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Abstract
Pancreatic adenocarcinoma (PDAC) is one of the most common and lethal human 
cancers worldwide. Surgery followed by adjuvant chemotherapy offers the best 
chance of a long-term survival for patients with PDAC, although only approx-
imately 20% of the patients have resectable tumors when diagnosed. Neoadjuvant 
chemotherapy (NACT) is recommended for borderline resectable pancreatic 
cancer. Several studies have investigated the role of NACT in treating resectable 
tumors based on the recent advances in PDAC biology, as NACT provides the 
potential benefit of selecting patients with favorable tumor biology and controls 
potential micro-metastases in high-risk patients with resectable PDAC. In such 
challenging cases, new potential tools, such as ct-DNA and molecular targeted 
therapy, are emerging as novel therapeutic options that may improve old 
paradigms. This review aims to summarize the current evidence regarding the 
role of NACT in treating non-metastatic pancreatic cancer while focusing on 
future perspectives in light of recent evidence.

Key Words: Pancreatic cancer; Pancreatic duct adenocarcinoma; Neoadjuvant 
chemotherapy; Borderline resectable; Locally advanced pancreatic cancer
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Core Tip: Pancreatic adenocarcinoma (PDAC) is one of the most common and lethal human cancers 
worldwide; yet patients diagnosed with it still have a poor prognosis. Multimodal therapy is one of the 
most promising treatment options that increase the overall survival. Neoadjuvant chemotherapy (NACT) is 
recommended for treating borderline resectable PDAC. While recent studies have tried to explore the role 
of NACT in treating resectable and locally advanced PDAC, novel therapeutic modalities, such as ct-DNA 
and molecular targeted therapy, may guide both treatment and monitoring during the disease course to 
improve prognosis.

Citation: Cassese G, Han HS, Yoon YS, Lee JS, Lee B, Cubisino A, Panaro F, Troisi RI. Role of neoadjuvant 
therapy for nonmetastatic pancreatic cancer: Current evidence and future perspectives. World J Gastrointest Oncol 
2023; 15(6): 911-924
URL: https://www.wjgnet.com/1948-5204/full/v15/i6/911.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i6.911

INTRODUCTION
Pancreatic duct adenocarcinoma (PDAC) is the fourth most common cause of cancer-related deaths 
worldwide, with a continuously increasing incidence that will likely bring it to the second place in the 
upcoming decades[1]. The standard treatment of PDAC has always been surgical resection, which in 
combination with medical chemotherapy (CT) results in the best survival outcomes[2]. Actual real-
world data shows a 5-year overall survival (OS) rate of approximately 20% in patients who have 
undergone resection (rising from less than 5% in 2011), while it is less than 1% in patients who have not 
(as it was 10 years ago)[3]. However, less than 15% of the patients have resectable tumors when 
diagnosed, whereas approximately 60% are diagnosed with metastatic tumors and/or have a poor 
performance status that precludes them from undergoing surgery[4,5]. Furthermore, international 
multicenter studies based on nationwide registries across Europe and the United States showed that a 
high percentage of patients with early PDAC were not required for surgical resection, with conse-
quently high variations in the overall resection rates, from 13.2% to 68.7%[6]. Patient age and institu-
tional volumes of pancreatic resections were associated with stage-adjusted resection rates and, more 
importantly, with postoperative morbidity, mortality, and long-term survival[7-10].

Large cohort studies have reported that approximately 20% of patients who underwent resection 
experience recurrence within 6 mo and 40% experience recurrence within the postoperative first year, 
even in cases of margin-free (R0) resection[11]. Such evidence suggests the different biological nature of 
PDAC, which is now regarded as a systemic disease, from the nature of its early stages. Therefore, 
surgery cannot allow a total tumor clearance, as a multimodal treatment approach is required. Surgical-
related morbidity and mortality may even lead to a delay in the initiation of adjuvant therapy in time in 
up to one-third of the patients[12].

Based on the anatomical criteria (mainly the extension of the tumor to major locoregional vessels), 
non-metastatic PDAC was divided in 2006 by the National Comprehensive Cancer Network (NCCN) 
into resectable (R-PDAC), borderline resectable (BR-PDAC), and non-resectable (UR-PDAC)[13]. A 
deeper knowledge of the biological and clinical evolution of PDAC has led to a review of its definition, 
which also includes biological and clinical criteria[14]. Current guidelines recommend an upfront 
surgery for R-PDAC and neoadjuvant chemotherapy (NACT) for BR-PDAC, combined with modified 5-
fluorouracil, leucovorin, irinotecan, and oxaliplatin (FOLFIRINOX) and Gemcitabine + Capecitabine as 
preferred regimens[15]. NACT is not recommended for UR-PDAC and metastatic PDAC (M-PDAC); 
however, the latest chemotherapy protocols have shown encouraging results. This allows a higher 
proportion of patients with locally advanced (LA) and metastatic tumors to gain an opportunity to 
undergo surgery, with conversion surgery rates ranging from 0% to 40% for LA and from 4% to 9% for 
M- PDAC[16-18].

Including PDAC in the indications of NACT has gained a great interest. Theoretically, NACT can 
treat occult non-detected micrometastases in the early stages of macroscopically resectable tumors in a 
timely manner and can also reduce the size or stage of the tumor, thus ensuring a better surgical control 
and higher R0 rates. Moreover, it can help in selecting the patients that best fit for surgical resection, 
exempting non-responders from an unnecessary procedure of ineluctable poor oncological outcomes 
and relatively high morbidity rates. Finally, it may provide a multimodal treatment option for all 
patients, owing to its early administration in patients with a better performance status, without any 
postoperative dropout caused by surgery-related complications. NACT also improves the extent of local 
tumor control; however, to date, only one randomized prospective trial has failed to show a significant 
improvement in OS[19].

This review aims to show the actual evidence supporting the wide use of NACT in treating PDAC, 
while focusing on the possible challenges and future perspectives.

https://www.wjgnet.com/1948-5204/full/v15/i6/911.htm
https://dx.doi.org/10.4251/wjgo.v15.i6.911
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ROLE OF NACT IN TREATING RESECTABLE TUMORS
The recommended treatment for R-PDAC is an upfront surgery followed by adjuvant chemotherapy 
(AC). The benefits of AC regarding the survival outcomes have been demonstrated in several trials. 
Particularly, the first milestones were represented by the ESPAC1 and ESPAC3 trials that showed an 
improved OS after AC with 5-fluorouracil combined with leucovorin and gemcitabine, respectively[20,
21]. The Prodige randomized controlled trial revealed surprising outcomes when FOLFIRINOX were 
used as the AC regimen when compared to the outcomes of the previous standard of care based on 
gemcitabine (median OS of 53.5 vs 35.5 mo, respectively; P = 0.001)[22]. Moreover, well-differentiated 
tumors, young age, lower-staged tumors, large-volume institutions, and complete treatment were 
associated with a better OS, while early relapse was a negative prognostic factor.

Several trials have investigated the role of NACT in treating R-PDAC (Table 1). As early as in 2006, 
the first single-arm phase II trial investigating the safety of NACT (gemcitabine plus radiation) in 
treating R-PDAC was published by Talamonti et al[23]. Similarly, Heinrich et al[24] published a phase II 
single-arm trial enrolling 28 patients receiving NACT. It showed an 89%-resectability after the adminis-
tration of gemcitabine plus cisplatin regimen that has an acceptable tolerability. However, many double-
arm randomized controlled trials (RCT) comparing NACT and upfront surgery failed to reach any 
significant conclusions. Finally, the Dutch PREOPANC trial recently reported significant long-term 
outcomes after comparing neoadjuvant radio-chemotherapy (gemcitabine plus radiotherapy) with 
upfront surgery. The study enrolled 246 patients with R-PDAC of a diameter of more than 2 cm or BR-
PDAC. After a median follow-up of 59 mo, the median OS was 15.7 mo in the radio-chemotherapy 
group vs 14.3 mo in the upfront surgery group, with a 5-year OS of 20.5% and 6.5%, respectively (P = 
0.025)[25]. However, this study had some important drawbacks. First, the enrolled patients underwent a 
monoregimen AC, which was the standard approach in Netherlands when PREOPANC was initiated; 
however, it has now been replaced with combination chemotherapy, which is superior. Furthermore, 
the use of chemo-radiation in either adjuvant or neoadjuvant settings is not supported by other 
randomized studies[21,26]. Indeed, the recent A021501 phase II trial reported better results for 
neoadjuvant FOLFIRINOX than the results of chemoradiation in treating BR-PDAC according to both 
R0 resection rate (57% vs 33%, respectively) and 18-month OS (66.7% vs 47.3%, respectively)[27]. 
Similarly, the ESPAC-5F study showed inferior results for chemo-radiotherapy when compared to the 
results of FOLFIRINOX and gemcitabine combined with capecitabine[28]. Therefore, chemoradiation in 
the neoadjuvant setting could be more harmful than CT alone; thus, it should not be recommended. 
Finally, the PREOPANC study enrolled patients with both BR-PDAC and R-PDAC. The results were 
confounding as they were superior in the subgroup of BR-PDAC, while the hazard ratio (HR) for R-
PDAC was not statistically significant: 0.79 [95% confidence interval (CI): 0.54-1.16, P = 0.23].

Perri et al[29] conducted a retrospective study with a propensity-score matching that focused on 485 
patients with R-PDAC. He compared the preoperative use of FOLFIRINOX vs gemcitabine combined 
with NAB-paclitaxel (GA). The FOLFIRINOX cohort had higher rates of radiologic partial response 
(19% vs 6%; P < 0.01), as well as higher resection rates (29% vs 18%; P = 0.02), and patients who 
underwent R0 resection had significantly better median OS (55 vs 17 mo; P < 0.001). However, few 
months later the SWOG-S1505 phase II trial showed similar median OS durations for FOLFIRINOX and 
GA (23.2 vs 23.6 mo, respectively), with survival results similar to those reported for upfront surgery
[30].

Regarding the postoperative outcomes of patients with resected tumors who received NACT, a large 
study on 3748 patients has showed no differences in postoperative complications and mortality, despite 
the high number of vascular resections in the NACT cohort[31]. Furthermore, the multivariable analysis 
showed a low likelihood of pancreatic fistula after receiving NACT (OR 0.67, P < 0.001). Similar results 
were published by Cools et al[31], even for older patients, with higher rates of major complications after 
undergoing upfront surgery than the rates after receiving NACT (38% vs 24%; P = 0.06) and a higher 
Comprehensive Complication Index (20.9 vs 20; P = 0.03, respectively).

In conclusion, the use of NACT in treating R-PDAC remains inconclusive despite the encouraging 
results. The aforementioned theoretical benefits have been applied to other gastrointestinal 
malignancies, such as esophageal cancer. However, some drawbacks of the wide use of NACT persist, 
such as the possible delay of surgical resection, possibly due to the complications of CT, or the 
progression of the disease due to nonresponding to treatment. A negative association of patients’ 
malnutrition with NACT and its outcomes has also been proposed. However, previous studies have 
showed that, despite the worsening status of nutritional laboratory markers and the poor prognostic 
nutrition index after receiving NACT, the incidence of postoperative complications, length of hospital 
stay, and time to postoperative adjuvant therapy initiation is not significantly affected when compared 
to the incidence of complications after upfront surgery[32]. Finally, a positive biopsy is required to 
initiate NACT; however, it is not always easy to obtain due to the low cellularity of PDAC and its 
retroperitoneal anatomical position (close to major vessels)

We are looking forward to the results of several ongoing trials evaluating the role of different NACT 
regimens such as NEPAFOX and NorPACT-1 and investigating FOLFIRINOX vs upfront surgery or 
NEOPAC focusing on gemcitabine plus oxaliplatin vs upfront surgery, as they may lead to significant 
clinical implications.
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Table 1 Trials investigating the role of neoadjuvant chemotherapy for resectable pancreatic adenocarcinoma

Ref. Study type Treatment No. of 
patients

Resection rate 
(%) Median OS (mo)

Talamonti et al[23], 2006 Single arm, phase II Gem + RT 22 85 261

Evans et al[113], 2008 Single arm, phase II Gem + RT 86 74 22

Heinrich et al[24], 2008 Single arm, phase II Gem or Cis 28 89 27

Varadhachary et al[114], 
2008

Single arm, phase II Gem/Cis 90 58 19

O’Reilly et al[115], 2014 Single arm, phase II GemOx 38 71 27

Golcher et al[116], 2015 Randomized, double arm, phase 
II

Gem/Cis + RT vs upfront 
surgery

66 19 vs 23 17.4 vs 14.4 (P = 
0.96)

Okano et al[117], 2017 Single arm, phase II S1 + RT 33 962 NA

Motoi et al[118], 2019 Randomized, double arm, phase 
II/III

GemS1 vs upfront surgery 364 NA 37

Versteijne et al[25], 2022 Randomized, double arm, phase 
III

Gem + RT vs upfront surgery 246 NA 15.7 vs 14.32

1Calculated only in resected patients.
2Cumulative results for both resectable- and borderline resectable- pancreatic adenocarcinoma.
Gem: Gemcitabine; Ox: Oxaliplatin; Cis: Cisplatin; RT: Radiotherapy; OS: Overall survival; NA: Not available.

ROLE OF NACT IN TREATING BORDERLINE-RESECTABLE TUMORS
BR-PDAC was defined by the International Association of Pancreatology based on anatomical, 
biological, and clinical criteria[13]. From an anatomical point of view, BR-PDAC is defined as a lesion 
with a high risk for margin-positive resection (R1, R2) due to its proximity to the main vessels. In 
particular, BR-PDAC is considered in the following cases: any contact of ≥ 180° with the portal vein or 
superior mesenteric vein (SMV), any contact with the inferior vein cava, and/or any contact of < 180° 
with a major artery. It should be noted that unlike the definitions based on the NCCN guidelines, this 
definition does not include the extension to any jejunal branches of the SMV, mainly because of the wide 
anatomical variability[14]. From a biological point of view, the definition of BR-PDAC includes high 
levels of cancer antigen 19.9 (CA 19.9 > 500 U/mL), as well as positive lymph nodes on a PET-computed 
tomography scan, because of the high risk of early metastatic progression[33,34]. Indeed, a recent study 
by Hata et al[33] showed that both serum and peritoneal levels of CA 19.9 are independent prognostic 
factors of OS. The clinical definition of BR-PDAC is based on the performance status of the patient; an 
Eastern Cooperative Oncology Group (ECOG) score of more than two was shown to be associated with 
a high risk of distant metastases (up to 30%)[35]. Biological and clinical criteria also apply when R0 
surgery is considered technically achievable.

Current guidelines have a consensus on the effectiveness of NACT as the first-line therapeutic 
strategy for BR-PDAC. High quality evidence including the results of the recent four-arm randomized 
phase II trial ESPAC-5F28 supports these recommendations. Patients with BR-PDAC were randomized 
to receive upfront surgery vs NACT (with two different arms, FOLFIRINOX or GA) vs chemoradio-
therapy, followed by surgery and AC. There were no differences in the R0/R1 resection rate, which was 
the primary endpoint (44% vs 41% after NACT, P = 0.668), or in the number of patients able to undergo 
adjuvant therapy. However, the 1-year OS was significantly improved after receiving NACT (77% vs 
42%, respectively; HR = 0.28; P < 0.001), with the FOLFIRINOX arm showing the best results (1-year OS 
84% vs 79% after GA and 64% after chemoradiotherapy) at the cost of a higher, but manageable, toxicity. 
Regarding the best NACT regimen, initially, both gemcitabine and capecitabine were chosen because of 
their application in the metastatic setting. Indeed, gemcitabine has shown a great success in the 
treatment of PDAC, which was actually considered chemo-resistant prior to its introduction[36,37]. 
Later on, the good results of FOLFIRINOX and GA in the metastatic and adjuvant settings encouraged 
their use in combination with the existing NACT regimens. This promoted very encouraging 
oncological outcomes[22,38]. Recently, Macedo et al[39] showed a comparable effectiveness of 
FOLFIRINOX and GA in a retrospective study comprising 274 consecutive patients. They reported no 
differences regarding both median OS (37.3 vs 31.9 mo) and R0 resection rate (82.8% vs 81.8%). Both 
FOLFIRINOX and GA are the regimens of choice for NACT in treating BR-PDAC when patient 
conditions are acceptable. Moreover, the multidisciplinary team agrees with these findings.

The additional value of radiotherapy in the neoadjuvant setting of BR-PDAC remains a matter of 
debate. The largest number of RCTs, such as the aforementioned ESPAC-1 trial, failed to prove its 
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superiority regarding survival outcomes, which led the European guidelines to not recommend its use
[40]. Simultaneously, neoadjuvant chemoradiotherapy is still commonly used in the United States[14]. 
Indeed, new radiotherapy modalities, such as intraoperative radiotherapy following NACT, have been 
introduced. A study by Chapman et al[41] showed a rather good tolerability; however, compared to 
NACT followed by surgery alone (26.6 vs 35.1 mo; P > 0.05), there was no significant advantage in 
survival outcomes as well as the additional cost of an increased hospital stay (4 vs 3.5 d). Newer 
techniques to minimize the dose directed at the radiosensitive tissues in the abdomen, including 
stereotactic body radiation therapy and intensity-modulated radiation therapy, are increasingly used in 
neoadjuvant settings for patients with BR/LA-PDAC[41]. However, there is still limited evidence 
regarding the supposed advantage of receiving NACT alone.

Traditionally, for non-metastatic tumors, NACT aims to shrink the tumor to facilitate R0 surgery. 
However, for BR-PDAC, several studies showed improved outcomes after receiving NACT, even in the 
case of radiologically stable tumors[42,43]. This may be attributed to an additional selective role of 
NACT, in which it helps in selecting the best candidates for surgery as biologically aggressive tumors 
progress despite treatment[44]. This biological selection plays an important role in improving the 
outcomes of pancreatectomies with arterial resections. In the past, many reports have shown poor 
outcomes of arterial resections [borderline resectable tumors with arterial invasion (BR-A)], supporting 
the stance that the risks largely outweigh the benefits[45,46]. However, in the era of modern NACT 
regimens for treating BR-PDAC, an increasing number of studies have shown better outcomes of 
surgical resections than those of medical therapy alone. The most recent series by Loos et al[47] showed 
encouraging results of 385 consecutive patients undergoing pancreatectomies with associated arterial 
resection or periadventitial dissection, with a median OS of 20.1 mo, while the five-year OS was 12.5%. 
The reported in-hospital mortality rate was 8.8%; however, it significantly decreased to 4.8% (P = 0.005), 
showing a learning curve of 15 procedures for pancreatic surgeons with sufficient preexisting 
experience. In contrast, a recent meta-analysis showed an increased risk of mortality and complications 
compared to those of standard non-arterial resections (HR 4.09, P < 0.001). Therefore, the real risks and 
benefits of NACT followed by surgery for treating BR-PDAC with arterial involvement remain unclear; 
thus, well-planned clinical trials should be carried to evaluate its efficacy.

CONVERSION SURGERY AND CHEMOTHERAPY FOR TREATING UNRESECTABLE NON-
METASTATIC TUMORS
UR-PDAC is divided into UR-M (metastatic) when there are distant metastases, and UR-LA (locally 
advanced) when there is a venous involvement nontechnically amenable to reconstruction or a contact 
of ≥ 180° with the superior mesenteric artery (SMA) or celiac artery or an arterial involvement of the 
first jejunal branch of the SMA[13,14]. In these cases, even if arterial resection is technically feasible, it 
has a poor prognosis due to the high rate of local recurrence and systemic progression[48,49]. Patients 
with UR-LA are candidates for medical therapy, which is classically considered as a palliative solution. 
However, as early as in 2010, a systematic review reported encouraging outcomes in patients initially 
classified as having an unresectable tumor and then underwent conversion surgery after CT[50]. 
Although the regimens were based only on 5-florouracil or gemcitabine, the median OS after conversion 
surgery was 20 mo, which is comparable to the median OS after upfront surgery which was 23 mo. 
Many studies followed the first encouraging series, including different CT regimens with or without a 
radiation therapy, and all reported encouraging results of conversion surgery. However, all studies 
revealed a high heterogeneity regarding not only the CT protocols, but also the definition of BR-PDAC 
and UR-PDAC. Data from a meta-analysis including 653 patients with locally advanced PDAC from 21 
observational studies showed a median resection rate after FOLFIRINOX-based CT of 26%, with a high 
variability in median OS, ranging from 10.0 to 32.7 mo, as well as a high heterogeneity among the 
studies (I2 = 61%), with different definitions of “locally advanced” PDAC. Recently, a retrospective 
study enrolling 279 consecutive patients receiving FOLFIRINOX for defined UR-LA-PDAC reported 
interesting results in a definite setting[51]. After at least four cycles of CT, a partial response (PR) was 
observed in 34.1% of the patients, and stable disease (SD) in 51.4% of the patients. Fifty patients 
underwent surgical exploration and 47 (16.8%) underwent curative-intent surgery. The median survival 
after conversion surgery was 56 mo compared to that of those who did not undergo resection which was 
only 21 mo (P < 0.001). After multivariate analysis, curative-intent surgery was the most important 
prognostic factor (HR 0.260; P < 0.001). Similarly, the Heidelberg group reported a higher resection rate 
after treatment with FOLFIRINOX than it was after treatment with GA or other regimens (61% vs 46% vs 
52%, respectively; P = 0.026) from a retrospective analysis of 575 consecutive patients who underwent 
conversion surgery after CT[52]. Median OS was higher when conversion surgery was feasible (15.3 vs 
8.5 mo, P < 0.0001), independent from the CT regimen (16.0 mo after FOLFIRINOX vs 16.5 mo after 
gemcitabine and 14.5 mo for others; P = 0.085). In a multivariable analysis, a FOLFIRINOX-based 
regimen was independently associated with better survival outcomes. Importantly, both these studies 
only included UR-PDAC and not borderline-resectable tumors. Regarding the role of the CT regimen 
used, a study from Johns Hopkins University reported that 28% of the patients with UR-LA-PDAC 
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underwent surgical exploration after CT, with a total of 20% of the patients being able to undergo a 
curative-intent surgery[53]. Of these patients, 60% received a FOLFIRINOX regimen and 19% received 
gemcitabine. Therefore, the CT regimen could significantly influence the outcomes of UR-LA-PDAC. 
However, it must be noted that patients who did not undergo resection had a lower ECOG-performance 
status, higher CA 19-9 Levels, and larger tumors on cross-sectional imaging.

All published studies had many shortcomings, such as having a retrospective study design and the 
absence of an intention-to-treat (ITT) analysis. Recently, the Verona group published an interesting 
prospective study with an ITT analysis of NACT followed by a conversion surgery. A cohort of 680 
patients was analyzed, including 29.3% with BR-PDAC and 60.7% with UR-LA-PDAC. After clinical, 
radiological, and biochemical evaluations, 23.9% of the patients underwent surgical exploration, with an 
overall rate of subsequent resections of 15.1%, accounting for 24.1% of BR-PDAC and 9% of UR-LA-
PDAC cases. The independent predictors of resection were age, BR-PDAC, chemotherapy completion, 
radiologic response, and biochemical response. The median OS for the entire cohort was 12.8 mo with 
completion of chemotherapy, complementary radiation therapy, and resection, which were found to be 
associated with improved survival outcomes. Interestingly, in the subgroup analysis, the median OS of 
patients with UR-LA-PDAC undergoing conversion surgery was 41.8 mo, and no pretreatment and 
posttreatment factors were associated with survival after pancreatectomy[54].

Post-CT prediction of resectability remains a major challenge that is difficult to standardize since it 
largely depends on the experiences, skills, and preferences of surgeons, oncologists, and radiologists. A 
recent multicenter study showed an interinstitutional agreement below 50% when dealing with both 
resectability evaluation and treatment allocation in BR-PDAC and UR-LA-PDAC[55]. A clear 
radiological post-CT response is difficult to detect on conventional contrast-enhanced computed 
tomography scan, with a low correlation between radiological findings and subsequent surgical 
resection rates[56,57]. Dholakia et al[57] reported a series of 50 consecutive LA patients receiving NACT 
followed by surgery in 58% of cases, although the tumor volume and degree of tumor vessel 
involvement were not significantly reduced after receiving NACT. Therefore, many authors have 
suggested that every patient undergoing CT for BR-PDAC or UR-LA-PDAC should undergo surgical 
exploration, and much debate remains about this argument. Rangelova et al[58] suggested a routine 
surgical exploration in every case of non-progressed LA tumor, regardless of the level of CA 19-9 and 
the type and dose of the CT regimen. Similarly, the Heidelberg group recommends surgical exploration 
in every case of SD or PR and suitable performance status, while patients with progressive or worsened 
clinical conditions must continue systemic treatment[59]. Moreover, the same authors suggested the 
usefulness of an artery-first approach during surgical exploration to rule out eventual unresectability
[60]. In the case of curative-intent resection, more radical surgical procedures, such as systematic 
mesopancreas dissection and the TRIANGLE approach, have been proposed to achieve higher rates of 
R0 resections; however, more evidence is needed to support such surgical strategies[61,62]. Finally, 
some conversion surgeries have been reported to have a high risk for early recurrence (up to 30% within 
the first 6 mo.) However, the risk factors for early recurrence remain unclear[63].

The multidisciplinary decision process after receiving NACT should consider radiological findings, as 
well as clinical and biological factors. A strong effort should be made to standardize evaluation and 
management in this setting, as well as to identify prognostic factors for adequate response and early 
recurrence. Similarly, larger prospective studies on ITT have aimed to establish objective selection 
criteria for conversion surgery.

Finally, another interesting argument is the possibility of undergoing conversion surgery after CT for 
patients with oligo-metastatic UR-M-PDAC. Many authors have proposed the feasibility of such an 
approach, with improved outcomes when compared to the outcomes of CT alone; however, risk factors 
and appropriate indications remain unclear[64,65]. A recent study by the Verona Pancreas Institute 
showed very interesting results of 52 consecutive UR-M-PDAC patients who initially only had liver 
metastases and underwent conversion surgery[66]. FOLFIRINOX was the most commonly used 
chemotherapy regimen (63.5%). The median OS of the initial diagnosis was 37.2 mo, while the disease-
free survival (DFS) of pancreatectomy was 16.5 mo. Multivariate analysis revealed that vascular 
resection, operative time, prognostic nutrition index, and neutrophil-to-lymphocyte ratio were 
associated with OS. A phase III trial comparing the simultaneous resection of the primary tumor and 
liver metastases after conversion chemotherapy vs standard CT in liver-only UR-M-PDAC is currently 
carried and will likely provide more insights (NCT03398291)[67].

FUTURE PERSPECTIVES
Role of circulating DNA in treating non-metastatic pancreatic cancer
The preoperative determination of resectability is an unresolved issue since the most common sites of 
metastases are the liver or peritoneum, where sub-centimeter implants may be difficult to detect 
radiographically[68]. Previous studies have shown that even laparoscopic exploration can miss up to 
30% of occult metastases[69]. Similarly, an elevated CA 19-9 Level is a predictor of occult metastases; 
however, this can also be impaired by a relatively high rate (47%) of false negative results[70]. Several 
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studies have investigated the possible role of circulating tumor DNA (ct-DNA). Indeed, ct-DNA is a 
promising new tool for the assessment of many gastrointestinal tumors, despite not being routinely 
used[71,72]. Patients with R-PDAC have lower levels of ct-DNA, as well as a lower number of genetic 
mutations in ct-DNA than the levels in patients with UR-PDAC[73,74]. ct-DNA is a reliable and easy-to-
use tool for detecting tumoral mutations, such as mutations in the KRAS gene, which can be mutated in 
up to 90% of PDAC patients[75]. KRAS mutations are more common in patients with distant metastases 
than in patients with non-metastatic PDAC (58.9% vs 18.2%, respectively)[76], with the association with 
worse survival outcomes independent of the tumor[77-80]. Furthermore, since ct-DNA has shown 
higher concordance with metastatic lesions than with primitive tumors, the detection of such mutations 
may theoretically indicate the presence of occult metastases[73]. However, further studies are required 
to confirm this hypothesis.

A negative preoperative ct-DNA liquid test was reported to be associated with a low rate of early 
recurrence (4.6% within 6 mo)[75]. Similarly, non-detectable preoperative ct-DNA was associated with a 
higher rate of R0 resection with negative lymph nodes than the rate for patients with positive results 
(80% vs 38%)[81]. Furthermore, negative results of preoperative ct-DNA were associated with a better 
DFS even for patients undergoing R0 resection, suggesting a prognostic role independent of the 
subsequent surgery[82].

The combination of radiological staging with ct-DNA analysis may optimize the prognostic strati-
fication of non-metastatic tumors, resulting in an additional tool that may aid in deciding whether to 
undergo surgery, which has high rates of morbidity, or to administer medical therapy[83,84].

Molecular targeted therapy
Genetic mutations are currently considered important, not only for diagnostic and prognostic purposes, 
but also as targets for molecular targeted therapy in many gastrointestinal cancers[85-87]. Both next-
generation sequencing and ct-DNA may be useful tools for identifying such genetic alterations in a non-
invasive manner.

To date, three kinds of targets have been investigated for PDAC: oncogenes, tumor suppressors, and 
caretaker genes[88]. KRAS is commonly involved in PDAC carcinogenesis, and its upregulation is 
considered a potential target of PDAC therapy. Thus, irreversible tyrosine kinase inhibitors may be 
considered a viable strategy; however, the first studies investigating the possible benefit of cetuximab 
did not show positive results (median OS 6.3 vs 5.9 mo, P = 0.23)[89]. Subsequently, newer epidermal 
growth factor receptor (EGFR) inhibitors have been tested: Nimotuzumab in combination with 
gemcitabine improved the OS of patients with both UR-LA-PDAC or UR-M-PDAC in a phase II trial 
(median OS 8.6 vs 6.0 mo, P = 0.03), with better outcomes in the KRAS wild-type subgroup (median OS 
11.6  vs 5.6 mo, P = 0.03)[90]. In contrast, the EGFR inhibitor, vandetanib, has not shown any efficacy, 
while a clinical trial investigating the efficacy of afatinib is currently carried (NCT02451553)[91]. There 
are likely resistance mechanisms in PDAC cells that circumvent EGFR inhibition. Indeed, the additional 
inhibition of C-RAF, together with KRAS, led to complete tumor regression in murine PDAC models 
and human patient-derived xenografts[92]. Further trials are now investigating the possibility of 
inactivating both oncogenes and downstream crosstalk pathways.

Another frequent mutation in PDAC affects the CDKN2A gene, with an estimated frequency of 
approximately 60%, affecting the tumor suppression pathway that involves the proteins CD4/6 and p53
[93,94]. Ribociclib and palbociclib are newly developed drugs acting on CDK4/6. They have shown 
encouraging results in many preclinical models of PDAC, as well as for other solid cancers, with 
promising ongoing clinical trials (NCT02501902)[95-100]. Similarly, the SMAD4/TGF-β pathway can be 
mutated in 40% of PDAC93 cases. The TGF-β inhibitor, galunisertib, showed encouraging results in both 
preclinical investigations and phase I/II trials in combination with gemcitabine (estimated HR = 0.796)
[101-103]. Moreover, BRCA is a well-known caretaker gene whose mutations are involved in many 
human solid tumors, including PDAC, with a frequency of approximately 6%-7%[104-106]. Newly 
developed PARP inhibitors have shown significant efficacy in treating other BRCA mutant solid tumors
[107]. Olaparib was recently tested in a prospective phase III trial (the POLO trial, Pancreas Cancer 
Olaparib, NCT02184195) to evaluate its efficacy in patients with BRCA-mutant metastatic PDAC[108]. 
The PFS was increased in the olaparib group (7.4 vs 3.8 months, HR = 0.53, P = 0.004), at the cost of 
higher rates of adverse effects. The median OS did not significantly improve, although the trial is 
ongoing. In light of these encouraging results, further well-designed trials involving PARP inhibitors in 
BRCA-mutated PDAC are required.

Finally, chimeric antigen receptor T cells (CAR-T) are another therapeutic option for oncologic 
immunotherapy based on the reprogramming of autologous T cells from patients against tumoral 
antigens[109]. CAR-T has already been proven to be effective in treating blood tumors, with some drugs 
already approved by the FDA[110]. Subsequently, CAR-T cells were engineered and tested against 
possible targets in PDAC models. A phase II trial is testing CAR-T therapy against the mutant KRAS 
G12D that had previously shown a reduced response to other immunotherapies (NCT01174121)[111]. 
Furthermore, HER2/ERBB2 is considered a potential target in this setting, even if it is expressed less 
frequently (NCT01935843)[112].
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Despite being promising, these strategies have not yet produced any significant clinical benefit and 
have not yet been investigated in the neoadjuvant setting. However, for traditional CT, the regimens 
were taken from the adjuvant and systemic protocols, suggesting possible future developments in 
molecular-targeted NACT. This tool may be added to existing protocols for nonmetastatic PDAC in 
cases of non-responsiveness to other regimens, as well as to obtain an improved response. Therefore, 
further studies are warranted.

CONCLUSION
Despite the encouraging results of the most recent NACT regimens for treating BR-PDAC, the current 
evidence supporting their use for R-PDAC remains inconclusive. We are looking forward to the results 
from several ongoing trials evaluating the role of different NACT regimens such as NEPAFOX and 
NorPACT-1 and investigating FOLFIRINOX vs upfront surgery or NEOPAC focusing on gemcitabine 
plus oxaliplatin vs upfront surgery, as they may have important clinical implications.

In the subset of BR-PDAC with arterial involvement, the benefits of NACT followed by surgery 
remain unclear; thus, well-planned clinical trials should be carried out to evaluate its efficacy.

Regarding UR-LA-PDAC, a strong effort should be made to standardize evaluation and management, 
as well as to identify prognostic factors for adequate response and early recurrence. Larger prospective 
studies on ITT aimed to establish objective selection criteria for conversion surgery. The multidiscip-
linary decision process after receiving NACT should consider radiological findings, as well as clinical 
and biological factors. Similarly, encouraging results suggest that also patients with oligo-metastatic 
UR-M-PDAC should undergo conversion surgery after CT. However, risk factors and appropriate 
indications remain unclear. Although the road towards protocol standardization remains lengthy and 
tedious, it is necessary to ensure treatment success and improve overall clinical outcomes.
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Abstract
Pancreatic ductal adenocarcinoma (PDAC) is one of the most lethal malignancies 
and is developing into the 2nd leading cause of cancer-related death. Often, the 
clinical and radiological presentation of PDAC may be mirrored by other inflam-
matory pancreatic masses, such as autoimmune pancreatitis (AIP) and mass-
forming chronic pancreatitis (MFCP), making its diagnosis challenging. Differen-
tiating AIP and MFCP from PDAC is vital due to significant therapeutic and 
prognostic implications. Current diagnostic criteria and tools allow the precise 
differentiation of benign from malignant masses; however, the diagnostic 
accuracy is imperfect. Major pancreatic resections have been performed in AIP 
cases under initial suspicion of PDAC after a diagnostic approach failed to 
provide an accurate diagnosis. It is not unusual that after a thorough diagnostic 
evaluation, the clinician is confronted with a pancreatic mass with uncertain 
diagnosis. In those cases, a re-evaluation must be entertained, preferably by an 
experienced multispecialty team including radiologists, pathologists, gastroenter-
ologists, and surgeons, looking for disease-specific clinical, imaging, and 
histological hallmarks or collateral evidence that could favor a specific diagnosis. 
Our aim is to describe current diagnostic limitations that hinder our ability to 
reach an accurate diagnosis among AIP, PDAC, and MFCP and to highlight those 
disease-specific clinical, radiological, serological, and histological characteristics 
that could support the presence of any of these three disorders when facing a 
pancreatic mass with uncertain diagnosis after an initial diagnostic approach has 
been unsuccessful.
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INTRODUCTION
Pancreatic ductal adenocarcinoma (PDAC) is one of the most lethal malignancies; its incidence almost 
matches its fatality rate and continues to increase. PDAC is on track to becoming the 2nd leading cause of 
cancer-related death. It affects both sexes equally, and its 5-year survival rate is less than 10%[1,2]. 
Although novel chemotherapy schemes increase its prognosis, surgery seems to be the only treatment 
that offers better survival rates[3-5]. Such a dismal picture prompts an accurate and early diagnosis of 
PDAC that may offer better outcomes.

In most cases, the diagnosis of PDAC offers no difficulty; however, different benign conditions, such 
as inflammatory masses [chronic pancreatitis (CP) and autoimmune pancreatitis (AIP)] as well as other 
malignant conditions with different treatments and prognoses (e.g., metastases, islet cell tumors, 
complex cystic lesions, pancreatoblastoma, pancreatic lymphoma, etc.) often resemble its clinical, 
biochemical, and imaging appearance, posing a diagnostic challenge[6].

The most common inflammatory conditions that present as a pancreatic mass include mass-forming 
CP (MFCP), which accounts for 10%-30% of all cases of CP, and focal AIP, which is a variant of the 
classic diffusely enlarged pancreas that has been widely described. Focal AIP accounts for 28%-41% of 
all AIP cases[7,8].

The ability to differentiate among these masses (PDAC, MFCP, and AIP) remains a challenge, as most 
of the time the clinical picture is confusing, and gross imaging features seem to be similar, which 
hinders accurate diagnosis and may result in unnecessary surgery regardless of their benign or 
malignant nature.

Differential diagnosis requires considerable expertise and the use of a myriad of diagnostic tools that 
include computed tomography (CT), which remains the most available and cost-effective technique to 
evaluate the pancreas. However, considering that up to 5% to 10% of all pancreatic neoplasms present a 
contrast enhancement pattern similar to the rest of the pancreatic parenchyma and that its diagnostic 
accuracy for small lesions decreases significantly, the use of other imaging techniques is often necessary.

Magnetic resonance imaging (MRI) offers a more accurate evaluation of the pancreatic parenchyma; it 
is able to visualize up to 5% to 10% of the issoatenuated pancreatic masses seen in CT scans, and is 
capable of revealing lesions smaller than 2 cm in size[9].

Endoscopic ultrasound (EUS) is another valuable tool; it provides high-resolution images of the 
pancreas, nearby organs, and vascularity and is capable of detecting small lesions and providing 
information on potential vascular and adjacent organ involvement. A significant drawback is that it 
remains operator-dependent, which accounts for its variable diagnostic accuracy.

The advent of new techniques such as dynamic MRI, which calculates and evaluates perfusion 
parameters, may increase the diagnostic yield and provide relevant information regarding chemo-
sensitivity to standard and antiangiogenic therapies for PDAC. Perfusion CT, dual-energy CT, and MRI 
elastography diagnostic performances are encouraging. Pending further research, they seem to produce 
relevant information that would improve our current capacities to differentiate distinct malignant and 
benign pancreatic masses[1].

In addition to the former imaging techniques, serologic markers, histologic examination, and in some 
cases, therapeutic trials (e.g., steroid trial for presumed AIP) can and have been entertained.

Although international consensuses and criteria on the definition, diagnosis, and treatment of AIP 
and CP have been developed and disease-specific characteristics and available diagnostic tools usually 
allow precise differentiation of AIP, CP, and PDAC or at least differentiation of a benign lesion from a 
malignant lesion, their diagnostic accuracy is imperfect. In a significant number of cases, regardless of a 
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multidisciplinary approach involving access to high notch technology and clinical expertise, an accurate 
diagnosis of a pancreatic mass remains elusive, and major pancreatic resections in benign conditions 
such as AIP are still being performed. Some surgical series have reported that focal AIP has been 
diagnosed in up to 2% of surgical specimens from patients who underwent surgery for presumed 
PDAC.

Some groups advise that any resectable pancreatic mass should undergo surgery even if a thorough 
diagnostic evaluation has failed to prove the presence of malignancy. It should not be overlooked that 
although pancreatic surgery mortality rates in expert hands range from 1%-2%, comorbidity rates, 
especially those related to a Whipple procedure, are considerable (40%-50%).

Every effort leading to a prompt and accurate diagnosis to avoid surgical delays of a resectable PDAC 
that can rapidly become nonresectable as well as efforts to avoid unnecessary surgery and its related 
complications should be considered[1,3].

DIAGNOSTIC TOOLS-CLASSIC CHARACTERISTICS AND FLAWS
Pancreatic cancer
PDAC’s clinical picture consisting of abdominal pain, jaundice, weight loss, etc., is usually shared by 
AIP and MFCP among other conditions, and although diagnostic suspicion could increase based on 
imaging and serum characteristics, these are not exclusive to PDAC, and pathology confirmation 
remains mandatory.

Carbohydrate antigen 19-9 antigen
Serum carbohydrate antigen 19-9 (Ca 19-9) sensitivity is low. Increased levels (> 37 U/mL) are not 
exclusive to pancreatic cancer, and they may occur in biliary and other gastrointestinal carcinomas (i.e., 
neuroendocrine tumors of the pancreas, cholangiocarcinoma, or hepatocarcinoma). Expert guidelines do 
not recommend it as a screening tool for pancreatic cancer, but it is helpful in patient’s follow-up and, in 
some cases, in the selection of potential surgical candidates with an otherwise resectable appearing mass
[10].

Ca 19-9 serum levels may increase in benign conditions such as acute and CP, liver cirrhosis, 
cholangitis, and cholelithiasis[11]. Up to 27% of focal AIP cases mimicking PDAC present with increased 
levels of Ca 19-9, but usually in numbers < 100 U/mL. Ca 19-9 is not a sensitive or a specific method 
that could help to distinguish malignant from benign processes[12].

Abdominal US
The role of conventional surface US seems to be limited to the initial evaluation of jaundice. It may 
identify features suggestive of pancreatic cancer, such as the presence of a hypoechogenic mass in the 
pancreatic head and dilation of the pancreatic and biliary ducts. However, an accurate and complete 
assessment of the pancreas, specifically the body and tail, is frequently limited due to the interposition 
of intestinal loops and gas. The sensitivity and accuracy of abdominal US to assess the pancreas depends 
on the operator's experience, the patient’s body constitution and the location and burden of the disease. 
Its diagnostic accuracy ranges between 50% and 90% for detecting pancreatic cancer[13].

CT
Contrast-enhanced CT (CECT) has 90% sensitivity, 87% specificity, and 89% accuracy in diagnosing 
pancreatic cancer and is considered the best method to evaluate the pancreas and pancreatic masses. Its 
main limitation is its low sensitivity for early lesions and tumors smaller than 2 cm[14] since they 
usually appear isoattenuating in relation to the surrounding pancreatic parenchyma[15,16].

PDAC usually presents as a poorly defined and spiculated hypoattenuating mass with distal atrophy 
of the gland. After contrast media administration, it persists as a hypoattenuating mass with respect to 
the rest of the parenchyma, but in late stages, it shows heterogeneous peripheral enhancement, although 
atypical forms of AIP and MFCP may share the same characteristics[17].

As will be discussed later, specific and some subtle changes in structure and contrast dynamics may 
help in the differential.

Magnetic resonance
Some studies consider MRI a superior test compared to CT in characterizing pancreatic masses[18] and 
delineating the pancreatic ductal system. MRI has become the diagnostic alternative to endoscopic 
pancreatic cholangiopancreatography. The sensitivity, specificity, and accuracy of MRI for diagnosing 
pancreatic cancer have been reported to be 93%, 89%, and 90%, respectively[19,20].

PDAC and MFCP appear hypointense on fat-suppressed T1 sequences[21], whereas they have a 
variable appearance on T2-weighted images (Figure 1)[22], as well as on diffusion-weighted images 
(DWI)[23]. For example, on the diffusion sequence, pancreatic masses show increased signal intensity 
relative to the normal pancreatic parenchyma and appear hypointense on the apparent diffusion 
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Figure 1 A 62-year-old male patient with a history of abdominal pain and jaundice. A: Contrast-enhanced abdominal tomography shows a poorly 
enhanced hypocaptured lesion (orange arrow); B: Magnetic resonance imaging (MRI) in the T2 sequence shows a hypointense lesion (orange arrow); C: MRI in the 
diffusion sequence shows a lesion with restriction (orange arrow); D: In magnetic resonance cholangiopancreatography, the double duct sign is evident; E: 
Macroscopic specimen of the head of the pancreas in which there is a whitish mass; F: Slides report poorly differentiated pancreatic ductal adenocarcinoma of the 
pancreas with high-grade signet ring cells with perineural infiltration and invasion of the duodenum and ampulla of Vater.

coefficient (ADC)[24]. However, DWI may not be able to conclusively discriminate an inflammatory 
mass from a neoplastic solid lesion, as both present similar values in this modality[24,25].

When PDAC appears isointense, MRI can show indirect signs that suggest malignancy, such as gland 
atrophy and dilatation of the main pancreatic duct (usually > 4 mm)[26,27]. In contrast, in MFCP, the 
pancreatic duct is dilated to a lesser degree and usually coexists with lengthy and irregular ductal 
stenosis. In PDAC, duct dilation is uniform, comprising the total length of the upstream duct, and the 
ductal stenoses are associated or next to the mass (this can also be seen on CECT)[28,29]. Widening of 
the space between the pancreas, common bile duct (CBD), and duodenal lumen is another sign that is 
frequently observed in MFCP and not in PDAC[29].

All these characteristics can be observed in atypical forms of AIP and MFCP, making the distinction 
among them based on noncontrast MRI difficult. Reports on the differentiating capacity of dynamic 
contrast-enhanced MRI have reported high sensitivity, specificity, and diagnostic accuracy rates[30].

EUS
Since the diagnostic gold standard of PDAC, MFCP, and AIP is histology, EUS has become a valuable 
tool in the evaluation of pancreatic masses. EUS provides high-resolution images and allows us to 
obtain a tissue sample. Compared to abdominal US, CECT, and positron emission tomography (PET/
CT) in the recognition of early pancreatic tumors, early-stage CP (Figure 2), loco-regional staging of 
PDAC, and deciding the best site for biopsy, EUS has a better performance[31,32].

For the detection of lesions smaller than 3 cm, EUS has a diagnostic sensitivity of 99% compared to 
55% for CECT. It also has a high negative predictive value for ruling out pancreatic cancer[32].

EUS elastography and contrast-enhanced endoscopic US, although still not widely available, are 
rapidly growing techniques that have demonstrated to be able to characterize and differentiate 
pancreatic masses based on their stiffness and sonographic contrast dynamics, with promising results 
and ongoing research and development[33].

Considering all these caveats of imaging techniques, histology still stands as the diagnostic gold 
standard of pancreatic masses. EUS-guided biopsy has become the method of choice for obtaining 
pancreatic tissue, with 90% sensitivity and 96% specificity, a complication rate less than 0.8% and a 
reduced risk of seeding and dissemination[34].

However, its diagnostic yield depends on the quality of the sample, the selected site of puncture, and 
the interpretation of the results[31]. A 15% to 59% rate of inconclusive diagnoses resulting from the 
initial EUS-FNA has been reported[35-38].

Repeated EUS biopsy is an accepted strategy in patients with a suspicious pancreatic mass and 
inconclusive diagnosis after a first diagnostic approach that included a biopsy. The cumulative yield 
after repeat EUS-FNA for definite PDAC has been reported to be approximately 16%[39].
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Figure 2 Rosemont classification for chronic pancreatitis.

The atypical neoplastic glands of PDAC are usually embedded in a dense stroma (desmoplastic 
tumors). Biopsy’s limited diagnostic yield can be explained by PDAC’s associated desmoplastic 
reaction, which increases the chance of obtaining fibrotic tissue instead of cancer cells; since AIP and 
MFCP are rich in fibrotic tissue and inflammatory infiltrate, their presence does not rule out malignancy 
or confirm a benign inflammatory mass[40,41]. Other factors that may affect the diagnostic accuracy of 
EUS-guided biopsies include operator- and technique-related factors and extent of tumor necrosis.

Since a negative biopsy does not confidently rule out malignancy, if clinical suspicion is high enough, 
a biopsy should be repeated or if the mass is potentially resectable, surgery must be entertained.

CHRONIC PANCREATITIS
CP is a pathologic fibro-inflammatory syndrome of the pancreas in individuals with genetic, environ-
mental, and/or other risk factors who develop persistent pathologic responses to parenchymal injury or 
stress[42].

Common features of established and advanced CP include pancreatic atrophy, fibrosis, pain 
syndromes, duct distortion, calcifications, pancreatic exocrine dysfunction, pancreatic endocrine 
dysfunction, and dysplasia[8,43]; up to 10% to 30% of cases may present as MFCP[44].

The incidence of PDAC is much higher than that in the general population (several genetic risk 
factors have been described as well as modifiable and nonmodifiable host factors), with almost 2% to 4% 
of patients with CP developing PDAC within ten years or more of diagnosis. The presence of a 
pancreatic mass in patients with CP represents a diagnostic challenge, with significant therapeutic and 
prognostic implications[4,5,8,45].

Discerning between PDCA and MFCP solely on clinical grounds is challenging; both may present as a 
pancreatic mass with recurrent abdominal pain, jaundice, weight loss, and pancreatic insufficiencies 
(exocrine and/or endocrine)[8].

Abdominal ultrasound
Abdominal US does not discern among pancreatic cancer, AIP, and MFCP since all 3 may display 
similar imaging characteristics. Despite AIP having specific features such as diffuse enlargement of the 
pancreas, decreased echogenicity, and narrowing of the pancreatic duct due to compression of the 
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affected parenchyma, the aforementioned technical limitations of abdominal US play a significant role 
in decreasing its diagnostic yield, especially in focal and atypical forms of AIP[46].

On the other hand, if intraparenchymal calcifications, heterogenicity with hyperechogenicity of the 
parenchyma, dilatation of the main pancreatic duct, and irregularity of the pancreatic contour can be 
identified, MFCP is to be suspected. However, some studies have reported that parenchymal calcific-
ations can occur in other pancreatic disorders, such as intraductal papillary mucinous neoplasms 
(IPMN), with a 20% reported incidence. The calcification pattern in IPMN is indistinguishable from that 
in CP; calcifications can be found in the pancreatic duct, parenchyma, or diffusely scattered throughout 
the gland. Punctate calcification was the most common pattern (87%), followed by coarse calcification 
(33%).

Abdominal US has 67% sensitivity and 90% specificity for the diagnosis of established CP[47].

CECT
Contrast-enhanced imaging may discriminate among the different etiologies of a pancreatic mass[37]. A 
mass related to MFCP and AIP exhibits homogeneous enhancement similar to the rest of the pancreatic 
parenchyma, with the opposite occurring in PDAC, which shows poor enhancement in all phases along 
with poorly delimited margins[33]. These features can be secondary to a marked desmoplastic reaction, 
low vascularity, and the presence of necrosis and mucin in PDAC[48]. Unfortunately, in advanced 
stages of CP, MFCP pancreatic parenchyma presents significant fibrosis that modifies the enhancement 
pattern, especially during the arterial phase, although in some cases, the venous phase is preserved and 
may help in distinguishing MFCP from PDAC. For the diagnosis of CP, CECT has 75% sensitivity and 
91% specificity[49].

Endoscopic retrograde cholangiopancreatography
Once considered the gold standard for assessing the pancreatic duct, EUS has been replaced by 
magnetic resonance cholangiopancreatography (MRCP) and EUS[50], and its current role is almost 
exclusively therapeutic.

Histology
Histologic examination is paramount when facing pancreatic masses. CP exhibits a fibrotic pattern that 
may resemble the one observed in PDAC-related desmoplasia; thus, the presence of chronic inflam-
matory infiltrate in pancreatic tissue does not rule out PDAC.

Biopsies may not always add to the differential between AIP and CP since the latter might also show 
lymphocytic and plasma cell infiltrate, as well as macrophage infiltrate and areas of interlobular fibrosis 
extending into the ductal structures that are also observed in type 1 and 2 AIP.

In CP, acinar and islet cells are usually spliced by fibrous tissue, and the ducts may contain protein 
plugs that can become calcified. Nevertheless, these features are often seen in elderly patients without 
CP, especially in those with diabetes mellitus[51].

Repeated biopsy should always be entertained as it improves the diagnostic yield. Mitchell et al[39] 
demonstrated that repeat FNA yields an altered diagnosis in 71% of patients. This is similar to other 
studies that showed that a second EUS-FNA alters the initial diagnosis in up to 63% to 82% of cases[36-
38,52].

AUTOIMMUNE PANCREATITIS
AIP is classified into type 1 and 2 AIP that may present as an acute or chronic form. Type 1 AIP is a 
manifestation of systemic IgG4-related disease (IgG4-RD), a systemic condition that can affect almost 
every organ but has a predilection for the pancreas and biliary tract[53,54].

Both types of AIP can mimic PDAC both in imaging appearance and clinical presentation. AIP can 
present with painless obstructive jaundice in up to 70% of cases as well as with abdominal pain and 
weight loss in up to 30%[55].

In late stages, if left untreated or if treatment is delayed, AIP can result in CP and present with 
exocrine pancreatic insufficiency and diabetes mellitus. Thus, MFCP can either be a primary disorder or 
a complication of AIP[53,56,57].

Criteria for diagnosis are based on imaging, serological, histological, and therapeutic response 
parameters[1,58].

International Consensus Diagnostic Criteria (ICDC) for type 1 and 2 AIP consider both typical and 
atypical presentations. The ICDC diagnostic yield for type 1 is high, with a reported sensitivity of 89%-
95%, specificity of 100%, and accuracy of 94%. Biopsy is seldom needed since serum and imaging 
characteristics along with other organ involvement frequently provide enough diagnostic evidence.

Atypical forms of IgG4-related pancreatitis as well as type 2 AIP might require tissue acquisition. In 
both, but especially in type 2 AIP, collateral information from serum and other organ involvement is 
missing in most cases (only 25% of type 2 AIP may have concurrent inflammatory bowel disease), 
making biopsy almost mandatory since pancreatic cancer cannot confidently be ruled out[59-61].
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Immunoglobulin IgG4
IgG4 remains a good marker for the diagnosis of IgG4-RD[62], but increased levels can also occur in CP 
and other benign conditions as well as in up to 10% to 15% of PDAC, but levels are usually less than 
twice the upper limit of normal[63], which is considered the ideal cut off point to diagnose or differ-
entiate IgG4-RD AIP from other non-IgG4-related diseases with a specificity of 92.6%. IgG4 levels are of 
no utility in ruling in or out the possibility of type 2 AIP[63,64].

Autoantibodies
Autoantibodies (Abs), including anti-nuclear Ab, anti-Ro/SSA, anti-La/SSB, anti-neutrophil 
cytoplasmic Ab, anti-lactoferrin Ab, anti-carbonic anhydrase II, anti-plasminogen-binding protein Ab, 
anti-inhibitor of pancreatic trypsin secretion Ab, anti-DNA, anti-Sm, anti-RNP, and cryoglobulins, are 
neither sensitive nor specific[65] and lack diagnostic value since they do not differentiate AIP from 
MFCP or PDAC. In some cases, they may increase the possibility of type 2 AIP[65-67].

Imaging
On imaging, AIP may present as either diffuse, focal, or multifocal pancreas enlargement resembling 
MFCP and PDAC[68,69].

Abdominal US and contrast-enhanced US
As discussed before, abdominal US does not have any diagnostic value other than being the initial tool 
to assess jaundice. Although significantly limited with regard to the extension of the pancreas that it can 
visualize, it can show a hypoechoic mass associated with hyperechoic foci and stranding as well as 
parenchymal heterogeneity but is unable to differentiate a benign from a malignant mass.

Contrast-enhanced US might provide more information in this regard, but again, the extension of the 
gland that can be examined as well as technical, operator-, and patient-related factors limit its diagnostic 
yield.

CT
Abdominal CT allows visualization of the full extension of the pancreas and better characterization of 
any abnormality.

The classic form or level 1 evidence of AIP according to the ICDC is a diffusely enlarged pancreas 
with an increased anteroposterior diameter and smooth edges (“sausage pancreas”) and is usually 
accompanied by a hypodense halo or pseudocapsule surrounding the pancreas[1].

Ductwise, the level 1 evidence consists of an irregular and stenotic pancreatic main duct[70-72]. When 
contrast media is applied, in the early phase, a hypodense mass is usually observed, and in the late 
phase, it will become isodense. Although a similar behavior is observed in PDAC, AIP usually presents 
late enhancement in the venous phase.

Up to 30% of the time, AIP presents as a focal mass that is indistinguishable from MFCP and PDAC[6,
73]. In PDAC, the pancreatic duct usually has smooth contours, with a short stenosis or abrupt 
amputation at the tumor site; when located at the head of the pancreas, it may also affect the CBD, and a 
double duct sign [dilated CBD and main pancreatic duct (MPD)] can be observed.

Vascular involvement is often observed in late stages of PDAC, but AIP may have a similar picture 
when it presents with retroperitoneal fibrosis affecting local vasculature[61].

Collateral information may aid in the differential diagnosis; the presence of pancreatic calcifications 
and cysts might suggest MFCP or late phases of AIP, while other organ involvement may suggest AIP
[74,75].

Overall, CECT has 59% [95% confidence interval (CI), 41%-75%] sensitivity and 99% (95%CI: 88%-
100%) specificity to differentiate AIP from PDAC[76].

Extrapancreatic abnormalities such as renal involvement with bilateral patchy lesions and lymph 
node or parotid gland involvement are associated with IgG4 systemic disease[74,75].

MRI
On MRI, AIP’s diffuse or focal enlargement of the pancreas is observed as a hypointense gland in the T1 
sequence and hyperintense in the T2 sequence; however, this is similar to how PDAC is observed.

Additionally, both AIP and PDAC show a similar diffusion restriction pattern on DWI, appearing as a 
hyperintense gland, but unlike PDAC, AIP shows greater hypointensity in ADC.

A hypointense peripheral pancreatic halo in both sequences[77] and extensive irregular stenosis (≥ 3 
mm in length) in the affected pancreatic segment without upstream ductal dilation suggest AIP[26,78,
79]. The presence of multiple stenoses has been reported in up to 61.5% of cases with AIP[26] (Figure 3). 
The penetrating duct sign (which is better observed during MRCP with secretin) in the affected area also 
favors AIP over PDAC[80,81]. MRI diagnostic yield has a low sensitivity (28.6%-44.4%) but high 
specificity (100%)[82].
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Figure 3 A 38-year-old man was diagnosed with autoimmune pancreatitis. The magnetic resonance cholangiopancreatography shows a pancreatic 
duct with multiple stenoses (orange arrow) without upstream dilation.

Histology
Frequently, after exhaustive diagnostic work-up, atypical forms of IgG4 RD AIP and type 2 AIP remain 
undiagnosed, and biopsy is needed, which may confirm the diagnosis or distinguish them from MFCP 
and PDAC.

Histologic findings of AIP differ depending on whether it is type 1 or type 2. IgG4-related AIP (type 1 
AIP) is characterized by T-lymphocyte infiltration, lymphoplasmacytic infiltrate with IgG4-positive 
plasma cells (IgG4+), storiform fibrosis, and obliterative phlebitis[78]. It has been reported that > 40% of 
IgG+ plasma cells and > 10 IgG4+ plasma cells per high power field (HPF) for puncture specimens or > 
50 IgG4+ HPF cells for surgical specimens are present in most AIP type 1[83].

Type 2 AIP histology shows a granulocytic epithelial lesion[22,82], neutrophil and lymphocyte 
infiltrate and different extents of fibrosis. The pancreatic duct is narrowed by periductal fibrosis and 
lymphoplasmacytic infiltration, but the ductal epithelium is usually preserved[70] (Figure 4).

PDAC can also show infiltration by IgG4+ plasma cells, but to a lesser extent and unlike AIP, it does 
not present storiform fibrosis or obliterative phlebitis. When EUS-guided biopsy is unavailable, 
endoscopic biopsy of the ampulla of Vater may show a lymphoplasmacytic infiltrate with IgG4-positive 
plasma cells, placing it as a good surrogate in the diagnosis of type 1 AIP[84].

NEW IMAGING TECHNIQUES IN THE PANCREAS
Some recently developed techniques might improve our capability to differentiate benign from 
malignant pancreatic masses.

Perfusion CT
This is a modality that seems to differentiate between MFCP and PDAC. Yadav et al[85] and Aslan et al
[86] assessed the characteristics of histology-proven PDAC and MFCP on perfusion CT. Blood flow (BF) 
and blood volume (BV) were the best parameters that differentiated both entities from each other. 
Although both MFCP and PDAC presented low values in BF and BV compared with normal pancreatic 
parenchyma, the lowest values were more frequent in PDCA. A cut off value of 19 mL/100 mL/min for 
BF had 92% sensitivity and 68% specificity to differentiate PDAC from MFCP, and for a value of 5 mL/
100 mL in BV, the reported sensitivity and specificity were 100% and 73%, respectively.

These results are encouraging, but they still need to be replicated and validated in larger studies.

Dual-energy CT and low-voltage tube
These techniques have become the modality of choice for pancreatic cancer imaging and have shown 
good performance in detecting < 2 cm or isoattenuating lesions.
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Figure 4 Endoscopic ultrasound guided fine needle biopsy of a type 2 autoimmune pancreatitis. Specimens shows dense lymphocyte infiltrate 
with scattered neutrophils. Citation: Pelaez-Luna M, Soriano-Rios A, Lira-Treviño AC, Uscanga-Domínguez L. Steroid-responsive pancreatitides. World J Clin Cases 
2020; 8: 3411-3430. Published by Baishideng Publishing Group Inc[60] (Supplementary material).

These methods allow a more precise characterization of the solid or cystic nature/components of a 
given pancreatic lesion as well as a better visualization of the pancreatic duct and surrounding 
vascularity[14,85,86].

Low voltage generated images increase the probability of detecting a hypodense lesion embedded in 
the normal pancreatic parenchyma compared with those obtained with high voltage equipment, and 
such distinction becomes more evident during the portal contrasted phase[87]. Low voltage CT has 
higher sensitivity in diagnosing PDCA compared to high voltage imaging using iodine contrast[86,87].

PET/CT
It has limited and low diagnostic yield when discriminating between benign inflammatory masses and 
malignant ones[5,87].

MRI elastography
By assessing and comparing the tissue rigidity related to either an inflammatory process or a malignant 
process, this new tool has a high diagnostic accuracy for differentiating PDAC from AIP but still 
requires further study.

Shi et al[88] reported differences in tissue stiffness in AIP, PDAC, and healthy volunteers. AIP cases 
showed higher stiffness values [2.67 kPa (2.24-3.56 kPa) than healthy pancreas 1.24 kPa (1.18-1.24 kPa)] 
but significantly lower stiffness values than PDAC [3.78 kPa (3.22-5.11 kPa)] (P < 0.05).

EUS elastography
Either qualitative or quantitative, it might discriminate benign from malignant masses based on their 
particular stiffness rates. A distortion ratio cutoff point > 10 or a value < 50 in the distortion histogram 
suggests malignancy[89-91] (Figure 5).

Giovannini et al[92] reported EUS elastography findings in 121 cases with pancreatic masses. The 
sensitivity, specificity, positive predictive value, and negative predictive value for differentiating benign 
and malignant pancreatic masses were 92.3%, 80.0%, 93.3%, and 77.4%, respectively.

Diagnosing based solely on these parameters is still far from possible; currently, these technological 
advances have helped in selecting the biopsy site, identifying viable tissue and avoiding necrotic areas 
within the mass.

LIQUID BIOPSY
Liquid biopsy identifies circulating tumoral DNA, microRNA, and cells. It has been shown to be feasible 
and efficient in diagnosing different malignant neoplasms at early stages (e.g., lung, breast, colon and 
liver cancer). It has also been suggested that it could be a reliable confirmatory test and possibly replace 
the need for tissue biopsy[93]. Information on pancreatic cancer is scarce but promising; it could aid in 
diagnosis and provide information related to potential therapeutic targets as well as prognosis[94-98].

Its reported sensitivity and specificity in diagnosing PDAC range between 33%-100% and 27%-81%, 
respectively[94]. Liquid biopsy could also be applied in the study and diagnosis of benign conditions 
such as AIP and CP.

https://f6publishing.blob.core.windows.net/3d8117a9-137f-440b-9eb8-190ab0ca733c/WJGO-15-925-supplementary-material.pdf
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Figure 5 Evaluation of a pancreatic adenocarcinoma using qualitative endoscopic ultrasound elastography. A: Elastography showing a 
heterogeneous stiff pattern (stiffer areas are shown in blue); B: Linear array endoscopic ultrasound (B-mode) imaging of the same pancreatic mass.

