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Abstract

Nearly 80% of patients with pancreatic ductal adenocarcinoma (PDAC) develop
cachexia along their disease course. Cachexia is characterized by progressive
weight loss, muscle wasting, and systemic inflammation and has been linked to
poorer outcomes and impairments in quality of life. Management of PDAC
cachexia has historically involved a multidisciplinary effort comprised of nutri-
tional support, pancreatic enzyme replacement therapy, and/or pharmacologic
interventions. Despite current interventions to mitigate PDAC cachexia, a
significant proportion of patients continue to die from complications associated
with cachexia underscoring the need for novel insights and treatments for this
syndrome. We highlight the feasibility and effectiveness of a recent enteral
feeding prospective trial at our institution to improve cachexia outcomes in
patients with advanced PDAC. Additionally, we were among the first to charac-
terize the stool microbiome composition in patients with advanced PDAC
receiving enteral feeding for the treatment of cachexia. Novel insights into the
relationship between enteral nutritional support, cachexia, and the gut mi-
crobiome are presented. These promising results are discussed in the context of a
potential ability to modulate the stool microbiome as a new interventional
strategy to mitigate PDAC cachexia.
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Core Tip: Cachexia is a hallmark of pancreatic cancer and is characterized by muscle wasting, weight loss,
and systemic inflammation. Despite advancements in nutritional support, pancreatic enzyme replacement
therapy, and pharmacologic interventions for treating pancreatic cancer cachexia, it continues to have a
significant negative impact on patient outcomes. We detail the results of a recent prospective clinical trial
wherein cachectic patients with advanced pancreatic cancer achieved weight stability with 12 wk of
enteral feeding. Notably, gut microbiome changes and an increased abundance of a specific microbe
associated with enteral feeding highlight a potentially novel approach to mitigate cachexia through
microbial modulation.
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INTRODUCTION

Pancreatic cancer is an aggressive malignancy characterized by progressive therapeutic resistance and a
multifactorial syndrome of weight loss, muscle wasting, and systemic inflammation known as cachexia
[1,2]. Cachexia is pervasive and an unfortunate hallmark of pancreatic cancer as nearly 85% of patients
with pancreatic ductal adenocarcinoma (PDAC) will meet the definition of cancer cachexia along their
disease course[3,4]. Cancer cachexia is generally defined as a multifactorial syndrome characterized by
progressive loss of skeletal muscle mass (with or without loss of fat mass) that is not fully reversible
through conventional means of nutritional support and leads to ongoing impairment in patient function
[5]. Diagnostic criteria for cancer cachexia have been defined by international consensus guidelines as
well (Table 1).

The management of PDAC cachexia is multidisciplinary and has historically been comprised of the
following: Nutritional support with oral nutrition supplements and involvement of a registered
dietitian, pancreatic enzyme replacement therapy, exercise, pharmacologic interventions, and in select
cases, specialized nutrition support through the use of enteral or parenteral nutrition[4,6]. The
importance of systemic therapy for the underlying PDAC cannot be underscored as well given that the
negative impact of cancer cachexia on patient outcomes can be offset, to a degree, with systemic
chemotherapy[7]. Despite the mechanisms of PDAC cachexia having been increasingly described, the
cachexia syndrome in pancreatic cancer patients remains difficult to treat with a profoundly negative
impact on outcomes including overall survival (OS), response to chemotherapy, and quality-of-life[6,7].
As such, novel interventions for PDAC cachexia are of high unmet need.

PANCAX-1

Our group has historically focused on the development of biomarkers and therapeutic strategies for
PDAC cachexia across interventional and observational trials[1,8]. We conducted PANCAX-1
(NCT02400398), which was a single-institution, single-arm prospective clinical trial, to evaluate the
feasibility and efficacy of enteral feeding on weight stability in cachectic patients with advanced
pancreatic cancer[9,10]. Eligible patients included those aged > 18 years having been diagnosed with
advanced or locally advanced pancreatic cancer and cachexia. Candidates were required to have a
jejunal or gastrojejunal feeding tube placed prior to study intervention. Cachexia was defined using
consensus criteria (Table 1). Anticancer therapy or previous surgical resection for pancreatic cancer was
permitted. Patients were enrolled to receive the study intervention of a peptide-based formula
(Peptamen 1.5) over three 4-week cycles (total of 12 wk) of enteral feeding as per protocol (Figure 1).

The primary endpoint was weight stability at 3 mo, defined as weight loss < 0.1 kg/baseline body
mass index (BMI)-unit. Secondary endpoints included changes in body composition measurements,
clinical metrics of function and activity, safety, and patient-reported outcomes (PROs).
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Table 1 Consensus definitions of cancer cachexia[5]

Definition of cancer cachexia is met with one of the following

Weight loss > 5% over past 6 mo (in absence of simple starvation)
Body mass index < 20 and weight loss > 2%

Evidence of sarcopenia with weight loss > 2%

!Generally accepted measures of sarcopenia include: mid upper-arm muscle area by anthropometry (men < 32 cm?, women < 18 cm?); appendicular
skeletal muscle index determined by dual energy x-ray absorptiometry (men < 7.26 kg/m? women < 5.45 kg/m?); lumbar skeletal muscle index
determined by computed tomography imaging (men < 55 cm?/m?; women < 39 cm?/m?); whole body fat-free mass index without bone determined by
bioelectrical impedance (men < 14.6 kg/m? women < 11.4 kg/m?).

Eligibility

> 18 yr of age;

Advanced/locally advanced pancreatic ductal adenocarcinoma with cachexia
(> 5% unintentional weight loss within 6 mo);

Must have jejunal or gastrojejunal feeding tube placed prior to study start

Study intervention
Three 4-wk cycles of peptide-based formula (Peptamen 1.5) administered through jejunal or gastrojejunal feeding
tube at doses ranging from 40-85 mL/h over 8-20 h/d depending on dose determined by the Mifflin St Jeor formula
and stress factor validated for cancer patients and the nutritionist
Peptide-based 100% whey, 70% medium-chain triglycerides formula that includes approximately 150 Cal, 6.8 g
protein, 18.8 g carbohydrate, and 5.6 g fat per 100 mL

Exploratory studies
Stool specimens collected at time 0,
6, and 12 wk of enteral feeding

Primary endpoint
Weight stability at 3 mo (defined as weight change less than 0.1 kg/baseline body mass index-unit)

Secondary endpoints
Changes in lean body mass, bone mineral density, fat mass, appendicular lean mass, and percent body fat, as
measured with the dual-energy X-ray absorptiometry scan at each cycle;
Changes in inflammatory cytokines and gut microbiome composition at baseline (time 0), 6 and 12 wk;
Clinical assessments of function (hand grip strength, objective measures of physical activity over 12 wk;
Patient-reported outcomes at each timepoint using validated EORTC QLQ-C30 and NIH PROMIS questionnaires;
Safety as per Common Terminology Criteria for Adverse Events v4.0

DOI: 10.4251/wjgo.v14.i7.1218 Copyright ©The Author(s) 2022.

Figure 1 Study design of the single-institution, single-arm prospective PANCAX-1 trial evaluating the feasibility and efficacy of enteral
feeding on weight stability in cachectic patients with advanced pancreatic cancer.

From April 2015-March 2019, a total of 31 patients were consented onto the study. From this, 16
patients were able to complete all 12 wk of enteral tube feeding and were deemed evaluable for the
primary endpoint. The study achieved its primary endpoint whereby weight stability was achieved in
10/16 patients (62.5%). Additionally, enteral feeding was associated with improvement in key
secondary outcomes including decreases in body fat mass and inflammatory markers (CRP) but
increases in lean body mass (Table 2). Improvements were seen in PROs using both NIH PROMIS and
EORTC QLQ-C30 scores from baseline to 12 wk of enteral feeding in this cohort[9].
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Table 2 Key outcome measures in cachectic patients with advanced pancreatic cancer over 12 wk of enteral feeding

Outcome (n = 16) Change (SD)
Average weight (kg) +1.29 (5.8)
Body mass index (kg/m?) +0.6 (1.7)

% Body fat -1.6 (5)

Bone mineral density (T-score) -0.01 (0.02)
Body fat mass (g) -602 (2794)
Lean body mass (g) +1273.1 (4078)
Appendicular lean mass (kg/m?) +0.45 (0.62)
C-reactive protein (mg/mL) -9.77 (SE 11.6)

Patient-reported outcomes

NIH PROMIS (mean difference in score)

Pain interference
Fatigue

Depression

75 (P = 0.05)
7.1 (P = 0.06)

-10.4 (P = 0.006)

EORTC QLQ-C30 (mean difference in score)

Global health

+13.3 (P = 0.05)

Jaishideng®

THE GUT MICROBIOME AND CACHEXIA

The PANCAX-1 trial successfully demonstrated the feasibility and efficacy of enteral feeding alongside
systemic chemotherapy for the treatment of cachexia in patients with advanced PDAC. Despite a drop
in consented subjects who were unable to complete 12-wk of enteral feeding due to advanced disease,
deteriorating performance status, and/or rapid changes in symptom burden as expected from a high-
risk population, enteral feeding resulted in weight stability and improved PROs in cachectic patients
with advanced pancreatic cancer. We next sought to identify predictive biomarkers associated with
weight stability in this prospective cohort for insight into the possible mechanisms by which enteral
feeding served an effective intervention for cachexia. In preplanned exploratory studies of the
PANCAX-1 prospective cohort, blood and stool samples were collected longitudinally for profiling of
inflammatory cytokines and the gut microbiome.

Our group characterized for the first time the gut microbiome composition in patients with advanced
pancreatic cancer treated with enteral feeding for cachexia[11]. DNA extraction and sequencing of the
16S ribosomal RNA gene was performed on fecal samples, as previously described[12], with several
unique findings (Table 3). Firstly, in stool samples collected over 12 wk of enteral feeding, differential
abundance testing identified an increased relative abundance of the Gram-negative genus Veillonella (P
= 0.0150) and the Gram-positive genus Actinomyces (P = 0.0390). As Veillonella represented a bacterial
genus that increased in abundance over time with enteral feeding for PDAC cachexia, it was interesting
to discover that a significantly increased abundance of Veillonella was also identified in baseline stool
samples of cachectic patients who achieved weight stability with enteral feeding.

Veillonella are Gram-negative, anaerobic bacteria known for its lactate fermenting abilities and are
nonpathogenic colonizers of the intestines and oral mucosa in humans whereby Veillonella atypica and
its active metabolite propionate has been shown to enhance physical performance in mouse models[13].
Interestingly, in a separate cohort of cachectic patients comprised predominantly of subjects with
pancreatic cancer, Veillonelln was among the most abundant bacterial genera among cachectic cancer
patients[14]. In a comparison of the oral microbiome collected from PDAC patients and healthy controls,
Veillonella were among the genera in significantly greater abundance in salivary samples from healthy
controls than those with PDAC[15]. Furthermore, when comparing subjects with resectable vs
unresectable PDAC, Veillonella was found to be the most abundant bacterial genera in those with less
advanced, resectable disease when compared to more advanced, unresectable disease. When compared
to healthy controls, Veillonella had the lowest odds ratio (OR) for risk of PDAC development across all
sampled oral bacteria (OR 0.187, 95% confidence interval 0.055-0.631, P = 0.007). The relative abundance
of Veillonella in saliva samples was observed to show a gradual decline from healthy controls to those
with resectable PDAC and unresectable PDAC. The lowest abundance of Veillonella was observed in
saliva samples from subjects with unresectable PDAC, whereas the highest abundance of Veillonella was
observed in the saliva from healthy subjects.
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Table 3 Gut microbiome compositional changes in patients with advanced pancreatic cancer receiving 12 wk of enteral feeding for

cachexia

Stool microbiome assessment' Outcome

Relative abundance from baseline (time 0) to 12 wk (7 = Increased abundance: Veillonella genera (P = 0.015); Actinomyces genera (P = 0.039). Decreased
6) abundance: Bacteroides genera (P = 0.015); Butyricicoccus genera (P = 0.039)

Relative abundance in baseline stool samples from Increased abundance: Veillonella genera (P = 0.0006). Decreased abundance: Bifidobacterium
subjects achieving weight stability (1 = 8) genera (P = 2.35 x 10°%)

Diversity indices (1 = 8) Weight stability associated with reduced diversity by Chaol index of richness (P = 0.0208) but

not reduced species richness and evenness by Shannon index (P = 0.187)

Performed through 16S ribosomal RNA gene sequencing.
Taxa summary plot suggested that this finding was driven by a high percentage of this bacterium in one patient who had a much higher overall survival

than the mean.

MICROBIAL INTERVENTIONS AS A POTENTIAL NEW THERAPEUTIC STRATEGY FOR
CACHEXIA

The relationship between the gut microbiome and cachexia has long been implicated in earlier investig-
ations wherein alterations in gut microbiome composition were associated with anorexia nervosa and
low BMI states, body weight loss, low muscle mass, low appetite, and systemic inflammation[16].
However, the role that the gut microbiome plays in the cachexia process has been better established
with studies on its impact with systemic inflammation and muscle wasting, which are hallmarks of
cachexia[16-18].

Inflammation has classically served in host defense against pathogens but has increasingly been
shown to be equally important in tissue repair, regeneration, and remodeling with programmed cell
death including apoptosis, necroptosis, and pyroptosis representing means to clear dying cells and
promote tissue homeostasis[19,20]. In this sense, localized transient inflammation is generally
protective, helping the host to remove harmful stimuli including physical, chemical, carcinogenic, and
infectious and facilitate degradation of dying cells as a nutritional source to facilitate tissue
regeneration. However, the inflammatory response underlying cachexia often is characterized by
impairment in the correct utilization of nutrients such that meeting energy and protein requirements in
patients with cachexia without addressing inflammation can result in improper restoration of body
composition as most proteins and energy are diverted to production of acute-phase proteins and adi-
pose tissue, which in turn, can sustain and promote systemic inflammation[21]. In critically ill patients,
for example, concepts of restrictive eating during acute phases of critical illness have been explored to
potentially minimize the negative effects of overfeeding and systemic inflammation[22]. Evidence is
emerging to suggest that specific bacteria within the gut microbiome may possess pro- and anti-inflam-
matory effects, providing another relationship between the microbiome and cachexia that could be
exploited to counteract the systemic inflammation underlying cachexia[23].

Animal studies have illustrated several key findings of the gut microbiome-cachexia relationship: (1)
Gut microbes can lead to muscle wasting through decreasing amino acid availability for the host or
synthesis of noxious bacterial metabolites (e.g., indoxyl sulfate and lipopolysaccharide or LPS) that
activate PI3K/AKT, NF-«xB, and MAPK (p38, JNK, ERK) signaling to upregulate Atrogin-1/MAFbx and
MuRF1 genes encoding E3 ubiquitin ligases; (2) Pathogen-associated molecular patterns (PAMPs) from
microbes (e.g., circulating peptidoglycans, LPS, bacterial nucleic acids, short-chain fatty acids or SCFA,
branched-chain amino acids or BCAAs, or flagellin) can induce muscle atrophy by stimulating the Toll-
like receptor/NF-kB pathway; (3) Increased gut permeability in cachectic disorders and subsequent
translocation of PAMPs from the gut lumen can stimulate pro-inflammatory cytokine cascades; and (4)
Depletion of certain bacterial conditions can induce muscle wasting by activating the AMPK-FoxO3-
Atrogin-1/MuRF1 cascade and BCAA catabolism, reducing expression of growth factors and muscle
growth-related genes (IGF-1, myogenin, SIK1, and MyoD), increasing myostatin, and impairing
neuromuscular junction function and mitochondrial function[16-18].

Based on this preclinical rationale, it is not surprising that early efforts for gut microbiota-targeted
nutritional interventions of cachexia have already begun exploration. For example, administration of a
mixture of Lactobacillus reuteri and Lactobacillus gasseri to cachectic mice with leukemia restored the
levels of these bacteria in the gut while reducing inflammation and partially counteracting the induction
of muscle atrophy markers[24]. Administration of bacterial metabolites have also shown applicability in
the treatment of cachexia where pectic oligosaccharides given to leukemic mice with cachexia was able
to delay the cachectic phenotype and spare fat mass while increasing abundance of Bacteroides dorei[25].

There is growing evidence to suggest that Veillonella represents a genus of gut bacteria that is
protective against PDAC and performance enhancing in human subjects[13,15]. In our preplanned
analyses of the gut microbiome in stool samples serially collected from a prospective cohort of enteral
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fed patients with PDAC cachexia, we identified compositional changes in the gut microbiome and an
increase in abundance of the bacterial genus Veillonella over time with enteral feeding associated with
weight stability. We are therefore the first to posit another beneficial role of Veillonella as a microbe
associated with weight stability in the treatment of cachexia. However, before positioning Veillonella as a
potential future and novel intervention to mitigate cachexia, there are several lessons that can be learned
from microbial manipulation strategies thus far.

FUTURE CONSIDERATIONS FOR CLINICAL TRANSLATION

Interventions to target the gut microbiome in cancer cachexia can largely be classified into: (1)
Prebiotics, which are nondigestible substrates that can induce growth or activity of microorganisms in
the host; (2) Probiotics that contain live microorganisms to be introduced to the host; and (3) Synbiotics,
which are mixtures of live microorganisms and substrates utilized by the host (combination of
prebiotics and probiotics)[17].

Recently, the double-blind, randomized phase II TRANSIT trial enrolled patients with unresectable or
metastatic gastroesophageal junction adenocarcinoma who were planned to receive standard first-line
chemotherapy and met criteria for cachexia to receive allogenic fecal microbiota transplantation (FMT)
from obese donors or autologous FMT (control)[26]. Donor and recipients delivered fresh fecal samples
within 6 h before use on day of fecal infusions wherein the feces were mixed until fully homogenized
and the fecal solution filtered to remove food derived debris. The filtrate was then transferred to a 1000-
mL sterile bottle and stored at room temperature. Enrolled subjects underwent bowel lavage with
polyethylene glycol solution through a nasoduodenal tube to remove endogenous fecal contamination.
This was followed by infusion of the gut microbiota solution over 30 minutes approximately. The
primary outcome of this study was effect of allogenic FMT on satiety after 4 wk with secondary
outcomes on cachexia domains including nutritional and appetite assessments and conventional cancer
efficacy outcomes.

Between August 2016 to January 2019, 24 patients were randomized to receive allogenic FMT (n = 12)
and autologous FMT (n = 12). Donors for allogenic FMT were all healthy overweight or obese subjects
by BMI criteria. There was no significant difference in satiety levels, caloric intake, or change in any
other measure related to cachexia between allogenic and autologous FMT groups. There was no
difference in completion rates or adverse events associated with chemotherapy across groups either.
However, those receiving allogenic FMT had higher disease-control rates at 12 wk, longer median OS
(365 d vs 227 d), hazard ratio 0.38 (95% confidence interval: 0.14-1.05, P = 0.057) and longer progression-
free survival (204 d vs 93 d) than those receiving autologous FMT. The microbiome composition from
the allogenic recipients resembled the donor microbiome more closely after the FMT compared to
baseline, suggestive of proper engraftment of donor microbiota.

The phase II TRANSIT trial, although negative, should be praised for testing the feasibility of such an
approach in human subjects with cancer cachexia. There are multiple take-away points from this
important study that need to be considered in future applications of microbial interventions in human
subjects with cachexia. Firstly, although microbiome analyses revealed a significant shift in microbiome
composition following allogenic FMT, a specific microbe or group of microbes mediating the beneficial
oncological outcomes in the allogenic group were not identified. Is a healthy obese subject the ideal
donor for FMT to treat cancer cachexia? An alternative mechanism could entail the administration of
microbes isolated from stool of successfully treated patients for cachexia. This could arguably reflect the
compositional changes in the gut microbiome indicative of a responding host to anti-cachexia therapy.
The microbiome in an obese individual could also differ significantly from those of non-obese
individuals and can induce weight gain or weight loss dependent on a variety of environmental and
host biologic factors[26]. The uniqueness of the PANCAX-1 cohort lies in the fact that all subjects
received enteral feeding as their primary source of nutrition thereby representing a homogeneous and
internally controlled population for microbiome and metabolomics analyses. The finding that Veillonella
was a microbe of interest with increased abundance over time with enteral feeding and was associated
with weight stability in cachectic patients with advanced PDAC receiving enteral feeding provides an
innovative opportunity to explore microbial interventional strategies for cachexia with this organism.

However, individual microbes may not be sufficient to elect pro- or anti-cachexia effects alone.
Animal models have demonstrated that a series of functional and structural changes occur in the gut
bacterial population during the development of cachexia[27]. Microbial dysbiosis has shown to play a
role in shaping the gut microbiome and pancreatic tumorigenesis as well[28]. We showed that weight
stabilizing, cachexia therapy through enteral feeding was associated with multiple taxonomic shifts
including increased abundance of the Veillonella genus (P = 0.015) and Actinomyces genus (P = 0.039) and
decreased abundance of the Bacteroides genus (P = 0.015) and Butyricicoccus genus (P = 0.039) (Table 3).
In this sense, it would be prudent for future studies to evaluate the impact of microbial dysbiosis on
cachexia, with emphasis on community microbes that altogether contribute to anti- or pro-cachexia
effects in microbial interventional strategies for cachexia.
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Lastly, it would be important to consider that microorganisms themselves may not be the key
constituent for developing therapies against cachexia. Instead, the active metabolites of the gut
microbiota may be just as (if not more) important in contributing to anti- or pro-cachexia effects. Here,
studies have shown that branched-chain amino acids, LPS, polyamines, and metabolites of other biosyn-
thetic pathways have correlated with altered microbial flora, tumorigenesis, and development of
cachexia across animal models[28,29]. Therefore, the logical next step in addition to exploring the
potential of Veillonella as a microbial intervention in the treatment of cachexia would be for
metabolomics to profile the active metabolite(s) of this microorganism and microbial communities
associated with weight stabilization on cachexia therapy. The impact of these metabolites as a

mechanism to address the cachexia syndrome could then be formally evaluated in preclinical models
[30].

CONCLUSION

Cachexia represents a multifactorial syndrome of weight loss, muscle wasting, and systemic inflam-
mation that is pervasive across multiple advanced disease states. Using PDAC as a model, we identified
a unique relationship between the gut microbiome and treatment of cachexia in a prospective cohort of
advanced PDAC subjects treated with enteral feeding. Specifically, an increased abundance in the
bacterial genus Veillonella was observed over time in stool samples of cachectic subjects effectively
treated with weight-stabilizing intervention through 12 wk of enteral feeding. Our findings are
hypothesis-generating and add to an exciting body of evidence suggesting a potential role for microbial-
based interventions for cachexia. Future clinical translation of microbial modulation to mitigate cachexia
will need to consider the role of microbial dysbiosis and microbial-derived metabolites in cachexia as
well.
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Abstract

Solid pseudopapillary neoplasms (SPNs) of the pancreas are rare, low-grade,
malignant neoplasms that are mostly seen in young women in the second and
third decades of life and are quite uncommon in children. Standard resection for
benign and borderline neoplasms of the pancreas is associated with a substantial
risk of postoperative morbidity and long-term functional impairment, whereas
enucleation leads to less morbidity and preserves healthy parenchyma as well as
exocrine and endocrine function. Enucleation of SPNs has been increasingly
reported to be feasible and safe for preserving the normal physiological function
of the pancreas, especially in teenagers and children. This review summarizes
findings published in recent years on the enucleation of SPNs as well as potential
future developments and directions. Enucleation has undoubtedly come to stay as
an alternative surgical procedure for SPNs. However, many questions remain
unresolved, and future directions toward the best surgical indication, the pre-
vention and intervention of complications, especially pancreatic fistula, intraop-
erative resection margin safety assessment, and long-term oncology prognosis
remain to be evaluated and should be explored in future clinical trials.

Key Words: Solid pseudopapillary neoplasm; Enucleation; Pancreatic tumor; Distal
pancreatectomy; Pancreaticoduodenectomy
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Core Tip: Enucleation of solid pseudopapillary neoplasms (SPNs) has been increasingly reported to be
feasible and safe for preserving pancreatic function, especially in teenagers and children. This review
summarizes findings published in recent years on the enucleation of SPNs as well as potential future
developments and directions. Enucleation has undoubtedly come to stay as an alternative surgical
procedure for SPNs. However, many questions remain unresolved, and future directions toward the best
surgical indication, the prevention and intervention of complications, especially pancreatic fistula, intraop-
erative resection margin safety assessment, and long-term oncology prognosis remain to be evaluated.
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INTRODUCTION

Solid pseudopapillary neoplasms (SPNs) of the pancreas account for approximately 1%-3% of all
pancreatic neoplasms[1,2]. To date, surgery remains the only curative treatment for SPN patients[3-5].
Conventional pancreatectomy, such as pancreaticoduodenectomy and distal pancreatectomy, as the
mainstream surgical options, has achieved good results and prognoses.

In recent years, enucleation, as an organ-sparing surgical method, has been increasingly widely used
in the treatment of some benign and low-grade malignant tumors, including SPNs[1,4,6,7]. Compared to
conventional pancreatectomy, enucleation can preserve the physiological function of the pancreas to the
maximum extent while treating tumors, lengthen the life of patients, and improve their quality of life[l,
7].

Enucleation has undoubtedly come to stay as an alternative surgical procedure for SPNs. However, to
improve and widen the application of enucleation in SPNs, some problems must be solved in the future.
This review article summarizes findings published in recent years on the enucleation of SPNs as well as
potential future developments and directions.

FEASIBILITY AND ADVANTAGES OF ENUCLEATION APPLICATION IN SPNS

The low-grade malignancy of SPNs has been widely accepted, and reports of SPNs have become more
extensive and in depth in recent years. To date, surgical treatment of SPNs, which has a 5-year survival
rate of more than 95%, is still the only treatment that can achieve curative effects[2,3,8]. All patients who
are eligible for surgical treatment should be encouraged to undergo relevant management, as surgery is
indicated even if R1 resection is performed[8,9]. Surgery, if possible, is also a good option for patients
with local progression and metastasis at the time of diagnosis, and distant metastasis is not an absolute
contraindication to surgical treatment[3,9-12]. The specific surgical method is determined by the
location, size, intraoperative pathology, and surrounding tissue invasion and distant metastasis of the
tumor.

Clinical manifestations associated with SPNs are often nonspecific[5]. The most common symptom is
abdominal pain[13]. For instance, patients with SPNs at the head of the pancreas do not experience
obstructive jaundice and pancreatitis like those with other malignant pancreatic tumors[3]. In addition,
some patients have no symptoms and are first discovered accidentally by epigastric imaging[4,10]. On
the one hand, the awareness of the public about health management has gradually improved, and the
state and individuals are paying increasing attention to timely physical examinations. On the other
hand, with the expansion and improvement of imaging techniques worldwide, there has been an
increase in the incidence of SPNs, and tumors are being increasingly detected at an early stage in
asymptomatic patients. The earlier the tumor is detected, the smaller the tumor is likely to be, the more
opportunities there are for surgical treatment, the more surgical options that are available, and the
better the outcome.

In recent decades, the concepts of minimally invasive surgery and enhanced recovery after surgery
have had a great influence on the surgical treatment of relevant diseases. In addition, technological
innovation and research achievements provide support for and guarantee for the development of
surgical strategies toward more minimally invasive and accurate directions. In the stage of rapid
development of medicine, people pursue not only survival but also quality of life. For younger patients,
especially pediatric patients, it is extremely critical to be able to treat the tumor and preserve normal
function to the greatest extent to improve postoperative quality of life.
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In fact, conventional pancreatectomy achieves the primary goal of negative margins while extensively
removing the normal pancreatic parenchyma. Extensive excision of normal pancreatic tissue at the same
time as tumor excision increases the risk of postoperative endocrine and exocrine pancreatic insuffi-
ciency[6]. Falconi et al[14] showed that the incidences of endocrine insufficiency in pancreatic
parenchymal-preserving resection, distal pancreatectomy, and pancreaticoduodenectomy were 3%,
14%, and 18%, respectively. For wide surgical resection-induced pancreatic dysfunction, the lifetime
psychological and physical effects of replacement therapy are enormous and unacceptable.

Compared with conventional surgical methods, enucleation removes the tumor while preserving as
much of the normal pancreatic parenchyma as possible, which is closely related to the postoperative
quality of life of patients, especially young patients. Importantly, according to recent studies[1,7,15],
compared with conventional surgical methods, enucleation does not increase the risk of tumor
recurrence or metastasis in SPN patients. Previous studies[1,2,7], including one of our studies, have
reported the safety and efficacy of enucleation as an organ preservation method in the surgical
management of SPNs, and it has some advantages over conventional pancreatectomy in some cases
(Figure 1). Even if the tumor is located in the head of the pancreas, enucleation is safe and can ensure
adequate margins[4,7,16]. Our previous study revealed that enucleation had a shorter duration of
surgery, less blood loss, lower rate of exocrine insufficiency, and comparable morbidity compared with
conventional pancreatectomy[7]. Compared with conventional pancreatectomy, enucleation does not
require digestive tract reconstruction, reducing surgical complexity and the risk of associated
postoperative complications.

In summary, enucleation, as a safe and effective surgical procedure, should be more widely used in
appropriate patients. An increasing number of studies have reported that enucleation can be achieved
successfully by laparotomy, laparoscopy, or even robotic techniques (Table 1).

PRECAUTIONS OF AND RELEVANT SUGGESTIONS FOR ENUCLEATION APPLICATION
IN SPNS

For pediatric patients

There are differences in some clinical characteristics between children and adults, such as sex
composition, mean diameter of the tumor, and common tumor sites[17]. Cho et al[1] showed that
compared with conventional surgery in children, enucleation is safe and effective and reported some
indications for enucleation. In that study, enucleation had a similar rate of morbidity and mortality as
conventional pancreatectomy, prevented tumor recurrence, and reduced the incidence of postoperative
pancreatic fistula. Even in pediatric patients who must undergo conventional pancreatectomy, the
spleen should be preserved to prevent potentially dangerous infections associated with splenectomy. As
a special population, the monitoring and management of pediatric patients should be strengthened to
reduce other complications caused by prolonged hospitalization.

For pregnant patients

A diagnosis of SPN during pregnancy is rare and poses a threat to both the mother and the fetus.
Sometimes, large cystic-solid masses of the pancreas found in pregnant women should be considered
SPNs[18]. A 26-year-old woman who was diagnosed with SPN at 21 wk of gestation underwent tumor
enucleation for SPN at 22 wk of gestation, and a healthy female infant was delivered vaginally at 39 wk
and 5 d of gestation[10]. Similarly, another woman who was 26 years old underwent enucleation for
SPN at 14 wk of gestation and gave birth to a mature female baby at 38 wk[18]. Surgery during
pregnancy should be performed in cooperation with the surgeon and obstetrician to remove the tumor
while ensuring the safety of the mother and fetus. Generally, the second trimester is the most favorable
time window for surgical intervention for SPNs because fetal organogenesis is complete and the size of
the fetus is adequate, which can reduce the influence of spontaneous abortion in early pregnancy and
the influence of the large size of the fetus in late pregnancy on the difficulty of the operation[10].

Sex differences
Through observations and studies, there are certain differences between male and female patients that
deserve attention. Approximately 90% of SPNs occur in adolescents and young adult women[19]. The
male-female ratio is approximately 1:10, and SPNs are a common diagnosis in females under 40 years
old undergoing pancreatectomy|[2,3,16]. In our previous study, male patients, with an average age of
43.1 years, were older than female patients, and there were more asymptomatic male patients[20].
Overall, the tumors are significantly larger in females with SPNs than in males[21], but the tumors are
more aggressive and develop at a later age in men[11]. In terms of composition, the mean solid
component is significantly higher in male patients than in female patients[21]. For immunohisto-
chemical staining, the expression of B-catenin is significantly decreased in male patients, but vimentin
expression is significantly increased in male patients[21]. More research is expected to explain the
underlying causes of these differences.

WJGO | https://www.wjgnet.com 1229 July 15,2022 | Volume14 | Issue7 |



Wang R et al. Enucleation in solid pseudopapillary neoplasms

Table 1 Summary of selected patients with solid pseudopapillary neoplasms undergoing enucleation

Ref. No. Age Sex Tumor location ;I'cl::;or size ™ PF (Grade) DGE NODM Follow-up (mo) PR/PM Outcome Type
Wang et al[7], 2018 31 11-49 27F;4M 12 head; 9 neck; 9 body-tail; 1 ~ 2.0-14.5 NA 5B;1C No NA 46.1 (mean) No Alive 30 EN; 1 LEN
multiple
Wang et al[12], 2018 15 NA NA NA NA NA NA NA NA NA No NA EN
Cho et al[1], 2019 15 146+10.7 14F,1M  9head; 6 body-tail 6.1+29 NA 2A;8B+C NA No 746.8-198.8 1PR NA EN
Xu et al[24], 2021 14 NA NA NA NA NA NA NA NA NA NA NA LEN
Wei et al[21], 2022 13 NA 8F,5M NA NA NA NA NA NA NA 2PR NA EN
Li et al[31], 2011 9 NA NA NA NA NA NA NA NA NA NA NA EN
Yalcin et al[17], 2019 9 10-16.5 8F,1M 5 head; 2 head-neck; 1 neck; 1  2.0-10.0 NA NA NA NA 17-136 NA Alive EN
body
Jin et al[28], 2020 8 NA NA Head NA NA NA NA NA NA NA NA 4 REN; 4 EN
Yu et al[32], 2015 5 NA NA NA NA NA NA NA NA NA NA NA EN
Lu et al[25], 2017 5 NA NA NA NA NA NA NA NA NA NA NA EN
Afridi et al[16], 2014 4 NA NA 3 head NA NA NA NA NA NA NA NA 4 EN
Machado et al[11], 2008 3 NA NA NA NA NA NA NA NA NA NA NA EN
Nakagohri et al[33], 2008 2 NA NA 2 body-tail NA NA NA NA NA NA NA NA EN
Butte et al[34], 2011 2 NA NA NA NA NA NA NA NA NA NA NA EN
Sugito et al[35], 2012 2 11-15 2F 1 head; 1 tail NA NA No No No 36-144 NA Alive EN
Eric et al[2], 2021 1 32 F Body-tail 2.0 NL No No No 12 No Alive LEN
Salvia et al[36], 2007 1 NA NA Head NA NA NA NA NA NA NA NA EN
Matos et al[37], 2009 1 16 NA Body 2.5 NA No No No 13 NA Alive LEN
Morikawa et al[38], 2013 1 NA NA NA NA NA NA NA NA NA NA NA EN
Takamatsu et al[39], 2013 1 13 F Tail 5.0 NA 1A NA NA 24 No Alive LEN
Juric et al[40], 2014 1 16 F 1 head +1 tail Head 10.0; Tail NL No No No 24 No Alive EN
7.0
Karakas et al[41], 2015 1 18 F Head 6.0 NL No No No 3 No Alive EN
Namur et al[4], 2016 1 18 F Head 45 NA 1A NA NA 38 No NA EN
Boisnideng>  WVIGO | https://www.wjgnet.com 1230 July 15,2022 | Volumel14 | Issue7 |
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NA NA NA NA NA NA NA No
Tail NA NA No No No NA NA
Head 3.0 NL No No No 24 No
Head NA NA NA NA NA NA NA
NA NA NA No No No 159 NA
Tail 13.0 NL No No No 6 No
Tail 2.0 NA Yes No No 209 No
Head 9.5 NL Yes No No NA NA

NA

NA

Alive

NA

Alive

Alive

Alive

NA

EN

LEN

EN

LEN

EN

EN

EN

EN

PF: Pancreatic fistula; DGE: Delayed gastric emptying; NODM: New-onset diabetes mellitus; PR: Postoperative recurrence; PM: Postoperative metastasis; F: Female; M: Male; NL: Normal level; EN: Enucleation; LEN: Laparoscopic

enucleation; REN: Robotic enucleation; NA: Not available; Yes: Happened; No: No event.
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Imaging examination is widely used in the diagnosis and differential diagnosis of various diseases. In
a study of SPNs, the accuracies of imaging diagnoses for SPNs in male and female patients were 54.0%
and 70.5%, respectively[21]. However, in imaging diagnoses, SPNs in male patients were more likely to
be misdiagnosed as malignant tumors than those in female patients, with misdiagnosis rates of 37.7%
and 10.7%, respectively[21]. These results suggest that when imaging alone is insufficient to determine a
diagnosis or differential diagnosis, other examinations, such as preoperative pathological examination,
may be necessary to supplement the deficiency in imaging and improve the overall diagnostic accuracy
for SPNs.

Furthermore, older age is an independent risk factor for recurrence[21] and is significantly associated
with tumor recurrence[22]. In addition, as there are no significant differences in margin status,
peripheral tissue invasion, postoperative complications, disease-free survival, or overall survival
between male and female patients, the prognosis of SPNs has been reported to be similar between male
and female patients[21]. Therefore, for elderly male and female patients with SPNs, surgery should be
more radical, and postoperative follow-up should be more frequent[11].

Histopathological features
A definite pathological diagnosis can guarantee the application of enucleation in SPN. Endoscopic
ultrasound-guided fine-needle aspiration (EUS-FNA) can achieve pathological tissue acquisition, and
SPNs can be diagnosed preoperatively and differentiated from other diseases. Lubezky et al[3] reported
that the sensitivity and specificity of EUS-FNA were 90.9% and 100%, respectively. In addition, intraop-
erative frozen sections are important for determining the presence of an involved margin. If intraop-
erative frozen sectioning reveals invasive features (such as adenocarcinoma or carcinoma), conventional
surgery should be performed[7].

In fact, there is still no consensus on the malignant characteristics of SPNs[1,8]. In 2010, the World
Health Organization (WHO) classified SPNs as a low-grade malignant neoplasm. Prior to this, the
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Higher incidence of pancreatic fistula
Less functional insufficiency

Easier surgical procedures

Shorter operation time
Smaller resection volume

Accidental surgical margin involvement
Less intraoperative blood loss

Faster postoperative recovery
No reconstruction of digestive tract

DOI: 10.4251/wjgo.v14.i7.1227 Copyright ©The Author(s) 2022.

Enucleation

Figure 1 Advantages (blue) and disadvantages (yellow) of enucleation compared with conventional pancreatectomy in solid
pseudopapillary neoplasms.
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malignant components of solid pseudopapillary carcinoma (SPC) of the pancreas were defined by the
WHO as vascular invasion, perineural invasion, or deep invasion into the surrounding pancreatic
parenchyma. Importantly, recurrence and metastasis of SPNs may occur even in the absence of
microscopic features similar to SPC of the pancreas, and these features may not cause malignant
behavior[1,8]. For example, in a study, 98 of 351 patients with SPNs presented with malignant features,
but recurrence occurred in 9 of the 317 patients who underwent surgery for SPNs and had a follow-up
of more than 6 mo[8]. Among these nine patients who relapsed after surgery, eight had RO resection and
six did not meet the WHO definition of SPC[8].

In summary, there is no consensus on the malignant characteristics of SPNs of the pancreas, and the
malignant components of SPC of the pancreas may not be absolute contraindications for enucleation
with negative surgical margin. However, it should be noted that during enucleation of SPNs with
peripheral tissue invasion, more peritumor pancreatic tissue should be resected than that resected
during enucleation of SPNs without peripheral tissue invasion.

Relationship between the tumor and surrounding tissue

SPNs can occur anywhere in the pancreas[2], even outside the pancreas[23], and they can be solid, solid-
cystic, or cystic in composition. For enucleation, it is important to carefully evaluate the tumor size,
location, depth of implantation into the pancreas, and distance between the pancreatic duct and tumor
margin because it may be difficult to distinguish between the tumor and normal tissue and the
relationship between the surrounding organs during surgery. While laparoscopic resection of tumors
deeply embedded in the pancreas is technically feasible and safe compared to that of superficial tumors,
it is more challenging[24]. Accidental damage to important surrounding structures may result in serious
complications. If the main pancreatic duct (MPD) is damaged during enucleation, there is an increased
risk of forced conversion of enucleation to conventional pancreatectomy, postoperative pancreatic
leakage, and iatrogenic pancreatic duct stenosis.

