the CSF mutant allele frequency increased 
after cycle 4 (Figure 6). This patient developed PD while receiving the maintenance regimen. As shown in Figure 6, 
patient 3 had a stable radiographic response, with an increased level of ctDNA in the CSF specimen. This patient 
developed PD after completing the induction regimen.
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Performing CSF liquid biopsy profiling with radiologic evaluation is feasible in PCNSL. Studies show frequent MYD88 
and CD79B mutations in PCNSL[6,10-13]. On the basis of the genetic analysis of CSF in our study, we found frequent 
alterations of MYD88 and CD79B involved in the BCR pathway, and zanubrutinib combined with HD-MTX resulted in 
good anti-tumor activity. Therefore, CSF liquid biopsy profiling might be feasible for evaluating the response to a 
therapeutic protocol. However, the fleeting presence of ctDNA in the bloodstream poses a challenge to the reliability of 
the results of CSF liquid biopsy profiling[32].

An extensive safety analysis performed on pooled data from six zanubrutinib monotherapy trials revealed a notable 
trend toward favorable tolerability among patients diagnosed with various B-cell malignancies[29]. These conditions, 
which are often associated with symptoms such as diarrhea, thrombocytopenia, bleeding, atrial fibrillation, skin rash, and 
fatigue, respond well to zanubrutinib treatment[33]. The results of our study highlight the reassuring absence of grade 4 
non-hematological toxicities. The reported side effects were characterized as mild and did not require further therapeutic 
intervention. No treatment-related mortality was observed, indicating a moderate safety profile for zanubrutinib 
combined with HD-MTX for patients with PCNSL.

While our findings provide valuable insights into the tolerability of zanubrutinib, this study has limitations. First, 
owing to the retrospective design and the small number of included patients, larger-scale prospective cohort studies and 
longer follow-up may be warranted to validate our results. Second, generally, regarding cellular origin in PCNSL, 
zanubrutinib may have a better effect on the ABC subtype. However, in this study, we were able to identify only the GCB 
and non-GCB phenotypes owing to the limited experimental conditions; ABC genotyping was not performed. Therefore, 
it is not possible to conduct a more detailed analysis.

CONCLUSION
Zanubrutinib combined with HD-MTX provided a good clinical response and was well tolerated in newly diagnosed 
PCNSL patients. Additionally, the detection of ctDNA in CSF was very useful in disease surveillance and treatment 
response monitoring. However, given the small sample size and retrospective study design, further research is required 
to validate our findings.

ARTICLE HIGHLIGHTS
Research background
Primary central nervous system lymphoma (PCNSL) is an aggressive brain lymphoma with limited treatment options. 
The current standard treatment involves high-dose methotrexate (HD-MTX), but there is a need for effective combination 
therapies to address adverse reactions. Zanubrutinib, a Bruton’s tyrosine kinase inhibitor, shows promise owing to its 
potential to modulate B-cell receptor and Toll-like receptor signaling, which are associated with PCNSL.

Research motivation
This study aimed to evaluate the efficacy and safety of combining zanubrutinib with HD-MTX for newly diagnosed 
PCNSL patients. Additionally, the study explored the use of circulating tumor DNA (ctDNA) in cerebrospinal fluid (CSF) 
as a monitoring tool for treatment response.

Research objectives
The main objectives were to assess the treatment outcomes, adverse events, and genomic characteristics of PCNSL 
patients treated with HD-MTX and zanubrutinib combination therapy, and to investigate the potential of CSF ctDNA in 
disease surveillance.

Research methods
Nineteen eligible PCNSL patients were included in the study and received HD-MTX and zanubrutinib combination 
therapy. Clinical responses were evaluated, and ctDNA in CSF was analyzed using next-generation sequencing. Safety, 
treatment duration, and response were assessed.

Research results
The study demonstrated an overall response rate of 84.2% with the combination therapy, including complete and partial 
responses. Adverse events were mild and manageable. ctDNA levels in CSF were monitored and correlated with 
treatment response.

Research conclusions
Zanubrutinib combined with HD-MTX resulted in effective clinical responses in newly diagnosed PCNSL patients. The 
study highlighted the potential of CSF ctDNA for monitoring treatment response and disease surveillance. This 
combination therapy demonstrated promising safety and efficacy profiles.