AUXILIARY INFORMATION THAT MAY DIFFERENTIATE PANCREATIC MASSES
Clinical picture
Attention to specific clinical and imaging details that might be disease specific can be highly valuable 
during the diagnostic work-up of a pancreatic mass (Figure 6).

PDAC can present with migratory thrombophlebitis, acute pancreatitis, hypoglycemia, and 
hypercalcemia; although DM related to the exocrine pancreas has distinct clinical characteristics that 
differentiate it from type 1 and 2-DM, it may not be an easy task to differentiate that related to PDCA 
from that associated with CP[44].

MFCP may show signs of longstanding overt or subclinical exocrine dysfunction in the form of 
steatorrhea, malnutrition, and vitamin deficiencies. Although no single serum marker is available for CP 
diagnosis, nutritional serum markers have been used to adjust the pancreatic enzyme supplementation 
dose, and in some cases, those markers may help in the diagnosis of early CP[99].

We previously reported that age of presentation, history of abdominal pain, acute pancreatitis, 
presence of other autoimmune diseases, pancreatic duct caliber and other clinical and imaging charac-
teristics might help to differentiate benign from malignant masses[67].

After comparing the clinical and imaging characteristics of resected focal type 2 AIP, CP, and PDAC, 
the characteristics that favored a benign over a malignant mass were abdominal pain (OR 0.18; 95%CI: 
0.07-0.55; P < 0.001) and a history of acute pancreatitis (OR 0.48; 95%CI: 0.01-0.16; P = 0.002).

In favor of PDAC were obstructive jaundice (OR 28.5; 95%CI: 8.18-79.49; P < 0.0001) and main 
pancreatic duct dilation (OR 5.21; 95%CI: 1.93-14.62; P < 0.001). Patients with PDAC were also older 
than nonmalignant patients (P < 0.001).

In the same group of patients, comparing AIP vs non-AIP cases (PC and PDAC), abdominal pain (OR 
8.75; 95%CI: 1.83-41.75; P = 0.002), history of acute pancreatitis (OR 10.28; 95%CI: 3.29-32.12; P = 0.001), 
concurrent autoimmune disease (OR 20; 95%CI: 4.38-91.28; P = 0.006) and lack of main pancreatic duct 
dilation (OR 9.30; 95%CI: 3.05-28.69; P < 0.0001). AIP cases were younger (P < 0.001).

Imaging characteristics
Features such as mass morphology, pancreatic calcification distribution, presence of duct-penetrating 
sign, duct stenosis, pancreatic or bile duct wall thickness, and contrast uptake are some disease-specific 
characteristics that can help to differentiate PDAC, AIP, and MFCP (Table 1).

Pancreatic duct morphology
CT and MRI allow the visualization and assessment of the main pancreatic duct and bile duct 
morphology, diameter, and other characteristics that can be disrupted by the presence of a pancreatic 
mass[100].

Although CP and PDAC may be associated with duct stenosis as well as upstream ductal irregularity 
and dilation, the presence of calcifications, the characteristics of the stenosis, and other extrapancreatic 
and clinical features can differentiate benign from malignant conditions.

In MFCP, the pancreatic duct lateral branches are usually dilated and deformed, which in MRCP is 
called the “chain of lakes”[101]. In PDAC, dilation of the MPD is usually more prominent as a result of 
abrupt narrowing caused by the centrifugal ductal growth pattern of the cancer cells, which is usually 
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Table 1 Radiological differences in pancreatic masses

Imaging 
studio AIP MFCP PDAC

Ultrasound

Conventional Hypoechoic Hypoechoic Hypoechoic

CEUS/CE-EUS Homogeneous enhancement Homogeneous enhancement No enhancement

Eltasography by 
EUS

Predominantly blue heterogeneous 
pattern

Heterogeneous pattern with a 
predominance of green color and 
blue stippling

Heterogeneous pattern with a predominance of 
blue color and green stippling

CT

Simple Hypodense; peripheral halo Hypodense Intraparenchymal 
calcifications or within the pancreatic 
duct

Hypodense; parenchymal atrophy

Contrasted Hyperattenuation (compared to the 
spleen) in the portal venous phase; 
presence of extrapancreatic involvement

Heterogeneous hyperattenuation; 
absence of extrapancreatic 
involvement

No enhancement; vascular invasion

Perfusion Low BF and BV values compared to 
normal pancreatic parenchyma but 
higher than PDAC

Low BF and BV values compared to MFCP

Dual-energy Appears as a hypodense mass in low voltage 
imaging (especially during portal phase); in the 
iodine mapping the mass shows enhancement

MRI

T1 Hypointense; hypointense peripheral halo Hypointense Hypointense

T2 Hyperintense; hypointense peripheral 
halo

Hyperintense: Early stage; 
hypointense: Advanced stage

Hyper/hypointense

DWI Hyperintense Hyperintense Hyperintense

ADC Higher hypointensity than MFCP and 
PDAC

Hypointense Hypointense

Elastography Higher stiffness compared to normal 
parenchyma but lesser compared to 
PDAC; multiple scattered lesions

Higher stiffness compared to AIP; single, isolated 
nodular lesions

ADC: Apparent diffusion coefficient; AIP: Autoimmune pancreatitis; BF: Blood flow; BV: Blood volume; CEUS: Contrast-enhanced ultrasound; CE-EUS: 
Contrast-enhanced endoscopic ultrasound; EUS: Endoscopic ultrasound; CT: Computed tomography; DWI: Diffusion sequence; MFCP: Mass-forming 
chronic pancreatitis; PDAC: Pancreatic ductal adenocarcinoma; MRI: Magnetic resonance.

followed by significant atrophy of the pancreatic parenchyma.
In AIP, it is typical to observe stenotic areas without prestenotic dilation[83], although few cases of 

focal AIP may present upstream dilation of the main pancreatic duct. This is called the “icicle sign” (the 
MPD could penetrate the mass without complete occlusion, and the pancreatic duct stenosis may taper 
within the mass), which is caused by periductal fibrosis causing extrinsic compression and ductal 
narrowing in the affected part of the pancreas. This sign has a specificity of up to 95% and an accuracy 
of 88% for diagnosing AIP[102,103].

We found that in the presence of a pancreatic mass in the head of the pancreas, the absence of dilation 
of the main pancreatic duct favors the diagnosis of AIP with a sensitivity of 31% but a specificity of 81% 
(OR 9.30; 95%CI: 3.05-28.69; P < 0.0001)[67].

Double duct sign
The CBD and the MPD converge at the major papilla, and any mass located at the head of the pancreas 
may compress or engulf either or both, causing subsequent prestenotic ductal dilatation. The 
radiological image of dilatation of both ductal systems is referred to as the double duct sign[76]. 
Although not pathognomonic of PDAC, it has been reported to be present in up to 80% of cases. It can 
be present but less frequently in AIP and MFCP[3].

MFCP showing a double duct sign can show ductal strictures alternated with dilated areas, 
producing a beaded appearance, although in some cases, the pancreatic duct may be dilated through its 
entire extension.
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Figure 6 Differences in pancreatic masses. IDCP: Idiopathic duct-centric pancreatitis. Citation: Peláez-Luna M, Medina-Campos C, Uscanga-Domínuez L, 
Hernandez-Calleros J, Chan-Nuñez C, Negrete E, Angeles A. A Nondilated Main Pancreatic Duct Predicts Type 2 Autoimmune Pancreatitis: Comparative Study of 
Resected Pancreatic Head Masses. Digestion 2020; 101: 137-143. Published by Karger Publishers[67] (Supplementary material).

In AIP, the pancreatic duct caliber is usually normal, with few cases presenting slight dilation. The 
ductal stenosis length (either biliary or pancreatic) tends to be longer in MFCP and AIP and shorter or 
punctual in PDCA[75].

Duct-penetrating sign
This sign is defined as a nonobstructed, nonstenotic, or normal-appearing MPD running into a 
pancreatic mass and is usually seen on MRCP images[100-103]. This sign has a sensitivity of 85% and 
specificity of 96% to discern an inflammatory pancreatic mass (MFCP and AIP) from PDAC[80].

The pathophysiological basis of the duct-penetrating sign is that the dense fibrotic infiltrate of the 
PDAC causes an abrupt and complete narrowing of the duct, whereas in inflammatory pancreatic 
masses, the narrowing is subtle and tends to taper down, and the duct can still be visualized in the 
affected area in the MRPC[3].

Calcification distribution
Parenchymal calcifications are not unique to CP; they can be present in PDAC and some cystic 
neoplasms of the pancreas, such as neuroendocrine tumors, serous cystadenoma, and intraductal 
papillary mucinous neoplasm.

Diffuse parenchymal calcifications with ductal calcifications, parenchymal atrophy, and cystic lesions 
are specific to CP[86]. In PDAC, calcifications are usually neither diffuse nor intraductal.

The presence of calcifications may not completely rule out or confirm a malignant or benign mass, 
since long-standing CP cases may develop PDAC. In such a clinical scenario, should a prior CT image 
be available, a change in the calcification distribution as a result of a new mass displacing them may be 
observed, which in turn may favor the presence of PDAC in a patient with preexisting CP.

Blood vessels
A pancreatic mass with blood vessel involvement is not unique to malignancies. Although advanced 
stages of PDAC present with soft tissue involving the celiac trunk and the superior mesenteric and 
splenic vessels, similar findings can be found in chronic inflammatory processes such as retroperitoneal 
fibrosis that can be associated with IgG4 systemic disease[62,75].

Pancreatic and biliary duct walls
Some studies have looked for imaging surrogates to differentiate AIP from PDAC and MFCP, 
highlighting the diagnostic potential of perfusion CT scans as well as EUS.

https://f6publishing.blob.core.windows.net/3d8117a9-137f-440b-9eb8-190ab0ca733c/WJGO-15-925-supplementary-material.pdf
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Figure 7 Ductal wall thickening (biliary/pancreatic) in 2 cases of type 2 autoimmune pancreatitis. A: Hypoechoic mass in the head of the 
pancreas, arrow shows common bile duct (CBD) with hypoechoic symmetrical wall thickening in a histology confirmed type 2 autoimmune pancreatitis (AIP); B. Fine 
needle biopsy of a hypoechoic mass in the head of the pancreas. Arrow shows CBD with hypoechoic symmetrical wall thickening in the same case of a histology 
confirmed type 2 AIP; C: Homogeneous, symmetric main pancreatic duct wall thickening in other case of with histology confirmed type 2 AIP. Citation: Pelaez-Luna 
M, Soriano-Rios A, Lira-Treviño AC, Uscanga-Domínguez L. Steroid-responsive pancreatitides. World J Clin Cases 2020; 8: 3411-3430. Published by Baishideng 
Publishing Group Inc[60] (Supplementary material).

In addition to the classical imaging features of AIP and PDAC, long pancreatic duct stenosis without 
upstream dilation, subtle bile, and/or pancreatic abnormalities can be of significant aid.

The presence of irregular narrowing of the main pancreatic duct in association with duct wall 
thickening during EUS has a diagnostic accuracy for type 1 AIP of 98.3%. Hyperechoic parietal 
thickening is also more frequent in AIP (93%) than in PDAC or CP (23%) (Figure 7).

On CT/MRI, diffuse and homogeneous ductal wall hyperenhancement is present in 47% of AIP and 
22% of PDAC cases and has been reported to be highly predictive of AIP[104-107].

STEROID TRIAL
As has been explained throughout this review, the differential diagnosis between focal pattern AIP and 
PDAC is extremely difficult since the clinical picture, imaging, and serological methods may provide 
questionable results[71,77-79].

Although some of the clinical and imaging diagnostic difficulties can be overcome with a biopsy; AIP, 
MFCP, and PDAC can share similar histological findings[108], and the associated inflammation or 
fibrosis, sampling error, bloody aspirates, and errors in cytologic interpretation may provide equivocal 
results.

Some have suggested that in highly selected cases with diagnostic uncertainty after a thorough 
diagnostic approach in experienced centers, a systemic steroid trial may be beneficial[26,74,76,77,109].

On average, a 2- to 4-wk interval is needed to evaluate the response with a radiological study (CECT 
or MRI) since the clinical response is not a reliable parameter. It is important to keep in mind that 
patients with pancreatic cancer may show improvement due to the reduction in peritumoral inflam-
mation, which can create confusion[108,109]. There is usually significant radiological improvement in all 
cases of AIP[77], while the absence of response rules out AIP[26].

Even after a thorough diagnostic approach, up to 5% of resected masses under suspicion of 
malignancy are benign. Uncertain pancreatic masses require a multidisciplinary approach, preferably in 
referral centers, by highly experienced specialists (radiologist, gastroenterologist, surgeons, and 
pathologists).

CONCLUSION
Due to the distinctive therapeutic and prognostic features of AIP, MFCP, and PDAC, a precise diagnosis 
is of the utmost relevance. The initial approach to a pancreatic mass must include a detailed clinical 
exam exploring relevant personal, non-personal and family history, exposure to risk factors, blood tests 
including IgG4 and Ca19-9 levels, and high-quality imaging (CECT). In uncertain cases after an initial 
approach, MRI, EUS and tissue examination may provide auxiliary concluding diagnostic information. 
Newer imaging and molecular techniques are promising tools, but further research is still needed. 
Currently, in the differential diagnosis of uncertain pancreatic masses, all available collateral clinical, 
imaging, and histological information remains the cornerstone for an accurate diagnosis.
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Abstract
Pancreatic cancer is the leading cause of cancer mortality worldwide. Research 
investigating effective management strategies for pancreatic cancer is ongoing. 
Vitamin E, consisting of both tocopherol and tocotrienol, has demonstrated 
debatable effects on pancreatic cancer cells. Therefore, this scoping review aims to 
summarize the effects of vitamin E on pancreatic cancer. In October 2022, a 
literature search was conducted using PubMed and Scopus since their inception. 
Original studies on the effects of vitamin E on pancreatic cancer, including cell 
cultures, animal models and human clinical trials, were considered for this 
review. The literature search found 75 articles on this topic, but only 24 articles 
met the inclusion criteria. The available evidence showed that vitamin E 
modulated proliferation, cell death, angiogenesis, metastasis and inflammation in 
pancreatic cancer cells. However, the safety and bioavailability concerns remain to 
be answered with more extensive preclinical and clinical studies. More in-depth 
analysis is necessary to investigate further the role of vitamin E in the 
management of pancreatic cancers.

Key Words: Anti-cancer treatment; Pancreatic cancer; Scoping review; Tocopherol; 
Tocotrienol; Vitamin E
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Core Tip: Vitamin E is a natural bioactive agent found in a variety of foods. Our scoping review found that 
it inhibits pancreatic tumor progression, and modulates key pathways in carcinogenesis. Vitamin E might 
support the current pharmacological approach for treating pancreatic cancer. However, more studies are 
needed to investigate its safety and efficacy.
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INTRODUCTION
Pancreatic cancer is a disease with a poor prognosis and high mortality rate[1,2]. Pancreatic ductal 
adenocarcinoma (PDAC) is categorized as an exocrine tumor that accounts for 80%-90% of pancreatic 
cancer cases. Less common types of exocrine tumors, such as squamous cell carcinoma and small cell 
carcinomas, constitute the remaining cases[2]. PDAC can evade from the host’s cell death[3-5] and 
immune defense[5-8]. The lack of effective PDAC therapy emphasizes the need for the development of 
new treatment modalities.

Background
Just like other cancers, pancreatic cancer is characterized by uncontrolled proliferation and the ability to 
resist eradication[1]. Over the past few decades, there has been a dramatic surge in pancreatic cancer 
cases. The number of cases worldwide has increased from 196000 in 1991 to 495773 in 2010. The global 
number of new cases is expected to increase by 1.1% annually. By 2050, the incidence could rise to 18.6 
cases for every 100000 individuals[9]. Mortality-wise, cases have increased by 53% in the last 25 years 
and as of 2020, there were 466003 deaths recorded and PDAC-linked deaths account for 4.6% of all 
cancer deaths[10]. The high fatality rate of pancreatic cancer is linked to the inability of detecting early 
malignancy. Hence, late diagnosis at an advanced stage is often the case with a 5-year survival rate of 
less than 5%.

The ability of pancreatic cancer cells to evade the host’s apoptotic and immune pathways make 
intervention difficult[3-8]. The activation of the extrinsic death receptor-mediated apoptosis pathway is 
dependent on the ligand-receptor binding of tumor necrosis factor-related apoptosis-inducing ligand 
(TRAIL)[11]. Pancreatic cancer cells have also shown resistance to the apoptotic effects of TRAIL[11]. 
There are several pathways and mechanisms that drive the oncogenic progression of pancreatic cancer 
cells. Kirsten rat sarcoma viral oncogene homolog (KRAS) is the most frequently onset driver of 
pancreatic cancer. It captures the cell machinery via the phosphoinositide-3-kinases/protein kinase B 
(PI3K/AKT) and the rat sarcoma virus/rapidly accelerated fibrosarcoma/mitogen-activated protein 
kinase (MAPK) kinase/extracellular signal-regulated kinase (Ras/Raf/MEK/ERK) signaling pathways
[12]. The signal transducer and activator of transcription 3 (STAT3) pathway is constitutively activated 
in pancreatic cancer cells[13]. Pancreatic cancer disrupts the cancer-immunity cycle, supporting cancer 
cells to evade host immunity and immunotherapy[4-7]. Pancreatic cancer stem cells (CSCs) that break 
off from the primary tumor and metastases have made treatment and recovery options even more 
challenging as most patients go into relapse. This is because CSCs renew themselves, become 
tumorigenic, metastatic and develop differentiated progenies that further increases the resistance to 
treatment[14,15].

Unfortunately, treatment options available for patients with pancreatic cancer are limited. The only 
effective treatment method with the possibility of full recovery remains surgery either by pancreatic-
duodenectomy (Whipple’s procedure), distal or total pancreatectomy[16]. The risk associated with the 
procedure is daunting and less safe once metastasis ensues. Most patients are then given gemcitabine, 
the first-line chemotherapy used to eliminate pancreatic cancer, which only merely extends the survival 
rate marginally[17]. Other chemotherapeutic regimes, such as 5-fluorouracil, Partenariat de Recherche 
en Oncologie Digestive 24/Canadian Cancer Trial Group, and modified FOLFIRONOX (a combination 
of 5-fluorouracil, leucovorin, irinotecan, and oxaliplatin), and immunotherapy have shown some 
benefits among patients with pancreatic cancer[2]. However, pancreatic cancer eventually develops 
chemoresistance towards these clinically used agents. Many combination agents[7,18,19] and novel drug 
delivery methods[20-22] are currently under investigation in hope that a safe and effective treatment for 
pancreatic cancer patients can be found.
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Dietary modulation is a good strategy with the potential for prevention and treatment of many 
disorders including cancers[23,24]. The naturally occurring vitamin E with all its isoforms have shown 
potential as a stand-alone treatment in disrupting the cancer mechanism pathways and in several 
combination treatments[25]. Vitamin E comprises a chromanol ring with an isoprenoid side chain 
(Figure 1)[26]. There are two common homologues of vitamin E, i.e. tocopherol (TP) and tocotrienols 
(TT). Natural occurring TPs exhibit three R-configuration asymmetric carbons, namely C2 (chromanol 
ring), C4’ and C8’ (side chain)[26]. For TT, the three double bonds are all-trans configuration. Both 
groups exist in α-, β-, γ- and δ-isomer, with different methyl groups. Stereoisomerism of TP and TT may 
have an impact on their biological activity. Both TP and TT can be prepared in ester forms, namely 
acetate, nicotinate, succinate or phosphate, at the hydroxyl group at the chromanol head to reduce the 
oxidation of TP or TT. Vitamin E isoforms can be prepared via total or semi-synthesis for industrial 
application[26]. Unfortunately, the investigation of α-TP as an agent of cancer prevention has only 
yielded disappointing results since it required a high anti-cancer dose in vitro but failed to suppress the 
growth in pancreatic carcinoma in vivo[27]. As a consequence, the study of α-TPs has not reached clinical 
trial and are not being investigated as treatment for pancreatic cancer[27]. Molecularly, TTs differ from 
TPs since the former have an unsaturated isoprenoid side chain (Figure 1). Compared to most TP 
isoforms, δ- and γ-TT possess stronger anti-cancer properties. This unsaturated side chain may confer 
an extra anticancer/anti-proliferative property that the TPs are lacking[28]. However, due to the strong 
binding of α-TP with α-TP transfer protein, TTs have a low bioavailability which might hinder their anti-
cancer activities in vivo when present together with α-TP [27]. A study also showed that δ- and γ-TT 
exhibited a much stronger inhibitory effect on eicosanoid formation than α-TPs[27]. Moreover, 
compared to α-TP, TT has much stronger inhibitory effects on canonical inflammatory markers[27]. 
Thus, δ-TT and γ-TT are widely studied for their anti-cancer properties, but not β-TT probably because 
it is not commonly found in nature compared to other isoforms[25,27].

Purpose
Given the unique properties of TPs and TTs, this review aims to summarize the effects of vitamin E 
against PDAC cells lines, in vivo tumor models and pancreatic cancer patients. In addition to identifying 
research gaps in the existing literature, this study will look at the quantity, variety, and type of research 
activity that is currently available on this subject.

MATERIALS AND METHODOLOGY
This scoping review was performed according to the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) guidelines[29]. The methodology was 
according to the Arksey and O'Malley framework[30]. Steps of the literature search selection process, 
from identification, screening and eligibility for the inclusion of articles are shown in Figure 2. The 
protocol of this scoping review has not been registered before the study.

Research question 
The research question for this scoping review was: What are the effects of vitamin E on pancreatic cancer? α-
TP, α-, β-, γ- and δ-TT are different types of vitamin E included in the study. Pre-clinical models such as 
in vitro cell lines, in vivo mouse models and clinical trial findings from pancreatic cancer patients were 
included in the study. This scoping review has included findings from all stages of pancreatic cancer.

Study identification
A literature search was conducted by two authors (SOE and EPE) in October 2022 using PubMed and 
Scopus to identify studies on the association between vitamin E and pancreatic cancer. The search string 
used was (“vitamin E“ OR TPs [MeSH] OR OR tocopheryl OR TTs [MeSH] OR TT) AND “pancreatic 
cancer”.

Study selection
Studies with the following characteristics were included: (1) Studies that aimed at determining the 
effects of vitamin E (mixture or single isomer) on pancreatic cancer; (2) Studies published in English; 
and (3) Studies conducted on pancreatic cancer cells (primary culture or cell lines), animal models or 
patients with pancreatic cancers. We excluded: (1) Articles that did not contain original data, such as 
reviews, letters, commentaries, or opinions; (2) Conference abstracts, considering the results might have 
been published as full articles; and (3) Studies that use a combination of vitamin E and other 
compounds, whereby the effects of vitamin E could not be clearly delineated. The search results were 
organized using Mendeley software (Elsevier, Amsterdam). Duplicates were identified using Mendeley 
and confirmed by manual checking.
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Figure 1 Chemical structure of vitamin E homologues, namely tocopherol, and tocotrienol. TP has a saturated phytyl side chain, while tocopherol 
has three double bonds (indicated in blue line dotted box) on the side chain. The α-, β-, γ-, δ-isomers differ in the position of the methyl group on the chromanol ring 
(R1 and R2).

Figure 2 Process of article selection in this scoping review.

Data charting
Two authors (SOE and EPE) screened the search results based on titles, abstracts and full texts. Any 
disagreement on the inclusion or exclusion of articles was resolved through discussion among the two 
authors. The corresponding author (CWM) had the final decision on articles included if a consensus 
could not be reached between authors. Data charting was performed by two authors (SOE and EPE) 
using a standardized table and validated by two other authors (KYC and KLP). The data extracted 
included researchers, years of inclusion, study design and major findings.

RESULTS
Selection of articles 
The literature search yielded 292 results (106 from PubMed and 186 from Scopus). After removing the 
duplicated items (n = 105), 187 articles were screened for eligibility. During the screening, 163 articles 
were removed due to various reasons (100 articles were not relevant, 4 non-English articles, 41 review 
articles, 4 conference proceedings, 3 book chapters, 3 meta-analyses, 2 notes, 2  “Patients-Oriented 
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Evidence that Matters” articles, 1 editorial, 1 guideline, 1 letter and 1 short communication). Finally, 24 
papers that met all the criteria were included in the current review.

Study characteristics 
Articles that passed the inclusion criteria were published from 2000 to 2019. Three studies used vitamin 
E succinate (VES)[31-33], two studies used alpha-tocopheryl succinate (α-TPS)[34,35], four studies used 
α-TP[36-39], one study used α-TT[39], one study used β-TT[39], four studies used γ-TT[12,39-41], and 11 
studies used δ-TT[39-51]. Nineteen studies were in vitro experiments using human pancreatic cancer cell 
lines, namely AsPC-1, BxPC-3, Capan-1, Capan-2, COLO-357, MIA PaCa-2, PANC-1, Pan02, Panc 28, 
PSN-1, SW1990, and L3.6pI[12,31,33-36,39-48,51,52]; human pancreatic cancer stem-like cells (PCSCs)
[48] and primary culture of human pancreatic cancer cells[32]. The concentrations of vitamin E ranged 
from 0 to 500 µM in vitro up to 72 h[12,31,33-36,39-43,45-48,51,52]. In terms of animal studies, 11 studies 
used either athymic nude mice[41-43,48,51], severe-combined immunodeficient (SCID) nude mice[39] , 
LSLKrasG12D/+; Pdx-1-Cre transgenic mice[47,50], LSLKrasG12D/+; LSLTrp53R172H/+; Pdx-1-Cre (KPC) transgenic mice
[49] or Syrian hamsters[37,38]. The dose of vitamin E used in animal studies was between 4 to 400 mg/
kg/day and the study duration ranged from 3 wk to 12 mo[37-39,41-43,47-51]. Only one Phase I clinical 
trial of vitamin E (NCT00985777) on patients diagnosed with pancreatic ductal neoplasia was reported
[53]. It was a single-center, open-label, phase I dose escalation trial. Patients with presumptive 
premalignant (intraductal papillary mucinous neoplasm or mucinous cystic neoplasm of the pancreas) 
or malignant (pancreatic carcinoma) exocrine pancreas neoplasms were given 200-1600 mg vitamin E 
twice daily for 2 wk before surgery and once on the day of surgery[53].

Evidence from cell culture studies 
As illustrated in Table 1, several in vitro studies applied various types of vitamin E in pancreatic cancer 
cell lines[12,31,33-36,39-43,45-48,51,52], PCSCs[48] and primary culture of human pancreatic cancer cells
[32]. VES (0.000023-500 μM) reduced the growth[32-34] or proliferation[31] of pancreatic cancer cells 
after 24-72 h of treatment. Protein expression studies revealed that VES induced pancreatic cancer cell 
death with the increase of cleaved poly adenosine diphosphate ribose polymerase (cPARP), caspase-3, 
and p21 expression but decreased the cell division cycle protein 2 (Cdc2), survivin, and X-linked 
inhibitor of apoptosis protein (XIAP) expression[31]. Debele et al[35] reported that α-TPS and α-TPS-
loaded poly(allylamine)-citraconic anhydride-poly(lactic-co-glycolic acid)-cystamine (PAH-SS-PLGA) 
micelle (PAH-SS-PLGA-TOS) exhibited cytotoxicity, apoptosis induction and G0/G1 and G2/M arrest 
in Pan02 cells. However, the effect of α-TPS was only significant at a higher concentration (100 μM). 
Husain et al[39] reported that α-TP at doses between 0-100 μM did not affect growth, survival, colony 
formation and nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) activity in the 
pancreatic cancer cell lines. Independently, Greco et al[34] reported that pancreatic cancer cell lines were 
only responsive to the anti-proliferative effects of α-TPS at a concentration greater than 200 μM. 
Similarly, Blanchard et al[36] also reported decreased expression of interleukin 6 (IL-6) in both CAPAN 1 
and CAPAN 2; IL-8 and NF-κB in CAPAN 2 pancreatic cancer cell lines at a high dose (500 μM). These 
results suggest that α-TP may only be effective against pancreatic cancer cell lines at high doses greater 
than 100 μM.

Independently, TTs also reduced proliferation, and modulated apoptosis of pancreatic cancer cells[12,
39,41,42,44-48]. TT suppressed pancreatic cancer cell proliferation as indicated by the downregulation of 
proliferation markers (cyclin D1, cellular myelocytomatosis or c-Myc) in a concentration-dependent 
manner[41]. After treatment with δ- or γ-TT (0-100 μM for 2-6 d), pancreatic cancer cells underwent 
apoptosis as downregulated anti-apoptotic proteins such as B-cell lymphoma 2 (Bcl2), Bcl-extra-large 
(Bcl-xL), XIAP, and cellular inhibitors of apoptosis protein (cIAP), as well as increasing the expression of 
apoptotic proteins namely, caspase 3, caspase 8, Bcl-2 associated X protein (Bax), early growth response 
factor (EGR) 1 , and poly(adenosine diphosphate-ribose) polymerase 1 (PARP-1)[39,41,42,48]. However, 
δ-TT (50 μM for 12 h) did not significantly affect Bcl-2, survivin, XIAP and cIAP1 protein expression, 
suggesting that TT has conflicting effects on anti-apoptotic markers of pancreatic cancer cells[47]. 
Additionally, γ-TT (40 μM for 2-6 d) induced apoptosis by upregulating ceramide synthesis in 
pancreatic cancer through stimulating the synthesis of serine palmitoyl transferase, ceramide synthase 6 
and delta 4-desaturase, sphingolipid 1. As a result, γ-TT prevented the conversion of ceramides to 
sphingomyelin and glucosylceramide, which contributes to the apoptotic effect of γ-TT on pancreatic 
cancer cells[12].

NF-κB transcription factor in pancreatic cancer cells was significantly decreased after the treatment 
with 500 μM of α-TP for 18 h[36] or 50 μM of d- or γ-TT for 72 h[39] suggesting that vitamin E modulates 
inflammation in pancreatic cells. Both γ- and δ-TT (10-100 μM for 72 h) reduced MAPK/ERK activation 
and that of its downstream mediator ribosomal protein S6 kinase, as well as suppressed AKT activation. 
TT-mediated inactivation of MAPK, AKT and ERK through the induced expression of p27Kip1, suggests 
that oncogenic signaling was inhibited through cell cycle inhibition[40,43,48]. Suppression of AKT 
phosphorylation by γ- and δ-TT led to downregulation of phosphorylated glycogen synthase kinase-3 
beta and upregulation accompanied by nuclear translocation of forkhead box transcription factor-3a 
(Foxo3a). These effects were mediated by messenger-level receptor tyrosine-protein kinase erythro-
blastic oncogene B-2 downregulation[40]. Additionally, δ-TT (10-100 μM for 72 h) decreased the 
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Table 1 In vitro studies investigating effect of vitamin E on pancreatic cancer

Type Pancreatic cells Dosing regimen Statistically significant effect 
(compared to negative control) Ref.

VES AsPC-1, COLO 357, PANC-1 10-80 μM; 24, 48, 72 h ↓ Proliferation; ↑ Apoptosis; ↑ Cell cycle 
arrest; ↓Antiapoptotic markers

[31]

VES LPC 1-7 (Primary Culture) 0.001-1 μM; 48 h ↓ Proliferation [32]

VES MIA PaCa-2 0.000023 μM; 24, 48, 72 h ↓ Proliferation [33]

α-TPS BxPC-3, Capan-1,MIA PaCa-2, 
PANC1, PSN-1

5-500 μM; 72h ↓ Proliferation [34]

α-TPS, PAH-SS-PLGA-
TOS

Pan02 1.45-232.2 μM; 48 h ↓ Proliferation; ↑ Apoptosis; ↑ Cell cycle 
arrest

[35]

α-TP Capan-1, Capan-2 500 μM; 18 h ↓ NF-κB activity; ↓ IL-6; ↓ IL-8 [36]

α-TP, α-TT, β-TT, γ-TT, 
δ-TT

AsPC1, MIA PaCa-2 0-100 μM; 72 h ↓ Proliferation; ↑ Apoptosis;↓ NF-κB 
activity; ↓ NF-κB DNA binding activity; ↓
Antiapoptotic markers

[39]

γ-TT, δ-TT BxPC-3, MIA PaCa-2, PANC-1, 
Panc 28

10, 20, 40, 60, 80, 100 μM; 
24 h

↑ Apoptosis; ↓ MAPK related markers [40]

γ-TT BxPC-3, MIA PaCa-2, PANC-1 10, 50 μM; 48, 96, 144 h ↓ Proliferation; ↓ NF-κB activity; ↓Antiap-
optotic markers; ↓Angiogenesis markers; ↓ 
Invasion markers

[41]

γ-TT BxPC-3, MIA PaCa-2, PANC-1 40 μM; 2, 4, 6 h ↑ Apoptosis [12]

-TT BxPC-3, MIA PaCa-2, SW1990 0-50μM; 24, 48, 72h ↓ Proliferation; ↑ Cell cycle arrest; ↓ MAPK 
related markers

[43]

δ-TT BxPC-3, MIA PaCa-2, PANC-1 0-64 μM; 24-72 h ↓ Proliferation; ↑ Apoptosis [44]

δ-TT Human pancreatic cancer cells 
from ATCC

2.5-80 μM; 48 h ↓ Proliferation [45]

δ-TT PANC-1 12.5 μM; 48 h ↓ Proliferation [46]

δ-TT MIA PaCa-2 50 μM; 0-12 h ↓ Proliferation; ↑ Apoptosis; = Antiapoptotic 
markers

[47]

δ-TT MIA PaCa-2, PCSCs 10-100 μM; 72 h ↓ MAPK related markers; ↓ Invasion 
markers; ↓ Angiogenesis markers

[48]

δ-TT AsPc-1, BxPC-3, MIA PaCa-2, 
PANC-1, SW1990

20-100 μM; 72 h ↓ Proliferation; ↑ Apoptosis [42]

“=” represents no difference; “↑” represents increase; “↓” represents reduction; PAH-SS-PLGA-TOS: Poly (allylamine)-citraconic anhydride-poly(lactic-co-
glycolic acid)-cystamine micelle-α-tocopheryl succinate conjugate; α-TP: Alpha tocopherol; β-TT: Beta tocotrienol; γ-TT: Gamma tocotrienol; δ-TT: Delta 
tocotrienol; LPC: Low passage primary pancreatic cancer cells; ATCC: American Type Culture Collection; PCSC: Pancreatic cancer stem cells; NF-kappa B: 
Nuclear factor kappa-light-chain-enhancer of activated B cells; IL: Interleukin; MAPK: Mitogen-activated protein kinase.

pluripotency of pancreatic CSCs as shown by a reduction in the expression of Nanog, octamer-binding 
transcription factor 4 and sex-determining region Y-box 2 as well as blocking the Notch 1 receptor[48].

δ- or γ-TT (0-100 μM for 2-6 d) prevented the invasion, adhesion, and angiogenesis of pancreatic 
cancer cells by reducing the protein expression of matrix metalloproteinase 9 (MMP-9), intercellular 
adhesion molecule 1 (ICAM-1), vascular endothelial growth factor (VEGF) and C-X-C chemokine 
receptor type 4[41,48]. Additionally, TT increased the protein expression of the E-cadherin and reduced 
the expression of vimentin and N-cadherin in pancreatic cancer cells, indicating the role of TT in 
suppressing epithelial-to-mesenchymal tumor transition (EMT) of pancreatic cancer cells[48].

Evidence from animal studies
Several studies suggest that TT treatment can reduce the growth of pancreatic tumors in vivo (Table 2). 
A significantly smaller pancreatic tumor was observed after 100 mg/kg of δ-TT daily (3 wk)[43], 
200mg/kg of δ-TT once/twice daily (4 wk)[42], 200 mg/kg of δ-TT twice daily (4 wk)[48], or 400 mg/kg 
of γ--TT (28 d)[41], was given to the athymic nude mice with pancreatic cancer cell line-derived 
xenografts. The xenografts were established using subcutaneous xenograft implantation in the flank of 
mice[42,43] or orthotopic xenograft implantation in the subcapsular region of the pancreas[41,48], or 
spleen[51] of the mice. In another subcutaneous xenograft of AsPC-1-induced pancreatic tumors[39], the 
team reported a 50% reduction, 42% reduction and 32% reduction of tumor volume after δ-TT, γ--TT 
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Table 2 In vivo studies investigating effect of vitamin E on pancreatic cancer

Type Model Dosing regimen Statistically significant effect (compared 
to negative control) Ref.

δ-TT Subcutaneous xenograft of MIA PaCa-2 
induced pancreatic tumor in athymic 
nude mice

PO 100 mg/kg, 1 x/day for 3 wk ↓ Tumor volume; ↓ Proliferation markers; ↓ 
MAPK related markers

[43]

δ-TT Subcutaneous xenograft of MIA PaCa-2 
induced pancreatic tumor in athymic 
nude mice

PO 200 mg/kg, 2 x/day during 
weekday & 1 x/day during 
weekend for 4 wk

↓ Tumor volume; ↑ Apoptotic markers [42]

δ-TT Subcutaneous xenograft of L3.6pl cells 
and PCSC- induced pancreatic tumor in 
athymic nude mice

PO 200 mg/kg, 2x/day for 4 wk ↓ Tumor volume; ↓ Proliferation markers; ↑ 
Apoptotic markers; ↓ Invasion markers; ↓ 
Angiogenesis markers

[48]

δ-TT Orthotopic xenograft of MIA PaCa-2 
induced pancreatic tumor in athymic 
nude mice

PO 400 mg/kg, 1 x/day for 28 d ↓ Tumor volume; ↓ Proliferation markers; ↓ NF-
κB activity; ↓ Invasion markers; ↓ Angiogenesis 
markers

[41]

δ-TT LSLKrasG12D/+; LSLTrp53R172H/+; Pdx-1-Cre 
(KPC) transgenic mice

PO 200 mg/kg, 2 x/day for 12 
wk

↑ Survival; ↓ Tumor volume; = Body weight; ↓ 
Proliferation markers; ↑ Apoptotic markers; ↓ 
MAPK related markers

[49]

δ-TT LSLKrasG12D/+; Pdx-1-Cre transgenic mice PO 200 mg/kg, 2 x/day for 12 
mo

↑ Apoptotic markers [47]

δ-TT LSLKrasG12D/+; Pdx-1-Cre transgenic mice PO 200 mg/kg, 2 x/day for 12 
mo

↑ Survival; ↓ Tumor progression; = Body 
weight; ↑ Apoptotic markers; ↓ NF-κB markers; 
↓ MAPK related markers

[50]

δ-TT Orthotopic xenograft of MIA PaCa-2 
induced pancreatic tumours in athymic 
nude mice

PO 50-100 mg/kg, 2 x/day 
during weekday & 1 x/day 
during weekend for 6 wk

↑ δ-TT concentration in pancreas;  = Body 
weight; = Histopathology

[51]

α-TT, β-TT, γ-
TT, δ-TT

Subcutaneous xenograft of AsPC-1 
induced pancreatic tumor in SCID mice

PO 200 mg/kg, 2 x/day for 4 wk ↓ Tumor volume; ↑ Apoptotic markers; ↓ 
Antiapoptotic markers; ↓ NF-κB activity and 
markers

[39]

α-TP N-nitrosobis (2-oxopropyl) amine-
induced pancreatic cancer in Syrian 
hamster

PO 4 mg/kg, 3 x/wk for 12 wk  
= Tumor incidence; = Body weight; ↓ Liver 
metastasis incidence; = Liver metastasis 
number; = Liver metastasis size

[37]

α-TP N-nitrosobis (2-oxopropyl) amine-
induced pancreatic cancer in Syrian 
hamster

PO 4 mg/kg, 3 x/wk for 12 wk  
= Tumor incidence; = Body weight; 

[38]

“=” represents no difference; “↑” represents increase; “↓” represents reduction; α-TP: Alpha tocopherol; α-TT: Alpha tocotrienol; γ-TT: Gamma tocotrienol; 
δ-TT: Delta tocotrienol; SCID: Severe-combined immunodeficient; PO: Oral administration; PCSC: Pancreatic cancer stem cells; MAPK: Mitogen-activated 
protein kinase; NF-κB: Nuclear factor kappa-light-chain-enhancer of activated B cells.

and β-TT treatment, respectively. However, there was no tumor volume reduction after α-TT treatment. 
The treated tumor also showed a lower expression of Ki-67 protein expression among the treatment 
group compared to the negative controls[41,43,48]. Similarly, δ-TT of 200 mg/kg (12 wk) reduced the 
Ki-67 staining in pancreatic tumor formed among the KPC transgenic mice[49], indicating the role of TT 
in reducing pancreatic tumor proliferation and growth in vivo.

δ-TT treatment (200 mg/kg) for 12 wk[49], or 12 mo[47,50] induced apoptosis on the pancreatic 
tumors of KPC transgenic mice with a lower level of antiapoptotic protein Bcl-xL but increased 
expression of apoptotic proteins Bax, PARP-1, EGR1, and cleaved caspase-3. Similarly, increased 
apoptosis was found among the pancreatic cancer cell line-derived xenograft in the SCID nude mice[39] 
or athymic nude mice[42,48] upon δ-TT or -TT (200-400mg/kg) treatment for 4 wk. This was evidenced 
by an increase in Bax and PARP-1 protein expression; increased cPARP-1, caspase-3 and -8 protein 
activity and reduction of antiapoptotic proteins such as Bcl-xL, survivin, cFLIP and XIAP in the TT-
treated tumors[39,42,48].

Tumor formation in the KPC transgenic mice treated with δ-TT (200mg/kg) for 12 wk[49] or LSL
KrasG12D/+; Pdx-1-Cre transgenic mice treated with δ-TT (200mg/kg) for 12 mo[50] expressed lower levels of 
KRAS related oncogenic events including AKT, MEK and ERK activation. Researchers also observed cell 
cycle arrest, as evidenced by an increase of p27kip-1 (a cell cycle repressor protein)[49,50] and p21Cip1 (a 
cycle-dependent kinase inhibitor)[49] in pancreatic cancer tumors. Similarly, Hodul et al[43] also 
reported an increase in p21Cip1 protein expression in athymic nude mice carrying MIA PaCa-2 cell-
induced pancreatic tumors treated with 100 mg/kg of δ-TT daily for 3 wk.
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Husain et al[49] also reported a decrease in the invasion, adhesion, and angiogenesis in tumors from 
KPC transgenic mice treated with δ-TT (200mg/kg) for 12 wk. It was evidenced by a decrease in 
angiogenic factors such as VEGF and clusters of differentiation (CD) 31 immunoreactivity[49]. Similarly, 
athymic nude mice with pancreatic cancer cell line derived xenografts when being treated with 400 mg/
kg of g-TT for 28 d[41] and 200 mg/kg of δ-TT (twice daily) for 4 wk[48] showed a reduction in VEGF, 
MMP-9, CD31 and CD44. The same group also reported an inhibition in EMT, shown by reduced 
expression of the mesenchymal markers (N-cadherin and vimentin), and increased expression of the 
epithelial marker (E-cadherin)[48,49]. Interestingly, 12 wk of oral administration of 4 mg/kg α-TP (thrice 
weekly) in the N-nitrosobis (2-oxopropyl) amine-induced pancreatic cancer in the Syrian hamster did 
not affect the incidence of pancreatic tumor formation[37,38]. However, α-TP treatment decreased the 
incidence of liver metastasis compared to the negative control but not the number and size of liver 
metastasis per animal compared to the negative control[37].

Evidence from human clinical trial
Based on the selection criteria for this review, only one human study (NCT0098577) passed our selection 
criteria, in which vitamin E was used as a single drug intervention with complete peer-reviewed 
response in pancreatic cancer[53]. In this single-center, open-label, dose-escalation phase I trial 
conducted by Springett et al[53], 25 patients with resectable pancreatic ductal neoplasia were treated 
with δ-TT (200, 300, 400, 800 and 1600 mg twice daily) for 2 wk before and one dose on the day of 
pancreatectomy (day 14)[53]. Dysplastic and malignant tissues excised from these patients showed 
increased caspase-3 staining suggesting that oral δ-TT has beneficial effects on patients with pancreatic 
cancer[53].

A total of 5 trials (including NCT0098577) were found on ClinicalTrials.gov registry (https://clinical-
trials.gov/; Accessed 1 September 2022) using the search term “Vitamin E” and “Pancreatic Cancer”. 
Two of the trials (NCT01446952 and NCT01450046) investigated the safety profile of vitamin E by the 
same team and reported the finding in NCT0098577. No data were made available from these two trials, 
so they were excluded from this review. The other study (NCT02681601) was filed by the University of 
California Los Angeles Hirshberg Pancreatic Cancer Centre to investigate the clinical outcomes of a 
dietary supplement enriched with natural vitamin E for pancreatic cancer patients. This study was also 
excluded from our review because it was terminated due to a low number of participants with no data 
published by the research team. Moreover, the supplement is a combination of natural vitamin E and 
other ingredients, so the efficacy of vitamin E cannot be accurately determined from this study. Another 
study (NCT04315311) which was also excluded from our review because this study investigated the role 
of pancrelipase rather than vitamin E in a patient with exocrine pancreatic insufficiency other than 
pancreatic cancer. As a result, there is no other good quality vitamin E intervention studies on human 
pancreatic cancer except the cited study (NCT0098577)[53]. Therefore, further larger and multi-center 
clinical studies are warranted to understand the effects of oral vitamin E on pancreatic cancer.

Mechanistic studies of vitamin E in the treatment of pancreatic cancer
The development and progression of pancreatic cancer relies heavily on its capability to proliferate and 
resist cell death[1,7,54]. Early stages of pancreatic tumors development are associated with a fibrogenic 
response that favors cancer cell proliferation and survival[1,4,5]. Vitamin E could exhibit its promising 
anticancer effect by disrupting cancer proliferation. -TT suppresses cell proliferation in pancreatic cancer 
cells by downregulating cell proliferative markers, namely cyclin D1[41], c-Myc[41], and Ki-67[43,48,
49]. Overriding the cell cycle checkpoint is a common phenomenon in carcinogenesis, allowing tumor 
cells to replicate indefinitely[1]. Cell cycle entry is modulated by cyclin-dependent kinases (CDK) 
activity and its inhibitors (p21Cip1and p27kip-1). Activating the checkpoint inhibitor is thus a logical 
approach to limit cancer cell proliferation[1]. α-TP succinate induced G0/G1 cell cycle arrest in 
pancreatic cancer[35], while -TT induced G1 cell cycle arrest through increased expression of p21Cip1[49] 
and p27kip[43,49,50]. VES[31] and α-TP succinate[35] induced G2/M cell cycle arrest by suppressing 
Cdc2 (CDK1)[31], resulting in reduced proliferation among the pancreatic cancer cells.

Apoptosis is essential for cell survival, and its dysregulation drives the development of several 
diseases, including pancreatic cancer[8]. One of the hallmarks of pancreatic cancer is the ability to avoid 
cell death (such as apoptosis) and thus creating a conducive tumor microenvironment for tumor 
progression[8]. The sensitivity of cancer cells to treatment is modulated by the pro- and anti-apoptotic 
genes[18,55-58]. Treatment with VES, - or -TT induced apoptosis in pancreatic cancers by upregulating 
the apoptotic markers (Bax, and caspase-3) and downregulating the anti-apoptotic markers[31,39,41,42,
47-50]. - and -TT suppressed expression of anti-apoptotic proteins Bcl-2, Bcl-xL, cIAP-1, XIAP and c-Flip
[39,41,42]. However, Wang et al[47] reported that -TT did not affect protein expression of Bcl-xL, cIAP-1 
and XIAP, suggesting there might be a varied response by vitamin E in regulating anti-apoptotic 
proteins of pancreatic cancers.

Inflammation-induced cancer progression is one of the inevitable oncogenic events in pancreatic 
cancer[3]. Activation of NF-κB is known to interfere with apoptosis processes and enhance cell survival
[59]. NF-κB will be activated when IkappaB kinase phosphorylates the NF-κB-bound IκBα, leading to 
the ubiquitin-degradation of IκBα, and the nuclear translocation of the NF-κB p65-p50 dimer. This 
process activates inflammation-induced proliferation and cell survival[3,60], α-TP succinate[36] and -TT

https://clinicaltrials.gov/
https://clinicaltrials.gov/
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[41] suppressed NF-κB activity in pancreatic cancer cells. Husain et al[39] demonstrated that - and -TT 
prevented the degradation of IκBα, thus suppressing the nuclear translocation of p65/p50 dimer. As a 
nuclear factor, NF-κB controls the transcription of proteins related to proliferation, apoptosis and cell 
cycle[61]. Both intrinsic (Bcl-2 and Bcl-xL) and extrinsic (cIAPs, caspase-8, and c-Flip) pathways are 
regulated by NF-κB, and NF-κB activation frequently tips the scales in favor of anti-apoptotic markers 
such as cFlip or the IAP (cIAP1/2 and XIAP)[61].

Additionally, KRAS-induced inflammation is another key oncogenic event in PDAC[62]. However, 
KRAS remains "undruggable" because of a lack of efficient inhibitors[63]. KRAS mutation accounts for 
90–95% of fatal and metastatic PDAC[64]. Even though oncogenic KRAS remains "undruggable", KRAS 
relies on the two major downstream pathways, namely: (1) PI3K/AKT; and (2) Ras/Raf/MEK/ERK 
pathways to promote proliferation, and survival. Therefore, a prospective method of treating these 
KRAS-driven pancreatic cancers could be achieved by inhibiting its KRAS downstream signals[63,65].

The PI3K/AKT survival pathway is primarily involved in cancer cell proliferation[66]. The dysregu-
lation of PI3K/AKT accounts for nearly 60% of PDAC patients[66]. Through phosphorylation, AKT 
activates the Bcl-2-associated death promoter, glycogen synthase kinase 3 (GSK-3), and FoxO-related 
transcription factors, all of which mediate cancer cell proliferation[66]. AKT activation was suppressed 
by -TT[40] or -TT[40,43,48,50], as evidenced by a reduction in phosphorylated AKT (pAKT). By 
inhibiting pAKT, -TT or -TT also modulated GSK-3β and Foxo3a as well as nuclear translocation in 
pancreatic cancer cells[40]. Foxo3a suppresses tumor growth by promoting cell cycle arrest and 
apoptosis. Phosphorylated AKT inhibits Foxo3a, resulting in its cytoplasmic sequestration. Dephos-
phorylation of FoxO3a leads to nuclear translocation and transcriptional activity conducive to apoptosis 
or cell cycle arrest[40].

The RAS/RAF/MEK/ERK pathway is one of the critical pathways in MAPK, that regulates prolif-
eration, apoptosis, and cell cycle. The G0–G1–S phase cell cycle progression is also regulated by the 
RAF–MEK–ERK pathway in response to growth factor stimulation or oncogene activation. As a result, 
the pathway regulates the expression/activity of CDK and CDK inhibitors (p21Cip1 and p27kip-1)[67]. -TT 
or -TT inhibited the RAS/RAF/MEK/ERK pathway by suppressing MEK and ERK activation, which 
subsequently increased the expression of p27kip-1, leading to cell cycle arrest at G1[40,43,48-50].

Tumor angiogenesis is a tightly controlled process, in which new blood vessels form in the tumor 
environment to provide oxygen and support tumor growth[1]. Apart from its role in the maintenance of 
the primary tumor ecosystem, tumor angiogenesis promotes tumor cell invasion and dissemination and 
the formation of new secondary tumor ecosystems at metastasized sites[68]. This process necessitates 
extensive interactions between endothelial cells, angiogenic growth factors, and extracellular matrix via 
pro-angiogenic signals[1,68]. -TT reduced angiogenesis in pancreatic tumor cells and thus reduced the 
oxygen supply to the tumor cells and slowed their growth[41,43,48]. -TT also inhibited the angiogenic 
factor as confirmed by a reduction in the CD31 immunostaining in tumor blood vessels[48,50]. To direct 
the tip cell migration and stalk cell proliferation during sprouting angiogenesis, VEGF and Notch 
signaling are activated[69]. In a bid to promote Notch-dependent angiogenesis, VEGF can cause the 
production of jagged ligands, which in turn boosts Notch expression in cancer endothelial cells[69]. The 
Notch signaling pathway is important in cancer stem cell renewal, differentiation, and survival[70]. 
Husain et al[48] supported the application of -TT in targeting the PCSCs' self-renewal capacity by 
suppressing Notch 1 receptors and other pluripotent transcription factors.

Tumor cells will eventually gain the ability to metastasize, leaving the primary site and spreading 
throughout the body, causing severe organ failure and eventually death[71]. Invasion, the first step in 
tumor cell metastasis, begins when cancer cells detach from the tumor mass, acquire the ability to 
actively move, and invade surrounding tissues through the adjacent basement membrane[71]. - and -TT 
downregulated the tumor invasion biomarker MMP9 and prevented tumor invasion[41,48]. Adhesion is 
another critical step in metastasis, and it can occur directly between tumor cells and endothelial cells 
with the help of adhesion-associated proteins[72]. -TT also prevented the adhesion in cancer cells by 
suppressing the adhesion marker ICAM[41]. One of the key events in driving tumor metastasis is EMT, 
a complex biological process in which epithelial cells lose their phenotype and gain mesenchymal 
characteristics[73]. EMT is a potential target for cancer metastases due to the tight coupling of these 
growth factors that sustain the growth of cancer cells. Preventing the activation signal of EMT markers, 
such as E-cadherin, N-cadherin and vimentin, is one of the ways to target the EMT process in cancer
[73]. On that note, -T3 treatment reversed EMT by increasing the expression of the epithelial marker (E-
cadherin) and decreasing the expression of the mesenchymal markers (N-cadherin and vimentin)[48,
49], indicating its potential in preventing metastasis in pancreatic cancer. Based on our scoping review, 
vitamin E modulates proliferation, cell death, inflammation angiogenesis, and metastasis in pancreatic 
cancer cells (Figure 3).

DISCUSSION
Safety and bioavailability concerns of vitamin E
There is a global initiative to promote the consumption of vitamin E via supplementation or vitamin E-
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Figure 3 Role of vitamin E in modulating proliferation, cell death, inflammation and metastasis in pancreatic cancer. c-Myc: Cellular 
myelocytomatosis; CDK1: Cyclin-dependent kinase 1; Bcl-2: B-cell lymphoma 2; Bcl-xL: B-cell lymphoma-extra-large; cIAP-1: Cellular inhibitor of apoptosis protein-1; 
XIAP: X-linked inhibitor of apoptosis protein; Bax: Bcl-2 associated X protein; NF-κB: Nuclear factor kappa-light-chain-enhancer of activated B cells; PI3K: 
Phosphoinositide 3-kinase; AKT, Protein kinase B; MAPKL Microtubule-associated protein kinase; Ras/Raf/MEK/ERK: Rat sarcoma virus/rapidly accelerated 
fibrosarcoma/mitogen-activated protein kinase (MAPK) kinase/extracellular signal-regulated kinase; GSK-3β: Glycogen synthase kinase-3 beta; Foxo3a: Forkhead 
box transcription factor-3a; MMP9: Matrix metalloproteinase 9; ICAM-1, Intercellular adhesion molecule 1; EMT: Epithelial-to-mesenchymal tumor transition. The 
figure is created by author and generated using Biorender.com.

fortified food since the majority of the intake values are far below average[74]. As a result, the clinical 
safety and toxicity of vitamin E supplementation must be evaluated. Regrettably, there has been only a 
small number of conflicting reports on vitamin E safety evaluation in recent years[53,75-78]. For the 
present review, animal doses were translatable to human equivalent doses by multiplying the animal 
doses with a factor of 0.081 or 0.135 for mouse or hamster models, respectively, assuming a human 
adult’s average weight is 60 kg[79]. In a meta-analysis by Miller et al[75], it was discovered that the 
elevated risk of death was only noticeable at a vitamin E dose of 2000 IU/d (1340 mg/d or 22.3 mg/kg), 
which is higher than the adult upper limit. According to El-Hak et al[76], subacute administration of 
2000 mg/kg (324 mg/kg in humans) α-TP acetate for 30 d in male albino rats caused liver toxicity by 
altering the levels of alanine transaminase, aspartate transaminase, and the histological structure of the 
liver. However, no mortality or adverse reproductive effects was reported[76]. In contrast, female mice 
treated with 500 and 1000 mg/kg (40.5 and 81.08 mg/kg in humans) of palm vitamin E for 14 and 42 d 
had a higher bleeding and clotting time[77]. Serum creatinine and kidney weight were increased in 
these mice but no renal impairment was observed[77]. However, Kappus et al[78] noted that numerous 
scientifically credible studies consistently did not identify any significant negative effects related to α-TP 
supplementation at intakes up to 3200 IU/d (2144 mg/d or 35.7 mg/kg). A clinical trial recorded no 
adverse effects in pancreatic cancer patients treated with 3200 mg/d (53.33 mg/kg) of δ-TT[53]. More 
conclusive safety studies are warranted to investigate whether high-dose vitamin E is safe for humans.

One of the possible underlying reasons for variable efficacy and safety of vitamin E could be 
attributed to its poor oral bioavailability, particularly TTs[20,80]. In the mice given δ-TT (100 mg/kg for 
6 wk), Husain et al[51] found that δ-TT was 10-fold more concentrated in the pancreas than in tumor, 
indicating that δ-TT may not be available for pancreatic tumor through oral administration. The 
pharmacokinetic limitation of TT is caused by its solubility, absorption, distribution, and rate of 
elimination[80]. In healthy human volunteers, the 24-hour area under the curve (0-∞) of TT rich fraction 
increased by roughly 2-fold in the fed state compared to the fasting state, showing that food 
consumption increased the absorption of vitamin E, thereby enhancing its bioavailability[81]. TTs reach 
their peak plasma concentration (Tmax) at 3-4 h after a meal but α-TP took 6 h to reach its Tmax[82]. 
However, α-TP achieved a higher peak plasma concentration compared to TTs (1.82-2.92 µM vs 0.89-1.92 
µM, respectively)[82]. The elimination half-life (t1/2) of α-TP in humans ranged from 2.3 to 4.4 h for 
various TT isomers[83]. Therefore, TT supplementation is typically advised to be taken twice daily to 
maintain its bioactive levels[80]. This was used in most of the reviewed studies where TT was 
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administered twice daily to mice[39,42,43,47,48,50,51] and humans[53].
To address the issue of low bioavailability, researchers are altering or modifying the composition of 

TT isomers in a fraction, developing new emulsification with cyclodextrin, or constructing new nano-
formulations such as nano-vesicles, solid-lipid nano-particles, nano-structured lipid carriers, nano-
emulsions, and polymeric nano-particles[20,80]. However, very few studies have reported the bioavail-
ability and toxicity profiles of nano-formulations[20,80]. Debele et al[35] illustrated that a nanoparticle-
based drug delivery system using glutathione-sensitive micelle loaded with α-TP succinate (PAH-SS-
PLGA-TOS), was more effective at increasing the cytotoxicity, apoptosis and G2/M cell cycle arrest in 
Pan02 pancreatic cancer cell compared to free α-TP succinate. The synergistic effects of the nano-
formulated TOS in the study suggest that PAH-SS-PLGA micelles may be a good carrier for TOS, 
increasing the therapeutic potency of the compound[35]. Independently, Maniam et al[21] also showed 
the niosomes entrapped TT and gemcitabine can enhance activity of gemcitabine. More studies are 
therefore required to provide important insights into the various applications, toxicity, and pharma-
cokinetics of vitamin E formulations.

Limitations of the current preclinical and clinical models in evaluating the role of vitamin E in cancer 
It is critical to select an appropriate cancer model to investigate the respective research hypothesis[84]. 
PDAC induced by nitroso-bis(2-oxopropyl) amine in the Syrian hamster shared common human genetic 
alteration including KRAS mutation. However, the development of concomitant malignancies in the 
liver and lung jeopardized this pancreatic cancer model[85]. Moreover, a rat-based PDAC model had a 
limited subset of tumor types and grades. Similar to other cancers, these limitations prompt the 
development of mouse xenograft and transgenic mouse models. These mouse models demonstrate a 
greater advantage given the animals’ small size, lower cost, ease of breeding, short life span of 1-2 years, 
and ability to recapitulate genomic and pathological alteration in humans[84]. Only two studies used 
the N-nitrosobis(2-oxopropyl) amine-induced pancreatic cancer in Syrian hamsters[37,38]. Almost all 
animal studies reviewed used the subcutaneous[39,42,43] or orthotopic[41,48,51] tumor xenograft or 
transgenic[47,49,50] mouse model. Out of 291 registered trials under the search term ‘vitamin E’ (https:/
/clinicaltrials.gov/; accessed on 22nd August 2022), only three trials were on pancreatic cancer. Two 
studies were conducted using multiple dosing δ-TT (NCT01450046) or single dosing (NCT01446952) in 
healthy humans. Only one study was conducted using δ-TT on patients with resectable pancreatic 
exocrine neoplasia (NCT00985777)[53]. Therefore, to better determine the effects of vitamin E for 
pancreatic cancer patients, we advocate for more studies using cutting edge genetical engineered mouse 
models[86-88], organoids[89,90] or organ-on-chip[91] to further evaluate the role of vitamin E in 
pancreatic cancer. A novel drug delivery system using a novel nanoformulation[20,80] or complex ion 
delivery system[54,92] may strengthen vitamin E’s efficacy in cancer.

Considerations for clinical use of vitamin E as an anticancer treatment
Assuming a healthy adult is 60 kg in weight, the American Food and Nutrition Board recommends a 
daily upper limit of 1000 mg/day (or 16.67 mg/kg) of vitamin E[93]. The human equivalence dose 
(HED) of vitamin E used in hamsters (4-100 mg/kg) was only 0.54-8.1mg/kg, which is far from the 
adults’ daily upper limit of 16.67 mg/kg. However, the HED doses in mice (200-400 mg/kg) were 
16.216-32.43 mg/kg, which is approximate the adult’s daily upper limit. Although 32.43 mg/kg exceeds 
the recommended intake for adults, Kappus and Diplock[78] noted that there was no significant 
negative effects associated with α-TP supplementation even up to 3200 IU/d (2144 mg/d or 35.7 mg/
kg). Independently, Springett et al[53] also recorded no adverse effects in pancreatic cancer patients 
treated with 3200 mg/d (53.33 mg/kg) of δ-TT. All findings suggest that vitamin E could be a safe 
therapeutic agent even above the recommended daily intake.

Our review concluded α-TP supplementation failed to inhibit the growth of pancreatic carcinoma in 
vivo[37,38] and only suppressed the proliferation of pancreatic cancer cells growth at high doses[34-36]. 
None-the-less, mounting mechanistic and preclinical animal studies demonstrated that - and -TT have a 
significantly better pancreatic cancer-preventive activity than other forms of vitamin E. However, α-TP 
could reduce TT's antioxidant potential, impairs its anticancer effects and accelerates the breakdown of 
TT in the body[94,95]. As a result, it appears that TP-TT mixtures may not be efficient in preventing or 
treating pancreatic cancer. Furthermore, compared to -TT, -TT or gemcitabine alone, both - and -TT in 
combination with gemcitabine are more effective in the treatment of pancreatic cancer. - and -TT 
improve the antitumor efficacy of gemcitabine by inhibiting NF-κB, cell proliferation, and inducing 
apoptosis, implying that TT may be more effective as an adjuvant rather than a replacement for 
standard therapy in pancreatic cancer treatment.

LIMITATIONS OF THIS SCOPING REVIEW
We only considered articles that were indexed by PubMed and Scopus; therefore, studies published in 
non-indexed journals and grey literature may have been overlooked. Furthermore, no critical appraisal 
of evidence sources was performed since only a small number of papers were eligible for the review. 

https://clinicaltrials.gov/
https://clinicaltrials.gov/
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Future scoping review on the similar topic may include a critical appraisal when more peer-reviewed 
studies have been published.

To comprehend the molecular actions of vitamin E, only studies that focused on vitamin E or its 
isomers were included in this scoping review. In reality, vitamin E is present in many foods and it may 
interact with other nutrients to produce more complex pharmacokinetic and pharmacodynamic 
interactions. This aspect was not considered in the current study. Most studies did not compare the 
effect of vitamin E on cancer cells or tumors with standard therapy. We are not able to draw any 
conclusive remarks on this aspect as well. Thus, more thorough research is required to validate vitamin 
E as a clinical therapeutic option for PDAC.