Postoperative pancreatic fistula

Enucleation has been reported to be associated with a higher risk of postoperative pancreatic leakage,
and pancreatic leakage is more serious than conventional pancreatectomy, especially in patients with
tumors larger than 3 cm and tumors close to the MPD[1,7,14,25]. Cho et al[1] reported that the most
common postoperative complication in pediatric patients was postoperative pancreatic fistula (POPF).
Although the overall incidence of pancreatic leakage was similar in the enucleation and conventional
pancreatectomy groups, mild grade A symptoms mainly occurred in the conventional pancreatectomy
group, and the incidence of grades B and C symptoms was more common in the enucleation group,
which consequently prolonged the duration of maintaining drainage with POPF in the enucleation
group|[1]. Patients with tumors at the head and neck of the pancreas had a higher incidence of complic-
ations than those with tumors at other sites after enucleation for pancreatic benign tumors[6]. However,
it should be noted that postoperative pancreatic fistula was not associated with further progression to
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pancreatic insufficiency after pancreatectomy[14]. Because of the higher incidence of pancreatic fistula
as a short-term complication after enucleation, it is not advised to choose a conventional surgical
approach imprudently that will increase the risk of postoperative pancreatic dysfunction.

Although the results of current conservative treatments for pancreatic leakage are good, more
methods for reducing postoperative pancreatic leakage are expected.

Pancreatic excision and onset of diabetes mellitus

Kwon et al[26] found that the pancreatic resection volume (in milliliters) and resected volume ratio (in
percentage) were associated with the onset of diabetes mellitus after distal pancreatectomy, especially in
patients with a high pancreatic resected volume ratio (> 35.6%) in distal pancreatectomy. It is suggested
to preserve as much normal pancreatic tissue as possible under the condition of ensuring a positive
margin to reduce the risk of postoperative dysfunction. For patients diagnosed with severe impairment
of pancreatic function before surgery, conventional pancreatectomy, which enables negative margins to
be achieved more easily, should be considered.

Different types of enucleation

Enucleation has been gradually completed via laparotomy, laparoscopy, and robotic approaches, each of
which has certain characteristics. For example, open enucleation is more suitable for tumors that are
deep or posterior lesions and located to the right of the superior mesenteric vein[6]. Laparoscopic tumor
enucleation is also feasible for the treatment of some SPN patients and has certain advantages[2,27].
Laparoscopic enucleation has a clear and magnifying optical field, which can make the resection more
detailed and may be beneficial to the protection of the MPD[24]. Compared with open surgery, the
robotic approach provides an alternative for SPNs in the head of the pancreas without increasing the
incidence of clinically relevant pancreatic fistula or other major complications, and patients can obtain a
favorable prognosis[28]. There are few reports on surgical procedures for enucleation in patients with
SPNs, and some surgical details can be seen in these articles[6,24,28,29], including our previous one[7].

Surgical key points of enucleation

The main procedures for enucleation are summarized in Figure 2, and some keys to enucleation are
described below. Some preoperative and intraoperative auxiliary examinations are closely related to the
correct diagnosis and evaluation of the relationship between the tumor and the surrounding tissues,
such as the MPD, common bile duct (CBD), and mesenteric vessels. Although the measurement is less
precise, in patients with postoperative complications, computed tomography can be used to detect
tumors close to the MPD, and a distance between the tumor and the MPD of less than 2-3 mm is a risk
factor for postoperative pancreatic leakage[15]. Intraoperative ultrasound can be further used to
evaluate the tumor and provide guidance for surgical resection. Importantly, multiple lesions may occur
in patients with SPNs[7].

Correctly exposing the location of the tumor is critical for surgery because it can appear anywhere in
the pancreas. In the process of enucleation, the tumor can be taped to expose the boundary between the
tumor and normal tissue more clearly, which is conducive to the complete enucleation of the tumor and
the preservation of normal pancreatic parenchyma[7]. Similarly, traction sutures are beneficial for
enucleation of solid pancreatic tumors[6]. In the dissection of tumors from the surrounding normal
pancreatic parenchyma, the use of monopolar cautery is more efficient than the use of an ultrasonic
scalpel for fine dissection[6]. Parenchymal sutures and a tissue sealant can be used in patients whose
hemostasis and pancreatostasis cannot be satisfactorily managed with bipolar cautery and ultrasound
scalpel[7].

Pancreatic duct stents can be used in patients with a small distance between the tumor and the
pancreatic duct to facilitate intraoperative identification of the location of the pancreatic duct and reduce
the risk of accidental intraoperative injury to the pancreatic duct. If the mass is near the confluence
region, a Foley catheter can be inserted into the CBD to avoid accidental injury during surgery[25]. The
possibility of damaging the MPD can be reduced by preoperative endoscopic implantation of pancreatic
duct stents as intraoperative guidance[6].

The integrity of the MPD and CBD can be confirmed by intraoperative cholangiopancreatography
with methylene blue[25]. For patients with proven MPD or CBD damage, polyprolene sutures can be
used to repair or rebuild the tube[25]. The Roux-Y loop can be used to treat patients with suspected
MPD injury or a wide wounded area (diameter > 3 cm) of the pancreatic parenchymal7]. For patients
with severe MPD damage, a fine silicon tube can be inserted into the MPD as a stent, and the other side
of the silicon tube can be inserted through the papilla into the duodenal cavity, which is fixed with
soluble sutures[23].

Drainage tubes and some measures to the enucleated sites are applied to reduce postoperative
complications, unnecessary invasive procedures, and even reoperation. Some surgeons who apply fibrin
glue and absorbable fibrin sealant patches to the enucleated sites in most patients[6]. In a case report of
SPN, a drainage stent was placed in the MPD of the patient before surgery, and the surgeon used only
interrupted sutures to close the pancreatic parenchymal defect after enucleation[29]. Even without the
use of drainage tubes, the patient was discharged 2 wk after surgery without postoperative complic-
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Step 1 Target site of enucleation should be exposed layer by layer, and the abdominal cavity should be explored, such as the common
te
P site of metastases

The relationship of the tumor to surrounding tissues, such as the MPD and CBD, should be evaluated by endoscopic ultrasound,

Step 2 and the scope of enucleation should be determined according to the examination data

The tumor is dissected progressively along the gap between the fibrous capsule of the tumor and surrounding normal pancreatic
tissue. When the tumor is large or there is no fibrous capsule, part of the pancreatic tissue around the tumor (1-3 mm) can be
enucleated simultaneously to fully ensure the safe resection margin of the tumor

Step 3

Step 4 Hemostasis is achieved, and the presence of MPD or CBD injury is assessed

Step 5

Pathological features and resection margins are preliminary examined by intraoperative frozen section

Step 6 Drainage device is placed at the surgical site, and the abdominal cavity is closed layer by layer according to the anatomy

Step 7 Surgical specimens are sent for final pathological and immunohistochemical examinations

I«I «I «I «I«I«I
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Figure 2 Main procedures of pancreatic enucleation. MPD: Main pancreatic duct; CBD: Common bile duct.

ations[29]. In the future, more research findings and inventions are expected to reduce the incidence of
pancreatic leakage after enucleation.

For benign pancreatic tumors

For benign pancreatic tumors, Falconi et al[14] revealed that atypical resection has an acceptable risk of
postoperative complications and significantly reduces the risk of long-term complications. Lu et al[25]
reported that enucleation is recommended for benign or low-grade tumors of the proximal pancreas,
and large tumors and proximity to the MPD are not absolute contraindications, although the
postoperative fistula rate would be high. Laparoscopic enucleation is safe and effective for benign and
low-grade malignancies and is associated with favorable perioperative outcomes[6]. Although these
findings relate to benign or low-grade pancreatic tumors, they may also apply to SPNs, which are a
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member of the group.

UNANSWERED QUESTIONS REGARDING ENUCLEATION IN SPNS AND FUTURE
PROSPECTS

What are the best surgical indications?

According to the above findings, it can be concluded that the lower the degree of malignancy of the
tumor, the farther the distance from the MPD to the tumor margin, and the smaller the volume of the
removed pancreatic tissue, the more suitable enucleation is. However, the specific critical value still
lacks relevant data, so there is no unified view. Higher-level evidence is needed to further explore the
following questions: How do the location and size of the tumor affect the indications for enucleation
due to anatomic factors? What is the effect of tumor components on indications, and are solid or cystic
component tumors more suitable for enucleation? Can surgical indications for enucleation be relaxed for
people seeking a higher quality of life, and what are the indications for this group?

How can complications, especially pancreatic fistula, be prevented and intervened?

Common postoperative complications, such as pancreatic leakage and emerging diabetes, are related to
the exocrine and endocrine functions of the pancreas. The problems related to pancreatic leakage have
been presented in the section about postoperative pancreatic fistula and surgical procedures of
enucleation mentioned in this paper. New-onset diabetes mellitus (NODM) should be monitored for a
long time to prevent multisystem harm caused by the loss of glucose homeostasis. Due to the uneven
distribution of islets in the pancreas, the resection volume of patients with NODM caused by resection
at different sites needs to be further studied to guide the control and prediction of postoperative
NODM.

How can the surgical margin be guaranteed?

Enucleation is expected to preserve normal pancreatic function and improve postoperative quality of
life by preserving normal pancreatic tissue to a large extent. However, several cases of positive surgical
margins in SPN patients undergoing enucleation have been reported[1,17]. To treat tumors while
preserving organ function, we need to pay attention to the following points: First, further research and
investigation are needed to determine the appropriate distance from the tumor to the surgical margin.
Second, tumor characteristics, such as the composition, size, and shape of the tumor as well as its
relationship with surrounding blood vessels, should be carefully evaluated by intraoperative ultrasound
and other equipment, and then the resection scope can be determined. Finally, the determination of
negative margins by intraoperative frozen section is of great significance to the prognosis of patients.
We recommend multipoint biopsies on the tissue margins of the three-dimensional structure of the
tumor to confirm the status of the margins, especially the dorsal side of the tumor in the visual blind
area during surgery.

What is the prognosis of long-term oncology?
Although the majority of patients have a good prognosis, approximately 15% of patients present with
malignant signs of peripheral organ invasion and metastatic disease[14]. The absence of malignant
histological appearance cannot completely exclude the risk of postoperative metastasis and recurrence,
so regular oncological follow-up and long-term surveillance are important for the early detection and
further treatment of metastasis and recurrence.

In a small number of patients, distant metastasis can occur in the peritoneum, perirenal lymph nodes,
colon, small intestine, and other sites[30]. Usually, the most common site of postoperative metastasis is
the liver[2]. When a suspicious liver mass is detected during postoperative follow-up, it should be
differentiated from primary hepatocellular carcinoma and nonpancreatic metastatic tumors.
Percutaneous liver biopsy with immunohistochemistry can be used to confirm the diagnosis. Even if
liver metastases occur, patients with SPNs can achieve long-term survival with timely surgical
treatment.

To date, there are still no good tumor markers of suggesting the occurrence, development, recurrence,
and metastasis of SPNs. Laboratory tests, including tumor markers, are nonspecific[3,4]. With regard to
current imaging techniques and the development of tumor markers associated with SPNs, imaging is of
higher value during follow-up. It is expected that more studies will be conducted to find relevant
markers that can detect abnormalities early and provide help for the early diagnosis and treatment of
this tumor. In addition, surgery-related complications, such as pancreatectomy-related diabetes
mellitus, need to be monitored because most patients have no obvious symptoms early on.
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CONCLUSION

Enucleation has undoubtedly come to stay as an alternative surgical procedure for SPNs. However,
many questions remain unresolved, and future directions toward the best surgical indication, the
prevention and intervention of complications, especially pancreatic fistula, intraoperative resection
margin safety assessment, and long-term oncology prognosis remain to be evaluated and should be
explored in future clinical trials.
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Abstract

BACKGROUND

Esophageal squamous cell carcinoma (ESCC) is one of the most common
malignancies. A total of 45 kinesin superfamily proteins (KIFs) have been
identified in humans, among which several family members have demonstrated
varied functions in tumor pathobiology via different mechanisms, including
regulation of cell cycle progression and metastasis. KIFC3 has microtubule motor
activity and is involved in cancer cell invasion and migration, as well as survival.
However, the role of KIFC3 in ESCC is still unknown.

AIM
To evaluate the role of KIFC3 in ESCC and the underlying mechanisms.

METHODS

Expression of KIFC3 was evaluated in ESCC tissues and adjacent normal eso-
phageal tissues. The prognostic value of KIFC3 was analyzed using Kaplan-Meier
Plotter. Colony formation, EAU assays, cell cycle analysis, Transwell assay,
immunofluorescence, and western blotting were performed in ESCC cell lines
after transfection with pLVX-Puro-KIFC3-shRNA- and pLVX-Puro-KIFC3-
expressing lentiviruses. A xenograft tumor model in nude mice was used to
evaluate the role of KIFC3 in tumorigenesis. Inhibitor of pB-catenin, XAV-939, was
used to clarify the mechanism of KIFC3 in ESCC. To analyze the differences
between groups, t test and nonparametric tests were used. P < 0.05 was consi-
dered statistically significant.

RESULTS

Immunohistochemical staining indicated that KIFC3 was upregulated in ESCC
tissues compared with adjacent normal tissues. Kaplan-Meier Plotter revealed
that overexpressed KIFC3 was associated with poor prognosis in ESCC patients.
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Colony formation and EdU assay showed that KIFC3 overexpression promoted cell proliferation,
while KIFC3 knockdown inhibited cell proliferation in ESCC cell lines. In addition, cell cycle
analysis showed that KIFC3 overexpression promoted cell cycle progression. KIFC3 knockdown
suppressed ESCC tumorigenesis in vivo. Transwell assay and western blotting revealed that KIFC3
overexpression promoted cell migration and invasion, as well as epithelial-mesenchymal
transition (EMT), while KIFC3 knockdown showed the opposite results. Mechanistically, KIFC3
overexpression promoted fB-catenin signaling in KYSE450 cells; however, the role of KIFC3 was
abolished by XAV-939, the inhibitor of B-catenin signaling.

CONCLUSION
KIFC3 was overexpressed in ESCC and was associated with poor prognosis. Furthermore, KIFC3
promoted proliferation, migration and invasion of ESCC via B-catenin signaling and EMT.

Key Words: Esophageal squamous cell carcinoma; KIFC3; B-catenin; Cell proliferation; Cell migration; Cell
invasion

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Esophageal squamous cell carcinoma (ESCC) is one of the most dangerous malignancies
affecting human health. However, the mechanism of ESCC is still unclear. We revealed that KIFC3 was
upregulated in ESCC. In addition, overexpressed KIFC3 was associated with poor prognosis in ESCC
patients. /n vitro and in vivo experiments revealed that KIFC3 promoted the proliferation, migration and
invasion of ESCC cells by activating epithelial-mesenchymal transition and p-catenin signaling. Our study
strongly suggests that KIFC3 may be a potential new therapeutic target for ESCC.

Citation: Hao WW, Xu F. KIFC3 promotes proliferation, migration and invasion of esophageal squamous cell
carcinoma cells by activating EMT and B-catenin signaling. World J Gastrointest Oncol 2022; 14(7): 1239-1251
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INTRODUCTION

Esophageal cancer is one of the most dangerous tumors affecting humans, ranking seventh in incidence
and sixth in mortality worldwide[1]. The main histological type of esophageal cancer in western
countries is adenocarcinoma, while that in Asian countries is squamous cell carcinoma, where it has
high incidence and mortality[2-4]. Although clinicians and researchers have made great efforts to
unravel the pathophysiology of esophageal cancer, the mechanism of esophageal squamous cell
carcinoma (ESCC) is still unknown[5-7]. Recent research has shown that dysregulation of TP53 and cell
cycle regulators are prominent characteristics of ESCC, which may also be detected in precursor lesions,
but the molecular progression from dysplasia to invasive ESCC remains unclear[3,8]. Further studies are
urgently needed to reveal the underlying molecular mechanisms and discover effective treatment
targets to improve ESCC survival.

The kinesin superfamily proteins (KIFs) are a group of proteins that function as microtubule-based
motors for transporting cellular cargo and playing crucial roles in chromosomal and spindle movements
during mitosis and meiosis[9]. There are 45 KIFs identified in humans; among which, several have
demonstrated varied functions in tumor pathobiology via different mechanisms, including regulation of
cell cycle progression and metastasis[10-12]. Among these members, KIFC3 has negative end-directed
microtubule motor activity and plays roles in Golgi positioning and integration, as well as in apical
transport, in epithelial cells[13,14]. Studies of null mice have revealed that KIFC3 is dispensable for
normal development and reproduction[15]. Overexpression of KIFC3 may mediate docetaxel resistance
in breast cancer cells[16]. KIFC3 expression was positively associated with cell invasion and migration,
and overexpressed KIFC3 was associated with shorter overall survival in hepatocellular carcinomal[17].
However, the role of KIFC3 in ESCC has not yet been reported. In view of the importance of cell cycle
regulators in the development of ESCC and the involvement of KIFC3 in mitosis, we speculated that this
protein might be involved in the occurrence and development of ESCC.

In this study, we aimed to examine KIFC3 expression in ESCC and further explore its role and the
relevant mechanisms in ESCC tumor progression, in an attempt to provide promising insights into the
mechanism of this disease and possible therapeutic targets.
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MATERIALS AND METHODS

Human tissue specimens

Primary ESCC tumor tissues and corresponding nontumor tissue specimens were collected from the
First Affiliated Hospital of Zhengzhou University. All experiments were carried out in accordance with
the Declaration of Helsinki (amended in 2013). All procedures were supervised and approved by the
Ethics Committee of the First Affiliated Hospital of Zhengzhou University (No. 2021-KY-0446-001).

Cell lines and cultures

The human ESCC cell lines KYSE30, KYSE150, KYSE450, KYSE510 and Ecal09 and human normal
esophageal epithelial cell line Het-1A were obtained from the Type Culture Collection of the Chinese
Academy of Sciences and cultured in RPMI-1640 medium supplemented with fetal bovine serum (FBS)
(10%) at 37°C in 5% CO,.

Western blotting

Total proteins were extracted using RIPA buffer supplemented with 1% phenylmethylsulfonyl fluoride
and 1% Protease Inhibitor Cocktail. Protein concentration was measured using the BCA kit (Beyotime,
China). Proteins were separated using SDS-PAGE and transferred onto a polyvinylidene difluoride
membrane. After blocking with 5% fresh milk for 1 h, the membranes were incubated with a specific
primary antibody overnight at 4°C, followed by incubation with the corresponding secondary antibody
for 1 h. Finally, the bands on the membranes were detected using the ECL detection system (Thermo)
and quantified using Quantity One Software version 4.3. Primary antibodies for KIFC3, E-cadherin, N-
cadherin, vimentin, proliferating cell nuclear antigen (PCNA), cyclin D1, p-actin, and secondary
antibodies were purchased from Proteintech (China), matrix metalloproteinase (MMP)7 and c-Myc were
purchased from Abcam (Cambridge, MA, USA), and B-catenin was purchased from Cell Signaling
Technology (Danvers, MA, USA).

Transfection

pLVX-Puro-KIFC3-shRNA- and pLVX-Puro-KIFC3-expressing lentiviruses were designed and provided
by Genechem (China). KYSE150 cells were transfected with pLVX-Puro-KIFC3-shRNA- expressing
lentiviruses and KYSE450 cells with pLVX-Puro-KIFC3-expressing lentiviruses, while control cells were
transfected with empty vectors. After transfection with lentiviruses, 2 pg/mL puromycin dihydro-
chloride (Beyotime) was added for 6-8 d to establish stable cell lines. Knockdown and overexpression
efficiency were validated using western blotting, and the validated cell lines were recorded as
KYSE150shNC, KYSE150shKIFC3, KYSE4500eNC and KYSE4500eKIFC3.

Colony formation assay

The cancer cells were seeded in a six-well plate at 1000 cells/well and cultured for 14 d. The colonies
were washed once with phosphate-buffered saline (PBS), fixed with 1 mL 4% paraformaldehyde for 15
min, and stained with 1 mL 0.5% crystal violet for 30 min. After washing with deionized distilled water,
the images were captured using a digital camera. The number of colonies was then counted.

Cell cycle analysis

The cancer cells were seeded in a six-well plate at 2.5 x 10°cells per well. When the cell density was 60%,
cells were collected, washed with cold PBS twice, and then fixed in 70% ethanol at 4°C overnight. The
cells were washed with cold PBS twice, and then incubated with RNaseA (0.1 mg/mL) and propidium
iodide (0.02 mg/mL) at 37°C for 30 min in the dark. The cell cycle was detected using flow cytometry.

Transwell assay

A Transwell assay was used to detect cell migration and invasion. For the invasion assay, 100 pL
Matrigel (serum-free medium diluted 1:8) was added to the upper chamber of the Transwell chamber
(Corning, USA). After shaking well, the gel was incubated at 37°C and solidified for 2-4 h. Cells were
seeded at 10*per well in the upper chamber with 100 pL serum-free medium. For the lower chamber,
500 pL medium (20% FBS) was added. After 24 h, the cells that passed through the filter were fixed with
4% paraformaldehyde for 30 min, stained with 0.5% crystal violet for 30 min, and washed with PBS.
Finally, the cells were examined under a fluorescence microscope (BX51; Olympus, Japan). The
migration assay was similar to the invasion assay, with the difference that no Matrigel was added to the
upper chamber.

Immunofluorescence

KYSE150 and KYSE450 cells were seeded onto glass coverslips in 24-well plates overnight. The cells
were then washed with PBS and fixed with 4% paraformaldehyde for 15 min at 25°C. Next, the cells
were permeabilized for 15 min with 0.3% Triton X-100 in PBS. The cells were then blocked with 5% BSA
in PBS for 1 h at 25°C and then incubated overnight at 4°C with the primary antibody against B-catenin
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(1:100 dilution) overnight; normal goat serum was used as a negative control. The treated cells were
incubated with an FITC-labeled or Cy3-labeled goat anti-rabbit IgG (H+L) highly cross-adsorbed
secondary antibody (Beyotime) in the dark for 1 h. The nuclei were visualized after staining with 2
pg/mL DAPI (Biosharp, China) for 10 min at 25°C. The glass coverslips were sealed with antifade
reagent (Biosharp) and examined under a fluorescence microscope (BX51; Olympus).

Xenograft tumor experiment using nude mice

All animal research procedures were approved by the Ethics Committee of the First Affiliated Hospital
of Zhengzhou University (No. 2021-KY-0446-001). All animal experiments were carried out in
accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals
(NIH Publications No. 8023, revised 1978). Male BALB/c nude mice (age 4 wk) were purchased from
Beijing Life River Experimental Animal Technology Co. Ltd. and kept in a temperature-controlled
specific pathogen free environment with a regular light/dark cycle and provided with adequate rodent
diet and water. Ten mice were randomly divided into KYSE150shNC and KYSE150shKIFC3 groups.
There were five mice in each group. KYSE150shNC cells (10°) and KYSE150shKIFC3 cells (10°) were
collected, washed with PBS, suspended in 200 pL PBS, and subcutaneously implanted into the right
flank of the dorsal region of nude mice. A Vernier caliper was used to measure tumor sizes every 3 d,
and the tumor volume (TV) was calculated using the following formula: TV (mm *) = 0.5 x d* x D, where
d is the shortest diameter and D is the longest diameter. After nine measurements, the longest diameter
of tumor reached 15 mm. All mice were killed and the tumor specimens were collected and weighed.

Immunohistochemistry

Immunohistochemical staining was performed using an UltraSensitive TM SP kit and DAB kit (Maixin,
China). Tumor tissues were embedded in paraffin and cut into 4-pm sections. The deparaffinized
sections were incubated with a primary antibody against KIFC3 (1: 200 dilution, Abcam, #ab154419) or
Ki-67 (1:100 dilution, Abcam, #ab16667) overnight at 4°C, and normal goat serum was used as a
negative control. After washing, the tissue sections were then incubated with a biotinylated anti-rabbit
secondary antibody (1:200 dilution, Aspen, #AS-1107) for 1 h at 25°C. The sections were subsequently
incubated with horseradish-peroxidase-conjugated streptavidin (Beyotime, #A0303) and developed
using 3, 3-diaminobenzidine. An optical microscope (BX51; Olympus) was used to observe the
specimens. Two observers, who were blinded to the data of the samples, evaluated, counted and
analyzed the positive cells. The proportion of positive tumor cells was scored as follows: 1 (< 10%
positive tumor cells), 2 (10%-50% positive tumor cells), 3 (50%-75% positive tumor cells), and 4 (> 75%
positive tumor cells). The intensity of staining was graded according to the following criteria: 0 (no
staining), 1 (weak staining = light yellow), 2 (moderate staining = yellow brown), and 3 (strong staining
= brown). The staining index was calculated as the product of the proportion of positive cells times the
staining intensity score (range: 0-12). The median of staining index was used as the cut-off value; the
staining index higher than the cut-off value was identified as high expression, while that less than the
cut-off value was identified as low expression.

Statistical analysis

Graphpad Prism 7 was used for all analyses. Data are expressed as the mean * SD. To analyze the
differences between groups, t test and nonparametric tests were used. P < 0.05 was considered statist-
ically significant.

RESULTS

KIFC3 expression is upregulated in ESCC and is associated with poor prognosis

To investigate KIFC3 expression, ESCC tissues and adjacent nontumor tissues were collected from 34
patients (26 male and 8 female, aged 47-72 years) with ESCC. Immunohistochemical assays showed that
KIFC3 expression was lower in ESCC tissues than in adjacent nontumor tissues (Figure 1A). Moreover,
data from Kaplan-Meier Plotter (https://kmplot.com/analysis) revealed that lower expression of
KIFC3 was associated with better overall survival in patients with ESCC (Figure 1B). These results
indicate that KIFC3 plays an important role in ESCC development. To explore the role of KIFC3 in ESCC
cells, its expression level was evaluated in ESCC cell lines Eca109, KYSE30, KYSE150, KYSE450 and
KYSE510, as well as normal esophageal epithelial cell line Het-1A. KYSE450 and KYSE150 cells
displayed the lowest and highest expression levels of KIFC3, respectively (Figure 1C). Therefore,
KYSE450 cells were used for subsequent overexpression assays, while KYSE150 cells were used for
knockdown assays. Western blotting verified that the corresponding cell lines were successfully
constructed (Figure 1D).

KIFC3 promotes cell proliferation in ESCC cells
To investigate the effect of KIFC3 in ESCC, colony-formation and EdU assays were performed to
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Figure 1 KIFC3 is overexpressed in ESCC tissues and is associated with poor prognosis. A: Immunohistochemistry shows that KIFC3 is
overexpressed in ESCC tissues compared with adjacent normal tissues, scale bar: 500 um; B: Kaplan-Meier Plotter shows that high levels of KIFC3 are associated
with poor prognosis in ESCC patients; C: Western blotting shows expression of KIFC3 in ESCC cell lines and normal esophageal epithelial cell line Het-1A; D:
Western blotting shows that KIFC3-knockdown and KIFC3-overexpressed cell lines are constructed successfully. ESCC: Esophageal squamous cell carcinoma;
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observe the proliferation of KYSE150 and KYSE450 cells. The results showed that the colony-formation
capacity was decreased after knockdown of KIFC3 in KYSE150 cells, while KIFC3 overexpression
promoted colony-formation capacity in KYSE450 cells (Figure 2A and 2B). EAU assay showed that
KIFC3 knockdown inhibited the proliferation of KYSE150 cells, while its overexpression promoted
proliferation of KYSE450 cells (Figure 2C and 2D). In addition, KIFC3 knockdown inhibited the
expression of PCNA, while its overexpression promoted PCNA expression (Figure 2E), which indicated
that KIFC3 promoted proliferation in ESCC cells at the molecular level.

KIFC3 promotes cell cycle progression in ESCC cells

To further investigate the role of KIFC3 in cell cycle progression, cell cycle analysis was conducted. The
percentage of GO/1 phase in KYSE150shKIFC3 group was significantly higher, and percentage of S and
G2/M phase was lower than that in KYSE150shNC group (Figure 3A), while the percentage of G0/1
phase in KYSE4500eKIFC3 group was significantly lower, and percentage of S and G2/M phase was
higher than that in KYSE4500eNC group (Figure 3B). At the molecular level, KIFC3 knockdown caused
a decrease while KIFC3 overexpression promoted the expression of cyclin D1, which plays an important
role in the transition from G1 to S phase (Figure 3C and 3D). These results indicate that KIFC3 positively
regulates cell cycle in ESCC cells.

KIFC3 promotes tumor growth in vivo

Based on the in vitro data above, we further investigated the role of KIFC3 using xenograft tumors in
vivo. All animals were in a fit state during the experiment and all in vivo data were included in the
analysis. The transplanted tumors grew rapidly in the KYSE150shNC group but were suppressed in the
KYSE150shKIFC3 group (Figure 4A and 4B), and the weight of tumors in the KYSE150shKIFC3 group
was significantly lower (Figure 4C). Inmunohistochemistry of tumors showed that the expression of Ki-
67 was decreased significantly in the KYSE150shKIFC3 group (Figure 4D), proving that KIFC3
knockdown inhibited the proliferation of ESCC in vivo at the molecular level. Taken together, KIFC3
promotes ESCC proliferation in vivo.

KIFC3 promotes migration and invasion via epithelial-mesenchymal transition in ESCC cells

To detect whether KIFC3 exerts effects on the migration and invasion of ESCC cells, Transwell
migration and invasion assays were used. Accelerated cell migration was observed in the
KYSE4500eKIFC3 group compared with the KYSE4500eNC group, while it was less active in the
KYSE150shKIFC3 group than in the KYSE150shNC group (Figure 5A and 5C). Transwell invasion
showed similar results (Figure 5B and 5D). To further explore the molecular mechanism of KIFC3-
promoted migration and invasion, we detected the expression of E-cadherin, N-cadherin and vimentin,
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Figure 2 KIFC3 promotes proliferation in human ESCC cells. A: Colony-formation assay shows that KIFC3 knockdown inhibits colony formation in
KYSE150 cells; B: Colony-formation assay shows that KIFC3 overexpression promotes colony formation in KYSE450 cells; C: EdU proliferation assay shows that
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group. ESCC: Esophageal squamous cell carcinoma; KIFC3: Kinesin family member C3.
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which are key molecules of epithelial-mesenchymal transition (EMT). The results indicated that N-
cadherin and vimentin, which are associated with the mesenchyme phenotype and indicate a higher
possibility of tumor migration and invasion, were decreased, while E-cadherin, which is associated with
the epithelial phenotype, increased after KIFC3 knockdown. In KIFC3-overexpressing cells, the
expression of N-cadherin, vimentin and E-cadherin showed the opposite results (Figure 5E and 5F).
These results indicate that KIFC3 promotes migration and invasion through EMT in ESCC cells.

KIFC3 promotes expression of B-catenin in ESCC cells

Previous studies have demonstrated that B-catenin plays an essential role in the proliferation, migration,
and invasion of ESCC cells. In our study, western blotting showed that B-catenin protein expression in
KYSE150shKIFC3 group was decreased significantly compared with that in the KYSE150shNC group
(Figure 6A and 6B), while expression of B-catenin was increased significantly in the KYSE4500eKIFC3
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Figure 3 KIFC3 promotes the progression of cell cycle in ESCC cells. A: Cell cycle analysis showing that KIFC3 knockdown induces cell cycle arrest in
KYSE150 cells; B: Cell cycle analysis showing that KIFC3 overexpression promotes the progression of cell cycle in KYSE450 cells; C: Western blotting showing that
KIFC3 knockdown decreases the expression of cyclin D1 in KYSE150 cells, while KIFC3 overexpression increased the expression of cyclin D1 in KYSE450 cells; D:
Statistical analysis of the data presented in C. 2P < 0.05 versus the control group. ESCC: Esophageal squamous cell carcinoma; KIFC3: Kinesin family member C3.
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group compared to that in the KYSE4500eNC group (Figure 6A and 6B). Immunofluorescence showed
the same results; B-catenin expression was decreased after KIFC3 knockdown and increased after KIFC3
overexpression (Figure 6C). These results suggest that KIFC3 promotes B-catenin expression in ESCC
cells.

KIFC3 promotes the progression of ESCC via B-catenin signaling

To explore the role of B-catenin signaling in KIFC3-promoted proliferation, migration and invasion, we
used XAV-939, an inhibitor of B-catenin. KYSE4500eNC and KYSE4500eKIFC3 cells were treated with
XAV-939, and the expression of proteins downstream of p-catenin, which play an important role in
proliferation, migration, and invasion was evaluated. Although the expression of c-myc, cyclin D1 and
MMP7 was increased after KIFC3 overexpression (P < 0.05), when p-catenin was inhibited by XAV-939,
the levels of c-myc, cyclin D1 and MMP7 were decreased even when KIFC3 was overexpressed (P <
0.05) (Figure 6D and 6E). These results suggest that KIFC3 promotes the progression of ESCC via B-
catenin signaling.
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DISCUSSION

ESCC is one of the most malignant tumors that impose a significant medical burden on the health
system. Although several gene mutations that could increase the susceptibility to ESCC have been
identified[8], the exact mechanism that induces tumor progression is still unclear. KIFC3 has been
reported to be overexpressed in a number of cancers and may be involved in cell cycle and cell prolif-
eration, which suggests that KIFC3 is an oncogene, thus arousing our interest in its possible role in
ESCC progression.

In the present study, we found that KIFC3 was upregulated in ESCC tissues compared to adjacent
nontumor tissues. Data from the Kaplan-Meier Plotter website indicated that high levels of KIFC3
expression were correlated with poor ESCC prognosis. These findings indicate that KIFC3 may be
involved in the development of ESCC, and that high expression of KIFC3 may be a prognostic factor in
ESCC. Functional assays showed that knockdown of KIFC3 suppressed proliferation in KYSE150 cells,
and the cell cycle was arrested compared with that in KYSE150shNC cells. Migration and invasion were
inhibited in KYSE150shKIFC3 cells. Compared with KYSE4500eNC cells, cell proliferation, migration,
and invasion were activated in KYSE4500eKIFC3 cells, further demonstrating that KIFC3 promoted the
progression of ESCC cells. Furthermore, KIFC3 knockdown inhibited ESCC proliferation in vivo. Given
the above results, we may consider KIFC3 as a tumor marker associated with the progression and
prognosis of ESCC.

EMT plays a potential role in the promotion of tumor invasiveness, metastasis and resistance to
apoptotic stimuli, and it is marked by downregulation of epithelial biomarkers, such as E-cadherin, and
the upregulation of mesenchymal biomarkers, such as N-cadherin and vimentin. Cells undergoing EMT
can acquire greater mobility and become prometastatic[18-20]. EMT is known to play an important role
in the metastasis of ESCC[21-23]. In addition, members of the KIF family are involved in the regulation
of EMT and thus affect the migration and invasion of tumors[24-26]. In our study, KIFC3 knockdown
suppressed the migration and invasion of KYSE150 cells, accompanied by the upregulation of E-
cadherin and downregulation of N-cadherin and vimentin, while KIFC3 overexpression showed the
opposite results in KYSE450 cells. These results indicate that KIFC3 promotes the migration and
invasion of ESCC cells by inhibiting EMT.

B-Catenin signaling has been shown to be associated with the regulation of processes such as prolif-
eration and invasion, which are involved in the occurrence and progression of cancers[27,28]. Moreover,
the deactivation of B-catenin has been a potential treatment target in ESCC[29-31]. Thus, regulation of -
catenin may play an important role in the development of ESCC. It has been reported that in HEK293
cells depleted of centrosomes, normal accumulation of B-catenin in response to Wnt signaling is
attenuated[32]. KIFC3 regulates centrosome cohesion in a microtubule-dependent manner[14].
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Figure 5 KIFC3 promotes migration, invasion, and EMT in human ESCC cells. A: Transwell migration assay showing that KIFC3 knockdown inhibits
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Esophageal squamous cell carcinoma; EMT: Epithelial-mesenchymal transition; KIFC3: Kinesin family member C3.
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Collectively, the relationship between KIFC3 and B-catenin is worth exploring. In the present study,
KIFC3 overexpression promoted the expression of B-catenin and downstream molecules of B-catenin
signaling, such as cyclin D1, c-myc and MMP7. However, after treatment with XAV-939, an inhibitor of
B-catenin, KIFC3-induced upregulation of cyclin D1, c-Myc, and MMP7 was blocked, which means that
B-catenin plays a vital role in KIFC3-induced tumor progression. Although further investigation is
required to clarify the exact mechanism underlying the effect of KIFC3 on B-catenin, our research
demonstrated that KIFC3 promotes tumor progression via f-catenin signaling in ESCC.

CONCLUSION

KIFC3 is upregulated in ESCC, and KIFC3 overexpression is associated with poor prognosis in ESCC
patients. KIFC3 promotes the proliferation, migration, and invasion of ESCC cells by activating EMT
and B-catenin signaling. Overall, our study provides a comprehensive understanding of KIFC3 in ESCC
and its underlying mechanisms, which strongly suggests that KIFC3 may be a potential new therapeutic
target for ESCC treatment.
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Figure 6 KIFC3 promotes the progression of ESCC via B-catenin signaling. A: Western blotting showing that KIFC3 knockdown inhibits, while its
overexpresssion promotes the expression of B-catenin in ESCC cells; B: Statistical analysis of the data presented in A; C: Immunofluorescence showing that KIFC3
knockdown inhibits, while its overexpression promotes the expression of B-catenin, scale bar: 20 ym; D: Inhibitor of p-catenin, XAV-939 is used to treat
KYSE4500eNC and KYSE4500eKIFC3 cells, then western blotting is used to detect downstream molecules of B-catenin signaling; E: Statistical analysis of the data
presented in D. 3P < 0.05 vs the KYSE4500eNC group, °P < 0.05 versus the KYSE4500eNC+ XAV-939 group, °P < 0.05 vs the KYSE4500eKIFC3 group. ESCC:
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Research background

Esophageal squamous cell carcinoma (ESCC) is one of the most common malignancies. The mechanism
of ESCC is still unclear.

Research motivation

Kinesin family member (KIF)C3 has microtubule motor activity and may be involved in mitotic
progression. KIFC3 was also shown to be involved in cell invasion and migration, as well as in survival,
in hepatocellular carcinoma.
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Research objectives
To elucidate the role of KIFC3 in ESCC and the underlying mechanisms.

Research methods

The expression of KIFC3 was evaluated in ESCC tissues and normal tissues. In addition, KIFC3
knockdown and KIFC3-overexpressing cell lines were constructed and then colony formation, EAU
assays, cell cycle analysis, Transwell assays, and western blotting were performed to explore the
underlying mechanisms of action. A xenograft tumor model in nude mice was used to verify the role of
KIFC3 in tumorigenesis.

Research results

We showed that KIFC3 was upregulated in ESCC tissues and was associated with poor prognosis.
KIFC3 promoted cell proliferation, mitosis progression, migration and invasion. In addition, KIFC3
knockdown suppressed ESCC tumorigenesis in an in vivo model. Mechanistically, we validated the
involvement of KIFC3 B-catenin signaling and epithelial-mesenchymal transition (EMT) in ESCC
progression.

Research conclusions
We found that KIFC3 was overexpressed in ESCC, and the expression of this protein was associated

with prognosis in ESCC patients. Furthermore, KIFC3 promoted proliferation, migration, and invasion
of ESCC via B-catenin signaling and EMT.