Wang N et al. CNS lymphoma treated with zanubrutinib-based combination therapy

WJCO https://www.wjgnet.com 617 December 24, 2023 Volume 14 Issue 12

Research perspectives
While the study results are promising, further research with larger patient cohorts and longer follow-up periods is 
needed to confirm the findings. The potential of zanubrutinib in different molecular subtypes of PCNSL and its long-term 
effects need to be explored. The clinical use of CSF ctDNA requires further investigation.
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Abstract
BACKGROUND 
Intraductal tubulopapillary neoplasm (ITPN) is a rare disease accounting for 
approximately 3% of all intraductal pancreatic tumors, with intraductal papillary 
mucinous neoplasm (IPMN) being one of the most common differential 
diagnoses. Both ITPN and IPMN display slow growth. A branched pancreatic 
duct type is commonly observed in IPMN, whereas ITPN derived from the 
branched pancreatic duct has been reported in a limited number of cases; hence, 
its pathogenesis remains unclear.

CASE SUMMARY 
Here, we present the case of a patient with ITPN localized in a branched 
pancreatic duct, with poorly controlled irritable bowel syndrome. A contrast-
enhanced computed tomography scan of the abdomen incidentally revealed a 5-
mm oligemic nodule-like change in the body of the pancreas. Endoscopic 
ultrasound (EUS) indicated a 10-mm hypoechoic mass without any cystic 
structures that had grown within 2 mo. EUS-guided fine needle aspiration was 
performed for definitive diagnosis, and the findings suggested ductal papillary 
carcinoma. Distal pancreatectomy was performed, and the tumor was patholo-
gically diagnosed as ITPN with an invasive cancerous component, pT3N1aM0, 
pStage IIB (International Cancer Control, 8th edition). The patient underwent 
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treatment with postoperative adjuvant chemotherapy (S-1 monotherapy); however, relapse was observed 1 year 
and 10 mo after surgical resection, and subsequent treatment involving a combination of chemotherapy and 
radiotherapy was administered. Maintenance therapy has since facilitated a stable disease state.

CONCLUSION 
Regardless of the microscopic size of the neoplasm, early diagnosis of ITPN with EUS-guided fine needle 
aspiration and surgical resection are crucial.

Key Words: Intraductal tubulopapillary neoplasm; Pancreatic tumors; Neoplasia; Carcinoma; Pancreaticoduodenectomy; Case 
report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Intraductal tubulopapillary neoplasm (ITPN), a relatively rare intraductal pancreatic cancer, is frequently derived 
from the main pancreatic duct rather than from the branching ducts. Although tumors with larger diameters are more likely 
to develop into cancer, we reported a case of small ITPN originating from a bifurcated pancreatic duct rapidly developing 
into invasive cancer. The tumor was diagnosed and managed with endoscopic ultrasound-guided fine needle aspiration and 
surgery. However, relapse occurred 1 year and 10 mo postoperatively and was managed using chemotherapy and 
radiotherapy. Our case suggests the importance of early diagnosis and surgical resection even of a small ITPN.

Citation: Yamamoto K, Takada Y, Kobayashi T, Ito R, Ikeda Y, Ota S, Adachi K, Shimada Y, Hayashi M, Itani T, Asai S, Nakamura 
K. Rapid transformation of branched pancreatic duct-derived intraductal tubulopapillary neoplasm into an invasive carcinoma: A case 
report. World J Clin Oncol 2023; 14(12): 620-627
URL: https://www.wjgnet.com/2218-4333/full/v14/i12/620.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i12.620

INTRODUCTION
Intraductal tubulopapillary neoplasm (ITPN) is a recently reported type of intraductal pancreatic tumor[1,2]. ITPN is 
extremely rare, accounting for approximately 3% of all intraductal tumors; its pathogenesis remains unclear[1]. Most 
ITPNs have a primary pancreatic ductal origin, while those growing exclusively in the branching duct are rare[3]. Despite 
ITPN being considered a precursor to invasive ductal adenocarcinoma, with 70% of cases associated with adenocar-
cinoma at diagnosis[4,5], ITPN progresses more slowly than conventional pancreatic ductal carcinoma. Further, even 
with invasive lesions, the prognosis is generally better than that for ductal carcinoma.