CONCLUSION
Based on the available studies, vitamin E modulates proliferation, cell death, angiogenesis, metastasis 
and inflammation in pancreatic cancer cells (Figure 3). However, there are limited studies to address its 
safety concern and low bioavailability. Currently, available preclinical and clinical studies should be re-
visited with a more in-depth analysis to further investigate the efficacy and safety of vitamin E in 
pancreatic cancer.
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Abstract
Biliary tract cancers (BTC) are frequently identified at late stages and have a poor 
prognosis due to limited systemic treatment regimens. For more than a decade, 
the combination of gemcitabine and cis-platin has served as the first-line standard 
treatment. There are few choices for second-line chemo-therapy. Targeted 
treatment with fibroblast growth factor receptor 2 inhibitors, neurotrophic 
tyrosine receptor kinase inhibitors, and isocitrate dehydrogenase 1 inhibitors has 
had important results. Immune checkpoint inhibitors (ICI) such as pembrol-
izumab are only used in first-line treatment for microsatellite instability high 
patients. The TOPAZ-1 trial's outcome is encouraging, and there are several trials 
underway that might soon put targeted treatment and ICI combos into first-line 
options. Newer targets and agents for existing goals are being studied, which may 
represent a paradigm shift in BTC management. Due to a scarcity of targetable 
mutations and the higher toxicity profile of the current medications, the new 
category of drugs may occupy a significant role in BTC therapies.
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Core Tip: There have been several developments in the field of advanced biliary tract cancer (BTC) 
therapy in recent years. First, the care of these hepatobiliary malignancies has improved as a result of 
better knowledge of the molecular basis of BTC. The Food and Drug Administration's approval of 
pemigatinib, infigratinib, and ivosidenib for fibroblast growth factor receptor 2-rearranged and isocitrate 
dehydrogenase 1-mutant cholangiocarcinoma illustrates the paradigm shift that the arrival of targeted 
agents has really brought about. Second, patients receiving modified fluorouracil, oxaliplatin, and 
liposomal irinotecan with fluorouracil-leucovorin, respectively, as second-line treatments after progressing 
to first-line cisplatin-gemcitabine, showed an overall survival advantage in the newly released Advanced 
Biliary Tract Cancer-06 and NIFTY studies.

Citation: Leowattana W, Leowattana T, Leowattana P. Paradigm shift of chemotherapy and systemic treatment for 
biliary tract cancer. World J Gastrointest Oncol 2023; 15(6): 959-972
URL: https://www.wjgnet.com/1948-5204/full/v15/i6/959.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i6.959

INTRODUCTION
The term "biliary tract cancers" (BTCs) refers to a group of aggressive and invasive hepatobiliary tumors 
that include ampulla of Vater cancer (AVC), gallbladder carcinoma (GBC), perihilar cholangiocarcinoma 
(pCCA), distal cholangiocarcinoma (dCCA), and intrahepatic cholangiocarcinoma (iCCA). The 
anatomical location of iCCA is within the biliary tree, whereas dCCA and pCCA, which are sometimes 
combined under the term extrahepatic cholangiocarcinoma (eCCA), originate outside the liver[1-3]. 
Between BTC subgroups and geographical areas, incidence and causes differ. In high-income nations, 
the incidence of CCA is modest (between 0.35 and 2 cases per 100000 people), but it can be up to 40 
times higher in areas of Thailand and China where the disease is endemic. The incidence of iCCA is 
increasing in high-income countries. Statistics from the United Kingdom, the United States, and other 
countries show a consistent and steady growth in incidence from 0.1 to 0.6 instances per 100000 people 
during the last 30 years[4-6]. Hepatitis B and C infection, primary sclerosing cholangitis, liver fluke 
infections, liver cirrhosis, hepatolithiasis, Caroli's disease, obesity-associated liver disease, and diabetes 
are risk factors that have historically been associated to the development of BTC. It should be 
highlighted that the epidemiological disparities in the occurrence of different BTC types worldwide are 
also reflected in these risk variables[7-9]. The median overall survival (OS) for BTCs is 12 mo. 
Depending on stage, the 5-year relative survival rate for iCCA is from 9% to 25%, for eCCA it is between 
10% and 15%, and for GBC it is between 15% and 35%[10,11]. The basic principle of curative therapy is 
radical surgery with negative margins; patients with early-stage illness, however, usually show no 
symptoms. Regrettably, the majority of BTC patients present with advanced BTC, with just a tiny 
fraction of BTCs being identified with a resectable condition[12,13]. The current gold standard for first-
line treatment is still combined chemotherapy (CT) with gemcitabine and cisplatin (Gem/Cis) and 
second-line leucovorin (LV) calcium (folinic acid), fluorouracil, and oxaliplatin (FOLFOX)[14,15]. 
However, there is no solid data concerning what to do next following the poor prognosis of chemothera-
peutic treatment. The BTC landscape has recently witnessed the introduction of innovative medicines, 
including targeted medications like pemigatinib, infigratinib, and ivosidenib. Additionally, a number of 
cutting-edge therapies are being evaluated and have the potential to alter the therapeutic picture for 
these cancers, including immune checkpoint inhibitors (ICIs), either alone or in combination with other 
anticancer medicines[16-19]. In this review, we summarized recent clinical data on CT, targeted 
treatments, ICIs, and immunotherapy in the context of systemic treatment for BTCs.

CHEMOTHERAPY
First-line CT
Based on the outcomes of the Japanese BT22 Phase 2 and the Advanced Biliary Tract Cancer (ABC-02) 
Phase 3 studies, which showed that this combination was superior to gemcitabine alone, Gem/Cis is 
presently the recommended first-line treatment for patients with advanced BTC (aBTC)[14,20]. The 
results of this ground-breaking trial reported by Valle et al[21] showed that the combination of cisplatin 
and gemcitabine was associated with a longer median OS [11.7 mo vs 8.1 mo, HR: 0.64, 95% confidence 
interval (CI): 0.52-0.80; P < 0.001] and median progression-free survival (PFS) (8.0 mo vs 5.0 mo) 
compared with gemcitabine alone. Similar advantages of cisplatin-gemcitabine vs. gemcitabine 
monotherapy were also shown in the phase 2 BT22 study for Asian patients[22]. The efficacy of many 
combination CT treatments has been studied over the past ten years, including the triplet-agent 
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regimen, which combines Gem, Cis, and nab-paclitaxel (nab-P), and which has shown positive clinical 
results. Particularly, OS and PFS had medians of 19.2 and 11.8 mo, respectively[23,24]. In the real-world 
situation, Cheon et al[25] conducted a retrospective analysis in 178 Asian patients with advanced BTC to 
evaluate the treatment outcomes of Gem/Cis/nab-P. Gem/Cis/nab-P was administered as the initial 
course of treatment to 117 (65.7%) patients, whereas gemcitabine-based CT with nab-P was 
administered to 61 (34.3%) patients. The total objective response rate (ORR) for all patients was 42.1%, 
with a disease control rate (DCR) of 84.8%. In Korean patients with advanced BTC, they discovered that 
Gem/Cis/nab-P had positive real-life effectiveness and safety results that were consistent with the 
findings of the phase II study. However, Jung et al[26] evaluated the efficacy of triplet and normal 
doublet CT in a real-world scenario of 68 BTC patients and discovered that Gem/Cis/nab-P treatment 
did not increase PFS or OS compared to regular CT in patients with advanced BTC. They recommended 
that sizable randomized controlled studies are necessary to examine the advantages of triplet CT in 
advanced BTC.

A French team recently compared 5-fluorouracil (5-FU), oxaliplatin, irinotecan, and leucovorin 
(FOLFIRINOX) with the standard of care (SOC). One hundred and ninety-one patients with locally 
advanced or metastatic BTCs were randomized to receive either Gem/Cis for a maximum of 6 mo or 
infusional 5-FU without bolus, oxaliplatin, and irinotecan [modified FOLFIRINOX (mFOLFIRINOX)]. 
The study's primary OS endpoint was not met; the SOC in the first-line scenario was maintained with a 
median OS of 11.7 mo for mFOLFIRINOX and 13.8 mo for the Gem/Cis arm[27]. The development of S-
1 in conjunction with platinum is ongoing in this line for BTC. In a phase 3 randomized controlled trial, 
the FUGA-BT study comprised 354 CT-unexperienced patients with recurrent or unresectable BTC with 
an ECOG of 0 or 1. OS is the primary endpoint of the non-inferiority study FUGA-BT, which compares 
Gem/S-1 to Gem/Cis. In Japanese patients, CT based on Gem/S-1 was not inferior to Gem/Cis. Patients 
allocated to the Gem/Cis group had a median OS of 13.4 mo, whereas those assigned to the S1-
gemcitabine group had a median OS of 15.1 mo. Overall, there was good tolerability of the side effects, 
which did not substantially differ across treatment arms[28]. Recently, Ioka et al[29] conducted a 
multicenter, randomized phase 3 trial in 246 patients from 39 medical centers in Japan. Patients who had 
been enrolled were randomly assigned (1:1) to the Gem/Cis/S-1 (GCS) or Gem/Cis arm. The GCS 
regimen included 80 mg/m2 of S-1 on days 1 through 7 every 2 wk, as well as infusions of cisplatin (25 
mg/m2) and gemcitabine (1000 mg/m2) on day 1. OS was the main outcome, whereas PFS, ORR, and 
adverse events (AEs) were the secondary endpoints. They discovered that the median OS and 1-year OS 
rates in the GCS arm were 13.5 mo and 59.4%, respectively, whereas in the GC arm they were 12.6 mo 
and 53.7%. In the GCS arm, the median PFS was 7.4 mo, whereas in the GC arm, it was 5.5 mo. RR in the 
GCS arm was 41.5%, compared to 15.0% in the GC arm. AEs with a grade of 3 or below did not reveal 
any appreciable variations between the two arms. They stated that GCS may become the new first-line 
SOC for advanced BTC because it was the first regimen to show survival advantages as well as a higher 
RR than GC in a randomized phase 3 study (Figure 1).

Second-line CT
Combination regimens utilizing fluoropyrimidines, platinum salts, and other chemotherapies have been 
evaluated for the second-line situation. Results from a second-line randomized phase 3 trial were 
recently published. A United Kingdom population with locally advanced or metastatic BTC after 
progressing to first-line Gem/Cis CT with an ECOG 0-1 was involved in the open-label, phase 3 ABC-06 
clinical research. The treatment of active symptom management plus FOLFOX or active symptom 
control alone was randomly allocated to 162 patients. Oxaliplatin (85 mg/m2) was administered as a 2-h 
infusion on day 1 of the FOLFOX CT regimen, followed by a 2-h infusion of LV (175 mg/m2/day), a 5-
FU bolus (400 mg/m2/day), and a 46-h infusion of 5-FU (2400 mg/m2) every two weeks. OS among the 
population who were being treated intentionally was the main result. With 6.2 mo as opposed to 5.3 mo 
in the control group, FOLFOX slightly increased the median OS. Compared to 39% of patients in the 
control arm, 59% of patients in the experimental arm had grade 3/4 toxicities, such as fatigue and 
neutropenia. All subtypes of BTC tumors improved equally after FOLFOX in the subgroup study[30]. 
Patients who received FOLFOX as second-line treatment had a clinically significant increase in OS rates 
at 6 and 12 mo, despite the small absolute median OS difference between the two groups, and the study 
has produced clinical data for the first time in this context (Figure 1). For advanced BTCs, more cutting-
edge CT regimens are being investigated in the second-line setting. A phase 2 study assigned 120 
patients to either modified fluorouracil, and oxaliplatin (mFOLFOX) (5-FU 2400 mg/m2 over 46 h, LV 
100 mg/m2 over 2 h, and oxaliplatin 100 mg/m2 over 2 h, every 2 wk) or mFOLFIRI (5-FU 2400 mg/m2 
over 46 h, LV 100 mg/m2 over 2 h, and irinotecan 150 mg/m2 over 2 h, every 2 wk). The mFOLFOX 
group had a higher median OS (6.6 mo), ORR (5.9%), and median PFS (2.8 mo)[31].

A novel regimen, platinum-free liposomal irinotecan in combination with 5-FU/LV, has recently been 
studied in second-line BTC. In a randomized, open-label, phase IIb study, 174 Korean patients were 
randomly allocated to receive 5-FU/LV every two weeks or nal-IRI 70 mg/m2 combined with 2400 
mg/m2 intravenous fluorouracil and intravenous LV 400 mg/m2 for 46 h) (NIFTY study). When 
compared to 5 FU/LV, the nal-IRI with 5-FU/LV improved PFS and OS significantly. In comparison to 
the 5-FU/LV group, which had a median PFS of 5.5 mo vs 1.4 mo, the nal-IRI plus 5-FU/LV group had a 
median PFS of 3.9 mo and a median OS of 8.6 mo. Even though this clinical trial is in phase 2b, there are 
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Figure 1 Treatment strategy in biliary tract cancers. FOLFIRI: 5-fluorouracil plus irinotecan; FOLFOX: 5-fluorouracil plus oxaliplatin; Gem/Cis: Gemcitabine 
plus cisplatin; Gem/Cis/S-1: Gemcitabine plus cisplatin plus S-1.

exactly the same number of participants as in the single-phase 3 study that has been conducted to date 
(ABC-06). In the nal-IRI plus 5-FU/LV group, 70% of patients and 31% of patients in the 5-FU/LV group 
experienced grade 3 side effects, such as neutropenia and asthenia. Despite the fact that these outcomes 
are encouraging, they must be validated in global phase 3 clinical studies[32]. In a phase 2 trial in 2018, 
irinotecan 180 mg/m2 on day 1 combined with capecitabine 1000 mg/m2 twice daily on days 1 through 
10 (XELIRI-arm) or irinotecan 180 mg/m2 on day 1 alone (IRI-arm) were the two therapy options given 
to 60 Gem/Cis refractory aBTC patients by Zheng et al[33] over the course of a cycle of 14 d. Treatments 
were continued until the condition became worse or the side effects became too severe. They discovered 
that the median PFS was 3.7 vs 2.4 mo, the 9-mo survival rate was 60.9% vs 32.0%, the median OS was 
10.1 vs 7.3 mo, and the DCR was 63.3% vs 50.0% for the XELIRI-arm and IRI-arm, respectively. 
Leucopenia and neutropenia were the two grade 3 or 4 toxicities that were most prevalent.

Because of a number of factors, including the proportion of patients deemed suitable for third- or 
later-line treatment and the absence of agreement for second-line therapy prior to ABC-06 and NIFTY, 
few studies have looked at the usefulness of systemic CT in the third-line situation. There are few data 
on third-line CT for highly pretreated patients. As a result, the clinical choice of third-line CT in 
metastatic BTC remains complex and is based on a number of factors, including the patient's motivation, 
performance status, response to prior therapies, and quality of life[34,35].

TARGETED THERAPIES
More driving genes are being discovered because of the advancement of next-generation sequencing, 
which is assisting in the creation of new treatments as well as the explanation of the pathophysiology of 
BTC. In the BTC landscape, iCCA, eCCA, GBC, and AVC appear to differ significantly from one another 
based on this technology. Kirsten rat sarcoma virus (RAS), AT-rich interactive domain B mutations, and 
erb-b2 receptor tyrosine kinase 2 (ERBB2) are more common in eCCA and GBC, whereas isocitrate 
dehydrogenase (IDH)-1, IDH-2 mutations, and FGFR2 fusions or rearrangements are almost exclusively 
detected in intrahepatic variants[36,37].

FGFR2 inhibitors
According to several genetic studies, FGFR2 abnormalities are seen in about 15%–25% of iCCAs. 
Tyrosine kinase receptors known as FGFRs are implicated in regulating RAS, Janus kinase 2, and 
phosphoi-nositide 3-kinases (PI3K)/mammalian target of rapamycin pathways, and FGFR2 
abnormalities affect cellular migration, angiogenesis, proliferation, and survival processes[38,39]. 
Numerous medications that target FGFR isoforms, including infigratinib, pemigatinib, derazantinib, 
erdafitinib (ATP-competitive, reversible inhibitors), and futibatinib (non-ATP-competitive, covalent 
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inhibitor), have been studied in iCCA patients during the past ten years[40,41]. In a phase 1 clinical trial 
with 3 CCA patients carrying FGFR2 abnormalities, the pan-FGFR tyrosine kinase inhibitor infigratinib 
was originally evaluated, and all patients had stable condition[42]. In a further phase 2 study, 
infigratinib was investigated in 61 gemcitabine-resistant CCA patients with FGFR2 gene mutations, 
fusions, or amplifications. In the subset of CCAs with FGFR2 gene fusions, the ORR and DCR, respec-
tively, were 19% and 83%; the most frequently reported side effects were tiredness, hyperphosphatemia, 
baldness, and stomatitis[43]. Javle et al[44] recently published the complete data of this single-arm, 
phase 2 study, in which infigratinib showed a median PFS and OS of 7.3 mo and 12.2 mo, respectively 
(Table 1).

In a multicenter, open-label, single-arm phase 2 trial (FIGHT-202) with three cohorts: 107 patients 
with FGFR2 fusions or rearrangements, 20 patients with other FGFR alterations, or 18 patients without 
such changes, pemigatinib, another reversible inhibitor, was investigated. The main outcome measure 
was ORR in patients with FGFR2 fusions or rearrangements who took pemigatinib at least once. With 
three cases of full response and a median treatment time of 7.2 mo, ORR was observed in 35.5% (38/107) 
of patients with FGFR2 gene fusions and/or rearrangements during the course of their median follow-
up of 17.8 mo. The median PFS and OS for this cohort were 6.9 and 21.1 mo, respectively. The other two 
cohorts of CCA patients, however, did not have any responses; in patients with additional FGF/FGFR 
mutations, the median PFS was 2.1 mo and the median OS was 4.0 mo, whereas the median PFS in 
patients with FGFR wild type was 1.7 mo. Patients with FGFR2 gene fusions and/or rearrangements 
had a median OS of 17.5 mo (95%CI: 14.4-22.9)[45]. Pemigatinib was given fast approval by the United 
States Food and Drug Administration for pretreated patients with metastatic CCA that included FGFR2 
fusions or rearrangements as a consequence of the findings of FIGHT-202. Following these encouraging 
findings, in patients with FGFR2 rearrangements as the first-line scenario, the phase 3 FIGHT-302 and 
PROOF-301 investigations, in which both therapies are contrasted with Gem/Cis, are evaluating FGFR2 
inhibitors[46,47].

In a phase 1/2 study (AR087-101) involving 29 CCA patients with FGFR2 gene fusion, the pan-FGFR 
inhibitor derazantinib (ARQ087) was first analyzed. Two cases of therapy-naive CCA were included, 
although the bulk of the patients (n = 27) had had disease progression after at least one systemic 
treatment. According to the study's findings, with a median PFS of 5.7 mo, the ORR and DCR were 
20.7% and 82.8%, respectively[48]. Erdafitinib (JNJ-42756493), a different pan-FGFR inhibitor, was 
studied in a phase 1 study and shown to be effective in CCA patients with FGFR mutations or gene 
fusions, with an ORR of 27.3% and an average response time of 11.4 mo[49]. Futibatinib (TAS-120), an 
irreversible, highly selective pan-FGFR inhibitor that can overcome resistance to ATP-competitive 
inhibitors, is the final potential drug. All iCCA patients (n = 3) exhibited a partial response in the first 
dose-escalation phase 1 study that included metastatic solid tumors with FGFR abnormalities[50]. 
Following the findings of this trial, 67 pretreatment iCCA patients with FGFR2 gene fusions or 
rearrangements were included in the FOENIX-CCA2 single-arm, multicenter, phase 2 trial. The findings 
of this trial showed that an ORR was noted in 42.0% of patients receiving futibatinib, with a median PFS 
of 9.0 mo and a median OS of 21.7 mo[51]. Futibatinib was associated with a number of the same 
treatment-related side effects as other FGFR inhibitors, such as diarrhea, hyperphosphatemia, alopecia, 
and dry mouth. The phase 3 FOENIX-CCA3 clinical research is evaluating futibatinib vs Gem/Cis as a 
first-line treatment for locally progressed, unresectable, or metastatic iCCA patients with FGFR2 gene 
fusions or rearrangements in light of the encouraging signs of efficacy reported in FOENIX-CCA2 
(Figure 2).

IDH inhibitors
IDH mutations are very uncommon findings in the other BTC subtypes, such as eCCA and GBC; 
however, they have been documented in about 15% of all cases with iCCA. From a biological 
perspective, IDH mutations inhibit enhanced IDH1/2 activity, resulting in modifications to cellular 
metabolism and a buildup of the tumor metabolite 2-hydroxyglutaric acid (2-HG). IDH1/2 mutations in 
the isocitrate binding region reduce enzyme activity for oxidative decarboxylation of isocitrate to α-
ketoglutarate. In turn, 2-HG alters DNA methylation and chromatin structure in a number of ways that 
hinder normal cell differentiation and promote cancer. This genetic change allows tumors to catalyze 
the conversion of α-ketoglutarate to 2-HG. This has recently been studied in patients with CCA, and 
several of these drugs have already demonstrated encouraging benefits in other malignancies with IDH 
mutations[52,53]. A number of IDH1/2 inhibitors, including ivosidenib, enasidenib, and others, have 
lately been investigated in CCA patients; some of these drugs have already shown notable benefit in 
other malignancies with IDH mutations.

An oral IDH1 targeted inhibitor called ivosidenib (AG-120) has demonstrated efficacy in preliminary 
clinical studies. The pivotal experiment that led to the approval of ivosidenib was the multicenter, 
randomized, double-blind, placebo-controlled ClarIDHy phase 3 study, patients with advanced, IDH1-
mutant CCA who had progressed on up to two prior therapy regimens were enrolled. IDH1 mutations 
were prescreened in a total of 780 individuals, and 187 were randomly assigned to receive either 500 mg 
of ivosidenib once daily or a placebo. The majority of them were advanced iCCA at the time of random-
ization. In the ivosidenib group, the median PFS was 2.7 mo as opposed to 1.4 mo in the placebo group; 
this improvement was statistically significant. Ivosidenib's median OS was 10.3 mo while the placebo 
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Table 1 Summary of main clinical trials evaluating the targeted therapies in advanced biliary tract cancer patients

Ref. Country Drug(s)
Number 
of 
patients

Study 
phase

ORR 
(%)

Mean OS 
(months)

Mean PFS 
(months) Adverse events

FGFR2 
inhibitors

Javle et al
[44]

United States, Belgium, Spain, 
Germany, Singapore, Taiwan, 
and Thailand

Infigratinib 
(BGJ398)

108 2 23.1 12.2 7.3 Tiredness, baldness, 
hyperphosphatemia, and 
stomatitis

Abou-Alfa 
et al[45]

United States, France, Italy, 
Germany, Belgium, and South 
Korea

Pemigatinib 
(FIGHT-202)

146 2 35.5 21.1 
(FGFR2 
fusion)

6.9 (FGFR2 
fusion)

Hypophosphatemia, arthralgia, 
stomatitis, hyponatremia, and 
abdominal pain

Mazzaferro 
et al[48]

United States and Italy Derazantinib 
(AR087-101)

29 1/2 20.7 12.7 5.7 Fatigue, eye toxicity, 
hyperphosphatemia, and 
increase in ALT/AST

Bahleda et al
[49]

United States, France, and 
Spain

Erdafitinib 
(JNJ-42756493)

11 1 27.0 12.0 7.5 Fatigue, eye toxicity, 
hyperphosphatemia, and 
increase in ALT/AST

Goyal et al
[51]

United States, France, Spain, 
United Kingdom, Netherland, 
Japan, Germany, and South 
Korea

Futibatinib 
(TAS-120)

103 2 42.0 21.7 9.0 Hyperphosphatemia, diarrhea, 
fatigue, alopecia, and 
stomatitis

IDH 
inhibitors

Zhu et al[54] United States, China, Spain, 
United Kingdom, Ireland, and 
South Korea

Ivosidenib 
(AG-120)

187 3 51.0 10.3 2.7 Ascites, anemia, increase 
bilirubin level, and 
hyponatremia

BRAF 
inhibitors

Subbiah et al
[59]

United States, Denmark, 
United Kingdom, Austria, 
France, Italy, Spain, Germany, 
Netherland, Switzerland, 
Japan, and South Korea

Trametinib 
and 
Dabrafenib

43 2 47.0 14.0 9.0 Hypertension, reduced white 
blood cell count, and elevated 
gamma-glutamyl transferase

NTRK 
inhibitors

Doebele et al
[67]

United States, France, Italy, 
Spain, Germany, Australia, 
Hong Kong, Switzerland, 
Japan, and South Korea

Entrectinib 54 1/2 57.0 21.0 11.0 Anemia, increased weight, 
dyspnea, and fatigue

BRAF: B-Raf gene; FGFR2: Fibroblast growth factor receptor 2; IDH: Isocitrate dehydrogenase; NTRK: Neurotrophic tyrosine receptor kinase; ORR: 
Objective response rate; OS: Overall survival; PFS: Progression-free survival; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.

group's median OS was 7.5 mo. The 57% crossover from placebo to ivosidenib, which was authorized on 
the basis of radiological advancement, may be the cause of the OS difference that was not statistically 
significant. Nausea, diarrhea, and exhaustion were common side effects that affected 41%, 35%, and 31% 
of individuals, respectively[54]. Rimini et al[55] presented the first real-world experience in 2022, with 
eight patients with previously treated locally advanced or metastatic IDH1-mutated CCA treated with 
ivosidenib after a median follow-up of 9.4 mo. They discovered that the median OS was not attained, 
while the median PFS from the commencement of therapy with ivosidenib was 4.4 mo. The DCR was 
62.5%, with two patients attaining a partial response (at a rate of 25%). 12.5% of patients had side effects 
due to the therapy, however, none of grade 3 or higher were noted. Hypomagnesemia and a longer QT 
interval were the grade 2 AEs that were detected. They concluded that the effectiveness results were in 
line with those mentioned in the ClarIDHy study. Larger samples of real-world data are required to 
corroborate the findings[56]. Other IDH inhibitors, like as enasidenib (AG-221), and combination 
therapy combining these targeted drugs with additional anticancer drugs, such PARP inhibitors, are 
now being evaluated in IDH-mutated CCAs.

BRAF inhibitors
BRAF is a growth signal transduction protein kinase that belongs to the Raf kinase family. The mitogen-
activated protein (MAP) kinase/extracellular signal-regulated kinases signaling system, which controls 
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Figure 2 Targeted therapies used in systemic treatment for biliary tract cancers. AKT: Protein kinase B; EGFR: Epidermal growth factor receptor; 
ERK: Extracellular signal-related kinase; FGFR: Fibroblast growth factor receptor; GTP: Guanosine triphosphate; IDH1: Isocitrate dehydrogenase 1; IDH2: Isocitrate 
dehydrogenase 2; MEK: Mitogen-activated protein kinase; mTOR: Mammalian target of rapamycin; NTRK: Neurotrophic tyrosine receptor kinase; PI3K: 
Phosphoinositide-3-kinase; PKD1: Polycystic kidney disease 1; RAF: Raf proto-oncogene; RAS: RAS proto-oncogene.

cell division, differentiation, and secretion, is regulated by this protein. Approximately 5% of BTCs have 
been shown to contain BRAF gene alterations, particularly in iCCA. Fascinatingly, individuals with 
BRAFV600E mutations experience more aggressive clinical behavior, have more advanced tumors upon 
diagnosis, and are more likely to have lymph node involvement. Similar to other BRAF-mutated 
cancers, this situation has exhibited the early emergence of treatment resistance and transient responses 
to BRAF inhibitor monotherapy[57,58]. Consequently, combination therapies combining BRAF 
inhibitors and MEK inhibitors have been investigated. Subbiah et al[59] conducted a phase 2, open-label, 
single-arm study, the Rare Oncology Agnostic Research, to assess the effectiveness and safety of 
trametinib and dabrafenib in 43 patients, including 91% with iCCA, 2% with pCCA, 2% with GBC, and 
2% with unclear origins. Independent analysis revealed a 47% ORR, a 9-mo median PFS, and a 14-mo 
median OS. These results demonstrated that, in contrast to metastatic colorectal cancer, where EGFR 
inhibition is crucial, BRAF inhibition is critical in BTC. Among patients taking dabrafenib with 
trametinib, hypertension (7%), a decrease in white blood cell count (7%), and an increase in gamma-
glutamyl transferase (12%) were the most common grade 3 or 4 AEs. The dual-targeting treatment 
appears to produce better results than BRAF inhibition alone. Future research should concentrate on the 
use of combination drugs for early therapy.

EGFR inhibitors
Human EGFR2 (HER2) is a tumor-promoting growth factor receptor. EGFR, HER1 (ERBB1), HER2 
(ERBB2), HER3 (ERBB3), and HER4 (ERBB4) are all members of the same family. These transmembrane 
growth factor receptors activate downstream secondary messengers when their intracellular domains 
are phosphorylated, resulting in a variety of physiologic consequences. HER2 activation causes cancer 
by activating the MAP kinase and PI3K pathways, as well as a loss of cell polarity and adhesion and a 
disrupted cell cycle by activating cyclin D and inhibiting p27. The most active catalytic kinase is seen in 
HER2, especially when HER3 is involved. The HER2 protein has been shown to be overexpressed in 
13% of GBCs and up to 18% of eCCA[60,61]. Although HER2 overexpression has been correlated with a 
poorer prognosis and a higher tendency to metastasize, it has also been associated with increased 
cytotoxic and targeted agent sensitivity. Javle et al[62] retrospectively analyzed patients with advanced 
GBC and CCA who had HER2/neu-directed therapy between 2007 and 2014 and who had HER2/neu 
genetic abnormalities or protein overexpression. HER2/neu-directed treatment (trastuzumab, lapatinib, 
or pertuzumab) had been administered to five patients with CCA and nine patients with GBC at some 
point throughout the research. Eight incidences of HER2/neu gene amplification or overexpression in 
GBC patients were found. With HER2/neu-directed treatment, these patients either had a full response (
n = 1), a partial response (n = 4), or disease stability (n = 3). A HER2/neu mutation caused a patient who 
received lapatinib therapy to have a mixed response. Response times ranged from 8 to 168 wk (median 
40 wk). The CCA cases in this series that were treated had a greater proportion of HER2/neu mutations, 
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and despite HER2/neu-directed treatment, these patients showed no radiological responses. They 
recommended that HER2/neu blocking is a promising therapeutic approach for patients with gene 
amplification for GBC and merits more investigation in multicenter research.

Neurotrophic tyrosine receptor kinase inhibitors
Three membrane-bound receptors known as tropomyosin receptor kinases (Trk A, B, and C) are 
encoded by the neurotrophic tyrosine receptor kinase genes (NTRK1-3), which are exceedingly 
uncommon in BTC (0.67%) and present in between 0.3% and 1% of all solid tumors. The cytoplasmic 
kinase is activated by neurotrophin binding, which also activates the MAPK, PI3K, and phospholipase 
C-γ1 pathways and downstream signaling cascades. One of the three NTRK genes can combine with a 
number of partners to form oncogenic fusions, which constitutively activate the Trk pathway and 
promote cancer[63-65]. Larotrectinib and entrectinib, two extremely specific small compounds that 
inhibit all three TRK proteins, were discovered and demonstrated efficacy in preliminary clinical 
studies. Larotrectinib (LOXO-101) phase 1 clinical trial, which recruited 55 patients, was analyzed, and it 
was revealed that the ORR was 75% and the median PFS was not attained until 9.9 mo. There were only 
2 CCA patients included, and both had an ORR of 80%. One patient had a progressing condition[66]. 
Three entrectinib phase 1 or 2 clinical studies (STARTRK-1, STARTRK-2, and ALKA-372-001) were 
analyzed together. Fifty-four patients from 10 distinct NTRK fusion-positive tumor types were enrolled 
in all of the studies, which showed a median PFS of 12.9 mo and an ORR of 57%[67].

ICIS
The incorrect insertions or deletions that happen during DNA replication are recognized and corrected 
by the mismatch repair (MMR) mechanism. ICIs are particularly effective against cancers with a 
deficient MMR (dMMR) system because these cancers frequently have somatic mutations. Adenocar-
cinomas of the liver, cervix, endometrium, and gastrointestinal tract all have dMMR in more than 5% of 
cases. They are observed in localized phases more frequently (8%) than in metastatic stages (4%). 
Depending on the region and published series, dMMR accounts for 2%–18% of tumors in BTC. In 
contrast to eCCA or GBC (5%–8%), it is more common in iCCA (10%) and AVC (6%–20%)[68,69]. ICIs 
can boost anticancer activity by inhibiting immune system regulators like cytotoxic T lymphocyte 
antigen 4 (CTLA-4), programmed cell death protein 1 (PD-1), programmed cell death-ligand 1 (PD-L1), 
and lymphocyte activating gene 3. This results in increased cytotoxicity in T lymphocytes (Figure 3). 
ICIs have recently been tested in BTC, either by alone or in combination with other anticancer drugs[70-
73].

Both the phase 1b and phase 2 KEYNOTE-158 studies used the PD-1 inhibitor pembrolizumab. In 
these two studies, a limited group of BTC patients who had already had treatment and whose 
conditions had gotten worse on traditional therapy were involved. The median PFS and OS for 
KEYNOTE-158 were 2.0 and 7.4 mo, respectively, whereas the ORR, median PFS, and median OS for 
KEYNOTE-028 were 13.0%, 1.8 mo, and 5.7 mo, respectively, in the intention-to-treat group. 
Microsatellite instability (MSI) status was used by the investigators to stratify their data, and patients 
with MSI-H/dMMR had an ORR of 40.9% with median PFS and OS of 4.2 and 24.3 mo, respectively
[74]. Metastatic BTC was treated with nivolumab, a human immunoglobulin G4 monoclonal antibody 
that prevents PD-1 interaction with PD-L1 and PD-L2. Early results from a single-group, multicenter 
phase 2 study of nivolumab monotherapy showed partial responses in 10 of 45 patients with CCA who 
had previously received treatment, with 27 of them reaching a stable status. It is also worth noting that 
the median PFS and OS were 3.68 and 14.24 mo, respectively. Nivolumab was further assessed as a first-
line treatment for patients with metastatic condition when combined with the traditional doublet Gem/
Cis, with results indicating a median OS of 15.4 mo and a median PFS of 4.2 mo. Moreover, 11 out of 30 
patients showed an objective response[75].

Ueno et al[76] performed a multicenter, open-label, phase 1 trial in 60 patients with BTCs to 
investigate the safety and tolerability of the ICI nivolumab as monotherapy or in combination with 
Gem/Cis CT. Nivolumab monotherapy (240 mg every 2 wk) was given to 30 patients with unresectable 
or recurrent BTC that was resistant or intolerant to Gem/Cis. Thirty CT-naive patients with 
unresectable or recurrent BTC were given nivolumab (240 mg every two weeks) in addition to Gem/Cis 
CT. In the monotherapy cohort, they found that the median OS was 5.2 mo, the median PFS was 1.4 mo, 
and just one patient out of thirty exhibited an objective response. Eleven out of 30 patients in the 
combination treatment cohort showed an objective response, and the median OS and PFS were 15.4 and 
4.2 mo, respectively. They concluded that nivolumab showed evidence of therapeutic effectiveness in 
individuals with unresectable or recurrent BTC and had a tolerable safety profile. This preliminary 
evaluation of nivolumab for the treatment of advanced BTC offers encouraging data for upcoming 
larger randomized studies of nivolumab in this challenging malignancy.

Nivolumab was also investigated in a phase 2 trial on 54 patients with refractory BTC at doses of 240 
mg intravenously every two weeks for 16 wk, followed by 480 mg intravenously every four weeks, until 
disease progression or unacceptable toxicity. According to the research, the ORR by central review was 



Leowattana W et al. Chemotherapy and systemic treatment for BTC

WJGO https://www.wjgnet.com 967 June 15, 2023 Volume 15 Issue 6

Figure 3 The mechanisms of action of immune checkpoint inhibitors in cancer immunotherapy. CTLA-4: Cytotoxic T lymphocyte antigen 4; MHC: 
Major histocompatibility complex; PD-1: Programmed cell death protein 1; PD-L1: Programmed death-ligand 1; TCR: T cell receptor.

11%, the DCR was 50%, the median PFS was 3.7 mo, and the median OS was 14 mo. The median PFS 
and OS were higher for patients who were stratified by positive PD-L1 expression status than for 
patients who had PD-L1-negative expression[77]. Nivolumab and the anti-CTLA-4 drug ipilimumab 
were studied in combination in patients with advanced BTCs by Klein et al[78]. The median PFS was 2.9 
mo, the ORR was 23%, 17 out of 39 patients had disease control, and the median OS was 5.7 mo. The 
ORR for patients with iCCA and GBC was 31%, while there was no response seen in individuals with 
eCCA, suggesting that the effectiveness of ICIs varied depending on the anatomic locations. In an 
advanced BTC patient without prior systemic treatment and an ECOG score of 0-1, Sahai et al[79] 
conducted a phase 2 randomized study to assess the impact of adding an anti-PD-1/PD-L1 antibody to 
either systemic CT or an anti-CTLA4 antibody. Nivolumab (360 mg) was given to patients in Arm A (35) 
on day one, along with Gem/Cis on days one and eight, every three weeks for six months, followed by 
Nivolumab (240 mg) every two weeks. Patients in Arm B (33) received nivolumab (240 mg) every two 
weeks, and Ipilimumab (1 mg/kg) every six weeks. They discovered that the 6-mo PFS rates in Arm A 
were 59.4% and Arm B was 21.2% for the observed main endpoint. The median PFS and OS in Arm A 
were 6.6 and 10.6 mo, respectively, while they were 3.9 and 8.2 mo in Arm B. The most common grade 3 
or higher hematologic AE related to therapy was neutropenia (34.3%, Arm A), while tiredness (8.6%, 
Arm A) and elevated transaminases (9.1%, Arm B) were the most common nonhematologic AEs. They 
determined that when combined with CT or Ipilimumab, Nivolumab did not improve 6-mo PFS. 
Although both arms' median OS was less than 12 mo, Arm A's high OS rate at 2 years suggested benefit 
in a small patient cohort.

A phase 2 trial with advanced BTC examined gemcitabine and oxaliplatin (GEMOX) and the PD-1 
antibody, camrelizumab. Fever and exhaustion were the side effects of therapy that occurred most 
frequently (both 73%). In 54% of patients, the combination produced an objective response. When 
compared to those for GEMOX alone, the median PFS was 6.1 mo and the median OS 11.8 mo[80]. 
Patients with advanced BTC were evaluated in a phase 2 research study in China using camrelizumab 
plus an oxaliplatin-based CT regimen. Similar to the ABC-02 study, the reported ORR was 16.3%, the 
median PFS was 5.3 mo, and the median OS was 12.4 mo. These encouraging findings imply that a 
novel first-line treatment for advanced BTC, camrelizumab plus oxaliplatin-based CT, may be possible
[81]. In a phase 2 study, individuals with advanced BTC who had never had CT were given a 
combination of Gem/Cis plus durvalumab, with or without tremelimumab. Three regimens of CT and 
immunotherapy were administered to all patients, and the medication dosages across the regimens 
were all the same. They enrolled 128 patients; 32 in the Gem/Cis, followed by the Gem/Cis plus 
durvalumab and tremelimumab, 49 in the Gem/Cis plus durvalumab, and 47 in the Gem/Cis plus 
durvalumab and tremelimumab. The total median PFS was 12.1 mo and the median OS was 18.4 mo, 
which was encouraging compared with traditional CT. The research, however, lacked a control group. 
There were no appreciable changes in OS or PFS across the three regimens. After one cycle of therapy, 
the researchers discovered that lower PD-L1 expression in immune and tumor cells was linked to a 
shorter PFS. Immune cell PD-L1 expression was connected to the median OS. The findings suggested 
that PD-L1 expression variations following therapy may help predict clinical outcomes. Considering the 
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promising potential of CT combined with durvalumab in advanced BTC[82].
Peng et al[83] conducted a meta-analysis to assess the predictive and clinicopathological significance 

of the systemic immune-inflammation index (SII) in BTC. A combined study revealed that those with 
high SII levels had worse OS than people with low SII levels. Moreover, a higher SII was linked to 
lymph node metastases, TNM stage, and vascular invasion. In contrast, no significant relationship was 
discovered between a high SII and sex or tumor differentiation. These data indicated that high SII levels 
were associated with poor survival outcomes in individuals with BTC, as well as certain more 
malignant aspects of BTC.

CONCLUSION
Since BTC is frequently discovered at advanced stages, the disease is usually incurable. The best 
currently available, possibly curative treatment for a primary tumor found in the early stages in a subset 
of people is surgery; however, the treatment of advanced cancer is still in its early phases. As a result of 
biology's present understanding, new tactics are becoming possible because BTCs have several chemical 
changes that may be altered. Since several genetic abnormalities may be discovered and will affect our 
patients' outcomes, it is strongly recommended that all BTC patients receive a thorough molecular test 
before beginning systemic medication. There are several clinical trials taking place right now that use 
various methods to examine the safety and effectiveness of many medications in first- and second-line 
settings. Following the encouraging findings of phase 3 ABC-02, which showed an improvement in 
median OS compared with gemcitabine alone, the first-line recommended therapy is still Gem/Cis. 
However, the TOPAZ-1 clinical study, which revealed an improvement in OS, PFS, and ORR with 
immunotherapy combined with CT, has set a new course for patients who do not carry driver 
mutations. When compared to active symptom management, FOLFOX has demonstrated a little but 
statistically significant improvement in median OS. For BTC patients with certain genetic problems, 
targeted drugs such FGFR2, IDH1, and BRAF inhibitors have already demonstrated good outcomes in 
clinical trials. Targeted medicines, CT combinations, and ICIs are other approaches under investigation 
that will have an influence on the treatment of BTC in the future.
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Abstract
Caregiver load refers to the subjective and objective negative impact of caregivers 
in the care of patients, and excessive load will have a serious impact on patients 
and caregivers themselves and can reduce their quality of life. For the main 
caregivers, it not only needs to care for the patients in life and daily life, but also 
needs to pay the cost of treatment for the patients, coupled with the need to carry 
out their own original work, life, etc. excessive life pressure, economic pressure, 
work pressure, emotional pressure, etc. lead to heavy load of the main caregivers, 
which can easily cause caregivers to have different degrees of psychological 
problems, which will cause serious adverse effects on the caregivers themselves 
and cancer patients, not conducive to the construction of a harmonious family and 
society. This article analyzes the current situation of primary caregiver burden in 
patients with gastrointestinal malignant tumors, analyzes its influencing factors, 
and specifies specific treatment strategies. It is hoped to provide scientific 
guidance for later related research and application.

Key Words: Malignant tumors; Digestive tract; Primary caregivers; Current load situation; 
Handling measures
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Core Tip: This article analyzes the current situation of primary caregiver burden in 
patients with gastrointestinal malignant tumors, analyzes its influencing factors, and 
specifies specific treatment strategies. It is hoped to provide scientific guidance for later 
related research and application.

https://www.f6publishing.com
https://dx.doi.org/10.4251/wjgo.v15.i6.973
mailto:dr.zhangshu@qq.com


Wang XY et al. Management strategies of main caregivers of patients with malignant tumors of digestive tract

WJGO https://www.wjgnet.com 974 June 15, 2023 Volume 15 Issue 6

Citation: Wang XY, Wang J, Zhang S. Analysis of load status and management strategies of main caregivers of 
patients with malignant tumors of digestive tract. World J Gastrointest Oncol 2023; 15(6): 973-978
URL: https://www.wjgnet.com/1948-5204/full/v15/i6/973.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i6.973

INTRODUCTION
With the change of life structure and dietary habits, the incidence of malignant tumors of the digestive 
tract has increased in recent years, which poses a threat to public health safety and also increases the 
social burden[1]. Because patients with malignant tumors have certain particularities, the demand for 
care is high. And caregivers are mostly family members of patients, and there are many death concerns 
among caring patients, and a variety of stresses can have a serious impact on the physical and mental 
health of caregivers[2]. Therefore, it is a hot issue in clinical practice to analyze the load status of the 
main caregivers of patients with malignant tumors of the digestive tract and make targeted treatment 
strategies.

STATUS OF LOAD OF MAIN CAREGIVERS OF PATIENTS WITH MALIGNANT TUMORS 
OF DIGESTIVE TRACT
The load of the main caregivers of patients with malignant tumors of the digestive tract includes five 
dimensions: Time-dependent load, development-limited load, physical load, sociability load, and 
affective load, which are described separately as follows.

Time-dependent loads
In studies of the load status of primary caregivers of patients with gastrointestinal malignancies[3,4], it 
was concluded that the time-dependent load score was 9.17 points, which was the dimension with the 
highest load score (Table 1 for specific data), which was consistent with the conclusions of many 
researchers in China[5].

Developmental limited burden
Development limitation load is influenced by time-dependent load, and the main caregivers of patients 
with gastrointestinal malignancies spend all their time and energy on patients, resulting in no time 
belonging to themselves to enjoy life. In related research, it is found that caring for and accompanying 
patients has become the main care of the only life content, their original lifestyle is completely changed, 
social activities such as parties, games, shopping are forced to cancel, and even hobbies are forced to 
give up, and their career planning, life planning and other forced changes make the main caregivers 
have serious adverse emotions[6,7]. A domestic study on the load bearing by the main caregivers of 
patients with malignant tumors of the digestive tract found that time-dependent load and development-
limited load were the main loads, 25.4% of the main caregivers expected to rest briefly, and 16.4% 
wanted to be shared. In many foreign studies, it is emphasized that the main caregivers of patients with 
chronic diseases need more support, encouragement and proper rest, otherwise long-term accumulation 
will lead to their emotional breakdown and produce heavier emotional burden[8].

Physical load
The nursing tasks of patients with malignant tumors of digestive tract are relatively heavy. Prolonged 
care and companionship of patients make the main caregivers have obvious physical load, causing 
headache, physical decline, fatigue, drowsiness, palpitation and other physical symptoms due to 
affected sleep and mood, accompanied by anxiety, upset, depression, restlessness and other psycho-
logical symptoms[9]. In a foreign study, 35% of cancer patients were found to be mainly cared for the 
presence of physical stress symptoms, accompanied by significant physical load. However, relevant 
domestic surveys have found that most of the main caregivers of cancer patients believe that their health 
status is fair, and only a small number believe that their health status has problems due to caring for 
patients, which may be related to different study groups, or may have a greater impact on the psycho-
logical function and social function of caregivers than physical aspects, so that they automatically ignore 
the changes in health status[10,11]. In conclusion, physical load is also one of the main caregivers of 
patients with gastrointestinal malignancies.

Social load
The main caregivers of patients with malignant tumors of the digestive tract spent almost all their time 
caring for and accompanying the patients, and the lack of social support made them feel socially 
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Table 1 Total score and dimension scores of primary caregivers of patients with malignant tumors of digestive tract (n = 189)

Items mean (Standard mean) SD

Time dependent load (5 entries) 9.17 (1.83) 5.51

Developmental limiting load (5 items) 6.08 (1.22) 5.65

Physical load (4 items) 2.86 (0.97) 4.29

Social load (4 items) 2.02 (0.51) 2.47

Affective load (6 items) 0.92 (0.15) 1.45

Total load (24 items) 22.05 (0.92) 15.35

isolated[12]. Once problems of not being understood and not being able to get along with each other 
emerged in caring patients, the primary caregiver could easily experience sociability load. Relevant 
domestic studies have found that most primary caregivers can be understood and supported in caring 
patients, and only a small proportion have significant sociability load[13].

Affective load
Induced by traditional Chinese culture, most families can help each other. When a family member has a 
problem or disease, other members will actively and actively help and take care of it. In the hearts of 
most people, family members are superior to their own interests and hobbies. Therefore, it can be found 
in a number of studies that the emotional load is the lowest in the load of the main caregivers of cancer 
patients[14]. However, it has also been stated that a small number of people experience feelings such as 
complaints and anxiety after their lives have changed due to caring for patients, triggering emotional 
load[15].

INFLUENCING FACTORS OF MAIN CAREGIVER LOAD IN PATIENTS WITH MALIGNANT 
TUMORS OF DIGESTIVE TRACT
Economic situation
Economic situation is one of the important factors affecting the load of the main caregivers of patients 
with malignant tumors of the digestive tract, and in families with better economic conditions, they can 
choose more treatment options, and carers can be invited to take care of patients together, which greatly 
reduces the pressure on the caring load of the main caregivers[16]. In families with poor economic 
conditions, they should not only bear the responsibility of caring for patients independently, but also 
consider daily expenses, patients' treatment costs, etc., in addition to the fact that caring for patients may 
not be able to participate in work, the decline in economic income makes the load of the main caregivers 
more emotional. Some studies have found that economic pressure is the main factor affecting the care 
load of the main caregivers of cancer patients, caregivers with relatively poor economic situation need 
to bear the comprehensive pressure of economic, mental, social, and life, and there is bound to be a high 
economic load in the face of cancer, a disease that costs "no bottom hole". Second, poor economic 
conditions limit the choice of patient treatment and examination options, and these pressures also 
increase the load on the main caregiver[17].

Caregiving impacts income
Malignant tumors of the digestive tract are cancers with high morbidity and mortality among all 
malignant tumors. In most cases, patients need to be cared for and accompanied by others every day, 
and even need members of the entire family to care for them when they are severely ill, which makes 
the main caregivers unable to have time and energy to work, which will have a serious impact on their 
economic income. However, the daily treatment or rehabilitation of patients requires a certain cost, and 
this economic pressure makes the load of the main caregiver heavy. Some studies have found that in 
families with heavy income due to caring for patients with advanced cancer, the degree of caring load 
appears to be heavy, which is consistent with the conclusions of a number of domestic and foreign 
studies[18].

Patient self-care ability
The self-care ability of patients is the main factor affecting the load of the main caregivers of patients 
with malignant tumors of the digestive tract. The worse the self-care ability of patients, the heavier the 
load of care of the main caregivers. The analysis of the reasons may be related to the following points: 
(1) With the progression of the disease, patients may experience a variety of complications, the decline 
of body function makes their own care ability also decline, followed by an increase in dependence on 
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the main caregiver, which directly leads to caregivers need to pay more time and energy, and the load 
naturally borne is also relatively heavy; (2) With the progression of the disease, the number of chemora-
diotherapy increases, which aggravates the medical burden, coupled with the lack of professional 
nursing skills and knowledge of the main caregiver, resulting in a higher load of their own care. Some 
related studies have pointed out that among the main caregivers of patients with advanced cancer, most 
people crave professional disease knowledge training; and (3) With the progression of the disease, 
patients may experience cancer pain symptoms, especially aggravated in the evening, and it is often 
necessary for the main caregivers to take relevant measures to relieve cancer pain, which undoubtedly 
has a serious impact on the sleep of the main caregivers, and then can make the main caregivers 
experience a significant load[19].

Time to care for patients
The time of caring for patients is one of the important factors affecting the load of the main caregivers of 
patients with malignant tumors of the digestive tract, and the longer the total time of caring for patients, 
the heavier the load of the main caregivers. The reason may be due to the care of patients, the main 
caregivers can freely control the time significantly shortened, the reduction of social activities makes it 
easy to collapse mentally, and the mental load it bears is also relatively heavy. At the same time, the 
longer the patient is cared for, the greater the impact on work, and the natural income will be greatly 
reduced. However, the cost of patient treatment makes the main caregiver bear heavy economic 
pressure, and the spirit is in a state of high tension and fatigue for a long time. Finally, because caring 
for patients, their own lifestyle, routines are changed, lack of sleep, irregular life and other adverse 
effects on the physical health of the main caregivers have also caused adverse effects, in the double 
adverse effects of physical and mental, the main caregivers are prone to higher physical and mental, 
spiritual load.

COUNTERMEASURES TO REDUCE THE LOAD OF MAIN CAREGIVERS OF PATIENTS 
WITH MALIGNANT TUMORS OF THE DIGESTIVE TRACT
Develop a diagnosis and care plan according to the actual situation to reduce the medical costs of 
patients
In the actual diagnosis and treatment, the economic situation of the patient 's family and main 
caregivers shall be evaluated to understand whether the patient pays medical insurance or commercial 
insurance, the actual situation of the patient' s disease shall be analyzed for the patient with poor 
economic conditions, and the drugs and consumables with higher selectivity and higher reimbursement 
rate of medical insurance shall be tried in the treatment and examination. During hospitalization, 
appropriate care plans are developed to reduce unnecessary treatment and nursing procedures, so as to 
appropriately reduce their medical costs.

Strengthening the care of patients with poor self-care ability in clinical nursing
In clinical nursing, the actual situation and self-care ability of patients are assessed to determine the 
level of care of patients. Special care patients were given 24-h care, primary care patients were given 
circuit observation every 1 h, secondary care patients were given circuit observation every 2 h, and 
patients with poor self-care ability were given more care and attention, mainly including the following 
points: (1) Strengthen the nursing patrol of patients, include patients with critical condition and poor 
self-care ability in the focus of nursing observation, especially during the shift, do a good job of work 
handover and information check; (2) help patients turn over and pat their back when they are awake, 
assist patients to complete daily face washing, tooth brushing, dressing and other operations, especially 
to strengthen the care of the patient's mouth and skin; (3) Regularly evaluate the patient 's condition, 
predict the possible risk events or complications, and formulate response plans. Once abnormal 
phenomena are found, they should be immediately reported to the doctor and emergency treatment 
should be made according to the doctor's advice; (4) strengthen the health education for patients and 
main caregivers, tell the behaviors conducive to disease or physical rehabilitation, guide them to 
develop good health habits, and improve their own rehabilitation; and (5) develop an out-of-hospital 
follow-up plan after discharge, among which telephone follow-up: 2 wk after discharge, 1 return visit 
every 3 days; 2-4 wk after discharge, once a week; 4-8 wk after discharge, once every 2 wk, 8-12 wk after 
discharge, once every 4 wk; door-to-door follow-up: 1 time a month, face-to-face communication with 
patients, telephone and door-to-door follow-up contents include the patient's recent pain, health 
behaviors, medication, physical condition, psychological emotions, etc., and make adjustments to the 
nursing plan according to the actual situation of patients; Inform patients of any questions they may 
have at any time in the group and provide remote guidance on relevant care. By strengthening the care 
of patients with poor self-care ability, nursing staff can reduce the care burden of the main caregiver to a 
large extent, which can effectively alleviate or prevent the emergence of care load[20].
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Improving the time to get along with and accompany patients in clinical nursing
During the patient's hospitalization, improve the time for communication and companionship. In the 
nursing operation, it is necessary to pay attention to establishing communication with the patient, give 
them more spiritual encouragement and comfort, and then accompany the patient to walk outside the 
ward every day when their physical condition permits, so as to replace the main caregiver to 
accompany the patient. For special patients, the accompany model without family members can be 
carried out. The accompany nursing without family members is not to ask the family members of 
patients to hire professional accompany personnel for daily nursing, nor to limit the family members to 
visit the patients, but to let the family members of patients accompany but not protect. On the basis of 
completing their own work, the nursing staff replaces the family members of patients to complete the 
relevant nursing services, so as to improve the time to get along with the patients.

Actively communicate with the main caregivers of patients and provide psychological counseling 
and support for them.
Communicate regularly with the main caregivers of patients, evaluate their psychological status, 
understand their existing difficulties and inner real ideas, physical and mental status, targeted psycho-
logical counseling. Pay attention to protecting the privacy of patients' families when communicating, 
have polite, sincere and friendly tone, have natural and appropriate language, and conduct non-verbal 
communication when necessary[21,22]. Professional psychotherapy is carried out for primary caregivers 
who have significant psychological problems or severe load[23,24].

CONCLUSION
Due to economic situation, care will affect income, patients' self-care ability and care time of patients 
and other factors, the main caregivers of patients with digestive tract malignant tumors generally have 
different degrees of load, which will not only affect the care of patients, but also cause serious adverse 
effects on the physical and mental health of caregivers themselves. Therefore, in the later work, it is 
necessary to strengthen the load on the main caregivers of patients with malignant tumors of the 
digestive tract, alleviate or prevent the occurrence of load by formulating a targeted diagnosis and care 
plan, reducing the medical costs of patients, strengthening the time to care for patients with poor self-
care ability, get along, and accompany them and carrying out psychological counseling and support for 
the main caregivers.
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Abstract
Autophagy is a physiological mechanism in which cells degrade themselves and 
quickly recover the degraded cell components. Recent studies have shown that 
autophagy plays an important role in the occurrence, development, treatment, 
and prognosis of colorectal cancer. In the early stages of colorectal cancer, auto-
phagy can inhibit the production and development of tumors through multiple 
mechanisms such as maintaining DNA stability, inducing tumor death, and 
enhancing immune surveillance. However, as colorectal cancer progresses, 
autophagy may mediate tumor resistance, enhance tumor metabolism, and other 
pathways to promote tumor development. Therefore, intervening in autophagy at 
the appropriate time has broad clinical application prospects. This article 
summarizes the recent research progress of autophagy and colorectal cancer and 
is expected to provide new theoretical basis and reference for clinical treatment of 
colorectal cancer.

Key Words: Autophagy; Self-degradation; Colorectal cancer; Phosphatidylinositol-3-
phosphate; Immune cells
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Core Tip: In the early stages of colon cancer, autophagy can inhibit the production and 
development of tumors through multiple mechanisms such as maintaining DNA 
stability, inducing tumor death, and enhancing immune surveillance. However, as 
colorectal cancer progresses, autophagy may mediate tumor resistance, enhance tumor 
metabolism, and other pathways to promote tumor development. Therefore, intervening 
in autophagy at the appropriate time has broad clinical application prospects.
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INTRODUCTION
Colorectal cancer (CRC) refers to malignant epithelial tumors of the colon, rectum, and anal canal. In 
2020, CRC was the third most common malignancy and the second most deadly cancer worldwide, with 
an estimated 1.88 million new cases (9.8%) and 910000 deaths (9.2%)[1]. Great progress has been made 
in CRC diagnosis and treatment with the availability of routine health check-ups and new techniques. 
At present, surgery remains the mainstay of treatment for CRC, while chemotherapy, targeted therapy, 
and immunotherapy have also been applied in clinical settings. However, due to its insidious onset, 
CRC is mostly diagnosed in advanced stages and becomes resistant to chemotherapy and targeted 
therapy[2]. Therefore, the prognosis of CRC is poor. Autophagy plays a critical role in regulating cancer 
development, and autophagy-based clinical interventions may address this clinical dilemma. This article 
reviews the recent progress in the research on the association between autophagy and CRC.

AUTOPHAGY
Autophagy is a highly conserved eukaryotic macromolecular degradation process that degrades and 
recycles macromolecular substances such as damaged organelles and sirtuins inside the cells to quickly 
replenish the substances required for normal physiological activities of cells[3]. Autophagy is strictly 
regulated by a variety of autophagy-related genes (ATGs). Under stressful conditions such as organelle 
damage, production of abnormal proteins, and nutrient deficiency, autophagosomes are formed, which 
fuse with intracellular lysosomes to form autophagolysosomes by wrapping or binding to the 
components to be degraded, thus initiating the degradation and recycling process[4]. In both normal 
and malignant cells, autophagy may be a response to cellular stresses including nutrient deficiencies, 
hypoxia, and toxin accumulation[5]. Nevertheless, the impact of autophagy on cells can be multi-
faceted: It may be a protective factor that promotes cell survival, but can also lead to growth arrest and/
or apoptosis.

Autophagy, as a metabolic regulatory mechanism widely present within cells, can lead to various 
diseases such as neurodegenerative diseases and tumors once dysregulated. As shown in Figure 1, the 
molecular mechanism via which autophagy is regulated mainly includes the following three aspects: (1) 
The adenosine monophosphate-activated protein kinase (AMPK)/mammalian target of rapamycin 
(mTOR) pathway: The mTOR kinase, as a receptor for amino acids, energy, and hormones in cells, can 
regulate autophagy in a negative feedback manner[6]; (2) The phosphatidylinositol 3-kinase (PI3K)/
AKT signaling pathway: Different types of PI3K play different roles in autophagy regulation, among 
which type I PI3K can inhibit autophagy after binding to AKT, whereas type III PI3K can induce the 
enhancement of autophagy by binding to the ultraviolet resistance-associated gene (UURAG) product; 
and (3) The negative feedback signaling pathway of G protein subunit Gai3 and amino acids: GTP can 
bind to Gai3 intracellularly and is an inhibitory signal of autophagy; GDP binds to Gai3 protein to 
activate autophagy; and, as the end products of protein degradation, amino acids negatively regulate 
the autophagy[7-8].

Autophagy can be divided into three types depending on the mechanism by which intracellular 
materials are delivered into the lysosome for degradation: Macroautophagy, microautophagy, and 
chaperone-mediated autophagy (CMA)[9]. Macroautophagy is a selective autophagy process that occurs 
mainly in macrophages. They can form phagosomes that ingest cytoplasmic proteins and damaged 
organelles and then further mature into double-membrane binding vesicles (known as autopha-
gosomes). These autophagosomes are transported to lysosomes, where they degrade the damaged 
mitochondria, the invading microorganisms, and other components, thus maintaining the homeostasis 
of cells during the stress response. During macroautophagy, autophagy is mainly regulated via the 
AMPK/mTOR signaling pathway[10]. Microautophagy occurs through the invagination of lysosomes 
or endosomal membranes, which directly phagocytosize the substances to be degraded, during which 
the proteases in lysosomes play a degrading role. Microautophagy occurs in almost all normal cells and 
therefore is a widely existing intracellular energy and material circulation mechanism[11-12]. Notably, 
no direct link between microautophagy and tumorigenesis has been found.

Unlike macroautophagy and microautophagy, CMA is a selective lysosome-dependent protein-
degrading mechanism[13]. CMA exists in most cells but exerts only basal activities under physiological 
conditions. Once cell stress occurs, the activity of CMA is rapidly enhanced, which facilitates the rapid 
circulation of intracellular proteins under stress conditions and minimizes the need for new protein 
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Figure 1 Autophagy-related gene signaling pathway schematic. Autophagy can be mainly divided into five stages according to its development process: 
induction, autophagosome nucleation, autophagosome formation, lysosome fusion, and degradation. As shown in the diagram, the entire process is strictly regulated 
by over 36 autophagy-related genes and their corresponding proteins. The mammalian target of rapamycin is a key factor in autophagy. Mature autophagosomes can 
merge with lysosomes to form autolysosomes, which selectively remove proteins and damaged organelles through autophagy and participate in autophagic body 
formation. mTOR: Mammalian target of rapamycin.

degradation and production, thereby maximizing energy savings and improving cell survival. 
Compared to normal cells, tumor cells have increased CMA activity. Blocking CMA significantly 
inhibited tumor growth and induced regression of lung cancer or melanoma xenografts in mouse 
models[14]. Therefore, intervening in the CMA pathways may have broad antitumor activity. In the 
form of autophagy, all the proteins targeted by CMA contain KFERQ-like pentapeptide motifs, which 
can be recognized by heat shock protein family A (Hsp70) member 8 (HSPA8/HSC70) and form a 
complex with lysosome-associated membrane protein type 2a (LAMP-2A)[15]. No vesicle structure will 
be formed during this process; rather, the proteins to be degraded pass directly through the lysosomal 
membrane to enter the lysosomal cavity for degradation.

In addition to autophagy's important regulatory role in energy and material metabolism, the 
endosomal protein sorting nexin 5 (SNX5) interacts with beclin 1 and ATG14-containing class III 
phosphatidylinositol-3-kinase (PI3KC3) complex 1 (PI3KC3-C1), increases the lipid kinase activity of 
purified PI3KC3-C1, and is required for the endosomal generation of phosphatidylinositol-3-phosphate 
(PI3P) and recruitment of the PI3P-binding protein WIPI2 to virion-containing endosomes, thus 
mediating virus-induced autophagy[16]. Therefore, autophagy can also play an immune- and host-
protecting role when cells are invaded by viruses.

REGULATORY ROLES OF AUTOPHAGY IN CRC
As a regulatory mechanism of intracellular substance and energy metabolism, autophagy is deeply 
involved in a variety of biological behaviors such as cell repair, transformation, proliferation, 
senescence, and apoptosis[17]. With increasing in-depth research, the roles of autophagy in the 
pathogenesis, drug resistance, and therapeutic options of CRC have been revealed. For CRC, autophagy 
is a "double-edged sword": On the one hand, autophagy can significantly suppress proliferation and 
induce apoptosis in CRC cells; on the other hand, it can also provide CRC cells with additional energy to 
promote their abnormal proliferation and can reduce the response of CRC to various treatment 
measures[18].