Research perspectives

Although the detailed mechanism underlying the effect of KIFC3 in promoting ESCC progression
should be studied more carefully in our next research, we believe our research strongly suggests that
KIFC3 may be a potential new therapeutic target for ESCC treatment.
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Abstract

BACKGROUND

Pancreatic ductal adenocarcinoma (PDAC) is frequently diagnosed and treated in
advanced tumor stages with poor prognosis. More effective screening programs
and novel therapeutic means are urgently needed. Recent studies have regarded
tight junction protein claudin 18.2 (CLDN18.2) as a candidate target for cancer
treatment, and zolbetuximab (formerly known as IMAB362) has been developed
against CLDN18.2. However, there are few data reported thus far related to the
clinicopathological characteristics of CLDN18.2 expression for PDAC.
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AIM
To investigate the expression of CLDN18.2 in PDAC patients and subsequently propose a new
target for the treatment of PDAC.

METHODS

The Cancer Genome Atlas, Genotype-Tissue Expression, Gene Expression Omnibus, and European
Genome-phenome Archive databases were first employed to analyze the CLDN18 gene expression
in normal pancreatic tissue compared to that in pancreatic cancer tissue. Second, we analyzed the
expression of CLDN18.2 in 93 primary PDACs, 86 para-cancer tissues, and 13 normal pancreatic
tissues by immunohistochemistry. Immunostained tissues were assessed applying the histoscore.
subsequently, they fell into two groups according to the expression state of CLDN18.2.
Furthermore, the correlations between CLDN18.2 expression and diverse clinicopathological
characteristics, including survival, were investigated.

RESULTS

The gene expression of CLDN18 was statistically higher (P < 0.01) in pancreatic tumors than in
normal tissues. However, there was no significant correlation between CLDN18 expression and
survival in pancreatic cancer patients. CLDN18.2 was expressed in 88 (94.6%) of the reported
PDACs. Among these tumors, 50 (56.8%) cases showed strong immunostaining. The para-cancer
tissues were positive in 81 (94.2%) cases, among which 32 (39.5%) of cases were characterized for
strong staining intensities. Normal pancreatic tissue was identified solely via weak immunos-
taining. Finally, CLDN18.2 expression significantly correlated with lymph node metastasis, distant
metastasis, nerve invasion, stage, and survival of PDAC patients, while there was no correlation
between CLDN18.2 expression and localization, tumor size, patient age and sex, nor any other
clinicopathological characteristic.

CONCLUSION
CLDN18.2 expression is frequently increased in PDAC patients. Thus, it may act as a potential
therapeutic target for zolbetuximab in PDAC.

Key Words: Pancreatic ductal adenocarcinoma; Claudin 18.2, Immunohistochemistry; Therapeutic target;
Diagnosis; Prognosis

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Claudin 18.2 (CLDN18.2) shows a high rate of expression in pancreatic ductal adenocarcinoma
(PDAC) but displays little expression in normal pancreatic tissue. CLDN18.2 expression significantly
correlates with lymph node metastasis, distant metastasis, nerve invasion, stage, and survival of PDAC
patients. Thus, CLDN18.2 may act as an ideal therapeutic target, and a considerable number of PDAC
patients may be in eligible for a CLDN18.2-targeted therapeutic approach.

Citation: Wang X, Zhang CS, Dong XY, Hu Y, Duan BJ, Bai J, Wu YY, Fan L, Liao XH, Kang Y, Zhang P, Li
MY, Xu J, Mao ZJ, Liu HT, Zhang XL, Tian LF, Li EX. Claudin 18.2 is a potential therapeutic target for
zolbetuximab in pancreatic ductal adenocarcinoma. World J Gastrointest Oncol 2022; 14(7): 1252-1264

URL: https://www.wjgnet.com/1948-5204/full/v14/i7/1252 htm

DOI: https://dx.doi.org/10.4251/wjgo.v14.i7.1252

INTRODUCTION

Pancreatic cancer is the eleventh most frequently diagnosed cancer and the sixth most common cause of
cancer-related deaths in China, being only slightly lower than the rates reported from the United States
and United Kingdom[1]. However, the overall incidence and mortality rates of pancreatic cancer are
expected to increase further[2]. Pancreatic ductal adenocarcinoma (PDAC) accounts for more than 90%
of all pancreatic neoplasms. Yet, there is no effective screening tool for early detection of PDAC, and
patients lack specific clinical symptoms at early stages. Thus, most patients are usually diagnosed at the
advanced stage with distant metastases and are not suitable for curable surgery, aggravating its poor
prognosis[3]. It is therefore urgent to develop nonsurgical therapeutic approaches for effective treatment
of PDAC.
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For systemic palliative treatment of unresectable PDAC patients, chemotherapy is the first-line
approach. The majority of patients are treated with FOLFIRINOX (5-fluorouracil/irinotecan/
oxaliplatin)[4] and gemcitabine-based chemotherapy, including combinations of gemcitabine and
nanoparticle albumin-bound paclitaxel (nab-paclitaxel)[5], gemcitabine, and erlotinib[6]. These
combination therapies exhibit an improvement in median and 1-year survival rates as compared with
gemcitabine alone. However, the chemosensitivity of PDAC is moderate, and as the benefits of adding
erlotinib are marginal but the toxicity of the combination is higher, erlotinib has not been widely
adopted][6].

Immunotherapy has great success in treating many types of cancers, whereas it has not been very
successful against PDAC. Most clinical outcomes of immunotherapy with immune checkpoint
inhibitors, chimeric antigen receptor T cells, immunomodulators, and vaccines were not satisfactory[7].
Therefore, immunotherapy is not recommended as a conventional treatment by the guidelines for
PDAC. However, we cannot totally deny the immunotherapeutic potential. With a deeper level
understanding of the PDAC immunology and mechanisms of immunotherapeutic resistance, immuno-
therapy may achieve great success in treating PDAC. A clinical trial showed that BL-8040, a CXCR4
antagonist, in combination with pembrolizumab and chemotherapy for pancreatic cancer enhanced the
objective response rate, disease control rate, and median duration in PDAC[8]. Another study revealed
that combination treatment of a vaccine p53MVA and pembrolizumab (an immune checkpoint inhibitor
of programmed death protein 1) had higher cure rate or longer survival time than the control group, but
there were still many patients who suffered grade 1-2 adverse events, despite the small sample size[9].
Therefore, combination immunotherapy with or without chemoradiotherapy may be one of the future
directions of immunotherapy application for treating PDAC. Novel treatments and early detection tools
are still urgently needed for this highly aggressive and lethal disease.

Claudin 18 (CLDN18) is a highly specific tight junction protein, encoded by the CLDN18 gene,
regulating paracellular barrier functions. Its two isoforms are known as isoform 1 (CLDN18.1) and
isoform 2 (CLDN18.2). Expression of CLDN18.2 has been revealed to be confined to short lived differen-
tiated gastric epithelial cells of the primary gastric carcinoma and normal gastric mucosa, which
suggesting its potential as a candidate therapeutic target in cancer treatment[10,11]. CLDN18.2 expre-
ssion has also been reported in PDAC[12,13].

Zolbetuximab is a highly potent and tumor cell-selective therapeutic antibody that directly targets the
tight junction molecule CLDN18.2, a proliferation-promoting transmembrane protein[14]. Zolbetuximab
is currently in clinical testing. The phase II clinical trial (FAST: NCT01630083) revealed that
zolbetuximab combined with first-line chemotherapy significantly improved the overall survival,
progression-free survival and the objective response rate with acceptable safety and tolerability in
patients with CLDN18.2-positive advanced/recurrent gastric cancers and gastroesophageal junction
cancers[15]. Furthermore, health-related quality of life was sustained for a longer duration in patients
who received zolbetuximab plus chemotherapy compared with those who received chemotherapy alone
[16]. This prompted us to consider clinical testing of zolbetuximab in PDAC. Since few data are
available regarding the clinicopathological characteristics of CLDN18.2 expression for PDAC, this study
was designed and carried out as a part of the prefeasibility program for such clinical trials.

MATERIALS AND METHODS

Data extraction from multiple databases

Expression of the CLDN18 gene in normal pancreatic tissue and pancreaticcancer was analyzed using
TNMplot.com (https:/ /tnmplot.com/analysis/)[17] and Xena (http:/ /xena.ucsc.edu/compare-tissue/)
[18], which allow for online analysis of The Cancer Genome Atlas (TCGA), Genotype-Tissue Expression,
and Gene Expression Omnibus (GEO) data. In this study, TCGA and GEO offered the pancreatic tumor
samples and solid tissue normal samples from individuals with cancer, while the Genotype-Tissue
Expression offered normal tissue from individuals who did not have cancer. In addition, we used KM
plotter to assess the effect of CLDN18 on survival in pancreatic cancer (https://kmplot.com/analysis/),
which is based on the databases of TCGA, GEO, and European Genome-phenome Archive.

Sample collection

The primary tumor samples and para-cancer tissues as well as normal pancreatic tissues were collected
between 2018 and 2020 at the Institute of Pathology of the First Affiliated Hospital of Xi’an Jiaotong
University (Xi'an, Shaanxi Province, China). We included patients with pathologically confirmed PDAC.
Patients with a tumor type different from PDAC were excluded. Each tissue had gone through gross
sectioning and histological detection by qualified pathologists. The date of patients’ deaths was
collected from the hospital records. Follow-up data of the patients who were still alive were obtained
from the telephone follow-up and hospital records. The histopathological diagnosis and grading
followed the recommendations of the World Health Organization, and the tumor stage was confirmed
in accordance with the 8" edition of American Joint Committee on Cancer staging system. Sampling of
tissues and clinical data for scientific purposes was approved by the ethics committee of The First
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Affiliated Hospital of Xi’an Jiaotong University. Additionally, tissue microarrays spotted with samples
of primary PDAC and para-cancer tissues were bought from Shanghai Zhuo hao Pharmaceutical
Technology Co., LTD (Shanghai, China) (Cat. No. PAC1602).

Immunohistochemistry

Immunohistochemistry (IHC) was performed on slides of 4% buffered formalin-fixed paraffin-
embedded samples. Deparaffinized tissue slice were stained with hematoxylin and eosin. Immunohisto-
chemical CLDN18.2 staining used the anti-CLDN18.2 antibody (Rabbit monoclonal EPR19202, Cat No.
ab222512; Abcam, Cambridge, United Kingdom) in 1:500 dilution on a BOND-MAX automated staining
system with Leica Bond Polymer Refine Detection Kit (Leica Biosystems, Wetzlar, Germany).

Scoring of CLDN18.2 staining

Scoring of 93 primary PDACs, 86 para-cancer tissues, and 13 normal pancreatic tissues was assessed by
using a semi-quantitative pathology histoscore (H-score), defined as a method combined both
percentages of positive-expression cells in the tissue slice and immunostaining intensities (hereinafter
referred to as IHC-score). The IHC-score was on account of the membranous staining intensity level of
CLDN18.2 from 0 to 1+ (weak), 2+ (intermediate), or 3+ (strong). Only membranous staining was
retained for scoring. Nuclear and/or cytoplasmic CLDN18.2 expression was just noted but not scored.
Tissue was assessed as IHC-score 0 (no staining was detectable), 1+ (faint membranous staining was
partially showed), 2+ (moderate membranous staining was observed), or 3+ (strong membranous
staining was present in the tissue section). In brief, the H-score was calculated according to the formula:
(0 x percentage of immunonegative cells) + (1 x percentage of weakly stained cells) + (2 x percentage of
intermediately stained cells) + (3 x percentage of strongly stained cells). Thus, the H-scoring ranged
from 0 (a tissue sample that is completely negative) to a maximum of 300 (a tissue sample in which all
the cells show a 3+ staining), which can separate samples with a predominantly high staining intensity
from samples with a predominantly low staining intensity more distinctively. All samples of this study
were assessed by two pathologists working independently. In case of discrepancies in the assessments,
the sections were discussed to reach a final agreement.

For the purpose of finding correlations between CLDN18.2 expression and clinicopathological charac-
teristics of PDAC patients, the tissues were divided into two groups according to the median H-score:
negative/low (< median) and positive/high (> median).

Assessment of heterogeneous expression

During the process of reviewing both IHC-score and H-score, we found the obvious intratumoral
heterogeneity in PDAC. Due to lack of accredited guideline to evaluate the heterogeneity between
PDAC patients, some literature materials were referenced and we classified the heterogeneity according
to the IHC-score, if 3+ and 0 were present meanwhile in one tumor tissue and accounted for more than
50% combined, we thought the strong heterogeneous expression was showed[14]. Additionally, we
assessed the immunostaining patterns of these heterogeneous tumors. Some tumor cells of PDAC
showed diffusely distribution with low or no IHC staining, which we referred to as “scattered”. Another
heterogeneity pattern of tumors with a “downward gradient” pattern displayed an obvious decline in
intensity of the immunostaining towards the deep of the tissue.

Statistical analysis

SPSS version 24.0 (IBM Corp., Armonk, NY, United States) was used for statistical analyses. For
assessing the correlation between non-ordinal variables, we applied the y*test and Fisher’s exact test. To
make up for the false discovery rate in the correlations, we used the Simes” procedure, also known as
Benjamini-Hochberg procedure. Multivariate analysis was performed to evaluate if a significant factor
correlated to CLDN18.2 expression was an independent factor. The Kaplan-Meier method was used to
determine median survival with 95%CIs and Log-rank test was applied to assess the differences
between median survivals. Furthermore, Cox’s regression model was performed for the Multivariate
survival analysis. P < 0.05 was accepted as demonstration of significant differences.

RESULTS

Identification of gene expression data of CLDN18 in pancreatic cancer from databases

The TNMplot.comanalysis involved 108 normal tissues and 248 pancreatic tumors. We found that the
gene expression of CLDN18 in pancreatic tumors was much higher than that in normal tissues, and the
difference was statistically significant (P < 0.01) (Figure 1A). Xena analysis of the gene expression of
CLDN18 in 167 normal tissues and 183 pancreatic tumors yielded results that were consistent with those
from TNMplot.com (Figure 1B). KM plotter assessment of the effect of CLDN18 expression on survival
in 177 pancreatic cancer patients revealed no significant correlation between CLDN18 expression and
survival (Figure 1C).
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Figure 1 Online analysis of gene expression of claudin 18 and its effected survival in pancreatic cancer using the database. A: Analysis of
claudin18 expression in normal pancreatic tissue and pancreatic cancer using the TNMplot.com (https:/tnmplot.com/analysis/) based on The Cancer Genome Atlas
(TCGA), Genotype-Tissue Expression (GTEX), and Gene Expression Omnibus (GEO) databases; B: Analysis of claudin18 expression in normal pancreatic tissue
and pancreatic cancer using Xena (http://xena.ucsc.edu/compare-tissue/) based on TCGA and GTEX databases; C: Assessment of the claudin18 effect on survival in
pancreatic cancer using KM plotter (https:/kmplot.com/analysis/) based on GEO, European Genome-phenome Archive, and TCGA databases. HR: Hazard ratio.
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CLDN18.2 expression in non-neoplastic pancreatic tissue

We observed a set of non-neoplastic pancreatic tissue samples (n = 13) for CLDN18.2 expression. All
histological cell types and distinct structures of normal pancreatic tissue, such as duct cells, acinar cells,
and endocrine cells, were observed. CLDN18.2-specific staining was not detectable in any of the normal
pancreatic tissue cells. Representative images are displayed in Supplementary Figure 1.

CLDN18.2 expression in para-cancer tissue

Eighty-six para-cancer tissues of PDAC were analyzed for CLDN18.2 expression. We found that 81
(94.2%) cases showed the positive fraction = 1%, in which 32 (39.5%) cases were characterized as strong
staining intensities (Table 1).

CLDN18.2 expression in primary PDAC

In total, 93 cases of primary PDAC were analyzed for CLDN18.2 expression. The average age was 63.48
(51.6%). PDAC samples were poorly differentiated (i.e. grade 3). Twenty-seven (29.0%) cases were
classified as pT3/4. Thirty-six (38.7%) cases had already-confirmed lymph node invasion (pN1/2),
twenty-three (24.7%) cases were confirmed as nerve invasion, and fourteen (15.1%) cases presented
distant metastasis at the time of first diagnosis (Table 2).

CLDN18.2 presented quite high expression rate in PDAC patients, with 88 (94.6%) PDACs showed
positive expression (Table 1), in which most patients showed compositive IHC-intensity. Fifty (56.8%)
cases were scored up to IHC 3+, eighty-six (97.7%) cases were scored equivalent to but no more than
IHC 2+, seventy-seven (87.5%) cases were no higher than IHC 1+ (representative images are displayed
in Figure 2A). The supreme expression of CLDN18.2 IHC 3+ was discovered with 94.0% of tumor cells,
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Table 1 Classification of sample types investigated by claudin 18.2 staining

CLDN18.2 expression
Sample type Samples, n
Positive fraction 2 1%, n (%) Staining intensity = 3+, n (%)
PDAC 93 88 (94.6) 50 (56.8)
Para-cancerous 86 81 (94.2) 32 (39.5)
Normal 13 0 (0.0) 0(0.0)

CLDN18.2: Claudin 18.2; PDAC: Pancreatic ductal adenocarcinoma.

Jaishideng®

observable in 1 case. The IHC-score distribution of CLDN18.2 in this study is exhibited in Figure 2B.
Figure 2C summed up the distribution and frequency of the H-scores.

CLDN18.2 correlates with lymph node metastasis, distant metastasis, nerve invasion, and stage
Group comparison analysis revealed that CLDN18.2 correlated with lymph node metastasis, distant
metastasis, nerve invasion, and stage (Table 2). In our study, the N category was assessed in 93 cases,
including NO (n = 57), N1 (n = 27), and N2 (n=9). CLDN18.2 positivity showed the following distri-
bution of N categories: NO in 23 (40.4%) cases; N1 in 15 (55.6%) cases; and N2 in 8 (88.9%) cases. There
was a statistically significant difference between them (P = 0.019). When we stratified the lymph node
metastasis, we found the difference also existed (P = 0.034). CLDN18.2 expression was predominantly
increased in the cases of lymph node invasion (pN1/2). A similar observation was also made for distant
metastasis. Compared to patients with MO0, the expression of CLDN18.2 significantly increased in PDAC
patients with distant metastases (78.6% vs 44.3%, P = 0.022). Moreover, we found that 17 cases with
nerve invasion showed positive CLDN18.2 expression, while the patients without nerve invasion
showed much lower expression (73.9% vs 38.5%, P = 0.006), the difference between two group was
statistically significant.

Furthermore, it is interesting to note that the relative proportion of positive CLDN18.2 expression
was not different between the four stage groups (I, II, III and IV). But when we stratified it, the
correlation was observed. CLDN18.2 expression was significantly increased in III + IV stages than that
in I + II stages (70.4% vs 40.9%, P = 0.012). The cases with stage IV showed significantly higher
CLDN18.2 expression than I + II + III stages (78.6% vs 44.3%, P = 0.022).

To evaluate if any of the significant factors correlated to CLDN18.2 expression was an independent
factor, we performed multivariate analysis. We found that the significant factors of stage, lymph node
metastasis, distant metastasis, and nerve invasion related to the expression of CLDN18.2 as independent
factors. Corresponding P values were all less than 0.05.

We demonstrated that the expression of CLDN18.2 had no relevance with T category and grading
(Table 2). No other clinicopathological characteristic of PDAC patient, for example, age, sex, tumor site,
CA199, local infiltration, vascular invasion, or vessel carcinoma embolus, correlated with CLDN18.2
expression.

CLDN18.2 is frequently heterogeneously expressed in PDAC

In our study, almost all tumors showed compositive IHC-intensity with IHC 3+ and IHC 0 were present
meanwhile in one tumor tissue, revealing the expression of CLDN18.2 had a high tendency to hetero-
geneous expression. In order to elaborate the degree of tumor heterogeneity, it was considered that if
both strong and negative expressions were existed simultaneously and accounted for more than 50%
combined, the tumor showed strong heterogeneity. Nine (9.7%) tumors met these criteria. We assessed
the different immunostaining distribution patterns of these heterogeneous tumors. Six (66.7%) PDACs
showed a “scattered” pattern, which had diffusely distribution with low or no IHC staining in tumor
cells. Three (33.3%) PDACs displayed a “downward gradient”, with weaker staining intensity towards
the depth of the tumor. Representative images are displayed in Supplementary Figure 2.

CLDN18.2 and survival

Tumor-specific survival data were available in 80 cases and no correlation was discovered between the
cancer specific survival and expression of CLDN18.2 (Figure 3A). Nevertheless, when stratified analysis
was applied to verify the influence of diverse CLDN18.2 expression on various tumor stages (American
Joint Committee on Cancer) and different N category and M category, the correlation was discovered.
The study revealed that the expression of CLDN18.2 correlated with cancer survival of PDAC patients
with stage III, stage IV, and distant metastasis meaningfully (Figure 3B-I). This suggests the CLDN18.2-
positive patients with late stage and distant metastasis may have a poorer prognosis.
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Table 2 Claudin 18.2 expression and correlation with clinicopathological characteristics of pancreatic ductal adenocarcinoma

CLDN18.2 expression
Clinicopathological parameter Variable Total valid, n (%) P value
Positive, n (%) Negative, n (%)

Age <63 49 (52.7) 23 (46.9) 26 (53.1) 0.680
>63 44 (47.3) 23 (52.3) 21 (47.7)

Sex Female 44 (47.3) 24 (54.5) 20 (45.5) 0.409
Male 49 (52.7) 22 (44.9) 27 (55.1)

Localization Head and neck 52 (65.0) 23 (44.2) 29 (55.8) 0.350
Body and tail 28 (35.0) 16 (57.1) 12 (42.9)

CA199 High' 65 (81.3) 33 (50.8) 32 (49.2) 0.570
Normal” 15 (18.7) 6 (40.0) 9 (60.0)

T category T1 14 (15.1) 6 (42.9) 8 (57.1) 0.773
T2 47 (50.5) 24 (51.1) 23 (48.9)
T3 26 (28.0) 14 (53.8) 12 (46.2)
T4 6 (6.4) 2(33.3) 4(66.7)
T1+ T2 61 (65.6) 30 (49.2) 31 (50.8) 1.000
T3 + T4 32 (34.4) 16 (50.0) 16 (50.0)
T1 14 (15.1) 6 (42.9) 8 (57.2) 0.773
T2+ T3+ T4 79 (84.9) 40 (50.6) 39 (49.4)

N category NO 57 (61.3) 23 (40.4) 34 (59.6) 0.019°
N1 27 (29.0) 15 (55.6) 12 (44.4)
N2 9(9.7) 8 (88.9) 1(11.1)
NO 57 (61.3) 23 (40.4) 34 (59.6) 0.034°
N1 + N2 36 (38.7) 23 (63.9) 13 (36.1)

M category MO 79 (84.9) 35 (44.3) 44 (55.7) 0.022°
M1 14 (15.1) 11 (78.6) 3 (21.4)

AJCC stage I 38 (40.9) 16 (42.1) 22 (57.9) 0.058
I 28 (30.1) 11 (39.3) 17 (60.7)
I 13 (14.0) 8 (61.5) 5 (38.5)
v 14 (15.0) 11 (78.6) 3 (21.4)
I 38 (40.9) 16 (42.1) 22 (57.9) 0.293
I+ 01+ IV 55 (59.1) 30 (54.5) 25 (45.5)
[+11 66 (71) 27 (40.9) 39 (59.1) 0.012°
I + IV 27 (29) 19 (70.4) 8 (29.6)
I+11 +II 79 (84.9) 35 (44.3) 44 (55.7) 0.022°
v 14 (15.1) 11 (78.6) 3 (21.4)

Local infiltration Yes 57 (71.3) 29 (50.9) 28 (49.1) 0.625
No 23 (28.7) 10 (43.5) 13 (56.5)

Vascular invasion Yes 12 (15.0) 7 (58.3) 5(41.7) 0.542
No 68 (85.0) 32 (47.1) 36 (52.9)

Nerve invasion Yes 23 (28.7) 17 (73.9) 6(26.1) 0.006"
No 57 (71.3) 22 (38.6) 35 (61.4)

Vessel carcinoma embolus Yes 27 (33.8) 13 (48.1) 14 (51.9) 1.000
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No 53 (66.2) 26 (49.1) 27 (50.9)

Grading G1/G2 45 (48.4) 20 (44.4) 25 (55.6) 0.409
G3 48 (51.6) 26 (54.2) 22 (45.8)

ap < 0.05.

bp < 0.01.

High indicates CA199 > 39 U/mL.
2Normal indicates CA199 <39 U/mL.
AJCC: American Joint Committee on Cancer; CLDN18.2: Claudin 18.2.
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DISCUSSION

PDAC is still difficult to diagnose and has a poor prognosis. The main aim of this study was to
investigate CLDN18.2 expression in a large PDAC patient population using IHC and then find its
correlation with diverse clinicopathological characteristics, including survival in order to detect possible
distinctive features of CLDN18-positive PDACs and assess whether it is a suitable indication for clinical
development of zolbetuximab, the therapeutic antibody directed against CLDN18.2.

Previous studies reported CLDN18 expression in 50%-90% of pancreatic cancer[12,13,19]. These
studies involved patients with different cancer types and different stages, and they used different grade
staining protocols and various anti-CLDN18 antibodies or sera, which is a drawback because of cross-
reactivity to CLDN18.1. Furthermore, different approaches to analyze and score CLDN18 positivity
status were implemented. Therefore, it was not suitable to completely rely on these data for a clinical
development program. To further add to the validity and reliability of the obtained data, we used H-
score to assess the CLDN18.2 expression, which combined both the fraction of stained tumor cells and
intensity of cell surface staining. It can separate the sample’s staining intensity more distinctively. Based
on this, our study has the following major key findings, which are novel and support indications for
clinical testing of zolbetuximab in PDAC patients.

The ideal therapeutic target should show high and specific expression in the tumor and show a very
low or no expression in normal tissues. The majority of PDACs in our study showed a high rate of
CLDN18.2 positivity, but all normal pancreatic tissue showed CLDN18.2 negativity. Thus, CLDN18.2
may act as an ideal therapeutic target, and a considerable number of PDAC patients would be eligible
for a CLDN18.2-targeting therapeutic approach. However, we need to realize that the expression of a
target does not necessarily mean that a patient will definitely benefit from the respective targeting drug.
The clinical curative effect may depend on the intensity of expression[20], the fraction of positive tumor
cells, or may not be associated at all to the target expression state[21]. Well-controlled clinical trials
should be designed to investigate the therapeutic agent of our CLDN18.2-targeting approach. It is
noteworthy that almost 86 (92.5%) tumors assessed in this study presented at least 2+ cell surface
expression of CLDN18.2, and the majority of tumor tissue displayed a relatively high fraction of positive
cells (median was 50%). This indicates that even if the clinical benefit requires high expression of
CLDN18.2, a considerable number of PDAC patients will still be eligible.

In addition, the correlation analysis revealed that the fractions of positive cells and the intensities of
membrane staining of CLDN18.2 were significantly higher in lymph node-positive tumors, distant
metastatic tumors, nerve invasion tumors, and stage III/IV PDAC patients. Lymph node positivity and
distant metastasis were independent factors for poor prognosis in PDAC[22]. Moreover, CLDN18.2
expression correlated to cancer survival of PDAC patients with stage III, stage IV, and distant metastasis
meaningfully, which was not in accordance with the result from the database (Figure 1C and Figure 3).
The reason for this inconsistency may be that the database analyzed the relevance between gene
expression and cancer survival, whereas our research explored the relationship between protein
expression and cancer survival. The survival data from the database was analyzed but not stratified.
This result also needs to be verified in more substantial pancreatic cancer patients. Besides, CLDN18.2
expression was not associated with tumor size, differentiation, localization, CA199, local infiltration,
vascular invasion, nor vessel carcinoma embolus. These data revealed that CLDN18.2 might play a role
as an oncogene in the development and progression of pancreatic cancer, and the expression of this
gene could promote the aggressiveness of tumor cells. Therefore, CLDN18.2 has the potential to act as a
risk assessment and as a prognostic indicator for PDAC.

While some researchers have reported weak expression of CLDN18 in normal pancreatic tissue[19],
others have denied it. Our study confirmed that CLDN18.2 was not expressed in normal pancreatic
tissue including all different cell types prevalent in the pancreas. More interestingly, we found that
CLDN18.2 expression was increased in para-cancer tissues and higher in PDAC tissues. This gradual
upward trend of CLDN18.2 expression has not been reported before, which suggests that CLDN18.2 is
silenced in normal pancreatic tissue but strongly activated during the course of malignant occurrence
and development. However, there is little research reporting the molecular mechanism of CLDN18.2.
Combined with the previous correlation analysis results, we thus hypothesize that CLDN18.2 may be
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Figure 2 Expression of claudin 18.2 in primary pancreatic ductal adenocarcinoma. A: Examples of claudin 18.2 (CLDN18.2)-positive pancreatic
ductal adenocarcinoma tissues with 0/none, 1+/weak, 2+/intermediate, and 3+/ strong staining intensity. Scale bar 100 um; B: Overall expression intensity of claudin
18.2. Eighty-eight (94.6%) primary pancreatic ductal adenocarcinoma tissues showed positivity for CLDN18.2 expression. In the positive cases, most showed
compositive immunohistochemistry (IHC)-intensity. Fifty (56.8%) cases were scored up to IHC 3+, 86 (97.7%) cases were scored up to but no higher than IHC 2+,
and 77 (87.5%) cases were no higher than IHC 1+; C: Histoscore (H-Score) distribution in the study. Minimum H-Score was 0; Maximum H-score was 292. Median H-
score of positive tumors was 150.
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involved in the tumor migration process, but further experiments are needed to test this hypothesis and
explore the exact molecular mechanism of CLDN18.2.

Moreover, the differential expression of CLDN18.2 in normal pancreatic tissue and pancreatic
neoplasm suggests that CLDN18.2 can be used as a diagnostic marker for PDAC. This has been reported
in other studies. Li et al[23] reported the sensitivity of CLDN18 for identifying the gastric and pancreato-
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biliary tract as primary tumor sites was 79% and the specificity was 93%. The positive and negative
predictive values were 76% and 94%, respectively, which indicated that CLDN18 represented a sensitive
and specific marker for stomach and pancreatobiliary adenocarcinoma that might be a useful diagnostic
tool in routine surgical pathology. However, CLDN18.2 heterogeneity poses a challenge to diagnostic
evaluations. In the light of distributions of IHC-score and H-score, this research demonstrated a
universal phenomenon of CLDN18.2 expression heterogeneity in PDAC (Supplementary Figure 2), and
then we describe heterogeneity types, which likely bring huge challenges to scientific explore and
clinical practice. For example, one small tumor specimen with a scattered pattern may lead a serious
misjudgment of total expression rate. In addition, the occurrence of the “downward gradient” staining
pattern that shows obvious decline in intensity of the immunostaining towards the depth of the tissue
may have some impact on biopsy within the deep of PDAC tissue specimen, which mainly allow
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evaluation of the superficial malignant tumor tissues. Therefore, we should obtain as much tissue as
possible when taking a biopsy so that the accuracy of diagnosis can be further improved.

This study suffered from a few limitations that deserve to be underlined. First, our study was limited
by the types of samples. We described and illustrated CLDN18.2 expression in PDAC but not in other
types of pancreatic tumors, such as adenosquamous carcinoma and pancreatic endocrine neoplasms.
Second, we were limited by the numbers of samples. More large-scale studies need to be conducted to
further analyze CLDN18.2 expression in PDAC in the future.

CONCLUSION

In general, this research describes a specified illustration for the expression of CLDN18.2 and its
relationship with different clinicopathological elements in PDAC. We conclude CLDN18.2 is a potential
therapeutic target for the treatment of PDAC.

ARTICLE HIGHLIGHTS

Research background

Pancreatic ductal adenocarcinoma (PDAC) is frequently diagnosed and treated in advanced tumor
stages with a poor prognosis. More effective screening programs and novel therapeutic means are
urgently needed. The tight junction protein claudin 18.2 (CLDN18.2) has been proved as a novel
candidate drug target for cancer treatment, and zolbetuximab (formerly known as IMAB362) has been
developed against CLDN18.2. Due to the few data available for clinicopathological characteristics of
CLDN18.2 expression in PDAC, this study was performed to evaluate CLDN18.2 expression and to
determine whether it can act as a potential therapeutic target for PDAC patients.

Research motivation

Zolbetuximab is a highly potent and tumor cell-selective therapeutic antibody that directly targets the
tight junction molecule CLDN18.2. Zolbetuximab is currently in clinical testing and has shown good
therapeutic effect. This prompted us to consider clinical testing of zolbetuximab in PDAC. Since few
data are available for clinicopathological characteristics of the expression of CLDN18.2 in PDAC, this
study is part of the prefeasibility program for such clinical trials.

Research objectives

The present study designed to investigate the CLDN18.2 expression in PDAC patients, and
subsequently analyze its relevance with diverse clinicopathological characteristics of PDAC, and then
propose a novel target for the cancer treatment of PDAC.

Research methods

The databases, including The Cancer Genome Atlas, Genotype-Tissue Expression, Gene Expression
Omnibus, and European Genome-phenome Archive, were used to analyze the expression of the
CLDN18 gene in normal pancreatic tissue and pancreatic cancer. Inmunohistochemistry was used to
analyze the expression of CLDN18.2 in 93 primary PDACs, 86 para-cancer tissues, and 13 normal
pancreatic tissues. Immunostained tissues were assessed applying the histoscore and subsequently fell
into two groups according to detection of any or no CLDN18.2 expression. Furthermore, the correlations
between CLDN18.2 expression and diverse clinicopathological characteristics, including survival, were
investigated.

Research results

Reports found in the searched databases showed that the gene expression of CLDN18 in pancreatic
tumors was much higher than that in normal tissues. Moreover, the difference was statistically
significant (P < 0.01), and there was no significant correlation between CLDN18 expression and survival
in pancreatic cancer patients. CLDN18.2 was expressed in 88 (94.6%) PDACs. Of these tumors, 50
(56.8%) cases showed strong immunostaining. The para-cancer tissues were positive in 81 (94.2%) cases,
in which 32 (39.5%) cases were characterized as having strong staining intensities. Normal pancreatic
tissue showed only weak immunostaining. CLDN18.2 expression significantly correlated with lymph
node metastasis, distant metastasis, nerve invasion, stage, and survival of PDAC patients, while there
was no correlation between CLDN18.2 expression and localization, tumor size, patient age and sex, nor
any other clinicopathological characteristic.

Research conclusions
CLDN18.2 expression is frequently increased in PDAC patients. Thus, it may act as a potential
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therapeutic target for zolbetuximab in pancreatic ductal adenocarcinoma.

Research perspectives

This study is part of the prefeasibility program for some clinical trials that applied zolbetuximab in
PDAC patients.
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Abstract

BACKGROUND

Liver fibrosis and hepatocellular carcinoma (HCC) are common adverse
consequences of chronic liver injury. The interaction of various risk factors may
cause them to happen. Identification of specific biomarkers is of great significance
for understanding the occurrence, development mechanisms, and determining the
novel tools for diagnosis and treatment of both liver fibrosis and HCC.

AIM
To identify liver fibrosis-related core genes, we analyzed the differential
expression pattern of core genes in liver fibrosis and HCC.

METHODS

Gene expression profiles of three datasets, GSE14323, GSE36411, and GSE89377,
obtained from the Gene Expression Omnibus (GEO) database, were analyzed, and
differentially expressed genes (DEGs) between patients with liver cirrhosis and
healthy controls were identified by screening via R software packages and online
tool for Venn diagrams. The WebGestalt online tool was used to identify DEGs
enriched in biological processes, molecular functions, cellular components, and
Kyoto Encyclopedia of Genes and Genomes pathways. The protein-protein
interactions of DEGs were visualized using Cytoscape with STRING. Next, the
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expression pattern of core genes was analyzed using Western blot and immunohistochemistry in a
carbon tetrachloride (CCl,)-induced liver cirrhosis mouse model and in patient liver samples.
Finally, Kaplan-Meier curves were constructed using the Kaplan-Meier plotter online server.

RESULTS

Forty-five DEGs (43 upregulated and 2 downregulated genes) associated with liver cirrhosis were
identified from three GEO datasets. Ten hub genes were identified, which were upregulated in
liver cirrhosis. Western blot and immunohistochemical analyses of the three core genes, decorin (
DCN), dermatopontin (DPT), and SRY-box transcription factor 9 (SOX9), revealed that they were
highly expressed in the CCl,-induced liver cirrhosis mouse model. The expression levels of DCN
and SOX 9 were positively correlated with the degree of fibrosis, and SOX 9 level in HCC patients
was significantly higher than that in fibrosis patients. However, high expression of DPT was
observed only in patients with liver fibrosis, and its expression in HCC was low. The gene
expression profiling interactive analysis server (GEPIA) showed that SOX9 was significantly
upregulated whereas DCN and DPT were significantly downregulated in patients with HCC. In
addition, the Kaplan-Meier curves showed that HCC patients with higher SOX9 expression had
significantly lower 5-year survival rate, while patients with higher expression of DCN or DPT had
significantly higher 5-year survival rates.

CONCLUSION
The expression levels of DCN, DPT, and SOX9 were positively correlated with the degree of liver
fibrosis but showed different correlations with the 5-year survival rates of HCC patients.

Key Words: Liver cirrhosis; Hepatocellular carcinoma; Bioinformatical analysis; Decorin; Dermatopontin;
SRY-box transcription factor 9

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: GSE14323, GSE36411, and GSE89377 are available from the Gene Expression Omnibus
database. Forty-five differentially expressed genes and 10 hub genes were identified between cirrhotic and
healthy livers. quantitative polymerase chain reaction, Western blot, and immunohistochemical analyses
showed that decorin (DCN), dermatopontin (DPT), and SRY-box transcription factor 9 (SOX9) were
highly expressed in the CCl,-induced cirrhotic mouse model. The expression level of SOX9 was also
significantly increased in HCC patients,and was associated with the fibrosis stage.. However, overex-
pression of DPT was only observed in patients with liver fibrosis. The Kaplan-Meier curves showed that
HCC patients with higher SOX9 expression had significantly lower 5-year survival rate, while patients
with higher expression of DCN or DPT had higher 5-year survival rates.
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INTRODUCTION

Chronic liver infection, including chronic hepatitis B (CHB), chronic hepatitis C, alcoholic liver disease,
and non-alcoholic fatty liver disease can all result in liver fibrosis. Primary liver cancer is the seventh
most common cancer worldwide[1]. Hepatocellular carcinoma (HCC), which is the dominant type of
liver cancer, accounts for approximately 75% of all liver cancers worldwide[2] and is the second most
fatal disease in Chinal[3]. Liver cirrhosis is an advanced stage of liver fibrosis and is characterized by
limited regeneration capacity and serious complications[4]. Most HCCs develop in the background of
chronic liver injury, hepatic inflammation, and liver fibrosis. Unfortunately, to date, there are still no
effective treatment strategies for liver cirrhosis, and the limited number of specific biomarkers for HCC
related to fibrosis further compounds the problem of its diagnosis and treatment[5,6].

The pathogenesis of liver fibrosis and HCC is complex as the interaction of many factors may lead to
their occurrence. In recent years, with the optimization of gene sequencing platforms, several differen-
tially expressed genes (DEGs) have been identified using bioinformatics analysis[7,8]. To date, there is a
huge collection of data stored in the Gene Expression Omnibus (GEO) database of gene expression that
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can be explored to find the relevant DEGs for a diseased condition. Chan et al[9] identified DEGs
between cirrhotic and non-cirrhotic livers using microarray gene analysis. Many human genes may
show differential expression patterns and functions with the onset of fibrosis and/or HCC. However,
the study by Chan et al[9] was limited by the small sample size, which only included 24 patients with
cirrhosis and 16 patients without cirrhosis. The results obtained solely from either bioinformatics or
experimental approach may not elucidate relevant DEGs. Hence, integrating bioinformatics methods
with experimental techniques may help us to better understand the underlying mechanisms behind
fibrosis/ HCC pathogenesis.