Herein, we present the case of a 59-year-old male with ITPN localized in a branched pancreatic duct.

CASE PRESENTATION
Chief complaints
A 59-year-old male was admitted to our hospital with a 3-4-year history of diarrhea and abdominal pain.

History of present illness
He had intermittent abdominal pain in the lower abdomen.

History of past illness
He was taking medication for irritable bowel syndrome, which was poorly controlled.

Personal and family history
He had no family history of malignancy.

Physical examination
The abdomen was soft and flat and showed no tenderness.

Laboratory examinations
Blood tests on admission showed an increased alkaline phosphatase level (363 IU/L, normal range: 38–113 IU/L); 
however, no other hepatobiliary enzyme levels were elevated. The tumor markers carcinoembryonic antigen and 
carbohydrate antigen 19-9 were within normal limits (Table 1).
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Table 1 Laboratory findings

Test Result

Hematology

    WBC 6300/μL

    RBC 562 × 104/μL

    Hb 16.7 g/dL

    Ht 49.5%

    Plt 23.4 × 104/μL

    PT-INR 0.9

    APTT 29.0 S

Biochemistry

    Blood sugar 92 mg/dL

    CRP 0.0 mg/dL

    TP 6.8 g/dL

    Alb 4.4 g/dL

    T-Bil 0.1 mg/dL

    AST 19 IU/L

    ALT 29 IU/L

    γ-GTP 35 IU/L

    ALP 363 IU/L

    LDH 172 IU/L

    AMY 60 IU/L

    BUN 23 mg/dL

    Cre 0.84 mg/dL

    Na 139 mEq/L

    K 4.5 mEq/L

    Cl 105 mEq/L

Tumor maker

    CEA 3.4 ng/mL

    CA19-9 < 2.0 ng/dL

    DUPAN-2 36 U/mL

    Span-1 antigen < 3 U/mL

Alb: Albumin; ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AMY: Amylase; APTT: Activated partial thromboplastin time; AST: Aspartate 
aminotransferase; BUN: Blood urea nitrogen; CA19-9: Carbohydrate antigen 19-9; CEA: Carcinogenic antigen; Cre: Creatinine; CRP: C-reactive protein; 
DUPAN-2: Duke pancreatic mono-clonal antigen type 2; Hb: Hemoglobin; Ht: Hematocrit; LDH: Lactate dehydrogenase; Plt: Platelet; PT-INR: 
Prothrombin time-international normalized ratio; RBC: Red blood cell count; T-Bil: Total bilirubin; TP: Total protein; WBC: White blood cell count; γ-GTP: 
Gamma-glutamyl transpeptidase.

Imaging examinations
Contrast-enhanced computed tomography of the abdomen incidentally revealed a 5-mm nodule-like mass in the 
pancreatic body. The nodule was not contrast-enhancing in the arterial phase and was faintly contrast-enhancing in the 
late phase (Figure 1A and B). Magnetic resonance imaging findings indicated a slightly high-intensity signal on diffusion-
weighted images in the same area as that identified on computed tomography. However, identification of obvious 
neoplastic lesions or abnormal signal areas using T1- weighted and T2-weighted images and dynamic studies was 
difficult, and there was no change in the caliber of the main pancreatic duct (Figure 1C and D). Endoscopic ultrasound 
(EUS) performed 2 mo after the initial consultation revealed a 10-mm hypoechoic mass without a cystic structure in the 
body of the pancreas (Figure 2A). Using Sonazoid® (GE Healthcare, Chicago, IL, United States), a contrast agent, the 
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Figure 1 Computed tomography and magnetic resonance imaging. A and B: A 5-mm nodule-like mass was observed in the pancreatic body; the nodule 
was not contrasted in the arterial phase, arrow (A) and was faintly contrasted in the late phase, arrow (B); C: Diffusion-weighted imaging showed a mild signal 
increase in the pancreatic body nodule noted on computed tomography, arrow; D: Magnetic resonance pancreatography showed no obvious dilatation or stenosis of 
the main pancreatic duct, arrow.

hypoechoic mass was identified as a hypovascular mass without contrast effect (Figure 2B).