Autophagy acts as a CRC suppressor
As a housekeeping mechanism in normal cells, autophagy can scavenge and repair DNA damage, 
abnormal folding of proteins or abnormal accumulation of normal proteins, accumulation of oxygen 
free radicals, and damage to organelles (e.g. mitochondria) during normal physiological processes and 
under stress, which is extremely important for maintaining cell stability and avoiding carcinogenesis[3,
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19-21]. Therefore, as an early cancer-suppressing mechanism, autophagy can protect the human body 
through multiple pathways.

SRC kinases are non-receptor tyrosine kinases that mediate carcinogenesis. An abnormal elevation of 
SRC can be detected in about 80% of CRC patients, and sorting nexin 10 (SNX10), an endosomal protein, 
is negatively correlated with SRC expression. The downregulated expression of SNX10 is significantly 
associated with SRC activation, tumor differentiation, tumor metastasis, and patient survival. SNX10 
regulates the fusion between autophagy and lysosomes. SNX10 deficiency can lead to impaired 
autophagic degradation of SRC, which ultimately promotes the occurrence and development of CRC. 
Interfering with the SRC autophagy pathway can achieve the regulation of tumor growth[22].

The level of the imprinted gene pleckstrin homology like domain family A member 2 (PHLDA2) can 
also be up-regulated in CRC tissues. Knockdown of PHLDA2 inhibited cellular proliferation, invasion, 
migration, and epithelial-mesenchymal transition (EMT) in vitro by activating the autophagy of CRC 
cells through the PI3K/AKT/mTOR and PI3K/AKT/GSK-3β signaling pathways[23]. Decreased or 
absent expressions of ATGs BeclinI and ATG5 can also lead to CRC progression and are significantly 
associated with poor prognosis[24,25]. Therefore, ATGs can exert a cancer-suppressing effect by 
inducing autophagy. In addition to ATGs that directly regulate the biological behaviors of tumor cells, 
epigenetic regulation of autophagy can also be a molecular basis for the body to inhibit tumorigenesis 
by regulating autophagy. BRG1, the ATPase subunit of the SWI/SNF chromatin remodeling complex, is 
required for maintaining the homeostasis of intestinal epithelial cells (IECs) to prevent inflammation 
and tumorigenesis. BRG1 is a key regulator that directly regulates Atg16 L1, Ambra1, Atg7, and Wipi2 
transcription, which is important for autophagosome biogenesis. Defective autophagy in BRG1-deficient 
IECs results in excess reactive oxygen species (ROS), which leads to defects in barrier integrity and thus 
causes the occurrence of CRC[26].

Autophagy acts as a CRC promoter
Compared with normal tissue cells, tumor cells have unlimited self-replication ability and ultra-high 
metabolic level. The bulky growth of CRC creates a unique environment featured by hypoxia, low pH, 
and high metabolites within the tumor tissue[27]. On the one hand, it makes the energy acquisition of 
tumor cells more dependent on glycolytic pathways and autophagy[28-30]; on the other hand, the 
enhanced autophagy can further promote tumor progression by affecting the expressions of tumor 
suppressor genes (e.g., p53), the degradation of major histocompatibility complex I (MHC-I), and the 
infiltration of various immune cells[31,32]. In solid tumors, the autophagosome content receptor NBR1 
mainly regulates the localization of MHC-I on the tumor cell surface, autophagosomes, and lysosomes, 
whereas MHC-I is closely related to the antigen presentation and anti-tumor activity of immune cells. 
Intervening with NBR1 can regulate autophagy, thereby affecting the expression of MHC-I and the 
immune status of the body[33], suggesting that autophagy may promote tumor progression via immune 
mechanisms.

The increased activity of autophagy in solid tumors is also closely related to the activation of 
intracellular oncogenes such as RAS[34]. The activation of RAS helps CRC cells maintain their energy 
and material supply under stress conditions[35]. Hu et al[36] have found that IL-6 accumulates in the 
tumor microenvironment, which can activate autophagy through the IL-6/JAK2/BECN1 pathway and 
promote the chemotherapy resistance of CRC cells. BECN1 Y333 phosphorylation is a predictive marker 
of poor prognosis and chemotherapy resistance in CRC. Under hypoxic conditions, tumor-initiating 
cells (TICs) can maintain their tumor initiation capacity and stemness through the autophagy-related 
PRKC/PKC-EZR pathway[37], thereby regulating the progression of CRC. CRC stem cells can also 
maintain the expressions of stemness markers Oct4, SOX2, and Nanog through autophagy-related 
proteins ATG5 and ATG7, and intervention in ATG5 and ATG7 can reduce stem cell proliferation and 
promote cell senescence and apoptosis[38,39]. E3 ubiquitin ligase TRAF6 interacts with MAP1LC3B/
LC3B in colonic epithelial cells through its LC3 interaction region "YxxL" and catalyzes K63-linked LC3B 
polyubiquitination to trigger selective CTNNB1 degradation by autophagy, thereby playing an 
inhibitory role on epithelial mesenchymal transition (EMT) and CRC metastasis[40] (Table 1).

Autophagy in CRC therapies
Since autophagy plays an important role in the physiological activities of CRC cells, regulating key 
elements of the autophagy pathway may be a promising strategy for CRC treatment. For different 
tumors, autophagy can either suppress or promote tumorigenesis; therefore, the treatment strategies 
should be tailored (i.e., up-regulation or inhibition of autophagy according to different tumor types).

Mycobacterium tuberculosis and Bacillus Calmette–Guérin (BCG) vaccine can induce the death of 
autophagic cells through the TLR2 and TLR4 signaling pathways, thereby enhancing radiosensitization 
in CRC cell lines. In vivo evidence further supports that BCG-mediated radiosensitization is an 
autophagy-dependent pathway[41]. The combination of BCG and ionizing radiation can induce 
autophagy, providing a potential strategy to enhance the radiotherapeutic effect in CRC cells. As an 
antimalarial drug, chloroquine has recently been found to prevent autophagosome-lysosome fusion in 
tumor cells; thus, it may act as an autophagy inhibitor on the autophagy pathway of tumor cells[42].
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Table 1 Research advances in the role of autophagy in colorectal cancer

Effects Action cells Targets Pathways and mechanisms

CRC SNX10 SRC-STAT3 and SRC-TNNB1

CRC PHLDA2 PI3K/AKT/GSK-3β

CRC BRG1 Defective autophagy results in excess reactive oxygen species

As a tumor suppressor

CRC BeclinI PI3K/AKT/mTOR

CRC and macrophages NBR1 After being regulated, MHC-I can affect the immune system 
and lead to immune evasion

CRC RAS MEK/ERK

Regulatory T cells (Treg) Atg7 Down-regulation of the immune-suppressive protein FOXP3 
promotes immune evasion

CSC ATG5, ATG7 Affects the expressions of stemness markers Oct4, SOX2 and 
Nanog

Tumor-initiating cells PRKC PRKC/PKC-EZR

CRC IL-6 IL-6/JAK2/BECN1

As a tumor promoter

Normal Colonic epithelial cells TRAF6 MAP1LC3B/LC3B ubiquitination

CSC: Cancer stem cell; CRC: Colorectal cancer; SNX10: Sorting nexin 10; PHLDA2: Pleckstrin homology-like domain family A member 2; PI3K: 
Phosphatidylinositol 3-kinase; mTOR: Mammalian target of rapamycin; MHC-I: Major histocompatibility complex I.

CRC cells can develop autophagy-dependent chemotherapy resistance by activating autophagy to 
combat 5-fluorouracil (5-FU). Clinically, chloroquine is used in combination with chemotherapy drugs 
such as 5-FU[43] or trifluorothymidine (TFT)[44] to enhance the cytotoxicity of chemotherapy drugs 
against tumor cells. Preoperative use of chloroquine in CRC patients significantly increases the 
sensitivity of CRC to 5-FU and radiotherapy; in addition, it enhances intracellular ROS production in 
tumor cells, further promoting tumor cell death[45-46]. As a widely used antitumor drug, temsirolimus 
(TEM) can inhibit CRC cells by inducing G1 cell cycle arrest and reducing HIF1A and VEGF levels[47]. 
Meanwhile, as an mTOR inhibitor, TEM also has the function of autophagy inhibitors[48]. When used in 
combination with chloroquine, TEM can significantly increase the apoptosis level of CRC cells and 
increase the BAX: BCL2 ratio. Thus, TEM and chloroquine have synergistic anti-tumor effects, which 
sheds new light on the treatment of CRC. Fu et al[49] discovered an autophagy-targeting small molecule 
S130 by integrating into silico screening and in vitro assays. S130 binds to ATG4B with strong affinity 
and specifically suppresses the activity of ATG4B, thereby limiting the autophagic activity of CRC cells. 
In vitro and in vivo experiments confirmed that S130 could significantly inhibit the growth of CRC cells, 
suggesting the potential clinical value of small-molecule autophagy inhibitors.

Housekeeping and regulatory immune factors [e.g., macrophages and regulatory T lymphocytes 
(Tregs) in the tumor microenvironment] are also involved in the occurrence and development of CRC
[50-52]. Akbari-Birgani et al[53] found that autophagy targeting Tregs and tumor cells can improve the 
therapeutic effect against CRC, possibly due to the fact that specific deletion of the Atg7 gene in Treg 
cells is associated with the increase of apoptosis and the downregulation of the transcription factor 
FOXP3. The loss of autophagy leads to the upregulation of metabolic mediators (such as MTORC1 and 
MYC), thereby removing the negative regulatory effect of Tregs on autoimmunity and improving the 
body's anti-tumor ability[54-56]. In addition, downregulating the autophagy activity of tumor cells and 
macrophages by chloroquine or other autophagy inhibitors[57,58] can avoid the downregulation of 
MHC-I expression on their surfaces; meanwhile, it can also enhance the presentation of tumor-
associated antigens by antigen-presenting cells (APCs) and induce immune cells to exert their antitumor 
effects[33].

In addition to the direct use of autophagy inhibitors and the use of autophagy's regulatory role in 
immune cells for treating CRC, photodynamic therapy (PDT) combined with proteasome inhibitors (e.g., 
bortezomib) may also enhance tumor sensitivity to PDT through the autophagy pathway[59]. Protopor-
phyrin IX mediates PDT to induce autophagy in CRC stem cells. The inhibition of PDT-induced 
autophagy by gene knockout or pharmacological means can trigger apoptosis of tumor stem cells and 
decrease the ability of colonosphere formation in vitro and tumorigenicity in vivo[60].

In general, artificial intervention in tumor biological behavior can be achieved by directly targeting 
the autophagy mechanism using autophagy modulators in CRC experimental models. Autophagy 
modulators, chemotherapy drugs, radiotherapy, and immunotherapy have synergistic anti-tumor 
effects, and their combined use can enhance the efficacy of existing therapies. In fact, autophagy-based 
treatments have broad applications in CRC treatments.
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CONCLUSION
Autophagy is an extremely potential therapeutic target for the treatment of rectal cancer, but 
appropriate interventions should be selected according to the different stages of colorectal cancer. 
Autophagy can inhibit tumorigenesis in the early stages of CRC by preventing DNA damage, 
maintaining genomic stability, and inducing apoptosis. However, with the progression of tumors, 
autophagy can promote CRC growth by enhancing energy metabolism in tumor cells, by mediating 
drug resistance, and by avoiding tumor cell death. Therefore, autophagy-based CRC treatment 
strategies should be tailored according to the specific CRC type, tumor stage, and tumor metabolic 
characteristics. The combination of multiple therapeutic methods can enhance the inhibitory effect of 
autophagy on tumors and weaken its role as a tumor promoter, therefore playing a key role in CRC 
treatment.
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Abstract
BACKGROUND 
Glucocorticoid modulatory element-binding protein 1 (GMEB1), which has been 
identified as a transcription factor, is a protein widely expressed in various 
tissues. Reportedly, the dysregulation of GMEB1 is linked to the genesis and 
development of multiple cancers.

AIM 
To explore GMEB1’s biological functions in hepatocellular carcinoma (HCC) and 
figuring out the molecular mechanism.

METHODS 
GMEB1 expression in HCC tissues was analyzed employing the StarBase 
database. Immunohistochemical staining, Western blotting and quantitative real-
time PCR were conducted to examine GMEB1 and Yes-associate protein 1 (YAP1) 
expression in HCC cells and tissues. Cell counting kit-8 assay, Transwell assay 
and flow cytometry were utilized to examine HCC cell proliferation, migration, 
invasion and apoptosis, respectively. The JASPAR database was employed for 
predicting the binding site of GMEB1 with YAP1 promoter. Dual-luciferase 
reporter gene assay and chromatin immunoprecipitation-qPCR were conducted to 
verify the binding relationship of GMEB1 with YAP1 promoter region.

RESULTS 
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GMEB1 was up-regulated in HCC cells and tissues, and GMEB1 expression was correlated to the 
tumor size and TNM stage of HCC patients. GMEB1 overexpression facilitated HCC cell 
multiplication, migration, and invasion, and suppressed the apoptosis, whereas GMEB1 
knockdown had the opposite effects. GMEB1 bound to YAP1 promoter region and positively 
regulated YAP1 expression in HCC cells.

CONCLUSION 
GMEB1 facilitates HCC malignant proliferation and metastasis by promoting the transcription of 
the YAP1 promoter region.

Key Words: Hepatocellular carcinoma; Glucocorticoid modulatory element-binding protein 1; Yes-associate 
protein 1; Apoptosis; Proliferation

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

Core Tip: Glucocorticoid modulatory element-binding protein 1 (GMEB1) was highly expressed in hepato-
cellular carcinoma (HCC) tissues. Functionally, GMEB1 modulates the malignant biological behaviors of 
HCC cells. Mechanistically, GMEB1 promotes the expression of Yes-associate protein 1 at transcriptional 
level. In short, the present study suggested that for HCC, GMEB1 might be a diagnostic biomarker and 
treatment target.

Citation: Chen C, Lin HG, Yao Z, Jiang YL, Yu HJ, Fang J, Li WN. Transcription factor glucocorticoid 
modulatory element-binding protein 1 promotes hepatocellular carcinoma progression by activating Yes-associate 
protein 1. World J Gastrointest Oncol 2023; 15(6): 988-1004
URL: https://www.wjgnet.com/1948-5204/full/v15/i6/988.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i6.988

INTRODUCTION
Liver cancer is the third leading cause of cancer-related deaths worldwide, with more than 780000 
deaths due to liver cancer in 2018. Approximately 90% of liver cancer cases originate in hepatocytes and 
are referred to as hepatocellular carcinoma (HCC)[1]. HCC is the fifth most common cancer in males 
and the ninth most common cancer in females, with an estimated 500000 and 200000 new cases annually 
in the world, respectively. The pathogenesis of hepatocellular carcinoma is complicated by structural 
mutations in the proto-oncogene and the addition of exogenous pathogenic factors such as viruses, 
excessive alcohol consumption, obesity and aflatoxins, which have contributed to the development of 
HCC[2,3]. Therefore, HCC is one of the most common types of clinical malignancies in the digestive 
system, and it also ranks fourth among the causes of cancer death globally[4]. Currently, the 
predominant treatment options for HCC include surgical resection, liver transplantation, radiotherapy 
and chemotherapy[5]. Nevertheless, most HCC cases have already been in an intermediate to advanced 
stage at diagnosis, missing the optimal time for surgical treatment[6]. Besides, the high cost and huge 
shortage of donors greatly limit the clinical application of liver transplantation[7,8]. In this context, it is 
necessary to identify more reliable early diagnostic markers for HCC diagnosis and to discover more 
effective new therapeutic targets for clinical intervention, thus providing new insights to improve the 
prognosis and overall survival rate of HCC patients.

Glucocorticoid modulatory element-binding protein 1 (GMEB1) is a nucleoprotein with a molecular 
weight of 88 kDa, and can interact with GMEB2 and bind with the glucocorticoid regulatory element 
(GME) of the tyrosine aminotransferase (TAT) gene promoter sequence, thereby regulating the 
glucocorticoid receptor transactivation[9]. It has been demonstrated that IL-2 can inhibit glucocorticoid-
induced T-cell apoptosis by boosting GMEB1 expression and activating the PI3K/AKT pathway[10], 
which is a preliminary indication of the anti-apoptotic function of GMEB1. Meanwhile, FOXL2 is an 
important transcription factor involved in the transcriptional regulation of several target genes, and 
GMEB1 was found to bind to FOXL2, whose interaction with FOXL2 could regulate the apoptotic 
process of cells[11]. Additionally, GMEB1 can also bind to pro-caspases and repress its activation and 
apoptosis[12,13]. Given that tumor development cannot occur without uncontrolled cell proliferation 
and apoptotic escape, the anti-apoptotic effect of GMEB1 has prompted researchers to explore the 
relevance of GMEB1 dysregulation to tumorigenesis and development. For example, GMEB1 suppresses 
CASP8 activation via regulating CFLARL ubiquitination and degradation to repress the cellular 
apoptosis and thereby promoting malignant progression of non-small cell lung cancer[9]. Additional 
bioinformatics studies have further shown that high expression of several transcription factors, 
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including GMEB1, is a promising biomarker and/or therapeutic target for prostate cancer[14]. Thus, it 
becomes clear that GMEB1 can contribute to malignant progression in various tumor types through 
different mechanisms. Nonetheless, the expression of GMEB1 in HCC and the molecular mechanism to 
promote the malignant evolution of HCC have not been elucidated.

Yes-associate protein 1 (YAP1) is one of the prime effector proteins downstream of the Hippo 
pathway, which controls organ size, normal tissue homeostasis and stem cell function through 
modulating cell proliferation and apoptosis[15]. YAP1 has been proved to play an important role as an 
oncoprotein in a variety of tumors. For example, in clinical specimens, YAP has been reported to be 
overexpressed and overactivated after nucleation in prostate, colon, breast and non-small cell lung 
cancers, as well as ovarian and hepatocellular carcinomas[16-20], significantly contributing to the 
development and progression of these tumors. More importantly, in studies surrounding the 
pathogenesis of HCC, there is a growing consensus that abnormalities in the Hippo signaling pathway 
are closely associated with the development of HCC. The abnormal expression and dysfunction of 
YAP1, a key protein in the Hippo signaling pathway, is directly related to the malignant progression of 
HCC[21]. A clinical study including 177 HCC patients further indicated that YAP1 was an independent 
prognostic marker significantly associated with shorter disease-free and overall survival in hepato-
cellular carcinoma[22]. Currently, the mechanisms underlying the promotion of tumor progression by 
YAP1 revolve around the binding of YAP1 to the transcription factor TEAD[23], which in turn initiates 
the transcription of many genes involved in cell proliferation and survival, including downstream target 
genes such as BIRC5, CTGF and Cyclin D1[24]. However, as research has continued, the upstream 
proteins that regulate YAP1 have been further identified. In addition to the classical upstream LATS1/2 
that regulates YAP1 expression[25], it has been reported that, for example, the transcription factor 
FOXM1 promotes the proliferation, migration and invasion of breast cancer cells through promoting 
YAP1 transcription activation[26]. Furthermore, in HCC, SIX4 can promote cell metastasis by upregu-
lating YAP1 and c-MET[27].

Could GMEB1, a transcription factor closely associated with tumor development, also promote the 
malignant progression of HCC by regulating the transcription of YAP1 and thus affecting the normal 
function of the Hippo signaling pathway? With this question in mind, we would like to confirm the 
potential regulatory relationship between GMEB1 and YAP1 in this study, thus providing a new 
intervention target for the Hippo signaling pathway, a key signaling pathway in HCC pathogenesis. To 
this end, we will firstly focus on examining the expression of GMEB1 in human HCC tissues and HCC 
cell lines, and clarifying the regulatory mechanism of the interaction between GMEB1 and YAP1 in 
promoting HCC progression in this study. We hope that our study will reveal the crucial role of GMEB1 
in the development of HCC, explore the additional biological functions of GMEB1, and provide new 
therapeutic strategies for the clinical treatment of patients with HCC accompanied with YAP1 overex-
pression.

MATERIALS AND METHODS
Case collection
With the approval of Zhejiang Xiaoshan Hopital’s Ethics Committee, cancerous tissues and their corres-
ponding para-cancerous tissues from 55 patients with HCC previously admitted to our hospital were 
selected for this study. Immediately after surgical removal, the tissues were frozen at -196 °C and kept at 
-80 °C until use. The clinical data and clinicopathological data of all subjects were complete, and none of 
them underwent preoperative chemotherapy or radiotherapy.

Immunohistochemistry
We fixed the cancerous and normal para-cancerous tissues in 10% formaldehyde and embedded them in 
paraffin. Afterwards, the tissues were cut into 4-μm-thick slices, deparaffinized with xylene, and 
washed with PBS. The antigen retrieval was induced by heat in PBS (microwave heating, 96 °C, 15 min), 
and then the tissues were treated with 3% H2O2 for removing endogenous peroxidases. The slices were 
incubated with citrate buffer to repair the antigen, and blocked with 5% bovine serum albumin (Sangon 
Biotech Co., Ltd., Shanghai, China) at 4 °C for 30 min. The slices were incubated at 4 °C overnight with 
the primary antibody GMEB1 (ab240646, 1:100, Abcam, Cambridge, United Kingdom) and then with 
horseradish peroxidase-conjugated secondary antibody (1:5000, ab6721, Abcam) for 30 min at room 
temperature. The sections were stained with diaminobenzidine (Sigma-Aldrich, St. Louis, MO, United 
States) at room temperature for 10 min. Ultimately, the slices were counter-stained with hematoxylin 
and sealed and fixed with PerMount (BIOS, Beijing, China). Eventually, the slices were observed and 
photographed under an optical microscope (Olympus Optical Company, Tokyo, Japan).

As previously mentioned, the staining signals were scored by the percentage of positive tumor cells 
and staining intensity[28]. The grading of the positive tumor cell ratio is as follows: 0% (0 point), 0.01%-
25% (1 point), 25.01%-50% (2 points), 50.01%-75% (3 points) and ≥ 75% (4 points). The degree of staining 
intensity: no staining (0 point), weak staining (1 point), medium staining (2 points) and strong staining 
(3 points). The following formula was adopted to calculate the immunohistochemistry (IHC) score of 
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each section: IHC score = staining intensity × percentage of positively stained tumor cells. The total 
score is 0-12 points. The score > 4 was defined as high expression, while the score ≤ 4 was defined as low 
expression.

Cell culture and transfection
From the Chinese Center for Type Culture Collection (Wuhan, China), we bought human HCC cell lines 
(HepG2, HCCLM3, Huh7 and MHCC97H) and human-derived liver cell line (HL-7702). All cells were 
cultured in RPMI-1640 medium (Thermo Fisher Scientific, Carlsbad, MA, United States) with 10% fetal 
bovine serum (Thermo Fisher Scientific, Waltham, MA, United States) and 100 μg/mL streptomycin and 
100 U/mL penicillin (Invitrogen, Carlsbad, CA, United States) at 37 °C in 5% CO2. From GenePharma 
Co., Ltd. (Shanghai, China), we purchased pcDNA-GMEB1, pcDNA empty vector (NC), small 
interfering RNA (siRNA) negative control (si-NC), siRNAs against GMEB1 (si-GMEB1#1 and si-
GMEB1#2), pcDNA-YAP1 and siRNA against YAP1 (si-YAP1). HepG2 and Huh7 cells were transfected 
employing Lipofectamine® 3000 (Invitrogen, Carlsbad, CA, United States) under the supplier’s 
instructions. At 48 h after transfection, Western blot was conducted to verify the transfection efficiency.

Lentiviral infection
The lentiviral overexpression vector pCDH-CMV-MCS-EF1-Puro and the shRNA vector pLKO.1-puro 
were purchased from GenScript Biotech. The HCC cell line HepG2 was inoculated in 6-well cell culture 
plates with 2 mL of medium containing 10% fetal bovine serum 1 d prior to the infection and incubated 
in a constant temperature incubator at 37 °C with 5% CO2. The lentivirus was transfected when the cell 
density reached 80%. An appropriate amount of lentivirus was added to the cell culture plate according 
to the MOI (multiplicity of infection) = 5 and incubated overnight at 37 °C with 5% CO2. Change to fresh 
medium 24 h after infection. The puromycin was added 36 h after infection to allow the cells infected 
with the puromycin resistance gene to proliferate sufficiently. 72 h later the puromycin medium was 
withdrawn and the remaining cells continued to be cultured to obtain stable overexpression or silenced 
cell lines.

Quantitative real-time PCR
TRIzol reagent (Invitrogen, Carlsbad, CA, United States) was utilized to extract total RNA from tissues 
and cells, and the RNA purity and concentration were determined by UV absorption method. 
Subsequently, a PrimeScript-RT Kit (Takara, Shiga, Japan) was employed for synthesizing comple-
mentary DNA (cDNA) from 1 µg of total RNA under the manufacturer’s protocol, and then ABI7300 
Real-Time PCR System (Applied Biosystems, Foster City, CA, United States) and SYBR® Premix Ex 
Taq™ (TaKaRa, Dalian, China) were used for quantitative real-time PCR (qRT-PCR). All fluorescence 
data were converted to relative quantification, and the 2-ΔΔCt method was utilized to calculate the relative 
expression, with GAPDH as the internal control. GMEB1 primer sequence: forward, 5'-GCA-
CCAAAUUUGAUCUUCU-3', reverse, 5'-GCACACACAUUUGGCCUAA-3'; YAP1 primer sequence: 
forward, 5'-CCCTCGTTTTGCCATGAACC-3', reverse, 5'-GTTGCTGCTGGTTGGAGTTG-3'; GAPDH 
primer sequence: forward, 5'-CGACACTTTATCATGGCTA-3', reverse, 5'-TTGTTGCCGAT-
CACTGAAT-3'.

Western blot analysis
The cells were harvested and incubated with pre-cooled radioimmunoprecipitation assay (RIPA) lysis 
buffer (Beyotime, Shanghai, China) for 20 min on ice. We collected the supernatant following centri-
fuging the cell lysis solution for 20 min at 13000 r/min at 4 °C. Then, a BCA protein quantification kit 
was utilized to measure the concentration of protein. The protein was isolated by 12% SDS-PAGE, and 
transferred onto a polyvinylidene difluoride membrane. After being blocked with Tris-buffered saline 
Tween (TBST) solution containing 3% bovine serum albumin at room temperature for 1 h, the 
membrane was incubated overnight with diluted primary antibodies at 4 °C: anti-GMEB1 antibody 
(Abcam, 1:1000, ab240646), anti-GAPDH antibody (1:1000, Abcam, ab8245), and anti-YAP1 antibody 
(1:1000, Abcam, ab52771). The membrane was washed 5 times with TBST, 3 min for each time. Then, the 
membrane and the added diluted secondary antibody (1:5000, Abcam, ab6721) were incubated at room 
temperature for 40 min. The protein bands were observed employing the ECL Western blot kit 
(Beyotime, Shanghai, China). ImageJ software (NIH, Bethesda, MD, United States) was adopted for 
analyzing each band’s gray value, and the ratio of the target protein’s gray value to that of GAPDH 
functioned as the relative protein expression for analysis.

Cell proliferation assay
Cell Counting Kit-8 (CCK-8) (Beyotime, Shanghai, China) was employed for detecting cell proliferation. 
HepG2 and Huh7 cells during logarithmic growth were taken and inoculated into 96-well plates (5 × 103 
cells/well), which were incubated in a 37 °C, 5% CO2 incubator for 1, 2 and 3 days, respectively. After 
that, 10 μL of CCK-8 reagent was added to each well and incubated for 2 h at 37 °C. We discarded the 
supernatant, and used an automatic microplate reader (Bio-Rad, Hercules, CA, United States) to 
determine the absorbance (OD) value at 450 nm of each well.
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Transwell assays
Matrigel (BD Biosciences, Franklin Lakes, NJ, United States) preserved at -20 °C was melted at 4 °C 
overnight and mixed with serum-free medium. 100 μL of the medium was pipetted into the upper 
Transwell chamber, which was then let stand for 5 h at 37 °C. HepG2 and Huh7 cells were collected to 
prepare single-cell suspension with a density of 5 × 105 cells/mL. 500 μL of 10% fetal bovine serum-
containing medium was added to the lower compartment, and 200 μL of cell suspension was added to 
the top compartment. The Transwell chamber was incubated at 37 °C for 48 h. We wiped off the 
remaining cells and Matrigel carefully. The migrated cells in the lower compartment were fixed with 4% 
formaldehyde at room temperature for 30 min and stained with crystal violet for 20 min at room 
temperature. The cells in 5 random views were photographed and counted under the inverted 
microscope (Nikon, Tokyo, Japan). In the migration assay, Matrigel was not added to the top 
compartment of Transwell, and the rest was as same as that in the invasion assay.

Flow cytometry
Cell apoptosis was detected via the Annexin V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) 
apoptosis detection kit (Southern Biotechnology, Birmingham, Al, United States). Huh7 and HepG2 cells 
48 h after transfection were trypsinized and collected and inoculated into 6-well plates. The cell density 
was adjusted to 2 × 104 cells/well, and the culturing was continued for 24 h. After washing with 
precooled PBS twice, the cells were re-suspended in 1×Binding buffer. We added 5 μL of PI and 5 μL of 
Annexin V-FITC to the cell suspension, which was subsequently mixed fully and incubated for 15 min 
at room temperature away from light. Afterwards, under the requirements of the instructions, the 
apoptosis was detected by the flow cytometer (BD Biosciences, San Jose, CA, United States) within 1 h.

Dual-luciferase reporter gene assay
We employed the JASPR database (http://jaspar.genereg.net/) for predicting the binding sites of 
GMEB1 to YAP1 promoter region. The target fragments of mutant YAP1 and wild-type YAP1 were 
established and inserted into the pGL3 vector (Promega, Madison, WI, United States) to construct pGL3-
YAP1-mutant (YAP1-MUT) and pGL3-YAP1-wild type (YAP1-WT) reporter vectors. YAP1-MUT or 
YAP1-WT and pcDNA-GMEB1 overexpression plasmids or si-GMEB1#1 were cotransfected into HepG2 
and Huh7 cells. The luciferase activity was measured 48 h after transfection with the Dual-Luciferase 
Reporter Assay system (Promega, Madison, WI, United States) under the instructions.

Chromatin immunoprecipitation assay
A EZ-ChIPTM kit (Millipore, Billerica, MA, United States) was adopted for performing chromatin 
immunoprecipitation (ChIP) assay. About 1 × 107 HepG2 and Huh7 cells were cross-linked at 37 °C for 
10 min in 1% formaldehyde, and reacted with 125 mmol/L glycine solution at room temperature for 5 
min. The mixture was sonicated on ice, 15 s each time, and 15 times at 15-second intervals. Following 
that, the sonicated product was centrifuged for 10 min at 4 °C at 12000 g. The supernatant was 
harvested, divided into two tubes, and was incubated with negative control IgG antibody (Abcam, 
ab6721) or GMEB1 antibody (Abcam, ab240646) at 4 °C overnight. Next, protein agarose/agarose gel 
was utilized to precipitate DNA-protein complexes which were then centrifuged for 5 min at 12000 g at 
4 °C. Subsequently, the cross-linking was reversed at 65 °C overnight, and DNA fragments were 
recovered after extraction and purification by phenol/chloroform. Eventually, the binding of GMEB1 
with YAP1 promoter region and YAP1 specific primers was detected via qRT-PCR.

Balb/c nude mouse subcutaneous transplantation tumour model
5-6 wk C57BL/6 mice (purchased from Beijing Viton Lever Laboratory Animal Technology Co., Ltd.) 
were housed under pathogenic conditions at 26-28 °C and 50-65% humidity. All animal experiments 
conformed to ethical norms and were approved by the animal ethics committee of our institution. To 
construct subcutaneous tumors, sh-NC (shRNA negative control), sh-GMEB1, oe-NC (overexpression 
negative control), oe-YAP1, sh-GMEB1+oe-YAP1 cells were suspended in 100 µL PBS diluted in 
Matrigel matrix gel (356234, Corning) in quantities of 1 × 106 (PBS:Matrigel = 2:1), cells were injected 
subcutaneously into the right axilla of mice (n = 5/group) and tumor size was measured every 3 days. 
Tumor volume was calculated using the formula: V = (L × W2)/2, where V is the volume (mm3), L is the 
long diameter and W is the short diameter. Transplanted tumors were taken from Balb/c nude mice 
after 30 d for subsequent experiments.

To examine the effect on metastatic capacity, sh-NC (shRNA negative control), sh-GMEB1, oe-NC, oe-
YAP1, sh-GMEB1+ oe-YAP1 cells were injected into nude mice (n = 5/group) via tail vein at an amount 
of 1 × 106, respectively. Mice were executed 60 days after injection, and number of metastatic foci on the 
lungs of each group were counted.

Statistical analysis
SPSS22.0 statistical software was employed to carry out statistical analysis of the data. All experiments 
were independently repeated three times. The results of in vitro experiments were presented as mean ± 
SD, and the results of all in vivo experiments were expressed as mean ± SEM. Comparisons between 
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groups were conducted using Student's t test or one-way ANOVA. Pearson correlation analysis was 
utilized for evaluate the correlation between GMEB1 and YAP1 expression in HCC tissues. The 
relationship between GMEB1 expression and the clinicopathological characteristics of HCC patients was 
assessed by the χ2 test. P < 0.05 was considered a statistically significant difference between groups.

RESULTS
GMEB1 is up-regulated in HCC tissues and cells
To investigate GMEB1 expression in HCC, we analyzed GMEB1 expression in HCC through the 
StarBase database (http://starbase.sysu.edu.cn/), and it was unveiled that GMEB1 is aberrantly 
upregulated in HCC tissue samples (Figure 1A). Furthermore, we performed another database analysis 
of GMEB1 expression level in different subtypes of hepatocellular carcinoma (https://
ualcan.path.uab.edu/), and the results revealed that GMEB1 expression was still significantly higher in 
HCC than in normal liver tissues (Supplementary Figure 1A). Interestingly, GMEB1 expression was 
further upregulated with the increasing tumor stage (Supplementary Figure 1B), tentatively suggesting 
a correlation between high GMEB1 expression and poorer liver cancer stage. Subsequently, we 
validated results from the database on clinical samples. IHC was adopted to detect GMEB1 expression 
in 55 selected HCC patients’ cancer tissues and corresponding para-cancer tissues. Statistical analysis 
manifested that GMEB1 expression in the cancerous tissues of HCC patients was significantly higher as 
opposed to the para-cancer tissues (Figure 1B). Additionally, qRT-PCR analysis found that GMEB1 
mRNA was markedly upregulated in HCC tissues and cells (HepG2, HCCLM3, MHCC97H and Huh7) 
as against para-cancerous tissues or the HL-7702 cell line (Figure 1C and D). Western blot analysis 
manifested that relative to HL-7702 cells, the GMEB1 protein level in HCC cells was remarkably 
elevated (Figure 1E).

Due to the high expression of GMEB1 in HCC tissues, we further explored the association between 
GMEB1 expression level and patient prognosis through the database analysis. The results from StarBase 
database suggested that high GMEB1 expression was linked to HCC patients’ short overall survival 
(Figure 1F). At the same time, the overall survival of patients with the same stage of hepatocellular 
carcinoma was significantly longer in patients with low GMEB1 expression compared to those with high 
GMEB1 expression (Supplementary Figure 1C). Chi-square test revealed that high GMEB1 expression 
was related to advanced TNM stage and large tumor size in HCC patients (Table 1). These results 
indicated that GMEB1 is highly expressed in HCC tissues and that upregulation of GMEB1 expression is 
strongly associated with an exacerbation of the malignant phenotype and poor prognosis. Also, this 
section provisionally suggested that the upregulation of GMEB1 may play a role in the malignant 
progression of hepatocellular carcinoma.

GMEB1 facilitates HCC cell multiplication, migration and invasion, and suppresses cell apoptosis
To delve into the biological function of GMEB1 in HCC cells, we transfected HepG2 cells with pcDNA-
GMEB1 to construct the GMEB1 overexpression cell model, and transfected Huh7 cells with si-
GMEB1#1 or si-GMEB1#2 to construct the GMEB1 knockdown cell model. Western blot analysis 
showed that the plasmids were successfully transfected into cells, which was reflected in the results that 
GMEB1 was successfully overexpressed in HepG2 cells while GMEB1 was effectively silenced and 
down-regulated in Huh7 cells (Figure 2A). Next, to investigate the effect of GMEB1 on the proliferation 
of hepatocellular carcinoma cells, CCK8 assay was performed to assess the alteration in cell viability and 
proliferation rate following changes in GMEB1 expression levels. Results from CCK-8 assay 
demonstrated that overexpression of GMEB1 significantly promoted the proliferation of HepG2 cells 
while GMEB1 knockdown dramatically inhibited the proliferation of Huh7 cells compared to the si-NC 
group (Figure 2B). Furthermore, we continued to examine the effect of altered GMEB1 expression levels 
on cellular apoptosis in different groups by flow cytometry, and analysis of the PI/Annexin V double 
staining results showed that the percentage of apoptotic cells increased substantially after GMEB1 
silencing, while the percentage of apoptotic cells in the overexpression group decreased markedly 
compared to the control group, suggesting that GMEB1 could enhance the anti-apoptotic ability of cells 
and promote cell survival (Figure 2C and D). The above results indicated that GMEB1 had a remarkable 
promotion effect on the growth of hepatocellular carcinoma cells, which was mainly achieved through 
the dual effect on inhibiting apoptosis and promoting proliferation.

In addition to promoting proliferation, we'd also like to know whether GMEB1 could alter the 
migration and invasion ability of hepatocellular carcinoma cells as well. The UALCAN database was 
firstly employed to analyze the correlation between GMEB1 and nodal metastasis status. As we can see 
in Supplementary Figure 1D, with the increase of nodal metastasis status, the expression level of 
GMEB1 was boosted as well. In order to further verify this conjecture, we conducted Transwell assay. 
The results indicated that overexpression of GMEB1 significantly promoted the migration and invasion 
of HepG2 cells, while knockdown of GMEB1 strongly inhibited the motor ability of Huh7 cells, 
suggesting that GMEB1 also plays an important role in promoting the migration and invasion ability of 
hepatocellular carcinoma cells and increasing the metastatic potential of tumors (Figure 2E-H).

http://starbase.sysu.edu.cn/
https://ualcan.path.uab.edu/
https://ualcan.path.uab.edu/
https://f6publishing.blob.core.windows.net/0afd4c2b-80b6-4136-b1a6-954e798cb6ac/WJGO-15-988-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/0afd4c2b-80b6-4136-b1a6-954e798cb6ac/WJGO-15-988-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/0afd4c2b-80b6-4136-b1a6-954e798cb6ac/WJGO-15-988-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/0afd4c2b-80b6-4136-b1a6-954e798cb6ac/WJGO-15-988-supplementary-material.pdf
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Table 1 Correlation between glucocorticoid modulatory element-binding protein 1 expression and multiple clinicopathological 
characteristics in hepatocellular carcinoma patients (n = 55)

GMEB1 expression
Characteristic Number

High (n = 29) Low (n = 26)
χ2 P value

Age (yr)

    < 60 25 14 11

    ≥ 60 30 15 15 0.197 0.657

Gender

    Male 23 17 13

    Female 32 12 13 0.419 0.517

Alcoholism

    Negative 24 15 9

    Positive 31 14 17 1.632 0.201

HBV

    Negative 28 16 12

    Positive 27 13 14 0.446 0.504

Tumor size (cm)

    ≤ 3 18 12 6

    > 3 37 10 27 7.928 0.005b

TNM stage

    I-II 20 11 9

    III-IV 35 7 28 7.081 0.007b

Differentiation

    Well/moderate 28 13 15

    Poor 27 16 11 0.980 0.322

bP < 0.01. GMEB1: Glucocorticoid modulatory element-binding protein 1; HBV: Hepatitis B virus; TNM: Tumor node metastasis.

Taken together, we can easily infer that GMEB1 can enhance the proliferation and anti-apoptotic 
ability of tumor cells, thus promoting unlimited proliferation of tumor. In addition, the enhancement of 
the migration and invasion ability of tumor cells further increases the possibility of tumor metastasis.

GMEB1 binds to the YAP1 promoter to promote transcription of YAP1
The next question is how GMEB1 promotes malignant proliferation and invasion of hepatocellular 
carcinoma cells and what are the downstream target genes, which we will then explore in more depth. 
Firstly, we analyzed the JASPAR databases (http://jaspar.genereg.net/) and found that GMEB1 may 
bind to three sites in the promoter region of YAP1 (Figure 3A). The StarBase database (http://
starbase.sysu.edu.cn/) showed that GMEB1 and YAP1 expression are positively correlated in hepatic 
cancer tissue samples (Figure 3B). To verify the relationship between GMEB1 and YAP1, we then 
constructed wild-type plasmids with YAP1 promoter binding region and plasmids with mutations in 
the predicted binding sites, and then transfected cells with plasmids separately and collected them for 
dual luciferase reporter gene assays. The results revealed that overexpression of GMEB1 enhanced the 
luciferase activity of YAP1-WT in HepG2 cells, whereas GMEB1 knockdown reduced the luciferase 
activity of YAP1-WT in Huh7 cells (Figure 3C); neither GMEB1 overexpression nor knockdown had any 
significant effect on the luciferase activity of YAP1-MUT (Figure 3C), suggesting that GMEB1 can 
specifically bind to the YAP1 promoter region, and the binding site predicted by the database is the 
region where GMEB1 binds to the YAP1 promoter, and GMEB1 can positively regulate YAP1 expression 
at the transcriptional level. Moreover, ChIP-qPCR analysis demonstrated that GMEB1 was markedly 
enriched in the promoter region of YAP1 compared to the IgG control (Figure 3D), further confirming 
that GMEB1 directly regulates the transcriptional activation of YAP1. To this end, we examined the 
effects of altered GMEB1 expression on YAP1 at the mRNA and protein levels, respectively, and found 
that overexpression of GMEB1 promoted YAP1 expression in HepG2 cells, whereas knockdown of 

http://jaspar.genereg.net/
http://starbase.sysu.edu.cn/
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Figure 1 Glucocorticoid modulatory element-binding protein 1 is highly expressed in hepatocellular carcinoma. A: StarBase database (
http://starbase.sysu.edu.cn/) analysis of glucocorticoid modulatory element-binding protein 1 (GMEB1) expression in hepatocellular carcinoma (HCC) tissues. B: 
Immunohistochemical assay was conducted to detect GMEB1 expression in HCC and para-cancerous tissues. C: IHC scores of GMEB1 expression in HCC and 
para-cancerous tissues. D and E: Detection by qRT-PCR of GMEB1 mRNA expression in HCC and para-cancer tissues, as well as in HCC cells (HepG2, HCCML3, 
MHCC97H and Huh7) and normal human hepatocytes (HL-7702). F: Detection by Western blot of GMEB1 protein expression in HCC cells and HL-7702 hepatocytes. 
G: The StarBase database analysis of the relationship between GMEB1 expression and HCC patients’ overall survival. eP < 0.001. GMEB1: Glucocorticoid 
modulatory element-binding protein 1; YAP1: Yes-associate protein 1.

GMEB1 inhibited YAP1 expression in Huh7 cells (Figure 3E and F). In addition, we also examined the 
expression of YAP1 in HCC tissues. qRT-PCR results illustrated that the expression of YAP1 mRNA was 
much higher in HCC tissues than in para-cancerous tissues (Figure 3G); Pearson analysis indicated that 
GMEB1 mRNA was positively correlated with YAP1 mRNA expression in HCC tissues (Figure 3H).

GMEB1 boosts HCC cell multiplication, migration and invasion and suppresses cell apoptosis 
through targeting YAP1
To verify the effect of GMEB1/YAP1 regulatory circuit on proliferation, migration, invasion and 
apoptosis of HCC cells, we co-transfected HepG2 cells with pcDNA-GMEB1 and si-YAP1; co-transfected 
Huh7 cells with si-GMEB1#1 and pcDNA-YAP1, respectively. qRT-PCR and Western blot assays 
illustrated that GMEB1 overexpression and YAP1 protein silencing were successful (Figure 4A and B). 
The results of CCK-8 assay, Transwell and flow cytometry demonstrated that the promotion of prolif-
eration, migration and invasion as well as the anti-apoptotic effect of GMEB1 overexpression on HepG2 
cells was reversed by the knockdown of YAP1; on the other hand, the upregulation of YAP1 also 
reversed the effect of knockdown of GMEB1 on the proliferation, migration, invasion and anti-apoptotic 
effect of YAP1 on Huh7 cells (Figure 4C-F).

To further validate this effect, we then constructed sh-GMEB1, oe-YAP1 and sh-GMEB1+oeYAP1 
stable expression cell lines by lentiviral infection and investigated the effect of the GMEB1/YAP1 
regulatory loop on tumor proliferation by Cell-derived xenografts (CDX) model in nude mice. The 
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Figure 2 Biological functions of glucocorticoid modulatory element-binding protein 1 in hepatocellular carcinoma. A: Western blotting was 
utilized to detect glucocorticoid modulatory element-binding protein 1 (GMEB1) expression in HepG2 cells transfected with GMEB1 overexpression plasmids and 
Huh7 cells transfected with si-GMEB1#1 and si-GMEB1#2; B: Evaluation of cell proliferation by the CCK-8 method; C and D: Detection of cell apoptosis via flow 
cytometry. E and F: Transwell assays were carried out to detect cell migration; G and H: Transwell assays were carried out to detect cell invasion. bP < 0.01; and eP < 
0.001. GMEB1: Glucocorticoid modulatory element-binding protein 1; YAP1: Yes-associate protein 1.

results revealed that sh-GMEB1 remarkably slowed down the proliferation rate of HepG2-derived 
xenografts, whereas overexpression of YAP1 significantly enhanced the proliferation ability of tumors 
compared with the oe-NC group. More interestingly, silencing GMEB1 followed by overexpression of 
YAP1 markedly reversed the proliferation inhibitory effect of silencing GMEB1 (Figure 5A and B). The 
above data suggested that the GMEB1/YAP1-regulated signaling axis can effectively increase the level 
of malignant proliferation of tumor. Subsequently, we examined whether the number of HCC 
metastasis foci forming in the lung would be altered by tail vein injection of the above cells. As we can 
see, silencing of GMEB1 significantly reduced the number of metastatic foci, whereas overexpression of 
YAP1 did the opposite. Furthermore, silencing of GMEB1 followed by overexpression of YAP1 also 
reversed the inhibitory effect of GMEB1 silencing on the metastatic ability, with no significant difference 
from the control group (Figure 5C and D). Taken together, these data further confirmed our findings at 
the cellular level from the perspective of CDX mice model and emphasized the positive regulation of the 
GMEB1/YAP1 signaling axis on the malignant proliferation and metastasis of hepatocellular carcinoma.



Chen C et al. GMEB1 promotes HCC progression by activating YAP1

WJGO https://www.wjgnet.com 997 June 15, 2023 Volume 15 Issue 6

Figure 3 Glucocorticoid modulatory element-binding protein 1 targets and binds to Yes-associate protein 1. A: The JASPR database (
http://jaspar.genereg.net/) was employed to predict the binding site of glucocorticoid modulatory element-binding protein 1 (GMEB1) and Yes-associate protein 1 
(YAP1) promoter region. B: The StarBase database was employed to analyze the correlation between GMEB1 and YAP1 expression in hepatocellular carcinoma 
(HCC) tissues. C: Verification by dual-luciferase reporter gene assay of the binding relationship between GMEB1 and YAP1 promoter sequence. D: Detection via 
ChIP-qPCR assay of the binding of GMEB1 to the YAP1 promoter region. E and F: qRT-PCR and Western blotting were conducted to detect the effects of GMEB1 
overexpression or knockdown on YAP1 mRNA and protein expression in HepG2 and Huh7 cells. G: Detection of YAP1 mRNA expression in HCC and para-tumorous 
tissues by qRT-PCR. H: Pearson correlation analysis of the correlation between GMEB1 mRNA and YAP1 mRNA expression in 55 cases of HCC tissues. bP < 0.01; 
and eP < 0.001. GMEB1: Glucocorticoid modulatory element-binding protein 1; YAP1: Yes-associate protein 1.

DISCUSSION
Transcription factors are a major type of DNA-binding protein that regulates gene expression via 
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Figure 4 Effects of the interaction between glucocorticoid modulatory element-binding protein 1 and Yes-associate protein 1 on the 
biological functions of hepatocellular carcinoma cells. A and B: qRT-PCR and Western blot were utilized to detect YAP1 mRNA and protein expression in 
HepG2 cells transfected with NC, pcDNA-GMEB1, pcDNA-GMEB1+si-YAP1 and Huh7 cells transfected with si-NC, si-GMEB1#1, si-GMEB1#1+pcDNA-YAP1. C: 
Evaluation of HepG2 and Huh7 cell proliferation after transfection through the CCK-8 method. D and E: Transwell assays were conducted to detect HepG2 and Huh7 
cell migration and invasion after transfection. F: Detection of HepG2 and Huh7 cell apoptosis after transfection via flow cytometry. aP < 0.05; bP < 0.01; and eP < 
0.001. GMEB1: Glucocorticoid modulatory element-binding protein 1; YAP1: Yes-associate protein 1.

binding with specific DNA sequences in gene promoter regions, thereby affecting cell growth, differen-
tiation and apoptosis[29,30]. Many studies have shown that transcription factors can partake in 
regulating HCC occurrence and development. For instance, the transcription factor FOXN3 is downreg-
ulated in HCC and can inhibit cancer cell proliferation via negatively regulating E2F5 expression[31]; the 
transcription factor ATF3 suppresses HCC cell metastasis and proliferation by upregulating CYR61 
expression[32]; the transcription factor KLF5 boosts HCC cell multiplication and metastasis by 
activating the PI3K/AKT/Snail signal pathway[33]. GMEB1 is a glucocorticoid regulatory element-
binding protein, a ubiquitous multifunctional DNA-binding protein, and a transcription factor, which 
features prominently in the modulation of transcription after steroid hormone activation[34,35]. For the 
first time, this study discovered that GMEB1 was up-regulated in HCC tissues and cells. High GMEB1 
expression was correlated to the advanced TNM stage, relatively large tumor size, and relatively short 
overall survival time of HCC patients. In-vitro functional research indicated that GMEB1 overexpression 
facilitated HCC cell multiplication, migration and invasion, and repressed the apoptosis, yet knocking 
down GMEB1 resulted in the opposite effects. This demonstrates that GMEB1 plays a vital role in the 
malignant progression of HCC.

In the further mechanism study, we mainly focused on the exploration for the downstream target 
gene of GMEB1, and finally determined that YAP1 was a new downstream target gene of GMEB1 
through database prediction and experimental verification.YAP1, located on human chromosome 11q22, 
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Figure 5 Effects of the interaction between glucocorticoid modulatory element-binding protein 1 and Yes-associate protein 1 on the 
biological functions of hepatocellular carcinoma CDX mice models. A and B: HepG2 CDX mice model. Sh-NC, sh-GMEB1, oe-NC, oe-YAP1, sh-
GMEB1+oe-YAP1 cells were injected subcutaneously into the right axilla of mice (n = 5/group) and tumor size was measured every 3 d. Tumor volume was 
calculated using the formula: V = (L x W2)/2. 30 days post injection, mice were sacrificed and tumors were peeled and weighted. C and D: HepG2 metastasis mice 
model. Sh-NC, sh-GMEB1, oe-NC, oe-YAP1, sh-GMEB1+oe-YAP1 cells were injected into nude mice (n = 5/group) via tail vein, respectively. Mice were sacrificed 60 
d after injection, and number of metastatic foci on the lungs of each group were photographed and counted. aP < 0.05, bP < 0.01, and eP < 0.001 vs sh-NC group; dP 
< 0.01 and fP < 0.001 vs oe-NC group. NS: Not significant. GMEB1: Glucocorticoid modulatory element-binding protein 1; YAP1: Yes-associate protein 1.

is a transcriptional coactivator of the Hippo pathway, and it modulates the transcription of downstream 
target genes and intracellular signal transduction through phosphorylation, thus maintaining the 
balance of cell multiplication and apoptosis[36]. Some studies have found that YAP1 is targeted and 
regulated by multiple microRNAs (miRs), such as miR-506[37], miR-200a[38], miR-139-5p[39] and miR-
27b-3p[40]. Reportedly, YAP1 is abnormally high-expressed in various tumor tissues, and participates in 
facilitating tumor cell multiplication, invasion and migration and the activation of multiple signaling 
pathways[36-38,41,42]. For example, YAP1 is up-regulated in bladder carcinoma tissues and can interact 
with mTOR protein to promote bladder carcinoma cell proliferation[43]. The increase in YAP1 
expression is connected with the poor prognosis of BC patients, and inhibits PTEN expression to boost 
BC cell multiplication and repress the apoptosis[44]. In HCC, YAP1 can facilitate cell proliferation, 
invasion and EMT process in vitro[45]. In our study, we first found that GMEB1 could bind with the 
YAP1 promoter region and could positively modulate YAP1 expression in HCC cells. Also, there was a 
positive correlation between YAP1 and GMEB1 expression in HCC tissues. Moreover, alteration of 
YAP1 expression could mediate GMEB1-induced HCC cell multiplication, migration, invasion and 
apoptosis.

The crucial role of the Hippo signaling pathway, with YAP/TAZ as the main effector proteins, in the 
development of hepatocellular carcinoma has been confirmed and highlighted by numerous studies
[46], however, no inhibitors directly targeting core proteins of the Hippo signaling pathway have been 
successfully marketed, making direct intervention of the Hippo signaling pathway difficult and 
preventing patients with excessive Hippo activation from benefiting more from conventional therapies. 
For this reason, a number of studies have begun to attempt to interfere with the Hippo signaling 
pathway through the inhibition of indirectly regulated proteins. These include PFI-2, a highly selective 
inhibitor of SETD7 methyltransferase, which inhibits YAP nuclear translocation and Hippo pathway 
activation through direct interaction with SETD7[47], and Ki-16425, a competitive inhibitor of LPA1/2/
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3, which inhibits Hippo signaling by blocking LPA receptor-induced YAP/TAZ dephosphorylation[48]. 
The discovery of our study further enriches the range of target options for indirect intervention in the 
Hippo signaling pathway, thus providing new candidate proteins for inhibitor development.

CONCLUSION
In conclusion, our study revealed for the first time that GMEB1 is highly expressed in both HCC tissues 
and cells. Furthermore, we confirmed that YAP1 is a novel transcriptional target gene of GMEB1 and 
demonstrated that GMEB1/YAP1 regulatory axis has a key role in promoting HCC cell proliferation, 
migration and invasion and anti-apoptosis. As this suggests that, on the one hand, GMEB1 can be a 
candidate molecular marker for accurate diagnosis of early-stage liver cancer; on the other hand, 
targeting GMEB1 may be a potential therapeutic approach to improve the efficiency of HCC treatment. 
However, our study also has some limitations. Firstly, we only used the CDX animal model to verify the 
regulation of GMEB1 on the malignant progression of HCC; we lacked samples from clinical sources for 
further corroboration. In addition, we lacked follow-up studies on patients so as to further corroborate 
the effect of GMEB1 on the prognosis of hepatocellular carcinoma. In subsequent studies, we will 
continue to refine our findings in the follow-up study and continue to obtain more reliable experimental 
conclusions.

ARTICLE HIGHLIGHTS
Research background
Most hepatocellular carcinoma (HCC) cases have already been in an intermediate to advanced stage at 
diagnosis, missing the optimal time for surgical treatment. Besides, the high cost and huge shortage of 
donors greatly limit the clinical application of liver transplantation. Therefore, the lack of reliable 
diagnostic markers and interventions makes the overall survival rate of HCC patients hardly improved, 
and the prognosis of patients is generally poor.

Research motivation
Mechanistic understanding of proliferation promotion, increased metastatic potential and cellular 
defense against apoptosis can inform novel therapeutic strategies in HCC treatment. We would like to 
clarify the biological functions and clinical significance of glucocorticoid modulatory element-binding 
protein 1 (GMEB1) in HCC to provide more reliable biomarkers and target candidates for HCC 
diagnosis and treatment.

Research objectives
Due to the lack of reliable early diagnosis biomarkers and clinical intervention targets, patients with 
HCC are often diagnosed in the middle and late stages with poor prognosis. This study aims to find 
new molecular biomarkers with high reference value and effective candidate targets for the treatment of 
HCC.

Research methods
GMEB1 expression level was detected through bioinformatics analysis first and further validation was 
conducted in HCC clinical tissue samples by using immunohistochemistry and qPCR; immunoblotting 
and qPCR were used to detect the expression of GMEB1 in HCC cell lines. Cell counting kit-8 assay, 
Transwell and flow cytometry were performed to assess the alteration on proliferation and metastasis 
potential of HCC cells after changes on GMEB1 expression level in HCC cell lines. The binding site of 
GMEB1 to Yes-associate protein 1 (YAP1) promoter was predicted by bioinformatics analysis and 
verified by dual luciferase reporter gene assay and ChIP-qPCR.

Research results
GMEB1 was abnormally highly expressed in HCC, whose expression correlates with some clinicopatho-
logical features of HCC patients, such as tumor size and TNM stage. According to in vitro results, 
overexpression of GEMB1 promotes the malignant proliferation and metastasis of HCC cell lines, while 
knockdown of GMEB1 suppresses the degree of malignancy. In mechanism, GEMB1 positively 
regulates the expression of YAP1 in transcription level, which finally promote the progression of HCC.

Research conclusions
GMEB1 is a new oncogenic factor of HCC, which promotes the malignant proliferation and metastasis 
of HCC by promoting YAP1 transcriptional activation.
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Research perspectives
This study reveals that GMEB1, a member of KDWK gene family to modulate the transactivation of the 
glucocorticoid receptor, has a previously unrecognized role in HCC progression, suggesting that it may 
be a promising biomarker for early-stage HCC diagnosis and it is possible to intervene in anti-tumor 
therapy against HCC by inhibiting GMEB1-mediated tumor proliferation, metastasis and anti-apoptosis 
effect.
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Abstract
BACKGROUND 
Transfer RNA (tRNA)-derived small RNAs (tsRNAs) are small fragments that 
form when tRNAs severe. tRNA halves (tiRNAs), a subcategory of tsRNA, are 
involved in the oncogenic processes of many tumors. However, their specific role 
in sessile serrated lesions (SSLs), a precancerous lesion often observed in the 
colon, has not yet been elucidated.

AIM 
To identify SSL-related tiRNAs and their potential role in the development of 
SSLs and serrated pathway of colorectal cancer (CRC).

METHODS 
Small-RNA sequencing was conducted in paired SSLs and their adjacent normal 
control (NC) tissues. The expression levels of five SSL-related tiRNAs were 
validated by q-polymerase chain reaction. Cell counting kit-8 and wound healing 
assays were performed to detect cell proliferation and migration. The target genes 
and sites of tiRNA-1:33-Pro-TGG-1 (5′tiRNA-Pro-TGG) were predicted by 
TargetScan and miRanda algorithms. Metabolism-associated and immune-related 
pathways were analyzed by single-sample gene set enrichment analysis. 
Functional analyses were performed to establish the roles of 5′tiRNA-Pro-TGG 
based on the target genes.

RESULTS 
In total, we found 52 upregulated tsRNAs and 28 downregulated tsRNAs in SSLs 
compared to NC. The expression levels of tiRNA-1:33-Gly-CCC-2, tiRNA-1:33-
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Pro-TGG-1, and tiRNA-1:34-Thr-TGT-4-M2 5′tiRNAs were higher in SSLs than those in NC, while 
that of 5′tiRNA-Pro-TGG was associated with the size of SSLs. It was demonstrated that 5′tiRNA-
Pro-TGG promoted cell proliferation and migration of RKO cell in vitro. Then, heparanase 2 (
HPSE2) was identified as a potential target gene of 5′tiRNA-Pro-TGG. Its lower expression was 
associated with a worse prognosis in CRC. Further, lower expression of HPSE2 was observed in 
SSLs compared to normal controls or conventional adenomas and in BRAF-mutant CRC compared 
to BRAF-wild CRC. Bioinformatics analyses revealed that its low expression was associated with a 
low interferon γ response and also with many metabolic pathways such as riboflavin, retinol, and 
cytochrome p450 drug metabolism pathways.

CONCLUSION 
tiRNAs may profoundly impact the development of SSLs. 5′tiRNA-Pro-TGG potentially promotes 
the progression of serrated pathway CRC through metabolic and immune pathways by interacting 
with HPSE2 and regulating its expression in SSLs and BRAF-mutant CRC. In the future, it may be 
possible to use tiRNAs as novel biomarkers for early diagnosis of SSLs and as potential therapeutic 
targets in serrated pathway of CRC.

Key Words: Noncoding RNA; tRNA halves; Sessile serrated lesions; Colon cancer; Serrated pathway

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

Core Tip: Our study identified the transfer RNA-derived small RNAs expression profile of sessile serrated 
lesions (SSLs) for the first time and found that tRNA halves (tiRNAs)-1:33-Pro-TGG-1, which was 
associated with polyp size, were highly expressed in SSLs and promoted oncogenesis in colorectal cancer 
cell. Furthermore, tiRNA-1:33-Pro-TGG-1 potentially promotes the progression of serrated pathway 
colorectal cancer (CRC) through metabolic and immune pathways by interacting with HPSE2 in SSLs and 
BRAF mutant CRC. In the future, tiRNA-1:33-Pro-TGG-1 may serve as a potential target for the early 
diagnosis of SSLs and treatment of CRC that arises from the serrated pathway.

Citation: Wang XY, Zhou YJ, Chen HY, Chen JN, Chen SS, Chen HM, Li XB. 5’tiRNA-Pro-TGG, a novel tRNA 
halve, promotes oncogenesis in sessile serrated lesions and serrated pathway of colorectal cancer. World J 
Gastrointest Oncol 2023; 15(6): 1005-1018
URL: https://www.wjgnet.com/1948-5204/full/v15/i6/1005.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i6.1005

INTRODUCTION
Colorectal cancer (CRC) typically develops from colorectal polyps. there are two main categories: 
Conventional adenomas (ADs) and serrated lesions (SLs)[1]. SLs, precancerous lesions often observed in 
the colorectum, are again of four subtypes: (1) Sessile SLs with or without dysplasia (SSLs-D and SSLs, 
respectively); (2) Traditional serrated adenomas; (3) Hyperplastic polyps; and (4) Unclassified serrated 
adenomas[2].

The association between common colorectal polyps and the development of CRC has been well-
studied. In recent years, a large number of studies have also confirmed the malignant potential of SLs, in 
particular, that of SSLs[3]. Unlike ADs, which tend to develop into microsatellite-stability or micro-
satellite-instability–low CRC and carry a mutation in the Kirsten Rat Sarcoma Viral Oncogene Homolog 
(KRAS) gene, SSLs tend to develop into microsatellite-instability–high (MSI-H) CRC and carry a 
mutation in the v-raf murine sarcoma viral oncogene homolog B (BRAF) gene[4,5]. At present, we do 
not know much about the exact mechanisms through which SSLs develop and how they progress to 
CRC. In addition, endoscopic detection of SSLs is very difficult because of the flattened morphology, 
surface coverage with an overlying mucus cap, and greyish hue of the lesion[6]. Several studies have 
shown that patients with SSLs are at an increased risk of developing both concurrent and heterochronic 
advanced adenomas[7-9]. As the effective intervention in CRC depends on early detection and 
diagnosis, there is an urgent need to find effective early diagnostic markers for SSLs, which will help in 
the prevention and accurate treatment of CRC.

Recent research has revealed the essential role of non-coding RNAs, including long non-coding 
RNAs, transfer (t) RNAs, and micro (mi) RNAs, in the development and progression of various diseases
[10-12]. tRNAs play an important role in the translation of proteins by transporting amino acids to the 
ribosome[13]. However, under conditions of nutritional, physicochemical, and oxidative stress, cells 
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selectively reduce protein synthesis to conserve energy. Under these situations, tRNAs may be enzymat-
ically cleaved to form tRNA-derived small RNAs (tsRNAs)[14,15]. tsRNAs can be classified into two 
categories based on their length and enzymatic cleavage sites: tRNA halves (tiRNAs) and tRNA-related 
fragments (tRFs). tiRNAs comprise 31–40 nucleotides (nt). They form when mature tRNAs are cleaved 
in the anticodon loop region comprising 5′tiRNAs and 3′tiRNAs. tRFs are 14–30 nt in length and form 
from mature or precursor tRNA. tRFs have four isoforms: tRF-1, tRF-2, tRF-3, and tRF-5.