In this study, we analyzed three databases from GEO, R software packages and online tools to
identify DEGs, including upregulated and downregulated genes between liver fibrosis and HCC. The
molecular function, cellular component, biological process, and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathways of DEGs were then assessed. We also constructed a protein-protein
interaction (PPI) network using Cytoscape for further analysis. Using these methods, hub genes were
identified and subjected to KEGG pathway enrichment analysis. Finally, real-time quantitative
polymerase chain reaction (qPCR), Western blotting, and immunohistochemistry of the liver tissue
samples from mouse model and patients were carried out to identify novel biomarkers of liver fibrosis.
Our study identified fibrosis-related core genes and compared their phenotypic differences between
liver fibrosis and HCC.

MATERIALS AND METHODS

Patient liver samples collection

Liver tissue samples were collected from 5 healthy controls, 40 patients with CHB (n = 28) and CHB-
associated HCC (n = 12) at the Beijing Ditan Hospital, Capital Medical University, Beijing, China. The
diagnosis of CHB was based on the “Guidelines on prevention and treatment of chronic hepatitis B in
China”[10]. Chronic HBV infection is defined as the persistence of HBsAg in blood serum for at least 6
mo. Patients who were diagnosed for Hepatitis C viral infection, drug-induced liver disease, non-
alcoholic liver disease, alcoholic liver disease, autoimmune liver disease, cholestatic liver disease, or
hereditary metabolic liver disease were excluded. All samples were analyzed by a clinician and two
independent pathologists with no prior knowledge of demographic and clinical data. The degree of
liver inflammation and fibrosis were scored according to the METAVIR system[11], and liver samples
were divided into five groups: normal control, fibrosis grade 0 (S0), fibrosis grade 1-2 (S1-2), fibrosis
grade 3-4 (S3-4), and HCC group. Meanwhile, we collected the clinical data, including sex, age, HBeAg,
HBV DNA, alanine transaminase, aspartate transaminase, total bilirubin, albumin, cholinesterase and
alpha-fetoprotein. The study protocol conformed to the ethical guidelines of the 1975 Declaration of
Helsinki, as approved by the Ethics Committee of Beijing Ditan Hospital.

Animals

Six-week-old male C57BL/6 mice were purchased from Vital River Laboratory Animal Technology Co.,
Ltd, Beijing, China. All mice were housed in a specific pathogen free laboratory animal house (Institute
of Zoology of Beijing, Chinese Academy of Sciences, China) at 24 °C with a 12 h light/dark cycle. All
animal studies were approved by the Institutional Animal Care and Use Committee of the Institute of
Zoology, Chinese Academy of Sciences.

Twelve male C57BL/6 mice were randomly divided into two groups: control group and carbon
tetrachloride (CCl,)-treated group. To induce liver cirrhosis, CCl, (0.5 pL/g) mixed with corn oil was
intraperitoneally injected into the mice three times per week for 12 wk. The control group was injected
with an equal volume of corn oil. CCl, was purchased from Sigma-Aldrich (St. Louis, MO, United
States).

Histological and immunohistochemical analysis

For hematoxylin and eosin (HE) staining, Masson’s trichrome staining, and immunohistochemical
analysis, liver tissues collected from mouse model or patients were fixed with 4% paraformaldehyde
solution and embedded in paraffin. For histological analysis, 5 pm thick sections were stained and
observed under 10 x or 20 x objective lens. Masson’s trichrome kit (G1281, Solarbio, Beijing, China) was
used according to the manufacturer’s instructions.

For immunohistochemical staining, 5% bovine serum albumin in 0.1% TritonX-100 tris-buffered
saline was used as the blocking solution. The samples were incubated overnight at 4 °C with anti-
decorin (DCN) (ab277636, Abcam), anti-dermatopontin (DPT) (10537-1-AP, Proteintech), and anti-SRY-
box transcription factor 9 (SOX9) (ab185966; Abcam) antibodies. After incubation with a peroxidase-
conjugated secondary antibody, the signal was visualized using a diaminobenzidine peroxidase
substrate kit. The collagen area or positive area of immunohistochemical staining was quantified using
Image] 1.52a software.
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Real-time qPCR

Total RNA from liver tissues was isolated using TRIzolTM reagent (Thermo Fisher Scientific, MA,
United States). Isolated RNA was reverse-transcribed into complementary DNA (cDNA) using a high-
capacity cDNA reverse transcription kit (Promega, WI, United States). The relative expression of genes
was detected by real-time fluorescence qPCR system (Light Cycler 480, Roche, Sweden) with SYBR
green master mix (Promega, WI, United States). The primer sequences used in this study were listed in
Supplementary Table 1. Statistical significance between the control and CCl,-treated groups was defined
at P <0.05.

Western blotting

Total protein from liver tissues was extracted using radioimmunoprecipitation assay buffer. The protein
concentration of the samples was measured by bicinchoninic acid assay. The same concentration of
protein was loaded to 10% sodium dodecyl sulfate polyacrylamide gel and then transferred to a
polyvinylidene fluoride membrane. The membranes were incubated overnight at 4°C in anti-a-SMA
(ab5694, Abcam), anti-DCN (ab277636, Abcam), anti-DPT (10537-1-AP, Proteintech), and anti-SOX9
(ab185966, Abcam) antibodies. All signals were visualized by density scanning (Image Quant TL7.0; GE
Healthcare Biosciences, Uppsala, Sweden). The intensity of the bands was analyzed using Image] 1.52a
software.

Microarray and gene expression analysis

The RNA expression data of human cirrhotic and healthy livers were collected from the GEO database (
http:/ /www.ncbi.nlm.nih.gov/geo). The GSE14323, GSE36411, and GSE89377 datasets contained gene
expression data collected from 41, 21, and 12 cirrhotic and 19, 21, and 13 healthy liver tissues,
respectively. The GEOquery R software package was used to download the GEO data and platform
information. Then, the gene ID conversion was performed, and the maximum value of genes with the
same name was selected. Ggplot2 package was used to plot the boxplot and density of the expression
levels for each sample. Ggfortify package was used to perform the principal component analysis (PCA).
DEGs between the cirrhosis and healthy liver tissue groups were identified using limma package by
limiting the value of adjustment: P-value (adjust. P < 0.05) and the absolute value of logFC (|logFC| >
1.2 or 0.6). A volcano map was generated using the ggplot2 package, and Venn diagram online tool (
http:/ /bioinformatics.psb.ugent.be/webtools/Venn/) was used to draw a Venn map. The DEGs were
verified using the ONCOMINE server (https:/ /www.Oncomine.org/resource/), which is an online
available microarray database[12].

Gene ontology and pathway enrichment analysis

WebGestalt online tool (http:/ /www.webgestalt.org) was used to identify DEGs enriched in biological
processes, molecular functions, cellular component-related pathways, and KEGG pathways. The P-
value of less than 0.05 was considered statistically significant.

PPI network construction and identification of hub genes

STRING online database (https://string-db.org/; version 11.5) was used to build the PPI network[13].
The DEGs were submitted to the STRING database to construct the PPI network. Cytoscape (version
3.7.2) was used to draw the PPI network of DEGs, and the cytoHubba plugin was used to identify hub
genes[14].

Gene expression level in HCC and survival analysis

Gene expression profiling interactive analysis (GEPIA) online server (http:/ /gepia.cancer-pku.cn/) was
used to analyze the RNA sequencing expression data of tumors and healthy samples from the cancer
genome atlas and genotype tissue expression projects[15]. We used this server to check whether the
identified hub genes were differentially expressed in HCC tissues. Overall 5-year survival rates
according to gene expression were obtained using the Kaplan-Meier Plotter (http://kmplot.com/
analysis/index.php?p=service&cancer=liver_rnaseq)[16].

Statistical analyses

GraphPad Prism 6.0 (GraphPad Software Inc. La Jolla, CA, United States) was used for statistical
analysis. Data were presented as mean * SE or SD (for normally distributed data) or median with
interquartile range (for non-normally distributed data). Statistically significant differences were
determined using a two-tailed Student’s t-test or analysis of variance (ANOVA). Statistical significance
was set and marked as *P < 0.05, P < 0.01, P < 0.001, and “P < 0.0001. Replicates are indicated in the
figure legends, and (n) represents the number of experimental replicates.
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Figure 1 Identification of differentially expressed genes. A-C: The volcano plots of GSE14323, GSE36411 and GSE89377. The red dots and blue dots
represent up-regulated and downregulated genes, respectively; D: The Venn diagram software identified 45 common differentially expressed genes (DEGs) in three
datasets (GSE14323, GSE36411 and GSE89377), including 43 upregulated genes and 2 downregulated genes; E: protein-protein interaction network of DEGs was

constructed by STRING online database and drew by Cytoscape software; F: Top 10 hub genes of DEGs were identified by cytoHubba plug-in of Cytoscape and their
importance were represented by their color’s shade.
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RESULTS

Identification of DEGs

We analyzed three gene expression datasets, GSE14323, GSE36411, and GSE89377, which included data
from 74 cirrhotic and 53 healthy liver tissue samples in total. The analysis of processed sample data
showed that the gene expression levels in different samples were primarily the same (Supple-
mentary Figure 1). PCA showed that cirrhotic and healthy groups constituted individual clusters
(Supplementary Figure 2). Using limma package, we extracted 553, 148, and 459 DEGs from GSE14323,
GSE36411, and GSE89377 datasets, respectively (Figure 1A-C). Using Venn diagram online tool, we
identified 45 DEGs (43 upregulated genes and 2 downregulated genes) associated with cirrhosis from
the three datasets (Figure 1D, Table 1).

Gene Ontology and KEGG pathway analysis of DEGs

To understand the function of identified DEGs, we carried out Gene Ontology (GO) and KEGG
pathways analyses using Webgestalt online server. The GO analysis results were listed according to P-
values (Table 2), which showed that DEGs were significantly enriched in extracellular matrix
organization (GO: 0030198), extracellular matrix structural constituent (GO: 0005201), collagen-
containing extracellular matrix (GO: 0062023), extracellular matrix (GO: 0031012), cell adhesion (GO:
0007155), biological adhesion (GO: 0022610), and taxis (GO: 0042330). KEGG pathway analysis showed
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Table 1 Gene expression profiles of GSE14323, GSE36411 and GSE89377 have 45 differentially expressed genes, including 2

downregulated genes and 43 upregulated genes in the fibrotic liver compared to normal liver

DEGs Genes
Upregulated C-X-C chemokine receptor type 4 SH3 domain-containing YSC84-like protein 1 Laminins containing the o2
(CXCR4) (SH3YL1) (LAMA2)
Lumican (LUM) DNA-binding protein inhibitor ID-3 (ID3) Microfibril-associated glycoprotein 4

(MFAP4)

Prostaglandin-H2 D-isomerase (PTGDS)  Aldo-keto reductase family 1 member B10 (AKR1B10) Marginal zone B- and B1-Cell-
specific protein (MZB1)

Dickkopf-related protein 3 (DKK3) Ras-related protein Rac2 (RAC2) Suppressor of lin-12-like protein 3
(SEL1L3)

Dermatopontin (DPT) Annexin A13 (ANXA13) Defensin Beta 1 (DEFB1)

H-2 class II histocompatibility antigen CAMPATH-1 antigen (CD52) Protein unc-93 homolog A

gamma chain (CD74) (UNC93A)

FXYD domain-containing ion transport ~ Adipocyte enhancer-binding protein 1 (AEBP1) Interleukin-7 receptor subunit alpha

regulator 2 (FXYD2) (IL7R)

C-X-C motif chemokine 9 (CXCL9) C-X-C motif chemokine 10 (CXCL10) Ribonuclease pancreatic (RNASET)

SRY-Box transcription factor 9 (SOX9) Gelsolin (GSN) Carbohydrate sulfotransferase 4
(CHST4)

Vimentin (VIM) Galectin-3-binding protein (LGALS3BP) Platelet-derived growth factor
receptor alpha (PDGFRA)

Lectin, galactoside-binding soluble 4 Laminin subunit gamma-3 (LAMC3) Claudin-10 (CLDN10)

(LGALS4)

Joining chain of multimeric IgA and IgM  Ectonucleotide pyrophosphatase/phosphodiesterase ~ Cholesterol 25-hydroxylase (CH25H)

(JCHAIN) family member 2 (ENPP2)

Apolipoprotein L3 (APOL3) Decorin (DCN) Complement component C7 (C7)

Epithelial cell adhesion molecule Keratin type I cytoskeletal 23 (KRT23) EGF-containing fibulin-like

(EPCAM) extracellular matrix protein 1

(EFEMP1)
Matrix metallopeptidase 7 (MMP7)

Downregulated Small conductance calcium-activated Cytochrome P450 2C19 (CYP2C19)
potassium channel protein 2 (KCNN2)

DEGs: Differentially expressed genes.

that the DEGs involved in the chemokine signaling pathway, focal adhesion, regulation of actin
cytoskeleton, leukocyte transendothelial migration, pathways in cancer, and cytokine-cytokine receptor

interaction, and arachidonic acid metabolism were highly enriched in patients with liver cirrhosis
(Table 3).

PPI network construction and identification of hub genes

PPI network analysis aids in studying the molecular mechanisms of the disease pathogenesis. Using
String v11 and Cytoscape software, we constructed a PPI network with 26 nodes and 36 edges
(Figure 1E). These genes were upregulated in liver cirrhosis. The top 10 hub genes were identified using
the CytoHubba plugin of Cytoscape, which included C-X-C motif chemokine ligand 9 (CXCL9Y),
CXCL10, C-X-C motif chemokine receptor 4 (CXCR4), DCN, DPT, laminin subunit alpha 2 (LAMA2),
lumican (LUM), microfibril associated protein 4 (MFAP4), platelet-derived growth factor receptor alpha
(PDGFRA), and SOX9 (Figure 1F).

Expression of hub genes in the liver tissue of CCl -induced cirrhosis mice

To study the role of the 10 hub genes in liver cirrhosis, we generated a CCl,-induced liver cirrhosis
mouse model (Figure 2A-B). The relative mRNA levels of these genes were shown in Figure 2C.
Compared to those in the control group, seven genes (CXCR4, DCN, DPT, LAMA2, LUM, MFAP4, and
SOX9) were significantly upregulated in the liver cirrhosis mice, while the expression levels of
PDGFRA, CXCL9, and CXCL10 were not significantly different between the two groups. For further
validation, we performed Western blotting and immunohistochemical analysis (Figure 2D, Figure 3).
These results confirmed that the protein levels of DCN, DPT, and SOX9 were significantly upregulated
in the liver tissue of cirrhotic mice.
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Table 2 Gene Ontology analysis of differentially expressed genes (top 10 according to P-value)

Gene set Description Count P value
GO: 0030198 Extracellular matrix organization 11 3.38E-10
GO: 0043062 Extracellular structure organization 11 1.56E-9

GO: 0005201 Extracellular matrix structural constituent 7 7.48E-8

GO: 0062023 Collagen-containing extracellular matrix 9 1.53E-7

GO: 0031012 Extracellular matrix 10 1.78E-7

GO: 0007155 Cell adhesion 15 2.78E-7

GO: 0022610 Biological adhesion 15 3.00E-7

GO: 0006935 Chemotaxis 10 0.000001284
GO: 0042330 Taxis 10 0.000001323
GO: 0005198 Structural molecule activity 11 0.000001624

Table 3 Kyoto Encyclopedia of Genes and Genomes pathway analysis of differentially expressed genes in fibrotic liver

Gene set Description P value Genes

hsa04062 Chemokine signaling pathway 0.00 CXCR4, CXCL9, CXCL10, RAC2
hsa04510 Focal adhesion 0.01 LAMA2, LAMC3, PDGFRA, RAC2
hsa04810 Regulation of actin cytoskeleton 0.01 CXCR4, GSN, PDGFRA, RAC2
hsa04670 Leukocyte transendothelial migration 0.01 CLDN10, CXCR4, RAC2

hsa05200 Pathways in cancer 0.01 CXCR4, IL7R, LAMA2, LAMC3, PDGFRA, RAC2
hsa05416 Viral myocarditis 0.02 LAMA?2

hsa04060 Cytokine-cytokine receptor interaction 0.02 CXCL9, CXCL10, CXCR4, IL7R
hsa00590 Arachidonic acid metabolism 0.02 CYP2C19, PTGDS

hsa04976 Bile secretion 0.03 FXYD2, KCNN2

hsa04024 cAMP signaling pathway 0.02 FXYD2, RAC2, SOX9

DCN, DPT and SOX9 expression and liver fibrosis progression in patients

To further explore the relationship between DCN, DPT, and SOX9 protein expression and progression
of liver cirrhosis, we collected liver biopsy tissue samples from 5 healthy controls, 28 patients with CHB,
and 12 patients with CHB-associated HCC. All liver tissues were divided into 5 groups (normal, SO, S1-
2, 53-4, and HCC) according to METAVIR system. The clinical profile of the patients enrolled in the
study is summarized in Table 4. The results showed that males were the majority in S3-4 and HCC
groups. The age, TBil, ALB, and CHE values in all groups and the AFP value in non-HCC group were in
normal distribution, and the median AFP value in the HCC group was higher than the upper limit of
normal value. In patients with CHB, HBV DNA was detected as positive, and most ALT and AST levels
were elevated, which was consistent with the inflammatory activity of the liver. Most patients with
HCC were detected negative for HBV DNA, which is related to antiviral treatment. Liver samples from
patients with fibrosis showed increased collagen deposition, inflammatory cell infiltration, or atypical
cells viewed with HE and Masson’s trichrome staining (Figure 4).

Immunohistochemical results showed that the expression levels of DCN and SOX9 increased with the
aggravation of liver fibrosis (Figure 4, Figure 5A, Figure 5C) and were significantly higher in the HCC
group than those in healthy controls and fibrotic groups (Figure 4, Figure 5D, and Figure 5F). Further,
compared with healthy controls, DPT expression was significantly increased in patients with liver
fibrosis, particularly in the S3-54 group but extremely reduced in patients with HCC (Figure 5B,
Figure 5E). In addition, we found that DCN was mostly expressed in the portal vein region, which was
highly consistent with the distribution of collagen fibers, while SOX9 and DPT were mostly expressed in
hepatocytes and several other types of cells (Figure 4).

DCN, DPT, and SOX9 expression and survival rate of patients with HCC

Due to the differential expression pattern and distribution, we decided to analyze the correlation
between DCN, DPT, and SOX9 expression levels and the survival rate of patients with HCC. The GEPIA
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Figure 2 Expression of hub genes in the liver tissue of CCl,-induced mouse mice. A: Masson'’s trichrome and HE staining of control and CCl,-induced

liver cirrhosis mouse liver tissues; B: Collagen area in Masson'’s trichrome staining (n = 7 or 8); C: The mRNA expression levels of 10 hub genes of control and CCl,-
induced cirrhosis mouse liver tissues (n = 6); D: The protein expression levels of a-SMA, Decorin (DCN), Dermatopontin (DPT), and SRY-box transcription factor 9

(SOX9) in liver tissues of mice in two groups. The right panel showed the result of quantitative analysis (n = 4). All data were presented as mean + SE. Two-tailed

Student’s ¢ test were performed. P < 0.05, °P < 0.01, °P < 0.001, %P < 0.0001.

server was used to detect the mRNA expression levels in tissues of patients 369 liver hepatocellular
carcinoma (LIHC) and 160 normal tissues (Figure 6A-C). The results showed that SOX9 was
significantly upregulated whereas DCN and DPT were significantly downregulated in patients with

LIHC.

Kaplan-Meier curves, depicting samples from these 369 patients with HCC, showed that the 5-year
survival rate of patients with high expression of SOX 9 was significantly reduced, while that of patients

with high expression of DCN or DPT was increased (Figure 6D-F).
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Figure 3 Comparison of decorin, dermatopontin, and SRY-box transcription factor 9 expression in CCl,-induced mouse model. A:
Immunohistochemical (IHC) analyses of the expression of Decorin (DCN) and the percentage of positive area were shown, n =9 or 11; B: IHC analyses of the
expression of Dermatopontin (DPT) and the percentage of positive area were shown (n =9 or 10); C: IHC analyses of the expression of SRY-box transcription factor
9 (SOX9) and the percentage of positive area were shown (n =9 or 10). All data were presented as mean + SE. Two-tailed Student's ¢ test were performed. °P <

0.001, %P < 0.0001.
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DISCUSSION

Fibrosis is a common pathological symptom of severe liver damage caused by various chronic liver
diseases. The most common primary liver cancer, HCC, occurs most often in people inflicted with
chronic liver diseases[17]. Understanding the molecular mechanisms underlying cirrhosis can help in
the development of effective treatments. Although bioinformatics tools can be used to study the
relationship between gene function, liver fibrosis, and HCC, it is necessary to comprehensively analyze
gene expression levels and distribution in the context of disease pathology via in vivo experiments.

GEO is an international public resource bank for high-throughput microarray and next-generation
sequencing of functional genome datasets submitted by research groups. In this study, we identified 45
DEGs from GSE14323, GSE36411, and GSE89377 datasets in the GEO database for an in-depth analysis
of their biological function. Most of these DEGs have been associated with liver diseases. CXCL9,
ENPP2, CH25H, KRT23, IL7R, APOL3, and GSN are involved in HCV or HBV infection[18-23]. AEBPI,
C7, and LUM are overexpressed in non-alcoholic steatohepatitis (NASH)[24-26]. CHST4, DEFBI,
EFEMP1, MMP7, and SOX9 are associated with cholestasis[27-31]. AKR1B10, CLDN10, DKK3, EPCAM,
LGALS4, and ITM2A are upregulated in patients with HCC[32-38]. The combined data-mining of three
datasets from different sources yielded 45 DEGs, further indicating that the GEO database is indeed a
useful resource for understanding the mechanism of liver diseases and using the GEO database can
increase the efficiency of published resources.

Next, for detailed characterization of hub gene functions, we selected three representative genes (
DCN, DPT, and SOX9), since their expression was consistently found to be associated with liver
cirrhosis. We established a CCl-induced mice model and verified their mRNA and protein levels using
qPCR, Western blotting, and immunohistochemistry to confirm the expression and main patho-
physiological functions. The results confirmed that DCN, DPT, and SOX9 were significantly overex-
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Table 4 Clinical and histologic data for healthy controls, chronic hepatitis B and hepatocellular carcinoma patients

Control (n=5)  CHB-S0(n=4)  CHB-S1-2(n=13) CHB-S3-4(n=11) HCC (n=12)
Sex (M/F), n 3/2 2/2 6/7 8/3 11/1
Age, yr, mean + SD 418+9.5 33.0+£10.3 382+81 403+6.1 52.8+10.5
HBeAg(+), n 0 2 9 7 3
HBV DNA, logIlU/mL, median with - 5.5 (2.4, 8.5) 5.0 (2.5,7.0) 4.7 (2.0, 6.6) 0(0,3.0)
IQOR
ALT, U/L, median with IQR 19.2 (16.8, 28.7) 56.6 (45.0, 75.8) 39.3 (17.9, 66.3) 51.3 (29.6, 70.0) 54.7 (24.1,105.8)
AST, U/L, median with IQR 20.7 (194, 22.5) 36.3 (27.2, 44.6) 27.3 (20.9, 39.9) 31.8 (23.8,49.7) 54.8 (27.9, 111.6)
TBil, pmol/L, mean + SD 189+14.1 14.0+43 12.8+49 12.9+48 16.8 £14.6
ALB, g/L, mean + SD 459+438 478 +43 46.5+3.9 444450 413+53
CHE, IU/L, mean + SD 6191.3 +1908.0 11514.5 + 3416.1 8887.5 £1964.8 7708.5 + 2064.4 6538.7 +7065.7
AFP, ng/ml, mean + SD or median ~ 2.5+1.4 20+08 47+6.1 11.3£22.1 37.9 (9.3, 388.9)

with IQR

F: Female; M: Male; ALT: Alanine transaminase; AST: Aspartate transaminase; TBil: Total bilirubin; ALB: Albumin; CHE: Cholinesterase; AFP: Alpha-
fetoprotein; IQR: Interquartile range; HCC: Hepatocellular carcinoma; CHB: Chronic hepatitis B.

DPT DCN

SOX9

SO0 (human)
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s »» SRV )'%)"! w.—/'pg,; “
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Figure 4 Comparison of decorin, dermatopontin, and SRY-box transcription factor 9 expression in human liver tissues. The expression levels
of Decorin (DCN), Dermatopontin (DPT) and SRY-box transcription factor 9 (SOX9) in normal, SO, S1-S2, S3-S4, Hepatocellular carcinoma (HCC) groups were
analyzed by immunohistochemistry. The H&E staining and Masson'’s trichrome staining were shown also.
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Figure 5 Expression levels analysis of decorin, dermatopontin, and SRY-box transcription factor 9 in human liver tissues. A-C: The
percentage of positive area of decorin (DCN) , dermatopontin (DPT) and SRY-box transcription factor 9 (SOX9) among normal (n =5 or 7), SO (n =3 or 4), $1-S2 (n
=10 0r 12), S3-S4 (n = 8, 9 or 11) and hepatocellular carcinoma (HCC) (n = 11, 12 or 14) groups were counted; D-F: The percentage of positive area of DCN , DPT
and SOX9 in normal (n =5 or 7), liver fibrosis (n = 22, 23 or 26) and HCC (n = 11, 12 or 14) groups were counted. All data were presented as mean + SE.One-way
ANOVA with multiple comparisons and Tukey’s post-test were performed, 2P < 0.05, °P < 0.01, °P < 0.001.
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pressed in human and mouse fibrotic liver; however, there were differences in the relationship between
their expression levels and the survival rate of patients with HCC.

The DCN gene encodes a member of the small leucine-rich proteoglycan family of proteins, which can
act as a tumor repressor in a variety of cancers[39]. DCN is a regulator of matrix assembly and not only
targets transforming growth factor-beta 1 (TGF-B1) but is also involved in the maturation of collagen
fibrils[40,41]. The enhanced deposition of DCN reflects the stimulatory effect of overproduction of TGF-
B1[41]. Dudas et al[42] indicated that high amounts of TGF-B1 colocalize with DCN within the fibrotic
areas of the liver using a cohort of liver pathologies, including chronic hepatitis, fibrosis, and cirrhosis,
which is consistent with our results. However, contrary to our results, Shang et al[43] found DCN
mRNA expression to be downregulated and not upregulated in patients with HCC via gene expression
profile analyses. Although GEPIA analysis showed that the mRNA expression level of DCN in ILHC
was lower than that normal tissues, the heterogeneity within each group, especially the ILHC group,
was very different. In addition, our results were based on immunohistochemical analysis, different from
the expression profile of the whole liver tissue used by Shang et al[43]. From the distribution of
immunohistochemical sections, we concluded that almost all the increase in DCN expression was
localized in the collagen-intensive area of the portal region and not in the hepatic lobule, which
indicates that the upregulated DCN significantly represents an increase in matrix assembly. These may
partly explain why the increased DCN is not associated with the lower 5-year survival rate of HCC
patients, and why the expression pattern of DCN expression analyzed by GEPIA server was different
from our study. Considering these inconsistent results, the expression, location and function of DCN
deserves further study.
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Figure 6 The relationship between decorin, dermatopontin, SRY-box transcription factor 9 expression and survival rate of hepatocellular
carcinoma patients. A-C: Decorin (DCN), dermatopontin (DPT), and SRY-box transcription factor 9 (SOX9) were analyzed by gene expression profiling interactive
analysis server (GEPIA) to determine their expression level differences between hepatocellular carcinoma (HCC) and normal liver tissues. Red box represents tumor
tissue and gray box represents normal tissue; D-F: Prognostic information of hub genes. Kaplan-Meier plotter online tool was used to identify the prognostic
information of DCN, DPT and SOX9, which associated with the survival rate of HCC patients (P < 0.05).
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DPT is a downstream target of the vitamin D receptor. Fu et al[44] reported that mRNA expression of
DPT was significantly downregulated in HCC, while its protein was weakly expressed in tumorous
tissues compared to that in non-tumorous tissues. However, Lefebvre et al[45] suggested that DPT is
upregulated in active NASH and fibrosis, and it is necessary for collagen deposition in profibrotic
conditions. Our results also confirmed that the expression of DPT increased with the aggravation of
liver fibrosis. Interestingly, a previous study showed that DPT interacts with DCN, which influences
collagen fibrillogenesis and increases TGF-B1 signaling[46]. Our study identified these two molecules in
a combined screening, suggesting that both DPT and DCN play an important role in the occurrence and
development of liver fibrosis and HCC. However, the interactions between them needs to be further
studied.

During tumorigenesis, SOX9 is upregulated in various tumors and plays an essential role in tumor
progression as an oncogene[29], which regulates cellular proliferation, senescence, and self-renewal and
is highly expressed in liver cancer stem cells[47]. In addition, SOX9 was the earliest marker expressed by
biliary precursors[48]. It has been confirmed as a transcription factor that regulates bile duct
development and contributes to liver regeneration and fibrosis[47]. In this study, we confirmed that
SOX9 was positively correlated with the degree of fibrosis, and the high expression of SOX9 indicated a
decline in the 5-year survival rate of patients with HCC, which is consistent with the results of other
studies. In addition, our results showed that SOX9 was enriched and expressed in bile duct cells in
mouse and human fibrotic livers, and the expression levels of SOX9 in hepatocytes were also increased
significantly in patients with HCC. This observation can be explained by the fact that SOX9 mediates the
transdifferentiation of hepatocytes into bile duct epithelial cells[47]. However, the detailed molecular
mechanism of SOX9 overexpression in hepatocytes requires further elucidation.
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Our current study has some limitations. First, we only analyzed the transcriptome, and many studies
have shown that epigenetic modifications and non-coding RNAs also play an important role in the
progression of liver diseases[33,49]. Secondly, the sample size in terms of number of patients was small,
and immunohistochemistry was a semi-quantitative method. In addition, although our study had
identified the signal transduction pathway involved in liver cirrhosis and HCC, it lacked in-depth
analysis on the mechanism of action of these molecules, which needed to be further studied using in vivo
studies or knock-out mice.

CONCLUSION

We screened GEO databases and obtained 45 DEGs and 10 hub genes (particularly DCN, DPT, and
SOXD9) in cirrhotic liver tissues. Upregulated expression of DCN, DPT, and SOX9 was all positively
correlated with the degree of fibrosis, but there may be differences between their correlation with the 5-
year survival rate of HCC patients.

ARTICLE HIGHLIGHTS

Research background

Liver fibrosis and hepatocellular carcinoma (HCC) are common adverse consequences of chronic liver
injury. Establishing more effective biomarkers is important for understanding the pathogenesis,
occurrence, development mechanisms of liver fibrosis and HCC, as well as to identify new diagnostic
and therapeutic tools.

Research motivation

Bioinformatics has screened out many differentially expressed genes related to liver fibrosis; however, it
is unknown whether these genes are different in animal and human liver fibrosis tissues, especially
among the different fibrotic degrees. Therefore, we should carefully analyze the research results of
bioinformatics.

Research objectives
To identify liver fibrosis-related core genes, we observed and compared the differential expression
pattern of core genes in patients with liver fibrosis and HCC.

Research methods
In this study, we analyzed the expression pattern of hub genes of fibrosis and HCC. Bioinformatics
analyses, quantitative polymerase chain reaction, Western blot, and immunohistochemistry of liver

tissues from mouse model and patients were performed to identify novel biomarkers of liver fibrosis
and HCC.

Research results

Ten hub genes (CXCL9, CXCL10, CXCR4, DCN, DPT, LAMA2, LUM, MFAP4, PDGFRA, and SOX9)
associated with cirrhosis were screened from GSE14323, GSE36411, and GSE89377 datasets. DCN, DPT,
and SOX9 were highly expressed in the CCl,-induced mouse model of liver cirrhosis and fibrotic patient
liver samples, and their expression levels were associated with the degree of fibrosis. In patients with
HCC, SOX9 was upregulated, while DCN and DPT were downregulated. However, the 5-year survival
rate of HCC patients with high SOX 9 expression was significantly reduced, which is different from DPT
or DCN.

Research conclusions

We screened and identified 10 hub genes related to fibrosis. The expression levels of DCN, DPT, and
SOX were positively correlated with the degree of liver fibrosis but showed different correlations with
the survival rate of patients with HCC.

Research perspectives

The integrated approach of bioinformatics and molecular biology is more efficient to research multi-
factorial diseases, such as liver fibrosis and liver cancer. Future studies on the differences on DCN, DPT,
and SOX9 expression may help in the better understanding of the mechanisms involved in the
development of liver fibrosis and HCC.
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Abstract

BACKGROUND

The liver is the most common metastatic site of colorectal cancer. Hepatectomy is
the mainstay of treatment for patients with colorectal liver metastases (CRLMs).
However, there are cases of early recurrence after upfront hepatectomy alone. In
selected high-risk patients, neoadjuvant chemotherapy (NAC) may improve long-
term survival.

AIM
To determine the efficacy of NAC for initially resectable CRLMs.

METHODS

Among 644 patients who underwent their first hepatectomy for CRLMs at our
institution, 297 resectable cases were stratified into an upfront hepatectomy group
(238 patients) and a NAC group (59 patients). Poor prognostic factors for upfront
hepatectomy were identified using multivariate logistic regression analysis.
Propensity score matching was used to compare clinical outcomes between the
upfront hepatectomy and NAC groups, according to the number of poor
prognostic factors. Survival curves were estimated using the Kaplan-Meier
method and compared using the log-rank test.

RESULTS
Preoperative carcinoembryonic antigen levels (= 10 ng/mL) (P = 0.003), primary
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histological type (other than well/moderately differentiated) (P = 0.04), and primary lymph node
metastases (= 1) (P = 0.04) were identified as independent poor prognostic factors for overall
survival (OS) in the upfront hepatectomy group. High-risk status was defined as the presence of
two or more risk factors. After propensity score matching, 50 patients were matched in each
group. Among high-risk patients, the 5-year OS rate was significantly higher in the NAC group (13
patients) than in the upfront hepatectomy group (18 patients) (100% vs 34%; P = 0.02).

CONCLUSION
NAC may improve the prognosis of high-risk patients with resectable CRLMs who have two or
more risk factors.

Key Words: Colorectal neoplasms; Neoadjuvant therapy; Neoplasm metastasis; Prognosis; Risk factors;
Survival

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Hepatectomy is the mainstay of treatment for patients with colorectal liver metastases (CRLMs).
However, there are cases of early recurrence after upfront hepatectomy alone. In selected high-risk
patients, neoadjuvant chemotherapy (NAC) may improve long-term survival. Although several studies
have identified risk factors for recurrence and prognosis after hepatectomy for CRLMs, they could not
show a benefit of NAC for resectable CRLMs. This article demonstrated the effectiveness of NAC for
initially resectable CRLMs, based on risk stratification according to prognostic factors.
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INTRODUCTION

Colorectal cancer (CRC) is a leading cause of cancer-related deaths worldwide. Approximately 20% of
patients with CRC present with synchronous distant metastases, and another 20% develop
metachronous metastases[1].

The liver is the most common metastatic site of CRC[2]. Hepatectomy is the mainstay of treatment for
patients with colorectal liver metastases (CRLMs). The 5-year overall survival (OS) rate after curative
hepatectomy has been reported to range from 45 to 61%. However, the postoperative recurrence rate is
high (approximately 75%), especially in the remnant liver[3]. To improve surgical outcomes, neo-
adjuvant chemotherapy (NAC) has been used to treat initially resectable CRLMs. In the EORTC 40983
trial[4], 364 patients with resectable CRLMs were randomly assigned to a perioperative 5-fluo-
rouracil/folinic acid/oxaliplatin (FOLFOX4) group and a surgery alone group. Better recurrence-free
survival, but no OS benefit, was observed in patients in the chemotherapy group. Therefore, upfront
hepatectomy is recommended for patients with resectable CRLMs][3,5].

Several studies[6-9] have identified risk factors for recurrence and prognosis after hepatectomy for
CRLMs, including positive lymph node status of the primary colorectal lesion, appearance time, largest
tumor diameter, number and distribution of CRLMs, and preoperative carcinoembryonic antigen
(CEA)/carbohydrate antigen 19-9 Levels. A greater number of risk factors were associated with early
recurrence or poor prognosis. Hence, there are cases of early recurrence after upfront hepatectomy alone
in the resectable CRLMs, and in selected high-risk patients, NAC may improve long-term survival. We
investigated the effectiveness of NAC for initially resectable CRLMs, based on risk stratification
according to prognostic factors.

MATERIALS AND METHODS
Study design

A total of 644 patients underwent their first hepatectomy for CRLMs at our institution between January
1992 and December 2019. Among them, 297 resectable cases were included in this study. Among these
cases, patients with synchronous liver metastases who received liver-first surgery or simultaneous
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resection of CRLM and the primary lesion were excluded. Patients were stratified into an upfront
hepatectomy group (238 patients) and a NAC group (59 patients) (Figure 1). No patient received
preoperative chemotherapy before resection of the primary lesion. Poor prognostic factors for upfront
hepatectomy were identified using multivariate logistic regression analysis. Propensity score matching
was performed using baseline characteristics, and clinical outcomes were compared between the
groups, according to the number of poor prognostic factors.

Clinicopathological characteristics

The following clinicopathological variables were analyzed: Patient-related: Age (< 60 vs = 60 years), sex
(male vs female), and initial CEA level (<10 vs 2 10 ng/mL); primary tumor-related: Site of the primary
lesion (right vs left), primary histological type (well/moderately differentiated vs others), lymph node
metastases (0 vs 2 1), depth of tumor invasion [adjacent organ invasion (T4b) vs others], lymphatic
invasion (0 vs = 1), and venous invasion (0 vs > 1); liver metastasis-related: Number (1-3 vs > 4),
maximum diameter (< 40 vs > 40 mm), appearance time (synchronous vs metachronous), and tumor
distribution (unilobar vs bilobar); and treatment-related: Staged hepatectomy (performed vs not
performed), surgical margins (exposed vs not exposed), and adjuvant chemotherapy after primary
resection and after hepatectomy (administered vs not administered). In addition, left-sided tumors
included carcinomas in the descending colon, sigmoid colon, and rectum; and right-sided tumors
included carcinomas in the cecum, ascending colon, and transverse colon.

Propensity score matching was performed to minimize the differences in baseline characteristics
between the upfront hepatectomy and NAC groups. The propensity score for each patient was
estimated by logistic regression analysis using the primary tumor- and liver metastasis-related
variables.

Indications for NAC

The criteria for resectable CRLMs were: (1) No extrahepatic metastases; (2) Liver tumor in one lobe only,
or no more than three tumors in both lobes; (3) Favorable tumor location, without invasion of major
vascular structures; (4) Maximum tumor diameter < 80 mm; and (5) Sufficient planned residual liver
volume[10]. The criteria for unresectable CRLMs were uncontrollable extrahepatic metastases and
insufficient residual liver capacity. Originally, NAC was administered to those with marginally
resectable CRLMs who did not satisfy either of these criteria[10]. However, there were patients who
underwent upfront hepatectomy (at their own request) although they met the criteria for NAC initially.
Conversely, there were patients who received NAC although they met the criteria for resectable CRLM
initially. Therefore, patients who met the criteria for resectable CRLM included those who underwent
upfront hepatectomy or received NAC.

NAC

Patients received NAC according to the abovementioned criteria. Some patients in the NAC group were
treated with chemotherapy by another physician, who considered the CRLMs to be unresectable.
However, when the patients were referred to our hospital, the CRLMs were judged to have met the
criteria for resection prior to the start of chemotherapy. Regarding NAC regimens, fluoracyl and folinic
acid had been used. After oxaliplatin- and irinotecan-based regimens became available, these were
widely used as NAC. The combined use of molecularly-targeted agents was also considered, based on
RAS status. Hepatic arterial infusion was considered for elderly patients, or those who could not
continue systemic chemotherapy due to side effects. The response to NAC was evaluated by contrast-
enhanced computed tomography (CT)/magnetic resonance imaging, according to the Response
Evaluation Criteria in Solid Tumors (version 1.1)[11]. The number of treatment cycles varied because of
the retrospective nature of the study. Hepatectomy was performed > 4 wk after the last administration
of chemotherapy. When bevacizumab was used, an interval of > 6 wk was maintained.