Further diagnostic work-up
Because of the rapid increase in size within a short period and the possibility of malignancy, we performed EUS-guided 
fine needle aspiration (EUS-FNA) to obtain a definitive diagnosis. Histopathological examination revealed an atypical 
epithelium with papillary growth without a mucinous component. Some of the epithelium showed strong nuclear atypia, 
raising suspicion of an intraductal papillary carcinoma (Figure 2C and D). This was considered an indication for surgery, 
and a combined distal pancreatectomy and splenic resection were performed 5 mo after the initial detection of the tumor. 
Macroscopically, a 4 mm × 4 mm borderline brownish nodule and surrounding fibrosis measuring 12 mm × 8 mm × 12 
mm were observed at a distance of 3.5 cm from the proximal lateral section of the pancreatic tail. No continuity with the 
main pancreatic duct was observed, and there was no dilation of the main pancreatic duct or notable changes in the 
surrounding pancreas (Figure 3). Microscopically, the tumor was located within the branched pancreatic duct and 
exhibited intraductal tubulopapillary growth with stromal invasion around the branched pancreatic duct (Figure 4A and 
B). There was no mucus production or cyst formation, and immunohistochemistry was positive for Mucin 1 (MUC1), 
negative for MUC2, partially positive for MUC5AC, and positive for MUC6 (Figure 4C-F). Mild perineural invasion but 
no lymphatic or venous invasion with two direct infiltrations in the peripancreatic lymph nodes were observed. Both 
dissection and pancreatic margins were negative.

FINAL DIAGNOSIS
The pathological diagnosis was ITPN (pT3N1aM0, pStageIIB, according to the eighth edition of the Union for Interna-
tional Cancer Control) with an invasive cancer component. The patient had no postoperative complications and was 
discharged from the hospital on postoperative day 13.

TREATMENT
The patient underwent treatment with postoperative adjuvant chemotherapy [S-1 monotherapy (80 mg/day)] for 6 mo 
following the treatment protocol for pancreatic cancer in Japan, and recurrence-free survival was maintained for 10 mo.
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Figure 2 Endoscopic ultrasound and histopathology (hematoxylin-eosin staining) at the time of endoscopic ultrasound-guided fine 
needle aspiration. A and B: A well-defined hypoechoic mass 10 mm in size was observed in the pancreatic body (A), arrowhead. The main pancreatic duct, arrow; 
splenic artery, asterisk. The mass was recognized as an oligo-hypoechoic mass with Sonazoid® contrast agent (B), arrowhead; C and D: Atypical epithelium with 
ductal papillary growth was seen. No intraductal papillary mucinous tumor-like mucus component was present. Original magnification was × 20 (C) and × 40 (D).

Figure 3 Macroscopic findings. A well-defined brownish nodule measuring 4 mm × 4 mm bordering the pancreatic body; fibrosis extending to 8 mm × 12 mm in 
the periphery, arrowheads.

OUTCOME AND FOLLOW-UP
Magnetic resonance imaging performed at 1 year and 10 mo postoperatively revealed recurrence in the retroperitoneal 
lymph nodes at the surgical site (Figure 5). This postoperative recurrence was treated with oral S-1 in combination with 
radiation therapy (S-1: 120 mg for 4 wk, 100 mg for 2 wk, and 80 mg for 2 wk), and a reduction in the tumor size at the 
site of recurrence was observed. Following completion of radiotherapy (total 50 Gy), gemcitabine plus nab-paclitaxel 
(1000 mg/m2, 125 mg/m2) therapy was continued. To date, 2 years and 6 mo postoperatively, the patient’s condition has 
remained in a stable state of disease[6].
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Figure 4 Microscopic and immunohistological findings. A and B: Original magnification, (× 20, A), and (× 40, B). Tumors with papillary growth with 
adenoductal structures in the branching pancreatic ducts (asterisk) and some invasive, well-differentiated adenocarcinomas were present, arrowheads. There was no 
mucus production or cyst formation; C: Mucin 1 was positive; D: Mucin 2 was negative; E: Mucin 5AC was partially positive; F: Mucin 6 was positive. Original 
magnification was × 40.