It was reported in the last decade that tsRNAs are involved in the regulation of several physiological 
processes. For example, 5′tiRNA-GLY can promote the proliferative and invasive capabilities of 
papillary thyroid cancer cells by binding to RBM17[16]. Other studies have shown that tRF-Val can 
attach directly to binding protein EEF1A1 to promote proliferation and inhibit apoptosis of gastric 
cancer cells[17]. It was also reported that tRF-Gly promotes migration of hepatocellular carcinoma cells 
by binding to NDFIP2 in liver cancer[18]. Thus, although the role of tsRNAs in diseases remains an 
interesting research topic, dysregulation of their expression may present possible biomarkers for many 
diseases, such as CRC and breast cancer[19-21]. However, the expression and function of tsRNAs and 
small tRNA-derived fragments in colorectal polyps, particularly those of SSLs, have not yet been 
explored.

This study aims to identify the expression profiles of tsRNAs in SSLs and paired normal control (NC) 
tissues using small-RNA sequencing and their potential role in the development of SSLs and serrated 
pathway of CRC.

MATERIALS AND METHODS
Clinical samples
Twenty paired SSL tissues and adjacent normal tissues belonging to the same patient were collected 
from Renji Hospital, School of Medicine, Shanghai JiaoTong University (China). The inclusion criteria 
were as follows: Age, ≥ 18 years; adequate bowel preparation and cecum reach; and received a 
colonoscopy with an assured diagnosis of SSL by experienced endoscopists. Two pathologists 
confirmed the diagnosis using biopsy specimens according to the 2019 World Health Organization 5th 
classification. Our study was approved by the Ethics Committee of Renji Hospital No. KY2021-004.

Data collection
RNA sequencing (RNA-Seq) data of SSLs, ADs, and the corresponding control tissue were obtained 
from GSE76987 from the Gene Expression Omnibus database (https://www.ncbi.nlm.nih.gov/gds/). 
The gene expression data of colorectal adenocarcinoma were downloaded from The Cancer Genome 
Atlas Program (TCGA, https://portal.gdc.cancer.gov/) and cBioPortal for Cancer Genomics (https://
www.cbioportal.org/).

RNA extraction
Total RNA was extracted from fresh tissues stored in RNA using TRIzol (Invitrogen, CA, United States). 
The purity and concentration of the total RNA samples were determined with NanoDrop ND-1000 
(Thermo Fisher Scientific, DE, United States).

Sequence processing of tRFs and tiRNAs
RNA samples were extracted from four paired SSL tissues and adjacent normal tissues. The purity and 
concentration of the total RNA samples were determined before conducting small-RNA sequencing, as 
mentioned before. Next, a commercial RNA pretreatment kit (rtStar™ tRF and tiRNA Pretreatment Kit, 
AS-FS-005, Arraystar Inc., MD, United States) for tRF and tiRNA-seq library preparation was used, 
which was then used to remove some RNA modifications that interfered with small RNA-seq library 
construction, including 3′-aminoacyl (charged) deacylation to 3′-OH for 3′adaptor ligation, 3′-cP (2′,3′-
cyclic phosphate) removal to 3′-OH for 3′adaptor ligation, 5′-OH (hydroxyl group) phosphorylation to 
5′-P for 5′-adaptor ligation, m1A and m3C demethylation for reverse transcription, cDNA synthesis, and 
library polymerase chain reaction (PCR) amplification. The prepared RNA of each sample was ligated to 
3′ and 5′ small-RNA adapters. Then, cDNA was synthesized and amplified using proprietary reverse 
transcription primers and amplification primers (Illumina). Subsequently, approximately 134–160 bp 
PCR-amplified fragments were extracted and purified using the PAGE gel. The concentration and 
quality of the libraries were assessed via absorbance spectrometry on Agilent BioAnalyzer 2100 (Agilent 
Technologies Inc., CA, United States). The libraries were denatured and diluted to a loading volume of 
1.3 mL and a loading concentration of 1.8 pM. Then, they were loaded onto a reagent cartridge and 
forwarded to sequencing run on the Illumina NextSeq 500 system using NextSeq 500/550 V2 kit (FC-
404- 2005, Illumina), according to the manufacturer′s instructions. Raw sequencing read data that passed 
the Illumina chastity filter were used for subsequent analysis. Trimmed reads (with 5′,3′-adaptor bases 
removed) were aligned to mature-tRNA and pre-tRNA reference sequences. Statistical analysis of the 
alignment results was applied to retain the valid sequences for subsequent tRF and tiRNA expression 
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profiling analysis.

Sequencing data analysis
Sequencing quality was examined using the FastQC software (v0.11.7) and trimmed reads were aligned 
allowing for only one mismatch to mature-tRNA sequences. The reads that do not map are aligned 
allowing for only one mismatch to precursor tRNA sequences using the Bowtie software (v1.2.2, http://
bowtie-bio.sourceforge.net/index.shtml). The abundance of tRF and tiRNA was evaluated using their 
sequencing counts and is normalized as counts per million of the total aligned reads. The differentially 
expressed tRFs and tiRNAs were screened based on the count value with R package edgeR. The R 
packages (R 4.1.2), including FactoMineR, factoextra, ggvenn, pheatmap, and ggplot2, were used for 
principal component analysis (PCA), Venn plots, Hierarchical clustering heatmap analysis, and Volcano 
plots.

Quantitative real-time reverse-transcription PCR
Total RNA collected from 16 paired SSLs and adjacent normal tissues was extracted using TRIzol 
(Invitrogen, CA, United States), as stated previously. tiRNAs were reverse-transcribed into cDNA using 
a Bulge-Loop miRNA qRT-PCR Starter Kit (Ribobio, Guangzhou, China). Subsequently, qPCR was 
performed with SYBR Premix Ex Taq (Takara), as instructed by the manufacturer. The expression levels 
of tiRNAs were normalized to that of U6. The primers of qPCR were as follows: HPSE2-F: 5′-
ATGGCCGGGCAGTAAATGG-3′; HPSE2-R: 5′-GCTGGCTCTGGAATAAATCCG -3′; ACTB-F: 5′-
CACCATTGGCAATGAGCGGTTC-3′, and ACTB-R: 5′-AGGTCTTTGCGGATGTCCACGT-3′. Other 
primers involved in reverse transcription and qPCR were purchased from RiboBio (China).

Cell culture
The RKO cell line was purchased from the Typical Culture Preservation Commission Cell Bank, Chinese 
Academy of Sciences (Shanghai, China). The cell was cultured in the RPMI 1640 medium with 10% fetal 
bovine serum (Gibco, United States) at 37 °C with 5% CO2.

Cell transfection
The RKO cell was seeded in plates (Corning Life Sciences, United States) the day before transfection. 
The 5′tiRNA-Pro-TGG mimic and inhibitor (50 nM), both modified with 2′-O-methyl, were purchased 
from GenePharma Technology (Shanghai, China) and transfected using DharmaFECT 1 siRNA 
transfection reagent (Thermo Fisher Scientific Dharmacon Inc., United States). The corresponding 
scramble sequences were used as negative controls. The RNA oligonucleotide sequences were as 
follows: 5′tiRNA-Pro-TGG mimic: 5′-GGCUCGUUGGUCUAGUGGUAUGAUUCUCGCUUU-3′; 
5′tiRNA-Pro-TGG inhibitor: 5′-AAAGCGAGAAUCAUACCACUAGACCAACGAGCC-3′; mimic 
scramble control: 5′-ACGUUUGACCUGUGUCGAGUUUUCUGUUUGGCG-3′; and inhibitor scramble 
control: 5′-GGGAAAGCGAAUAAAUCCAAACACCCAAUCCGC-3′.

Cell counting kit-8 (CCK-8) assay
Cell proliferation was measured by CCK-8 (Dojindo, Japan). The RKO cell was seeded in 96-well plates 
at a density of 2 × 103 cells per well. After transfection for 48 h, 10 μL of CCK-8 solution and 100 μL of 
the RPMI 1640 medium per well were added to the wells after discarding the previous medium; the OD 
values (450 nm) were measured after 2 h. All assays were conducted three times.

Wound-healing assay
The cells were inoculated in a 6-well plate. When 90% confluence was reached, a sterile 200-µL pipette 
tip was used to create vertical wounds. Finally, the wells were photographed under a microscope 
(Olympus, Japan) at × 200 magnification. The pictures were analyzed by ImageJ. All assays were 
conducted three times.

Single-sample gene set enrichment analysis (ssGSEA)
The ssGSEA analysis was used to investigate the expression levels of immune- and metabolism-related 
pathways by GSVA R package. Next, 41 metabolism pathway gene sets and 29 immune pathway gene 
sets were obtained from Molecular Signatures Database (MSigDB; https://www.gsea-msigdb.org/).

Gene ontology (GO) and Kyoto encyclopedia of genes and genome (KEGG) enrichment analyses of 
target genes
To investigate the potential biological function of dysregulated tiRNAs in SSLs, the target gene 
predictions were conducted by TargetScan (http://www.targetscan.org/vert72/) and Miranda (http://
www.microrna.org/microrna/) with a context score < -0.1. KEGG pathway and GO analyses to the 
target gene sets were performed by using the clusterProfiler R package.

http://bowtie-bio.sourceforge.net/index.shtml
http://bowtie-bio.sourceforge.net/index.shtml
https://www.gsea-msigdb.org/
http://www.targetscan.org/vert72/
http://www.microrna.org/microrna/
http://www.microrna.org/microrna/
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Statistical analysis
Mean and standard deviations (mean ± SD) were used to analyze all quantitative variables. Two-tailed 
Student′s t-tests and Wilcoxon rank test were performed. A P value < 0.05 was considered statistically 
significant. Spearman correlation analysis was used to determine the relationship between 5′tiRNAs and 
polyp size. Pearson correlation analysis was used to determine the relationship between tiRNA-1:33-
Pro-TGG-1 and HPSE2. Kaplan–Meier survival analysis was performed to evaluate the association 
between the HPSE2-expression level and the overall survival of CRC patients. All analyses were 
performed by GraphPad Prism 9.3.1 (GraphPad Software, United States).

RESULTS
Expression profiles of tRFs and tiRNAs in paired SSL and NC groups
To identify the expression profiles of tRFs and tiRNAs in patients with SSLs, four pairs of SSLs and the 
corresponding NC tissues from different patients were collected for small-RNA sequencing analysis. 
Variations in all tRFs and tiRNAs expressed in SSL and NC groups are shown using a heatmap 
(Figure 1A). The expression levels of tRFs and tiRNAs in SSLs were different from those in NC groups, 
as determined by PCA (Figure 1B). We used a Venn diagram to show the tRFs and tiRNAs that were 
both generally and specifically expressed between the SSL and NC groups (Figure 1C). As seen in 
Figure 1C, 54 types of tRFs and tiRNAs were exclusively found in SSLs, while 123 types were found 
only in NCs. Differences in tRFs and tiRNAs found in SSLs and NCs were determined under the 
following conditions: absolute log2 (fold change) ≥ 1.5 and P < 0.05. Under these conditions, we 
identified 52 upregulated and 28 downregulated tRFs and tiRNAs and have shown them in a 
hierarchical cluster heatmap (Figure 1D).

Distribution of tRF and tiRNA subtypes in SSL and NC groups
The expression of tRF-1 and 5′tiRNA increased, while that of tRF-5c and tRF-3b decreased in SSLs 
compared with that of NCs (Figure 2A and B). tRNAs with the same anticodon translate the same amino 
acid. Hence, we herein separately determined the number of different tRFs and tiRNAs with the same 
anticodon (Figure 2C and D).

Validation for discrepant expression levels of 5′tiRNAs
5′tiRNAs play an important role in the development of many diseases, including CRC. Because our 
analysis showed a significant increase in tiRNA-5 in SSLs compared to that in NCs, we further verified 
the expression of 5′tiRNA in SSLs. Our previous screening criteria showed that six 5′tiRNAs (five 
upregulated and one downregulated) with different expression levels emerged between SSLs and NCs. 
tiRNA-1:33-Gly-CCC-2, tiRNA-1:33-Pro-TGG-1, tiRNA-1:34-Thr-TGT-4-M2, tiRNA-1:34-Lys-CTT-1-M2, 
and tiRNA-1:32-chrM.Val-TAC were upregulated in SSLs with 43.99-, 25.50-, 24.00-, 12.61-, and 8.73-fold 
change, respectively (P < 0.05), while tiRNA-1:33-Gly-CCC-3 was downregulated with a 36.95-fold 
change in SSLs compared to that in NCs (P < 0.05, Figure 3A and B).

Since we previously reported increased levels of 5′tiRNA expression in SSLs (Figure 2A and B), we 
herein focus on the abovementioned five upregulated 5′tiRNAs in SSLs. To further validate our 
sequencing data, we collected 16 pairs of SSLs and the corresponding NCs to confirm the expressions of 
the five upregulated 5′tiRNAs using RT-PCR (Figure 3C-G). The size of all collected lesions ranged from 
4 to 15 mm, with an average of 6.31 ± 3.07 mm. tiRNA-1:33-Gly-CCC-2, tiRNA-1:33-Pro-TGG-1, and 
tiRNA-1:34-Thr-TGT-4-M2 were significantly upregulated in SSLs compared to those in the paired NC (
P = 0.0059, 0.0309, and 0.0008, respectively). The expression of tiRNA-1:34-Lys-CTT-1-M2 and tiRNA-
1:32-chrM.Val-TAC did not show any statistically significant differences between SSLs and NCs (P = 
0.0641 and 0.9838, respectively).

Association of tiRNA-1:33-Pro-TGG-1 with lesion size and promotion of oncogenesis in CRC cells
We further analyzed the correlation between the lesion size and the expression levels of the three 
5′tiRNAs that had been validated as significantly highly expressed in SSLs. It was tiRNA-1:33-Pro-TGG-
1 (Figure 4A and B), not tiRNA-1:33-Gly-CCC-2 or tiRNA-1:34-Thr-TGT-4-M2 (Figure 4C and D), that 
positively correlated with lesion size. Therefore, we focused on tiRNA-1:33-Pro-TGG-1, also known as 
5′tiRNA-Pro-TGG. It comprises 33 nucleotides and is a type of 5′tiRNA that originated in tRNA-Pro-
TGG-1 (Figure 4E). The inhibition of 5′tiRNA-Pro-TGG reduces the proliferation (Figure 4F) and 
migratory capacity of cancer cells in RKO, a colon cancer cell line carrying the BRAF V600E mutation, 
while its overexpression enhanced the migratory capacity of the cancer cells (Figure 4G and H).

Involvement of potential target gene HPSE2 in the serrated pathway
To further investigate the potential functions of upregulated 5′tiRNAs in the progression of SSLs, we 
identified potential target genes that might bind to 5′tiRNA-Pro-TGG using TargetScan and miRanda 
algorithms and could predict 502 target genes. When context plus score < -0.5 and structure score > 300, 



Wang XY et al. 5’tiRNA-Pro-TGG promotes oncogenesis in SSL

WJGO https://www.wjgnet.com 1010 June 15, 2023 Volume 15 Issue 6

Figure 1 Expression profiles of transfer RNA-related fragments and transfer RNA halves in paired sessile serrated lesions and normal 
control groups. A: Hierarchical clustering analysis of transfer RNA (tRNA)-related fragment (tRF)- and tRNA halves (tiRNAs)-expression data obtained from paired 
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sessile serrated lesions (SSLs) and normal control (NC) groups. Cluster analysis arranged samples into groups based on the counts per million. All samples were 
categorized in 10 clusters using K-means clustering. B: Principal component analysis showed a distinguishable tRF- and tiRNA-expression profile among SSLs and 
NC. C: Venn diagram based on the number of basically expressed and specifically expressed tRFs and tiRNAs. D: Heatmap revealed results of dysregulated tRFs and 
tiRNAs obtained using hierarchical clustering analysis. SSLs: Sessile serrated lesions; NC: Normal control; PCA: Principal component analysis.

Figure 2 Distribution of transfer RNA-related fragment and transfer RNA halves subtypes in sessile serrated lesions and normal control 
groups. A and B: Pie charts for all kinds of subtype of transfer RNA-related fragment (tRFs) and transfer RNA halves (tiRNAs) in the two separated groups. The 
values in the pie chart are ratios of each subtype of tRFs and tiRNAs in sessile serrated lesions (SSLs) and normal control (NC), respectively. C and D: Stacked plot 
for all subtypes of tRFs and tiRNAs of each group clustered based on the anticodons of tRNAs. The X-axis represents tRNAs with the same anticodon and the Y-axis 
shows the number of all subtype tRFs and tiRNAs derived from the same anticodon tRNA. The color bar represents the number of each subtype tRFs and tiRNAs. 
SSLs: Sessile serrated lesions; NC: Normal control; tRF: Transfer RNA-related fragment; tiRNA: Transfer RNA halves.

the filtering parameters of the TargetScan and miRanda algorithms were predicted to be 33 and 10 
target genes, respectively, with the intersection at HPSE2 (Figure 5A). Two possible binding sites were 
predicted within the 3′UTR of HPSE2 for the seed regions of 5′tiRNA-Pro-TGG (Figure 5B). HPSE2 
encodes heparinase II. A mutation in HPSE2 is responsible for the urofacial syndrome and has been 
progressively identified as a tumor suppressor. We examined the expression levels of 5′tiRNA-Pro-TGG 
and HPSE2 and found a significant negative correlation between their expression levels (Figure 5C). We 
also found that the expression level of HPSE2 in SSLs was significantly lower than that in the 
uninvolved right colon, control right colon tissue, and common adenoma (P < 0.05; Figure 5D). The 
qPCR results also confirmed that the expression level of HPSE2 in SSLs was lower than that in NC (P < 
0.05; Figure 5E). Not coincidentally, the HPSE2 expression level was lower in CRC lesions carrying 
BRAF mutations than those with BRAF wild-type CRC (Figure 5F). An analysis of survival outcomes in 
CRC patients demonstrated that the lower level of HPSE2 was associated with poorer prognosis 
(Figure 5G).

HPSE2-associated immune and metabolic profiles in CRC
To explore the function of HPSE2 in the development of serrated pathway of CRC, we grouped CRC 
patients into HPSE2 high (HPSE2-high) and low (HPSE2-low) expression groups. We then scored both 
groups for the immune cell type (Figure 6A), immune cell function (Figure 6B), and metabolic pathways 
(Figure 6C) using the ssGSEA algorithm. In the HPSE2-low group, a part of the immune cell scores were 
lower, including that for tumor infiltration lymphocyte (TIL), dendritic cells, T helper cells, B cells, and 
mast cells. The scores for response to interferon γ (IFNγ) and T-cell co-stimulation were lower in the 
HPSE2-low group than they were in the HPSE2-high group. Notably, many metabolic pathways scored 
lower in the HPSE2-low-expression group, implying the downregulation of these pathways, including 
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Figure 3 Validation for the discrepant expression levels of 5′transfer RNA halves. A: Heatmap of the expression levels of six differently expressed 
5′transfer RNA halves (tiRNAs) in sessile serrated lesions (SSLs) vs normal control (NC). B: Volcano chart of transfer RNA-related fragments (tRFs) and tiRNAs. 
Red/blue circles indicate statistically significant differentially expressed tRFs and tiRNAs with the absolute log2 (fold change) of no < 1.5 and a P value ≤ 0.05 (red: 
Upregulated; blue: Downregulated). Gray circles indicate nondifferentially expressed tRFs and tiRNAs, with fold changes and/or P values not meeting the cutoff 
thresholds. C-G: qRT-polymerase chain reaction for the validation of five upregulated 5′tiRNAs in 16 paired SSLs and NC tissues. All data were analyzed using paired 
Student′s t-test. The asterisk indicates a significant difference between the two groups (aP < 0.05, bP < 0.01, cP < 0.001). NS: Not significant; SSLs: Sessile serrated 
lesions; NC: Normal control; tRF: Transfer RNA-related fragment; tiRNA: Transfer RNA halves.
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Figure 4 Transfer RNA halves-1:33-Pro-TGG-1 is associated with lesion size and promotes oncogenesis in colorectal cancer cells. A: 
Correlation analysis of the lesion sizes and expressions of transfer RNA halves (tiRNA)-1:33-Pro-TGG-1 of SSLs. The X-axis represents the diameter of the lesion 
and the Y-axis represents the expression level of tiRNA-1:33-Pro-TGG-1. B: Lesions in the tiRNA-1:33-Pro-TGG-1 high-expression group are larger than that of the 
low-expression group. Lesions are divided into high- and low-expression groups based on the median tiRNA-1:33-Pro-TGG-1 expression levels. The lesion sizes are 
compared between the two groups. C and D: Correlation analysis of lesion sizes and the expressions of tiRNA-1:34-Thr-TGT-4-M2 and tiRNA-1:33-Gly-CCC-2 of 
SSLs. E: 5′tiRNA-Pro-TGG is a type of 5′tiRNA that originated in tRNA-Pro-TGG-1. F: 5′tiRNA-Pro-TGG knockdown suppressed the proliferation of RKO cells 
compared to that of the scramble control as determined by CCK-8 assays. G and H: Wound-healing assays demonstrated that the overexpression of 5′tiRNA-Pro-
TGG promotes cell migration and knockdown of 5′tiRNA-Pro-TGG inhibits cell migration when compared to those of the corresponding scramble control, respectively. 
The asterisk indicates a significant difference between the two groups (aP < 0.05). SSLs: Sessile serrated lesions; tiRNA: Transfer RNA halves.

that of riboflavin, retinol, and cytochrome P450 drug metabolism pathways. However, the metabolism 
of glyoxylate, dicarboxylate, and pyrimidine upregulated in the HPSE2-low group.

We next performed KEGG and GO enrichment analyses using the potential target genes of 5′tiRNA-
Pro-TGG. KEGG enrichment analysis revealed that these target genes could be involved in pathways 
such as the biosynthesis of cofactors, antifolate resistance, and choline metabolism in cancer (Figure 6D). 
GO enrichment analysis demonstrated the possible target genes involved in cell-to-cell adhesion and 
regulation of the secretory pathway and exocytosis (Figure 6E).
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Figure 5 Potential target gene HPSE2 is involved in the serrated pathway. A: Schematic Venn diagram of transfer RNA halves (5′tiRNA)-Pro-TGG 
target gene prediction. B: Predicted interaction position between 5′tiRNA-Pro-TGG and 3′UTR of HPSE2. C: Correlation analysis of the expression of 5′tiRNA-Pro-
TGG and HPSE2 (n = 10). D: Expression level of HPSE2 in common adenoma, right control colon tissue, sessile serrated lesion (SSL), right uninvolved colon, and 
serrated polyp syndrome in GSE76987. E: Expression level of HPSE2 in SSLs and normal control (n = 3). F: HPSE2 expression in BRAF-mut colorectal cancer 
(CRC) was lower in BRAF-wild CRC. G: Kaplan–Meier survival curves for the overall survival (OS) of CRC patients in HPSE2-high and HPSE2-low groups. The OS of 
patients with HPSE2-low was worse compared to that of patients with HPSE2-high. aP < 0.05, bP < 0.01. AD: Common adenoma; CR: Right control colon tissue; SSL: 
Sessile serrated lesion; UR: Right uninvolved colon; SPS: Serrated polyp syndrome; OS: Overall survival; CRC: Colorectal cancer; NC: Normal control; tRF: Transfer 
RNA-related fragment; tiRNA: Transfer RNA halves.

DISCUSSION
Formation of SSLs and the process by which they progress to CRC is known as the serrated neoplastic 
pathway. However, the mechanisms and processes involved in this pathway are still not fully 
understood. SSLs that progress to CRC have a prevalence of 10%–15% in the general population. The 
main pathology of this type of cancer involves a structurally distorted serrated crypt, with a BRAF 
mutation (BRAFmut), MSI-H, and CpG island methylator phenotype-high[22]. SSLs presenting with 
BRAFmut often develop into CRC with a worse prognosis[23]. Therefore, early diagnosis of SSLs can 
help in reducing the incidence of BRAFmut CRC. In addition, understanding the pathogenesis of SSLs 
can help identify new targets for intervention in the early and precise treatment of BRAFmut CRC.

Studies conducted in the last decade reported that tsRNAs can play an important role as a biomarker 
in colon cancer[24], and that 5′-tiRNA-Pro-TGG levels can be used as an independent prognostic marker 
in CRC for predicting its recurrence[20]. Another study showed that in CRC, higher levels of tRF-phe-
GAA-031 and tRF-VAL-TCA-002 expression were associated with reduced survival. Hence, they could 
also be used as prognostic predictors of CRC[19]. Therefore, the present study investigated the 
expression levels of tsRNAs, specifically that of 5′tiRNAs, in SSLs and their potential biological roles. 
We sequenced small RNAs from SSLs and their corresponding NCs, and found that among the 80 
dysregulated tsRNAs, 5′tiRNAs, 3′tiRNAs, and tRFs-1 were more highly expressed in the SSLs, which 
suggests that tiRNAs may play an important role in these lesions.

Further analysis confirmed tiRNA-1:33-Gly-CCC-2, tiRNA-1:33-Pro-TGG-1, and tiRNA-1:34-Thr-
TGT-4-M2 to be significantly upregulated in SSLs with a 2.92-, 3.69-, and 2.37-fold change, respectively. 
The expression level of 5′tiRNA-Pro-TGG was positively correlated with the size of SSLs. In addition, 
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Figure 6 HPSE2-associated immune and metabolic profiles in colorectal cancer. A and B: Scores of immune cells and immune functions by ssGSEA 
in the colorectal cancer (CRC) patients of HPSE2-low and HPSE2-high groups. C: Unsupervised clustering of metabolic pathways in CRC patients of HPSE2-low and 
HPSE2-high groups by ssGSEA. D: Kyoto Encyclopedia of Genes and Genome pathway analysis and gene ontology enrichment analysis; E: For 5′transfer RNA 
halves-Pro-TGG predicted genes. The vertical axis shows the annotated functions of the predicted genes. The horizontal axis shows the ratio of different genes in the 
specific pathway/progress and P value (showed by colors) of each cluster, respectively. aP < 0.05, bP < 0.01, cP < 0.001. ns: Not significant; CRC: Colorectal cancer; 
KEGG: Kyoto Encyclopedia of Genes and Genome; BP: Biological process; GO: Gene ontology; HLA: Human leukocyte antigen; IFN: Interferon.

5′tiRNA-Pro-TGG promoted carcinogenic processes in the colon cancer cell. We further screened HPSE2 
as the potential target gene. Interestingly, we found that HPSE2 appeared to be specifically hypo-
expressed in SSLs, as well as in BRAF-mutant CRC, and its low expression predicted lower survival. 
5′tiRNA-Pro-TGG is associated with poor prognosis in CRC[20]. HPSE2, a novel tumor-suppressor gene, 
has been reported to have reduced expression levels and poor prognosis in colon and breast cancers[25,
26]. Our study identifies for the first time the specific low expression of HPSE2 in SSLs and BRAFmut 
CRC and reveals that it may play an essential role in the serrated pathway but not in other colorectal 
carcinogenesis pathways. To the best of our knowledge, this study is the first to report the high 
expression of 5′tiRNA-Pro-TGG in SSLs and its potential regulatory relationship with HPSE2.

Analysis of immune cells and their functions suggested that HPSE2 is involved in regulating the 
functions of various immune cells in CRC, including TIL, particularly in response to IFNγ. IFNγ 
promotes antigen presentation and tumor killing[27]. Our finding that patients with low HPSE2 had 
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lower IFNγ-response scores suggested that it might be involved in regulating the tumor immune escape. 
Metabolic analysis revealed that HPSE2 could downregulate various metabolic pathways, such as 
riboflavin and retinol metabolism. Riboflavin may reduce the risk of CRC in women[28]. In addition, a 
negative association between the plasma retinol concentration and the risk of proximal colon cancer has 
also been reported[29]. Recently, a lack of retinoic acid synthesis was found to promote the accumu-
lation of myeloid-derived suppressor cells (MDSC) in CRC, thereby mediating the immune escape, 
while exogenous retinoic acid supplementation in an in vitro model attenuated the polymorphonuclear 
MDSC production[30].

Our study has some limitations. Firstly, more in vitro and in vivo experiments are needed to validate 
the function of the tiRNAs discussed. Secondly, because of the low prevalence of SSLs and their 
frequent neglect by endoscopists, it became difficult to collect a large number of samples. In addition, 
the expression level of 5′tiRNA-Pro-TGG and its association with recurrence and prognosis in SSL 
patients require further studies in large samples.

CONCLUSION
Our study is the first to identify the tsRNA expression profile of SSLs. It also reported that tiRNA-1:33-
Gly-CCC-2, tiRNA-1:33-Pro-TGG-1, and tiRNA-1:34-Thr-TGT-4-M2 were highly expressed in SSLs. 
tiRNA-1:33-Pro-TGG-1 potentially promotes the serrated pathway for CRC progression through 
metabolic and immune pathways by interacting with HPSE2 in SSLs and BRAFmut CRC. Our results 
showed that tiRNA-1:33-Pro-TGG-1 may serve as a potential target for early diagnosis of SSLs and 
treatment of CRC arising from the serrated pathway.

ARTICLE HIGHLIGHTS
Research background
tRNA halves (tiRNAs), a subcategory of tRNA-derived small RNAs (tsRNA), are involved in the 
oncogenic processes of many tumors, yet their specific role in sessile serrated lesions (SSLs) has not yet 
been elucidated.

Research motivation
The motivation for this study is to identify SSL-related tiRNAs and their potential role in the 
development of SSLs and serrated pathways in colorectal cancer (CRC).

Research objectives
Endoscopic detection of SSLs is very difficult and we do not know much about the exact mechanisms 
through which SSLs develop and how they progress to CRC in present.

Research methods
Small-RNA sequencing was conducted in paired SSLs and their adjacent normal control (NC) tissues. 
The expression levels of five SSL-related tiRNAs were validated by q-polymerase chain reaction. Cell 
counting kit and wound healing assays were performed to detect cell proliferation and migration. The 
target genes and sites of tiRNA-1:33-Pro-TGG-1 (5′tiRNA-Pro-TGG) were predicted by TargetScan and 
miRanda algorithms. Metabolism-associated and immune-related pathways were analyzed by single-
sample gene set enrichment analysis. Functional analyses were performed to establish the roles of 
5′tiRNA-Pro-TGG based on the target genes.

Research results
The expression levels of tiRNA-1:33-Gly-CCC-2, tiRNA-1:33-Pro-TGG-1, and tiRNA-1:34-Thr-TGT-4-M2 
5′tiRNAs were higher in SSLs than those in NC, while that of 5′tiRNA-Pro-TGG was associated with the 
size of SSLs. It was demonstrated that 5′tiRNA-Pro-TGG promoted cell proliferation and migration of 
RKO cell in vitro. Then, heparanase 2 (HPSE2) was identified as a potential target gene of 5′tiRNA-Pro-
TGG. Its lower expression was associated with a worse prognosis in CRC. Further, lower expression of 
HPSE2 was observed in SSLs compared to NC or adenomas and in BRAF-mutant CRC compared to 
BRAF-wild CRC. Bioinformatics analyses revealed that its low expression was associated with a low 
interferon γ response and also with many metabolic pathways such as riboflavin, retinol, and 
cytochrome p450 drug metabolism pathways.

Research conclusions
5′tiRNA-Pro-TGG potentially promotes the progression of serrated pathway CRC through metabolic 
and immune pathways by interacting with HPSE2 and regulating its expression in SSLs and BRAF-
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mutant CRC.

Research perspectives
In the future, it may be possible to use 5′tiRNA-Pro-TGG as a novel biomarker for early diagnosis of 
SSLs and as a potential therapeutic target in serrated pathway of CRC.
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Abstract
BACKGROUND 
The distal-less homeobox (DLX) gene family plays an important role in the 
development of several tumors. However, the expression pattern, prognostic and 
diagnostic value, possible regulatory mechanisms, and the relationship between 
DLX family genes and immune infiltration in colon cancer have not been system-
atically reported.

AIM 
We aimed to comprehensively analyze the biological role of the DLX gene family 
in the pathogenesis of colon cancer.

METHODS 
Colon cancer tissue and normal colon tissue samples were collected from the 
Cancer Genome Atlas and Gene Expression Omnibus databases. Wilcoxon rank 
sum test and t-test were used to assess DLX gene family expression between colon 
cancer tissue and unpaired normal colon tissue. cBioPortal was used to analyze 
DLX gene family variants. R software was used to analyze DLX gene expression 
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in colon cancer and the relationship between DLX gene family expression and clinical features and 
correlation heat map. The survival package and Cox regression module were used to assess the 
prognostic value of the DLX gene family. The pROC package was used to analyze the diagnostic 
value of the DLX gene family. R software was used to analyze the possible regulatory mechanisms 
of DLX gene family members and related genes. The GSVA package was used to analyze the 
relationship between the DLX gene family and immune infiltration. The ggplot2, the survminer 
package, and the clusterProfiler package were used for visualization.

RESULTS 
DLX1/2/3/4/5 were significantly aberrantly expressed in colon cancer patients. The expression of 
DLX genes were associated with M stage, pathologic stage, primary therapy outcome, residual 
tumor, lymphatic invasion, T stage, N stage, age, perineural invasion, and history of colon polyps. 
DLX5 was independently correlated with the prognosis of colon cancer in multivariate analysis. 
DLX1/2/3/4/5/6 were involved in the development and progression of colon cancer by participating 
in immune infiltration and associated pathways, including the Hippo signaling pathway, the Wnt 
signaling pathway, several signaling pathways regulating the pluripotency of stem cells, and 
Staphylococcus aureus infection.

CONCLUSION 
The results of this study suggest a possible role for the DLX gene family as potential diagnostic or 
prognostic biomarkers and therapeutic targets in colon cancer.

Key Words: Colon cancer; The Cancer Genome Atlas; Distal-less homeobox genes; Prognosis; Immune 
infiltration

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

Core Tip: The distal-less homeobox (DLX) gene family plays an important role in the pathogenesis of 
several tumors. However, the expression pattern, prognostic and diagnostic value, possible regulatory 
mechanisms, and the relationship between DLX family genes and immune infiltration in colon cancer have 
not been systematically reported. In this study, we aimed to investigate the expression level, clinical 
significance, and relationship between DLX genes and immune infiltration in colon cancer to establish an 
adequate scientific basis for clinical decision making and risk management. The DLX gene family holds 
promise as a potential diagnostic or prognostic biomarker and therapeutic target for colon cancer.

Citation: Chen YC, Li DB, Wang DL, Peng H. Comprehensive analysis of distal-less homeobox family gene 
expression in colon cancer. World J Gastrointest Oncol 2023; 15(6): 1019-1035
URL: https://www.wjgnet.com/1948-5204/full/v15/i6/1019.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i6.1019

INTRODUCTION
Colon cancer comprises a widely study group of tumors whose incidence is on the rise. Approximately 
10% of all cancer deaths are caused by colon cancer and related complications[1]. Colon adenocarcinoma 
(COAD) is the most common, accounting for 98% of colon cancer cases[2]. Colon cancer has a high 
recurrence rate after treatment, with 42% of patients recurring within 5 y and a median time from 
recurrence to death of 12 mo[3]. Unfortunately, about 20% of colon cancer patients are diagnosed with 
stage IV each year[4]. Therefore, exploring novel molecular markers is of great clinical significance to 
improve the diagnosis and treatment of colon cancer.

The distal-less homeobox (DLX) gene is a homolog of Drosophila distal-less and consists of 6 members, 
including DLX1, DLX2, DLX3, DLX4, DLX5, and DLX6[5]. DLX1 can be used to identify prostate cancer 
for early diagnosis[6]. Overexpression of DLX2 has been associated with poor prognosis in hepato-
cellular carcinoma (HCC)[7]. High expression of DLX2 has been shown to be a poor prognostic marker 
for patients with glioblastoma multiforme[8]. DLX3 has been demonstrated as a key regulator of the 
STAT3 signaling network that maintains skin homeostasis[9]. DLX4 can also be used as a prognostic 
marker for HCC[10]. DLX5 has been shown to be a potential diagnostic biomarker and therapeutic 
target for oral squamous cell carcinoma (OSCC)[11]. DLX6 has been shown to promote cell proliferation 
and survival in OSCC[12]. To our knowledge, no studies have systematically assessed the role of the 
DLX gene family in colon cancer using bioinformatics methods. In this study, we aimed to investigate 
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the expression level, clinical significance, and relationship between DLX family genes and immune 
infiltration in colon cancer to establish an adequate scientific basis for clinical decision making and risk 
management.

MATERIALS AND METHODS
CBioPortal analysis
The cBio Cancer Genomics Portal (cBioPortal) (http://cbioportal.org) was used to study mutations in 
DLX genes in colon cancer[13]. Queries for visualization and analysis were performed using the 
following entries: (1) Cancer type: COAD; (2) 2 selected studies: COAD (CaseCCC, PNAS 2015), colon 
cancer (CPTAC-2 Prospective, Cell 2019); (3) Molecular profile: Mutations and copy number alterations 
(CNAs); (4) Selection of patients/case sets: All samples (139); and (5) Input genes: DLX1(ENSG-
00000144355), DLX2(ENSG00000115844), DLX3(ENSG00000064195), DLX4(ENSG00000108813), DLX5
(ENSG00000105880), and DLX6(ENSG00000006377). After submission of queries, accessions were made 
including origin studies, mutation profiles, mutation number, overall survival (OS) status, OS (months), 
disease-free status, and disease-free period (months) tracks.

Dysregulation of DLX genes in colon cancer
R software (version 3.6.3) was used for statistical analysis and visualization[14,15]. The R packages used 
included ggplot2 (version 3.3.3) for visualization. UCSC XENA (https://xenabrowser.net/datapages/) 
RNAseq data were uniformly processed by the Toil process into TPM (transcripts per million reads) 
format for the Cancer Genome Atlas (TCGA) and GTEx[16]. Data for colon cancer were extracted from 
the TCGA and corresponding normal tissue data were extracted from GTEx. RNAseq data were in TPM 
format and log2 transformed for expression comparisons between samples. The data filtering condition 
was set to retain paired samples.

Correlation heat map
Correlation between every 2 genes of the DLX family was assessed using a Pearson’s correlation 
coefficient. The R package used was mainly ggplot2 (version 3.3.3). The filter condition was set to 
remove data from the normal/control groups (of note, not every item had a normal/control group).

Association of DLX gene expression with clinical features of TCGA-colon cancer
The R package used was the basic R package[17]. Grouping was based on the median.

Survival analysis
The survminer package (version 0.4.9) was used for visualizing survival data, and the survival package 
(version 3.2-10) allowed statistical analysis of survival data. Subgroups included 0-50 and 50-100. The 
prognosis types were OS, progression-free interval (PFS), and disease specific survival (DSS). Supple-
mentary data were prognostic data from the reference literature[18]. The filter condition was set to 
remove data from the normal/control groups (of note, not every item had a normal/control group) and 
keep the data for clinical information.

Univariate and multivariate Cox regression analysis
The R package used was the survivor package (version 3.2-10). Statistical analysis was performed using 
the Cox regression module. Prognosis types were OS, PFS, and DSS, and included variables were DLX1, 
DLX2, DLX3, DLX4, DLX5, and DLX6. Supplementary data were prognostic data from the reference 
literature[18]. The filter condition was set to remove data from the normal/control groups (of note, not 
every item had a normal/control group) and keep the data for clinical information.

ROC curve analysis
Two R packages were used: the pROC package (for analysis) and ggplot2 package (version 3.3.3). 
Clinical variables were “tumor” and “normal”. UCSC XENA (https://xenabrowser.net/datapages/) 
RNAseq data were uniformly processed by the Toil process into TPM format for TCGA and GTEx[16]. 
Data for colon cancer were extracted from TCGA and corresponding normal tissue data were extracted 
from GTEx. The RNAseq data were in TPM format and log2 transformed for expression comparison 
between samples. Data were not filtered. The horizontal coordinate was the false positive rate and the 
vertical coordinate was the true positive rate.

Correlation analysis for genes associated with DLX genes
The R package used was the stat package (version 3.6.3) (base package). The TCGA colon cancer project 
provided the RNAseq data in level 3 HTSeq-FPKM format. The TPM format was converted to FPKM, 
and log2 transformation was applied to the transformed data. The control/normal groups were 
removed from the results (of note, not all projects had control/normal groups).

http://cbioportal.org
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Functional enrichment analysis of genes associated with DLX genes
The R packages used were mainly ggplot2 package (version 3.3.3) and clusterProfiler package (version 
3.14.3).

Correlation between the expression of DLX genes in colon cancer and immune cells
The R package used was the GSVA package (version 1.34.0)[19]. For immune infiltration, the GSVA 
package had a built-in algorithm, ssGSEA. Immune cells included were activated dendritic cells (aDCs), 
B-cells, CD8 T-cells, cytotoxic cells, dendritic cells (DCs), eosinophils, immature DCs (iDCs), 
macrophages, mast cells, neutrophils, natural killer (NK) CD56bright cells, NK CD56dim cells, NK cells, 
plasmacytoid DCs (pDCs), T-cells, T helper (Th) cells, T central memory cells, T effector memory (Tem) 
cells, T follicular helper (TFH) cells, T gamma delta (Tgd) cells, Th1 cells, Th17 cells, Th2 cells, and 
regulatory T (Treg) cells[20]. The data filtering condition was set to remove the control/normal group 
(of note, not all projects had control/normal groups). Markers for 24 immune cells were obtained from 
the reference literature[21].

Validation of DLX gene expression
To further verify the accuracy of the TCGA database, we downloaded colon cancer samples from the 
Gene Expression Omnibus database for analysis. The 30 colon cancer tissue samples and 30 normal 
colon tissue samples contained in GSE74062 were used for DLX gene expression analysis.

Statistical analysis
All statistical analyses were performed using R software (v.3.6.3). The Wilcoxon rank sum test, chi-
square test, and Fisher exact test were used to analyze the relationship between clinical characteristics 
and DLX genes. P values less than 0.05 were considered statistically significant.

RESULTS
DLX gene alterations and mRNA expression in colon cancer
The cBioPortal online tool was used to analyze the expression of DLX family genes in colon cancer 
patients. Alterations in the expression of DLX genes in colon cancer ranged from 0.7% to 3% (Figure 1). 
The mutation data, CNA data, and deep deletion from the 2 studies are depicted in Figure 2. The 
analysis of DLX gene expression was performed based on 41 colon cancer tissue samples and 41 paired 
samples of normal colon tissue (Figure 3). The results showed that the expression level of DLX1 in colon 
cancer was significantly lower than that in normal colon tissue (0.199 ± 0.026 vs 0.867 ± 0.031; P < 0.001). 
The expression level of DLX2 in colon cancer was significantly lower than that in normal colon tissue 
(0.129 ± 0.020 vs 0.211 ± 0.011; P = 0.0074). The expression level of DLX3 in colon cancer was significantly 
higher than that in normal colon tissue (0.593 ± 0.052 vs 0.171 ± 0.008; P < 0.001). The expression level of 
DLX4 in colon cancer was significantly higher than in normal colon tissue (0.635 ± 0.027 vs 0.229 ± 0.009; 
P < 0.001). The expression level of DLX5 in colon cancer was significantly lower than that in normal 
colon tissue (0.416 ± 0.036 vs 0.463 ± 0.022; P < 0.001). There was no significant difference in DLX6 
expression in colon cancer compared to normal colon tissue (0.229 ± 0.014 vs 0.449 ± 0.037; P = 0.554). 
We examined the correlation between DLX genes using Pearson correlation analysis. There was no 
significant correlation between DLX1 and DLX3, DLX1 and DLX6; there was a significant positive 
correlation between other DLX genes (Figure 4).

Relationship between DLX gene expression and clinical characteristics and prognosis of colon 
cancer patients
Clinical characteristics data and gene expression data for 478 colon cancer samples were downloaded 
from the TCGA database (Supplementary Table 1). DLX2 expression was associated with M stage (P = 
0.005), pathologic stage (P = 0.014), primary therapy outcome (P = 0.036), residual tumor (P = 0.002), and 
lymphatic invasion (P = 0.013). DLX3 expression was associated with N stage (P < 0.001), M stage (P < 
0.001), pathologic stage (P < 0.001), height (P = 0.045), and residual tumor (P < 0.001). DLX5 expression 
was associated with T stage (P < 0.001), N stage (P < 0.001), M stage (P = 0.005), pathologic stage (P < 
0.001), primary therapy outcome (P = 0.005), age (P < 0.001), perineural invasion (P = 0.023), lymphatic 
invasion (P < 0.001), and history of colon polyps (P = 0.009). However, the expression of DLX1, DLX4, 
and DLX6 did not significantly correlate with any clinical characteristic of colon cancer patients.

A low expression of DLX1 was associated with PFS (P = 0.013); a low expression of DLX2 was 
associated with OS (P = 0.006), PFS (P = 0.003), and DSS (P = 0.007); a high expression of DLX3 was 
associated with OS (P = 0.010), PFS (P = 0.004), and DSS (P = 0.007); a high expression of DLX4 was 
associated with OS (P = 0.030) and PFS (P = 0.023); a low expression of DLX5 was associated with poor 
OS (P = 0.048), PFS (P = 0.002), and DSS (P = 0.007). However, a high expression of DLX6 was not 
significantly associated with prognosis in colon cancer (Figure 5).

https://f6publishing.blob.core.windows.net/9d90248e-d16b-48b1-8959-d17861e48303/WJGO-15-1019-supplementary-material.pdf
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Figure 1 mRNA expression of distal-less homeobox genes in colon adenocarcinoma in cBioPortal (RNA Seq V2 RSEM). DLX: Distal-less homeobox.

Univariate Cox regression analysis for OS showed that DLX2 (P = 0.007), DLX3 (P = 0.011), DLX4 (P = 
0.031), and DLX5 (P = 0.049) were associated with OS, and DLX1 (P = 0.014), DLX2 (P = 0.003), DLX3 (P 
= 0.004), DLX4 (P = 0.024), and DLX5 (P = 0.002) were associated with PFS. DLX2 (P = 0.008), DLX3 (P = 
0.008), and DLX5 (P = 0.009) were associated with DSS. DLX5 was independently correlated with PFS (P 
= 0.012) and DSS (P = 0.035) in multivariate analysis (Table 1).

DLX1 had some accuracy in diagnosing normal and tumor outcomes [area under curve (AUC) = 
0.893; 95%CI: 0.867-0.920]. DLX2 also had some accuracy in diagnosing normal and tumor outcomes 
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Table 1 Univariate and multivariate Cox regression analyses with distal-less homeobox genes and prognosis of colon adenocarcinoma 
patients

Univariate analysis Multivariate analysis
Survival Characteristics Total, n

HR (95%CI) P value HR (95%CI) P value

DLX1 (low vs high) 477 1.299 (0.880-1.917) 0.186

DLX2 (low vs high) 477 1.736 (1.167-2.584) 0.007 1.502 (0.988-2.285) 0.057

DLX3 (low vs high) 477 1.668 (1.123-2.476) 0.011 1.374 (0.900-2.099) 0.142

DLX4 (low vs high) 477 1.538 (1.039-2.276) 0.031 1.197 (0.783-1.830) 0.405

DLX5 (low vs high) 477 1.485 (1.001-2.202) 0.049 1.334 (0.893-1.993) 0.159

Overall 

DLX6 (low vs high) 477 0.935 (0.634-1.379) 0.734

DLX1 (low vs high) 477 1.557 (1.094-2.214) 0.014 1.316 (0.901-1.921) 0.155

DLX2 (low vs high) 477 1.715 (1.201-2.449) 0.003 1.317 (0.883-1.964) 0.178

DLX3 (low vs high) 477 1.670 (1.174-2.376) 0.004 1.365 (0.937-1.990) 0.105

DLX4 (low vs high) 477 1.497 (1.054-2.125) 0.024 1.181 (0.813-1.715) 0.382

DLX5 (low vs high) 477 1.742 (1.217-2.492) 0.002 1.588 (1.105-2.283) 0.012

Progression-free 

DLX6 (low vs high) 477 0.914 (0.646-1.294) 0.613

DLX1 (low vs high) 461 1.426 (0.865-2.349) 0.164

DLX2 (low vs high) 461 2.014 (1.202-3.376) 0.008 1.666 (0.971-2.857) 0.064

DLX3 (low vs high) 461 2.007 (1.202-3.349) 0.008 1.570 (0.909-2.713) 0.106

DLX4 (low vs high) 461 1.617 (0.981-2.664) 0.059 1.179 (0.692-2.011) 0.545

DLX5 (low vs high) 461 2.011 (1.193-3.390) 0.009 1.765 (1.039-2.998) 0.035

Disease specific 

DLX6 (low vs high) 461 0.852 (0.520-1.395) 0.524

CI: Confidence interval; DLX: Distal-less homeobox; HR: Hazard ratio.

(AUC = 0.731; 95%CI: 0.691-0.771), while DLX3 had a lower accuracy in diagnosing these outcomes 
(AUC = 0.561; 95%CI: 0.512-0.611). DLX4 also had some accuracy in diagnosing normal and tumor 
outcomes (AUC = 0.834; 95%CI: 0.802-0.867), while DLX5 had low accuracy in diagnosing these 
outcomes (AUC = 0.590; 95%CI: 0.546-0.635). Lastly, DLX6 had poor accuracy in diagnosing normal and 
tumor outcomes (AUC = 0.486; 95%CI: 0.439-0.534) (Figure 6).

The function of genes associated with DLX genes
The top 10 significantly associated genes for each DLX gene are shown in the single gene co-expression 
heat map (Figure 7). Genes significantly associated with DLX1 included DLX2, KLF14, CHRND, KCNN1, 
IGDCC3, ARHGAP36, NCAN, TFAP2B, CNPY1, and CACNG7. Genes significantly associated with DLX2 
included DLX1, CNPY1, CHRND, NEUROD1, IGDCC3, TNFRSF19, KLF14, NELL2, HS3ST4, and 
SLC38A8. Genes significantly associated with DLX3 included NOTUM, NKD1, APCDD1, ADAMTSL2, 
MYH7B, PRR9, LRRC43, CAB39L, ABCC2, and DLX4. Genes significantly associated with DLX4 
included DLX3, TTLL4, DNMT3B, CDK5R1, IGF2BP1, STK36, UNK, AMER3, PHF12, and WNT3. Genes 
significantly associated with DLX5 included DYNC1I1, DLX6, RASL11B, ID4, SP7, AMBN, KRT31, 
MYL3, VENTX, and ISM1. Genes significantly associated with DLX6 included DLX5, TRIM71, SH3GL2, 
SLC46A1, DYNC1I1, PGBD5, GAL, COCH, AXIN2, and CKB. The top 30 genes significantly associated 
with each DLX gene (147 in total) were analyzed for Gene Ontology and Kyoto Encyclopedia of Genes 
and Genomes enrichment (Supplementary Table 2). The top biological processes included pattern 
specification, regionalization, ossification, connective tissue development, cell fate commitment, 
hippocampus development, biomineral tissue development, biomineralization, skeletal system morpho-
genesis, and odontogenesis. The significantly related molecular functions included DNA-binding 
transcription activator activity, RNA polymerase II-specificity, fibroblast growth factor receptor binding, 
DNA-binding transcription activator activity (Figure 8 and Supplementary Table 3). The significantly 
related pathways included the Hippo signaling pathway, the Wnt signaling pathway, and signaling 
pathways regulating the pluripotency of stem cells and Staphylococcus aureus infection (Figure 9 and 
Supplementary Table 3).

https://f6publishing.blob.core.windows.net/9d90248e-d16b-48b1-8959-d17861e48303/WJGO-15-1019-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/9d90248e-d16b-48b1-8959-d17861e48303/WJGO-15-1019-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/9d90248e-d16b-48b1-8959-d17861e48303/WJGO-15-1019-supplementary-material.pdf
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Figure 2 Percentage of distal-less homeobox genes in colon adenocarcinoma cases calculated using the cancer type summary in 
cBioPortal.

Figure 3 mRNA levels of distal-less homeobox genes between colon adenocarcinoma tissue and unpaired normal stomach tissue in the 
Cancer Genome Atlas. bP < 0.01; cP < 0.001. DLX: Distal-less homeobox.
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Figure 4 Correlation between every two genes of distal-less homeobox genes in colon adenocarcinoma. bP < 0.01; cP < 0.001. DLX: Distal-less 
homeobox.

Correlation of DLX gene expression and immune cells in colon cancer
There was a correlation between DLX gene expression and immune cells in colon cancer (Figure 10). 
DLX1 gene expression positively correlated with some tumor-infiltrating immune cells (TIICs), 
including aDCs, cytotoxic cells, DCs, eosinophils, iDCs, macrophages, mast cells, neutrophils, NK 
CD56dim cells, NK cells, Tem cells, TFH cells, Tgd cells, Th1 cells, and Treg cells; DLX1 expression 
negatively correlated with Th17 cells. DLX2 gene expression positively correlated with mast cells and 
TFH cells and negatively correlated with pDCs and Th17 cells. DLX3 gene expression negatively 
correlated with some TIICs, including aDCs, CD8 T-cells, cytotoxic cells, DCs, macrophages, 
neutrophils, T-cells, Th cells, Th1 cells, Th2 cells, and Treg cells. DLX4 gene expression positively 
correlated with NK cells and negatively correlated with some TIICs, including cytotoxic cells, DCs, 
macrophages, pDCs, Th1 cells, and Th2 cells. DLX5 gene expression positively correlated with some 
TIICs, including B-cells, CD8 T-cells, DCs, iDCs, macrophages, mast cells, neutrophils, NK cells, pDCs, 
Tem cells, TFH cells, Tgd cells, and Treg cells; DLX5 expression negatively correlated with Th17 cells 
and Th2 cells. DLX6 gene expression negatively correlated with some TIICs, including aDCs, cytotoxic 
cells, DCs, macrophages, neutrophils, NK CD56dim cells, T-cells, Tem cells, and Th1 cells.

DLX genes were aberrantly expressed in colon cancer tissue
Compared to normal colon, DLX1 (P = 7.6e-08), DLX2 (P = 5.7e-08), DLX4 (P = 0.00013), and DLX5 (P = 
0.0084) were aberrantly expressed in colon cancer tissue. However, DLX3 and DLX6 were not aberrantly 
expressed in colon cancer (Figure 11).

DISCUSSION
DLX1 has been shown to be significantly upregulated in prostate cancer tissues and cells[22]. DLX2 is 
known to be significantly upregulated in HCC tissues and cell lines[7,23], and its expression in gastric 
cancer has been shown to significantly correlated with tumor size, depth of infiltration, lymph node 
metastasis, and tumor-lymph node metastasis stage[24]. DLX4 has been demonstrated to be upregulated 
in nasopharyngeal carcinoma (NPC) cell lines[25], and its expression was shown to be elevated in HCC 
and correlated significantly with tumor size, histopathological classification, and serum alpha-
fetoprotein[10]. DLX5 has been shown to be upregulated in OSCC tissues and cell lines, and has been 
associated with advanced TNM staging, lymph node metastasis, poor cell differentiation, and tumor 
location[11]. DLX6 has been shown to be upregulated in oral cancer and has been associated with 
advanced tumor stage and poor prognosis[12]. In this study, DLX1/2/3/4/5 were aberrantly expressed in 
colon cancer tissue samples. The expression of DLX family genes was associated with M stage, 
pathologic stage, primary therapy outcome, residual tumor, lymphatic invasion, T stage, N stage, age, 
perineural invasion, and history of colon polyps. In the multivariate analysis, DLX5 was independently 
related to PFS and OS. In diagnosing the outcome of normal and tumor tissues, DXL1/2/4 had some 
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Figure 5 Survival analysis results for distal-less homeobox genes. A: Overall survival (OS) of distal-less homeobox (DLX)1; B: Progression-free survival 
(PFS) of DLX1; C: Disease specific survival (DSS) of DLX1; D: OS of DLX2; E: PFS of DLX2; F: DSS of DLX2; G: OS of DLX3; H: PFS of DLX3; I: DSS of DLX3; J: 
OS of DLX4; K: PFS of DLX4; L: DSS of DLX4; M: OS of DLX5; N: PFS of DLX5; O: DSS of DLX5; P: OS of DLX6; Q: PFS of DLX6; R: DSS of DLX6. DLX: Distal-
less homeobox.

Figure 6 Receiver operating characteristic curves of distal-less homeobox genes in colon adenocarcinoma and normal colon tissues. The 
area under the receiver operating characteristic curve is between 0.5 and 1. The closer the area under the curve (AUC) is to 1, the better the diagnosis. the AUC is 
between 0.5 and 0.7 with low accuracy, the AUC is between 0.7 and 0.9 with some accuracy, and the AUC is above 0.9 with high accuracy. AUC: Area under the 
curve; DLX: Distal-less homeobox; FPR: False positive rate; TPR: True positive rate.
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Figure 7 Heatmap plot of top 10 correlated genes to distal-less homeobox genes. A: Distal-less homeobox (DLX)1; B: DLX2; C: DLX3; D: DLX4; E: 
DLX5; F: DLX6. DLX: Distal-less homeobox.

accuracy.
MiR-129-5p has been shown to impede the biological function of cancer cells by inhibiting DLX1 

expression[26]. DLX1, a key target of FOXM1, has been shown to promote ovarian cancer aggress-
iveness by enhancing transforming growth factor (TGF)-β/SMAD4 signaling[27]. Circ_HIPK3 has been 
demonstrated to promote HCC progression by mediating the miR-582-3p/DLX2 pathway[23]. In tumor 
cells, DLX2/3/4 can be involved in the control of fenretinide (4HPR)-mediated apoptosis[28]. DLX3 has 
been shown to be downregulated by miR-133[29]. The homology domain protein DLX4 has been shown 
to promote NPC progression through the upregulation of YB-1[25]. DLX5 regulation of CCND1 affected 
the progression of OSCC[11]. DLX5 has been shown to promote osteosarcoma progression through 
activation of the NOTCH signaling pathway[30]. DLX6 has been demonstrated to regulate OSCC cell 
proliferation through the EGFR-CCND1 axis[12]. In this study, the DLX gene family is suggested to be 
involved in the development and progression of colon cancer by participating in several pathways, 
including breast cancer, gastric cancer, the Hippo signaling pathway, the Wnt signaling pathway, and 
signaling pathways regulating the pluripotency of stem cells, basal cell carcinoma, melanoma, and 
Staphylococcus aureus infection. Dlx-2 is involved in TGF-β- and Wnt-induced inhibition of mitochondria 
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Figure 8 Gene Ontology analysis of genes associated with distal-less homeobox genes. BP: Biological process; MF: Molecular function.

Figure 9 Kyoto Encyclopedia of Genes and Genomes analysis of genes associated with distal-less homeobox genes. KEGG: Kyoto 
Encyclopedia of Genes and Genomes.

by epithelial-mesenchymal transition, glycolytic conversion, and Snail activation[31]. However, the 
specific mechanisms by which the DLX gene family mediates the pathways involved in the 
development of colon cancer need to be further investigated.
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Figure 10  Correlation between the expression of each distal-less homeobox gene and the 24 tumor-infiltrating immune cells of colon 
adenocarcinoma (lollipop plot). In the color bar, the darker the color, the smaller the P-value, indicating a higher statistical significance. The bubble size 
represents the correlation value, the larger the bubble, the larger the correlation value. A: Correlation between distal-less homeobox (DLX1) expression and immune 
infiltration; B: Correlation between DLX2 expression and immune infiltration; C: Correlation between DLX3 expression and immune infiltration; D: Correlation between 
DLX4 expression and immune infiltration; E: Correlation between DLX5 expression and immune infiltration; F: Correlation between DLX6 expression and immune 
infiltration. aP < 0.05; bP < 0.01; cP < 0.001. aDC: Activated dendritic cell; DC: Dendritic cell; DLX: Distal-less homeobox; iDC: Immature dendritic cell; NK: Natural 
killer; Tcm: T central memory; Tem: T effector memory; TFH: T follicular helper; Tgd: T gamma delta; Th: T helper.
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Figure 11  Differential expression of distal-less homeobox genes in colon adenocarcinoma and normal colon tissues (GSE74062). A: 
Distal-less homeobox (DLX)1; B: DLX2; C: DLX4; D: DLX5. bP < 0.01; cP < 0.001. DLX: Distal-less homeobox.

Immune-related mechanisms play an important role in the development of colon cancer, and 
immunotherapeutic strategies are considered a promising direction for the treatment of this disease[32]. 
Another important aspect of the current study was that the expression of the DLX gene family 
correlated with different levels of immune infiltration. Here, the expression levels of DLX family genes 
were negatively correlated with some TIICs, and positively correlated with other TIICs. The DLX gene 
family plays an important role in the recruitment and regulation of immune infiltrating cells in colon 
cancer.

The present study has several limitations. Firstly, colon cancer shows strong heterogeneity, and the 
mRNA expression levels in the TCGA database are the average mRNA expression levels for all cell 
types within various colon tumors. Single-cell sequencing is needed to further elucidate the role of DLX 
genes in colon cancer and its subtypes. Secondly, our study findings are not confirmed by biological or 
molecular experiments.

CONCLUSION
DLX1/2/3/4/5 were significantly aberrantly expressed in colon cancer tissue samples. DLX 2/3/5 were 
associated with M stage, pathologic stage, primary therapy outcome, residual tumor, lymphatic 
invasion, T stage, N stage, age, perineural invasion, and history of colon polyps. DLX5 was 
independently correlated with the prognosis of colon cancer in multivariate analysis. DLX1/2/4 had 
some accuracy in diagnosing normal and tumor conditions. The DLX gene family may be involved in 
the development and progression of colon cancer by participating in immune infiltration and pathways, 
including the Hippo signaling pathway, the Wnt signaling pathway, and signaling pathways regulating 
the pluripotency of stem cells and Staphylococcus aureus infection. The results of this study suggest a role 
for DLX family genes as a potential diagnostic or prognostic biomarkers and therapeutic targets in colon 
cancer.
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ARTICLE HIGHLIGHTS
Research background
The distal-less homeobox (DLX) gene family plays an important role in several tumors. However, the 
role of DLX gene family in colon cancer is not yet clear.

Research motivation
The aim of this study was to investigate the role of the DLX gene family in colon cancer and to establish 
a sound scientific basis for clinical decision making and risk management.

Research objectives
In this study, we aimed to comprehensively analyze the biological role of the DLX gene family in colon 
cancer.

Research methods
Colon cancer and normal colon tissue samples were collected from the Cancer Genome Atlas (TCGA) 
and Gene Expression Omnibus databases. We used Wilcoxon rank sum test and t-test to assess DLX 
gene family expression between colon cancer tissue samples and unpaired normal colon tissue samples, 
cBioPortal to analyze DLX gene family variants, R software (version 3.6.3) to analyze DLX gene 
expression in colon cancer and the relationship between DLX gene family expression and clinical 
features and correlation heat map, the survival package [version 3.2-10] and Cox regression module to 
assess the prognostic value of the DLX gene family, the pROC package [version 1.17.0.1] to analyze the 
diagnostic value of the DLX gene family, R software (version 3.6.3) to analyze the possible regulatory 
mechanisms of DLX gene family members and related genes, the GSVA package [version 1.34.0] to 
analyze the relationship between the DLX gene family and immune infiltration, and the ggplot2 
[version 3.3.3], the survminer package [version 0.4.9], and the clusterProfiler package [version 3.14.3] for 
visualization.

Research results
Expression levels of DLX1/2/3/4/5 were significantly abnormal in tissue from patients with colon cancer. 
DLX gene family expression in colon cancer was significantly associated with clinical characteristics, 
including M stage, pathological stage, primary treatment outcome, residual tumor, lymphatic invasion, 
T stage, N stage, age, peripheral invasion, and history of colonic polyps. Results of the multivariate Cox 
analysis showed DLX5 to be an independent prognostic factor in patients with colon cancer. DLX1/2/3/4/
5/6 may be involved in the development and progression of colon cancer through mediation of multiple 
pathways, including the Hippo signaling pathway, the Wnt signaling pathway, and signaling pathways 
regulating the pluripotency of stem cells. DLX1/2/3/4/5/6 are associated with immune infiltration.

Research conclusions
DLX family genes may function as potential diagnostic or prognostic biomarkers and therapeutic targets 
for colon cancer.

Research perspectives
It may be possible to use DLX family genes as a diagnostic or prognostic biomarkers or therapeutic 
targets for colon cancer.
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Abstract
BACKGROUND 
Perihilar cholangiocarcinoma (pCCA) has a poor prognosis and urgently needs a 
better predictive method. The predictive value of the age-adjusted Charlson 
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comorbidity index (ACCI) for the long-term prognosis of patients with multiple malignancies was 
recently reported. However, pCCA is one of the most surgically difficult gastrointestinal tumors 
with the poorest prognosis, and the value of the ACCI for the prognosis of pCCA patients after 
curative resection is unclear.