Adjuvant chemotherapy after hepatectomy

Adjuvant chemotherapy (hepatic arterial or intravenous infusion or systemic or oral administration of
fluoracyl and folinic acid, oxaliplatin, or irinotecan) was considered for all patients who underwent
hepatectomy[10]. However, it has not been administered actively since 2019, as few studies have shown
a survival benefit[12,13].

Hepatectomy

Hepatectomy with negative surgical margins was performed in principle with non-anatomical
procedures. Anatomical hepatectomy was performed, if it was advantageous, in terms of complete
resection (R0), operative time, blood loss, or invasiveness. Portal vein embolization or two-stage
hepatectomy was planned when the remnant prognostic score was low, based on volumetry, the
indocyanine green retention rate, and patients” age[14]. Intraoperative ultrasonography was performed
in all cases to detect occult tumors undetected by preoperative imaging, and to confirm the anatomical
relationships between tumors and vasculobiliary structures, and the absence of residual tumors in the
remnant liver. Parenchymal dissection was performed mainly using ultrasonic dissectors[14]. RO
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Figure 1 Study flow diagram. NAC: Neoadjuvant chemotherapy; CRLM: Colorectal liver metastases.
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resection was considered complete when the pathologist assessed free resection margins.

Outcomes

OS was defined as the time from hepatectomy until death from any cause. Disease-free survival (DFS)
was defined as the time from hepatectomy until the first recurrence. Tumor response was evaluated
according to the Response Evaluation Criteria in Solid Tumors (version 1.1)[11]. Synchronous CRLMs
were defined as metastases to the liver at the time of resection of the primary CRC.

Follow-up

Patients were examined for recurrence after hepatectomy using contrast-enhanced CT (every 4-6 mo),
blood tests, and tumor markers (every 2-3 mo). When recurrence in the remnant liver was suspected,
magnetic resonance imaging was performed, and the appearance of new lesions was investigated.
Extrahepatic recurrence in the chest and pelvis was detected on CT. Fluorodeoxyglucose positron
emission tomography was sometimes performed to detect other distant metastases. Recurrence was
diagnosed when imaging studies confirmed new lesions showing typical features of CRC/CRLMs,
compared with previous images. Recurrent CRLMs were treated with repeat resection, if applicable.
When there was no indication for resection, chemotherapy, radiotherapy, or palliative care was chosen.

Statistical analyses

Quantitative variables were expressed as medians (interquartile ranges), and categorical variables as
numbers and percentages. Continuous data were compared using the Mann-Whitney U test, and
categorical data using the chi-square test. Survival curves were estimated using the Kaplan-Meier
method and compared using the log-rank test. Multivariate analysis was performed using stepwise
logistic regression. Statistically significant variables in the univariate analysis were included in the
multivariate analysis. All statistical analyses were conducted using SPSS Base 11.0 ] (Chicago, IL, United
States). A P value < 0.05 was considered statistically significant.

RESULTS

Baseline characteristics before propensity score matching

Before propensity score matching, there were 238 patients in the upfront hepatectomy group and 59
patients in the NAC group (Table 1). Variables that were significantly different between the upfront
hepatectomy and NAC groups included age (= 60 years) (P < 0.001), primary tumor location (right) (P =
0.03), lymph node metastases (> 1) (P < 0.001), depth of tumor invasion [adjacent organ invasion (T4b)] (
P =0.01), number of liver metastases (= 4) (P < 0.001), appearance time (synchronous) (P < 0.001), tumor
distribution (bilobar) (P < 0.001), and staged hepatectomy (performed) (P = 0.04). The NAC regimens
were as follows: Oxaliplatin-based chemotherapy (35 patients), with molecularly-targeted agents
[bevacizumab (14 patients), cetuximab (three patients), and panitumumab (seven patients)]; irinotecan-
based chemotherapy (four patients), with molecularly-targeted agents [bevacizumab (two patients) and
panitumumab (two patients)]; oxaliplatin- and irinotecan-based chemotherapy (nine patients), with
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Variables Upfront hepatectomy (n=238) NAC (n=59) P value

Patient-related

Age <60 123 14 <0.001
> 60 115 45

Gender Male 184 39 0.07
Female 54 20

CEA level (ng/mL) <10 73 19 0.82
>10 165 40

Primary tumor-related

Site Right 34 15 0.03
Left 204 44

Histology Well/moderately differentiated 236 57 0.128
Others 2 2

Lymph node metastases 0 144 17 <0.001
21 94 42

Depth of invasion Adjacent organ invasion (T4b) 14 9 0.01
Others 224 50

Lymphatic invasion 0 146 29 0.08
>1 92 30

Venous invasion 0 91 18 0.27
>1 147 41

Liver metastasis-related

Number 1-3 233 48 <0.001
>4 5 11

Size (max) <40 180 18 0.06
>40 58 41

Timing of the appearance Synchronous 40 37 <0.001
Metachronous 198 22

Distribution Unilobar 211 38 <0.001
Bilobar 27 21

Treatment-related

Staged hepatectomy Performed 0 1 0.04
Not performed 238 58

Surgical margin Exposed 13 6 0.186
Not exposed 225 53

Adjuvant chemotherapy after primary resection Administered 69 32 <0.001
Not administered 169 27

Adjuvant chemotherapy after hepatectomy Administered 86 23 0.684
Not administered 152 36

CEA: Carcinoembryonic antigen; NAC: Neoadjuvant chemotherapy.
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molecularly-targeted agents [bevacizumab (six patients) and cetuximab (one patient)]; fluorouracil and
folinic acid (nine patients), with cisplatin (seven patients); and chemotherapy, including hepatic arterial
infusion (two patients). Responses to NAC were defined as follows: Complete response (no patient),
partial response (34 patients), stable disease (22 patients), or progressive disease (three patients). The
median number of treatment cycles was 6 (range from 2 to 25).

Prognostic factors for upfront hepatectomy

In univariate analysis, preoperative CEA levels (= 10 ng/mL) (P = 0.01), primary histological type (other
than well/moderately differentiated) (P = 0.01), primary lymph node metastases (= 1) (P = 0.001),
lymphatic invasion (= 1) (P = 0.02), and adjuvant chemotherapy (performed) (P = 0.02) were associated
with poor OS in the upfront hepatectomy group (238 patients). Preoperative CEA levels [hazard ratio
(HR), 1.948; 95% confidence interval (CI): 1.252-3.031; P = 0.003], primary histological type (HR, 2.971;
95%ClI: 1.038-8.503; P = 0.04), and primary lymph node metastases (HR, 1.623; 95%CI: 1.020-2.583; P =
0.04) were independent prognostic factors in multivariate analysis (Table 2).

The 5-year OS rates of patients with zero (59 patients), one (108 patients), and two (71 patients) risk
factors were 83%, 73%, and 46 %, respectively. No patient had three risk factors. High-risk patients were
defined as those with two or more risk factors, while low-risk patients were defined as those with zero
or one risk factor. The 5-year OS rate of high-risk patients (71 patients) was significantly worse than that
of low-risk patients (167 patients) (46.4% vs 76.4%; P < 0.001) (Figure 2).

Baseline characteristics after propensity score matching

Fifty patients in the upfront hepatectomy group were matched with 50 patients in the NAC group.
Patients with insufficient preoperative data or without a suitable match were excluded. After matching
preoperative baseline characteristics, treatment-related factors (staged hepatectomy, surgical margins,
and adjuvant chemotherapy) were comparable between the two groups (Table 3). The NAC regimens
after propensity score matching were as follows: Oxaliplatin-based chemotherapy (30 patients), with
molecularly-targeted agents [bevacizumab (11 patients), cetuximab (three patients), and panitumumab
(seven patients)]; irinotecan-based chemotherapy (four patients), with molecularly-targeted agents
[bevacizumab (two patients) and panitumumab (two patients)]; oxaliplatin- and irinotecan-based
chemotherapy (eight patients), with molecularly-targeted agents [bevacizumab (five patients) and
cetuximab (one patient)]; fluorouracil and folinic acid (six patients), with cisplatin (four patients); and
chemotherapy, including hepatic arterial infusion (two patients). Responses to NAC were defined as
follows: Partial response (30 patients), stable disease (17 patients), or progressive disease (three
patients). In total, there were 30 responders and 20 non-responders. The median number of treatment
cycles was 6 (range from 2 to 25). The upfront hepatectomy group comprised 18 high-risk patients and
32 low-risk patients. The NAC group comprised 13 high-risk patients and 37 low-risk patients (Table 3).
The background characteristics were comparable when stratified by high- and low-risk, respectively.

Clinical outcomes after propensity score matching

Short-term outcomes, including the amount of intraoperative bleeding, frequency of red blood cell
transfusions, postoperative complications, and length of postoperative hospital stay, were not
significantly different between the two groups. In the NAC group, there was one complication of
Clavien-Dindo grade IV. In this patient, five cycles of irinotecan-based chemotherapy were ad-
ministered as NAC. Partial resection of segments 7 and 8, with right hepatic vein reconstruction, was
performed 4 wk after the last cycle of NAC. Laparotomy hemostasis was performed on postoperative
day 5, due to bleeding from the surface of the hepatic dissection.

Regarding long-term outcomes, there was no significant difference in the 5-year OS rate between the
upfront hepatectomy and NAC groups (63% vs 83%; P = 0.13) after propensity score matching. Among
low-risk patients, there was also no significant difference in the 5-year OS rate (84.1% vs 81.0%; P = 0.79)
(Figure 3A) or 5-year DFS rate (47.3% vs 46.3%; P = 0.71) (Figure 3B) between the two groups.
Conversely, among high-risk patients, the 5-year OS rate was significantly higher in the NAC group
than in the upfront hepatectomy group (100% vs 34.4%; P = 0.02) (Figure 3C). However, there was no
significant difference in the 5-year DFS rate between the two groups (P = 0.37) (Figure 3D).

Recurrence after hepatectomy was observed in 30 (60%) patients in the upfront hepatectomy group
and 24 (48%) patients in the NAC group. The difference between them was not statistically significant.
The lung and remnant liver were the most frequent sites of recurrence in the upfront hepatectomy and
NAC groups, respectively, and there was no significant difference in the distribution of initial
recurrence sites. Regarding the initial treatment strategy for recurrence, resection and chemotherapy
were adopted in 26.7% and 57.7% of patients in the upfront hepatectomy group and 25.0% and 66.7% of
patients in the NAC group, respectively. The differences between them were not statistically significant
(Table 4). Especially among high-risk patients, recurrence was observed in 15 (83%) of the 18 patients in
the upfront hepatectomy group. Resection was adopted as the initial treatment strategy for recurrence
in four patients, chemotherapy in six patients, and other therapies in five patients. None of the patients
who received chemotherapy were converted to resection, and resection could only be performed in 27%
of patients with recurrence. Conversely, recurrence was observed in nine (69%) of the 13 high-risk
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Variables n 5-yrOSrate (%) Pvalue Hazard ratio (95%Cl) P value
Patient-related
Age (yr) <60 60 657 0.24
> 60 178 66.7
Sex Male 167 66.5 0.28
Female 71 658
CEA level (ng/mL) <10 122 75 0.01 1.948 (1.252-3.031) 0.003
>10 116 584
Primary tumor-related
Site Left 190 56.2 0.14
Right 48 685
Histology Well/moderately differentiated 234 67.1 0.01 2.971 (1.038-8.503) 0.04
Others 4 25
Lymph node metastases 0 108 79 0.001 1.623 (1.020-2.583) 0.04
21 130 56.6
Depth of invasion Adjacent organ invasion (T4b) 19 64.8 0.64
Others 219 66.4
Lymphatic invasion 0 116 731 0.02 1.418 (0.897-2.242) 0.135
>1 122 60.8
Venous invasion 0 81 69.7 0.73
>1 157 63.9
Number 1-3 228 67.5 0.07
>4 10 381
Maximum diameter (mm) <40 180 70.9 0.05
>40 58 529
Timing of the appearance Synchronous 54 612 0.94
Metachronous 184 67.8
Distribution Unilobar 198 67.1 0.12
Bilobar 40 63
Treatment-related
Staged hepatectomy Performed 0o - -
Not performed 238 66.3
Surgical margins Exposed 19 401 0.09
Not exposed 219 69
Adjuvant chemotherapy after primary resection ~Administered 69 649 0.16
Not administered 169 66.7
Adjuvant chemotherapy after hepatectomy Administered 126 56.2 0.02 0.646 (0.414-1.009) 0.05
Not administered 112 71.7

CEA: Carcinoembryonic antigen; CI: Confidence interval; OS: Overall survival.

patients in the NAC group. Resection was adopted as the initial treatment strategy for recurrence in two
patients. Chemotherapy was adopted as the initial treatment strategy for recurrence in seven patients
(the same regimen was used in all responders; a different regimen was used in non-responders), three of
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Table 3 Patient characteristics after propensity score matching

Upfront hepatectomy group (1= NAC group (n = P

Variables 50) 50) value

Patient-related

Age (yr) <60 14 10 0.349
=60 36 40

Sex Male 33 34 0.832
Female 17 16

CEA level (ng/mL) <10 28 34 0.216
210 22 16

Primary tumor-related

Site Right 10 14 0.349
Left 40 36

Histology Well/moderately differen- 49 50 0.315
tiated
Others 1 0

Lymph node metastases 0 15 15 1.0
21 35 35

Depth of invasion Adjacent organ invasion (T4b) 5 3 0.461
Others 45 47

Lymphatic invasion 0 19 23 0.418
21 31 27

Venous invasion 0 16 15 0.829
21 34 35

Liver metastasis-related

Number 1-3 44 42 0.564
24 6 8

Maximum diameter (mm) <40 15 15 1.0
240 35 35

Timing of the appearance Synchronous 28 28 1.0
Metachronous 22 22

Distribution Unilobar 33 E8) 1.0
Bilobar 17 17

Treatment-related

Staged hepatectomy Performed 0 1 0.315
Not performed 50 49

Surgical margins Exposed 4 4 1.0
Not exposed 46 46

Adjuvant chemotherapy after primary Administered 17 29 0.144

resection
Not administered 23 21

Adjuvant chemotherapy after hepatectomy Administered 23 17 0.221
Not administered 27 E8)

Risk stratification High-risk 18 13 0.515
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Low-risk 82) 37

CEA: Carcinoembryonic antigen; NAC: Neoadjuvant chemotherapy.

Table 4 Recurrence patterns/treatment after propensity score matching

Upfront hepatectomy group (n = 50) NAC group (n = 50) P value

Recurrence 30 24 0.229
Recurrence site’
Liver 12 11 0.106
Lung 17 9
Peritoneum 0 4
Other 4 3
Initial treatment for recurrence’
Resection 8(26.7) 6 (25.0) 0.623
Chemotherapy 17 (56.7) 16 (66.7)
Other 5 (16.6) 2(8.3)
Duplication (+).
2Number (%) of patients with recurrence.
NAC: Neoadjuvant chemotherapy.
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Figure 2 Kaplan-Meier curves of 5-yr overall survival stratified by risk. Patients in the high-(71 patients) and low-(167 patients) risk groups are
represented by the thin and thick lines, respectively.

whom were converted to resection (Table 5). Consequently, resection was performed in 56% of patients
with recurrence in the NAC group, which was higher than the proportion of high-risk patients in the
upfront hepatectomy group (27%). The 5-year OS rate after the first recurrence in the NAC group was
significantly higher than that in the upfront hepatectomy group (66.7% vs 17.9%; P = 0.04).

DISCUSSION

This study revealed a significantly worse OS rate of patients in resectable CRLMs with two or more risk
factors [primary histological type (other than well/moderately differentiated), lymph node metastases
(= 1), and preoperative CEA levels (= 10 g/mL)] who met the high-risk criteria compared to those who
met the low-risk criteria. Among high-risk patients, the OS rate of those who received NAC was
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Table 5 Initial treatment strategy for recurrence in high-risk patients

Case NAC regimen Course Efficacy First recurrence site Initial treatment for Conversion
recurrence Therapy

1 FU, FOL + CDDP 2 SD Peritoneum LV/5-FU + CPT-11 (IFL) Resection

2 FU, FOL + CDDP 2 SD Liver LV/5-FU + CPT-11 (IFL)  Resection

3 FU, FOL 2 PD Other FOLFOX + Bmab

4 FU, FOL + CDDP 4 SD Lung Resection

5 FOLFOX + Bmab 8 PD Liver FOLFIRI + Bmab Resection

6 XELOX + Bmab 14 SD Lung IRIS + Bmab

7 FOLFOX + Cmab 6 PR Liver Resection

8 IRI + Pmab 6 PR Peritoneum IRI + Pmab

9 FOLFIRI + Bmab 6 PR Liver FOLFIRI + Bmab

Bmab: Bevacizumab; CDDP: Cisplatin; Cmab: Cetuximab; FOL: Folinic acid; FOLFIRI: Fluorouracil + leucovorin + irinotecan; FOLFOXR: Folinic acid +
fluorouracil + oxaliplatin; FU: Fluorouracil; IFL: I-leucovorin + fluorouracil + irinotecan; IRI: Irinotecan; IRIS: Irinotecan + s-1; Pmab: Panitumumab;
XELOX: Capecitabine + oxaliplatin; NAC: Neoadjuvant chemotherapy.
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significantly higher than that of those who underwent upfront hepatectomy after propensity score
matching. It is a novel finding that the efficacy of NAC for resectable CRLMs was demonstrated after
risk stratification and propensity score matching.

The definition of resectable CRLM varies in the literature[3,4,6,15]. In studies that examined the
effectiveness of NAC for resectable CRLMs, resectable CRLM was defined as a maximum of four tumors
[4]; four or fewer tumors with a maximum diameter of <5 cm[3]; or (1) A =2 30% residual liver volume
(regardless of tumor number and size); (2) Resectable or already resected primary tumor; and (3) No
unresectable extrahepatic metastases[16]. Some studies did not show a benefit of NAC for resectable
CRLMs[3,4]. This may be because the criteria for resectable CRLMs were not specific enough to restrict
the patient group to those for whom NAC is truly effective. Even when NAC was shown to be effective,
it was considered without propensity score matching[16]. The definition of resectable CRLM in our
database is more detailed and the efficacy of NAC was assessed by risk stratification.

We demonstrated that the OS rate, but not the DFS rate, of high-risk patients was significantly higher
in the NAC group than in the upfront hepatectomy group. The post-recurrence clinical course after the
first hepatectomy differed between the two groups. The treatment strategy for recurrence showed that
chemotherapy was initially selected most frequently in both the upfront hepatectomy and NAC groups,
although resection of not only the intrahepatic, but also the extrahepatic, recurrence site is crucial for
prolonging the survival of patients with CRLMs[17]. However, in the NAC group, there were
conversion cases from chemotherapy to resection, and consequently, there were more resection cases in
the NAC group than in the upfront hepatectomy group (56% vs 27%), although this was not significant.
Based on these results, the reason for a better OS rate among high-risk patients in the NAC group may
be that the most effective and tolerable chemotherapy regimen has already been established in patients
receiving NAC before their first hepatectomy, and appropriate regimens may be available from the start
of treatment for recurrence. In fact, the OS rate of the NAC group after recurrence was significantly
higher than that of the upfront hepatectomy group (P = 0.04).

Conversely, disadvantages of NAC include the risk that hepatectomy may not be performed in
patients who do not respond to NAC. We showed that the effect of chemotherapy was progressive in
6% of NAC cases. To avoid missing the timing of hepatectomy, it is important to evaluate the efficacy of
chemotherapy every 2-3 cycles. Other disadvantages of NAC include liver damage and perioperative
complications induced by the NAC drugs. Sinusoidal dilation caused by oxaliplatin and steatohepatitis
caused by irinotecan have been reported[18]. Furthermore, prolonged systemic NAC alters the liver
parenchyma and increases morbidity after major resection[19]. Although many centers specializing in
hepatobiliary procedures have reported mortality rates of < 5% after major liver surgery, the morbidity
of hepatectomy may have increased with the advent of NAC, due to the hepatic parenchymal damage
caused by chemotherapy[5]. The short-term outcomes of the NAC group in this study were comparable
to those of a previous study[5]. However, one case of postoperative bleeding was observed after
irinotecan-based chemotherapy. As hepatectomy was performed after a sufficient drug interval, no
sinusoidal dilation or steatohepatitis was observed in the resected specimen. Postoperative bleeding in
this case may have resulted from a complicated hepatic dissection surface. Therefore, careful surgical
procedures are required, even after a sufficient drug interval.
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Figure 3 Kaplan—Meier curves. A and C: 5-yr overall survival; B: 5-yr disease-free survival (DFS) in low-risk patients in the upfront hepatectomy (thin line) (32
patients) and neoadjuvant chemotherapy (NAC) (thick line) (37 patients) groups after propensity score matching; D: 5-yr DFS in high-risk patients in the upfront
hepatectomy (thin line) (18 patients) and NAC (thick line) (13 patients) groups after propensity score matching. NAC: Neoadjuvant chemotherapy.
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Limits of the study

This study has several limitations. The first is its single-center design with limited sample size. Second,
its retrospective nature introduces the inevitable risk of selection bias, which could not be completely
eradicated, despite using propensity score matching to reduce confounding by indication. Lastly, it has
been reported that molecular biological factors, such as RAS status and microsatellite instability, are
prognostic[20,21]. However, this information was unavailable in the present study.

CONCLUSION

Our findings suggest that NAC may improve the prognosis of patients with resectable CRLMs who
have at least two of the following risk factors: Preoperative CEA levels (= 10 ng/mL), primary
histological type (other than well/moderately differentiated), and lymph node metastases (= 1). Future
prospective, multicenter studies with larger sample sizes are needed to validate these findings

ARTICLE HIGHLIGHTS

Research background

Colorectal cancer (CRC) is a leading cause of cancer-related deaths worldwide. The liver is the most
common metastatic site of CRC, and hepatectomy is the mainstay of treatment for patients with
colorectal liver metastases (CRLMs). Upfront hepatectomy is recommended for patients with resectable
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CRLMs. However, there are cases of early recurrence after upfront hepatectomy alone in the resectable
CRLMs. In selected patients, neoadjuvant chemotherapy (NAC) may improve long-term survival.

Research motivation

Identifying the poor prognostic factors for upfront hepatectomy in resectable CRLMs and investigating
the effectiveness of NAC are urgently needed to improve long-term survival of patients with resectable
CRLMs.

Research objectives
To determine the efficacy of NAC for initially resectable CRLMs.

Research methods

Among 644 patients who underwent their first hepatectomy for CRLMs at our institution, 297 resectable
cases were stratified into an upfront hepatectomy group (238 patients) and NAC group (59 patients).
Poor prognostic factors for upfront hepatectomy were identified using multivariate logistic regression
analysis. Propensity score matching was used, and clinical outcomes between the upfront hepatectomy
and NAC groups were compared according to the number of poor prognostic factors. Survival curves
were estimated using the Kaplan-Meier method and compared using the log-rank test.

Research results

As independent poor prognostic factors for overall survival (OS) in the upfront hepatectomy group,
preoperative carcinoembryonic antigen (CEA) levels (= 10 ng/mL) (P = 0.003), primary histological type
(other than well/moderately differentiated) (P = 0.04), and primary lymph node metastases (= 1) (P =
0.04) were identified. High-risk status was defined as the presence of two or more risk factors. Fifty
patients were matched in upfront hepatectomy and NAC groups respectively, after propensity score
matching. Among high-risk patients, the 5-year OS rate was significantly higher in the NAC group (13
patients) than in the upfront hepatectomy group (18 patients) (100% vs 34%; P = 0.02).

Research conclusions

NAC was effective in patients with resectable CRLMs who had at least two of the following risk factors:
Preoperative CEA levels (= 10 ng/mL), primary histological type (other than well/moderately differen-
tiated), and lymph node metastases (> 1).

Research perspectives
NAC therapy may improve the prognosis of high-risk patients with resectable CRLMs.
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Abstract

BACKGROUND

Most gastric cancer (GC) patients are diagnosed at middle or late stage because
the symptoms in early stage are obscure, which causes higher mortality rates of
GC. Helicobacter pylori (H. pylori) was identified as a class I carcinogen and leads to
aberrant DNA methylation/hydroxymethylation. 5-hydroxymethylcytosine (5-
hmC) plays complex roles in gene regulation of tumorigenesis and can be
considered as an activating epigenetic mark of hydroxymethylation.

AIM
To explore the association between 5-hmC levels and the progression and
prognosis of GC patients with or without H. pylori infection.

METHODS

A retrospective cohort study was conducted to estimate the predicted value of 5-
hmC level in the progression and prognosis of GC patients with different H. pylori
infection status. A total of 144 GC patients were recruited.

RESULTS

The levels of 5-hmC were significantly decreased in tumor tissues (0.076 + 0.048)
compared with the matched control tissues (0.110 £ 0.057, P = 0.001). A high level
of 5-hmC was an independent significant favorable predictor of overall survival in
GC patients (hazard ratio = 0.61, 95% confidence interval: 0.38-0.98, P = 0.040), the
H. pylori-negative GC subgroup (hazard ratio = 0.30, 95% confidence interval:
0.13-0.68, P = 0.004) and the GC patients with TNM stage I or II (hazard ratio =
0.32, 95% confidence interval: 0.13-0.77, P = 0.011).

CONCLUSION
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Increased 5-hmC is a favorable prognostic factor in GC, especially for H. pylori-negative
subgroups.
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Core Tip: Helicobacter pylori (H. pylori) was identified as a class I carcinogen and leads to aberrant DNA
methylation/hydroxymethylation. 5-hydroxymethylcytosine plays complex roles in the gene regulation of
tumorigenesis and is considered an activating epigenetic mark of hydroxymethylation. We conducted a
retrospective cohort study to estimate the predictive value of 5-hydroxymethylcytosine levels in the
progression and prognosis of gastric cancer patients with different H. pylori infection statuses. The results
indicated that increasing 5-hydroxymethylcytosine is a favorable prognostic factor in gastric cancer
patients who were not infected with H. pylori, but no associations were observed in H. pylori-positive
gastric cancer patients.

Citation: Fu YL, Wu YH, Cao DH, Jia ZF, Shen A, Jiang J, Cao XY. Increased 5-hydroxymethylcytosine is a
favorable prognostic factor of Helicobacter pylori-negative gastric cancer patients. World J Gastrointest Oncol
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INTRODUCTION

Gastric cancer (GC) is a serious disease with over 1 million estimated new cases annually around the
world, and it is the fifth most diagnosed malignancy worldwide[1]. Due to the symptoms in early stage
being obscure, most GC patients are diagnosed at middle or late stage, which causes higher mortality
rates, and accounted for 769000 deaths globally in 2020[1].

Recent comprehensive analyses showed that many GC-related pathways are more frequently altered
by aberrant DNA methylation than by mutations[2], and the degree of accumulation of aberrant DNA
methylation is highly correlated with GC risk[3,4].

Helicobacter pylori (H. pylori) was identified as a class I carcinogen leading to gastric adenocarcinoma
by the World Health Organization[5]. H. pylori-induced chronic inflammation plays a direct role in the
induction of aberrant DNA methylation. The methylation level in an H. pylori-positive group was 2.5-
34.1 times higher than a negative group. H. pylori eradication leads to a decrease in DNA methylation
levels[6,7].

A promising method to reverse the progression of GC is effective demethylation treatment. The
passive demethylation agents (5-azacytidine/decitabine), which relies on DNA methyltransferase, are
not effective in the treatment of solid tumors and have serious side effects. A newly proposed classical
active demethylation process involves oxidizing 5-methylcytosine to 5-hydroxymethylcytosine (5-hmC)
and further downstream products by the ten-eleven translocation (TET) family. The median product, 5-
hmC, is considered an activating epigenetic marker, and it plays complex roles in gene regulation of
tumorigenesis[8-10]. Significant reductions in 5-hmC levels have been found in hematological
malignancies, such as breast cancer, colon cancer, prostate cancer and melanoma. A few small size
studies analyzed the association between 5-hmC levels and GC, but the evidence is still lacking[11,12],
especially for the H. pylori-induced GC.

In the current study, we explored the level of 5-hmC and H. pylori infection in a relatively large scale
GC patient cohort to assess the association between 5-hmC level and the malignant progression of the
tumor and the overall survival of GC patients with different H. pylori infection status.

MATERIALS AND METHODS

Ethics statement
This study was approved by the Institutional Review Board of the First Hospital of Jilin University. All
participants provided written informed consent prior to joining the study.
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Study population

A total of 158 patients with histologically diagnosed GC who underwent radical gastrectomy at the
Department of Gastric and Colorectal Surgery in the First Hospital of Jilin University (Changchun,
China) during 2007 to 2017 were recruited in this cohort study. For each patient, 5 mL of peripheral
blood before surgery and 0.5 cm?® of tumor tissue were collected. Among the patients, 38 specimens of
0.5 cm®adjacent tissue were collected during the operation. All patients did not undergo chemotherapy
or radiotherapy before surgery. Demographic information (sex, age) and principal clinical pathological
information (histological grade, TNM stage, tumor size, neural invasion, vascular invasion, efc.) were
collected. The tumor histological grade was evaluated by the World Health Organization criteria. TNM
stages were classified according to the 8" edition of the TNM staging system of the Union for Interna-
tional Cancer Control/ American Joint Committee on Cancer (2017). Patients with the following
conditions were excluded from this study: (1) Patients with distant metastasis or a positive surgical
margin; (2) Patients who died due to complications of the surgical procedure during the perioperative
period; and (3) Patients who were lost at the first time of interview.

Follow-up

Follow-up for all patients was implemented at 3 mo, 6 mo, 12 mo and annually afterwards until death or
the end of the follow-up. Information on general status and postoperative chemotherapy were collected
during each follow-up. If the patients had died, the date of death and potential cause were recorded.
The duration from the date of surgery to the date of death or the last successful interview date was
defined as the survival time. If the patient was lost to follow-up, survival time was defined as the
duration from the date of surgery to the date of the last successful interview.

5-hmC quantification and test for H. pylori infection

The genomic DNA from primary tumors and paired noncancerous mucosa tissues were extracted using
a QIAamp DNA Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer’s instructions. The
5-hmC content of genomic DNA was determined with a Quest 5-hmC DNA enzyme-linked
immunosorbent assay (ELISA) Kit (Zymo Research, Irvine, CA, United States) according to the
manufacturer’s instructions. Assays were performed using 4 pg/mL anti-5-hmC polyclonal antibodies,
loading 200 ng of DNA per well. Absorbance at 405 nm was evaluated using a SynergyH1 microplate
reader and Gen5 software (BioTek, Winooski, VT, United States). The amount of 5-hmC was calculated
as a percentage based on a standard curve generated using kit controls and the median value was used
as the cutoff of 5-hmC level category. Values above the median value were considered to be the 5-hmC
high group (= 0.106%), and those below the median value were considered the 5-hmC low group (<
0.106%).

A commercial ELISA kit for H. pylori immunoglobulin G (Biohit, Helsinki, Finland) was used to detect
the serum H. pylori immunoglobulin G antibodies. The antibody titers were quantified by optical
density readings according to the manufacturer’s protocol, and titers higher than the threshold value of
30 EIU were considered as positive for H. pylori infection.

Statistical analysis

Continuous variables that followed a normal distribution were shown as the mean * standard deviation.
Independent samples were compared by two-sample t-test, and matched-paired samples were
compared by paired f-test. Categorical variables were presented as frequencies with percentages and
were compared with the y? test or Fisher’s exact test when appropriate.

Survival curves within each stratification of variables were plotted by the Kaplan-Meier method and
compared by log-rank test. The forward stepwise multivariate Cox proportional hazard model was used
to evaluate the prognostic role of clinical characteristics and 5-hmC level. Hazard ratios (HRs) with their
95% confidence intervals (Cis) were calculated. All analyses were conducted with the SPSS program
(version 21.0; IBM Corp., Armonk, NY, United States) or GraphPad Prism 5.0 (La Jolla, CA, United
States). A two-tailed P value < 0.05 indicated statistical significance.

RESULTS

In the present study, 144 GC patients were involved for the final prognostic analysis and were followed
up until August 2021. The median survival time was 73.59 mo. During the follow-up period, 75 (52.1%)
patients died, 68 (47.2%) patients remained alive, and 1 (0.7%) patient was lost to follow-up (Figure 1).

Among the 38 paired tissues, the 5-hmC levels were significantly reduced in tumor tissues (0.076 +
0.048) compared with the matched control tissues (0.110 + 0.057, P = 0.001) (Figure 2A).

Among the 144 subjects, there were 99 (68.7%) males, and the median age was 62.82 (range 39-90)
years old. The mean 5-hmC level of the 144 GC patients was 0.104 + 0.062. We investigated possible
correlations between 5-hmC levels and general demographic characteristics/routine clinicopathological
parameters in the GC patients. The TNM stages (P = 0.012), neural invasion (P = 0.008), age (P = 0.008)
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Figure 1 Flow chart of the subjects enrolled. GC: Gastric cancer; H. pylori: Helicobacter pylori.
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Figure 2 5-hydroxymethylcytosine level measurement compared between tumor vs control tissues and Helicobacter pylori-negative vs
positive subgroups. A: Tumor vs control tissues; B: Helicobacter pylori -negative vs positive subgroups. 5-hmC: 5-hydroxymethylcytosine.

and H. pylori infection (P = 0.049) were associated with 5-hmC level. Details were shown in Table 1.

For the 144 GC patients, the results of H. pylori infection examination showed that 89 (61.8%) subjects
were positive and 55 (38.2%) subjects were negative. We compared the 5-hmC level between H. pylori-
positive infection and H. pylori-negative infection groups. It showed that the 5-hmC level was reduced
in the H. pylori-positive group, but the P value was at the boundary of significance (P = 0.067, Figure 2B).

We further investigated the association between 5-hmC level and characteristics stratified by H. pylori
infection status. We found that 5-hmC levels were higher in patients aged more than 60 years (P =
0.009), with neural invasion positive (P = 0.002), with low histological grade (P = 0.042) or with later
TNM stage (P = 0.012) in the H. pylori-positive subset, but no significant associations were observed in
the H. pylori-negative subset except sex (Table 2).

Overall survival analyses were performed in total patients and patient stratification by H. pylori
infection status or TNM stage. The results of the Kaplan-Meier analysis showed that the 5-hmC level
was not associated with overall survival in total patients or H. pylori-negative or positive groups (log
rank P values were 0.406, 0.094 and 0.763, respectively, Figure 3A-C). Furthermore, the ShmC high level
was associated with longer overall survival time compared with the 5hmC low group in the TNM stage
I and II subgroup, and log rank test showed the survival curves were significantly different (log rank P
= 0.037, Figure 3D), but the association was not significant in the TNM stage IIl subgroup (log rank P =
0.547, Figure 3E).

In the full patient set, 5-hmC high level was a significant favorable predictor of overall survival in
multivariate Cox regression analysis (HR = 0.61, 95%CI: 0.38-0.98, P = 0.040) after adjustment for tumor
size, histological grade and TNM stage (Table 3).
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Table 1 5-hydroxymethylcytosine levels between different characteristics, n = 144

Characteristics Total, n (%) 5-hmC low, n (%) 5-hmC high, n (%) P value
Sex

Male 45 (31.3) 17 (24.3) 28 (37.8) 0.079
Female 99 (68.7) 53 (75.7) 46 (62.2)

Agein yr

<60 56 (38.9) 35 (50.0) 21 (28.4) 0.008
> 60 88 (61.1) 35 (50.0) 53 (71.6)

Histological grade

Low 106 (73.6) 47 (67.1) 59 (79.7) 0.087
High 38 (26.4) 23 (32.9) 15 (20.3)

WHO Classification

Tubular adenocarcinoma 115 (79.9) 55 (78.6) 60 (81.1) 0.707
Others 29 (20.1) 15 (21.4) 14 (18.9)

Tumor size in cm

<5 62 (43.1) 32 (45.7) 30 (40.5) 0.531
25 82 (56.9) 38 (54.3) 44 (59.5)

Vascular invasion

Negative 39 (27.1) 23 (32.9) 16 (21.6) 0.129
Positive 105 (72.9) 47 (67.1) 58 (78.4)

Neural invasion

Negative 64 (44.4) 39 (55.7) 25 (33.8) 0.008
Positive 80 (55.6) 31 (44.3) 49 (66.2)

Depth of invasion

T1/T2 54 (37.5) 30 (42.9) 24 (32.4) 0.197
T3/T4 90 (62.5) 40 (57.1) 50 (67.6)

Lymph metastasis

NO 41 (28.5) 24 (34.3) 17 (23.0) 0.133
N1/N2/N3 103 (71.5) 46 (65.7) 57 (77.0)

TNM stage

[+11 73 (50.7) 43 (61.4) 30 (40.5) 0.012
il 71 (49.3) 27 (38.6) 44 (59.5)

Chemotherapy

No 75 (52.1) 33 (47.1) 42 (56.8) 0.248
Yes 69 (47.9) 37 (52.9) 32(43.2)

H. pylori

Negative 55 (38.2) 21 (30.0) 34 (45.9) 0.049
Positive 89 (61.8) 49 (70.0) 40 (54.1)

5-hmC: 5-hydroxymethylcytosine; H. pylori: Helicobacter pylori; WHO: World Health Organization.

Multivariate Cox regression analysis for overall survival was also performed in GC patients stratified
by H. pylori infection status or TNM stage. In the H. pylori-negative GC subgroup, increased 5-hmC level
was a favorable prognostic factor in the multivariate Cox regression analysis (HR = 0.30, 95%CI: 0.13-
0.68, P = 0.004) (Table 4), which indicated that higher 5-hmC level was an independent significant
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Table 2 5-hydroxymethylcytosine level stratified by different characteristics according to Helicobacter pylori infection condition

H. pylori (-), n = 55 H. pylori (+), n =89
Characteristics

5-hmC high, n (%) Pvalue 5-hmC high, n (%) Pvalue
Sex
Male 18 (50.0) 0.013 28 (44.4) 0.883
Female 16 (84.2) 12 (46.2)
Agein yr
<60 10 (55.6) 0.505 11 (28.9) 0.009
260 24 (64.9) 29 (56.9)
Histological grade
High 10 (55.6) 0.505 5(25.0) 0.042
Low 24 (64.9) 35 (50.7)
WHO classification
Tubular adenocarcinoma 31 (60.8) 1! 29 (45.3) 0.911
Others 3 (75.0) 11 (44.0)
Tumor size in cm
<5 13 (61.9) 0.992 17 (41.5) 0.542
25 21 (61.8) 23 (47.9)
Vascular invasion
Negative 10 (52.6) 0.308 6 (30.0) 0.127
Positive 24 (66.7) 34 (49.3)
Neural invasion
Negative 16 (57.1) 0.467 9 (25.0) 0.002
Positive 18 (66.7) 31 (58.5)
Depth of invasion
T1/T2 12 (50.0) 0.112 12 (40.0) 0.504
T3/T4 22 (71.0) 28 (47.5)
Lymph metastasis
NO 9 (50.0) 0.208 8 (34.8) 0.255
N1/N2/N3 25 (67.6) 32 (48.5)
TNM stage
I+1I 17 (54.8) 0.226 13 (31.0) 0.012
1 17 (70.8) 27 (57.4)
Chemotherapy
No 19 (61.3) 0.927 23 (52.3) 0.169
Yes 15 (62.5) 17 (37.8)

1P value of Fisher’ exact test. 5-hmC: 5-hydroxymethylcytosine; H. pylori: Helicobacter pylori; WHO: World Health Organization.

protective factor of overall survival time in patients without H. pylori infection. However, within the H.
pylori-positive group, we did not observe any significant association between 5-hmC level and GC
patient prognosis.

Among patients with TNM stage I or II, increased 5-hmC level was associated with favorable
prognosis after adjustment for sex in the multivariate Cox regression analysis (HR = 0.32, 95%CI: 0.13-
0.77, P = 0.011). However, no significant association was observed between 5-hmC level and the
prognosis in patients with TNM stage III (Table 5).