Figure 5 Magnetic resonance imaging 1 year and 10 mo postoperatively. A: T2-weighted magnetic resonance imaging showed a small nodule in the 
postoperative area; B: Diffusion-weighted imaging showed a high signal in the same area, indicating recurrence in the retroperitoneal lymph nodes, arrow.

DISCUSSION
ITPN was described for the first time in 2009 by Yamaguchi et al[1] and is characterized by papillary growth in the 
pancreatic duct without mucous production, unlike intraductal papillary mucinous neoplasm (IPMN), which typically 
involves excessive mucin production. ITPN is a highly rare disease, with a frequency of 0.9% among pancreatic exocrine 
tumors and 3% among intraductal tumors[1]. The average patient age is 58 (25–82) years, and there are no sex differences
[1,7]. The 5-year survival rate of ITPN is 81.5%, which is higher than that of pancreatic ductal carcinoma[3]. This type of 
tumor tends to grow slowly, and the average tumor diameter at the time of detection is 4.5 (0.5–15.0) cm[4].

ITPN is frequently compared to IPMN. Both are intraductal pancreatic tumors with a common intraductal growth 
pattern and the potential for malignant transformation; however, ITPN and IPMN differ in their immunohistological 
features. In the gross view, ITPN is a tumor that fills, expands, and proliferates in the pancreatic duct[1,2]. Although the 
caudal pancreatic duct may dilate due to its obstruction, the tumor does not have a cystic appearance or mucus deposits 
as in IPMN[1,2]. The Vaters papilla is not enlarged, and mucus outflow is not as observed in IPMN[1,2].

In IPMN, branched pancreatic duct types are common (88%), whereas in ITPN, this is a relatively rare feature (14%)[8]. 
Additionally, IPMN is positive for MUC5AC in all subtypes, including the oncocytic subtype. Conversely, ITPN is 
positive for MUC1 and MUC6 and negative for MUC2 and MUC5AC[9], which is consistent with our findings.
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Surgical resection is the recommended treatment for ITPN[1,4,7,10]. Date et al[10] reported that among 37 patients with 
ITPN, the 1-year, 3-year, and 5-year overall survival (OS) rates after surgery were 97.3%, 80.7%, and 80.7%, respectively. 
Patients with ITPN-associated carcinoma had a favorable 5-year OS of 81.5% compared with the OS of those with ductal 
adenocarcinoma of the pancreas or IPMN-associated pancreatic cancer. Regarding ITPN prognosis, the recurrence-free 
survival rate tends to differ according to tumor size (< 4.0 cm vs > 4.0 cm) and Ki-67 labeling index (< 20% vs > 20%); 
however, these differences are not statistically significant[11]. Currently, there are no comprehensive reports on the 
efficacy of chemotherapy for ITPN. In the present case, when ITPN with invasive cancer was finally diagnosed, S-1 was 
administered as postoperative adjuvant chemotherapy following the standard treatment for conventional pancreatic 
ductal carcinoma in Japan[12]. It should be noted that the efficacy of S-1 for ITPN treatment is unknown.

Our report described a rare case of ITPN originating from a branched pancreatic duct that was incidentally observed in 
imaging studies and diagnosed using EUS-FNA. In this case, the tumor was small (3 cm in diameter), and the Ki-67 
labeling index was approximately 50%, although it varied depending on the site. Despite being microscopic, the tumor 
rapidly increased in size, and the resected specimen demonstrated an invasive cancerous component. Thus, despite the 
general tendency of ITPN to grow slowly, in this case, the tumor rapidly progressed to invasive cancer and recurred 1 
year and 10 mo postoperatively. As the occurrence of ITPN in the branched pancreatic duct is extremely rare, the nature 
of the tumor remains unclear.

CONCLUSION
Based on this case, we suggest that ITPN of the branched pancreatic duct type may have a worse prognosis than that of 
the main pancreatic duct. Further investigation of such cases is warranted. Moreover, early diagnosis of ITPN through 
EUS-FNA and subsequent surgical resection of the tumor are crucial. Further studies, especially multicenter studies, are 
required to validate our findings.
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