AIM 
To evaluate the prognostic value of the ACCI and to design an online clinical model for pCCA 
patients.

METHODS 
Consecutive pCCA patients after curative resection between 2010 and 2019 were enrolled from a 
multicenter database. The patients were randomly assigned 3:1 to training and validation cohorts. 
In the training and validation cohorts, all patients were divided into low-, moderate-, and high-
ACCI groups. Kaplan-Meier curves were used to determine the impact of the ACCI on overall 
survival (OS) for pCCA patients, and multivariate Cox regression analysis was used to determine 
the independent risk factors affecting OS. An online clinical model based on the ACCI was 
developed and validated. The concordance index (C-index), calibration curve, and receiver 
operating characteristic (ROC) curve were used to evaluate the predictive performance and fit of 
this model.

RESULTS 
A total of 325 patients were included. There were 244 patients in the training cohort and 81 
patients in the validation cohort. In the training cohort, 116, 91 and 37 patients were classified into 
the low-, moderate- and high-ACCI groups. The Kaplan-Meier curves showed that patients in the 
moderate- and high-ACCI groups had worse survival rates than those in the low-ACCI group. 
Multivariable analysis revealed that moderate and high ACCI scores were independently 
associated with OS in pCCA patients after curative resection. In addition, an online clinical model 
was developed that had ideal C-indexes of 0.725 and 0.675 for predicting OS in the training and 
validation cohorts. The calibration curve and ROC curve indicated that the model had a good fit 
and prediction performance.

CONCLUSION 
A high ACCI score may predict poor long-term survival in pCCA patients after curative resection. 
High-risk patients screened by the ACCI-based model should be given more clinical attention in 
terms of the management of comorbidities and postoperative follow-up.

Key Words: Perihilar cholangiocarcinoma; Age-adjusted Charlson comorbidity index; Resection; Survival; 
Model; Prognosis

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

Core Tip: Our study assessed the prognostic value of the age-adjusted Charlson comorbidity index (ACCI) 
and designed an online clinical model for perihilar cholangiocarcinoma (pCCA). We retrospectively 
evaluated 496 pCCA patients from multiple centers who underwent radical resection. This study proposed 
that the ACCI is an independent predictor of pCCA prognosis, and a nomogram based on the ACCI is a 
promising predictive model for overall survival in pCCA patients.

Citation: Pan Y, Liu ZP, Dai HS, Chen WY, Luo Y, Wang YZ, Gao SY, Wang ZR, Dong JL, Liu YH, Yin XY, Liu 
XC, Fan HN, Bai J, Jiang Y, Cheng JJ, Zhang YQ, Chen ZY. Development of a model based on the age-adjusted 
Charlson comorbidity index to predict survival for resected perihilar cholangiocarcinoma. World J Gastrointest 
Oncol 2023; 15(6): 1036-1050
URL: https://www.wjgnet.com/1948-5204/full/v15/i6/1036.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i6.1036

INTRODUCTION
Cholangiocarcinoma (CCA) is the most common biliary malignancy and the second most common 
hepatic malignancy after hepatocellular carcinoma (HCC)[1]. Perihilar CCA (pCCA), arising at the site 
of biliary fusion or in the right or left hepatic duct, represents 60% of CCA cases[2,3]. The overall 
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incidence of pCCA has increased progressively worldwide over the past four decades[4-6]. Curative 
resection provides a possible cure for eligible patients with pCCA[7]. However, even after successful 
curative resection, the prognosis of most pCCA patients remains unsatisfactory, with a five-year 
survival rate of approximately 20%[8]. Therefore, the accurate identification of important factors 
affecting long-term prognosis and screening of patients with a high survival risk is essential to improve 
long-term survival. However, the specificity and complexity of the anatomical location of pCCA greatly 
increases the difficulty of surgery. The relationship between whether a patient is "strong" enough to 
withstand the shock of surgery and long-term prognosis may be overlooked in existing forecasting 
models.

Comorbidity is defined as the “coexistence of disorders in addition to a primary disease of interest”
[9]. The coexistence of cancer and other chronic diseases has significant implications for cancer 
treatment decisions and outcomes[10-12]. Recent studies indicated the substantial influence of 
comorbidities on postoperative survival in different kinds of solid neoplasms, including breast, vulvar 
and colorectal cancers[13,14]. Regrettably, most cancer treatment guidelines do not consider the 
complex interrelationships between cancer and comorbidities and instead adopt a “single-disease” 
approach to management. Currently, most clinicians also judge prognosis based on tumor-related 
information alone, ignoring the patient's own disease status. Although some previous studies have 
taken comorbidities into account, the simple classification into the presence/absence of comorbidities is 
not comprehensive[13].

At present, the most frequently used system for evaluating the grade of patients’ comorbidity burden 
is the Charlson comorbidity index (CCI). The CCI has excellent clinical efficacy in predicting patient 
prognosis by assessing the number of certain comorbidities and their severity[15]. Since age had been 
determined to affect prognosis, Charlson et al developed an additional age-adjusted CCI (ACCI) to 
correct the final score of the CCI[16]. Recently, the predictive value of the ACCI for long-term prognosis 
in patients with multiple malignancies, such as prostate cancer, pancreatic cancer, colorectal cancer and 
HCC, has been determined[17-20]. Nevertheless, pCCA is one of the most surgically difficult 
gastrointestinal tumors with the poorest prognosis, and the relationship between the ACCI and the 
prognosis of pCCA has not been studied.

Therefore, a multicenter database was utilized to assess the impact of the ACCI on the long-term 
prognosis of patients with pCCA after curative resection. Furthermore, to help surgeons make better 
clinical decisions, a prognostic model to predict the overall survival (OS) of pCCA patients after curative 
resection was developed in this study based on the ACCI and tumor-related indicators.

MATERIALS AND METHODS
Patient selection
This study retrospectively enrolled newly diagnosed pCCA patients who underwent curative resection 
between January 2010 and December 2019 at three institutions (Southwest Hospital, Sichuan Provincial 
People's Hospital and the Affiliated Hospital of Qinghai University) in China. Computer-generated 
random numbers were used to assign three-quarters of the patients to the training cohort and the 
remaining one-quarter to the validation cohort. Drawing on the previous methods, the patients in the 
training and validation cohorts were categorized into three groups by the ACCI score: Low-ACCI 
(ACCI = 0-1), moderate-ACCI (ACCI = 2-3) and high-ACCI (ACCI ≥ 4) groups[20,21]. The patients were 
classified by the CCI into low- and high-risk groups according to zero and nonzero scores. All tumors 
originated from the left or right hepatic ducts, biliary confluence, or common hepatic duct, which were 
confirmed by postoperative histological examination. All patients underwent hepatectomy, bile duct 
resection, locoregional lymphadenectomy and choledochojejunostomy. Hepatectomy-pancre-
aticoduodenectomy and revascularization were performed when necessary. Curative resection was 
defined as a clear-cut edge without tumor cells under macroscopy and microscopy. The exclusion 
criteria included the following: (1) Recurrent pCCA; (2) death within 30 d after resection; (3) incomplete 
medical records; and (4) loss to follow-up.

The study followed the ethical guidelines of the World Medical Association and Declaration of 
Helsinki. Approval for the present study was obtained from the Ethics Committee of Southwest 
Hospital (approval number: KY2021129). An informed consent form was signed by all patients prior to 
surgery.

Data collection
The multicenter database was prospectively created and dynamically maintained, and data were 
retrospectively collected. Demographic information included sex, age, American Society of Anesthesi-
ologists score, various comorbidities and preoperative percutaneous transhepatic cholangial drainage. 
Preoperative laboratory variables included alanine aminotransferase, aspartate transaminase, platelet 
count, albumin, total bilirubin, international normalized ratio, and carbohydrate antigen 19-9 (CA19-9). 
Surgical variables included extent of hepatectomy, intraoperative blood loss and perioperative blood 
transfusion. Pathological variables included cirrhosis, maximum tumor size, macrovascular invasion, 
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microvascular invasion, peripheral nerve invasion, tumor differentiation, lymphoid metastasis, 8th 
American Joint Committee on Cancer (AJCC) stage[22] and Bismuth classification[23].

Major hepatectomy was defined as three or more resected Couinaud liver segments, while minor 
hepatectomy was defined as two or fewer resected Couinaud liver segments. All pathological variables 
were confirmed by postoperative pathological examination.

Assessment of comorbidities
The patients' preoperative comorbidities were rigorously assessed based on the disease definition[15]. 
The comorbidity severity was assessed by the CCI and ACCI[16]. The CCI incorporates nineteen 
common preoperative comorbidities, with each weighing from 1 to 6 points. On the basis of the CCI, the 
ACCI considers the influence of age on prognosis. As shown in Table 1, the risk increases by 1 point for 
each decade of age over 40 years (50-59 years, 1 point; 60-69 years, 2 points; 70-79 years, 3 points; and > 
80 years, 4 points), and the points for age are added to the total ACCI score.

Follow-up
All patients were followed up in the participating hospitals after discharge. A standardized follow-up 
protocol was strictly followed, which included a physical examination, laboratory tests (tumor 
biomarkers and liver function) and imaging examinations. Imaging examinations included abdominal 
contrast-enhanced ultrasound (CEUS), contrast-enhanced computed tomography (CT) and magnetic 
resonance imaging (MRI). Imaging examinations were performed at least once every 2 mo in the first 
year after resection and then every 3 mo from the second year on. Recurrence was defined as the 
appearance of a new lesion or multiple new lesions on CEUS, contrast-enhanced CT or MRI. In the case 
of recurrence, conservative treatment, systemic chemotherapy, and repeat surgical resection were 
available options, and the treatment strategy was determined considering the doctor's advice and the 
patient's own wishes. The endpoint was OS after pCCA resection, which was defined as the interval 
between the date of surgery and the date of patient death or the last follow-up. The last follow-up date 
for all patients was September 2022.

Statistical analysis
Continuous variables with a normal distribution are expressed as the mean ± SD or median (range), and 
Student’s t test or the Mann-Whitney U test was used as appropriate. Categorical variables are 
expressed as numbers and percentages, and the χ2 test or Fisher’s exact test was used as appropriate. 
According to our previous studies, the included continuous variables were transformed into categorical 
variables[24,25]. The Kaplan-Meier method was used to calculate the OS of patients. The log-rank test 
was used to compare OS between the low- and moderate-ACCI groups and between the low- and high-
ACCI groups. Multivariate Cox regression analysis was then performed to determine independent risk 
factors associated with reduced OS after curative resection of pCCA. The hazard ratio (HR) and its 95% 
confidence interval (CI) were estimated in univariate and multivariate Cox regression analyses. In 
particular, variables with a significant P value < 0.10 in the univariate analysis were included in the 
multivariate Cox regression analysis.

The nomogram factors were selected based on the independent variables associated with OS in 
multivariate Cox regression analysis to construct the nomogram model. Calibration curves and Harrell’s 
concordance index (C-index) were applied to evaluate the fit and accuracy of the nomogram. 
Furthermore, the discriminative power of the model was assessed by a receiver operating characteristic 
(ROC) curve through the "survivalROC" package in R. The comparison between the nomogram and the 
8th AJCC staging system was achieved using decision curve analysis (DCA) through the "rmda" package 
in R. For the validation cohort, the performance evaluation of the model was performed using the same 
approach as that in the training cohort. According to the ROC curve for the prediction of 1-year OS, the 
optimal cutoff value of the nomogram score was calculated, and all patients were divided into high- and 
low-risk groups. Using the Kaplan-Meier method and the log-rank test, OS rates were compared 
between the low- and high-risk groups.

Statistical analysis was performed using SPSS 26.0 (SPSS, Chicago, IL, United States) and R software 
(version 4.1.3. https://www.r-project.org/wDyn). An internet browser calculator based on the model 
was constructed by using the “DynNom” package in R. Statistical significance was set at P < 0.05 for all 
analyses.

RESULTS
Baseline characteristics and clinical variables
Of 496 pCCA patients who underwent radical resection during the study period, 171 patients were 
excluded according to the exclusion criteria, and 325 pCCA patients were finally included in this study. 
Of these, 244 patients were assigned to the training cohort, and the remaining 81 patients were assigned 
to the validation cohort, as shown in Supplementary Figure 1. In the training cohort, the low-, mode-

https://www.r-project.org/wDyn
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Table 1 Weighted index of comorbidities in the age-adjusted Charlson comorbidity index and patient distribution

Conditions Training cohort (n = 244) Validation cohort (n = 81) Total patients (n = 325)
1 point per decade for age > 40 (0 to 4 points)

< 50 88 (36.1) 27 (33.3) 115 (35.4)

50-59 64 (26.2) 25 (30.9) 89 (27.4)

60-69 55 (22.5) 19 (23.5) 74 (22.8)

70-79 27 (11.1) 7 (8.6) 34 (10.5)

≥ 80 10 (4.1) 3 (3.7) 13 (4.0)

1 point

Mild liver disease 42 (17.2) 12 (14.8) 54 (16.6)

Peptic ulcer disease 11 (4.5) 4 (4.9) 15 (4.6)

Congestive heart failure 9 (3.6) 2 (2.4) 11 (3.4)

Peripheral vascular disease 9 (3.6) 5 (6.1) 14 (4.3)

Cerebrovascular disease 6 (2.4) 1 (1.2) 7 (2.2)

Chronic pulmonary disease 6 (2.4) 1 (1.2) 7 (2.2)

Connective tissue disease 4 (1.6) 3 (3.7) 7 (2.2)

Myocardial infarction 0 (0.0) 0 (0.0) 0 (0.0)

Dementia 0 (0.0) 0 (0.0) 0 (0.0)

Diabetes without end-organ damage 42 (17.2) 12 (14.8) 54 (16.6)

2 points

Diabetes with end-organ damage 10 (4.1) 4 (4.9) 14 (4.3)

Moderate/severe renal disease 8 (3.2) 1 (1.2) 9 (2.8)

Other tumor 0 (0.0) 0 (0.0) 0 (0.0)

Leukemia 0 (0.0) 0 (0.0) 0 (0.0)

Hemiplegia/paraplegia 0 (0.0) 0 (0.0) 0 (0.0)

Malignant lymphoma 0 (0.0) 0 (0.0) 0 (0.0)

3 points

Moderate/severe liver disease 3 (1.2) 0 (0.0) 3 (0.9)

6 points

Metastatic solid tumor 0 (0.0) 0 (0.0) 0 (0.0)

AIDS 0 (0.0) 0 (0.0) 0 (0.0)

AIDS: Acquired immune deficiency syndrome.

rate-, and high-ACCI groups had 116, 91 and 37 patients, respectively. The distribution of the different 
comorbidities is summarized in Table 1. Among 325 patients, the most common comorbidities were 
mild liver disease and diabetes mellitus without end-organ damage, with 54 cases each (16.6%). Of the 
1-point comorbidities, mild liver disease, peptic ulcer disease and peripheral vascular disease were the 
most frequent, with proportions of 16.6%, 4.6% and 4.3%, followed by congestive heart failure. Among 
the 2-point comorbidities, 14 patients (4.3%) were diagnosed with moderate/severe renal disease, and 9 
patients (2.8%) were diagnosed with diabetes with end-organ damage. Of all comorbidities greater than 
2 points, 3 patients (0.9%) were diagnosed with moderate/severe liver disease. A comparison of patient 
characteristics across the ACCI groups in the training cohort is shown in Table 2. Compared to patients 
in the low-ACCI and moderate-ACCI groups, those in the high-ACCI group were more often older than 
70 years and had higher CCI scores. There were no significant differences in other characteristics across 
the groups. Similar results for the comparison of patient characteristics by the ACCI groups in the 
validation cohort are shown in Supplementary Table 1.

https://f6publishing.blob.core.windows.net/2823012f-5d64-460d-b437-60d7e9fcb642/WJGO-15-1036-supplementary-material.pdf


Pan Y et al. Impact of the ACCI on pCCA

WJGO https://www.wjgnet.com 1041 June 15, 2023 Volume 15 Issue 6

Table 2 Comparison of patient characteristics between the age-adjusted Charlson comorbidity index groups in the training cohort

Patient demographics Total (n = 244) ACCI = 0-1 (n = 116) ACCI = 2-3 (n = 91) ACCI ≥ 4 (n = 37) P value

Sex, Female/Male 102/142 (41.8/58.2) 48/68 (41.4/58.6) 38/53 (41.8/58.2) 16/21 (43.2/56.8) 0.980

Age (years), ≤ 70/> 70 207/37 (84.8/15.2) 116/0 (100.0/0) 91/0 (100.0/0) 0/37 (0/100.0) < 0.001

CCI, Low/High 96/148 (39.3/60.7) 57/59 (49.1/50.9) 34/57 (37.4/62.6) 5/22 (13.5/86.5) 0.001

Diabetes, No/Yes 224/20 (91.8/8.2) 106/10 (91.4/8.6) 85/6 (93.4/6.6) 33/4 (89.2/10.8) 0.714

Cirrhosis, No/Yes 222/22 (91.0/9.0) 109/7 (94.0/6.0) 82/9 (90.1/9.9) 31/6 (83.8/16.2) 0.159

ALT (U/L), ≤ 40/> 40 64/180 (26.2/73.8) 28/88 (24.1/75.9) 29/62 (31.9/68.1) 7/30 (18.9/81.1) 0.249

AST (U/L), ≤ 40/> 40 63/181 (25.8/74.2) 35/81 (30.2/69.8) 21/70 (23.1/76.9) 7/30 (18.9/81.1) 0.297

PLT (× 109/L), ≥ 100/< 100 11/233 (4.5/95.5) 6/110 (5.2/94.8) 4/87 (4.4/95.6) 1/36 (2.7/97.3) 0.818

ALB (g/L), ≥ 35/< 35 161/83 (66.0/34.0) 80/38 (69.0/31.0) 60/31 (65.9/34.1) 21/16 (56.8/43.2) 0.394

TB (mg/dL), ≤ 1/> 1 51/193 (20.9/79.1) 26/90 (22.4/77.6) 20/71 (22.0/78.0) 5/32 (13.5/86.5) 0.485

INR, ≤ 1.25/> 1.25 211/33 (86.5/13.5) 102/14 (87.9/12.1) 78/13 (85.7/14.3) 31/6 (83.8/16.2) 0.785

CA19-9 (U/L), ≤ 150/> 150 111/133 (45.5/54.5) 57/59 (49.1/50.9) 37/54 (40.7/59.3) 17/20 (45.9/54.1) 0.477

Preoperative PTCD, No/Yes 168/76 (68.9/31.1) 82/34 (70.7/29.3) 60/31 (65.9/34.1) 26/11 (70.3/29.7) 0.749

Maximum tumor size (cm), < 3/3-
5/> 5

101/117/26 
(41.4/48.0/10.7)

55/49/12 
(47.4/42.2/10.3)

35/46/10 
(38.5/50.5/11.0)

11/22/4 
(29.7/59.5/10.8)

0.357

Macrovascular invasion, No/Yes 183/61 (75.0/25.0) 89/27 (76.7./23.3) 66/25 (72.5/27.5) 28/9 (75.7/24.3) 0.783

Microvascular invasion, No/Yes 199/45 (81.6/18.4) 99/17 (85.3/14.7) 69/22 (75.8/24.2) 31/6 (83.8/16.2) 0.200

Perineural infiltration, No/Yes 196/48 (80.3/19.7) 96/20 (82.8/17.2) 70/21 (76.9/23.1) 30/7 (81.1/18.9) 0.573

Tumor differentiation, 
well/(moderate/poor)

202/42 (82.8/17.2) 98/18 (84.5/15.5) 72/19 (79.1/20.9) 32/5 (86.5/13.5) 0.485

Extent of resection, Minor/Major 62/182 (25.4/74.6) 34/82 (29.3/70.7) 21/70 (23.1/76.9) 7/30 (18.9/81.1) 0.365

8th AJCC staging system, I-
II/III/IV

134/99/11 
(54.9/40.6/4.5)

67/45/4 (57.8/38.8/3.4) 52/35/4 (57.1/38.5/4.4) 15/19/3 (40.5/51.4/8.1) 0.373

Bismuth classification, I-II/III/IV 55/51/138 
(22.5/20.9/56.6)

25/23/68 
(21.6/19.8/58.6)

21/22/48 
(23.1/24.2/52.7)

9/6/22 (24.3/16.2/59.5) 0.843

Lymphoid metastasis, No (ELN > 
4)/No (ELN ≤ 4)/Yes

85/91/68 
(34.8/37.3/27.9)

44/40/32 
(37.9/34.5/27.6)

31/37/23 
(34.1/40.7/25.3)

10/14/13 
(27.0/37.8/35.1)

0.657

Intraoperative blood loss (mL), ≤ 
500/> 500

91/153 (37.3/62.7) 42/74 (36.2/63.8) 37/54 (40.7/59.3) 12/25 (32.4/67.6) 0.646

Perioperative blood transfusion, 
No/Yes

85/159 (34.8/65.2) 42/74 (36.2/63.8) 30/61 (33.0/67.0) 13/24 (35.1/64.9) 0.888

Period of follow-up, months1 25.7 ± 22.7 32.7 ± 25.4 20.9 ± 18.9 15.7 ± 14.5 0.222

Recurrence during follow-up 183 (75.0) 81 (69.8) 69 (75.8) 33 (89.2) 0.059

Death during follow-up 166 (68.0) 69 (59.5) 66 (72.5) 31 (83.8) 0.011

OS, months2 23.0 (19.1-26.9) 34.0 (27.1-40.9) 18.0 (12.9-23.1) 11.0 (9.1-12.9) < 0.001

1-yr OS rate, % 72.7 91.4 74.6 39.3

3-yr OS rate, % 32.4 45.6 19.8 14.6

5-yr OS rate, % 22.3 31.1 11.9 6.0

1Values are the mean ± SD.
2Values are the median and 95% confidence interval.
ACCI: Age-adjusted Charlson comorbidity index; AJCC: American Joint Committee on Cancer; ALT: Alanine aminotransferase; ASA: American Society of 
Anesthesiologists; AST: Aspartate transaminase; CA19-9: Carbohydrate antigen 19-9; CCI: Charlson comorbidity index; INR: International normalized 
ratio; PLT: Platelet count; PTCD: Percutaneous transhepatic cholangial drainage; OS: Overall survival; ALB: Albumin; TB: Total bilirubin.
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Long-term outcomes after resection
The median follow-up time was 24.0 (21.2-26.8) mo in the whole dataset. In the training cohort, 75.0% of 
the patients (183/244) developed recurrence, and 68.0% of the patients (166/244) died during follow-up. 
The 1-, 3- and 5-year OS rates were 72.7%, 32.4% and 22.9%, respectively. The 1-, 3-, and 5-year OS rates 
were 81.7%, 45.6%, and 31.1% in the low-ACCI group; 74.7%, 19.8%, and 15.8% in the moderate-ACCI 
group; and 39.9%, 14.6%, and 6.0% in the high-ACCI group, as shown in Table 2. The survival rate was 
lowest in the high-ACCI group and the highest in the low-ACCI group, with a significant difference in 
survival rates among the three groups (P < 0.001), as shown in Figure 1A. In the validation cohort, 73.8% 
of the patients (59/81) developed recurrence, and 63.0% of the patients (51/81) died during follow-up. 
The 1-, 3- and 5-year OS rates were 80.1%, 34.7% and 25.2%, respectively, as shown in Supple-
mentary Table 1. Compared with the low-ACCI group, the survival rates were lower in the moderate-
ACCI and high-ACCI groups (P = 0.018), as shown in Figure 1B.

Multivariable Cox regression analysis of OS
The results of univariate and multivariate analyses of OS for pCCA patients after curative resection are 
shown in Table 3. Considering the effect of covariance between covariates on the results, age was 
excluded from the Cox regression model. Finally, seven variables were found to be independently 
associated with the OS of pCCA, as shown in Table 3: ACCI (2-3 vs 0-1) (HR: 1.605, 95%CI: 1.133-2.273, P 
= 0.008); ACCI (≥ 4 vs 0-1) (HR: 2.498, 95%CI: 1.614-3.866, P < 0.001); CA19-9 (> 150 vs ≤ 150 U/L) (HR: 
1.471, 95%CI: 1.059-2.043, P = 0.021); maximum tumor size (> 5 vs < 3 cm) (HR: 1.990, 95%CI: 1.166-3.396, 
P = 0.011); macrovascular invasion (yes vs no) (HR: 1.700, 95%CI: 1.198-2.412, P = 0.003); microvascular 
invasion (yes vs no) (HR: 1.752, 95%CI: 1.166-2.634, P = 0.007); tumor differentiation (poor vs well/
moderate) (HR: 1.550, 95%CI: 1.042-2.305, P = 0.030); and lymphoid metastasis [yes vs no (ELN > 4)] 
(HR: 2.549, 95%CI: 1.684-3.859, P < 0.001).

Development and validation of a nomogram for OS
Using the variables from multivariate analysis, a nomogram to assess the OS of patients after curative 
resection was constructed based on the clinically relevant factors, as shown in Figure 2. To optimize its 
practicality, the nomogram was also transformed into an internet browser calculator (https://
acci.shinyapps.io/newDynNomapp/). The relevant information of patients can be input, and 
information on the postoperative survival of patients could be obtained. The C-indexes of the prognostic 
nomogram for predicting OS were 0.725 (95%CI: 0.706-0.744) and 0.675 (95%CI: 0.635-0.715) in the 
training and validation cohorts, respectively. The calibration curves for the probability of 1-year OS in 
the training and validation cohorts were plotted, and the results revealed optimal accordance between 
the nomogram predictions and actual observations in both cohorts, as shown in Figure 3A and B.

Comparing the predictive power of the nomogram and 8th AJCC staging system
The ROC curves for the training and validation cohorts suggested that the nomogram performed better 
than the 8th AJCC staging system in predicting OS within 1 year after curative resection, as shown in 
Figure 3C and D. Furthermore, the nomogram was compared with the 8th AJCC staging system by 
utilizing DCA. As shown in Figure 3E and F, the nomogram demonstrated superior net benefits with a 
wider range of threshold probabilities compared to the 8th AJCC staging system in predicting the OS of 
patients in both the training and validation cohorts. All these results indicated that this nomogram was 
an excellent predictive model for predicting the long-term outcomes of pCCA patients following 
curative resection.

Risk classification based on the nomogram
According to the ROC curve for the prediction of 1-year OS, the optimal cutoff value of the nomogram 
score was 156. Therefore, all patients were effectively separated into low- and high-risk groups. In the 
training cohort, patients in the high-risk group had 1-, 3-, and 5-year OS rates of 51.1%, 11.1%, and 0%, 
and patients in the low-risk group had 1-, 3-, and 5-year OS rates of 91.5%, 50.1%, and 36.5%, as shown 
in Figure 4A. The high-risk group had a significantly lower survival rate than the low-risk group (P < 
0.001). In the validation cohort, patients in the high-risk group had 1-, 3-, and 5-year OS rates of 64.5%, 
23.0%, and 0%, and patients in the low-risk group had 1-, 3-, and 5-year OS rates of 91.5%, 61.2%, and 
35.7%, as shown in Figure 4B. Similarly, the survival rate was found to be significantly lower in the 
high-risk group than in the low-risk group (P = 0.012).

DISCUSSION
Comorbidities are common in cancer patients and are becoming more prevalent as the population ages
[26]. An increasing number of studies have demonstrated that comorbidities potentially affect the 
development, diagnosis, treatment and prognosis of patients with cancer[11,12,27]. The ACCI is an 
excellent indicator that combines age and comorbidities. A higher ACCI implies a more complex 

https://f6publishing.blob.core.windows.net/2823012f-5d64-460d-b437-60d7e9fcb642/WJGO-15-1036-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/2823012f-5d64-460d-b437-60d7e9fcb642/WJGO-15-1036-supplementary-material.pdf
https://acci.shinyapps.io/newDynNomapp/
https://acci.shinyapps.io/newDynNomapp/
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Table 3 Univariable and multivariable Cox regression analyses of overall survival in the training cohort

Univariable Cox regression Multivariable Cox regression
Variable R comparison

HR (95%CI) P value HR (95%CI) P value1

Age > 70 vs ≤ 70 yr 1.793 (1.314-2.447) < 0.001

Sex Male vs Female 1.141 (0.838-1.555) 0.402

Diabetes Yes vs No 1.203 (0.718-2.017) 0.482

Cirrhosis Yes vs No 1.220 (0.738-2.016) 0.438

PLT > 100 vs ≤ 100 × 109/L 1.538 (0.719-3.290) 0.267

Albumin < 35 vs ≥ 35 1.131 (0.823-1.555) 0.447

ALT > 40 vs ≤ 40 U/L 1.202 (0.848-1.704) 0.302

AST > 40 vs ≤ 40 U/L 1.155 (0.815-1.638) 0.418

TB > 1 vs ≤ 1 mg/dL 1.204 (0.813-1.785) 0.354

INR > 1.25 vs ≤ 1.25 1.217 (0.795-1.863) 0.365

CA19-9 > 150 vs ≤ 150 U/L 1.768 (1.289-2.426) < 0.001 1.471 (1.059-2.043) 0.021

Preoperative PTCD Yes vs No 1.172 (0.848-1.620) 0.336

Maximum tumor size 3-5 vs < 3 cm 1.777 (1.269-2.488) 0.001 1.236 (0.858-1.779) 0.255

> 5 vs < 3 cm 2.289 (1.377-3.803) 0.001 1.990 (1.166-3.396) 0.011

Macrovascular invasion Yes vs No 2.165 (1.539-3.045) < 0.001 1.700 (1.198-2.412) 0.003

Microvascular invasion Yes vs No 2.212 (1.526-3.205) < 0.001 1.752 (1.166-2.634) 0.007

Perineural infiltration Yes vs No 1.267 (0.878-1.827) 0.205

Tumor differentiation Poor vs Well/moderate 1.616 (1.102-2.369) 0.014 1.550 (1.042-2.305) 0.030

Extent of resection Major vs Minor 1.348 (0.941-1.931) 0.104

Intraoperative blood loss > 500 vs ≤ 500 mL 1.128 (0.821-1.550) 0.457

Perioperative blood 
transfusion

Yes vs No 1.069 (0.773-1.477) 0.688

Lymphoid metastasis No (ELN ≤ 4) vs No (ELN > 4) 1.673 (1.146-2.441) 0.008 1.454 (0.987-2.141) 0.058

Yes vs No (ELN > 4) 2.403 (1.618-3.567) < 0.001 2.549 (1.684-3.859) < 0.001

CCI High vs Low 1.239 (0.901-1.703) 0.187

ACCI Moderate vs Low 1.818 (1.292-2.558) 0.001 1.605 (1.133-2.273) 0.008

High vs Low 2.791 (1.818-4.287) < 0.001 2.498 (1.614-3.866) < 0.001

1Variables found significant at P < 0.10 in univariable analysis.
ACCI: Age-adjusted Charlson comorbidity index; ALT: Alanine aminotransferase; ASA: American Society of Anesthesiologists; AST: Aspartate 
transaminase; CA19-9: Carbohydrate antigen 19-9; CCI: Charlson comorbidity index; CI: Confidence interval; HR: Hazard ratio; INR: International 
normalized ratio; PLT: Platelet count; PTCD: Percutaneous transhepatic cholangial drainage; ALB: Albumin; TB: Total bilirubin.

preoperative situation, lower tolerance for complicated surgery, more difficult postoperative care and 
longer postoperative recovery. These conditions will directly impact the patient's perioperative safety 
and long-term prognosis. There is evidence that patient comorbidities can directly affect the choice of 
patient treatment modality[28]. Recently, the impact of the ACCI on the long-term prognosis of patients 
with various gastrointestinal carcinomas, such as gastric, colorectal, and pancreatic cancers, has been 
demonstrated[18,29,30]. Nevertheless, pCCA is one of the most surgically difficult gastrointestinal 
tumors with a poor prognosis, but the relationship between the ACCI and the prognosis of pCCA has 
not been studied. Therefore, our team conducted the first multicenter study to explore the impact of the 
ACCI on the long-term prognosis of patients after curative resection for pCCA.

In this study, we investigated for the first time the comorbidity distribution of 325 pCCA patients 
from multiple centers who underwent curative resection. The ACCI was used to assess comorbidity 
status, and drawing on previous methods, the patients were categorized into three groups by the ACCI 
score: Low-ACCI (ACCI = 0-1), moderate-ACCI (ACCI = 2-3) and high-ACCI (ACCI ≥ 4) groups. 
Multivariable analysis revealed that moderate and high ACCI scores were independently associated 
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Figure 1 Overall survival of perihilar cholangiocarcinoma patients in the training and validation cohorts according to the three age-
adjusted Charlson comorbidity index groups. Low age-adjusted Charlson comorbidity index (ACCI): 0-1; moderate ACCI: 2-3; high ACCI: ≥ 4. A: Training; 
B: Validation cohorts. ACCI: Age-adjusted Charlson comorbidity index.

Figure 2 Age-adjusted Charlson comorbidity index-based enhanced regression nomogram to predict the overall survival of perihilar 
cholangiocarcinoma patients. ACCI: Age-adjusted Charlson comorbidity index; OS: Overall survival. aP < 0.05, bP < 0.01, cP < 0.001.

with reduced OS after curative resection for pCCA. To enhance guidance on treatment strategies, a 
clinical prediction model for the OS of pCCA patients after curative resection was constructed based on 
the ACCI and other independent risk factors associated with worse OS and validated. The satisfactory 
predictive performance of the model and its ability to identify patients with a high-risk prognosis allows 
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Figure 3 Calibration curves, receiver operating characteristic curves and decision curve. A and B: Calibration curves for predicting 1-yr overall 
survival in the training (A) and validation cohorts (B); C-F: Receiver operating characteristic curves (C and D) and decision curve analysis (E and F) for the prognostic 
model and 8th American Joint Committee on Cancer staging system in the training (C and E) and validation cohorts (D and F). AJCC: American Joint Committee on 
Cancer; AUC: Area under the curve; OS: Overall survival.

it to guide clinical decision making.
In the long-term survival analysis, the univariate analysis results indicated that CCI did not 

significantly affect the long-term prognosis of pCCA, whereas ACCI was ultimately proven to be an 
independent prognostic factor for pCCA. This result suggests that the ACCI, a composite of age and 
comorbidity, provides a better prognostic assessment for patients. Multivariate Cox regression analysis 
revealed that moderate and high ACCI scores were independently associated with reduced OS in 
patients with pCCA after curative resection. This exciting and interesting result might be explained by 
the following findings.

Advanced age is not a contraindication to hepatobiliary surgery[31], nor is it a comorbidity[32]. 
However, elderly patients with comorbidities have a slow metabolism and poor recovery. The ACCI is a 
composite of age and comorbidities, and a high ACCI score indicates that the patient is elderly and/or 
has one or more comorbidities. Preoperative comorbidities, including diabetes, respiratory disease, and 
cardiovascular disease, are more common in older patients. Organ reserve function is reduced, and the 
long-term use of multiple medications can lead to further liver damage. Some pCCA patients may have 
prolonged obstructive jaundice prior to admission, which leads to a further decline in liver function. 
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Figure 4 Risk classifications satisfactorily determined the risk of postoperative survival in perihilar cholangiocarcinoma patients after 
curative resection in the training and validation cohorts. A: Training; B: Validation cohorts.

Moreover, pCCA patients may require hemihepatectomy or more extensive liver resection to achieve 
radical resection, further increasing the risk of perioperative liver failure. In addition, patients with high 
ACCI scores have worse nutritional status[33], and gastrointestinal diseases such as pCCA often lead to 
a reduction in the nutritional intake of patients, resulting in a substantially increased incidence of 
perioperative malnutrition. The combination of these factors leads to a significant increase in the periop-
erative risk of patients with high ACCI scores.

The National Comprehensive Cancer Network guidelines recommend that adjuvant therapy be 
considered after pCCA resection, especially for patients at high risk of recurrence with lymphatic 
metastases or R1 resection[34]. Cisplatin and S1 are two key drugs used in the postoperative adjuvant 
treatment of CCA, and their combination with gemcitabine significantly prolongs survival in patients 
with bile duct cancer[35]. However, some elderly patients with comorbidities cannot tolerate this 
treatment, resulting in the need for dose adjustment or contraindication[35,36]. Indeed, age and 
comorbidity burden led to lower rates of introduction of first-line combination chemotherapy and 
second-line chemotherapy[37]. In addition, various reasons, such as damage to liver and kidney 
function after adjuvant therapy, have forced patients to discontinue adjuvant therapy midway, resulting 
in a worse prognosis for the patient. Hence, reduced intensity or discontinuation of postoperative 
adjuvant therapy in elderly patients with comorbidities may be associated with poor prognosis.

In our opinion, patients with high ACCI scores should undergo a more careful multidisciplinary 
evaluation in terms of both the choice of the surgical procedure and the choice of postoperative adjuvant 
treatment.

In addition to the ACCI, a number of other independent risk factors for reduced OS were identified in 
the present study. These risk factors included CA19-9 (> 150 U/L), maximum tumor size (> 5 cm), 
lymphoid metastasis (yes), macrovascular invasion, microvascular invasion, and tumor differentiation. 
All these risk factors have been reported previously[38-40]. We constructed a nomogram using the 
above independent risk factors.

Nomograms are a visual tool for predicting the prognosis of patients with various cancers and are 
widely recognized in clinical practice for their applicability and accuracy[41]. Thus, based on the ACCI 
and these independent risk factors, a clinical prediction model to assess the OS of pCCA patients after 
curative resection was constructed and validated. To optimize its practicality, the nomogram was also 
further transformed into an internet browser calculator. According to the nomogram, we were able to 
identify high-risk patients (nomogram score > 156), who had a worse OS.

The ROC curves and DCA results for both the training and validation cohorts showed that the 
nomogram performed better than the 8th AJCC staging system in terms of its ability to predict OS after 
curative resection and its superior net clinical benefits. The TNM staging system has been promoted in 
abdominal surgery for a long time. With the continuous optimization of the staging system, the 
prediction of prognosis for many gastrointestinal tumors, such as gastric and colon cancers, has become 
increasingly accurate[42]. However, for parenchymal organs, whether pancreatic or liver tumors, the 
predictive accuracy of TNM staging is greatly reduced. For HCC, the clinical significance of N stage 
may be overestimated by the TNM staging system due to the exceptionally small probability of 
lymphatic metastasis. For pCCA, in addition to N stage, MVI and degree of differentiation are also 
critical in predicting prognosis. Thus, our model not only incorporates more comprehensive oncological 
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information, including a highly specific serum tumor marker of pCCA, CA19-9, but also takes into 
account the patient’s comorbidity status. This allows our model to obtain a better predictive 
performance than TNM staging and to better guide clinical decisions.

Nevertheless, this study has several limitations. First, this was a retrospective study, and bias in data 
collection was inevitable. However, we included consecutive patients, so this study was closer to the 
real world than a randomized controlled trial. Second, although this was a multicenter study, there was 
a dearth of patient data from Western countries. We tried external validation using data from public 
databases such as surveillance, epidemiology, and end results but ultimately failed because only CCA 
but not pCCA could be identified in the database. Third, this study lacks data on postoperative adjuvant 
therapy. The patients in this study were recruited between 2010 and 2019. Due to the uncertainty of the 
efficacy, we did not record the adjuvant treatment in detail and will add these data in the future[43].

CONCLUSION
In conclusion, this multicenter study showed that a high ACCI score was independently associated with 
worse OS following curative resection for pCCA. The nomogram based on the ACCI provides a good 
prediction of OS, which can help surgeons make better clinical decisions.

ARTICLE HIGHLIGHTS
Research background
Curative resection provides a possible cure for eligible patients with perihilar cholangiocarcinoma 
(pCCA). The predictive value of the age-adjusted Charlson comorbidity index (ACCI) for the long-term 
prognosis of patients with multiple malignancies was recently reported. However, pCCA is one of the 
most surgically difficult gastrointestinal tumors with the poorest prognosis, and the value of the ACCI 
for the prognosis of pCCA patients after curative resection is unclear.

Research motivation
The present study attempted to evaluate the prognostic value of the ACCI and to design an online 
clinical model to predict the overall survival (OS) of pCCA patients after curative resection.

Research objectives
This study aimed to identify the prognostic value of the ACCI in pCCA patients and to construct an 
online clinical model to predict the OS of pCCA patients after curative resection.

Research methods
Consecutive pCCA patients after curative resection between 2010 and 2019 were enrolled from a 
multicenter database. The patients were randomly assigned 3:1 to training and validation cohorts. In the 
training and validation cohorts, all patients were divided into low-, moderate-, and high-ACCI groups. 
Kaplan-Meier curves were used to determine the impact of the ACCI on OS for pCCA patients, and 
multivariate Cox regression analysis was used to determine the independent risk factors affecting OS. 
An online clinical model based on the ACCI was developed and validated. The concordance index (C-
index), calibration curve, and receiver operating characteristic (ROC) curve were used to evaluate the 
predictive performance and fit of this model.

Research results
Mild liver disease and diabetes were the most common comorbidities in pCCA patients undergoing 
radical surgery. The Kaplan-Meier curves showed that patients in the moderate- and high-ACCI groups 
had worse survival rates than those in the low-ACCI group. Multivariable analysis revealed that 
moderate and high ACCI scores were independently associated with OS in pCCA patients after curative 
resection. In addition, an online clinical model was developed that had ideal C-indexes of 0.725 and 
0.675 for predicting OS in the training and validation cohorts, respectively. The calibration curve and 
ROC curve indicated that the model had a good fit and prediction performance.

Research conclusions
A high ACCI score may predict poor long-term survival in pCCA patients after curative resection. 
High-risk patients screened by the ACCI-based model should be given more clinical attention in terms 
of the management of comorbidities and postoperative follow-up.

Research perspectives
Although our multicenter study identified the prognostic value of the ACCI in pCCA patients after 
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curative resection, future prospective studies with larger samples should be conducted to further 
explore the association between the ACCI and the prognosis of pCCA patients and the guidance of the 
ACCI on treatment allocation.
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Abstract
BACKGROUND 
Intrapancreatic accessory spleen (IPAS) shares similar imaging findings with 
hypervascular pancreatic neuroendocrine tumors (PNETs), which may lead to 
unnecessary surgery.

AIM 
To investigate and compare the diagnostic performance of absolute apparent 
diffusion coefficient (ADC) and normalized ADC (lesion-to-spleen ADC ratios) in 
the differential diagnosis of IPAS from PNETs.

METHODS 
A retrospective study consisting of 29 patients (16 PNET patients vs 13 IPAS 
patients) who underwent preoperative contrast-enhanced magnetic resonance 
imaging together with diffusion-weighted imaging/ADC maps between January 
2017 and July 2020 was performed. Two independent reviewers measured ADC 
on all lesions and spleens, and normalized ADC was calculated for further 
analysis. The receiver operating characteristics analysis was carried out for 
evaluating the diagnostic performance of both absolute ADC and normalized 
ADC values in the differential diagnosis between IPAS and PNETs by clarifying 
sensitivity, specificity, and accuracy. Inter-reader reliability for the two methods 
was evaluated.

RESULTS 
IPAS had a significantly lower absolute ADC (0.931 ± 0.773 × 10-3 mm2/s vs 1.254 ± 
0.219 × 10-3 mm2/s) and normalized ADC value (1.154 ± 0.167 vs 1.591 ± 0.364) 
compared to PNET. A cutoff value of 1.046 × 10-3 mm2/s for absolute ADC was 

https://www.f6publishing.com
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associated with 81.25% sensitivity, 100% specificity, and 89.66% accuracy with an area under the 
curve of 0.94 (95% confidence interval: 0.8536-1.000) for the differential diagnosis of IPAS from 
PNET. Similarly, a cutoff value of 1.342 for normalized ADC was associated with 81.25% 
sensitivity, 92.31% specificity, and 86.21% accuracy with an area under the curve of 0.91 (95% 
confidence interval: 0.8080-1.000) for the differential diagnosis of IPAS from PNET. Both methods 
showed excellent inter-reader reliability with intraclass correlation coefficients for absolute ADC 
and ADC ratio being 0.968 and 0.976, respectively.

CONCLUSION 
Both absolute ADC and normalized ADC values can facilitate the differentiation between IPAS 
and PNET.

Key Words: Pancreas; Neuroendocrine tumors; Accessory spleen; Diffusion-weighted imaging; Diagnostic 
performance

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

Core Tip: Intrapancreatic accessory spleen (IPAS) presents as a solitary, well-defined, hypervascular mass 
on contrast-enhanced computed tomography or contrast-enhanced magnetic resonance imaging. They are 
often misdiagnosed as small (< 3 cm) hypervascular pancreatic neuroendocrine tumors (PNETs). IPAS is 
innocuous in nature and does not require treatment. However, surgery and/or chemotherapy are 
recommended for PNETs. The overlap of imaging characteristics between IPAS and PNETs often requires 
surgical management. Therefore, preoperative characterization is of utmost importance. Our study 
demonstrated that both absolute apparent diffusion coefficient (ADC) and normalized ADC values (lesion-
to-spleen ADC ratios) allow clinically relevant differentiation of IPAS from PNET.

Citation: Ren S, Guo K, Li Y, Cao YY, Wang ZQ, Tian Y. Diagnostic accuracy of apparent diffusion coefficient to 
differentiate intrapancreatic accessory spleen from pancreatic neuroendocrine tumors. World J Gastrointest Oncol 
2023; 15(6): 1051-1061
URL: https://www.wjgnet.com/1948-5204/full/v15/i6/1051.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i6.1051

INTRODUCTION
Ectopic splenic tissue, also known as an accessory spleen, is found in up to 30% of the population[1]. 
While accessory spleens are often observed at the splenic hilum, they can also be present in the 
pancreatic parenchyma[2]. Accessory spleens are usually of little clinical consequence and found 
incidentally during surgery for other indications. They can cause symptoms, most often hematologic, 
after a splenectomy has been carried out[3,4]. Intrapancreatic accessory spleen (IPAS) typically presents 
as a solitary, well-defined, hypervascular, ovoid or round mass with a maximum diameter < 3 cm on 
contrast-enhanced computed tomography (CE-CT) or magnetic resonance imaging (CE-MRI). They are 
often misdiagnosed as small (< 3 cm) hypervascular pancreatic neuroendocrine tumors (PNETs) since 
they share similar imaging findings[1,4-9]. IPAS is innocuous in nature and generally does not require 
any treatment. However, surgery and/or chemotherapy are recommended for PNETs[10]. Unfortu-
nately, the overlap of imaging features between IPAS and small (< 3 cm) hypervascular PNETs often 
requires surgical management[11]. Therefore, preoperative characterization of IPAS vs small (< 3 cm) 
hypervascular PNETs is of utmost importance.

The investigation of diffusion-weighted imaging (DWI) in evaluating and characterizing pancreatic 
masses is increasing, with several studies clarifying its application in pancreatic tumor detection or the 
differentiation between benign and malignant pancreatic masses[12-14]. DWI is a method of signal 
contrast generation based on tissue cellularity, architecture, and cell membrane integrity, which can be 
quantified by apparent diffusion coefficient (ADC) maps. DWI can reflect the random microscopic 
motion of water molecules and provide information for tumor characterizing, staging, and differential 
diagnosis[12,14,15]. Recently, technical advancements have been achieved in decreasing imaging time 
and improving image quality. As a result, DWI is preferred and recommended since it allows non-
invasive functional evaluation without the use of contrast media or ionizing radiation.

It has been shown that the splenic parenchyma possesses a markedly lower ADC value than the 
pancreatic parenchyma due to its unique organ composition. Obviously, significant differences with 
regard to ADC values have been observed between IPAS and PNETs since IPAS has similar tissue 
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structures and properties as the spleen[6]. However, concerns have been raised about inter- and intra-
scanner ADC variability with contradicting results[16]. A recent study showed that though ADC 
measurements of the pancreas may be affected by the field strength of an MRI scanner, they demon-
strate good reproducibility between different MR systems with the same field strength[17]. Notably, it 
has also been reported that ADC variability may be minimized by calculation of the normalized ADC 
value (lesion-to-spleen ADC ratios) with the assistance of technical factors in different organs and 
pathologies[18,19]. Therefore, the objective of our study was to investigate and compare the diagnostic 
accuracy of absolute ADC and normalized ADC values in differentiating IPAS from small (< 3 cm) 
hypervascular PNETs.

MATERIALS AND METHODS
Patients
This study was approved by our ethics committee with a waiver of informed consent due to its 
retrospective nature. We carried out a search of our radiology database of focal pancreatic masses to 
identify patients with IPAS and PNETs between January 2017 and July 2020. A total of 132 patients were 
identified from the database search (51 IPAS and 81 PNETs). Inclusion criteria for IPAS were as follows: 
(1) CE-MRI images together with DWI/ADC maps were available; (2) IPAS showed a purely solid 
lesion without cystic changes on MRI images; (3) Diagnosis of IPAS was made pathologically following 
surgical resection or endoscopic ultrasound-guided fine needle aspiration; and (4) IPAS cases without 
pathology or cytopathology were also included under the following criteria: the lesion was located at 
the tail of the pancreas and showed similar signal intensity/enhancement pattern compared with 
spleen; and the lesion remained stable in size (< 3 cm) and shape over at least 18 mo[1,6]. According to 
these criteria, 38 patients were excluded from the study, i.e. 34 patients did not have available CE-MRI 
or DWI/ADC, 1 patient had surgically-proven cystic changes within the lesion, and 3 patients were 
diagnosed based on imaging findings although the follow-up period was less than 18 mo. Finally, 13 
patients with IPAS whose diagnosis was made by surgery (n = 4), biopsy (n = 3), and typical imaging 
findings (n = 6, follow-up period ≥ 18 mo) were included in this study (Figure 1).

Inclusion criteria for PNETs were as follows: (1) CE-MRI images together with DWI/ADC maps were 
available; (2) PNET showed a hypervascular purely solid mass without cystic changes on MRI images; 
(3) Diagnosis of PNET was made pathologically following surgical resection or endoscopic ultrasound-
guided fine needle aspiration; and (4) PNET had a size < 3 cm without apparent distant metastasis on 
MRI images. According to these criteria, 65 patients were excluded from the study, i.e. 49 patients 
without available CE-MRI or DWI/ADC, 5 patients with hypovascular enhancement pattern or 
surgically-proven cystic changes within the lesion, 8 patients with a mass size > 3 cm, and 3 patients 
with metastasis. Finally, 16 patients with PNET whose diagnoses were made by surgery (n = 11) and 
biopsy (n = 5) were included into this study (Figure 1).

MRI protocol
A preoperative MRI scan was performed for all enrolled patients using a standard imaging protocol as 
described in our previous study[20]. A 3.0-T MRI system (Sigma HDx; GE Medical Systems, Milwaukee, 
WI, United States) with an eight-channel phased-array torso coil was adopted. DWI was obtained prior 
to contrast administration in all patients. DWI images with b values of 0, 50, and 1000 s/mm2 were 
performed using a respiration-triggered single-shot echo-planar sequence. The imaging parameters 
were: a spectral pre-saturation with inversion recovery for fat suppression; repetition time, 8000 ms; 
echo time, 60 ms; slice thickness, 5 mm; interslice gap, 2 mm; flip angle 90°; matrix, 196 × 133; and field 
of view, 36 cm × 30 cm. In addition to DWI sequence, this study also adopted T1-weighted fat-
suppressed liver acquisition with volume acceleration sequence (repetition time, 3100 ms; echo time, 15 
ms; imaging duration, 60-120 s; slice thickness, 5 mm; interslice gap, 2 mm; flip angle, 12°; matrix, 384 × 
256; and field of view, 22 cm × 22 cm) and fast spin-echo T2-weighted fat-suppressed sequence 
(repetition time, 6000 ms; echo time, 80 ms; imaging duration, 120-180 s; slice thickness, 5 mm; interslice 
gap, 2 mm; flip angle, 90°; matrix, 384 × 256; and field of view, 22 cm × 22 cm). T1-weighted contrast-
enhanced images with triple phases including pancreatic parenchyma, portal venous, and delayed 
phases were obtained at 35 s, 70 s, and 240 s after bolus intravenous administration of gadopentetate 
dimeglumine (Bayer HealthCare Pharmaceuticals, Berlin, Germany) at a dose of 0.2 mmol/kg body 
weight followed by a 20-mL saline flush. The ADC values were calculated using a monoexponential 
function with b values of 0 and 1000 s/mm2 due to the fact that high b-value DWI images contribute to 
better contrast, greater tissue diffusivity, and a lower T2 shine through effect[7].

Image analysis
One abdominal radiologist with 10 years of experience who was blinded to the final diagnosis 
performed all the ADC measurements of the lesions and spleens on ADC maps using circular or oval 
regions of interest (ROIs). ROIs of pancreatic lesions were placed to include maximum lesion areas, 
while the most peripheral portions were avoided to exclude volume averaging. The ROIs of the spleen 
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Figure 1 Flowchart of patients throughout the study. ADC: Apparent diffusion coefficient; CE-MRI: Contrast-enhanced magnetic resonance imaging; DWI: 
Diffusion-weighted imaging; IPAS: Intrapancreatic accessory spleen; PNETs: Pancreatic neuroendocrine tumors.

were placed on each of the anterior pole, mid pole, and posterior pole of the spleen with the purpose of 
avoiding volume averaging by excluding vessels and artifacts as much as possible. Finally, the average 
of the three splenic ADC measurements was adopted for the calculation of normalized ADC value 
(ADC of the pancreatic lesion/the average ADC of spleen).

Similar image analysis was carried out by a second abdominal radiologist (with 8 years of experience) 
with no prior knowledge of detailed histopathological information of any patients for inter-reader 
variability analysis. Quantitative data including absolute ADC and normalized ADC values from the 
reader with greater experience in abdominal MRI diagnosis was adopted for further analysis.

Statistical analysis
Statistical analysis was carried out using SPSS 20.0 and GraphPad Prism 8.0 software. The normal distri-
bution and variance homogeneity of variables were analyzed by using the Kolmogorov-Smirnov test 
and Levene test, respectively. Normal distributed variables were described by mean ± standard 
deviation (SD). The non-normal distributed variables were expressed as medians (first quartile, third 
quartile). The quantitative variables were compared by the two-tailed independent t-test or the Mann-
Whitney U test. The receiver operating characteristics (ROC) analysis was carried out for evaluating the 
diagnostic performance of both absolute ADC and normalized ADC values in the differential diagnosis 
between IPAS and PNETs by clarifying sensitivity, specificity, and accuracy. The areas under the curves 
(AUCs) were determined for both absolute ADC and normalized ADC values, and the AUCs between 
these two methods were compared using the DeLong’s test. Inter-reader reliability for both absolute 
ADC and normalized ADC values were assessed by using Bland-Altman analyses and intraclass 
correlation coefficient (ICC)[21]. ICC coefficients were defined as poor (< 0.40), fair (0.40 ≤ ICC < 0.60), 
good (0.60 ≤ ICC < 0.75), and excellent (ICC ≥ 0.75). The statistical significance level was set at a P value 
< 0.05.

RESULTS
Patient characteristics and imaging analysis
Twenty-nine patients including 16 PNET patients [10 males and 6 females; age range: 22-72 years; mean 
age: 52.38 years ± 13.72 (SD)] and 13 IPAS patients [6 males and 7 females; age range: 27-78 years; mean 
age: 56.15 years ± 15.78 (SD)] were finally included into the study. Among them, 16 PNET patients and 7 
IPAS patients were diagnosed by pathology/cytopathology, while the remaining cases with IPAS were 
selected out based on typical imaging findings. No significant differences were found in sex or age 
between the two groups. All IPAS lesions were located at the tail of the pancreas. PNETs were located as 
follows: six tumors at the head and neck of the pancreas; and 7 at the body and tail of the pancreas.

MRI findings in patients with IPAS and PNET were shown in Table 1. No significant differences were 
found in lesion diameter, lesion ROI, or spleen ROI. Mean absolute ADC values for the spleen were not 
significantly different between the IPAS and PNET groups (0.817 ± 0.943 × 10-3 mm2/s vs 0.806 ± 0.145 × 
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Table 1 Magnetic resonance imaging findings in patients with intrapancreatic accessory spleen and small hypervascular pancreatic 
neuroendocrine tumors

Parameters IPAS PNETs P value

Lesion diameter in mm 17.71 ± 5.09 18.21 ± 5.47 0.803

Lesion ROI in cm2 0.685 ± 0.601 0.866 ± 0.567 0.413

Spleen ROI in cm2 2.134 ± 0.805 2.753 ± 0.910 0.066

Spleen ADC as × 10-3 mm2/s 0.817 ± 0.943 0.806 ± 0.145 0.825

aADC as × 10-3 mm2/s 0.931 ± 0.773 1.254 ± 0.219 < 0.001

rADC 1.154 ± 0.167 1.591 ± 0.364 < 0.001

aADC: Absolute apparent diffusion coefficient; ADC: Apparent diffusion coefficient; IPAS: Intrapancreatic accessory spleen; PNETs: Pancreatic 
neuroendocrine tumors; rADC: Normalized apparent diffusion coefficient (lesion-to-spleen apparent diffusion coefficient ratios); ROI: Regions of interest.

10-3 mm2/s, P = 0.825). The absolute ADC and normalized ADC values were significantly different 
between IPAS and PNET (both P < 0.001), with IPAS showing lower absolute ADC values (0.931 ± 0.773 
× 10-3 mm2/s vs 1.254 ± 0.219 × 10-3 mm2/s) and lower normalized ADC values (1.154 ± 0.167 vs 1.591 ± 
0.364) compared to PNET. Figure 2 shows two representative cases of IPAS and PNET. The absolute 
ADC and normalized ADC values of IPAS were significantly lower than those of PNET.

Diagnostic performance of ADC values
We subsequently evaluated the diagnostic performance of absolute ADC and normalized ADC values in 
differentiating IPAS from PNET. Table 2 summarized the sensitivity, specificity, accuracy, positive 
predictive value, negative predictive value, and cutoff value of absolute ADC and normalized ADC 
values by ROC analysis. ROC analysis demonstrated the optimum cutoff value by maximizing the sum 
of sensitivity and specificity for differentiating IPAS from PNET. A cutoff value of 1.046 × 10-3 mm2/s for 
absolute ADC was associated with 81.25% sensitivity, 100% specificity, and 89.66% accuracy with an 
AUC of 0.94 (95%CI: 0.8536-1.000) for the differential diagnosis of IPAS from PNET. Similarly, a cutoff 
value of 1.342 for normalized ADC was associated with 81.25% sensitivity, 92.31% specificity, and 
86.21% accuracy with an AUC of 0.91 (95%CI: 0.8080-1.000) for the differential diagnosis of IPAS from 
PNET. Figure 3 shows the ROC curves for absolute ADC and normalized ADC values. DeLong’s test 
was used to compare the AUCs of two models established with absolute ADC and normalized ADC 
values in the differential diagnosis of IPAS from PNET. No statistically significant difference was found 
(P = 0.6668).

Inter-reader reliability analysis
The ICCs to evaluate inter-reader reliability for absolute ADC and normalized ADC values were 0.968 
(95%CI: 0.933-0.985) and 0.976 (95%CI: 0.950-0.989), respectively. Bland-Altman analysis (Figure 4) 
revealed that the bias between two readers (solid blue line) was not significant for both absolute ADC 
and normalized ADC values, with the line of quality (dotted orange line) falling within the 95%CI of the 
mean difference (dotted blue lines).

DISCUSSION
An IPAS is typically asymptomatic and has an innocuous nature, which does not require needle biopsy 
or surgery[11]. However, overlapping imaging features of IPAS and PNET may lead to unnecessary 
surgery. In many cases, despite imaging and other diagnostic studies, malignancy cannot be excluded, 
and patients are subjected to pancreatic resection. Therefore, there is a dire need to preoperatively 
characterize IPAS and differentiate them from PNET. Conventional MRI paved the way for differen-
tiating IPAS from PNET in a non-invasive way since IPAS has similar tissue structure and properties as 
the spleen, which can be reflected by DWI, demonstrating that IPAS possesses a markedly lower ADC 
value than PNET[1,7]. In our current study, we found that absolute ADC and normalized ADC values 
can be used for the differential diagnosis between IPAS and PNET and showed a high pooled sensitivity 
and specificity.

Multiple modalities including contrast-enhanced ultrasound (CE-US), CT, superparamagnetic iron 
oxide-enhanced MRI, and nuclear medicine have been proven to be effective in discriminating IPAS 
from pancreatic solid tumors[5,8,22,23]. Among these, CE-US, 99mTc scintigraphy, and superpara-
magnetic iron oxide-enhanced MRI are performed with the intravenous administration of contrast 
media or the phagocytosis of nuclear pharmaceuticals by macrophages of the reticuloendothelial system 
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Table 2 Diagnostic performances of absolute apparent diffusion coefficient and normalized apparent diffusion coefficient values

Variables AUC Sensitivity, % Specificity, % PPV, % NPV, % Accuracy, %

aADC as × 10-3 mm2/s 0.94 81.25 100 100 81.25 89.66

rADC 0.91 81.25 92.31 92.86 80.00 86.21

aADC: Absolute apparent diffusion coefficient; AUC: Area under curve; NPV: Negative predictive value; PPV: Positive predictive value; rADC: 
Normalized apparent diffusion coefficient (lesion-to-spleen apparent diffusion coefficient ratios).

Figure 2 Magnetic resonance images. A-C: Magnetic resonance images in a 51-year-old male with pathologically proven intrapancreatic accessory spleen. 
The lesion was located at the tail of the pancreas with a hypervascular enhancement pattern on contrast-enhanced arterial phase T1 weighted imaging (T1WI) (yellow 
arrow, A). After confirming the lesion on arterial phase T1WI and diffusion-weighted imaging (B), circular regions of interest (ROI) were placed within the lesion on the 
apparent diffusion coefficient (ADC) map (B) and showed an ADC value of 0.738 × 10-3 mm2/s. Similarly, ADC measurement was carried out on the adjacent spleen 
using circular ROIs (C) and demonstrated an average splenic ADC of 0.767 × 10-3 mm2/s. The normalized ADC (lesion-to-spleen ADC ratio) was 0.962; D-F: 
Magnetic resonance images in a 45-year-old female with pathologically proven G2 pancreatic neuroendocrine tumor. The lesion was located at the tail of the 
pancreas with a hypervascular enhancement pattern on contrast-enhanced arterial phase T1WI (yellow arrow, D). After confirming the lesion on arterial phase T1WI 
and diffusion-weighted imaging (B), circular ROI was placed within the lesion on the ADC map (B) and showed an ADC value of 1.260 × 10-3 mm2/s. Similarly, ADC 
measurement was carried out on the adjacent spleen using circular ROIs (C) and demonstrated an average splenic ADC of 0.749 × 10-3 mm2/s. The normalized ADC 
(lesion-to-spleen ADC ratio) was 1.682.

in the spleen[7]. Although these modalities showed high pooled sensitivity and specificity, they have 
the following shortcomings: They rely on phagocytosis of macrophages, the application of which in 
splenic visualization is quite limited as it requires minimal functioning of splenic tissues; and contrast 
agents or exogenous nuclear pharmaceuticals[7]. In addition, scintigraphy has limited value when the 
pancreatic lesion has a relatively small size since it has lower spatial resolution compared with CT or 
MRI. In addition, CE-US has limited diagnostic utility in fully examining the pancreatic tail due to the 
limited sonic window and operator-independent nature[24]. In contrast, DWI does not require any 
exogenous contrast media or ionizing radiation and can be performed comparatively rapidly.

It has been reported that ADC variability may be minimized by calculation of the normalized ADC 
value (lesion-to-spleen ADC ratios) with the help of technical factors in different organs and pathologies
[18,19]. In our study, we used absolute ADC and normalized ADC values to differentiate IPAS from 
PNET. The key findings of our study fall into two main categories: (1) Both absolute and normalized 
ADC values performed equally well in the discrimination of IPAS from PNET. A cutoff value of 1.046 × 
10-3 mm2/s for absolute ADC was associated with 81.25% sensitivity, 100% specificity, and 89.66% 
accuracy with an AUC of 0.94 (95%CI: 0.8536-1.000) for the differential diagnosis of IPAS from PNET. 
Similarly, a cutoff value of 1.342 for normalized ADC was associated with 81.25% sensitivity, 92.31% 
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Figure 3 Receiver operating characteristic curve for diagnostic performance of absolute apparent diffusion coefficient and normalized 
apparent diffusion coefficient values regarding the differentiation between intrapancreatic accessory spleen and pancreatic 
neuroendocrine tumor. ADC: Apparent diffusion coefficient.