Guiekidenge WIGO | https://www.wjgnet.com 1300 July 15,2022 | Volume14 | Issue7 |



Fu YL et al. 5-hydroxymethylcytosine and gastric cancer

Table 3 Multivariate analyses of risk factors affecting overall survival in total patients, n = 144

Characteristics HR (95%Cl) Pvalue

Tumor size in cm <5 1 0.027
25 1.78 (1.07-2.95)

Histological grade High 1 0.011
Low 2.25 (1.21-4.18)

TNM stage I+1I 1 <0.001
1 2.84 (1.72-4.70)

5-hmC Low 1 0.040
High 0.61 (0.38-0.98)

5-hmC: 5-hydroxymethylcytosine; CI: Confidence interval; HR: Hazard ratio.

Table 4 Multivariate analysis of risk factors affecting overall survival in the Helicobacter pylori-negative subgroup, n = 55

Characteristics HR (95%Cl) P value

Neural invasion Negative 1 <0.001
Positive 5.45 (2.28-13.07)

Tumor size in cm <5 1 0.031
>5 2.63 (1.09-6.32)

5-hmC Low 1 0.004
High 0.30 (0.13-0.68)

5-hmC: 5-hydroxymethylcytosine; CI: Confidence interval; HR: Hazard ratio.

Table 5 Multivariate analyses of risk factors affecting overall survival in the TNM stage | + Il subgroup, n=73

Characteristics HR (95%Cl) P value

Sex Female 1 0.047
Male 0.43 (0.19-0.99)

5-hmC Low 1 0.011
High 0.32 (0.13-0.77)

5-hmC: 5-hydroxymethylcytosine; CI: Confidence interval; HR: Hazard ratio.

JBaishideng®

DISCUSSION

Long-time H. pylori infection leads to chronic inflammation and further aberrant DNA methylation,
which plays an important role in tumorigenesis of GC. The global prevalence of H. pylori reported by a
meta-analysis across individual countries varied from 18.9% to 87.7%, and the prevalence in China was
55.8% (95%CI: 51.8%-59.9%)[13]. Among our 144 GC patients, 89 (61.8%) patients were defined as H.
pylori-positive by ELISA. The infection rate was slightly higher than the prevalence in the general
Chinese population but was similar to the previously reported prevalence in GC patients[14,15],
indicating that our study cohort was representative.

DNA methylation/hydroxymethylation is one of the most widely studied epigenetic modifications
and has been shown to play significant roles in tumorigenesis and prognosis[16]. Previous studies have
shown that aberrant DN A methylation is a common event and a strong candidate mechanism for early
nongenetic alterations in GC[17]. Nevertheless, the reports of DNA hydroxymethylation and GC are
limited to several small studies.
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Figure 3 Kaplan-Meier estimates of overall survival in gastric cancer patients. A: Total gastric cancer (GC) patients; B: GC patients with negative
Helicobacter pylori (H. pylori) infection; C: GC patients with positive H. pylori infection; D: GC patients with I or II TNM stage; E: GC patients with III TNM stage. 5-
hmC: 5-hydroxymethylation.

We estimated the 5-hmC level with an absolutely quantitative method ELISA, which is more objective
than the semi-quantitative evaluation system of immunohistochemistry. The results showed that the 5-
hmC level was downregulated in GC tissues compared with matched control tissues, which revealed
that it was associated with the occurrence of GC and is consistent with previous reports[18]. Although
some evidence has emerged about the potential progression and prognostic implications of 5-hmC level
in GC[12], very few studies have evaluated the association stratified by H. pylori infection status. The
present study was performed on a well-characterized cohort to simultaneously evaluate the level of 5-
hmC in GC patients and subsets stratified by H. pylori infection to assess the association between 5-hmC
levels and the susceptibility or prognosis of GC in order to provide more evidence for the effect of H.
pylori-infection DNA hydroxymethylation on GC.

The 5-hmC level was slightly decreased in the H. pylori-positive subset compared to the H. pylori-
negative group in our study. It is hypothesized that H. pylori infection affects TET1 expression in normal
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gastric epithelial cells and reduces the genome hydroxymethylation level[19]. Interestingly, higher
global 5-hmC levels were associated with GC progression in the H. pylori-positive subset. A similar
phenomenon was reported that the 5-hmC level in ERG- prostate cancer patients was lower than ERG+
patients, but a higher 5hmC level was associated with tumor progression in ERG- prostate cancer
patients[20]. This could be explained by cells responding to hypoxia inducing a transcriptional program
regulated by the TET family. Hypoxia together with reactive oxygen species increase global 5-hmC
levels by transcriptional activation of TET1[21,22]. H. pylori infection induced the expression of hypoxia-
inducible factor[23], which is required for hypoxic induction of TET1 and global increase of 5-hmC. The
proliferation rate of H. pylori under aerobic conditions was 3-fold higher than under microaerophilic
conditions, and the bacterial growth was more dependent on carbon dioxide than on oxygen[24].

This interesting phenomenon and potential mechanism suggested to us that the 5-hmC level changed
due to H. pylori infection and was not simply one direction but complicated. Therefore, it was essential
to assess the association between 5-hmC and the prognosis of GC patients in negative or positive H.
pylori infection. Our results first showed that reduced 5-hmC was associated with poor prognosis in all
GC patients, which was consistent with previous studies[11,12]. Furthermore, in H. pylori-negative GC
patients, the 5-hmC level was a significant predictor of prognosis, independent of routine clinicopatho-
logical factors. But in contrast, 5-hmC had no prediction value of prognosis in H. pylori-positive GC
patients. These results highlight the importance of H. pylori stratification in GC biomarker studies.
Similarly to our results, the study conducted in prostate cancer patients also showed that the prognostic
predictor value of 5-hmC was discrepant in ERG- and ERG+ prostate cancer patients[20]. Together with
our results, it supports potential prognostic implications of 5-hmC as cancer subtype-specific.

In this study, the association between 5-hmC level and the prognosis of GC patients was not
significant in the Kaplan-Meier analysis, which could not be adjusted for potential confounders.
However, it showed significant association in the multivariate Cox regression after the confounders
such as TNM stage were adjusted. This indicated that the clinical characteristics such as TNM stage
(which is strongly associated with the prognosis of GC patients) confused the relationship between 5-
hmC level and the prognosis. This conclusion was further supported by the Cox regression results of
TNM stage stratified analysis.

Several limitations should be mentioned of the present study. First, our study was based at a single
center. The prognostic value of 5-hmC in H. pylori-negative but not positive GC patients’ needs to be
validated in larger and multicenter GC patient cohorts. Another limitation of our study is the lack of
data of 5-methylcytosine and enzymes related to 5-hmC regulation for our sample set. Thus, we have
not investigated the correlation between them, which should be investigated in future studies.

CONCLUSION

5-hmC level was a significant predictor of the prognosis of GC patients without H. pylori infection,
independent of routine clinicopathological factors.

ARTICLE HIGHLIGHTS

Research background

Most gastric cancer (GC) patients are diagnosed at middle or late stage because the symptoms in early
stage are obscure, which causes higher mortality rates of GC. Analyses show that aberrant DNA
methylation is highly correlated with GC risk. Helicobacter pylori (H. pylori) was identified as a class I
carcinogen leading to gastric adenocarcinoma, and H. pylori-induced chronic inflammation plays a
direct role in the induction of aberrant DNA methylation. The median demethylation product 5-
hydroxymethylcytosine (5-hmC) is considered as an activating epigenetic marker, and it plays complex
roles in gene regulation of tumorigenesis.

Research motivation
A few small studies analyzed the association between 5-hmC levels and GC, but the evidence is lacking,
especially for H. pylori-induced GC.

Research objectives
Exploring the association between 5-hmC level and the progression and prognosis of GC patients with
or without H. pylori infection.

Research methods
This was a retrospective cohort study to estimate the predicted value of 5-hmC level in the progression
and prognosis of GC patients with different H. pylori infection status.
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Research results

A high level of 5-hmC was an independent significant favorable predictor of overall survival in the
entire GC patient cohort (hazard ratio = 0.61, 95% confidence interval: 0.38-0.98, P = 0.040), the H. pylori-
negative GC subgroup (hazard ratio = 0.30, 95% confidence interval: 0.13-0.68, P = 0.004) and GC
patients with early TNM stage (hazard ratio = 0.32, 95% confidence interval: 0.13-0.77, P = 0.011).

Research conclusions
5-hmC level was a significant predictor of the prognosis of GC patients without H. pylori infection.

Research perspectives
A large-scale GC patient cohort to assess the association between the level of 5-hmC and the prognosis
of GC patients, especially for different H. pylori infection status, should be conducted.
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Abstract

BACKGROUND

Perioperative fluorouracil plus leucovorin, oxaliplatin, and docetaxel (FLOT) improves prognosis
in locally advanced gastric cancer (LAGC). Neutrophil-to-lymphocyte (NLR), lymphocyte-to-
monocyte (LMR), and platelet-to-lymphocyte (PLR) ratios are prognostic biomarkers but not
predictive factors.

AIM
To assess blood ratios’” (NLR, LMR and PLR) potential predictive response to FLOT and survival
outcomes in resectable LAGC patients.

METHODS

This was a multicentric retrospective study investigating the clinical potential of NLR, LMR, and
PLR in resectable LAGC patients, treated with at least one preoperative FLOT cycle, from 12
Portuguese hospitals. Means were compared through non-parametric Mann-Whitney tests.
Receiver operating characteristic curve analysis defined the cut-off values as: High PLR > 141 for
progression and > 144 for mortality; high LMR > 3.56 for T stage regression (TSR). Poisson and
Cox regression models the calculated relative risks/hazard ratios, using NLR, pathologic complete
response, TSR, and tumor regression grade (TRG) as independent variables, and overall survival
(OS) as the dependent variable.

RESULTS

This study included 295 patients (mean age, 63.7 years; 59.7% males). NLR was correlated with
survival time (r = 0.143, P = 0.014). PLR was associated with systemic progression during FLOT (P
= 0.022) and mortality (P = 0.013), with high PLR patients having a 2.2-times higher risk of
progression [95% confidence interval (CI): 0.89-5.26] and 1.5-times higher risk of mortality (95%Cl:
0.92-2.55). LMR was associated with TSR, and high LMR patients had a 1.4-times higher risk of
achieving TSR (95%CI: 1.01-1.99). OS benefit was found with TSR (P = 0.015) and partial/complete
TRG (P < 0.001). Patients without TSR and with no evidence of pathological response had 2.1-
times (95%Cl: 1.14-3.96) and 2.8-times (95%ClI: 1.6-5) higher risk of death.

CONCLUSION

Higher NLR is correlated with longer survival time. High LMR patients have a higher risk of
decreasing T stage, whereas high PLR patients have higher odds of progressing under FLOT and
dying. Patients with TSR and a pathological response have better OS and lower risk of dying.

Key Words: Gastric cancer; Perioperative fluorouracil plus leucovorin, oxaliplatin, and docetaxel,
Neutrophil-to-lymphocyte; Lymphocyte-to-monocyte; Platelet-to-lymphocyte; Tumor regression grade

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Fluorouracil plus leucovorin, oxaliplatin, and docetaxel (FLOT) perioperative regimen has
become the standard of care for resectable locally advanced gastric cancer, but there is a need for
prognostic and predictive biomarkers. Neutrophil-to-lymphocyte (NLR), lymphocyte-to-monocyte (LMR),
and platelet-to-lymphocyte (PLR) ratios are useful in solid tumors. We performed exploratory analyses
regarding pathological response prediction and survival outcomes. NLR is weakly correlated with overall
survival, high LMR patients have higher risk of T stage regression, high PLR patients have higher odds of
progressing under FLOT and higher risk of mortality, and patients without T stage or pathological
regression have higher risk of dying.
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INTRODUCTION

Locally advanced gastric cancer (LAGC) are common gastrointestinal malignancies and are the third
leading cause of cancer-related mortality worldwide[1]. Patients with stage IIC and IV gastric cancer
have 5-year survival rates of 20.2% and 8.8%, respectively, with most patients diagnosed in the
advanced stage due to the absence of signs and symptoms in early-stage disease[2]. Recent
developments in chemotherapy (CT) have improved prognosis, even in patients with advanced gastric
cancer. There has been a focus on neoadjuvant CT and, despite lacking prognostic and treatment
response biomarkers, fluorouracil plus leucovorin, oxaliplatin, and docetaxel (FLOT) perioperative CT
has led to improved prognosis in patients with LAGC[3-6]. Available evidence suggests that a favorable
histopathological response to treatment may be a useful positive predictive marker in LAGC.
Nonetheless, tumor response and prognosis are still difficult to predict before treatment initiation,
making potential biomarkers crucial to predict patient prognosis and individualize treatment and
follow-up. Many serum biomarkers for early and advanced gastric cancer have been reported:
Carcinoembryonic antigen is a frequently used biomarker, as well as carbohydrate antigen 19-9 (CA 19-
9), CA 72-4, CA 125, and alpha-fetoprotein, which are also helpful for prognosis and monitoring gastric
cancer recurrence[7-9]. However, these biomarkers do not predict responses and survival outcomes
because of their limited specificity and sensitivity in LAGC. Although many other serum biomarkers are
under investigation (e.g., small noncoding microRNAs; fibroblast growth factor 2 amplification; e-
cadherin, phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit alpha, and phosphatase and
tensin homolog mutations; mesenchymal epithelial transition gene amplification/overexpression; tumor
protein p53 mutation; microsatellite instability), their cost-effectiveness ratio is also high, making them
expensive to routinely use in clinical practice[10]. Recently, there has been an effort to validate blood
ratios [neutrophil-to-lymphocyte (NLR), lymphocyte-to-monocyte (LMR), and platelet-to-lymphocyte
(PLR)] as possible biomarkers, as they are routinely analyzed, cheap, and have known pathophy-
siological mechanisms associated with cancer development. Inflammation impacts carcinogenesis
including tumor initiation, promotion, and metastization of solid and hematological malignancies.
Blood immune and inflammatory cells (neutrophils, lymphocytes, platelets, and monocytes), as well as
cytokines, play important roles in the tumor microenvironment, invasion, and metastization and are
potential biomarkers worth being explored in the context of LAGC[11-14].

Lymphocytes seem to reflect the systemic inflammatory status, and some parameters using these cells
predict survival outcomes in cancer patients[15-19]. With lymphocytes playing an important role in
cancer immune monitoring and prevention, it appears that a pro-inflammatory microenvironment leads
to impaired T-cell responses, mediated by cytokines, compromising cell-mediated immunity[20].
Depending on the inflammatory cytokine mediating the environment, neutrophils may exert either
antitumoral or protumoral activities[21]. Under acute inflammatory stimulus, activated neutrophils can
undertake antitumoral activity, while under chronic inflammation, these neutrophiles can induce a
tumor growth and metastization process. Cytokines such as interleukin-6, which is elevated in gastric
cancer patients, can induce protumoral neutrophil activity[22]. This behavior might explain why there is
a correlation between neutrophil count and prognosis. The effects of inflammatory responses mediated
by cytokines also influence tumor-associated monocytes, another main regulator of cancer inflam-
mation. Tumor cells induce monocyte differentiation into tumor-associated macrophages, weakening
antitumor immune responses and stimulating migration and metastatic spread[23-26]. Peripheral
monocyte serum levels are negatively associated with prognosis in different cancer types[27-29].

NLR, LMR, and PLR are inflammatory biomarkers that are independent prognostic factors of survival
in several solid tumors, as their assessment is inexpensive[30,31]. Preoperative assessment of the NLR
has the clinical potential to predict tumor progression and prognosis in patients with resectable gastric
cancer and esophageal squamous cell carcinoma[32,33]. In recent studies, high PLR has been associated
with tumor aggressiveness in patients with several malignancies, as well as poor overall survival (OS)
and disease-free survival (DFS)[34-38]. Combined NLR and PLR also predicts CT response and
prognosis in patients with advanced gastric cancer[39]. Lower LMR is independently associated with
worse OS of several malignancies in the advanced setting and more aggressive tumor behavior[40-42].
However, NLR, LMR, and PLR as predictors of response to CT have not been assessed in patients with
resectable LAGC cancer.
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Tumor regression grade (TRG) is a system used to evaluate residual tumor in patients administered
preoperative therapies. TRG focuses on the quantity rather than location of the tumor, providing
information on the response to therapies and predicting prognosis[43]. There are many different
grading systems without global consensus[44-47]. Among various scores, the College of American
Pathology (CAP) TRG score system, based on the relative amount between fibrosis and residual tumor,
is widely applied in gastrointestinal cancers[48]. Some studies have suggested that patients with a lower
TRG score (1-2 or 1-3) have better survival than those with a higher TRG score (3-5 or 4-5)[44,49,50].
Based on the MAGIC trial, Smyth et al[51] found that patients in the TRG 3-5 and node-positive group
had worse OS than others, whereas patients with TRG 1-2 and node-negative had better OS.

This goal of this exploratory study was to assess NLR, LMR, and PLR as potential biomarkers for
predicting response and survival outcomes in resectable LAGC patients, determined before
preoperative CT. To the best of our knowledge, this is the first study to analyze the clinical potential of
these ratios in a Portuguese population in a preoperative setting.

MATERIALS AND METHODS
Study design

This was a multicentric retrospective study including 295 patients from 12 Portuguese oncological
centers, diagnosed with resectable LAGC [histologically confirmed advanced clinical stage cT2 or
higher, or nodal-positive stage (cN+), or both], who underwent curative intent surgery after at least one
preoperative FLOT (preFLOT) cycle, since its initial use in institutions until December 31, 2020. Data
collection ended in April 2021, with a minimum follow-up time of 1 mo after surgery.

Participant oncological centers by region were as follows: South & Centre Region - Hospital Professor
Doutor Fernando Fonseca, Centro Hospitalar Barreiro-Montijo, Centro Hospitalar Lisboa Ocidental,
Centro Hospitalar Lisboa Central, Hospital da Luz de Lisboa, Hospital Beatriz Angelo, Hospital Garcia
de Orta, Hospital Distrital de Santarém, Hospital do Espirito Santo de Evora, Centro Hospitalar
Universitario do Algarve; North Region - Centro Hospitalar de Tras-Os-Montes e Alto Douro, and
Hospital da Senhora da Oliveira de Guimaraes. The exclusion criteria were: Age < 18 years,
synchronous or metachronous cancer in other organs, and absence of detailed therapeutic information
and unknown laboratory values for NLR, LMR, or PLR.

Variables

The database included demographic, histological, clinical, surgical, and pathological variables.
Regarding age, patients were divided into elder (= 75 years) and non-elder (< 75 years) groups. This
division was made due to the growing aging society in western countries, where frailty risk increases
above 75 years of age[52]. Neutrophils, lymphocytes, monocytes, and platelets were considered absolute
cell counts, based on the last blood sample drawn prior to initiation of preFLOT. NLR was determined
by dividing neutrophil absolute count by lymphocyte absolute count, LMR was determined by dividing
lymphocyte absolute count by monocyte absolute count, and PLR was determined by dividing platelet
absolute count by lymphocyte absolute count[15-20]. Histological diagnosis and grade were considered,
as well as tumor site and tumor-node-metastasis (TNM) stage, which was evaluated according to the 8*
edition of the American Joint Committee on Cancer staging manual. Patients were staged before the
initiation of preoperative therapy. All patients were clinically staged with thorax, abdomen, and pelvic
computerized tomography scans; upper endoscopic ultrasound was not requested for additional
staging, but if the information was available, it was considered for local staging. Patients were
submitted to exploratory laparoscopy for staging purposes, where they were considered for local
staging and exclusion of macroscopic peritoneal metastization. Surgical variables included type of
resection, type of lymphadenectomy, and margins. Regarding systemic treatment, number of cycles,
toxicity, and time until surgery were considered. Pathological tumor response was assessed considering
TRG. As previously stated, several grade scoring systems are used, with CAP score being the most used
in the participating institutions. To standardize the analysis, we simplified the scores into three
categories: Complete tumor regression (pathological complete response), partial/incomplete tumor
regression (pathological partial/incomplete response), and no evidence of regression (absence of
pathological response). Complete tumor regression was also considered a pathological complete
response (pCR). Clinical responses were compared to pathological response obtained with surgery, and
tumor downstaging was considered comparing clinical and pathological staging, as at least one of the
following: T stage reduction and/or N stage reduction (downstaging). Patients with maintenance or
increase in either T or N were considered as not having downstaged. Patients” period of survival was
considered as time since histological diagnosis until death or last time seen alive, in months.

Statistical analyses

Data are represented as the relative and absolute frequencies, central tendency measures, and
dispersion. Means regarding all ratios were compared using f-tests, and in case of non-normality
through non-parametric Mann-Whitney tests, specifically for sex, age group (< 75 years vs 2 75 years),
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preFLOT suspension, progression under preFLOT, tumor downstaging, T and N regression, TRG, OS
and mortality. Analysis of receiver operating characteristics (ROC) curve defined a cut-off value for
group stratification, to facilitate patient stratification in the clinical practice. The areas under the curves
were calculated to evaluate the predictive abilities of PLR to discriminate patients’ progressive systemic
disease and mortality and of LMR to discriminate patients with T downstaging. High PLR was defined
as > 141 for progression and > 144 for mortality; high LMR was defined as > 3.56 for T stage regression
(TSR). Relative risk was calculated using Poisson regression, with the progression under preFLOT,
mortality and TSR the dependent variables and PLR and LMR groups the independent variables.
Pearson’s correlation coefficient was used to assess the association between NLR and OS. Kaplan-Meier
estimator was used to compare survival curves considering several variables (pCR, TSR, and TRG) and
log-rank tests were used to assess statistical significance. Cox regression was used to calculate hazard
ratios, with NLR, pCR, TSR, and TRG being the independent variables, and OS the dependent variable.
Significance level was established at 0.05. All statistical analyses were performed using SPSS software
(version 26.0; IBM Corp. Released 2019. IBM SPSS Statistics for Windows; Armonk, NY, United states).
This retrospective observational study was approved on May 19, 2021 by the Ethics Committee of
Hospital Professor Doutor Fernando Fonseca (Approval No. 045/2021).

RESULTS

Patients” demographics are described in Table 1. Two-hundred and ninety-five patients were included,
with a mean age of 63.7 years (range: 31-84 years), and 59.7% males (n = 176). Mostly adenocarcinomas
(98.3%), while only 3 patients had non-specified carcinoma and 1 patient had squamous cell carcinoma.
Poorly differentiated histology was identified in 40.9% (n = 121), while 25.3% (n = 75) were moderately
differentiated and 8.8% (n = 26) well differentiated. Regarding Lauren classification, 51.4% (n = 152)
were intestinal or mixed subtypes and 20.6% (1 = 61) were diffuse subtype. Most were located in the
stomach (n = 272; body: 47%; antrum: 33.8%; cardia: 11.1%), 6.8% (n = 20) in the gastroesophageal
junction and only 1% (n = 3) in the lower esophagus. Peritoneal lavage cytology was performed, prior to
therapy initiation, in 253 patients (85.8%), with 42 missing data; of these, 6 patients had a suspicious
cytology for neoplastic cells and 3 patients had a positive cytology, but all were considered for surgery
in the absence of macroscopic peritoneal metastasis.

Among the 295 patients, the descriptive analysis revealed: Absolute neutrophile counts ranged from
1170 to 21290, with a mean * SD of 6103 * 3354; absolute lymphocyte count ranged from 200 to 9110,
with a mean + SD of 1890 + 1014; absolute monocytes count ranged from 600 to 4440, with a mean + SD
of 585 + 407; and absolute platelets count ranged from 25600 to 658000, with a mean + SD of 268658 +
92373. NLR ranged from 0.48 to 99.5 and mean + SD was 4.66 + 7.1; LMR ranged from 0.33 to 143.33 and
mean + SD was 5.29 £ 9.2; and PLR ranged from 15.79 to 1260 and mean + SD was 182.91 + 148.19.

Median number of preFLOT cycles was 4 (range: 1-12). Suspension of treatment due to toxicity
occurred in 22 patients (7.5%). Twenty-four patients (8.1%) progressed systemically under preFLOT.
Median waiting time to surgery was 12 wk (range: 6-33). Regarding patients with curative intent (n =
271, 8 missing data): Total gastrectomy was performed in 49% of patients (n = 129), while 46% (n = 121)
had subtotal gastrectomy, 4.1% (n = 11) had Ivory-Lewis esophagectomy and 0.8% (n = 2) had distal
gastrectomy; complete standard lymphadenectomies were performed in 96% (D2: 85.4%, n = 193; D1+:
10.6%, n = 24), with 45 missing data; RO resection was achieved in 91.9% patients (n = 249), with 9
missing data. TSR occurred in 46.5% (n = 126; 17 missing data), and N stage regression occurred in
57.6% (n =156; 9 missing data). Tumor downstaging (TD) defined as TSR and/or N stage regression in
comparison of imagiological/clinical vs pathological staging, was observed in 61% patients (n = 161),
while 39% didn’t respond (1 = 53) or progressed (n = 50), with 7 missing data.

Of the 239 surgical specimens evaluated for TRG, using our standardized classification, 46.4% (n =
111) showed partial/incomplete response, 33.5% (1 = 80) no response, and 20.1% (n = 48) pCR. Mean OS
of general population was 35.1 + 1.2 mo, with a mean follow-up time of 19.4 + 0.7 mo. At the end of
study time, 233 patients (79%) were alive.

NLR, LMR, and PLR analyses

A statistically significant association between NLR and age group (< 75 years vs 2 75 years) and sex was
not found. However, the difference in means was considerable for both variables (NLR mean in male
patients = 4.18 vs female patients = 5.37, P = 0.073; mean in patients > 75 years = 4.21 vs patients < 75
years = 4.72, P = 0.37) in Table 2. No association was found between NLR and early suspension of
treatment due to toxicity. However, difference in means was clinically significant (NLR mean in patients
with suspension = 5.32 vs without suspension = 4.61; P = 0.336). Although TD was not associated with
any ratio, difference in means regarding NLR was considerable (mean in patients with TD = 4.93 vs
without TD = 3.57; P = 0.081). NLR was not associated with T or N stage regression, although difference
in means was considerable regarding N stage regression (NLR mean in patients with N regression =
5.02 vs without N regression = 4.06; P = 0.119).
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Table 1 Patients’ demographics

All, n =295
Age at diagnosis in yr, mean (min-max) 63.7 (31-84)
Male, 1 (%) 176 (59.7%)
Primary tumor site, n (%)
Stomach
Body 139 (47.1%)
Antrum 100 (33.9%)
Cardia 33 (11.2%)

Lower esophagus

Gastroesophageal junction

Lauren classification’, n (%)

Diffuse

Intestinal or mixed

NOS

Differentiation degree’, 1 (%)

Well differentiated

Moderately differentiated

Poorly differentiated

Blood cell count and blood ratios serum quantification, mean * SD
Neutrophiles

Lymphocytes

Platelets

Monocytes

NLR

LMR

PLR

Clinical/imagiological T stage’, 1 (%)
T1

T2

T3

T4

Clinical/imagiological N stage”, 1 (%)
Nx

NO

N1

N2

N3

N+

PreFLOT cycles, median (min-max)
Progressive disease under preFLOT, 1 (%)
Suspension of preFLOT due to toxicity, 7 (%)

Waiting time to surgery in wk, median (min-max)

Buishidenge WJGO | https://www.wjgnet.com 1312

3(1%)

20 (6.8%)

61 (21.6%)
152 (53.9%)

69 (24.5%)

26 (11.7%)
75 (33.8%)

121 (54.5%)

6103 + 3354
1890 + 1014
268658 + 92373
585 + 407
4.66+7.1
529+92

182.91 +148.19

12 (4.3%)
67 (23.8%)
130 (46.3%)

72 (25.6%)

14 (4.8%)
43 (14.7%)
66 (22.5%)
62 (21.2%)
7 (2.4%)
101 34.5%)
4(1-12)

24 (8.1%)
22 (7.5%)

12 (6-33)
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Patients submitted to surgery’, 1 (%)
Total gastrectomy

Subtotal gastrectomy

Distal gastrectomy
Esophagectomy
Lymphadenectomy®, (%)
D1

D1+

D2

Resection margin’, 1 (%)

0

1

Pathological T stage”, n (%)
TO

Tis

T1

T2

T3

T4

Pathological N stage”, 1 (%)
NO

N1

N2

N3

Pathological stage regression, 1 (%)
T stage regression”

.9
N stage regressmn)

Post-surgery tumor staging status, n (%)

Tumor downstaging

No response

Tumor upstaging

TRG', 1 (%)

Complete tumor regression
Partial/incomplete tumor regression

No evidence of regression

Mortality status at the end of study time, n

Dead

Alive

Tomas TC et al. Blood ratios as biomarkers in LAGC

271 (91.9%)
129 (49%)
121 (46%)
2(0.8%)

11 (4.1%)

9 (4%)
24 (10.6%)

193 (85.4%)

249 (95%)

13 (5%)

40 (14.7%)
2(0.7%)
52 (19%)
39 (14.3%)
96 (35.2%)

44 (16.1%)

147 (53.8%)
36 (13.2)
48 (17.6%)

42 (15.4%)

126 (46.5%)

156 (57.6%)

161 (61%)
53 (20.1%)

50 (18.9%)

48 (20.1%)
111 (46.4%)

80 (33.5%)

62 (21%)

233 (79%)

113 missing data.
273 missing data.
%14 missing data.
#22 missing data.
°8 missing data.

%45 missing data.
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79 missing data.

$17 missing data.

99 missing data.

1956 missing data.

FLOT: Fluorouracil plus leucovorin, oxaliplatin, and docetaxel; LMR: Lymphocyte-to-monocyte ratio; NLR: Neutrophile-to-lymphocyte ratio; NOS: Nitric
oxide synthase; PLR: Platelet-to-lymphocyte ratio; preFLOT: Preoperative fluorouracil plus leucovorin, oxaliplatin, and docetaxel; SD: Standard deviation;

TRG: Tumor regression grade.

Table 2 Relationship between neutrophil-to-lymphocyte, lymphocyte-to-monocyte, and platelet-to-lymphocyte ratios and

clinicopathological variables in patients with resectable locally advanced gastroesophageal cancer

NLR, mean * SD P value LMR, mean £ SD P value PLR, mean £ SD P value
Age 0.37 0.323 0.335
<75yr (n=262) 472+7.24 5.37 £9.66 178.88 +129.45
275 yr (n =33) 421+594 4.69 +4.06 214.98 +252.77
Sex 0.073 0.435 0.177
Male (n = 176) 4194433 512+49 169.61 + 120.07
Female (n =119) 537 +9.84 5.55+13.24 202.6 +146.38
Treatment suspension due to toxicity 0.336 0.818 0.144
Yes (n =22) 532+55 5.05+3.89 208.26 +£136.91
No (n = 273) 4.61+£7.22 531+£95 180.87 +149.11
Systemic progression under preFLOT 0.935 0.287 0.022
Yes (n = 24) 4.66+4.48 3.78+29 251.94+173.3
No (n = 271) 4.66£7.29 543 +9.55 176.8 +144.54
T stage regression 0.743 0.021 0.62
Yes (1 =126) 414 +3.94 4.38+3.64 168.23 +117.2
No (n =138) 4.73 £8.97 6.5+12.84 177.73 + 145.62
N stage regression 0.119 0.635 0.157
Yes (n =156) 5.04 +8.81 5.76 +12.04 184.45 +140.76
No (n =115) 4.06 +4.56 4.91+4.29 166.13 + 150.31
Tumor downstaging 0.081 0.873 0.82
Yes (n =161) 5.07 £8.58 47 +427 180.13 + 139.93
No (n =103) 4.02+4.74 6.58 +14.42 197.79 +154.23
TRG 0.9 0.99 0.305
Partial/incomplete or complete 4.87 £845 517 +11.49 180.4 +£139.45
regression (1 = 161)
No evidence of regression (1 = 86) 477+£53 4.45+3.63 189.73 +157.16
Pathological complete response 0.511 0.472 0.832
Yes (n = 48) 432+3.73 462+41 177 +138.81
No (n =191) 5+823 5.09 +10.54 183.87 +151.46
Mortality status at the end of study 0.082 0.14 0.013
time
Alive (n = 233) 447 +7.45 5.6 £10.18 175.64 + 149.02
Dead (1 = 62) 538 £5.57 415+3.45 210.27 + 142.87

FLOT: Fluorouracil plus leucovorin, oxaliplatin, and docetaxel; LMR: Lymphocyte-to-monocyte ratio; NLR: Neutrophile-to-lymphocyte ratio; PLR: Platelet-
to-lymphocyte ratio; preFLOT: Preoperative fluorouracil plus leucovorin, oxaliplatin, and docetaxel; SD: Standard deviation; TRG: Tumor regression grade.
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Figure 1 Overall Survival curves of resectable locally advanced gastroesophageal cancer patients. A: Stratified by tumor regression grade status,
a: Partiallincomplete or complete tumor regression; b: No evidence of regression; B: Stratified by pathological T stage regression status, a: T stage regression; b: T
stage persistence or progression. OS: Overall survival; TRG: Tumor regression grade; Cl: Confidence interval.
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LMR was not associated with sex and age group, but showed a considerable difference between age
groups (LMR mean in patients > 75 years = 4.68 vs patients < 75 years = 5.37, P = 0.335). An association
between LMR and TSR was found (P = 0.021). Among the 264 patients, LMR ranged from 0.33 to 143.33,
with mean + SD LMR value in patients with T regression (n = 126) of 4.38 + 3.64 and patients without
TSR (1 = 138) of 6.5 +12.84. According to ROC analysis, optimal cut-off of LMR was established at 3.56,
with a sensitivity /specificity of 0.594 and 0.421. Patients were divided into the following groups
according to the cut-off values for LMR: High (> 3.56; n = 134) and low LMR (< 3.56; n = 130). High LMR
patients have 1.4-times higher relative risk of achieving TSR than low LMR patients [95% confidence
interval (CI): 1.01-1.99; P = 0.043] in Table 3.

PLR did not reveal a statistically significant association between sex and age groups, but showed a
considerable difference between age groups (PLR mean in patients > 75 years = 214.98 vs patients < 75
years = 178.88; P = 0.323). Considering early suspension of treatment due to toxicity, PLR did not show
to be associated, although difference in means was considerable (PLR mean in patients with suspension
= 208.26 vs without suspension = 180.87; P = 0.144). We also found PLR to be associated with systemic
progression during preFLOT (P = 0.022). PLR ranged from 15.79 to 1260, with a mean * SD PLR value in
patients with systemic progression during preFLOT (n = 24) of 251.94 + 173.3 and in patients without
progression (n = 271) of 176.8 + 144.54. According to ROC analysis, optimal cut-off of PLR was
established at 141 for progression, with a sensitivity/specificity for the PLR of 0.667/0.5. Patients were
divided into the following groups according to the cut-off values for PLR: High (> 141; n = 152) and low
PLR (< 141; n = 143). High PLR patients have 2.2-times higher relative risk of progressing under
preFLOT (95%Cl: 0.89-5.26; P = 0.088).

PLR was not associated with T and/or N stage regression, although difference in means was consid-
erable regarding N stage regression (PLR mean in patients with N regression = 184.45 vs without N
regression = 166.13; P = 0.157). Even though this ratio was not associated with TRG evaluation,
difference in means regarding PLR was considerable (PLR mean in patients with partial/incomplete or
complete tumor regression to treatment = 180.4 vs no evidence of regression to treatment = 189.73; P =
0.305). This ratio was also associated with mortality (P = 0.013), regardless of surgery. The mean + SD
PLR value in patients dead at the end of the study time analysis (1 = 62) was 210.27 + 142.87 and in
patients alive at the end of the study time (n = 233) was 175.64 + 149.48. According to ROC analysis,
optimal cut-off of PLR was established at 144 for survival status, with a sensitivity/specificity of
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Table 3 Univariate regressions of significant predictive or prognostic factors in resectable locally advanced gastroesophageal cancer

patients

Poisson regression Relative risk (95%Cl) Hazard ratio (95%Cl) P value

T stage regression between LMR groups

>3.56/<3.56 1.42 (1.01-1.99) 0.043
Progression between PLR groups

>141/<141 2.17 (0.89-5.26) 0.088
Mortality between PLR groups

>144/<144 1.53 (0.92-2.55) 0.103
Cox regression

NLR 1(0.97-1.0) 0.972
Patients without pCR 2.1(0.8-5.2) 0.129
Patients without (pathological) tumor 2.8 (1.6-5) <0.001
regression

Patients without T stage regression 2.1(1.1-3.9) 0.017

CI: Confidence interval; FLOT: Fluorouracil plus leucovorin, oxaliplatin, and docetaxel; LMR: Lymphocyte-to-monocyte ratio; NLR: Neutrophile-to-
lymphocyte ratio; pCR: Pathological complete response; PLR: Platelet-to-lymphocyte ratio; preFLOT: Preoperative fluorouracil plus leucovorin, oxaliplatin,

and docetaxel; TRG: Tumor regression grade.
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0.613/0.481. Patients were divided into the following groups according to the cut-off values for PLR:
High (> 144; n = 152) and low PLR (< 144; n = 143). High PLR patients have 1.5 times higher relative risk
of dying than low PLR patients, although not statistically significant but the 95%CI lower limit is near 1
(95%CI: 0.92-2.55; P = 0.103).

Survival outcomes

NLR was found to be associated with OS time, with a weak positive correlation (r = 0.143; P = 0.014): For
every one unit increase in NLR, there was a 0.1 mo increase in mean OS. Nevertheless, through Cox
regression, there was no evidence of survival benefit between OS and NLR in Table 3. Neither LMR or
PLR were associated with OS. Regarding pCR, the three ratios did not show a statistically significant
association nor reveal considerable difference in means. We also did not find an association between
PCR and OS; however, difference of means was considerable (mean OS without pCR of 14.9 mo vs 18.4
mo with pCR; P = 0.428). Although not statistically significant, patients without pCR seem to have
higher risk (2.1 times) of dying than patients with pCR (95%CI: 0.8-5.2; P = 0.129) in Table 3. With TRG
categories as partial/incomplete or complete tumor regression vs no evidence of regression to treatment,
there was an association with OS (P = 0.009), with a survival of 39 mo vs 28.5 mo, respectively (95%ClI:
33.6-38.4; P < 0.001) in Figure 1A. The univariate Cox regression revealed that patients without evidence
of tumor regression had 2.8-times higher risk of dying than patients with partial or complete tumor
regression (95%CI: 1.6-5, P < 0.001). OS was found to be associated with TSR (P = 0.03). Patients with T
regression had better OS than those without T regression (39.9 mo vs 32.7 mo, respectively; P = 0.015) in
Figure 1B. Univariate Cox regression revealed that patients without TSR had 2.1 times higher risk of
dying than patients with TSR (95%CI: 1.14-3.96; P = 0.017).

DISCUSSION

In summary, our statistically significant results showed that: NLR was weakly (positive) correlated with
OS time, but there was no evidence of survival benefit; LMR was associated with TSR; high LMR
patients had 1.42-times relative risk of TSR; PLR was associated with systemic progression under
preFLOT, as well as mortality; patients without TSR had 2.1-times risk of dying; and patients without
pathological tumor regression had 2.8-times higher risk of dying.

Regarding cancer-related mortality and morbidity, gastric cancer is still one of the main causes,
despite the development of new approaches, surgery, and systemic treatment-wise[53]. Survival
outcomes vary considering patients in different conditions, degrees of invasion and differentiation, as
well as TNM stages. The importance of searching for new treatment strategies and their validation, with
the objective of improving survival outcomes, relies on the considerable number of patients with
advanced disease at diagnosis. The perioperative FLOT strategy, studied by Al-Batran et al[3]
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demonstrated a palpable benefit providing better outcomes. Nonetheless, it is still difficult to predict
tumor response to systemic treatment and identify predictive factors to stratify patients into risk groups,
which would be important to optimize individualized treatment and follow-up.