Figure 4 Bland-Altman plots of absolute apparent diffusion coefficient and normalized apparent diffusion coefficient for the two readers’ 
measurements with the representation of the 95% limits of agreement (dotted and dashed brown lines). A: Absolute apparent diffusion 
coefficient (ADC); B: Normalized ADC. For both absolute ADC and normalized ADC values, the bias between two readers (solid blue line) was not significant, with the 
line of equality (dotted orange line) falling within the 95% confidence interval of the mean difference (dashed blue lines). SD: Standard deviation.

specificity, and 86.21% accuracy with an AUC of 0.91 (95%CI: 0.8080-1.000) for the differential diagnosis 
of IPAS from PNET; and (2) A high degree of inter-reader reliability for absolute ADC [0.968 (95%CI: 
0.933-0.985)] and normalized ADC values [0.976 (95%CI: 0.950-0.989)] were obtained in our study. There 
was no significant difference in diagnostic performance between absolute ADC and normalized ADC 
values with high inter-reader reliability. In clinical practice, absolute ADC provides the ease of a single 
measurement. However, further studies with a larger cohort size may be necessary to evaluate the 
definite superiority of one method over the other.

The spleen has a much lower ADC compared to the pancreas since it has a unique organ composition. 
A previous study revealed that the mean ADC value of IPAS was significantly lower than that of PNET 
(0.90 × 10-3 mm2/s vs 1.44 × 10-3 mm2/s, P < 0.001); A cutoff value of 1.07 × 10-3 mm2/s demonstrated 
high pooled sensitivity (96.0%) and specificity (93.5%) in the differential diagnosis between IPAS and 
PNET[6]. In our study, the absolute ADC and normalized ADC values of the IPAS were 0.931 ± 0.773 × 
10-3 mm2/s and 1.154 ± 0.167, respectively, which were significantly lower than those of PNETs (1.254 ± 
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0.219 × 10-3 mm2/s and 1.591 ± 0.364). Our study was consistent with the previous study[6]. However, 
they did not investigate the potential value of the normalized ADC and their diagnostic performance in 
the differential diagnosis between the two entities. Our study showed an equal performance of both 
absolute ADC and normalized ADC values in the discrimination of IPAS from PNET and revealed a 
high degree of inter-reader reliability, which corroborated the findings a previous study demonstrated
[1]. However, this study had unbalanced data with 51 PNETs and 11 IPAS lesions, and no algorithm 
was used to balance the data for further analysis.

Additionally, all patients underwent MRI scans using a 1.5-T MRI system, and a single scanner from 
one vendor was used to scan the patients. It is unclear whether the results can be generalized to all 
vendors. A recent study showed that ADC measurements of the pancreas may be affected by the field 
strength of the MRI scanner[17]. Our studies further validated that both absolute ADC and normalized 
ADC values are useful in the discrimination of IPAS from PNET with the 3.0-T MRI system and may be 
attributed to the fact that the IPAS has similar tissue structure and properties as the spleen, which 
possesses the lowest ADC values among the upper abdominal viscera.

Our study had several limitations. First, selection bias may be present due to its retrospective nature. 
Second, the number of enrolled patients is small. As we know, an IPAS is an uncommon condition, with 
a prevalence ranging from 1.1%-3.4% in individuals[25]. We could not include more IPAS patients in a 
short period of time. We will recruit more patients for further validation and reliability testing of our 
results. Third, although no difference regarding diagnostic performance of absolute ADC and 
normalized ADC values in discrimination of IPAS from PNET was observed, further studies with a 
larger cohort size may be needed to evaluate the definite superiority of one method over another. 
Fourth, there was no histopathological confirmation of IPAS in 6 cases since surgical resection is not 
recommended for IPAS. However, reasonable confidence was acquired with the criteria for the imaging 
diagnosis of IPAS combing typical imaging features and stability on imaging follow-up.

CONCLUSION
In conclusion, our study demonstrated that both absolute ADC and normalized ADC values allow 
clinically relevant differentiation of IPAS from PNET. Large-scale multicenter prospective cohort studies 
are needed to validate the potential value of absolute and normalized ADC values in differentiating 
IPAS from PNET.

ARTICLE HIGHLIGHTS
Research background
Intrapancreatic accessory spleen (IPAS) typically presents as a solitary, well-defined, hypervascular, 
ovoid or round mass with a maximum diameter < 3 cm on contrast-enhanced (CE) computed tomo-
graphy or CE magnetic resonance imaging. They are often misdiagnosed as small (< 3 cm) 
hypervascular pancreatic neuroendocrine tumors (PNETs) since they share similar imaging findings. 
IPAS is innocuous in nature and generally does not require any treatment. However, surgery and/or 
chemotherapy are recommended for PNETs.

Research motivation
The overlap of imaging features between IPAS and small (< 3 cm) hypervascular PNET often requires 
surgical management. Therefore, preoperative characterization of IPAS vs small (< 3 cm) hypervascular 
PNET is of utmost importance. This study provided a non-invasive method for preoperatively differen-
tiating these two entities.

Research objectives
This study aimed to investigate and compare the diagnostic performance of absolute apparent diffusion 
coefficient (ADC) and normalized ADC (lesion-to-spleen ADC ratios) in the differential diagnosis of 
IPAS from PNET.

Research methods
A retrospective study consisting of 16 PNET patients and 13 IPAS patients who underwent preoperative 
CE-magnetic resonance imaging together with diffusion-weighted imaging/ADC maps was performed. 
Two independent reviewers measured ADC on all lesions and spleens, and normalized ADC was 
calculated for further analysis. The receiver operating characteristics analysis was carried out for 
evaluating the diagnostic performance of both absolute ADC and normalized ADC values. Inter-reader 
reliability for the two methods was evaluated.
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Research results
IPAS had significantly lower absolute ADC (0.931 ± 0.773 × 10-3 mm2/s vs 1.254 ± 0.219 × 10-3 mm2/s) 
and normalized ADC values (1.154 ± 0.167 vs 1.591 ± 0.364) as compared to PNET. A cutoff value of 
1.046 × 10-3 mm2/s for absolute ADC was associated with 81.25% sensitivity, 100% specificity, and 
89.66% accuracy with an area under curve of 0.94 for the differential diagnosis of IPAS from PNET. 
Similarly, a cutoff value of 1.342 for normalized ADC was associated with 81.25% sensitivity, 92.31% 
specificity, and 86.21% accuracy with an area under the curve of 0.91 for the differential diagnosis of 
IPAS from PNET. Both methods showed excellent inter-reader reliability with intraclass correlation 
coefficients for absolute ADC and ADC ratio of 0.968 and 0.976, respectively.

Research conclusions
This study demonstrated that both absolute ADC and normalized ADC values allow clinically relevant 
differentiation of IPAS from PNET.

Research perspectives
This study provided a non-invasive method to preoperatively differentiate IPAS from PNET, which has 
a profound clinical significance in guiding treatment strategy and predicting prognosis for patients with 
IPAS and PNET. Large-scale multicenter prospective cohort studies are needed to validate the potential 
value of absolute and normalized ADC values in differentiating IPAS from PNET.
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Abstract
BACKGROUND 
Chicken skin mucosa (CSM) surrounding colon polyps is a common endoscopic 
finding with pale yellow-speckled mucosa during a colonoscopy screening. 
Although reports about CSM surrounding small colorectal cancer are scarce, and 
its clinical significance in intramucosal and submucosal cancers is unclear, 
previous studies have suggested it could be an endoscopic predictive marker for 
colonic neoplastic and advanced polyps. Currently, because of the inaccurate 
preoperative evaluation by endoscopists, many small colorectal cancers, partic-
ularly lesions with a diameter < 2 cm, are improperly treated. Therefore, more 
effective methods are required to better assess the depth of the lesion before 
treatment.

AIM 
To explore potential markers of small colorectal cancer early invasion under white 
light endoscopy, providing patients with better treatment alternatives.

METHODS 
This retrospective cross-sectional study included 198 consecutive patients [233 
early colorectal cancers (ECCs)] who underwent endoscopy or surgical proce-
dures at the Digestive Endoscopy Center of Chengdu Second People’s Hospital 
between January 2021 and August 2022. The participants had pathologically 
confirmed colorectal cancer with a lesion diameter < 2 cm and received endo-
scopic or surgical treatment, including endoscopic mucosal resection and sub-
mucosal dissection. Clinical pathology and endoscopy parameters, including 
tumor size, invasion depth, anatomical position, and morphology, were reviewed. 
Fisher’s exact test, the χ2 test, and Student’s t-test were used to analyze the 
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patient’s basic characteristics. Logistic regression analysis was used to examine the relationship 
between morphological characteristics, size, CSM prevalence, and ECC invasion depth under 
white light endoscopy. Statistical significance was set at P < 0.05.

RESULTS 
The submucosal carcinoma (SM stage) was larger than the mucosal carcinoma (M stage) with a 
significant difference (17.2 ± 4.1 vs 13.4 ± 4.6 mm, P < 0.01). M- and SM-stage cancers were 
common in the left colon; however, no significant differences were found between them (151/196, 
77% and 32/37, 86.5%, respectively, P = 0.199). The endoscopic features of colorectal cancer 
revealed that CSM, depressed areas with clear boundaries, and erosion or ulcer bleeding were 
more common in the SM-stage cancer group than in the M-stage cancer group (59.5% vs 26.2%, 
46% vs 8.7%, and 27.3% vs 4.1%, respectively, P < 0.05). CSM prevalence in this study was 31.3% 
(73/233). The positive rates of CSM in flat, protruded, and sessile lesions were 18% (11/61), 30.6% 
(30/98), and 43.2% (32/74), respectively, with significant differences (P = 0.007).

CONCLUSION 
CSM-related small colorectal cancer was primarily located in the left colon and could be a 
predictive marker of submucosal invasion in the left colon.

Key Words: Chicken skin mucosa; Colonoscopy; Colorectal cancer; Submucosal invasion; White light 
endoscopy; Endoscopic features

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

Core Tip: Chicken skin mucosa (CSM) surrounding colorectal polyps is a relatively common clinical 
feature. Previous studies have found that it could be an endoscopic predictor of neoplastic and advanced 
colorectal polyps. However, it is unclear whether it is associated with early colorectal cancer or invasion. 
In our study, CSM-related small colorectal cancer was mainly found in the distal colon; this could be a 
potential predictive marker of submucosal invasion cancers located in the left colon. Since these cancers 
cannot be treated as a normal polyp, biopsy snare, cold-snare polypectomy, and cold-snare endoscopic 
mucosal resection may not be the appropriate options.

Citation: Zhang YJ, Wen W, Li F, Jian Y, Zhang CM, Yuan MX, Yang Y, Chen FL. Chicken skin mucosa 
surrounding small colorectal cancer could be an endoscopic predictive marker of submucosal invasion. World J 
Gastrointest Oncol 2023; 15(6): 1062-1072
URL: https://www.wjgnet.com/1948-5204/full/v15/i6/1062.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i6.1062

INTRODUCTION
Abnormal colorectal adenomatous mucosa is widely used as an indication to screen for colorectal cancer 
early. Chicken skin mucosa (CSM) is a mucosal anomaly defined by a pale-yellow speckled pattern in 
the colon and rectum observed under conventional white light endoscopy. It was first reported in 1998
[1] and is characterized by fat accumulation in the lamina propria macrophages. Previous studies 
suggest that CSM is caused by colonic intestinal metaplasia, toxic factors from damaged intraluminal 
mucosa, or previous mild damage. Recent studies have observed that it may effectively predict 
colorectal adenoma and adenoma carcinogenesis[2,3]. However, its significance in intramucosal and 
submucosal cancers is unclear. Therefore, we retrospectively analyzed the endoscopic results of 233 
patients with early colorectal cancer (ECC) (< 20 mm in diameter), including the tumor location, 
morphology, CSM features, and other conventional white light endoscopic findings, to improve 
endoscopists’ understanding of the white light endoscopic features of invasive colorectal cancer (< 20 
mm diameter) to prevent misdiagnosis and reduce non-curative resection, thereby improving patient 
outcomes.
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MATERIALS AND METHODS
Clinical data
CSM is a common endoscopic finding during a colonoscopy screening; it is a mucosal anomaly charac-
terized by a pale-yellow speckled pattern surrounding the colon and rectum polyps observed before or 
after injection under conventional white light endoscopy. Patients aged between 18 and 85 years who 
underwent screening, surveillance, or diagnostic colonoscopy at the Digestive Endoscopy Center of 
Chengdu Second People’s Hospital between January 2021 and August 2022 were enrolled in this 
retrospective study. ECCs were screened based on the pathological results after endoscopic or surgical 
operation. These are cancers with an invasion depth limited to the mucosa and submucosa, regardless of 
lymph node metastasis.

Our study complied with the diagnostic criteria of the Japanese Colorectal Cancer Research 
Association[4]. Intramucosal carcinoma refers to cellular or structural atypia to a certain extent, and the 
lesions are limited to the mucosal layer, confining the focus to the mucosal layer. Submucosal carcinoma 
(SM-stage cancer) refers to lesions where atypical cells break through the muscularis mucosae and 
infiltrate the submucosa.

The inclusion criteria were as follows: (1) Receiving endoscopic or surgical treatment, including 
endoscopic mucosal resection (EMR), endoscopic submucosal dissection (ESD) or surgical treatment, 
and pathologically confirmed colorectal cancer; and (2) a lesion diameter < 2 cm.

The exclusion criteria were as follows: (1) A history of colorectal carcinoma (CRC) or inflammatory 
bowel disease; (2) familial adenomatous polyposis; (3) poor bowel preparation; and (4) a history of 
malignancy at other sites.

Study equipment
Standard colonoscopes were used throughout (CF H260AI, CF Q260AI, or CF Q290AI, Olympus 
Limited, Tokyo, Japan), and lesion size was measured in vivo using open biopsy forceps with a deployed 
diameter of 7 mm (QYQ-AXC2.3X2300, Changchun Huichun Medical Devices, China).

Research method
Endoscopic findings: The endoscopic imaging data of the patients were reviewed, and when the record 
was unclear or controversial, an experienced doctor reconfirmed. The lesion location and size, morpho-
logical classification under endoscopy, and morphological indexes for predicting ECC depth reported in 
previous literature were analyzed.

(1) Location: Tumors were either in the right (including the cecum, ascending colon, transverse colon, 
or splenic flexure) or left (including the descending colon, sigmoid colon, and rectum) colon; and (2) 
Morphology: According to the Paris classification[4], there were three types of tumors based on their 
endoscopic morphological characteristics, including protruded (0-I), flat (0-II), and depressed (0-III) 
types. According to whether the lesions had no pedicle, type 0-I polyp was classified into pedunculated 
and sessile lesions.

The following parameters[5-7] facilitated ECC depth prediction: CSM, fold convergency, loss of 
lobulation, surface fullness, a depressed area with a clear boundary, a deeper red mucosal color, erosion 
or ulcer bleeding, and stalk swelling[5-8]. The relationship between our results and ECC depth was 
determined using statistical analysis.

Cure criterion: Tumor invasion limited to the mucosal layer is referred to as mucosal carcinoma (M-
stage cancer), and invasion into the submucosal layer without muscularis propria invasion is known as 
SM-stage cancer. With a boundary of the submucosal membrane (SM) of 1000 μm, the penetration depth 
to the inferior margin of the mucosal layer was defined as superficial submucosal membrane carcinoma 
(SM1), and that of > 1000 μm was defined as deep SM-stage cancer (SM2 and SM3).

All the cases in this study were adenocarcinomas, and the submucosal invasion depth was measured 
in SM-stage cancer specimens resected using ESD. The requirements for curative resection were as 
follows: (1) R0 resection; (2) an invasion depth of M- or SM-stage cancer of < 1 mm from the muscularis 
mucosa, or an invasion depth of pedunculated SM-stage cancer of < 3 mm from the Haggitt’s level II; (3) 
no lymphatic or vascular vessel invasion; and (4) well- and moderately-differentiated adenocarcinoma. 
However, failure to meet any of the criteria above resulted in non-curative resection (Figure 1).

Statistical analysis
The statistical review of the study was performed by a biomedical statistician. Statistical analysis was 
performed using IBM SPSS Statistics, Version 23.0 (IBM Corp., Armonk, NY, United States) based on the 
pathological diagnosis. Continuous variables are expressed as mean ± SD. This study’s primary 
outcome was to evaluate the different endoscopic findings among small M- and SM-stage cancers. 
Patients’ baseline characteristics were analyzed using descriptive statistics. Furthermore, enumeration 
data are expressed as percentages or rates (%). Fisher’s exact test, the χ2 test, and Student’s t-test were 
used to analyze the patients’ basic characteristics, and the endoscopy revealed differences in CRC with 
different immersion depths. Statistical significance was considered at P < 0.05. Multivariate analysis was 
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Figure 1 Treatment of colorectal cancer. SM: Submucosal; ESD: Endoscopic submucosal dissection; EMR: Endoscopic mucosal resection; M: Mucosal; LN: 
Lymph node.

performed using logistic regressions. We included the data that had a level of significance at P < 0.05 or 
approximately 0.05 in the bivariate analysis as independent variables. This study’s statistical methods 
were reviewed by Yang Y and Chen FL from the Department of Chengdu Medical College Statistics.

RESULTS
Prevalence of ECCs and CSM
Between January 2021 and August 2022, 233 ECC cases (198 patients) were diagnosed under endoscopy 
and pathologically confirmed at our hospital. There were 133 males and 65 females, with a male-to-
female ratio of 2.05:1. The patients’ ages were 29-85 years (median, 62.2 years). There were 196 and 37 
cases of M- and SM-stage cancers, respectively, with a ratio of 5.3:1. M- and SM-stage cancers were 
commonly observed in the left colon. The diameter of M-stage cancer was 1.34 ± 0.46 cm, and that of 
SM-stage cancer was significantly larger (1.72 ± 0.41 cm). The diameters of all SM-stage cancers were > 1 
cm, and a statistical difference was observed between the groups (Table 1).

The CSM prevalence in this study was 31.3% (73/233). The positive rates of CSM in flat, pedun-
culated, and sessile lesions were 18% (11/61), 30.6% (30/98), and 43.2% (32/74), respectively, with 
significant differences (P = 0.007). The positive rate of CSM in sessile lesions was the highest. However, 
the positive CSM rate in the left colon was higher than that in the right colon (36.07% vs 14%), with a 
significant difference (P = 0.03). Lesions > 1 cm were more likely to reveal CSM (34.39% vs 18.18%), and 
the difference was significant (P = 0.037) (Table 2).

Relationship between morphological characteristics and invasion depth under white light endoscopy
Based on the endoscopic morphological classification, elevated lesions (73.8%, 172/233) were more 
common than flat lesions (26.2%, 61/233). In this study, the proportions of flat and sessile lesions were 
higher than that of M-stage cancer; however, no significant difference was observed between the types 
at different depths of invasion. The number of laterally spreading tumors (LSTs) included in 0-IIA 
lesions and SM-stage cancer was low and could not be further stratified. In addition, the 0-IS + 0-IIC 
type was classified as 0-IS type, 0-IIA + 0-IIC type as 0-IIA type, and 0-IIC + 0-IIA type as IIc type 
(Table 3).

CSM is a depressed area with clear boundaries, erosion, or ulcer bleeding, and these features are 
more common in SM-stage cancers. In total, 59.5% (22/37) of cases had “chicken skin” changes in the 
basal mucosa around the SM-stage cancer lesion; however, the corresponding number in M-stage cancer 
was 26.2% (51/196), and the difference was significant (P < 0.001). In 45.9% (17/37) of SM-stage cancers, 
local depressions with clear boundaries were observed, whereas these were observed in 8.7% (17/196) 
of M-stage cancers, and the difference was significant (P < 0.001).

The proportion of local erosion or ulcer bleeding in M-stage cancer was 4.1% (8/196), whereas it was 
27.3% (10/37) in SM-stage cancer, and the difference was significant (P < 0.01). There were 98 0-Ip and 
0-Isp lesions, including 87 M- and 11 SM-stage tumors. Stalk swelling was observed in 13.8% (12/87) 
and 54.6% (6/11) of M- and SM-stage tumor cases, respectively. The P value of Fisher’s exact probability 
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Table 1 Demographics of both groups [mean ± SD, n (%)]

SM (37) M (196) P value

Age (mean ± SD, yr) 66.9 ± 9.6 61.24 ± 11.1 0.06

Male 25 (67.6) 110 (66.3)Sex

Female 12 (32.4) 56 (33.7)

0.879

Size (mm) 17.2 ± 4.1 13.4 ± 4.6 < 0.001

Right colon 5 (13.5) 45 (23)Location

Left colon 32 (86.5) 151 (77)

0.199

SM: Submucosal; M: Mucosal; SD: Standard deviation.

Table 2 Chicken skin mucosa prevalence in different morphological lesions, n (%)

CSM (+) 73 CSM (-) 160 P value

M 51 (69.86) 145 (90.63) < 0.001

SM 22 (30.14) 15 (9.37)

Flat (IIa, LST) 11 (15.07) 50 (31.25) 0.007

Pedunculated (Isp, Ip) 30 (41.1) 68 (42.5)

Morphology

Sessile (Is, Is + IIc) 32 (43.84) 42 (26.25)

Left colon 66 (90.41) 117 (73.13) 0.03Location

Right colon 7 (9.59) 43 (26.88)

≥ 10 mm 65 (89.04) 124 (77.5) 0.037Size

< 10 mm 8 (10.96) 36 (22.5)

CSM: Chicken skin mucosa; SM: Submucosal; M: Mucosal; LST: Laterally spreading tumor.

Table 3 Comparison of different morphological tumor types and depth of invasion in early colorectal cancer, n (%)

Total SM M P value

Morphology 233 37 196 0.252

Flat 61 (26.18) 12 (32.43) 49 (25)

Pedunculated 98 (42.06) 11 (29.73) 87 (44.39)

Sessile 74 (31.76) 14 (37.84) 60 (30.61)

SM: Submucosal; M: Mucosal.

analysis was 0.04. However, its significance should be further explored using data from a larger sample. 
Therefore, if “chicken skin” changes and local depressions with clear boundaries, local erosion, or ulcer 
bleeding are observed under white light endoscopy, possible lesion invasion of the submucosa should 
be considered. However, no significant difference was observed in the proportion of mucosal fold 
convergency, loss of lobulation, surface fullness, and deeper red mucosal color between M- and SM-
stage cancers (P > 0.05) (Table 4). Logistic regression results showed that CSM, a depressed area with 
clear boundaries, erosion, or ulcer bleeding, and size (≥ 10 mm) were independent risk factors for 
submucosal invasion in ECC (Table 5).

Relationship between CSM prevalence and invasion depth of ECC
Further stratification based on the growth morphology of the lesions revealed that the positive rates of 
CSM in flat-type SM- and M-stage cancers were 41.64% (5/12) and 12.24% (6/49), respectively, with a 
significant difference (P = 0.03).
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Table 4 Comparison of morphological characteristics and invasion depth of early colorectal cancer under white light endoscopy, n (%)

Endoscopic finding SM (37) M (196) P value

(All) CSM 22 (59.5) 51 (26.2) < 0.001

(All) Ulceration or errhysis 10 (27.3) 8 (4.1) < 0.001

(All) Demarcated depressed area 17 (46) 17 (8.7) < 0.001

(All) Deeper red mucosal color 26 (70.3) 130 (66.3) 0.354

(P, S) Loss of lobulation 5/15 (33.3) 30/145 (20.7) 0.323

(P) Stalk swelling 6/11 (54.6) 12/87 (13.8) 0.04

(F) Fold convergency 2/49 (4.1) 4/12 (33.3) 0.11

(P, S) Fullness 28/147 (19) 8/25 (32) 0.14

CSM: Chicken skin mucosa; SM: Submucosal; M: Mucosal.

Table 5 Logistic regression analyses of the risk factors for invasion depth of early colorectal cancer under white light endoscopy

Variable OR (95%CI) P value

Size (≥ 10 mm/10 mm) 3.89 (1.35-11.26) 0.01

CSM (+/-) 2.54 (1.14-5.95) 0.04

Ulceration or errhysis (+/-) 5.44 (1.64-17) 0.006

Demarcated depressed area (+/-) 5.82 (2.31-14.6) 0.01

Stalk swelling 1.03 (0.26-4.06) 0.97

CSM: Chicken skin mucosa; OR: Odds ratio; CI: Confidence interval.

The positive rates of CSM in protruded-type SM- and M-stage cancers were 63.64% (7/11) and 26.44% 
(23/87), respectively, with a significant difference (P = 0.03). Furthermore, the positive rates of CSM in 
sessile-type SM- and M-stage cancers were 71.43% (10/14) and 36.67% (23/87), respectively, with a 
statistical difference (P = 0.02) (Table 6). According to the results of logistic regressions, submucosal 
invasion, anatomical position (left colon), and growth morphology (pedunculated or sessile) were 
independent risk factors for CSM changes in ECCs (Table 7).

DISCUSSION
According to statistics, the incidence and mortality rates of CRC rank third and second in the incidence 
and death spectrums, respectively, of malignant tumors[9]. The CRC incidence and mortality rates also 
have an increasing trend in China. However, early diagnosis and intervention can considerably improve 
the quality of life and the 5-year survival rate of patients with CRC. Endoscopic treatment is feasible for 
colorectal precancerous lesions, M-stage cancer, and colorectal cancer confined to SM1. However, 
surgical treatment is necessary for patients with an invasion depth exceeding a third of the upper 
submucosa due to the high lymph node metastasis rate[10]. Therefore, an accurate judgment of tumor 
nature, size, and depth of invasion under endoscopy is a vital prerequisite for making tumor treatment 
choices. Combining narrowband imaging and magnifying endoscopy has been consistently recognized 
for identifying and diagnosing early tumors, with improved detection rates of early and advanced 
cancers[11]. However, many primary hospitals lack the conditions for routinely using magnifying 
endoscopy and can only screen using conventional white light endoscopy. Furthermore, the current 
understanding of such lesions is insufficient, particularly those with a diameter < 2 cm. Before the 
pathological tissue evaluation, it is challenging to judge the nature and invasion depth of lesions under 
conventional white light endoscopy, which may lead endoscopists to select inappropriate treatment; 
however, it cannot achieve curative resection. The definition of colorectal cancer differs between 
Western countries and Japan, and this study referred to the Japanese Society for Colon Cancer Research 
and Vienna classification criteria[4,12]. M-stage cancer refers to a certain degree of cellular or structural 
atypia where the lesion is confined to the mucosal layer. In contrast, SM-stage cancer refers to lesions 
where abnormal cells break through the muscularis mucosa and infiltrate the submucosa. In SM-stage 
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Table 6 Comparison of chicken skin mucosa prevalence and invasion depth in different lesion morphologies

Total SM M P value

Morphology 233 37 196 0.252

Flat CSM (+) 5 (41.67) 6 (12.24) 0.03

CSM (-) 7 (58.33) 43 (87.76)

Protruded CSM (+) 7 (63.64) 23 (26.44) 0.03

CSM (-) 4 (36.36) 64 (73.56)

Sessile CSM (+) 10 (71.43) 22 (36.67) 0.02

CSM (-) 4 (28.57) 38 (63.33)

CSM: Chicken skin mucosa; SM: Submucosal; M: Mucosal.

Table 7 Logistic regression analyses of risk factors for the occurrence of chicken skin mucosa

Variable OR (95%CI) P value

SM/M 3.76 (1.7-8.3) 0.01

Location (left/right colon) 2.45 (1.03-5.82) 0.04

Size (≥ 10 mm/< 10 mm) 1.15 (0.59-1.41) 0.09

1.54 (0.79-3.06)Morphology (flat/pedunculated/sessile)

1.66 (0.85-3.27) 0.03

CSM: Chicken skin mucosa; SM: Submucosal; M: Mucosal; OR: Odds ratio; CI: Confidence interval.

carcinoma, if the immersion depth exceeds 1000 μm of the submucosal layer, there is a metastasis risk of 
6%-12%[13]. At this time, endoscopic resection cannot attain curative standards; therefore, it is 
unsuitable for treatment, and clinicians should pay more attention. Endoscopists frequently select 
treatment based on the location, shape, and endoscopic appearance of the lesion[14]. In this study, the 
most common sites of ECCs were the rectum and sigmoid colon, consistent with the common site of 
colorectal cancer in the left colon. Moreover, the lesion diameter affects the depth of ECCs invasion. The 
diameter of SM-stage cancers was significantly larger than that of M-stage cancers, and there was a 
significant difference between the groups. Furthermore, the SM-stage cancer diameter was > 1 cm, 
similar to the conclusion of a previous study[5]. According to the literature, the lesion morphology of 
ECC detected in Western countries is mainly the hump type (0-I type). Conversely, this study’s results 
were similar to the protruded type (0-I type). The proportion of protruded type (0-I type) lesions was 
73.82%, possibly because hump-type lesions are easier to detect than flat types during colonoscopy. In 
this study, the proportions of flat, pedunculated, and sessile lesions in ECCs with different depths of 
invasion were similar, without significant differences. Because of the few 0-IIa, 0-IIa + 0-IIc, 0-IIc + 0-IIa, 
and LST lesions, further detailed stratification and comparison were not performed.

According to the literature, CSM, fold convergency, loss of lobulation, surface fullness, a depressed 
area with a clear boundary, deeper red mucosal color, erosion, or ulcer bleeding, and stalk swelling 
under standard white light endoscopy are commonly used to analyze the depth of invasion of ECC. In 
this study, the sessile lesions, left hemicolons, and lesions > 1 cm had a higher positive rate of CSM, 
which is consistent with the results of previous studies[1-3].

CSM is an endoscopic finding with uniform yellow-white spots around the lesion base, and the 
corresponding pathological manifestation is fat accumulation in the lamina propria macrophages. It is 
similar to the endoscopic appearance of gastric xanthoma. CSM is not the same as white spots, which 
are associated with invasive cancer, and is effective in inhibiting the progression of lesions with high 
malignant potential[15]. The CSM was classified into two based on their characteristics in related 
research[3]. Type 1 CSM was obvious under a white light endoscope and could be confirmed before 
injection, which was similar to white spots. However, type 2 differed from white spots and was cer-
tainly difficult to detect under the routine white light endoscopy screening. Therefore, the submucosal 
injection (NS: Normal saline + methylene blue) was needed, and CSM was observed in the bulging 
mucosa and the blue background of the mucosa (Figure 2).

The histopathology revealed foam cells filled with lipids in the mucosa. Furthermore, it is regarded as 
a compensatory response to polyp growth[16]. However, a study in 2012 reported that the expression 



Zhang YJ et al. Early invasion signs in colorectal cancer

WJGO https://www.wjgnet.com 1069 June 15, 2023 Volume 15 Issue 6

Figure 2 Endoscopic appearances of chicken skin mucosa. A: Type 1 chicken skin mucosa (CSM, confirmed before injection); B: Type 2 CSM (confirmed 
after injection); C: CSM not be observed.

levels of proliferation markers (ki-67, COX-2) were higher in adenocarcinomas and adenomas with CSM
[17]. A recent study revealed that CSM is associated with carcinogenesis and its progression[18]. 
Macrophages are important immune cells vital to cancer pathophysiology progression. The stool is 
retained in the left colon for a longer time; therefore, because of the retaining stool, bacteria, and 
macrophages, more bowel inflammation is experienced. Therefore, the abnormal inflammation or 
increased expression of inflammatory genes may have resulted in tumorigenesis despite the lack of 
macrophages revealing CSM.

Currently, for the endoscopic resection of lesions without signs of submucosal invasion, cold snare 
polypectomy is recommended for lesions smaller than 10 mm; EMR is recommended for non-
pedunculated lesions larger than 20 mm according to the European Society of Gastrointestinal 
Endoscopy clinical guidelines and the United States Multi-Society Task Force[19,20]. However, the 
optimal resection method of 10-20 mm (medium size) remains controversial, and whether hot or cold 
resection is preferable remains unclear. Recently, some studies have demonstrated that cold-snare EMR 
can be safely performed en bloc for 10-14 mm colorectal adenomas without severe adverse events. 
However, the histological complete resection rate and submucosal layer found in the resected specimens 
were 63.8% and 25.0%, respectively[21]. For early-stage small colorectal cancer with submucosal 
invasion, this resection is non-curative. Therefore, it is crucial to determine whether the ECC has a 
submucosal invasion before the surgical choice of treatment and the prognosis of patients. Our study 
can be useful in this regard.

Previous studies have revealed that surface fullness is an important characteristic of ECC; however, 
this study’s results reveal that it is not vital to determine whether the tumor invades the submucosa. 
The primary reason could be that the surface fullness mainly reflects tumor growth expansion. When it 
progresses to a certain stage, with tumor volume increase, particularly deep infiltration, the surface 
tumor cells may have different extents of necrosis, resulting in different degrees of well-defined surface 
depressions. Fold convergency and loss of lobulation showed no differences in ECCs with different 
depths of invasion, whereas the P value of the difference in the stalk swelling in ECCs with different 
depths of invasion was approximately 0.05, which may be due to the small sample size of this study, 
which requires further discussion.

This study had some limitations. First, we did not further measure the specific submucosal infiltration 
depth, distinguishing SM1, SM2, and SM3 for surgical resection and EMR resection of patients with 
submucosal infiltration. Therefore, this may have impacted the preoperative evaluation and treatment 
selection. Second, we did not define surveillance colonoscopy after EMR and ESD. The current 
European and United States guidelines recommended a 3-year surveillance colonoscopy for patients 
with adenoma larger than 10 mm; hence, the true complete resection rate and the necessity of additional 
treatment in this study require our regular review and further evaluation following the recommend-
ations in the guidelines. Third, this study was a single-center, retrospective clinical analysis. In addition, 
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the sample size was limited, and the study’s single-center nature may have caused bias. Therefore, using 
a larger sample size and multi-center clinical study is necessary to elucidate the relationship between 
endoscopic appearance and immersion depth from the perspective of fine cell segmentation.

CONCLUSION
CSM has a clinicopathological value for predicting deep immersion in early CRC in the left colon. It can 
enable endoscopists to better identify the submucosal infiltrates of ECC, thereby providing patients with 
more appropriate treatment options.

ARTICLE HIGHLIGHTS
Research background
Currently, endoscopists frequently decide the treatment of colorectal polyps according to the character-
istics of white light endoscopy, and polyps smaller than 2 cm usually do not receive adequate attention, 
leading to their inappropriate treatment.

Research motivation
Chicken skin mucosa (CSM) surrounding colon polyps is a common endoscopic finding that could be an 
endoscopic predictive marker of submucosal invasion. Therefore, we should consider the lesions with 
such characteristics and adopt more appropriate treatment.

Research objectives
To explore potential markers of small colorectal cancer early invasion under white light endoscopy, We 
found that CSM was more common in early submucosal invasive carcinoma than intramucosal 
carcinoma. Therefore, a more aggressive treatment should be used rather than cold-snare polypectomy 
or cold-snare endoscopic mucosal resection.

Research methods
This retrospective cross-sectional study included 198 consecutive patients [233 early colorectal cancers 
(ECCs)] who underwent endoscopy or surgical procedures. Logistic regression analysis was used to 
examine the relationship between morphological characteristics, size, CSM prevalence, and invasion 
depth of ECC under white light endoscopy.

Research results
CSM, a depressed area with clear boundaries, erosion, or ulcer bleeding, and size (≥ 10 mm) were 
independent risk factors for submucosal invasion in ECC. We should consider the lesions with such 
characteristics and adopt more appropriate treatment.

Research conclusions
CSM has a clinicopathological value for predicting deep immersion in early colorectal carcinoma in the 
left colon.

Research perspectives
We will further expand our research to test our conclusions from various geographic, ethnic, and other 
factors.
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Abstract
BACKGROUND 
Computed tomography (CT) imaging features are associated with risk strati-
fication of gastric gastrointestinal stromal tumors (GISTs).

AIM 
To determine the multi-slice CT imaging features for predicting risk stratification 
in patients with primary gastric GISTs.

METHODS 
The clinicopathological and CT imaging data for 147 patients with histologically 
confirmed primary gastric GISTs were retrospectively analyzed. All patients had 
received dynamic contrast-enhanced CT (CECT) followed by surgical resection. 
According to the modified National Institutes of Health criteria, 147 lesions were 
classified into the low malignant potential group (very low and low risk; 101 
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lesions) and high malignant potential group (medium and high-risk; 46 lesions). The association 
between malignant potential and CT characteristic features (including tumor location, size, growth 
pattern, contour, ulceration, cystic degeneration or necrosis, calcification within the tumor, 
lymphadenopathy, enhancement patterns, unenhanced CT and CECT attenuation value, and 
enhancement degree) was analyzed using univariate analysis. Multivariate logistic regression 
analysis was performed to identify significant predictors of high malignant potential. The receiver 
operating curve (ROC) was used to evaluate the predictive value of tumor size and the multi-
nomial logistic regression model for risk classification.

RESULTS 
There were 46 patients with high malignant potential and 101 with low-malignant potential gastric 
GISTs. Univariate analysis showed no significant differences in age, gender, tumor location, 
calcification, unenhanced CT and CECT attenuation values, and enhancement degree between the 
two groups (P > 0.05). However, a significant difference was observed in tumor size (3.14 ± 0.94 vs 
6.63 ± 3.26 cm, P < 0.001) between the low-grade and high-grade groups. The univariate analysis 
further revealed that CT imaging features, including tumor contours, lesion growth patterns, 
ulceration, cystic degeneration or necrosis, lymphadenopathy, and contrast enhancement patterns, 
were associated with risk stratification (P < 0.05). According to binary logistic regression analysis, 
tumor size [P < 0.001; odds ratio (OR) = 26.448; 95% confidence interval (CI): 4.854-144.099)], 
contours (P = 0.028; OR = 7.750; 95%CI: 1.253-47.955), and mixed growth pattern (P = 0.046; OR = 
4.740; 95%CI: 1.029-21.828) were independent predictors for risk stratification of gastric GISTs. 
ROC curve analysis for the multinomial logistic regression model and tumor size to differentiate 
high-malignant potential from low-malignant potential GISTs achieved a maximum area under 
the curve of 0.919 (95%CI: 0.863-0.975) and 0.940 (95%CI: 0.893-0.986), respectively. The tumor size 
cutoff value between the low and high malignant potential groups was 4.05 cm, and the sensitivity 
and specificity were 93.5% and 84.2%, respectively.

CONCLUSION 
CT features, including tumor size, growth patterns, and lesion contours, were predictors of 
malignant potential for primary gastric GISTs.

Key Words: Computed tomography; Gastrointestinal stromal tumor; Risk stratification, Stomach

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

Core Tip: Gastrointestinal stromal tumors (GISTs) are rare but are nevertheless the most common 
mesenchymal neoplasms of the gastrointestinal tract. GISTs are most frequently found in the stomach. 
Preoperative prediction of the malignant potential and prognosis of these GISTs is crucial for clinical 
decision-making. The present study identified the computed tomography (CT) imaging characteristics for 
predicting the malignancy risk stratification in 147 patients with primary gastric GISTs. We demonstrated 
that the qualitative and quantitative features of gastric GISTs on contrast-enhanced CT may be favorable 
for preoperative risk stratification. This may provide a simple yet effective tool for clinicians to make 
appropriate clinical decisions.

Citation: Wang TT, Liu WW, Liu XH, Gao RJ, Zhu CY, Wang Q, Zhao LP, Fan XM, Li J. Relationship between 
multi-slice computed tomography features and pathological risk stratification assessment in gastric gastrointestinal 
stromal tumors. World J Gastrointest Oncol 2023; 15(6): 1073-1085
URL: https://www.wjgnet.com/1948-5204/full/v15/i6/1073.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i6.1073

INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal tumors originating in the 
digestive tract and are thought to be derived from the interstitial cells of Cajal[1,2]. GISTs can arise 
everywhere in the gastrointestinal tract, but they are predominantly located in the stomach (50%-60%), 
followed by the small bowel (30%-35%), colon and rectum (5%), and esophagus (< 5%)[3]. They also 
develop within the mesentery omentum, retroperitoneum, and pelvis. GISTs are classified as borderline 
tumors, and they range from essentially benign tumors to aggressive sarcomas, and they are physiolo-
gically diverse with varied malignant potential[4]. To evaluate the risk of recurrence following complete 
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resection of primary GISTs, a number of risk categorization techniques have been put forth. The most 
widely used classification systems for GISTs are the modified National Institutes of Health (NIH) 
criteria[5] and Armed Forces Institute of Pathology criteria[6], which divide GISTs into four risk 
categories (very low, low, intermediate, and high risk) based on tumor size, mitotic count, tumor site, 
and tumor rupture. The 10-year recurrence-free survival rates of patients with the very low-, low-, and 
intermediate-risk GISTs are 94.9%, 89.7%, and 86.9%, respectively, and are lower in patients with high-
risk GISTs (36.2%)[3]. The biological features of GISTs play an essential role in prognosis and evolution, 
but evaluating their features is usually challenging unless the tumor is excised or has metastasized[7].

The preoperative prediction of the malignant potential and prognosis of these GISTs is crucial for 
clinical decision-making. Currently, preoperative contrast-enhanced computed tomography (CECT) is 
regarded as the fundamental imaging modality for the detection and evaluation of GISTs[8,9]. The 
correlation between CT image features and pathological risk grade of GISTs has been previously 
reported in some pieces of literature[10-13], revealing that CT imaging features such as tumor location, 
growth pattern, contour, tumor size, margin, cystic degeneration or necrosis, ulceration, presence of 
enlarged vessels feeding or draining the mass (EVFDM), contrast enhancement pattern, lymphaden-
opathy, and direct organ invasion were associated with risk stratification. However, only a few studies 
have attempted to correlate CT features with the histological grading or prediction of malignancy in the 
stomach. They have yielded conflicting results because of the limited number of cases[14]. Therefore, the 
purpose of the present study was to identify the CT imaging characteristics for predicting the 
malignancy risk stratification in 147 patients with primary gastric GISTs.

MATERIALS AND METHODS
Patients
We enrolled 147 patients with histologically confirmed primary gastric GISTs from the Second Affiliated 
Hospital of Shandong First Medical University from July 2013 to March 2022. This retrospective study 
was approved by the Institutional Ethics Committee of the Second Affiliated Hospital of Shandong First 
Medical University. The inclusion criteria were as follows: (1) Patients underwent curative surgery for 
primary gastric GISTs; (2) A standard CECT examination was performed within 15 d before surgery; (3) 
Complete CECT images and clinicopathological data were available; and (4) No distant metastasis at the 
time of diagnosis. The exclusion criteria were: (1) Patients received treatment before CT and surgery; 
and (2) Tumor rupture before or during surgery.

Clinical data were reviewed, including age, sex, clinical presentation, and operational styles. There 
were 74 men and 73 women, aged 31-82 years, with a mean of 61 years. The main symptoms were 
abdominal pain/discomfort (n = 48), melena (n = 28), and abdominal mass (n = 37). Twenty-five patients 
were asymptomatic, and the tumors were detected during a regular medical checkup. The remaining 
nine patients presented with acid reflux, hematemesis, poor appetite and other symptoms. All patients 
were treated with surgical resection including laparoscopic resection (n = 71), endoscopic resection (n = 
46), or open surgery (n = 30). The tumor specimens were subsequently processed for histological 
examination.

The cases were further categorized according to the risk assessment table published by the modified 
NIH criteria in 2008[5]. The very low-and low-risk groups were classified into the low malignant 
potential group, and the intermediate-, high-risk groups were classified into the high malignant 
potential group. The cohorts were subsequently grouped into the low- and high-grade malignant 
potential groups.

CT imaging acquisition
All patients underwent abdominal standard CECT before surgery using Philips Brilliance iCT (Philips 
Medical Systems, Cleveland, OH, United States) and GE LightSpeed VCT (GE Healthcare, Princeton, NJ, 
United States). Before CT examinations, all patients were fasted for at least 8 h and were encouraged to 
consume 500-800 mL of water to maximize gastric distension. The scan range covered the upper or 
entire abdomen, including the pelvic cavity. The acquisition parameters were as follows: Tube voltage, 
120 kV; tube current, 300 mAs; slice thickness, 5 mm; slice interval, 5 mm; pitch, 0.9; detector 
collimation, 64 mm × 0.5 mm; field of view, 350 mm × 350 mm; and matrix, 512 × 512. After the 
acquisition of unenhanced images, a nonionic iodinated intravenous contrast agent (2.5 mL/kg, 300 
mL/mg) was injected intravenously at a rate of 3.0 mL/s. The arterial phase (AP) scan began 25-30 s 
after injection, while the portal venous phase (PVP) and delayed phase/equilibrium phase scan were 
started after 55-60 s and 180/120 s, respectively. The original imaging data were reconstructed with a 
1.5-mm slice thickness. Axial, sagittal, and coronal multiplanar reconstruction images were obtained 
with a reconstruction thickness of 2-5 mm. The images were uploaded into the picture archiving and 
communication system for subsequent analysis.
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Imaging analysis
The multi-slice CT scan data were independently reviewed by two radiologists with 13 and 9 years of 
experience in abdominal imaging, and a consensus was reached for the final interpretations. The 
pathological diagnosis of GISTs was recorded, but the radiologists were blinded to the pathological 
data. The CT imaging features were categorized as follows: Tumor size, lesion location (cardia-fundus, 
body, or antrum), contour (irregular or regular), calcification (presence or absence), cystic degeneration 
or necrosis (presence or absence), growth patterns (endoluminal, exophytic or mixed), enhancement 
pattern (heterogeneous or homogenous), degree of contrast enhancement (mild, moderate or marked), 
and lymphadenopathy (presence or absence). Tumor size was defined as the maximal diameter on the 
transverse, coronal or sagittal plane. The largest tumor diameter was classified as ≤ 5, 5-10 or > 10 cm. 
The regular contour was defined as round/ovoid, and irregular was lobulated. Ulceration was 
considered present when a focal mucosal defect/indentation filled with air or fluid or when contrast 
material was found on the endoluminal surface of the lesion[13]. Regional lymphadenopathy was 
considered present if the short-axis diameter of the lymph node was > 1 cm. On CECT scans, areas of 
cystic degeneration, necrosis, or relative enhancement > 10 HU in any phase were considered hetero-
geneous enhancement. Necrosis and cystic degeneration were further differentiated. Necrosis was 
characterized by an irregular low attenuation region without obvious enhancement (≤ 10 HU difference) 
with a CT attenuation value ≤ 20 HU in each contrast-enhanced phase. Cystic degeneration was charac-
terized by a region with a clear and smooth border and near-water density (CT attenuation value 0-10 
HU). The degrees of enhancement for GISTs included absolute and relative enhancement. Absolute 
enhancement was obtained as the measured CT values in AP, PVP and delayed phase. In contrast, 
relative enhancement was calculated by the differences in CT values between the unenhanced phase 
and each enhancement phase. The calculated average values were recorded as the final results. Mild 
enhancement degree was defined as relative enhancement CT value ≤ 20 HU, and moderate and 
significant enhancement degrees were 20-40 and > 40 HU, respectively. The CT values of lesions were 
measured with a 30-50 mm2 region of interest, selecting the most intensely enhanced solid components 
of the tumors, excluding tumor vessels, calcification, hemorrhage, and necrotic and cystic regions. The 
locations of the regions of interest were kept consistent in each phase. Intratumoral necrosis, degree of 
enhancement, and patterns of enhancement were discerned by PVP CECT scan, and tumor calcification 
was identified by unenhanced CT.

Statistical analysis
Univariate and multivariate regression analyses were performed with Statistical Package for Social 
Sciences (SPSS) version 21.0 software packages (SPSS Inc, Chicago, IL, United States), with a two-sided 
P < 0.05 considered statistically significant. Shapiro-Wilk tests were conducted to verify the normality of 
all variables. Independent samples t-tests were conducted for continuous variables (including age, 
tumor size, attenuation value in noncontrast images, AP and PVP of gastric GISTs with different 
pathological risk categories. χ2 tests or Fisher’s exact tests were performed to compare the sex and the 
radiological variables between different risk stratifications (categorical variables). A binary logistic 
regression analysis was subsequently carried out to identify independent predictors for risk strati-
fication of gastric GISTs. Radiological variables with a P < 0.05 in the univariate analysis were enrolled 
in the binary logistic regression analysis. Odds ratio (OR) with 95% confidence interval (CI) for each risk 
factor were used to represent the relative risk estimates. Two-sided P < 0.05 was considered statistically 
significant. The statistical chart was created using GraphPad Prism 9 software. The receiver operating 
curve (ROC) analysis of significant variables was performed, including the CT model from the binary 
logistic regression analysis. The area under the curve (AUC) was obtained, and the sensitivity, 
specificity and optimal cutoff values for distinguishing the high-malignant potential from the low-
malignant potential group were calculated.

RESULTS
Clinicopathological characteristics of the patients
There were 46 patients with high-malignant potential gastric GISTs (including 27 intermediate grade 
and 19 high grade), and 101 patients with low-malignant potential gastric GISTs (including 11 very low 
and 90 low grades). Table 1 displays the characteristics of all the patients involved in this investigation. 
Age and sex did not significantly differ between the groups with low and high malignant potential, 
according to a univariate analysis (P > 0.05).

CT findings
All 147 patients with gastric GISTs had solitary tumors: 83 (low/high: 55/28) tumors were located in the 
fundus, 49 (35/14) in the body, and 15 (11/4) in the antrum. In 87 (69/18) patients, the growth patterns 
of GISTs were endoluminal, in 39 (24/15), exophytic, and in 21 (8/13) individuals, they were mixed 
types (Figures 1A and 1B).
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Table 1 Quantitative features between low-grade and high-grade group

Low-grade group High-grade group
Variables

n = 101, 68.7% n = 46, 31.3%
χ2/Z/t value P value

Age (mean ± SD, yr) 60.59 ± 10.33 62.09 ± 11.19 -0.791 0.43

Sex (n, %)

Male 47 (46.5) 26 (56.5) 1.261 0.261

Female 53 (53.5) 20 (43.5)

Tumor size (mean ± SD), cm 3.14 ± 0.94 6.63 ± 3.26 -9.918 < 0.001

Unenhanced CT, Hu 34.26 ± 3.86 33.93 ± 4.80 0.434 0.665

Absolute enhancement

AP, Hu 49.72 ± 8.63 47.15 ± 9.44 1.625 0.106

PVP, Hu 60.83 ± 11.07 59.11 ± 11.79 0.858 0.393

DP, Hu 64.68 ± 9.06 63.09 ± 9.12 0.988 0.325

Relative enhancement

AP, Hu 15.47 ± 7.57 13.22 ± 9.40 1.544 0.125

PVP, Hu 26.57 ± 10.11 25.17 ± 11.69 0.745 0.457

DP, Hu 30.43 ± 7.66 29.15 ± 9.03 0.883 0.379

CT: Computed tomography; AP: Arterial phase; DP: Delayed phase; PVP: Portal venous phase.

The size (largest diameter) of the lesions ranged from 1.0 to 20.7 cm (mean 4.23 cm): 116 (low/high: 
98/10) patients had tumor size ≤ 5 cm, and 23 (2/21) had tumor size 5-10 cm, while eight (1/7) had 
tumor size > 10 cm (Figure 1C). Lesions were irregular in 19 (3/16) patients and regular in 128 (98/30) 
(Figure 1D). Cystic degeneration or necrosis within lesions was found in 85 (45/40) patients but was 
absent in 62 (56/6). Ulceration was noted in 48 (25/23) patients but was absent in 99 (76/23). Tumor 
calcification was found in 22 (14/8) patients but was not seen in 125 (87/38) (Figures 1E and F). 
Lymphadenopathy was observed in 36 (19/17) patients but was absent in 111 (83/29). On the enhanced 
CT images, the lesions showed heterogeneous enhancement in 95 (51/44) patients, while homogeneous 
enhancement was observed in the other 52 (50/2). Primary lesions showed mild enhancement in 12 (6/
6) patients, moderate enhancement in 113 (83/30), and marked enhancement in 22 (12/10) on CECT 
images.

Relationship between CT findings and different risk categories of gastric GISTs (univariate analysis)
Univariate analysis indicated a significant difference in tumor size (3.14 ± 0.94 cm vs 6.63 ± 3.26 cm, P < 
0.001) between the low-grade and high-grade groups. Higher tumor risk was observed with larger 
tumor size (Figure 2). Tumors with irregular contours were observed more frequently in high-malignant 
potential GISTs (P < 0.001). High-malignant potential GISTs were more likely to exhibit mixed growth, 
whereas low-malignant potential GISTs predominantly involved endoluminal growth (P < 0.05). The 
presence of ulceration, cystic degeneration or necrosis, lymphadenopathy, and enhancement patterns 
were significantly different between the two groups (P < 0.05). However, there were no appreciable 
variations between the two groups in terms of any qualitative characteristics, including tumor location, 
calcification and enhancement degree (P = 0.760, 0.578 and 0.075, respectively). There was no significant 
difference in the risk categories between nonenhancement and each enhancement phase (P > 0.05). 
Table 2 shows the correlation between stomach GIST risk grades and CT findings.

Association of CT features and malignant potential of GISTs (binary logistic regression analysis)
The findings of the univariate analysis revealed that, with the exception of calcification, location, CT 
values on unenhanced CT and CECT images, and enhancement degree, all of the summary variables in 
gastric GISTs were linked with risk classes (P < 0.05). The CT features that differed significantly in 
univariate analysis were enrolled in the binary logistic regression analysis. Only tumor size (P < 0.001; 
OR = 26.448; 95%CI: 4.854-144.099), contour (P = 0.028; OR = 7.750; 95%CI: 1.253-47.955), and mixed 
growth (P = 0.046; OR = 4.740; 95%CI: 1.029-21.828) were identified as independent predictors for the 
risk stratification of gastric GISTs (Table 3). The forest plot (Figure 3) included the independent CT 
characteristics of gastric GISTs with high malignant potential that were obtained using binary logistic 
regression analysis.
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Table 2 Association of computed tomography features and malignant potential in patients with gastric gastrointestinal stromal tumors

Factor Low risk group (n = 101) High risk group (n = 46) χ2 P value
Location 0.548 0.76

Fundus 55 (54.5) 28 (60.9)

Body 35 (34.7) 14 (30.4)

Antrum 11 (10.9) 4 (8.7)

Tumor diameter (cm)1 64.928 < 0.001

> 10 cm 1 (1.0) 7 (15.2)

5-10 cm 2 (2.0) 21 (45.7)

≤ 5 cm 98 (97.0) 18 (39.1)

Tumor contours 28.42 < 0.001

Irregular 3 (3.0) 16 (34.8)

Regular 98 (97.0) 30 (65.2)

Ulceration 9.161 0.002

Present 25 (24.8) 23 (50.0)

Absent 76 (75.2) 23 (50.0)

Cystic degeneration or necrosis 23.3 < 0.001

Present 45 (44.6) 40 (87.0)

Absent 56 (55.4) 6 (13.0)

Calcification 0.309 0.578

Present 14 (13.9) 8 (17.4)

Absent 87 (86.1) 38 (82.6)

Growth patterns 14.634 0.001

Mixed 8 (7.9) 13 (28.3)

Endoluminal 69 (68.3) 18 (39.1)

Exophytic 24 (23.8) 15 (32.6)

Lymphadenopathy 5.627 0.018

Present 19 (18.8) 17 (37.0)

Absent 82 (81.2) 29 (63.0)

Enhancement pattern 28.192 < 0.001

Heterogeneous 51 (50.5) 44 (95.7)

Homogenous 50 (49.5) 2 (4.3)

Enhancement degree 5.188 0.075

Marked 12 (11.9) 10 (21.7)

Moderate 83 (82.2) 30 (65.2)

Mild 6 (5.9) 6 (13.0)

1Fisher’s exact tests were applied to compare the differences.
χ2 tests were applied to all other variables.

ROC analysis
ROC analysis for the multinomial logistic regression model and tumor size to differentiate high-
malignant potential from low-malignant potential GISTs is shown in Figure 4. The multinomial logistic 
regression model for gastric GISTs achieved a maximum AUC (0.919; 95%CI: 0.863-0.975), while that for 
tumor size achieved AUC (0.940; 95%CI: 0.893-0.986). The tumor size cutoff value between the low and 
high malignant potential groups was 4.05 cm. The sensitivity and specificity were 93.5% and 84.2%, 
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Table 3 Logistic regression analysis of significant computed tomography features for prediction of high malignant potential

CT feature β Odds ratio (95%CI) P value

Size 3.275 26.448 (4.854-144.099) < 0.001

Contour 2.048 7.750 (1.253-47.955) 0.028

Growth patterns 1.556 4.740 (1.029-21.828) 0.046

CI: Confidence interval; CT: Computed tomography.

Figure 1 Computed tomography findings. A and B: A 71-year-old woman with high-risk category gastric gastrointestinal stromal tumor (GIST). Axial (A) and 
coronal (B) in the arterial phase (AP) computed tomography (CT) images demonstrate an irregular, mixed growth pattern, heterogeneously enhanced tumor with 
prominent ulceration (arrow); C: A 54-year-old man with high-risk gastric GIST. Axial portal venous phase shows a lesion with a mixed growth pattern, 20-cm, 
irregular contour, heterogeneous pattern of contrast enhancement with necrotic areas inside (short arrows), and surface ulceration (long arrow); D: A 49-year-old man 
with low-risk category gastric GIST. Coronal AP shows a 3-cm mass with regular contours, well defined, and homogeneous pattern of contrast enhancement 
(homogeneous enhancement) (arrow); E and F: A 69-year-old woman with high-risk gastric GIST. Axial (E) and coronal (F) contrast-enhanced CT images in the AP 
show a lobular, well-defined tumor with exophytic growth pattern and heterogeneous pattern of contrast enhancement, with prominent calcification and necrotic areas 
inside (arrows).

respectively (Figure 4).

DISCUSSION
GISTs are rare but are nevertheless the most common mesenchymal neoplasms of the gastrointestinal 
tract. GISTs are most frequently found in the stomach. Numerous investigations have revealed a 
connection between the anatomical placement and the biological behavior of GISTs[5,6]. Tang et al[14] 
compared the CT features of gastric and small bowel GISTs to evaluate their association with risk grades 
and showed that small bowel and stomach GISTs had considerably different risk grades. Tumors ori-
ginating in the stomach are less aggressive than tumors of intestinal origin[14].

For detection, qualitative diagnosis, staging, assessment of therapy response, follow-up after surgery, 
and forecasting of rupture and biologic aggressiveness, CT is the primary imaging modality[15-17]. The 
development of risk-segmented GISTs can be predicted using CECT, according to a number of studies
[13,18,19], and many of them involved intestinal GISTs[16,20]. However, to our knowledge, only a few 
studies have focused on the association of gastric GIST CT findings and the degree of malignancy or 
mitotic rate and metastatic risk. There has been research on the correlation between CT findings and the 
degree of mitotic rate[20]. As NIH standards 2008 for GISTs risk stratifications are widely accepted, only 
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Figure 2 Independent sample t-test estimation chart. aP < 0.0001.

Figure 3 Forest plot of the independent computed tomography features of gastric gastrointestinal stromal tumor with high malignant 
potential. OR: Odds ratio; CI: Confidence interval.

Figure 4 Receiver operating curve for tumor size and the multinomial logistic regression model to differentiate high-malignant potential 
from low-malignant potential gastrointestinal stromal tumor. ROC: Receiver operating curve; AUC: Area under the curve.
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a few studies[14,21,22] enrolled patients with gastric GIST to evaluate the predictive value of CT 
imaging features for risk stratification. However, the variation in results may be due to the different 
inclusion criteria and subjective assessment standards.

Numerous studies have shown that different CT imaging features, including as lesion margin, size, 
shape, necrosis, ulceration, growth patterns, enhancement pattern, EVFDM, direct organ invasion, and 
lymphadenopathy, are related to risk classification. However, logistic regression analysis only identified 
a few CT features of the primary tumor as independent risk stratification predictors.

Li et al[10] analyzed the CT features of gastric GISTs, including size, location (cardiac/pericardial 
region, fundus, body, or antrum), EVFDM, necrosis, ulceration, growth pattern, contour, mesenteric fat 
infiltration, and direct organ invasion. The results revealed that tumor size, cardia/pericardial origin, 
EVFDM, and mesenteric fat infiltration might be independent indicators of high malignant potential.

The study by Tang et al[14] reported that only tumor size, necrosis and the difference of CT values 
between AP and PVP were independent factors influencing the risk stratification of gastric GISTs. For 
small bowel GISTs, the independent predictors were tumor size and ulceration. In the study about 
GISTs, Zhou et al[12] reported that CT imaging features, including tumor margin, size, shape, tumor 
growth pattern, direct organ invasion, necrosis, EVFDM, lymphadenopathy, and contrast enhancement 
pattern, were associated with the risk stratifications. However, in multinomial logistic regression 
analysis, only lesion size, development pattern, and EVFDM were recognized as independent risk 
factors.

In this study, 147 cases of gastric GISTs were retrospectively analyzed and the CT features such as 
location, size, contour, necrosis or cystic degeneration, ulceration, growth pattern, lymphadenopathy 
and contrast enhancement were correlated with the risk and prognosis of malignancy. Both the low-
malignant potential group (very low and low risk) and the high-malignant potential group (mid and 
high risk) were created from the 147 patients. Our research demonstrated that the tumor size, contour, 
presence of necrosis or cystic generation, ulceration and lymphadenopathy, tumor growth pattern and 
enhancement pattern were significant factors for risk stratification of GISTs. However, only tumor size 
(> 5 cm), irregular contours, and mixed growth pattern were independent predictors for high malignant 
potential in multivariate logistic regression analysis (OR = 26.448, 7.750 and 4.740, respectively). We 
transformed the above independent factors into the CT model for risk stratification of gastric GISTs. The 
AUC of the ordinal multinomial logistic regression model was 0.919, which shows that the risk stratific-
ations may be reasonably predicted by the logistic regression model.

Rubin et al[23] reported that the risk of developing gastric GISTs was the same for both sexes, and 
although they occurred over a wide age distribution, about 75% were diagnosed in patients older than 
50 years. Univariate analysis revealed that the prognosis of GISTs was independent of age and sex in the 
present study, and the mean age of the patients was 61 years, which is consistent with our research.

Gastric GISTs can occur anywhere but are more common in the fundus of the stomach. In this study, 
56.46% (83/147) of tumors were located in the gastric fundus and 33.33% (49/147) in the gastric body, 
while the gastric antrum accounted for 10.20% (15/147). However, there was no significant difference 
between the location of the GISTs in the stomach and the risk stratification of the GISTs.

Tumor size is considered one of the most commonly used and reliable indicators for assessing GIST 
risk. The multivariate analysis in this study revealed that tumor size was an independent influencing 
factor for risk stratification of gastric GISTs, with a cut-off value of 4.05 cm. Tumor size is a component 
of the modified NIH criteria. A larger tumor size tends to suggest a more aggressive biological behavior. 
These results corroborate many earlier findings[23-25].

In terms of tumor contours, we demonstrated that gastric GISTs with a high-risk malignant potential 
were more likely to have an irregular tumor shape on CT. Our results are consistent with the study by 
Iannicelli et al[26], which found that irregular contours were the only CT feature that showed a linear 
correlation with risk. As the risk increases, the likelihood of detecting irregular margins of the gastric 
GISTs also increases. With higher tumor risk, higher tumor volume, disordered mitotic phase, invasive 
mesenchyma, and irregular contours are usually observed. Many studies have found that large stromal 
tumors were irregular and lobulated[27,28]. Wei et al[29] investigated the relationship between risk 
stratification and the shape of GISTs and reported that the method for quantifying tumor shape 
predicted the risk level and mitotic value of GISTs.

In our study, mixed growth patterns were independent predictors for high malignant potential. 
Endoluminal growth was detected in 59.18% (87/147) cases, exophytic growth in 26.53% (39/147) cases, 
and 21 patients showed mixed growth patterns, including 13 in the high-risk potential group, 
accounting for 61.90%. Our research revealed that compared to primary lesions with an endoluminal 
development pattern, those with mixed growth patterns were more likely to have greater GIST risk 
stratification. However, there is inconsistency in the literature on whether different GIST growth 
patterns are beneficial for judging the risk of GIST[10,12,22]. Therefore, further research is required in 
the future.

Peng et al[22] demonstrated that high-risk gastric GISTs were likely to present with necrosis even 
though it was not an independent predictor, which is consistent with our study. However, the studies 
by Liu et al[30] and Tang et al[14] demonstrated that tumor necrosis was an independent predictor of 
unfavorable disease-free survival in gastric GISTs. One possible explanation for the discrepancy may be 
that tumor necrosis is more common in the high-malignant potential group and is sometimes difficult to 
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be identified with the naked eye. However, these results suggested that tumor necrosis was a significant 
factor in classifying the malignancy of gastric GISTs. Even though necrosis was not an independent 
predictor, the research by Peng et al[22] showed that high-risk gastric GISTs were likely to present with 
it, which is consistent with our analysis. Tumor necrosis was found to be an independent predictor of 
poor disease-free survival in gastric GISTs, according to research by Liu et al[30] and Tang et al[14]. 
Tumor necrosis, which can be challenging to detect with the unaided eye sometimes, is more prevalent 
in the group of patients with high-malignant potential, which may be one reason for the discrepancy. 
These findings, however, revealed that tumor necrosis had a substantial role in determining the degree 
of malignancy of gastric GISTs.

The consistency between pathology and CT in identifying tumor necrosis should be validated. In our 
study, necrosis or cystic lesions and ulcers were also found to be important factors in the risk strati-
fication of GISTs. In contrast, we found no signicant difference between calcication and risk category, 
which was similar to previous studies[13,14].

The heterogeneous pattern of contrast enhancement was mainly observed in high-risk gastric GISTs. 
In contrast, tumors belonging to the low-risk classes mostly appeared with a homogeneous pattern of 
contrast enhancement. The result is consistent with the study of Iannicelli et al[26]. A high degree of 
contrast enhancement is usually considered a characteristic of tumor biological activity, but was not 
associated with the risk stratification in our research, which was in accordance with previous studies[13,
26]. However, the enhancement degree plays an important role in distinguishing GISTs from other 
tumors such as leiomyomas[31].

Hong et al[32] reported that lymph node metastases are extremely rare, but a recent study by Zhou et 
al[12] of > 120 patients with histologically confirmed primary GISTs reported that lymphadenopathy 
was associated with risk stratification. In this study, a significant difference in lymphadenopathy was 
found between the low malignant potential and high malignant potential groups (18.81% vs 36.96%, 
respectively). We believe that lymphadenopathy around the lesion is more likely to occur in tumors 
with high malignant potential. However, among the 36 lymph nodes reported, only one had a short 
diameter > 1 cm. Therefore, the clinical significance of lymphadenopathy should be further studied.

The present investigation included some restrictions. First of all, because it was a retrospective study 
conducted by just one institution, there may have been selection bias. Secondly, signs such as 
hemorrhage, EVFDM, tumor margin, peripheral fat infiltration, and other organ invasion were not 
evaluated.

CONCLUSION
Tumor size, contours and growth pattern were significant independent predictors for identifying high-
risk patients, while primary GIST > 5 cm, irregular contours, or mixed growth patterns indicate a 
potentially high-risk tumor. In addition, tumor necrosis or cystic degeneration, ulceration, enhancement 
patterns and lymphadenopathy on dynamic CECT could improve the prognostic accuracy of patients 
with gastric GISTs. As a result, our study showed that preoperative risk stratification may benefit from 
the qualitative and quantitative characteristics of stomach GISTs on CECT. Clinicians may be given a 
straightforward yet useful tool to use in order to choose the best surgical method and administer 
preoperative neoadjuvant therapy.

Future prospective and multicenter studies will be required to confirm our early findings. Magnetic 
resonance imaging and positron emission tomography combined with CT may predict the malignant 
potential of gastric GISTs, and dual-energy CT may be used in the assessment. These aspects should be 
further studied. In addition, artificial intelligence should be applied in future research to assess the 
prognosis of GISTs.

ARTICLE HIGHLIGHTS
Research background
Clinical decision-making depends on preoperative assessment of the likelihood of malignancy and 
prognosis of these gastrointestinal stromal tumors (GISTs). Correlation between computed tomography 
(CT) image features of GIST and pathological risk grade has been previously reported in several public-
ations. However, only a few studies have attempted to correlate CT features with histologic grading or 
prediction of gastric malignancy.

Research motivation
The research is to explore the multi-slice CT imaging features for predicting risk stratification in patients 
with primary gastric GISTs, and to give clinicians a straightforward yet useful tool to use in choosing 
the best surgical approach and preoperative neoadjuvant therapy.
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Research objectives
The purpose of this study was to identify the CT imaging characteristics for predicting risk stratific-
ations in patients with primary gastric GISTs.

Research methods
This retrospective analysis of clinicopathological and CT imaging data for 147 patients with gastric 
GISTs. The association between malignant potential and CT features was analyzed using univariate 
analysis and multivariate logistic regression analysis, receiver operating curve was used to evaluate the 
predictive value of tumor size, and the multinomial logistic regression model for risk classification.

Research results
Tumor size, tumor contours, lesion growth patterns, ulceration, cystic degeneration or necrosis, 
lymphadenopathy, and contrast enhancement patterns, were associated with the risk stratification; 
tumor size, contours and growth pattern were independent predictors for risk stratification of gastric 
GISTs.

Research conclusions
CT features, including tumor size, growth patterns, and lesion contours, were predictors of malignant 
potential for primary gastric GISTs.

Research perspectives
The CT characteristics could offer clinicians a straightforward yet useful tool for making smart clinical 
judgments.

FOOTNOTES
Author contributions: Wang TT designed and performed the research and wrote the paper; Li J designed the research 
and supervised the report; Liu XH designed the research and contributed to the analysis; Liu WW, Gao RJ, Zhu CY, 
and Wang Q provided clinical advice; Zhao LP and Fan XM supervised the report.

Supported by the Roentgen Imaging Research Project of Beijing Kangmeng Charitable Foundation, No. SD-202008-
017.

Institutional review board statement: This study was approved by the Institutional Ethics Committee of the Second 
Affiliated Hospital of Shandong First Medical University (2022-016).

Informed consent statement: This is retrospective study that used anonymous clinical data. According to institutional 
policies, informed consent was not required from patients in this study.

Conflict-of-interest statement: All the authors report no relevant conflicts of interest for this article.

Data sharing statement: The data for this study can be obtained from the corresponding author upon request.

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: Tian-Tian Wang 0000-0003-3872-1949; Wei-Wei Liu 0000-0001-8606-5777; Xian-Hai Liu 0000-0001-9706-
7196; Rong-Ji Gao 0000-0002-7385-6438; Chun-Yu Zhu 0000-0002-3622-2073; Qing Wang 0000-0001-9430-1442; Lu-Ping 
Zhao 0000-0002-4945-2820; Xiao-Ming Fan 0000-0002-1555-225X; Juan Li 0000-0003-1254-5748.

S-Editor: Wang JJ 
L-Editor: A 
P-Editor: Yu HG

REFERENCES
Fletcher CD, Berman JJ, Corless C, Gorstein F, Lasota J, Longley BJ, Miettinen M, O'Leary TJ, Remotti H, Rubin BP, 
Shmookler B, Sobin LH, Weiss SW. Diagnosis of gastrointestinal stromal tumors: a consensus approach. Int J Surg Pathol 

1

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0003-3872-1949
http://orcid.org/0000-0003-3872-1949
http://orcid.org/0000-0001-8606-5777
http://orcid.org/0000-0001-8606-5777
http://orcid.org/0000-0001-9706-7196
http://orcid.org/0000-0001-9706-7196
http://orcid.org/0000-0002-7385-6438
http://orcid.org/0000-0002-7385-6438
http://orcid.org/0000-0002-3622-2073
http://orcid.org/0000-0002-3622-2073
http://orcid.org/0000-0001-9430-1442
http://orcid.org/0000-0001-9430-1442
http://orcid.org/0000-0002-4945-2820
http://orcid.org/0000-0002-4945-2820
http://orcid.org/0000-0002-1555-225X
http://orcid.org/0000-0002-1555-225X
http://orcid.org/0000-0003-1254-5748
http://orcid.org/0000-0003-1254-5748


Wang TT et al. MSCT predict gastric GISTs

WJGO https://www.wjgnet.com 1084 June 15, 2023 Volume 15 Issue 6

2002; 10: 81-89 [PMID: 12075401 DOI: 10.1177/106689690201000201]
2 Cola D, Bahoura L, Copelan A, Shirkhoda A, Sokhandon F. Getting the GIST: a pictorial review of the various patterns of 

presentation of gastrointestinal stromal tumors on imaging. Abdom Radiol (NY) 2017; 1350-1364 [DOI: 
10.1007/s00261-016-1025-z]

3 Joensuu H, Hohenberger P, Corless CL. Gastrointestinal stromal tumour. Lancet 2013; 382: 973-983 [PMID: 23623056 
DOI: 10.1016/S0140-6736(13)60106-3]

4 von Mehren M, Joensuu H. Gastrointestinal Stromal Tumors. J Clin Oncol 2018; 36: 136-143 [PMID: 29220298 DOI: 
10.1200/JCO.2017.74.9705]

5 Joensuu H. Risk stratification of patients diagnosed with gastrointestinal stromal tumor. Hum Pathol 2008; 39: 1411-1419 
[PMID: 18774375 DOI: 10.1016/j.humpath.2008.06.025]

6 Miettinen M, Lasota J. Gastrointestinal stromal tumors: pathology and prognosis at different sites. Semin Diagn Pathol 
2006; 23: 70-83 [PMID: 17193820 DOI: 10.1053/j.semdp.2006.09.001]

7 Wang Y, Wang Y, Ren J, Jia L, Ma L, Yin X, Yang F, Gao BL. Malignancy risk of gastrointestinal stromal tumors 
evaluated with noninvasive radiomics: A multi-center study. Front Oncol 2022; 12: 966743 [PMID: 36052224 DOI: 
10.3389/fonc.2022.966743]

8 Theiss L, Contreras CM. Gastrointestinal Stromal Tumors of the Stomach and Esophagus. Surg Clin North Am 2019; 99: 
543-553 [PMID: 31047041 DOI: 10.1016/j.suc.2019.02.012]

9 Ma X, Ling W, Xia F, Zhang Y, Zhu C, He J. Application of Contrast-Enhanced Ultrasound (CEUS) in Lymphomatous 
Lymph Nodes: A Comparison between PET/CT and Contrast-Enhanced CT. Contrast Media Mol Imaging 2019; 2019: 
5709698 [PMID: 30809108 DOI: 10.1155/2019/5709698]

10 Li C, Fu W, Huang L, Chen Y, Xiang P, Guan J, Sun C. A CT-based nomogram for predicting the malignant potential of 
primary gastric gastrointestinal stromal tumors preoperatively. Abdom Radiol (NY) 2021; 46: 3075-3085 [PMID: 
33713161 DOI: 10.1007/s00261-021-03026-7]

11 Danti G, Addeo G, Cozzi D, Maggialetti N, Lanzetta MM, Frezzetti G, Masserelli A, Pradella S, Giovagnoni A, Miele V. 
Relationship between diagnostic imaging features and prognostic outcomes in gastrointestinal stromal tumors (GIST). Acta 
Biomed 2019; 90: 9-19 [PMID: 31085970 DOI: 10.23750/abm.v90i5-S.8343]

12 Zhou C, Duan X, Zhang X, Hu H, Wang D, Shen J. Predictive features of CT for risk stratifications in patients with 
primary gastrointestinal stromal tumour. Eur Radiol 2016; 26: 3086-3093 [PMID: 26699371 DOI: 
10.1007/s00330-015-4172-7]

13 Li H, Ren G, Cai R, Chen J, Wu X, Zhao J. A correlation research of Ki67 index, CT features, and risk stratification in 
gastrointestinal stromal tumor. Cancer Med 2018; 7: 4467-4474 [PMID: 30123969 DOI: 10.1002/cam4.1737]

14 Tang B, Feng QX, Liu XS. Comparison of Computed Tomography Features of Gastric and Small Bowel Gastrointestinal 
Stromal Tumors With Different Risk Grades. J Comput Assist Tomogr 2022; 46: 175-182 [PMID: 35297574 DOI: 
10.1097/RCT.0000000000001262]

15 Kim JS, Kim HJ, Park SH, Lee JS, Kim AY, Ha HK. Computed tomography features and predictive findings of ruptured 
gastrointestinal stromal tumours. Eur Radiol 2017; 27: 2583-2590 [PMID: 27761711 DOI: 10.1007/s00330-016-4515-z]

16 Maldonado FJ, Sheedy SP, Iyer VR, Hansel SL, Bruining DH, McCollough CH, Harmsen WS, Barlow JM, Fletcher JG. 
Reproducible imaging features of biologically aggressive gastrointestinal stromal tumors of the small bowel. Abdom 
Radiol (NY) 2018; 43: 1567-1574 [PMID: 29110055 DOI: 10.1007/s00261-017-1370-6]

17 Inoue A, Ota S, Nitta N, Murata K, Shimizu T, Sonoda H, Tani M, Ban H, Inatomi O, Ando A, Kushima R, Watanabe Y. 
Difference of computed tomographic characteristic findings between gastric and intestinal gastrointestinal stromal tumors. 
Jpn J Radiol 2020; 38: 771-781 [PMID: 32246352 DOI: 10.1007/s11604-020-00962-0]

18 Zhang X, Bai L, Wang D, Huang X, Wei J, Zhang W, Zhang Z, Zhou J. Gastrointestinal stromal tumor risk classification: 
spectral CT quantitative parameters. Abdom Radiol (NY) 2019; 44: 2329-2336 [PMID: 30980116 DOI: 
10.1007/s00261-019-01973-w]

19 Mazzei MA, Cioffi Squitieri N, Vindigni C, Guerrini S, Gentili F, Sadotti G, Mercuri P, Righi L, Lucii G, Mazzei FG, 
Marrelli D, Volterrani L. Gastrointestinal stromal tumors (GIST): a proposal of a "CT-based predictive model of Miettinen 
index" in predicting the risk of malignancy. Abdom Radiol (NY) 2020; 45: 2989-2996 [PMID: 31506758 DOI: 
10.1007/s00261-019-02209-7]

20 Su Q, Wang Q, Zhang H, Yu D, Wang Y, Liu Z, Zhang X. Computed tomography findings of small bowel gastrointestinal 
stromal tumors with different histologic risks of progression. Abdom Radiol (NY) 2018; 43: 2651-2658 [PMID: 29492604 
DOI: 10.1007/s00261-018-1511-6]

21 Chen Z, Yang J, Sun J, Wang P. Gastric gastrointestinal stromal tumours (2-5 cm): Correlation of CT features with 
malignancy and differential diagnosis. Eur J Radiol 2020; 123: 108783 [PMID: 31841880 DOI: 
10.1016/j.ejrad.2019.108783]

22 Peng G, Huang B, Yang X, Pang M, Li N. Preoperative CT feature of incomplete overlying enhancing mucosa as a high-
risk predictor in gastrointestinal stromal tumors of the stomach. Eur Radiol 2021; 31: 3276-3285 [PMID: 33125563 DOI: 
10.1007/s00330-020-07377-5]

23 Rubin BP, Heinrich MC, Corless CL. Gastrointestinal stromal tumour. Lancet 2007; 369: 1731-1741 [PMID: 17512858 
DOI: 10.1016/S0140-6736(07)60780-6]

24 Xu D, Si GY, He QZ. Correlation analysis of multi-slice computed tomography (MSCT) findings, clinicopathological 
factors, and prognosis of gastric gastrointestinal stromal tumors. Transl Cancer Res 2020; 9: 1787-1794 [PMID: 35117526 
DOI: 10.21037/tcr.2020.02.26]

25 Cho JW; Korean ESD Study Group. Current Guidelines in the Management of Upper Gastrointestinal Subepithelial 
Tumors. Clin Endosc 2016; 49: 235-240 [PMID: 26898512 DOI: 10.5946/ce.2015.096]

26 Iannicelli E, Carbonetti F, Federici GF, Martini I, Caterino S, Pilozzi E, Panzuto F, Briani C, David V. Evaluation of the 
Relationships Between Computed Tomography Features, Pathological Findings, and Prognostic Risk Assessment in 
Gastrointestinal Stromal Tumors. J Comput Assist Tomogr 2017; 41: 271-278 [PMID: 27753723 DOI: 
10.1097/RCT.0000000000000499]

http://www.ncbi.nlm.nih.gov/pubmed/12075401
https://dx.doi.org/10.1177/106689690201000201
https://dx.doi.org/10.1007/s00261-016-1025-z
http://www.ncbi.nlm.nih.gov/pubmed/23623056
https://dx.doi.org/10.1016/S0140-6736(13)60106-3
http://www.ncbi.nlm.nih.gov/pubmed/29220298
https://dx.doi.org/10.1200/JCO.2017.74.9705
http://www.ncbi.nlm.nih.gov/pubmed/18774375
https://dx.doi.org/10.1016/j.humpath.2008.06.025
http://www.ncbi.nlm.nih.gov/pubmed/17193820
https://dx.doi.org/10.1053/j.semdp.2006.09.001
http://www.ncbi.nlm.nih.gov/pubmed/36052224
https://dx.doi.org/10.3389/fonc.2022.966743
http://www.ncbi.nlm.nih.gov/pubmed/31047041
https://dx.doi.org/10.1016/j.suc.2019.02.012
http://www.ncbi.nlm.nih.gov/pubmed/30809108
https://dx.doi.org/10.1155/2019/5709698
http://www.ncbi.nlm.nih.gov/pubmed/33713161
https://dx.doi.org/10.1007/s00261-021-03026-7
http://www.ncbi.nlm.nih.gov/pubmed/31085970
https://dx.doi.org/10.23750/abm.v90i5-S.8343
http://www.ncbi.nlm.nih.gov/pubmed/26699371
https://dx.doi.org/10.1007/s00330-015-4172-7
http://www.ncbi.nlm.nih.gov/pubmed/30123969
https://dx.doi.org/10.1002/cam4.1737
http://www.ncbi.nlm.nih.gov/pubmed/35297574
https://dx.doi.org/10.1097/RCT.0000000000001262
http://www.ncbi.nlm.nih.gov/pubmed/27761711
https://dx.doi.org/10.1007/s00330-016-4515-z
http://www.ncbi.nlm.nih.gov/pubmed/29110055
https://dx.doi.org/10.1007/s00261-017-1370-6
http://www.ncbi.nlm.nih.gov/pubmed/32246352
https://dx.doi.org/10.1007/s11604-020-00962-0
http://www.ncbi.nlm.nih.gov/pubmed/30980116
https://dx.doi.org/10.1007/s00261-019-01973-w
http://www.ncbi.nlm.nih.gov/pubmed/31506758
https://dx.doi.org/10.1007/s00261-019-02209-7
http://www.ncbi.nlm.nih.gov/pubmed/29492604
https://dx.doi.org/10.1007/s00261-018-1511-6
http://www.ncbi.nlm.nih.gov/pubmed/31841880
https://dx.doi.org/10.1016/j.ejrad.2019.108783
http://www.ncbi.nlm.nih.gov/pubmed/33125563
https://dx.doi.org/10.1007/s00330-020-07377-5
http://www.ncbi.nlm.nih.gov/pubmed/17512858
https://dx.doi.org/10.1016/S0140-6736(07)60780-6
http://www.ncbi.nlm.nih.gov/pubmed/35117526
https://dx.doi.org/10.21037/tcr.2020.02.26
http://www.ncbi.nlm.nih.gov/pubmed/26898512
https://dx.doi.org/10.5946/ce.2015.096
http://www.ncbi.nlm.nih.gov/pubmed/27753723
https://dx.doi.org/10.1097/RCT.0000000000000499


Wang TT et al. MSCT predict gastric GISTs

WJGO https://www.wjgnet.com 1085 June 15, 2023 Volume 15 Issue 6

27 Wang M, Feng Z, Zhou L, Zhang L, Hao X, Zhai J. Computed-Tomography-Based Radiomics Model for Predicting the 
Malignant Potential of Gastrointestinal Stromal Tumors Preoperatively: A Multi-Classifier and Multicenter Study. Front 
Oncol 2021; 11: 582847 [PMID: 33968714 DOI: 10.3389/fonc.2021.582847]

28 Chen T, Xu L, Dong X, Li Y, Yu J, Xiong W, Li G. The roles of CT and EUS in the preoperative evaluation of gastric 
gastrointestinal stromal tumors larger than 2 cm. Eur Radiol 2019; 29: 2481-2489 [PMID: 30617491 DOI: 
10.1007/s00330-018-5945-6]

29 Wei SC, Xu L, Li WH, Li Y, Guo SF, Sun XR, Li WW. Risk stratification in GIST: shape quantification with CT is a 
predictive factor. Eur Radiol 2020; 30: 1856-1865 [PMID: 31900704 DOI: 10.1007/s00330-019-06561-6]

30 Liu X, Qiu H, Zhang P, Feng X, Chen T, Li Y, Tao K, Li G, Sun X, Zhou Z; China Gastrointestinal Stromal Tumor Study 
Group (CN-GIST). Prognostic role of tumor necrosis in patients undergoing curative resection for gastric gastrointestinal 
stromal tumor: a multicenter analysis of 740 cases in China. Cancer Med 2017; 6: 2796-2803 [PMID: 29058376 DOI: 
10.1002/cam4.1229]

31 Yang HK, Kim YH, Lee YJ, Park JH, Kim JY, Lee KH, Lee HS. Leiomyomas in the gastric cardia: CT findings and 
differentiation from gastrointestinal stromal tumors. Eur J Radiol 2015; 84: 1694-1700 [PMID: 26051977 DOI: 
10.1016/j.ejrad.2015.05.022]

32 Hong X, Choi H, Loyer EM, Benjamin RS, Trent JC, Charnsangavej C. Gastrointestinal stromal tumor: role of CT in 
diagnosis and in response evaluation and surveillance after treatment with imatinib. Radiographics 2006; 26: 481-495 
[PMID: 16549611 DOI: 10.1148/rg.262055097]

http://www.ncbi.nlm.nih.gov/pubmed/33968714
https://dx.doi.org/10.3389/fonc.2021.582847
http://www.ncbi.nlm.nih.gov/pubmed/30617491
https://dx.doi.org/10.1007/s00330-018-5945-6
http://www.ncbi.nlm.nih.gov/pubmed/31900704
https://dx.doi.org/10.1007/s00330-019-06561-6
http://www.ncbi.nlm.nih.gov/pubmed/29058376
https://dx.doi.org/10.1002/cam4.1229
http://www.ncbi.nlm.nih.gov/pubmed/26051977
https://dx.doi.org/10.1016/j.ejrad.2015.05.022
http://www.ncbi.nlm.nih.gov/pubmed/16549611
https://dx.doi.org/10.1148/rg.262055097


WJGO https://www.wjgnet.com 1086 June 15, 2023 Volume 15 Issue 6

World Journal of 

Gastrointestinal 
OncologyW J G O

Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Oncol 2023 June 15; 15(6): 1086-1095

DOI: 10.4251/wjgo.v15.i6.1086 ISSN 1948-5204 (online)

ORIGINAL ARTICLE

Observational Study

Diagnostic value of circular free DNA for colorectal cancer detection

Yao Cui, Lu-Jin Zhang, Jian Li, Yu-Jie Xu, Ming-Yue Liu

Specialty type: Gastroenterology 
and hepatology

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): B, B 
Grade C (Good): 0 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Bianciardi E, Italy; 
Quaresima S, Italy

Received: March 13, 2023 
Peer-review started: March 13, 2023 
First decision: March 28, 2023 
Revised: March 29, 2023 
Accepted: May 17, 2023 
Article in press: May 17, 2023 
Published online: June 15, 2023

Yao Cui, Lu-Jin Zhang, Yu-Jie Xu, Ming-Yue Liu, Department of Oncology, Henan Provincial 
People's Hospital, People's Hospital of Zhengzhou University, Henan University People's 
Hospital, Zhengzhou 450003, Henan Province, China

Jian Li, Department of General Surgery, Henan Tumor Hospital, The Affiliated Tumor Hospital 
of Zhengzhou University, Zhengzhou 450000, Henan Province, China

Corresponding author: Ming-Yue Liu, MD, Doctor, Department of Oncology, Henan Provincial 
People's Hospital, People's Hospital of Zhengzhou University, Henan University People's 
Hospital, No. 7 Weiwu Road, Zhengzhou 450003, Henan Province, China.  
liumingyuezz@163.com

Abstract
BACKGROUND 
Minimally invasive or noninvasive, sensitive and accurate detection of colorectal 
cancer (CRC) is urgently needed in clinical practice.

AIM 
To identify a noninvasive, sensitive and accurate circular free DNA marker 
detected by digital polymerase chain reaction (dPCR) for the early diagnosis of 
clinical CRC.

METHODS 
A total of 195 healthy control (HC) individuals and 101 CRC patients (38 in the 
early CRC group and 63 in the advanced CRC group) were enrolled to establish 
the diagnostic model. In addition, 100 HC individuals and 62 patients with CRC 
(30 early CRC and 32 advanced CRC groups) were included separately to validate 
the model. CAMK1D was dPCR. Binary logistic regression analysis was used to 
establish a diagnostic model including CAMK1D and CEA.

RESULTS 
To differentiate between the 195 HCs and 101 CRC patients (38 early CRC and 63 
advanced CRC patients), the common biomarkers CEA and CAMK1D were used 
alone or in combination to evaluate their diagnostic value. The area under the 
curves (AUCs) of CEA and CAMK1D were 0.773 (0.711, 0.834) and 0.935 (0.907, 
0.964), respectively. When CEA and CAMK1D were analyzed together, the AUC 
was 0.964 (0.945, 0.982). In differentiating between the HC and early CRC groups, 
the AUC was 0.978 (0.960, 0.995), and the sensitivity and specificity were 88.90% 
and 90.80%, respectively. In differentiating between the HC and advanced CRC 
groups, the AUC was 0.956 (0.930, 0.981), and the sensitivity and specificity were 
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81.30% and 95.90%, respectively. After building the diagnostic model containing CEA and 
CAMK1D, the AUC of the CEA and CAMK1D joint model was 0.906 (0.858, 0.954) for the 
validation group. In differentiating between the HC and early CRC groups, the AUC was 0.909 
(0.844, 0.973), and the sensitivity and specificity were 93.00% and 83.30%, respectively. In differen-
tiating between the HC and advanced CRC groups, the AUC was 0.904 (0.849, 0.959), and the 
sensitivity and specificity were 93.00% and 75.00%, respectively.

CONCLUSION 
We built a diagnostic model including CEA and CAMK1D for differentiating between HC 
individuals and CRC patients. Compared with the common biomarker CEA alone, the diagnostic 
model exhibited significant improvement.

Key Words: Healthy control; Colorectal cancer; Circular free DNA; Biomarker

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

Core Tip: Minimally invasive or noninvasive, sensitive and accurate detection of colorectal cancer (CRC) 
is urgently needed in clinical practice. We aimed to build a joint diagnostic model based on circular free 
DNA for detection of colorectal cancer. We evaluated the diagnostic value of circular free CAMK1D 
DNA for differentiating between HC individuals and CRC patients and demonstrated that CAMK1D may 
represent a potential diagnostic biomarker for CRC detection. Further analysis should use the colorectal 
polyp group to validate the diagnostic model in future studies.

Citation: Cui Y, Zhang LJ, Li J, Xu YJ, Liu MY. Diagnostic value of circular free DNA for colorectal cancer 
detection. World J Gastrointest Oncol 2023; 15(6): 1086-1095
URL: https://www.wjgnet.com/1948-5204/full/v15/i6/1086.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i6.1086

INTRODUCTION
Colorectal cancer (CRC) is a common malignant tumor in China. The 5-year survival rate for early CRC 
patients after effective treatment is more than 90%. Approximately 25% of patients have local or distant 
metastasis at the time of initial diagnosis, and the 5-year survival rate is only 12%. Early detection, 
diagnosis and treatment are currently recognized methods that can effectively improve the treatment of 
CRC. At present, the common clinical screening tests include fecal occult blood tests and blood marker 
tests, but the sensitivity and specificity remain insufficient[1]. Imaging examination can effectively 
evaluate the scope of the lesion and the stage of the tumor, but it is of limited value in the diagnosis of 
early lesions. Endoscopy combined with tissue biopsy is the gold standard for the early diagnosis of 
CRC at present, but there are some disadvantages, such as cumbersome operation, poor compliance and 
the invasive nature of testing. Thus, the commonly used methods for the early diagnosis of CRC remain 
insufficient[2]. The identification of a minimally invasive or noninvasive, sensitive and accurate early 
diagnostic test is urgently needed.

Liquid biopsy technology has gained increasing interest because it is noninvasive and comprehensive 
and permits real-time and repeated monitoring[3]. Liquid biopsy technology primarily uses human 
peripheral blood, saliva, urine and other body fluid components to identify tumor heterogeneity and 
genetic information for the early diagnosis and individualized treatment of CRC. With the advent of 
precision medicine, liquid biopsy has become increasingly important. Circulating tumor cells (CTCs), 
circulating tumor DNA (ctDNA) and secreted proteins are the primary targets of liquid biopsy at 
present[4-6]. Compared with CTCs and exosomes, ctDNA is now the most widely used marker in 
clinical practice. A variety of tests based on ctDNA have been used in clinical practice; however, due to 
clearance by macrophages, the amount of circulating free DNA in body fluid is extremely low. 
Furthermore, ctDNA accounts for only a small portion of circulating free DNA and therefore requires 
high sensitivity detection equipment.

Single-stranded or double-stranded DNA is traditionally the form of ctDNA that is detected. With the 
development of high-throughput sequencing technology and single-cell gene amplification technology, 
a new type of circular free DNA has been identified[7]: Extrachromosomal circular DNA. This is a 
closed, circular single- or double-stranded form of DNA located in the chromatin body that can be 
detected in many eukaryotes, including humans[8]. Compared with free linear DNA, extrachromosomal 
circular DNA is not easily degraded by nucleases, and its structure is more stable[9]. Studies have also 
detected circular DNA in the plasma of pregnant women. Detection of the level and type of circular 
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DNA in human plasma is expected to permit ultra-early prediction, prognosis evaluation and even 
targeted treatment of tumors or other physiological and pathological conditions[10,11].

Currently, detection of ctDNA is primarily achieved through polymerase chain reaction (PCR) 
technology and second-generation sequencing[12]. ctDNA detection based on PCR includes: (1) 
Amplification-refractory mutation system PCR (ARMS-PCR) technology; (2) high resolution melting 
curve technology (HRM); (3) digital PCR (dPCR)[13]; and (4) BEAMING technology. Compared with 
other PCR detection methods, dPCR has a strong reaction solution segmentation ability and has 
advantages of high sensitivity, high accuracy, high tolerance and absolute quantification[14]. For 
plasma-free DNA, the screening strategy based on second-generation sequencing technology and the 
sensitive detection of dPCR can realize the accurate detection of trace plasma ctDNA[15].

In our study, we aimed to provide a noninvasive, sensitive and accurate diagnostic marker detected 
by dPCR for the early diagnosis of CRC.

MATERIALS AND METHODS
Study samples
All individuals enrolled in our study provided informed consent. Our study was approved by the ethics 
committee. From April 2019 to July 2022, a total of 295 healthy control (HC) individuals and 163 CRC 
patients were enrolled in our study. The project included a colorectal polyp (CRP) group, an early CRC 
group and an advanced CRC group. The staging of CRC was performed in accordance with the tumor 
node metastasis (TNM) staging of CRC of the United States Joint Commission on Cancer and the 
guidelines for screening and endoscopic diagnosis and treatment of early colorectal cancer in China: (1) 
The inclusion criteria of the CRP group were colonoscopic diagnosis and postoperative pathological 
confirmation of villous/tubular adenoma, with or without mild to moderate atypical hyperplasia, or 
local high-grade neoplasia of villous tubular adenoma confirmed by pathology and immunohisto-
chemistry. To be included in this group, no abnormalities could be detected on any biochemical or 
auxiliary examinations, patients could have no chief complaint of gastrointestinal discomfort, patients 
could have no clinical signs of tumor, and the adenoma (villous adenoma, mixed adenoma, or adenoma 
with moderate or severe dysplasia) could not exceed 1 cm in diameter; (2) To be included in the early 
CRC group, adenocarcinoma of the intestinal wall had to be localized in the mucosa or submucosa, and 
no lymphatic metastasis could be detected (i.e., stage 0-T1 tumors). Pathologically confirmed local high-
grade villous tubular adenomas or adenocarcinoma of the intestinal wall localized to the mucosa or 
submucosa were eligible for inclusion. Patients had not received treatment by surgery, chemotherapy, 
radiotherapy, or other modalities prior to sample collection, and patients had not received blood 
transfusions in the last 3 mo; and (3) The advanced CRC group was diagnosed based on the TNM CRC 
staging of the United States Joint Commission on Cancer, and T2-IV stage was defined as intermediate 
and advanced CRC. All diagnoses were based on pathologically confirmed CRC. Patients had not 
undergone treatment with surgery, chemotherapy, radiotherapy, or other modalities prior to sample 
collection, and patients had not received any blood transfusions in the last 3 mo. CRC tissue samples 
and corresponding clinical examination data were available for all patients included in the study. None 
of the patients received chemotherapy, radiotherapy or immunotherapy before sample collection, and 
patients with other tumors and gastrointestinal diseases detected during the admission examination 
were excluded.

A BD Vacutainer PPT plasma preparation tube was used to collect peripheral blood samples from 
patients. Within 2 h of collection, samples were centrifuged at 2000 × g for 10 minutes, and the 
supernatant was then divided into several aliquots. All plasma samples were kept at -80 °C until use.

dPCR detection
Free DNA was extracted from plasma samples using a QIAamp DNA Blood Kit. ATP-dependent DNase 
was added to the free DNA and digested at 37 °C for 1.5 h until the final concentration was 0.4 U/μL. 
Linear double-stranded DNA was removed and incubated at 70 °C for 30 min to inactivate ATP-
dependent DNase. The primers were designed according to the eccDNA sequence. The primer probe 
was designed using Primer3 software and synthesized by Invitrogen after a homologous search with 
BLAST. The primer and probe were diluted with deionized water, and the storage concentration was 
200 μmol/L with a working concentration of 10 μmol/L. The total PCR volume was 20 μL: 10 μL 2 × 
ddPCRTMSuper mixture, 1.8 μL forward and reverse primers (final concentration 900 nmol/L), 0.5 μL 
probe (final concentration of 250 nmol/L), 4 μg template DNA, and ddH2O to a final volume of 20 μL. 
Then, a 20 μL reaction volume was added to the droplet generation card. All generated microdroplets 
were transferred to a 96-well plate for PCR amplification. The PCR conditions were as follows: 95 °C/10 
min, followed by 40 cycles of 94 °C/30 s 60 °C/1 min and 98 °C/10 min. Quanta Soft 1.6 software was 
used to analyze the results. The system was flushed before each experiment. The sample for the 96-well 
plate was input, and the sample droplets were analyzed.
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Statistical analysis
SPSS 22.0 was used for statistical analysis. Normally distributed data were compared using independent 
sample t tests. Nonnormally distributed data were compared using the rank sum test. The area under 
the curve (AUC), sensitivity and specificity were used to assess the diagnostic value of the indicators. P 
< 0.05 represents a statistically significant difference. The binary logistic regression model, which used 
the forward conditional method, was used to combine the indicators. The Z score test was used to 
compare the AUC values.

RESULTS
General clinical characteristics of study subjects
As shown in Table 1, 195 HC individuals and 101 CRC patients (38 in the early CRC group and 63 in the 
advanced CRC group) were enrolled for model establishment. In addition, 100 HC individuals and 62 
patients with CRC (30 early CRC and 32 late CRC) were included separately to validate the model. The 
CRC stage was in accordance with the TNM CRC stage of the United States Joint Commission on Cancer 
and the guidelines for screening and endoscopic diagnosis and treatment of early CRC in China. T1 and 
T2 were defined as early CRC, and T3 and T4 were defined as advanced CRC. The age and sex of the 
patients in the model generation group and the validation group were matched. In the model generation 
group, 21 tumors were located in the ascending colon, 15 were located in the descending colon, 3 were 
located in the transverse colon, 59 were located in the sigmoid colon and 3 were located in the rectum. 
Twenty-one tumors were well differentiated, 57 exhibited intermediate differentiation, and 23 were 
poorly differentiated.

Concentrations of the indicators in the HC and CRC groups
As shown in Table 2, the levels of NDUFB7, CAMK1D, PIK3CD and PSEN2 were compared between the 
195 HCs and 101 CRC patients. First, homogeneity of variance was tested. CAMK1D, PIK3CD and 
PSEN2 exhibited nonhomogeneity of variance; NDUFB7 exhibited homogeneity of variance. Three of 
the four indicators, CAMK1D, PIK3CD and PSEN2, exhibited statistically significant differences 
between the HC and CRC groups (P < 0.05). NDUFB7 exhibited no significant differences.

Evaluation of the diagnostic value of CAMK1D, PIK3CD and PSEN2
Based on the significant differences between the HC and CRC groups, three indicators, CAMK1D, 
PIK3CD and PSEN2, were used for AUC analysis. As shown in Table 3, the AUCs of CAMK1D and 
PIK3CD exhibited statistically significant differences (P < 0.01) between the HCs and CRC patients 
when the ROC curve was used to evaluate the diagnostic value. Therefore, CAMK1D and PIK3CD were 
selected for subsequent multiparameter diagnostic model analysis.

Univariate and multivariate logistic regression analysis
Based on the significant differences between the HC and CRC groups and ROC curves, univariate 
logistic regression was performed. As shown in Tables 4 and 5, CAMK1D and PIK3CD differed 
significantly between the two groups (P < 0.01). Next, multivariate logistic regression analysis was 
performed for CAMK1D and PIK3CD, and only CAMK1D remained statistically significant (P < 0.01).

Diagnostic value evaluation of the indicator for differentiating HC and CRC
CAMK1D and the common biomarker CEA were used alone or in combination to evaluate their ability 
to differentiate between 195 HC individuals and 101 CRC patients (38 early CRC patients and 63 
advanced CRC patients). As shown in Figure 1A, the AUCs of CEA and CAMK1D were 0.773 (0.711, 
0.834) and 0.935 (0.907, 0.964), respectively. As shown in Figure 1B, the use of both CEA and CAMK1D 
produced an AUC of 0.964 (0.945, 0.982) by binary logistic regression analysis. Next, the diagnostic 
value of the CEA and CAMK1D model in the differentiation of 195 HC individuals and 38 early CRC 
patients was evaluated. As shown in Figure 1C, the AUC was 0.978 (0.960, 0.995), and the sensitivity and 
specificity were 88.90% and 90.80%, respectively. As shown in Figure 1D, when applying the model to 
differentiate between the 195 HC individuals and 63 advanced CRC patients, the AUC was 0.956 (0.930, 
0.981), and the sensitivity and specificity were 81.30% and 95.90%, respectively.

Validation of the diagnostic model for differentiating between HCs and CRC
After building the diagnostic model containing CEA and CAMK1D, 100 HC individuals and 62 patients 
with CRC (30 early CRC patients and 32 advanced CRC patients) were enrolled to validate the model. 
As shown in Figure 2A, the AUC of the CEA and CAMK1D joint model was 0.906 (0.858, 0.954). Next, 
the diagnostic value of the CEA and CAMK1D model in the differentiation of 100 HC individuals and 
32 early CRC patients was evaluated. As shown in Figure 2B, the AUC was 0.909 (0.844, 0.973), and the 
sensitivity and specificity were 93.00% and 83.30%, respectively. As shown in Figure 2C, the AUC for 
the differentiation of the 100 HC individuals and 32 advanced CRC patients was 0.904 (0.849, 0.959), and 
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Table 1 General clinical characteristics of the subjects

Characteristics CRC (training) HC (training) CRC (validation) HC (validation)

Number 101 195 62 100

Age, yr

    Mean 58 53 57 55

    Range 29-81 33-57 33-74 34-67

Sex

    Male 60 116 37 64

    Female 41 79 25 36

TNM stage

T1 11 11

T2 27 21

T3 44 7

T4 19 23

CRC: Colorectal cancer; HC: Healthy control; TNM: Tumor node metastasis.

Table 2 Comparison of the four markers between the healthy control group and colorectal cancer group

Indicator HC (n = 195) CRC (n = 101) F Sig P value

NDUFB7 1.54 (0.94, 2.31) 2.10 (1.29, 3.08) 0.15 0.70 0.60

CAMK1D 9.71 (6.38, 18.25) 70.39 (35.26, 155.57) 34.24 < 0.01 < 0.01

PIK3CD 297.11 (232.76, 374.69) 333.22 (259.40, 417.90) 10.47 < 0.01 0.03

PSEN2 5.48 (4.04, 7.21) 8.69 (6.00, 11.67) 5.89 0.02 < 0.01

CRC: Colorectal cancer; HC: Healthy control.

Table 3 Evaluation of the diagnostic value of three markers exhibiting statically significant differences between the healthy control 
group and colorectal cancer group

95%CI
Indicator AUC SD P value

Lower Upper

CAMK1D 0.935 0.015 < 0.001 0.907 0.964

PSEN2 0.740 0.031 < 0.001 0.678 0.801

PIK3CD 0.582 0.036 0.021 0.511 0.653

AUC: Area under the curve.

Table 4 Univariate and multivariate logistic regression of CAMK1D and PSEN2

95%CI
Indicator B SE Wals P value Exp (B)

Lower Upper

CAMK1D 0.560 0.137 16.781 < 0.001 1.751 1.339 2.289

PIK3CD 0.071 0.011 41.382 < 0.001 1.074 1.051 1.097
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Table 5 Multivariate logistic regression of CAMK1D and PSEN2

95%CI
Indicator B SE Wals P value Exp (B)

Lower Upper

CAMK1D 0.125 0.039 10.400 0.001 1.133 1.050 1.222

PIK3CD -0.002 0.004 0.208 0.648 0.998 0.990 1.006

Figure 1 Diagnostic value evaluation of the indicator for differentiation between the healthy control group and colorectal cancer group. A: 
CEA and CAMK1D used alone to differentiate between the 195 healthy controls and 101 colorectal cancer patients; B: CEA and CAMK1D joint model for the 
differentiation of the 195 healthy controls and 101 colorectal cancer patients; C: CEA and CAMK1D joint model for the differentiation of the 195 healthy controls and 
38 early colorectal cancer patients; D: CEA and CAMK1D joint model for the differentiation of the 195 healthy controls and 63 advanced colorectal cancer patients.

the sensitivity and specificity were 93.00% and 75.00%, respectively.

DISCUSSION
There have been many studies exploring the use of circulating free DNA as a diagnostic and prognostic 
tumor biomarker[16]. Because the molecular weight of circulating free DNA is relatively large, optical 
microscopy can use common DNA dyes to observe extracellular DNA in M-phase cells[17]. Ultrahigh-
resolution microscopy technology has been developed in recent years to aid in imaging[18]. Superres-
olution three-dimensional structured illumination microscopy can also be used for imaging analysis. 
Due to the resolution limitations of optical microscopy, it is difficult to observe and analyze fine circular 
DNA structures. Therefore, researchers turned to electron microscopy to solve this problem[19]. 
Electron microscopy has made significant contributions to structural studies. Both scanning electron 
microscopy and transmission electron microscopy can be used for imaging. However, due to the large 
sample size required and low abundance of ctDNA, this method is not commonly used at present. 
Transposase-accessible chromatin visualization analysis is a transposase-mediated imaging technology. 
This technology uses direct in situ imaging, cell sorting and depth sequencing of accessible genomes to 
reveal the identity of imaging elements. Single-molecule real-time sequencing technology has addressed 
many of the previous technological limitations. ctDNA is typically large and may contain sequences 
from multiple chromatin sources[20]. Therefore, it is difficult to use high-throughput sequencing to 
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Figure 2 Diagnostic value evaluation of the indicator for the differentiation between the healthy controls and colorectal cancer patients in 
the validation group. A: CEA and CAMK1D joint model for the differentiation of 100 healthy controls and 62 patients with colorectal cancer; B: CEA and CAMK1D 
joint model for the differentiation of 100 healthy controls and 30 patients with early colorectal cancer; C: CEA and CAMK1D joint model for the differentiation of 100 
healthy controls and 32 patients with advanced colorectal cancer.

completely reconstruct the full-length sequence. ATAC-seq and DNA transposase technology were first 
proposed as a means of chromatin accessibility analysis in 2013[21,22]. DNA transposase can randomly 
insert sequences into the genome. The identification of ctDNA in plasma and serum prompted the 
demand for a novel detection method in plasma[14,23,24].

dPCR can precisely quantify target nucleic acids in a sample and overcomes the shortcomings of 
qPCR. In dPCR, the sample is first divided into many independent PCR subreactions so that each part 
contains either a few target sequences or no target sequences[13]. After PCR, the score of the 
amplification positive zone was used to quantify the concentration of the target sequence, and Poisson 
statistics were used to statistically define the accuracy. In addition, this approach exhibits higher 
tolerance for the presence of inhibitors in the sample. Each subreaction acts as a separate PCR 
microreactor, and the subreaction containing the amplified target sequence is detected by fluorescence. 
The ratio of the positive distribution to the total number of sequences can be used to determine the 
concentration of the target in the sample. The primary difference between dPCR and qPCR is the 
method of measuring the number of target sequences. Unlike qPCR, dPCR does not rely on a calibration 
curve for sample quantification. Therefore, dPCR avoids the limitations related to the change in reaction 
efficiency. dPCR is theoretically superior to qPCR because it provides an effective method to perform 
sample allocation and single-molecule target amplification[25]. In practice, due to its higher sensitivity, 
qPCR can outperform dPCR in specific applications. Calcium/calmodulin-dependent protein kinases 
(CAMKs) are involved in a wide range of cancer-related functions in multiple tumor types. CAMK1 
may have potential prognostic value in pancreatic cancer, suggesting that CAMK1 may have a distinct 
role in pancreatic cancer progression[26]. In addition, CAMK1D may also be involved in immune 
resistance by T-cell recognition, which rapidly inhibits the terminal apoptotic cascade[27]. Other 
regulatory molecules, such as miRNAs and lncRNAs, may also regulate CAMK1D to participate in 
cancer progression. In our study, the overexpression of circular CAMK1D may also have a potential 
function in CRC progression[28-30].

There are still some limitations in our study. First, we only assessed the diagnostic value of our model 
in distinguishing between HC individuals and CRC patients; the utility of the model in the CRP group 
was not evaluated. Second, we only evaluated the common biomarker CEA, and other biomarkers may 
also possess diagnostic value. Third, the experimental protocol may affect the results.

CONCLUSION
We evaluated the diagnostic value of circular free CAMK1D in differentiating between HC individuals 
and CRC patients and demonstrated that CAMK1D may represent a diagnostic biomarker for CRC 
detection.
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ARTICLE HIGHLIGHTS
Research background
Endoscopy combined with tissue biopsy is currently the gold standard for the early diagnosis of 
colorectal cancer (CRC), but there are some disadvantages, including cumbersome operation, poor 
compliance and the invasive nature of testing. The commonly available methods for the early diagnosis 
of CRC remain insufficient.

Research motivation
The identification of a minimally invasive or noninvasive, sensitive and accurate early diagnostic 
marker for the clinical detection of CRC is urgently needed. Common biomarkers and circular free DNA 
may exhibit potential diagnostic value for CRC.

Research objectives
To evaluate the diagnostic value of circular free DNA in CRC.

Research methods
A total of 195 healthy control (HC) individuals and 101 CRC patients (38 in the early CRC group and 63 
in the advanced CRC group) were enrolled to generate the model. One hundred HC individuals and 62 
patients with CRC (30 early CRC and 32 advanced CRC patients) were included separately to validate 
the model. CAMK1D was detected by digital PCR. Binary logistic regression analysis was used to 
establish a joint CAMK1D and CEA diagnostic model for CRC.

Research results
Inclusion of both CEA and CAMK1D in the model produced an area under the curve (AUC) of 0.964 
(0.945, 0.982). For the differentiation between the HC group and early CRC group, the AUC was 0.978 
(0.960, 0.995), and the sensitivity and specificity were 88.90% and 90.80%, respectively. For the differen-
tiation between the HC group and advanced CRC group, the AUC was 0.956 (0.930, 0.981), and the 
sensitivity and specificity were 81.30% and 95.90%, respectively. In the validation group, the AUC of the 
CEA and CAMK1D joint model was 0.906 (0.858, 0.954). For differentiating between the HC group and 
early CRC group, the AUC was 0.909 (0.844, 0.973), and the sensitivity and specificity were 93.00% and 
83.30%, respectively. For differentiating between the HC group and the advanced CRC group, the AUC 
was 0.904 (0.849, 0.959), and the sensitivity and specificity were 93.00% and 75.00%, respectively.

Research conclusions
We evaluated the diagnostic value of circular free CAMK1D DNA for differentiating between HC 
individuals and CRC patients and demonstrated that CAMK1D may represent a potential diagnostic 
biomarker for CRC detection.

Research perspectives
Further analysis should use the colorectal polyp group to validate the diagnostic model in future 
studies.
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Abstract
BACKGROUND 
Currently, chemotherapy combined with immunotherapy is the established first-
line standard treatment for advanced gastric cancer (GC). In addition, the 
combination of radiotherapy and immunotherapy is considered a promising 
treatment strategy.

CASE SUMMARY 
In this report, we present a case of achieving nearly complete remission of highly 
advanced GC with comprehensive therapies. A 67-year-old male patient was 
referred to the hospital because he presented with dyspepsia and melena for 
several days. Based on fluorodeoxyglucose positron emission tomography/com-
puted tomography (FDG PET/CT), endoscopic examination and abdominal CT, 
he was diagnosed with GC with a massive lesion and two distant metastatic 
lesions. The patient received mFOLFOX6 regimen chemotherapy, nivolumab and 
a short course of hypofractionated radiotherapy (4 Gy × 6 fractions) targeting the 
primary lesion. After the completion of these therapies, the tumor and the 
metastatic lesions showed a partial response. After having this case discussed by a 
multidisciplinary team, the patient underwent surgery, including total gastrec-
tomy and D2 lymph node dissection. Postoperative pathology showed that major 
pathological regression of the primary lesion was achieved. Chemoimmuno-
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therapy started four weeks after surgery, and examination was performed every three months. 
Since surgery, the patient has been stable and healthy with no evidence of recurrence.

CONCLUSION 
The combination of radiotherapy and immunotherapy for GC is worthy of further exploration.

Key Words: Gastric cancer; Oligometastasis; Immunotherapy; Hypofractionated radiotherapy; Gastrectomy; 
Case report

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

Core Tip: This case report describes a patient with unresectable advanced gastric cancer who received 
comprehensive treatment including chemoimmunotherapy and hypofractionated radiotherapy that was 
applied to treat the primary lesion; satisfactory efficacy was achieved. The combination of radiotherapy 
and immunotherapy is worthy of further exploration, and the dose division of radiotherapy is an important 
factor. Hypofractionated radiotherapy, compared to conventional fractionated radiotherapy, may better 
coordinate with immunotherapy.

Citation: Zhou ML, Xu RN, Tan C, Zhang Z, Wan JF. Advanced gastric cancer achieving major pathologic 
regression after chemoimmunotherapy combined with hypofractionated radiotherapy: A case report. World J 
Gastrointest Oncol 2023; 15(6): 1096-1104
URL: https://www.wjgnet.com/1948-5204/full/v15/i6/1096.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i6.1096

INTRODUCTION
According to GLOBOCAN 2020, gastric cancer (GC) ranks fifth and fourth in terms of the estimated 
number of new cases and the number of deaths worldwide, respectively[1]. Of note, the majority of 
worldwide GC cases and deaths occur annually in China, accounting for 43.9% of the worldwide cases 
and 48.6% of the worldwide deaths[1]. The median overall survival of patients with advanced GC is 
only 1 year[1,2]. Such disappointing survival outcomes are mainly the result of the inherent biological 
aggressiveness of GC and the relatively poor response to currently available therapies.

Cancer immunotherapy has opened a new era of cancer treatment. In 2020, two clinical studies based 
on KEYNOTE-059 and ATTRACTION-02 established the status of pembrolizumab and nivolumab as 
third-line treatments for advanced GC[3,4]. While moving from being a third-line treatment to a first-
line treatment, immunotherapy for GC has encountered many difficulties and failures. Currently, 
chemotherapy combined with immunotherapy is the established first-line standard treatment for 
advanced GC[5].

At present, the focus of tumor immunotherapy has shifted from single-drug therapy to combined 
immunotherapy, as the combination could potentially lead to increased therapeutic efficacy. Radio-
therapy can destroy tumor cells, promote the release of tumor antigens, and promote the infiltration of 
immune cells, thus changing the tumor microenvironment[6]. Therefore, the combination of 
radiotherapy and immunotherapy is considered a promising treatment strategy[6].

This report presents the case of a patient who was initially diagnosed with unresectable advanced GC 
and successfully treated with comprehensive therapies including chemotherapy, immunotherapy, and 
hypofractionated radiotherapy (HFRT). The tumor showed significant regression, and surgery was 
performed. Eventually, the patient achieved major pathologic regression.

CASE PRESENTATION
Chief complaints
A 67-year-old male patient presenting with dyspepsia and melena for several days was admitted to the 
Fudan University Shanghai Cancer Center (FUSCC, Shanghai, China) on May 12, 2022.

History of present illness
The patient developed dizziness, poor appetite, epigastrium fullness and discomfort, occasional dull 
pain, defecation, and no relief after taking omeprazole capsules for five days. Then the patient went to 
hospital accordingly.

https://www.wjgnet.com/1948-5204/full/v15/i6/1096.htm
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History of past illness
The patient had no significant history of past illness.

Personal and family history
The patient had a past history of smoking and alcohol consumption for more than 30 years and had 
already quit smoking for 2 years. The patient had no significant family history.

Physical examination
Physical examination showed a pale face, indicating anemia (hemoglobin, 97 g/L). An enlarged lymph 
node was palpated in the left supraclavicular area. No positive signs were observed in abdominal and 
digital rectal examinations.

Laboratory examinations
The serum levels of carcinoembryonic antigen, alpha-fetoprotein, carbohydrate antigen (CA) 19–9, 
CA125, CA72-4, CA50, and CA242 were all in the normal ranges.

Imaging examinations
Enhanced computed tomography (CT) scan of the stomach showed thickening of the wall of the gastric 
body and the antrum with enhancement, and multiple enlarged lymph nodes were detected around the 
stomach, hepatogastric space, hilar region, and retroperitoneum (Figure 1A). Gastroscopy indicated 
Borrmann type 3 GC, and pathology examination of gastroscopic biopsy suggested poorly differentiated 
adenocarcinoma with a proportion of signet ring cell carcinoma and the mixed type according to 
Lauren’s classification. Immunohistochemistry of biopsy tissue showed proficient mismatch repair 
(pMMR), HER2 2+ and EBER negativity. Fluorescence in situ hybridization (FISH) showed no HER2 
amplification. Next-generation sequencing showed that the tumor mutation burden (TMB) was 5.98 
muts/MB. Whole-body fluorodeoxyglucose positron emission tomography/CT (FDG PET/CT) showed 
the following findings: (1) Diffuse thickening of the gastric wall in the antrum and body with FDG 
hypermetabolism; (2) perigastric mesenteric turbidity; (3) metastatic lymph nodes visible around the 
stomach, hepatogastric space, hilar region, retroperitoneum, and left supraclavicular area; (4) left 
acetabular metastasis; and (5) a small amount of pelvic effusion (Figure 2).

FINAL DIAGNOSIS
The patient was diagnosed with metastatic GC (cT4N3M1, stage IV) according to the 8th edition of the 
Union for International Cancer Control TNM classification for GC.

TREATMENT
First-line standard treatment was performed, including the mFOLFOX6 regimen and a programmed 
death-1 (PD-1) inhibitor. The mFOLFOX6 regimen was applied as follows: oxaliplatin (85 mg/m2) was 
injected intravenously within 2 h on day 1; leucovorin (400 mg/m2) was injected intraveneously within 
2 h on day 1; 5-fluorouracil (400 mg/m2) was injected intraveneously and then was continuously infused 
(2400 mg/m2) within 46 h; chemotherapy was repeated every two weeks. Nivolumab 240 mg was 
administered every two weeks. Considering that the patient was bleeding from gastric lesions and that 
the distal gastric tumor induced incomplete obstruction, we decided, after detailed communication with 
the patient and his family, to add radiotherapy for the primary lesion. After two cycles of chemoimmun-
otherapy, HFRT targeted to the primary lesion and lymphatic drainage area was performed with a total 
dose of 24 Gy split into 6 fractions. Then, another four cycles of chemoimmunotherapy were performed.

OUTCOME AND FOLLOW-UP
One month after these treatments, whole-body FDG PET/CT and enhanced abdominal CT were 
performed to evaluate the treatment effect. The adverse events (AEs) of the treatment were assessed 
according to the National Cancer Institute Common Terminology Criteria for AEs (CTCAE) version 4.0. 
AEs included grade 1 gastrointestinal discomfort and grade 2 leukocytopenia. These side effects were 
resolved after symptomatic treatment, and leukocytopenia was relieved by using granulocyte colony-
stimulating factor (G-CSF). The patient’s dyspepsia and melena were relieved remarkably. His tumor 
markers were still in the normal ranges. Enhanced CT scan of the stomach showed a decrease in the 
thickness of the gastric wall and the size of the perigastric lymph nodes (Figure 1B). There was an 
obvious reduction of the gastric lesions and metastatic lymph nodes with a lowered FDG metabolism. 
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Figure 1 Enhanced computed tomography images prior to and after combined treatment. A: Enhanced computed tomography (CT) before any 
treatment showed a lesion in the gastric wall; B: Enhanced CT after combined treatment revealed that the lesion was apparently decreased in size.

The FDG metabolism of the left acetabular metastasis and left supraclavicular lymph nodes tended to be 
normal (Figure 2). The clinical response was classified as partial response according to the Response 
Evaluation Criteria in Solid Tumors version 1.1.

Afterward, the case was submitted for multidisciplinary team discussion of GC in FUSCC, and 
surgery was cautiously recommended. Surgery was performed on October 20, 2022. Laparoscopic 
exploration found neither ascites nor peritoneal seeding. Therefore, laparoscopic surgery was converted 
to an open approach, and total gastrectomy with Roux-en-Y reconstruction and D2 lymph node 
dissection was performed. The histological change was classified as TRG grade 1, according to the 
National Comprehensive Cancer Network clinical practice guidelines in oncology for GC. Postoperative 
pathology showed that the tumor bed had ulceration with interstitial fibrosis and inflammatory cell 
infiltration, which was consistent with the changes after treatment. Combined with the immunohisto-
chemical results, a small number of epithelioid cells, AE1/AE3+, were found within the mucosa, tending 
to be poorly differentiated adenocarcinoma with changes after treatment. Twenty-six lymph nodes were 
harvested without tumor metastasis. Thus, the postoperative staging was ypT1aN0Mx. There were no 
postoperative complications observed. The postoperative treatment plan involved the continuous use of 
the original regimen and then maintenance with nivolumab until one year after surgery. Chemoimmun-
otherapy started four weeks after surgery and examinations were performed every three months.

DISCUSSION
This study describes a patient with oligometastatic GC who received comprehensive treatment, 
including chemotherapy, radiotherapy, immunotherapy, and surgery. Pronounced remission of the 
primary lesion was achieved, as shown by FDG PET/CT and validated by postoperative pathology. 
Meanwhile, the metabolism of bone metastasis and left supraclavicular lymph nodes was also signi-
ficantly reduced. In contrast to standard treatment, along with chemotherapy and immunotherapy, the 
primary lesion was also treated with HFRT due to bleeding and incomplete obstruction.

There is a special group of patients with stage IV disease, termed oligometastatic disease, who are in a 
relatively early and stable state without the tendency of metastasis spreading throughout the body. The 
number and location of metastatic lesions are limited, and it is believed that long-term survival can be 
achieved through systemic treatment with local treatment[7,8]. In gastroesophageal (GEJ) tumors, 
surgery, as a local treatment, is included in systemic treatment and brings survival benefits to patients 
with oligometastasis, which has been confirmed in the AIO-FLOT3 study[9]. Moreover, a subsequent 
AIO-FLOT5 study is in progress[10].

With the wide application of immunotherapy, radiotherapy combined with immunotherapy is 
considered a promising strategy due to its effect on immune activation and tumor microenvironment 
remodeling. Besides, enhanced mitochondrial metabolism plays an important role in the better 
treatment response to anti-PD1 agents[11] and radiotherapy[12]. The combination of immunotherapy 
and radiotherapy can cure patients with oligometastatic tumors, which has been proven in non-small 
cell lung cancer[13,14], prostate cancer[15], and other tumors[16]. However, the options of radiotherapy, 
including the sequence, dose, fractionation, and irradiated sites, that exert the best synergies need to be 
explored and optimized.

The conventional radiotherapy fraction mode is routinely used in GC. Selected studies have 
attempted HFRT for palliative treatment, especially for curing hemostasis, and several retrospective 
studies have indicated its good efficacy and safety[17-21]. However, the application of HFRT in GC is 
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Figure 2 Fluorodeoxyglucose positron emission tomography/computed tomography images prior to and after combined treatment. A: 
Fluorodeoxyglucose positron emission tomography/computed tomography (FDG PET/CT) prior to any treatment showed a large gastric mass with hypermetabolism, 
and the lesion was clearly decreased in size and metabolism after combined treatment; B: FDG PET/CT prior to any treatment showed hypermetabolism in the left 
supraclavicular area, and the lesion was clearly decreased in size and metabolism after combined treatment; C: FDG PET/CT prior to any treatment showed 
hypermetabolism in the left acetabular area, and the lesion was clearly decreased in size and metabolism after combined treatment.

still limited.
Li et al[22] reported a prospective phase I study (ClinicalTrials.gov identifier: NCT03427684) of HFRT 

for the neoadjuvant treatment of GC. This was a dose-escalating study that included three levels of 
radiotherapy doses: 40.0 Gy/2.5 Gy/16 fractions, 95% isodose line covering the planning target volume 
(PTV); 95% PTV 41.6 Gy/2.6 Gy/16 fractions; and 95% PTV 43.2 Gy/2.7 Gy/16 fractions. Ultimately, 
40.0 Gy/2.5 Gy was determined to be the maximum tolerated dose. Another single-arm prospective 
study (ClinicalTrials.gov identifier: NCT04162665) from the University of Washington in the United 
States adopted a short course of HFRT, sequential consolidation chemotherapy, and surgery for locally 
advanced GC. HFRT adopted a 5 Gy × 5 model with magnetic resonance guidance. The primary 
endpoint of this study was the pathologic complete regression rate. A single-arm prospective Phase Ib 
study (ClinicalTrials.gov identifier: NCT04523818) from MD Anderson Cancer Center in the United 
States explored the efficacy of short-course radiotherapy, sequential consolidation chemotherapy, and 
surgery in patients with resectable GC. The short course of radiotherapy in this study was divided into 
10 fractions and completed within 2 wk. The primary endpoint was the incidence of AEs.

In preclinical models, HFRT has been proven to have better immune activation and less impact on 
lymphocytes[23,24]. In clinical practice, it seems that HFRT may show advances in certain cancers, and 
the combination of cancer immunotherapy and HFRT may have more potential[25]. Moreover, HFRT 
has the advantage of shortening the total treatment duration and saving medical resources. All these 
findings indicate that HFRT is a direction worth exploring in GC not only in the palliative setting but 
also in perioperative or treatment for oligometastatic patients.

Based on the aforementioned background, a Phase II clinical trial is being carried out in our center. 
This study targets patients with gastric/GEJ adenocarcinoma with limited liver metastases or paraaortic 
lymph node metastases. On the basis of systemic chemotherapy and immunotherapy, combined with 
HFRT of primary and metastatic lesions, the patients whose lesions can be surgically resected after 
treatment will receive surgery for primary and metastatic lesions when possible. The primary end point 
of the study was overall survival.
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CONCLUSION
This study describes a patient with unresectable advanced GC who received comprehensive treatment; 
satisfactory efficacy was achieved. HFRT was applied to treat the primary lesion. The combination of 
radiotherapy and immunotherapy is worthy of further exploration. At the same time, the dose division, 
radiation range, choice of chemotherapy drugs, and arrangement of treatment sequence of radiotherapy 
need to be explored to better coordinate with immunotherapy.
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