Several studies have described a correlation between elevated neutrophil count or high NLR and
worse prognosis, as well as progression of disease[39,54]. Our findings seemed to slightly contradict the
literature, as we found NLR had a weak positive correlation with OS, revealing that the higher the
calculated NLR is, a better OS is expected, but Cox regression did not find an association between NLR
and death status. Some studies have published reference values and prognostic correlations for NLR.
However, these studies were conducted using small cohort of patients with different races, mainly
Asian patients. It is possible differences could be found regarding other populations, specifically
European patients. Also, it seems that in the literature there is a consistent difference in sex and age
group, which our study supports despite not reaching statistical significance (women and younger
patients have a higher NLR mean than men and older patients), but this needs to be replicated in further
investigation[55]. This reveals the need for more validation studies in the European population.

LMR has been suggested to be an important factor for predicting prognosis in patients with
hematologic and solid malignancies, such as lung and colon cancers[41,42,56-58]. Lower LMR is
independently associated with poor OS in gastric cancer patients undergoing radical gastrectomy, and
low LMR patients have a higher hazard ratio for both OS and DFS than high LMR[58]. This suggests
that lower LMR might be associated with a more aggressive tumor behavior, higher surgical mortality
rates, and worse long-term survival[59,60].

Although we did not find evidence of an association between LMR and prognosis, we showed an
association between LMR and TSR, with high LMR patients having higher risk of achieving T stage
reduction than low LMR patients. Also, our data showed an association between OS and TSR,
documenting that patients without TSR had 2.1-times risk of dying, which we could indirectly interpret
that patients with high LMR could have a better prognosis. We know that higher TNM staging,
specifically T staging, is associated with less survival probability, crosswise solid and hematological
tumors, so we could indirectly interpret that patients with low LMR are less likely to have TSR and,
consequently, lower survival odds, but this needs to be further investigated.

N stage regression was not found to be associated with the three ratios, but NLR and PLR values
seem to be clinically considerable, as patients with N reduction present higher ratio values. Further
studies are needed to understand whether advanced TNM staging is associated with higher NLR and
PLR ratio values[15,61]. Combining T and N stages to assess TD did not reveal a statistically significant
association, despite patients that achieved TD tend to have higher NLR values.

PLR has been widely associated with different stages of tumor development, systemic treatment
response and prognostic survival outcomes of cancer patients, namely in LAGC[61-63]. Nonetheless,
specific physiopathology is complex and remains unclear. One plausible hypothesis is that a decreased
PLR could reflect tumor disadvantage status, such as inflammatory status, immune disorders,
malnutrition and thrombosis[64-66]. Low PLR has been associated with less aggressive clinicopatho-
logical features, including decreased depth of invasion, less lymph node metastasis, and early tumor
stage, while higher risk of lymph node metastasis, increased serosa invasion risk, and advanced stage
disease is associated with elevated PLR in patients with gastric cancer[15,61]. It has also been considered
a prognostic factor, with high PLR patients being associated with worse OS[39].

Our study found an association between PLR and disease progression during preFLOT, showing that
patients with high PLR have higher risk of progressing under CT. We also found a correlation between
death and PLR, with high PLR patients having higher risk of dying than low PLR patients. Regarding
tumoral response to CT, none of the ratios was associated with pCR achievement, albeit in TRG
evaluation, PLR showed a considerable difference in means despite not being statistically significant,
with patients without pathological response to CT presenting higher PLR values. Despite not finding an
association between pCR and OS, TRG evaluation revealed an association with OS, documenting that
patients without pathological tumor regression had 2.8 times higher risk of dying. Although not statist-
ically significant, we could infer that patients with high PLR did not respond so well to CT and could
have worse prognosis, despite further analysis is needed. We can extrapolate that these data show a
more biologically aggressive tumor and that this might be a reasonable motive for a more active
surveillance in these higher risk patients, to detect early progression.

Finally, treatment-associated toxicity is an important clinical factor to be considered in patients, with
more emphasis in the elderly population. Although we did not find a correlation between the three
ratios and early suspension of treatment due to toxicity, we demonstrate that patients in need of
treatment suspension tend to have higher NLR and PLR values. The association with treatment toxicity
could be an aspect worthy of future investigation.

This study gathered information suggesting that these biomarkers could be suited to stratify patients
by risk to preoperative CT. Knowing the difficulty to predict tumor response before initiation of
systemic treatment using clinical and pathological data, we focused on the potential of NLR, LMR and
PLR, already reported as systemic inflammatory and immune cancer environment important pieces.
Our study stands out from others due to the analysis of these already known blood ratios in a curative
setting of gastric cancer, with an approach to the CT response prediction. It has a good representation of
Portugal population, being also one of the few studies undergone in a European population: We should
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keep in mind that possible genetic differences regarding gastric cancer and also inflammation/immune
mechanisms should be considered as influencers of the blood ratios analysis (vs Asian or Latino-
American patients). Due to lack of information regarding treatment prediction in resectable gastric
cancer (even less information regarding the European population in this setting), it would be interesting
to retrospectively analyze these blood ratios in the phase II/1II FLOT4-AIO trial.

The present study had several limitations. First, this exploratory study involved a retrospective
analysis in a relatively small population (n = 295); consequently, larger validation studies are needed to
confirm the potential of these ratios. Second, with NLR, LMR and PLR associated with the inflammatory
response, patients under anti-inflammatory effects from other medications could potentially bias the
results. Third, we did not control the process and timing of blood collection and analysis; expectedly,
blood analysis were undertaken before initiation of systemic treatment, but the period of time since
blood results until treatment initiation can widely vary, and patients inflammatory state can be also
volatile; depending on the length of time between blood collection and analysis, the composition of
blood cells could be altered or destroyed, compromising correct estimation of the different ratios.
Fourth, clinical and pathological staging were observational dependent: Every participant hospital was
responsible for the evaluation process of its patients, and even different gastroenterologists, radiologists
and pathologists evaluated these patients, with possible subjective assessments that could bias the
results. Fifth, our median waiting time to surgery was 12 wk, being the recommended interval 4-6 wk
(used in the FLOT4-AIO trial); this could possibly be a confounding variable and our results should be
replicated prospectively for confirmation.

CONCLUSION

We believe that the NLR, LMR, and PLR could be important biomarkers, and that further prospective
investigation is needed to validate these ratios and possibly develop a score that could help in the
decision-making process in the clinical management of patients with resectable LAGC.

ARTICLE HIGHLIGHTS

Research background

Fluorouracil plus leucovorin, oxaliplatin, and docetaxel (FLOT) perioperative regimen became the
standard of care in resectable locally advanced gastric cancer (LAGC), but there is still a need for
prognostic and predictive response biomarkers. Blood ratios, such as neutrophil-to-lymphocyte (NLR),
lymphocyte-to-monocyte (LMR) and platelet-to-lymphocyte (PLR) ratios are known prognostic
biomarkers in several solid tumors. Tumor regression grade (TRG) is a system used to evaluate residual
tumor in patients submitted to preoperative therapies, providing information on the response to
therapies and predicting prognosis.

Research motivation

This study investigated the prognostic and predictive significance of pre-treatment blood ratios in
resectable LAGC.

Research objectives
This study assessed the potential value of NLR, LMR, and PLR in predicting survival outcomes and
response to preoperative FLOT (preFLOT) regimen in resectable LAGC.

Research methods

We retrospectively analyzed patients with resectable LAGC treated with at least one preFLOT cycle,
from 12 Portuguese hospitals. NLR, LMR, and PLR pre-treatment values were exploratory correlated
with different variables, and with those statistically significant pre-treatment values were divided
according to into high or low groups, determined by receiver operating characteristic curve, and
evaluated regarding association to survival outcomes and response prediction. Relative risks and
hazard ratios were calculated, with NLR, pathological complete response, T stage regression (TSR) and
TRG as independent variables, and overall survival (OS) the dependent variable.

Research results

We included 295 patients in this study. NLR was correlated with time of survival (r = 0.143; P = 0.014).
High PLR was defined as > 141 for progression and > 144 for mortality; high LMR was defined as > 3.56
for TSR. PLR was associated with systemic progression during FLOT (P = 0.022) and mortality (P =
0.013), with high PLR patients having 2.2 times higher risk of progression [95% confidence interval (CI):
0.89-5.26] and 1.5 times higher risk of mortality (95%ClI: 0.92-2.55). LMR was associated with TSR and
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high LMR patients have 1.4 times higher risk of achieving TSR (95%CI: 1.01-1.99). OS benefit was found
with TSR (P = 0.015) and partial/complete TRG (P < 0.001). Patients without TSR as well as no evidence
of pathological response have 2.1 (95%ClI: 1.14-3.96) and 2.8-times (95%ClI: 1.6-5) higher risk of death.

Research conclusions
NLR, LMR, and PLR are significant biomarkers that are potential indicators for prognosis and treatment
response prediction.

Research perspectives
In further investigation, validation of these blood ratios is important, as well as integration into risk

scores that could help clinicians in the decision-making strategy in the clinical management of patients
with resectable LAGC.
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Abstract

BACKGROUND

Colorectal cancer (CRC) resection is currently being undertaken in an increasing
number of obese patients. Existing studies have yet to reach a consensus as to
whether obesity affects post-operative outcomes following CRC surgery.

AIM

To evaluate the post-operative outcomes of obese patients following CRC
resection, as well as to determine the post-operative outcomes of obese patients in
the subgroup undergoing laparoscopic surgery.

METHODS

Six-hundred and fifteen CRC patients who underwent surgery at the Prince
Charles Hospital between January 2010 and December 2020 were categorized into
two groups based on body mass index (BMI): Obese [BMI > 30, n = 182 (29.6%)]
and non-obese [BMI < 30, nn = 433 (70.4%)]. Demographics, comorbidities, surgical
features, and post-operative outcomes were compared between both groups. Post-
operative outcomes were also compared between both groups in the subgroup of
patients undergoing laparoscopic surgery [n = 472: BMI = 30, n = 136 (28.8%); BMI
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<30, n =336 (71.2%)].

RESULTS

Obese patients had a higher burden of cardiac (73.1% vs 56.8%; P < 0.001) and respiratory
comorbidities (37.4% vs 26.8%; P = 0.01). Obese patients were also more likely to undergo
conversion to an open procedure (12.8% vs 5.1%; P = 0.002), but did not experience more post-
operative complications (51.6% vs 44.1%; P = 0.06) or high-grade complications (19.2% vs 14.1%; P
= 0.11). In the laparoscopic subgroup, however, obesity was associated with a higher prevalence of
post-operative complications (47.8% vs 39.3%; P = 0.05) but not high-grade complications (17.6% vs
11.0%; P = 0.07).

CONCLUSION
Surgical resection of CRC in obese individuals is safe. A higher prevalence of post-operative
complications in obese patients appears to only be in the context of laparoscopic surgery.

Key Words: Colorectal cancer; Obesity; Body mass index; Post-operative outcomes; Clavien-Dindo

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This retrospective study assessed the post-operative outcomes of obese patients undergoing
colorectal cancer (CRC) resection. Despite having a greater burden of cardiovascular and respiratory
comorbidities and increased rate of conversion to open surgery, obese patients had equitable post-
operative outcomes as those with a normal body mass index. There were no differences in severity of
complications, length of stay, or mortality rates. Comparisons of obese and non-obese patients undergoing
laparoscopic surgery showed that obese patients had a higher prevalence of post-operative complications
but not high-grade complications. CRC surgery in obese individuals is generally safe, with caution advised
if a laparoscopic approach is planned.

Citation: Mao D, Flynn DE, Yerkovich S, Tran K, Gurunathan U, Chandrasegaram MD. Effect of obesity on post-
operative outcomes following colorectal cancer surgery. World J Gastrointest Oncol 2022; 14(7): 1324-1336

URL: https://www.wjgnet.com/1948-5204/full/v14/i7/1324.htm

DOI: https://dx.doi.org/10.4251/wjgo.v14.i7.1324

INTRODUCTION

Colorectal cancer (CRC) contributes substantially to the healthcare burden worldwide[1], and is the
fourth most commonly diagnosed malignancy and second most common cause of cancer-related death
in Australia[2]. Obesity is a rising global pandemic associated with systemic disease and poor health
outcomes[3]. Body mass index (BMI) is an overall measure of total body fat, and is an easily calculable
and accepted surrogate marker of obesity[4]. The World Health Organization (WHO) defines obesity in
adults as a BMI of > 30 kg/cm?[5].

The increasing prevalence of obesity is of particular concern to colorectal surgeons, as it is not only
implicated in the pathogenesis of CRC but also may have an impact on post-operative outcomes[6].
However, with several studies reporting inconsistent findings[7-9], there remains no consensus. The
Clavien-Dindo Classification is a standardized system of grading post-operative complications, ranging
from grade I (minor events) to grade V (death)[10]. With objective criteria, it is a highly reproducible
method of grading post-operative complications, and is validated across several surgical disciplines
including colorectal surgery[11].

In this study, we conducted a retrospective cohort study to outline and compare the clinical character-
istics of obese and non-obese patients undergoing surgical resection of CRC at our institution, as well as
to evaluate the impact of obesity on post-operative outcomes using the Clavien-Dindo Classification of
Surgical Complications. The secondary aim was to determine the impact of obesity on post-operative
outcomes in the subgroup of patients undergoing laparoscopic CRC resection.

MATERIALS AND METHODS

Study design
The Prince Charles Hospital (TPCH) CRC Database includes all patients who have undergone CRC
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Table 1 Demographic and co-morbidity characteristics of patients undergoing colorectal cancer surgery

BMI < 30 (% of group) BMI 230 (% of group) Total P value

Patients 433 182 615

Age 71 (58.0-79.0) 70 (60.0-77.0) 0.45

Sex Male 232 (53.6) 83 (45.6) 315 0.08
Female 201 (46.4) 99 (54.4) 300

ASA grade Low (ASA 1-2) 198 (45.7) 54 (29.7) 252 <0.001
High (ASA 2 3) 235 (54.3) 128 (70.3) 363

Any cardiac comorbidity 246 (56.8) 133 (73.1) 379 <0.001

Specified cardiac comorbidity Ischemic heart disease 79 (18.2) 37 (20.3) 116 0.57
Coronary artery bypass graft 25 (5.8) 16 (8.8) 41 0.21
Coronary stents 25 (5.8) 15 (8.2) 40 0.28
Pacemaker 8(1.8) 5(2.7) 13 0.54
Valve replacement 19 (4.4) 4(22) 23 0.25
Heart failure 19 (4.4) 9 (4.9) 28 0.83
Hypertension 186 (43.0) 117 (64.3) 303 <0.001
Atrial fibrillation 54 (12.5) 29 (15.9) 83 0.25

Any respiratory comorbidity 116 (26.8) 68 (37.4) 184 0.01

Specified respiratory comorbidity ~ Asthma 41 (9.5) 27 (14.8) 68 0.07
Chronic obstructive pulmonary disease 52 (12.0) 20 (11.0) 72 0.78
Bronchiectasis 6(1.4) 3 (1.6) 9 0.73
Obstructive sleep apnea 10 (2.3) 26 (14.3) 36 <0.001

Any metabolic comorbidity 158 (36.5) 182 (100.0) 340 <0.001

Specified metabolic comorbidity Type 1 diabetes mellitus 3(0.7) 0(0.0) 3 0.56
Type 2 diabetes mellitus 55 (12.7) 52 (28.6) 107 <0.001
Hyperlipidemia 116 (26.8) 59 (32.4) 175 0.17

Current smoker 67 (15.5) 25 (13.8) 92 0.71

Alcohol > 2 standard drinks/d 44 (10.2) 13 (7.1) 57 0.29

ASA: American Society of Anesthesiologists; BMI: Body mass index.

resection at our institution. The criteria for inclusion in TPCH CRC Database were all patients who had
histologically confirmed CRC (including appendiceal cancers as per the International Classification of
Diseases-10 classification) and underwent an operation at TPCH between January 2010 and December
2020. As per the WHO definition, patients were grouped into an obese group (BMI = 30) or non-obese
group (BMI < 30), and the demographic features, comorbidities, and surgical features in each group
were reported and compared. In addition, the post-operative outcomes of patients in each group were
also compared.

Ethics approval
Approval for the TPCH Colorectal Cancer Database was granted by TPCH Human Research Ethics
Committee (HREC/17/QPCH/295).

Demographics and comorbidities

Demographic data documented in this study included age, sex, BMI, smoking, and alcohol status.
Patient comorbidities were categorized into cardiac, respiratory and metabolic etiologies, with specific
diseases recorded in each category if present. The American Society of Anesthesiologists (ASA) grade
was also recorded (Table 1).
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BMI < 30 (% of group) BMI 2 30 (% of group) Total Pvalue
Patients 433 182 615
Cancer location Appendix 37 (8.5) 9 (4.9) 46 0.47
Cecum to transverse colon 205 (47.3) 92 (50.5) 297
Splenic flexure to sigmoid colon 143 (33.0) 61 (33.5) 204
Rectum 48 (11.1) 20 (11.0) 68
Operative urgency Elective 359 (82.9) 161 (88.5) 519 0.09
Emergency 74 (17.1) 21 (11.5) 95
Operative approach Laparoscopic 265 (61.5) 96 (53.3) 361 0.002
Open 72 (16.7) 20 (11.1) 92
Laparoscopic-assisted 71 (16.5) 40 (22.2) 111
Laparoscopic converted to open 22 (5.1) 23 (12.8) 45
Transanal excision 1(0.2) 1(0.2) 2
Operation performed Appendicectomy 31(7.2) 8 (4.4) 39 0.18
Right hemicolectomy 170 (39.3) 74 (40.7) 244
Extended right hemicolectomy 34 (7.9) 18 (9.9) 52
Left hemicolectomy 18 (4.2) 11 (6.0) 29
Hartmann’s procedure 20 (4.6) 5(2.7) 25
High anterior resection 76 (17.6) 37 (20.3) 113
Low anterior resection 27 (6.2) 9(4.9) 36
Ultra-low anterior resection 28 (6.5) 5(2.7) 33
Other 29 (6.7) 15 (8.2) 44
Stoma requirement 65 (15.0) 18 (9.9) 83 0.09
Peri-operative transfusion requirement 65 (15.0) 28 (15.4) 93 0.90
BMI: Body mass index.
Surgical features

Surgical features recorded included cancer location, operative urgency, operative approach, colorectal
operation performed, requirement for stoma, and peri-operative requirement for transfusion (Table 2).

Post-operative outcomes

Post-operative outcomes recorded included the occurrence of any post-operative complication, which
were each graded by the Clavien-Dindo Classification of Surgical Complications (Supplementary
material). Complications were also classified as either no complication/low-grade and high-grade,
defined as Clavien-Dindo grades I-II and III-V respectively. In addition, complications were attributed
to either a surgical or medical cause, with specific surgical and medical complications also recorded if
they occurred (Table 3).

The outcomes as above were also undertaken in the subgroup of patients undergoing laparoscopic
surgery (Table 4). Patients who underwent laparoscopic surgery who were converted to an open
procedure intra-operatively were excluded from this subgroup. Furthermore, post-operative outcomes
of obese vs non-obese patients were compared in subgroups divided by cancer location. Patients were
divided into a right sided colon cancer (caecum to transverse colon) subgroup (Table 5), left sided colon
cancer (splenic flexure to sigmoid colon) subgroup (Table 6) and a rectal cancer subgroup (Table 7).

Statistical analysis

Statistical analysis was performed using Stata v17 (StataCorp, La Jolla, CA, United States). Categorial
variables are presented as frequencies, and continuous variables are presented as medians and
interquartile ranges. Groups were assessed using the t-test, y° test or Fisher’s exact test as appropriate.
Statistically significant results were defined as P < 0.05.
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Table 3 Post-operative outcomes of patients undergoing colorectal cancer surgery

BMI < 30 (% of

BMI 2 30 (% of

A e Total  Pvalue

Patients 433 182 615
Post-operative complication (CD No complication 242 (55.9) 88 (48.4) 330 0.06
grade)

Complication 191 (44.1) 94 (51.6) 285

I 31(7.2) 17 (9.3) 48

I 99 (22.9) 42 (23.1) 141

Illa 27 (6.2) 15 (8.2) 42

b 13 (3.0) 6(3.3) 19

IVa 13 (3.0) 10 (5.5) 23

IVb 0(0.0) 3 (1.6) 8

\% 8(1.8) 1(0.5) 9

No complication or low-grade complication 372 (85.9) 147 (80.8) 519 0.11

(CD 1T

High-grade complication (CD IIla-V) 61 (14.1) 35(19.2) 96
Any surgical complication 99 (22.9) 48 (26.4) 147 0.35
Specified surgical complications Abdomino-pelvic collection 16 (3.7) 3 (1.6) 19 0.21

Anastomotic leak 12 (2.8) 7 (3.8) 19 0.46

Wound infection 19 (4.4) 7 (3.8) 26 0.83

Prolonged ileus 49 (11.3) 27 (14.8) 76 0.23

Post-operative hemorrhage 3(0.7) 2(1.1) 5 0.64

Return to theatre 13 (3.0) 7 (3.8) 20 0.62

Post-operative sepsis 16 (8.3) 8 (8.6) 24 1.00
Any medical complication 96 (22.2) 37 (20.3) 133 0.67
Specified medical complications VTE (DVT/PE) 4(0.9) 2(1.1) 6 1.00

Pneumonia 19 (4.4) 8 (4.4) 27 1.00

Ischemic cardiac event 5(1.2) 5(.7) 10 0.17

Cardiac arrhythmia 30 (6.9) 9(4.9) 39 0.47

Respiratory failure 10 (2.3) 8 (44) 18 0.19

Renal failure 12 (2.8) 7 (3.8) 19 0.46

Unplanned ICU admission 16 (3.7) 6(3.3) 22 1.00
Post-operative length of stay (d) 6 (IQR 5-11) 7 (IQR 5-11) 0.42

BMI: Body mass index; CD: Clavien-Dindo; DVT: Deep vein thrombosis; ICU: Intensive care unit; IQR: Interquartile range; PE: Pulmonary embolism; VTE:

Venous thrombo-embolism.

RESULTS

Patient demographics and comorbidities
From January 2010 to December 2020, 615 patients at our institution fulfilled the inclusion criteria and
were included in the database. In all, 182 patients (29.6%) had a BMI = 30 (obese group), and 433
patients (70.4%) had a BMI < 30 (non-obese group). Table 1 outlines and compares the demographic
features and comorbidities in both groups.

Patients in both groups were of similar age (obese group, 70 years vs non-obese group, 71 years; P =
0.45) and sex (45.6% male vs 53.6% male; P = 0.08). By contrast, the obese group had a greater proportion
of patients graded at a higher ASA grade (ASA I-1I: 29.7% vs 45.7%, ASA 2 1II: 70.3% vs 54.3%; P <
0.001), and also had a higher prevalence of cardiac comorbidities (73.1% vs 56.8%; P < 0.001) and
respiratory comorbidities (37.4% vs 26.8%; P = 0.01) compared to patients in the non-obese group. Obese
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Table 4 Post-operative outcomes in the subgroup of patients undergoing laparoscopic colorectal cancer surgery

0, > ("
BMI < 30 (% of BMI 2 30 (% of Total  Pvalue

group) group)
Patients 336 136 472
Post-operative complication (CD No complication 204 (60.7) 71 (52.2) 275 0.05
grade)
Complication 132 (39.3) 65 (47.8) 197
I 24 (7.1) 12 (8.8) 36
I 71 (21.1) 29 (21.3) 100
Illa 20 (6.0) 10 (7.4) 30
b 6(1.8) 6 (4.4) 12
IVa 6 (1.8) 6 (4.4) 12
IVb 0(0.0) 2 (1.5) 2
\% 5(1.5) 0(0.0) 5
No complication or low-grade complication 299 (89.0) 112 (82.4) 411 0.07
(CD 1T
High-grade complication (CD IIla-V) 37 (11.0) 24 (17.6) 61
Any surgical complication 68 (20.2) 37 (27.2) 105 0.11
Specified surgical complications Abdomino-pelvic collection 9(2.7) 3(2.2) 12 1.00
Anastomotic leak 7(2.1) 5(3.7) 12 0.34
Wound infection 13 (3.9) 6(4.4) 19 0.80
Prolonged ileus 33 (9.8) 21 (15.4) 54 0.11
Post-operative hemorrhage 2(0.6) 1(0.7) 3 1.00
Return to theatre 6 (1.8) 6(4.4) 12 0.11
Post-operative sepsis 12 (9.0) 4(6.2) 16 0.59
Any medical complication 66 (19.6) 21 (15.4) 87 0.36
Specified medical complications VTE (DVT/PE) 3(0.9) 1(0.7) 4 1.00
Pneumonia 13 (3.9) 2 (1.5) 15 0.25
Ischemic cardiac event 3(0.9) 32 6 0.36
Cardiac arrhythmia 23 (6.8) 7 (5.1) 30 0.68
Respiratory failure 7 (2.1) 6(4.4) 13 0.21
Renal failure 7(2.1) 4(2.9) 11 0.52
Unplanned ICU admission 6 (1.8) 32 9 0.72
Post-operative length of stay (d) 6 (IQR 4-9) 6 (IQR 5-10) 0.15

BMI: Body mass index; CD: Clavien-Dindo; DVT: Deep vein thrombosis; ICU: Intensive care unit; IQR: Interquartile range; PE: Pulmonary embolism; VTE:
Venous thrombo-embolism.

patients were more likely to have type II diabetes mellitus (28.6% vs 12.7%; P < 0.001).

Surgical features

Table 2 outlines and compares the surgical features between the obese and non-obese groups. Both
groups had a similar proportion of elective and emergency procedures (88.5% vs 82.9% and 11.5% vs
17.1% respectively; P = 0.09). The obese group had a higher proportion of patients requiring conversion
to an open procedure (12.8% vs 5.1%; P = 0.002). Both groups had a similar percentage of patients
requiring peri-operative blood transfusion (15.4% vs 15.0%; P = 0.90).

Post-operative outcomes
Table 3 outlines and compares the post-operative outcomes and complications between the obese and
non-obese groups. There were no significant differences between groups in terms of the prevalence of
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Table 5 Post-operative outcomes in the subgroup of patients with right sided colon cancer

BMI < 30 (% of BMI 2 30 (% of total
group) group) value
Patients 205 92 297
Post-operative complication (CD No complication 94 (45.9) 44 (47.8) 138 0.61
grade)
Complication 111 (54.1) 48 (52.2) 159
I 21 (10.2) 9(9.8) 30
I 58 (28.3) 23 (25.0) 81
Illa 19 (9.3) 7 (7.6) 26
b 3(1.5) 1(1.1) 4
IVa 8(3.9) 5(5.4) 13
IVb 0(0.0) 2(2.2) 2
\% 2(1.0) 1(1.1) 3
No complication or low-grade complication (CD 173 (84.4) 76 (82.6) 249 073
I-1I)
High-grade complication (CD IIla-V) 32 (15.6) 16 (17.4) 48
Any surgical complication 52 (25.4) 22 (23.9) 74 0.88
Specified surgical complications Abdomino-pelvic collection 7 (3.4) 3 (0.0) 10 0.10
Anastomotic leak 7 (3.4) 0 (0.0) 7 1.00
Wound infection 10 (4.9) 3(3.3) 13 0.76
Prolonged ileus 26 (12.7) 14 (15.2) 40 0.58
Post-operative hemorrhage 1(0.5) 2(22) 3 0.23
Return to theatre 3 (1.5) 1(1.1) 4 1.00
Post-operative sepsis 2 (1.0) 1(1.1) 3 1.00
Any medical complication 55 (26.8) 25(27.2) 80 1.00
Specified medical complications VTE (DVT/PE) 2 (1.0) 1(1.1) 3 1.00
Pneumonia 14 (6.8) 6 (6.5) 20 1.00
Ischemic cardiac event 2 (1.0) 3(3.3) 5 0.17
Cardiac arrhythmia 20 (9.8) 6 (6.5) 26 0.51
Respiratory failure 4(2.0) 5(5.4) 9 0.14
Renal failure 7 (3.4) 6 (6.5) 13 0.23
Unplanned ICU admission 8 (3.9) 4 (4.3) 12 1.00
Post-operative length of stay (d) 7 (IQR 5-11) 6 (IQR 5-11) 0.91

BMI: Body mass index; CD: Clavien-Dindo; DVT: Deep vein thrombosis; IQR: Interquartile range; PE: Pulmonary embolism; VTE: Venous thrombo-

embolism.

post-operative complications (51.6% vs 44.1%; P = 0.06) or high-grade complications (19.2% vs 14.1%; P =
0.11). In-hospital mortality (Clavien-Dindo V) occurred in 1 obese patient (0.5%) and 8 non-obese
patients (1.8%). There were no differences between both groups in the incidence of surgical complic-
ations (26.4% vs 22.9%; P = 0.35), including, but not limited to, anastomotic leak (3.8% vs 2.8%; P = 0.46),
wound infection (3.8% vs 4.4%; P = 0.83) and return to theatre (3.8% vs 3.0%; P = 0.62). The prevalence of
post-operative medical complications was also similar between both groups (20.3% vs 22.2%; P = 0.67),
and there were no differences in the prevalence of specific medical complications. The median post-
operative length of stay was also similar between both groups (7 d vs 6 d; P = 0.42).

Post-operative outcomes in patients undergoing laparoscopic surgery
A total of 472 patients (76.7%) underwent laparoscopic and laparoscopic-assisted surgery; among them,
336 (71.2%) had a BMI < 30, and 136 (28.8%) had a BMI = 30. Obese patients in the laparoscopic surgery
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Table 6 Post-operative outcomes in the subgroup of patients with left sided colon cancer

BMI < 30 (% of BMI 2 30 (% of total
group) group) value
Patients 143 61 204
Post-operative complication (CD No complication 90 (62.9) 32 (52.5) 122 0.09
grade)
Complication 53 (37.1) 29 (47.5) 82
I 7 (4.9) 6(9.8) 13
I 32 (22.4) 12 (19.7) 44
IIla 3(2.1) 6(9.8) 9
b 5(3.5) 2(3.3) 7
IVa 3(2.1) 2(3.3) 5
IVb 0(0.0) 1(1.6) 1
\% 3(2.1) 0(0.0) 3
No complication or low-grade complication (CD 129 (90.2) 50 (82.0) 179 011
I-1I)
High-grade complication (CD IIla-V) 14 (9.8) 11 (18.0) 25
Any surgical complication 29 (20.3) 17 (27.9) 46 0.27
Specified surgical complications Abdomino-pelvic collection 7 (4.9) 2(3.3) 9 0.73
Anastomotic leak 4(2.8) 2(3.3) 6 1.00
Wound infection 4(2.8) 3(4.9) 7 043
Prolonged ileus 17 (11.9) 9 (14.8) 26 0.65
Post-operative hemorrhage 1(0.7) 0 (0.0) 1 1.00
Return to theatre 5(3.5) 3 (4.9) 8 0.70
Post-operative sepsis 3(21) 0 (0.0) 3 0.56
Any medical complication 28 (19.6) 6(9.8) 34 0.10
Specified medical complications VTE (DVT/PE) 1(0.7) 1(1.6) 2 0.51
Pneumonia 5(3.5) 2(3.3) 7 1.00
Ischemic cardiac event 1(0.7) 0 (0.0) 1 1.00
Cardiac arrhythmia 6(4.2) 0 (0.0) 6 1.00
Respiratory failure 4(2.8) 2(3.3) 6 1.00
Renal failure 4(2.8) 0 (0.0) 4 0.32
Unplanned ICU admission 5(3.5) 2(3.3) 7 1.00
Post-operative length of stay (d) 7 (IQR 5-10) 7 (IQR 5-10) 0.89

BMI: Body mass index; CD: Clavien-Dindo; DVT: Deep vein thrombosis; IQR: Interquartile range; PE: Pulmonary embolism; VTE: Venous thrombo-

embolism.

subgroup similarly had a higher ASA grade (ASA I-II: 36.8% vs 48.1%, ASA > III: 63.2% vs 51.9%; P =
0.03), and a higher prevalence of pre-existing cardiac comorbidities (72.8% vs 56.3%; P < 0.001) and
respiratory comorbidities (38.2% vs 26.9%; P = 0.02) compared to non-obese patients.

Post-operative outcomes of the patients in the cohort undergoing laparoscopic surgery are shown in
Table 4. Obese patients were more likely to experience a post-operative complication (47.8% vs 39.3%; P
= 0.05); however, there was no differences between both groups in the incidence of high-grade complic-
ations (17.6% vs 11.0%; P = 0.07). There were similarly no major differences between both groups in the
percentage of patients who experienced a surgical complication (27.2% vs 20.2%; P = 0.11) or medical
complication (15.4% vs 19.6%; P = 0.36). The median post-operative length of stay was equivalent
between both groups (6 d vs 6 d; P = 0.15).
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Table 7 Post-operative outcomes in the subgroup of patients with rectal cancer

BMI < 30 (% of BMI 2 30 (% of total
group) group) value
Patients 48 20 68
Post-operative complication (CD No complication 22 (45.8) 6 (30.0) 28 0.68
grade)
Complication 26 (54.2) 14 (70.0) 40
I 3(6.3) 2 (10.0) 5
I 8 (16.7) 5(25.0) 13
MMla 5 (10.4) 2 (10.0) 7
b 5 (10.4) 3 (15.0) 8
IVa 2(4.2) 2 (10.0) 4
IVb 0(0.0) 0(0.0) 0
\% 3(6.3) 0(0.0) 3
No complication or low-grade complication (CD 33 (68.8) 13 (65.0) 46 0.78
I-1I)
High-grade complication (CD IIla-V) 15 (31.2) 7 (35.0) 22
Any surgical complication 18 (37.5) 7 (35.0) 25 1.00
Specified surgical complications Abdomino-pelvic collection 242 1(5.0) 3 1.00
Anastomotic leak 1(2.1) 2 (10.0) 3 0.20
Wound infection 5(10.4) 0(0.0) 5 0.31
Prolonged ileus 6 (12.5) 3(15.0) 9 1.00
Post-operative hemorrhage 1(2.1) 0 (0.0) 1 1.00
Return to theatre 5(10.4) 3 (15.0) 8 0.68
Post-operative sepsis 1(2.1) 0 (0.0) 1 1.00
Any medical complication 13 (27.1) 5(25.0) 18 1.00
Specified medical complications VTE (DVT/PE) 1(2.1) 0 (0.0) 1 1.00
Pneumonia 0 (0.0) 0 (0.0) 0
Ischemic cardiac event 2(4.2) 2 (10.0) 4 0.58
Cardiac arrhythmia 4(8.3) 2 (10.0) 6 1.00
Respiratory failure 242 1(5.0) 3 1.00
Renal failure 1(2.1) 1(5.0) 2 0.50
Unplanned ICU admission 3(6.3) 0 (0.0) 3 0.55
Post-operative length of stay (d) 9 (IQR 6-14) 10 (IQR 5-21) 0.91

BMI: Body mass index; CD: Clavien-Dindo; DVT: Deep vein thrombosis; IQR: Interquartile range; PE: Pulmonary embolism; VTE: Venous thrombo-

embolism.

Post-operative outcomes of obese vs non-obese patients based on cancer location

Obese and non-obese patients in the right-sided colon cancer subgroup had equivalent outcomes, with
no differences in the incidence of post-operative complications (52.2% vs 54.1%; P = 0.61), high-grade
complications (17.4% vs 15.6%; P = 0.73), surgical complications (23.9% vs 25.4%; P = 0.88), or medical
complications (27.2% vs 26.8%; P = 1.00). Similarly in the left-sided colon cancer subgroup there were no
differences between obese and non-obese patients in the percentage of post-operative complications
(47.5% vs 37.1%; P = 0.09), high-grade complications (18.0% vs 9.8%; P = 0.11), surgical complications
(27.9% vs 20.3%; P = 0.27), or medical complications (9.8% vs 19.6%; P = 0.10). In the rectal cancer
subgroup, there were also no differences between obese and non-obese patients in the prevalence of
post-operative complications (70.0% vs 54.2%; P = 0.68), high-grade complications (35.0% vs 31.2%; P =
0.78), surgical complications (35.0% vs 37.5%; P = 1.00), or medical complications (25.0% vs 27.1%; P =
1.00).
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DISCUSSION

We found that despite patients with an obese BMI having significantly higher rates of cardiac
comorbidities, respiratory comorbidities, type II diabetes mellitus, and conversion to open surgery
compared to patients with a non-obese BMI, there was no increased prevalence of post-operative
complications (51.6% vs 44.1%; P = 0.06) or high-grade complications (19.2% vs 14.1%; P = 0.11)
following CRC surgery. Our findings are concordant with Genser et al[12], who reported that in patients
undergoing emergency colon cancer surgery, obese patients did not experience a higher proportion of
post-operative complications (54% vs 52%; P = 0.86) or high-grade complications (20% vs 17%; P = 0.47).
Despite our obese cohort having a higher burden of medical comorbidities, we did not observe an
increased rate of specific post-operative medical complications. Smith et al[13] also showed that obese
patients are not at an increased risk of post-operative pneumonia or renal failure, and Merkow et al[14]
showed that obese patients are similarly not at increased risk of post-operative pneumonia, cardiac
arrest, myocardial infarction, or stroke. Obesity may not be an independent predictor of peri-operative
cardiac complications, with the latter more accurately related to functional status rather than traditional
cardiovascular risk factors[15].

Importantly, we determined that the impact of obesity on post-operative outcomes may only manifest
in patients undergoing laparoscopic resection, with obese patients in this subgroup having a
significantly increased prevalence of post-operative complications (47.8% vs 39.3%; P = 0.05). It should
be noted that these findings were not influenced by patients who underwent laparoscopic converted to
open surgery given that they were excluded from this subgroup.

In contrast to our findings, a Chinese study by Xia et al[16] reported that following laparoscopic CRC
resection, patients with a BMI > 30 had a higher but non-significant incidence of Clavien-Dindo grade III
complications compared to patients with a BMI of < 25 (14.3% vs 5.1%; P = 0.178). Similarly, a Korean
study on laparoscopic CRC outcomes by Park et al[17] also showed that obesity was not associated with
an increased rate of major post-operative complications including ileus, bleeding and anastomotic leak
(7.4% vs 5.3%; P = 0.889). Non-significant results in both these studies may be related to the lower
prevalence of obesity in Asian countries, which is reflected by both studies having only 2.7% of their
cohorts categorized as BMI 2 30. Two systematic reviews of laparoscopic CRC surgery outcomes in the
obese by Fung et al[18] and He et al[19] have both reported obesity to be associated with increased
overall post-operative morbidity [odds ratio (OR) = 1.54, 95% confidence interval (CI): 1.21-1.97 and OR
= 1.40, 95%ClI: 1.18-1.66 respectively].

It is widely recognized that visceral obesity is associated with increased intra-operative technical
difficulty by reducing access and visualization from thickened omentum and mesentery, distorting
surgical planes, and increasing the risk of bleeding from both difficult mobilization of vessels and friable
fatty tissue[20]. Our finding of poorer post-operative outcomes in obese patients undergoing laparo-
scopic surgery and not the obese cohort in general may be due to the fact that these aforementioned
issues are aggravated in a laparoscopic approach, where increased intra-abdominal adiposity may
severely restrict the already small working space available during a minimally-invasive resection. In
addition, obese patients are pre-disposed to having a reduced physiologic reserve, and are thus at a
greater risk of hemodynamic compromise during pneumoperitoneum from both increased intra-
abdominal pressure and systemic acidosis secondary to carbon dioxide absorption[21].

In the modern era, laparoscopic surgery has been established as the standard of care in CRC surgery
[22]. Although we have shown that utilizing this approach is associated with an increased prevalence of
general post-operative complications in obese patients, we acknowledge that there are circumstances
where the well-recognized benefits of laparoscopic surgery such as earlier restoration of gut motility,
reduced post-operative pain and shorter length of stay may outweigh the perceived risks[23,24]. Martin
and Stocchi[25] have proposed several practical strategies during laparoscopic colectomy in the obese
such as the use of a 30-degree laparoscope to facilitate exposure and 10 mm instruments to allow for
greater leverage during retraction, as well as the use of intra-corporeal vessel ligation given potential
difficulties in exteriorizing thickened omentum. Surgeons attempting a laparoscopic approach in obese
patients should be adequately experienced and aware that the benefits of laparoscopic surgery likely
diminish if meaningful progress in the operation is not made.

We recognize that as an anthropometric measure, BMI has its limitations in the ability to identify
visceral obesity, and also is distributed differently among ethnic groups[26]. Our rationale for using
BMI as opposed to more specific volumetric measures of intra-abdominal adiposity such as visceral fat
area, is that BMI is a much more commonly used definition of obesity in the literature. This enabled us
to compare our outcomes directly against a larger number of studies. In addition, given that BMI is
indicative of whole-body fat, it also allows for the analysis of general adipose-associated pathophy-
siological processes[19].

We found that despite patients with an obese BMI having significantly higher rates of cardiac
comorbidities, respiratory comorbidities, type II diabetes mellitus, and conversion to open surgery
compared to patients with a non-obese BMI, there was no increased prevalence of post-operative
complications (51.6% vs 44.1%; P = 0.06) or high-grade complications (19.2% vs 14.1%; P = 0.11)
following CRC surgery.
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CONCLUSION

Surgical resection of CRC in obese individuals is safe. A higher prevalence of post-operative complic-
ations in obese patients appears to only be in the context of laparoscopic surgery.

ARTICLE HIGHLIGHTS

Research background

Obesity is a worldwide epidemic of increasing significance. Although the colorectal surgeons of today
manage a greater number of obese patients with colorectal cancer (CRC), the current literature reports
inconsistent findings on whether this phenomenon impacts post-operative outcomes following CRC
surgery.

Research motivation

This research was conducted to determine whether obese patients had equivalent outcomes compared
to non-obese patients following CRC surgery. This is an important issue, as there is no consensus on
whether obesity truly impacts post-operative outcomes, yet obese patients are at risk of having their
surgery withheld or delayed based on this factor alone.

Research objectives

The primary aim of this study was to compare the post-operative outcomes of obese vs non-obese
patients following CRC surgery. With laparoscopic surgery now recognized as the standard of care in
CRC management, post-operative outcomes between obese and non-obese patients were also analyzed
in the subgroup of patients undergoing laparoscopic CRC surgery.

Research methods

Patients who underwent CRC resection between January 2010 and December 2020 at the Prince Charles
Hospital, Queensland, Australia were included in this study. As per the World Health Organization
definition, this study defined obesity as a body mass index (BMI) > 30 mg/kg> Patients were divided
into an obese and non-obese group, and post-operative outcomes were compared between these two
groups using parametric and non-parametric tests. This study also analyzed the post-operative
outcomes of obese vs non-obese patients in the subgroup undergoing laparoscopic CRC surgery.

Research results

This research has demonstrated that although obese patients were more likely to experience conversion
to an open procedure (P = 0.002), they did not experience more post-operative complications (P = 0.06)
or high-grade complications (P = 0.11). There were also no differences in in-hospital mortality (P = 0.06)
or length of stay (P = 0.42). In the laparoscopic subgroup however, patients were more likely to
experience a post-operative complication (P = 0.05), but did not experience more high-grade complic-
ations (P = 0.07).

Research conclusions

Our study has determined that obesity is no barrier to adequate post-operative outcomes following CRC
surgery, with obese patients having equivalent post-operative outcomes compared to their non-obese
counterparts. Caution is advised however, when attempting a laparoscopic approach in obese patients.

Research perspectives

Although BMI is a well-recognized and accepted surrogate marker of obesity, further studies in this area
should analyze post-operative outcomes using other markers of visceral obesity. In addition, the effect
of nutritional status and body composition on post-operative outcomes can be explored.
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Abstract

BACKGROUND

Colorectal laterally spreading tumors (LSTs) with malignant potential require en
bloc resection by endoscopic submucosal dissection (ESD), but lesions with deep
submucosal invasion (SMI) are endoscopically unresectable.

AIM

To investigate the factors associated with high-grade dysplasia (HGD)/carcinoma
and deep SMI in colorectal LSTs.

METHODS

The endoscopic and histological results of consecutive patients who underwent
ESD for colorectal LSTs in our hospital from June 2013 to March 2019 were
retrospectively analyzed. The characteristics of LST subtypes were compared.
Risk factors for HGD/carcinoma and deep SMI (invasion depth = 1000 pm) were
determined using multivariate logistic regression.

RESULTS

A total of 323 patients with 341 colorectal LSTs were enrolled. Among the four
subtypes, non-granular pseudodepressed (NG-PD) LSTs (85.5%) had the highest
rate of HGD/carcinoma, followed by the granular nodular mixed (G-NM)
(77.0%), granular homogenous (29.5%), and non-granular flat elevated (24.2%)
subtypes. Deep SMI occurred commonly in NG-PD LSTs (12.9%). In the adjusted
multivariate analysis, NG-PD [odds ratio (OR) =16.8, P < 0.001) and G-NM (OR =
7.8, P < 0.001) subtypes, size 22 cm (OR = 2.2, P = 0.005), and positive non-lifting
sign (OR = 3.3, P = 0.024) were independently associated with HGD/ carcinoma.
The NG-PD subtype (OR =13.3, P < 0.001) and rectosigmoid location (OR = 8.7, P
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= 0.007) were independent risk factors for deep SML

CONCLUSION

Because of their increased risk for malignancy, it is highly recommended that NG-PD and G-NM
LSTs are removed en bloc through ESD. Given their substantial risk for deep SMI, surgery needs to
be considered for NG-PD LSTs located in the rectosigmoid, especially those with positive non-
lifting signs.

Key Words: Colorectal laterally spreading tumors; Subtype; Deep submucosal invasion; Endoscopic
submucosal dissection

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The incidence of laterally spreading tumors (LSTs) is continually increasing; however, the
optimal strategy for resecting large colorectal LSTs is still under debate. Endoscopic submucosal
dissection (ESD) and surgery each have their pros and cons. In this work, we demonstrated that it is highly
recommend that non-granular pseudodepressed (NG-PD) and granular nodular mixed LSTs are removed
through ESD, and given their substantial risk for deep submucosal invasion, surgery needs to be
considered in NG-PD LSTs located in the rectosigmoid, especially those with positive non-lifting signs.
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INTRODUCTION

Colorectal laterally spreading tumors (LSTs) are lesions 10 mm or greater in diameter characterized by
lateral and circumferential extension with a low vertical axis along the colorectal wall[1]. LSTs are easily
missed during colonoscopy and constitute an important contributor to post-colonoscopy colorectal
cancer[2,3]. LSTs are morphologically categorized into the granular type (LST-G), which has a nodular
surface, and non-granular type (LST-NG), which has a smooth surface[1,3]. The LST-G type can be
divided into a granular nodular mixed subtype (G-NM) and homogeneous subtype (G-H), according to
the existence of irregular and large nodules. The LST-NG type can be further subclassified into the non-
granular pseudodepressed (NG-PD), presenting a gently sloping central depression, and the flat
elevated subtype (NG-FE), characterized by a flat and smooth surface[1,3]. Although some studies have
reported that the four subtypes of LSTs have varying clinicopathological features, previous analyses
have not been adjusted for confounding factors, and the risk of deep submucosal invasion (SMI) and
endoscopic resectability have not been evaluated[4-7].

Endoscopic resection is widely used to treat colorectal neoplasms with a negligible risk of lymph
node metastasis. En bloc resection is indicated for early colorectal cancer[8]. In Eastern countries, early
colorectal cancer includes carcinoma in situ, tumors with a SMI depth less than 1000 pm (superficial SMI
or Tla), and tumors with a SMI depth greater than 1000 pm (deep SMI or T1b)[9]. Given their high risk
of lymph node metastasis, lesions with deep SMI are endoscopically unresectable and require surgery
[10]. Endoscopic methods for achieving en bloc resection includes endoscopic mucosal resection (EMR)
(for lesions < 2 cm) and endoscopic submucosal dissection (ESD) (for larger lesions)[9,11]. ESD is also
indicated when the likelihood of superficial SMI is high[8].

LSTs are good candidates for endoscopic resection owing to their low overall rate of SMI[3].
However, each morphologic subtype of LSTs is associated with a distinct risk of SMI. Tumor size is
known to have various additional effects on SMI among the four subtypes[1,3]. Therefore, morphologic
subtype is the initial consideration when selecting treatments for LSTs. Risk stratification of carcino-
genesis and invasiveness according to morphologic subtype in combination with other factors remains
to be fully elucidated. The aim of our study was to determine the predictors for carcinoma, invasion
depth and endoscopically unresectable lesions for colorectal LSTs and to perform risk assessments for
each morphologic subtype.
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MATERIALS AND METHODS

The endoscopic and histological results of consecutive patients who underwent ESD for colorectal LSTs
at Beijing Friendship Hospital between June 2013 and March 2019 were retrospectively reviewed. In our
centre, ESD is the standard treatment for LSTs. Patients with familial adenomatous polyposis or inflam-
matory bowel disease were excluded. This study was approved by the Ethics Committee of Beijing
Friendship Hospital, Capital Medical University.

Because of the retrospective nature of this study, decisions regarding study inclusion were made by
two endoscopists after reviewing all colonoscopy findings. LSTs were defined as lesions > 1 ¢cm in
diameter that extended laterally and circumferentially along the colorectal wall rather than perpen-
dicular to it. All lesions were reviewed and classified by two endoscopists (Shi HY and Hao XW) using
Kudo’s classification. All lesions were subclassified as follows: (1) G-NM subtype, which had a granular
surface with giant nodules; (2) G-H subtype, which had an even granular surface; (3) NG-PD subtype,
characterized by a mixture of elevated and depressed flat regions in each lesion; or (4) NG-FE subtype,
exhibited an elevated flat and smooth surface[1].

In pathological evaluations, high-grade dysplasia was regarded as carcinoma in situ, according to the
Japanese classification[9]. Carcinomas included carcinoma in situ and tumors with SMI. Lesions with a
SMI depth > 1000 pm were defined as having deep SMI. If the pathologic diagnosis was adenocar-
cinoma, in addition to invasion depth, the degree of carcinoma differentiation and tumor budding, as
well as the presence of lymphovascular invasion, were evaluated. Endoscopically resectable lesions
were defined as those without any of the following features: Poorly differentiated, deep SMI invasion,
lymphovascular invasion, and high-grade tumor budding. Demographic and clinicopathologic data,
including sex, age, LST subtype (G-NM, G-H, NG-PD, NG-FE), location, size, and pathological features,
were recorded.

Statistical analysis

Categorical variables were analysed using the ¥? test or Fisher’s exact test where appropriate.
Continuous data were analysed using Student’s t test if they were normally distributed or the Mann-
Whitney U test if they followed a skewed distribution. Variables found to be significant in univariate
analysis were entered into multivariate logistic regression to determine the independent factors for
carcinoma, SMI, deep SMI and endoscopically unresectable lesions. Two-sided P values < 0.05 were
considered significant. Statistical analyses were performed with IBM SPSS Statistics 20.0.

RESULTS

Characteristics of the patients and lesions

A total of 323 patients with 341 LSTs were included. The mean age was 64.7 years (range 26-88 years),
and 56.0% were men. The median size of the lesions was 20 (range 10-100) mm. Most (52.5%) LSTs were
located in the right colon, and 41.1% of the lesions were located in the rectosigmoid region. G-NM was
the predominant subtype (44.6%). Up to 59.8% of the LSTs were carcinoma, among which 84.4%
(173/204) were carcinoma in situ. The proportions of SMI, deep SMI and endoscopic unresectable
lesions were 9.1%, 3.5% and 4.7%, respectively (Table 1).

Comparisons among LST subtypes

Table 2 shows that the four LST subtypes had distinct clinicopathological features. G-NM [median 25
mm, interquartile range (IQR) 18-40 mm] was the largest subtype (vs any of the other three subtypes, P
<0.001), and NG-FE (median 15 mm, IQR 13-19 mm) was the smallest subtype (vs NG-PD subtype, P =
0.009; vs G-H subtype, P = 0.002). A higher percentage of the G-H (68.9%), NG-PD (51.6%) and NG-FE
(66.7%) subtypes were located in the right colon, whereas the majority (56.6%) of the G-NM LSTs were
located in the rectosigmoid region. The carcinoma rates of the G-NM and NG-PD LSTs were 77.0% and
85.5%, respectively, and both were significantly higher than those of the G-H (vs 29.5%, P < 0.001) and
NG-FE (vs 24.2%, P < 0.001) LSTs. Of the tumors that were carcinoma, carcinoma in situ accounted for
90.6% (106/117), 100% (18/18), 66.0% (35/53) and 87.5% (14/16) of G-NM, G-H, NG-PD and NG-FE
lesions, respectively. Among the four subtypes, the NG-PD subtype had the highest risk for having SMI
(vs any of the other three subtypes, P < 0.001), having deep SMI (12.9% vs 2.6% of the G-NM subtype, P
= 0.004; 12.9% vs 0% of the G-H/NG-FE subtype, P = 0.002), and being endoscopically unresectable
(14.5% vs 4.6% of the G-NM subtype, P = 0.016; 14.5% vs 0% of the G-H/NG-FE subtype, P = 0.001).

Predictors for carcinoma

As shown in Table 3, in univariate analysis, the G-NM subtype, NG-PD subtype, rectosigmoid location,
size = 2 cm, and positive non-lifting sign were associated with a higher risk for carcinoma. In the
adjusted multivariate analysis, the G-NM subtype [odds ratio (OR) = 7.8, 95% confidence interval (CI):
3.8-16.1, P < 0.001)], NG-PD subtype (OR = 16.8, 95%CI: 6.5-43.5, P < 0.001), size 22 cm (OR = 2.2,
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Table 1 Characteristics of the patients and lesions

Total
Number of patients 323
Male sex, 1 (%) 181 (56.0)
Age, mean * SD, yr 64.7 £10.5
Number of lesions 341
Size, median (IQR), cm 2.0 (1.5-3.0)
Location, n (%)
Caecum and ascending colon 137 (40.2)
Transverse colon 42 (12.3)
Descending colon 22 (6.5)
Sigmoid 45 (13.2)
Rectum 95 (27.9)
LST subtype, n (%)
G-NM 152 (44.6)
G-H 61 (17.9)
NG-PD 62 (18.2)
NG-FE 66 (19.4)
HGD/ carcinoma, 1 (%) 204 (59.8)
Carcinoma in situ, n (%) 173 (50.7)
SML, 1 (%) 31 (9.1)
Deep SMI, 1 (%) 12 (3.5)
Endoscopically unresectable, 1 (%) 16 (4.7)

LST: Laterally spreading tumor; G-NM: Granular nodular mixed; G-H: Granular homogenous; NG-FE: Non-granular flat elevated; NG-PD: Non-granular
pseudodepressed; IQR: Interquartile range; SMI: Submucosal invasion.

95%CI: 1.3-3.9, P = 0.005), and positive non-lifting sign (OR = 3.3, 95%CI: 1.2-9.2, P = 0.024) remained
independent predictors. We further performed subgroup analysis according to LST subtype. For the G-
NM subtype, a larger size was associated with a higher risk of carcinoma (85.1% of lesions = 3 cm vs
70.6% of those <3 cm, P = 0.035). Almost all (96.0%) of the NG-PD lesions located in the rectosigmoid
region were carcinoma.

Predictors for SMI and deep SMI

The NG-PD subtype (OR = 9.1, 95%ClI: 3.9-21.0, P < 0.001), rectosigmoid location (OR = 3.2, 95%CI: 1.4-
7.6, P = 0.007), and positive non-lifting sign (OR = 3.0, 95%CI: 1.2-8.0, P = 0.023) were independent
predictive factors for SMI in the adjusted multivariate analysis (Table 4). The NG-PD subtype,
rectosigmoid location and positive non-lifting sign were associated with an increased risk for deep SMI.
In the adjusted multivariate analysis, the NG-PD subtype (OR = 13.3, 95%CI: 3.7-47.9, P < 0.001) and
rectosigmoid location (OR = 8.7, 95%CI: 1.8-42.3, P = 0.007) were independent predictors for deep SMI
Table 4).

( In the) subgroup analysis by LST subtype, for the G-NM subtype, lesions located in the rectum were
more likely to have SMI than those located in the colon (13.8% vs 2.3%, P = 0.009). None of the G-H
lesions in our study invaded the submucosal layer. For the NG-PD subtype, 61.5% of LSTs with a
positive non-lifting sign (vs 22.7% of those without a positive non-lifting sign, P = 0.015) had SMI. Deep
SMI occurred in 44.4% of NG-PD lesions with a positive non-lifting sign (vs 9.3% of lesions without a
non-lifting sign, P = 0.023) and 30.4% of those located in the rectosigmoid region (vs 3.0% of lesions
located proximal to the sigmoid colon, P = 0.006). Kudo’s pit pattern type V (60.0% vs 0% of those with
type I-IV pit patterns, P = 0.027) and JNET type 2B/3 (75.0% vs 0% of those with JNET type 1/2A, P =
0.033) were associated with a significantly higher risk for deep SMI. For NG-FE lesions, a rectosigmoid
location was associated with a higher risk of SMI (15.4% vs 0%, P = 0.036). None of the NG-FE LSTs in
our study invaded the deep submucosal layer.
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Table 2 Characteristics of laterally spreading tumor subtypes

G-NM (n = 152) G-H (n=61) NG-PD (n = 62) NG-FE (n = 66)
Size, median (IQR), cm 2.5 (1.8-4.0) 1.8 (1.5-2.4) 1.8 (1.5-2.5) 1.5 (1.3-1.9)
Location, 1 (%)

Right-sided colon 61 (40.1) 42 (68.9) 32 (51.6) 44 (66.7)
Caecum 25 (16.4) 16 (26.2) 4(6.4) 4(6.1)
Ascending colon 31 (20.4) 19 (31.1) 12 (19.4) 26 (39.4)
Transverse colon 5(3.3) 7 (11.5) 16 (25.8) 14 (21.2)
Descending colon 5(3.3) 3(4.9) 5(8.1) 9 (13.6)
Rectosigmoid 86 (56.6) 16 (26.2) 25 (40.3) 13 (19.7)
Sigmoid 21 (13.8) 4(6.6) 11 (17.7) 9 (13.6)
Rectum 65 (42.8) 12 (19.7) 14 (22.6) 4(6.1)
HGD/ carcinoma rate, 71 (%) 117 (77.0) 18 (29.5) 53 (85.5) 16 (24.2)
Carcinoma in situ, 71 (%) 106 (69.7) 18 (29.5) 35 (56.4) 14 (21.2)
SMI rate, 1 (%) 11 (7.2) 0(0) 18 (29.0) 2(3.0)
Deep SMI rate, 1 (%) 4(26) 0(0) 8 (12.9) 0(0)
Endoscopically unresectable, 1 (%) 7 (4.6) 0(0) 9 (14.5) 0(0)

LST: Laterally spreading tumor; G-NM: Granular nodular mixed; G-H: Granular homogenous; NG-FE: Non-granular flat elevated; NG-PD: Non-granular

pseudodepressed; IQR: Interquartile range; HGD: High-grade dysplasia; SMI: Submucosal invasion.

Jaishideng®

Predictors for endoscopically unresectable lesions

The NG-PD subtype (OR = 7.1, 95%CI: 2.3-22.0, P = 0.001), rectosigmoid location (OR = 10.5, 95%ClI: 2.2-
49.0, P = 0.003), and positive non-lifting sign (OR = 3.5, 95%CI: 1.0-12.0, P = 0.045) were independent
predictors for endoscopically unresectable lesions (Table 5). For the NG-PD subtype, 33.3% of the
lesions in the rectosigmoid region (vs 3.0% of those located proximal to the sigmoid colon, P = 0.003)
and 50.0% of the lesions with positive non-lifting signs (vs 9.3% of those without non-lifting signs, P =
0.008) were endoscopically unresectable. The risk for being endoscopically unresectable was low in G-
NM LSTs. All of the G-H or NG-FE LSTs in our study were endoscopically resectable.

DISCUSSION

Our study revealed that the G-NM subtype, NG-PD subtype, size > 2 cm and positive non-lifting sign
were independent predictors for carcinoma. The NG-PD subtype, rectosigmoid location and positive
non-lifting sign were independently associated with SMI and endoscopically unresectable lesions. We
comprehensively compared the clinicopathological characteristics among the four subtypes of LSTs. G-
NM lesions had the largest tumor size among the four subtypes and most commonly occurred in the
rectosigmoid region. Although a substantial proportion of carcinomas (77%) were found among G-NM
LSTs, over 90% of the carcinomas were carcinomas in situ. Approximately 30% of the G-H LSTs were
carcinomas, and all were carcinoma in situ. The NG-PD subtype was associated with the highest risks
for being malignant (86%), having SMI (29%), having deep invasion (12.9%) and being endoscopically
unresectable (16%) among the four subtypes. NG-FE LSTs had the smallest tumor size and a malignancy
rate of approximately 25%. None of the malignant lesions considered the NG-FE subtype invaded the
deep submucosal layer.

Large non-pedunculated colorectal lesions are traditionally managed by surgical resection[12]. Over
the past decade, with the evolution of endoscopic techniques, endoscopic resection has become the first-
line therapy for colorectal tumors without deep invasion[13,14]. Compared to surgery, endoscopic
resection is associated with significantly lower rates of complications and a much quicker recovery[15-
17]. Long-term outcomes including recurrence and survival rates are comparable between endoscopic
and surgical treatment[8,18]. Furthermore, endoscopic resection has been shown to be more cost-
effective than surgery for the management of superficial colorectal neoplasms[19,20]. En bloc resection is
indicated for carcinomatous lesions because of its superiority over piecemeal resection in reducing
recurrence rates[8,9,21-23]. If superficial SMI is suspected, ESD is recommended to provide complete
resection for accurate histological staging and reduced recurrence[8]. LSTs are good candidates for
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Table 3 Univariate and multivariate analyses of predictors for high-grade dysplasia /carcinoma

Univariate Multivariate

OR (95%Cl) Pvalue OR (95%Cl) P value
LST subtype
NG-FE 1 - 1 -
NG-PD 18.4 (7.4-45.4) <0.001 16.8 (6.5-43.5) <0.001
G-NM 10.4 (5.3-20.6) <0.001 7.8 (3.8-16.1) <0.001
G-H 1.3 (0.6-2.9) 0.504 1.1 (0.5-2.4) 0.871
Location
Non-rectosigmoid 1 -
Rectosigmoid 2.3 (1.5-3.7) <0.001
Size, cm
<2 1 - 1 =
>2 2.6 (1.6-4.0) <0.001 2.2 (1.3-3.9) 0.005
Non-lifting sign
Negative 1 - 1 -
Positive 4.0 (1.6-9.8) 0.003 3.3 (1.29.2) 0.024

LST: Laterally spreading tumor; G-NM: Granular nodular mixed; G-H: Granular homogenous; NG-FE: Non-granular flat elevated; NG-PD: Non-granular

pseudodepressed; OR: Odds ratio; CI: Confidence interval.
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endoscopic resection due to their low risk for deep invasion[24,25]. In our study, approximately 60% of
the LSTs were carcinomas, and the majority (approximately 85%) were carcinoma in situ.

An accurate preoperative diagnosis to identify carcinoma and determine the depth of invasion is
essential for selecting an appropriate therapeutic strategy. We investigated independent factors for
carcinoma, SMI, deep SMI and endoscopically unresectable lesions. The G-NM subtype, NG-PD
subtype, large lesion size and positive non-lifting sign were predictors for carcinoma in our study,
which was in line with previous studies[5-8,26]. For SMI, we found that the NG-PD subtype, positive
non-lifting sign and rectosigmoid location were predictive factors. Although the NG-PD subtype and
positive non-lifting sign are well acknowledged markers for SMI[5-8,21,26], the rectosigmoid location is
a newly identified predictor for SMI. A large prospective multicentre study from Australia reported that
rectosigmoid location was an independent factor for SMI, and the significance of this parameter
remained among lesions without obvious high-risk features for SMI (type V Kudo pit pattern and Paris
0-IIc components)[27]. Rectal lesions accounted for a greater proportion of lesions with SMI in a few
previous studies[4,28]. This may suggest different pathways of carcinogenesis between distal and
proximal LSTs. Endoscopic resection of lesions located in the distal colorectum, particularly in the
rectum, is technically easier and is associated with a lower risk of complications than that of lesions
located in the proximal colon[29]. Endoscopically assessing the depth of SMI is extremely important in
deciding whether to perform ESD or refer the patient to surgery. However, research investigating
predictors for deep SMI is limited. Yamada et al[30] reported that a depressed component was strongly
associated with deep SMI both in LST-G and LST-NG. In our study, the NG-PD subtype and
rectosigmoid location were also independent factors for deep SMI. We also confirmed that NG-PD,
rectosigmoid location and positive non-lifting sign were independent factors for endoscopic unresect-
ability. In addition to deep SMI, factors including lymphovascular invasion also determine endoscopic
resectability. There were 4 cases of lymphovascular invasion on pathological examination without deep
SMI in our study. The other risk factors for being endoscopically unresectable are very large lesion size
(size > 40 mm), special location (lesions involving the ileocaecal valve, appendix, diverticulum), prior
failed attempt at resection or recurrence at site of previous resection, and non-lifting sign after submu-
cosal injection[31].

The risk of carcinoma, invasion depth and endoscopic unrespectability in each LST subtypes was
further assessed. G-H LSTs are good candidates for EMR due to their relatively small tumor size and
very low risk for SMI. For G-NM lesions, the overall rate of carcinoma was high, and this rate increased
with as lesion size increased. A rectal location was associated with a high risk for SMI. Therefore, en bloc
resection is desirable for the G-NM subtype, whereas ESD is preferred for large lesions and those
located in the rectum. NG-FE LSTs had a small tumor size and low overall risk for SMI. However, the
risk for SMI increased significantly if the lesions were located in the rectosigmoid region, suggesting
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Table 4 Univariate and multivariate analyses of predictors for submucosal invasion and deep submucosal invasion

Univariate Multivariate

OR (95%Cl) P value OR (95%Cl) Pvalue
Risk factors for SMI
LST subtype
Non-NG-PD 1 - 1 -
NG-PD 8.6 (3.9-18.7) <0.001 9.1 (3.9-21.0) <0.001
Location
Non-rectosigmoid 1 - 1 -
Rectosigmoid 2.9 (1.3-6.3) 0.007 3.2 (1.4-7.6) 0.007
Non-lifting sign
Negative 1 - 1 -
Positive 4.8 (2.0-11.3) <0.001 3.0 (1.2-8.0) 0.023
Risk factors for deep SMI
LST subtype
Non-NG-PD 1 1
NG-PD 11.3 (3.3-39.1) <0.001 13.3 (3.7-47.9) <0.001
Location
Non-rectosigmoid 1 1
Rectosigmoid 7.8 (1.7-36.2) 0.009 8.7 (1.8-42.3) 0.007
Non-lifting sign
Negative 1
Positive 5.2 (1.5-18.6) 0.010

LST: Laterally spreading tumor; NG-PD: Non-granular pseudodepressed; OR: Odds ratio; CI: Confidence interval; SMI: Submucosal invasion.

ESD in such cases. A consensus has been reached that the NG-PD subtype is an indicator for ESD[8,11,
32]. The high rate of SMI in our study supported this consensus. However, the NG-PD subtype is also
associated with a high risk of being endoscopically unresectable. The decision between performing ESD
and referring the patient to surgical treatment should be cautiously considered in this scenario. Our
results showed that a rectosigmoid location, positive non-lifting sign and type V Kudo pit pattern were
associated with a significantly higher risk for having deep SMI and being endoscopically unresectable.
Before treating lesions with these risk features, the endoscopists” experience and patients’ preferences
should be cautiously considered. Despite improvements in endoscopic diagnosis, the sensitivity of
endoscopic techniques for identifying SMI remains unsatisfactory[27]. In recent years, en bloc ESD prior
to surgery as a total excisional biopsy for early colorectal carcinoma has been introduced in clinical
practice[33]. A recent multicentre study on the influence of preoperative ESD on the prognosis of
patients with early colorectal carcinomas (T1) found that en bloc ESD did not adversely affect the long-
term clinical outcomes[34]. As a more cost-effective method than surgery, ESD is a reasonable first
option for early colorectal carcinomas without obvious features of deep invasion.

To the best of our knowledge, the present work is one of the largest studies comprehensively
comparing the clinicopathological features, including risk of carcinoma, depth of invasion and
endoscopic resectability, among the four subtypes of LSTs. With a relatively large number of cases
involved, we were able to perform multivariate analyses and determine the independent predictors for
carcinoma, SMI, deep SMI and endoscopic unresectability. Subgroup analyses were also conducted to
identify distinct risks for the four subtypes of LSTs. We also proposed a treatment strategy for each
subtype of LST, according to the risks of carcinoma and deep SMI based on our findings. Additionally,
ESD is the standard therapy for LSTs in our centre and enables accurate pathological evaluation with
detailed information on the depth of invasion and other risk factors for lymph node metastasis.

Several limitations of our study should be acknowledged. First, as this was a single-centre
retrospective study based on clinical records, regional or institutional bias may exist. Second, because
ESD was the commonly used treatment for LSTs in our centre and to allow for accurate histopatho-
logical assessment, only lesions that were resected en bloc by ESD were included in this study; thus,
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Table 5 Univariate and multivariate analyses of predictors for endoscopically unresectable laterally spreading tumors

Univariate Multivariate

OR (95%Cl) P value OR (95%Cl) P value
LST subtype
Non-NG-PD 1 - 1 -
NG-PD 7.2 (2.6-20.3) <0.001 7.1 (2.3-22.0) 0.001
Location
Non-rectosigmoid 1 - 1 -
Rectosigmoid 11.1 (2.5-49.7) 0.002 10.5 (2.2-49.0) 0.003
Non-lifting sign
Negative 1 - 1 -
Positive 6.3 (2.1-18.6) 0.001 3.5 (1.0-12.0) 0.045

LST: Laterally spreading tumor; NG-PD: Non-granular pseudodepressed; OR: Odds ratio; CI: Confidence interval.

there were no data on LSTs resected by EMR and surgery. However, the number of these lesions was
relatively small. Third, it has previously been reported that magnifying observation (pit pattern
diagnosis) and image-enhancement technology (e.g., narrow band imaging) are reliable and effective
methods for predicting the depth of tumor invasion; however, due to the inherent limitations of
retrospective studies, some lesion records on JNET and Kudo pit pattern type were missing.

CONCLUSION

In conclusion, the clinicopathological characteristics of LSTs varied according to subtypes in terms of
size, distribution, malignant potential, depth of invasion and endoscopic resectability. Because of their
increased risk for malignancy, it is highly recommended that NG-PD and G-NM LSTs are removed en
bloc through ESD. Given their substantial risk for deep SMI, surgery needs to be considered in NG-PD
subtype LSTs located in the rectosigmoid, especially those with a positive non-lifting sign.

ARTICLE HIGHLIGHTS

Research background

The incidence of laterally spreading tumors (LSTs) is continually increasing; however, the optimal
strategy for resecting large colorectal LSTs is still under debate. Endoscopic submucosal dissection
(ESD) is associated with a high en bloc resection rate, low risk of recurrence and perfect pathological
analysis. However, the possibility of a positive postoperative pathological resection margin exists,
which would require additional surgical procedures. Surgery has a high complication rate, high
mortality and prolonged hospital stays.

Research motivation
Accurate preoperative assessment based on various risk factors to identify carcinoma and invasion
depth is essential for selecting an appropriate therapeutic strategy.

Research objectives
This study aimed to identify the predictors of carcinoma, invasion depth and endoscopically
unresectable lesions for colorectal LSTs and to facilitate appropriate preoperative selection.

Research methods

This retrospective study analysed the endoscopic and histological results of consecutive patients who
underwent ESD for colorectal LSTs in our hospital during a six-year period. The characteristics of the
LSTs were compared by subtypes. Risk factors for high-grade dysplasia (HGD)/carcinoma and deep
submucosal invasion (SMI) (invasion depth > 1000 pm) were determined for each morphologic subtype.
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Research results

Among the four subtypes, non-granular pseudodepressed (NG-PD) LSTs had the highest rate of
HGD/ carcinoma and deep SMI (invasion depth = 1000 pm). NG-PD subtype and rectosigmoid location
were the independent risk factors for deep SMI in adjusted multivariate analysis.

Research conclusions

We demonstrated that it is highly recommend that NG-PD and granular nodular mixed (G-NM) LSTs
are removed through ESD; given their substantial risk for deep SMI, surgery needs to be considered in
NG-PD LSTs located in the rectosigmoid, especially those with positive non-lifting signs.

Research perspectives

A risk score chart, which can determine the risk for carcinoma, invasion depth and endoscopically
unresectable lesions for colorectal LSTs should be developed. It can help endoscopists in selective use of
different types of endo-resection or to proceed to surgery instead of endoscopy.
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Abstract

BACKGROUND

Perivascular epithelioid cell tumor (PEComa) represents a group of rare
mesenchymal tumors. PEComa can occur in many organs but is rare in the
colorectum, especially in children. Furthermore, PEComa is a rare cause of
intussusception, the telescoping of a segment of the gastrointestinal tract into an
adjacent one. We describe a rare case of pediatric PEComa complicated with
intussusception and anal incarceration, and conduct a review of the current
literature.

CASE SUMMARY

A 12-year-old girl presented with abdominal pain and abdominal ultrasound
suggested intussusception. Endoscopic direct-vision intussusception treatment
and colonoscopy was performed. A spherical tumor was discovered in the
transverse colon and removed by surgery. Postoperative pathologic analyses
revealed that the tumor volume was 5.0 cm x 4.5 cm x 3.0 cm and the tumor tissue
was located in the submucosa of the colon, arranged in an alveolar pattern. The
cell morphology was regular, no neoplastic necrosis was observed, and nuclear
fission was rare. The immunohistochemical staining results were as follows:
Human melanoma black 45 (HMB 45) (+), cluster of differentiation 31 (CD31) (+),
cytokeratin (-), melanoma-associated antigen recognized by T cells (-), smooth
muscle actin (-), molleya (-), desmin (-), S-100 (-), CD117 (-), and Ki67 (positive rate
in hot spot < 5%). Combined with the results of pathology and immunohisto-
chemistry, we diagnosed the tumor as PEComa. Postoperative recovery was good
at the 4 mo follow-up.

CONCLUSION
The diagnosis of PEComa mainly depends on pathology and immunohisto-
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chemistry. Radical resection is the preferred treatment method.

Key Words: Perivascular epithelioid cell tumor; Colonic; Intussusception; Anal incarceration; Endoscopic
direct-vision intussusception treatment; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Perivascular epithelioid cell tumor (PEComa) of the colon is rarely encountered in the clinic,
especially in pediatric patients. We describe a rare case of PEComa complicated with intussusception and
anal incarceration in a 12-year-old female. We performed endoscopic direct-vision intussusception
treatment and surgical removal. The diagnosis of PEComa mainly depends on pathology and immunohis-
tochemistry. Radical resection is the preferred treatment method.

Citation: Kou L, Zheng WW, Jia L, Wang XL, Zhou JH, Hao JR, Liu Z, Gao FY. Pediatric case of colonic
perivascular epithelioid cell tumor complicated with intussusception and anal incarceration: A case report. World J
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INTRODUCTION

Colonic perivascular epithelioid cell tumor (PEComa) is rare in clinical practice, especially in children.
Intussusception caused by PEComa is even rarer. This report describes a pediatric case of colonic
PEComa with intussusception and anal incarceration treated with endoscopic intussusception
reduction. This is the first report of such a case. Furthermore, we review the studies on colorectal
PEComa indexed in the PubMed database and accessed with the keywords “Colonic PEComa” and
“Rectal PEComa”. A total of 30 cases were retrieved, and we provide a detailed analysis and summar-
ization of these cases here.

CASE PRESENTATION

Chief complaints
A 12-year-old girl presented with abdominal pain as the first manifestation.

History of present illness

The patient had developed paroxysmal angina pectoris around the umbilicus and lower abdomen 17 d
prior, accompanied by nausea and vomiting. Intussusception was diagnosed in a local hospital by
ultrasound, and was reduced by air enema. Contrast-enhanced computed tomography (CT) scan
showed abnormal enhancement on the left side of the transverse colon with intussusception, which was
considered as polyps (Figure 1). Supplementary colonoscopy showed a spherical protuberance of 5 cm
in diameter in the transverse colon (Figure 2). The patient was transferred to our hospital for further
diagnosis and treatment.

History of past illness
The patient had no previous medical history.

Personal and family history
There was no relevant personal or family history of colon tumor.

Physical examination
The patient’s vital signs were stable, the abdomen was flat and soft, the left lower abdomen was tender,
and there was mild rebound pain.

Laboratory examinations
Results of routine blood, liver function, and coagulation and tumor marker tests were within the normal
ranges.
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Figure 1 Abdominal computed tomography results. A: Plain scan showed a transverse colonic mass; B: Space-occupying lesion showed obvious
enhancement.
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Figure 2 Colonoscopy results. A: The tumor is spherical, with a diameter of about 5 cm, a surface that is congested and eroded, and with formation of local
ulcers; B The root of the tumor has a thick pedicle, with rough surface mucosa and covered with leukoplakia; C: Narrow band imaging showed that the glandular
ducts had disappeared and the presence of vasodilation.

Imaging examinations
Contrast-enhanced CT scan showed abnormal enhancement on the left side of the transverse colon with

intussusception, which was considered as polyps (Figure 1). Supplementary colonoscopy showed a
spherical protuberance of 5 cm in diameter in the transverse colon (Figure 2).

MULTIDISCIPLINARY EXPERT CONSULTATION

Combined with the microscopy findings and considering the high risk associated with endoscopy, after
discussion with the pediatric surgeons, pediatricians, pathologists, and ultrasonographers, we decided
to remove the tumor via general surgery.

FINAL DIAGNOSIS

PEComa was diagnosed by immunohistochemistry.

TREATMENT

We performed surgery on the patient, a tumor was found in the transverse colon near the spleen, of
about 6 cm x 4 cm x 3 cm in size, with a wide pedicle connected to the bowel. It had good mobility, a
hard texture, and a rich blood supply. Edema of the surrounding bowel wall and mesentery was found,
separating the mesentery in turn and being ligated to the affected mesenteric vessels. We completely
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removed the tumor, in addition to about 3 cm of the affected bowel (Figure 3).

Postoperative pathology showed that the tumor volume was 5.0 cm % 4.5 cm % 3.0 cm and the tumor
tissue was located in the submucosa of colon, arranged in an acinar shape with mild cell morphology,
no tumor necrosis, and rare instances of mitosis. The immunohistochemical staining results were as
follows: Human melanoma black 45 (HMB-45) (+), cluster of differentiation 31 (CD31) (+), cytokeratin (-
), melanoma-associated antigen recognized by T cells (-), smooth muscle actin (-), molleya (-), desmin (-),
5-100 (-), CD117 (-), and Ki67 (hot spot positive rate < 5%) (Figure 4).

OUTCOME AND FOLLOW-UP

The patient recovered well after the operation, and no abnormalities were found at the 6 mo follow-up.

DISCUSSION

PEComa represents a group of mesenchymal tumors characterized by perivascular epithelioid cells[1].
The etiology is still unclear, and some scholars consider it to be related to the gene mutation of the
tuberous sclerosis complex[2]. Histologically, it is mainly composed of blood vessels, spindle cells or
epithelioid cells, and fat. The proportion of the three components varies, which leads to large differences
in imaging manifestations; it can manifest as poorly differentiated soft tissue tumors or as sclerosing
tumors. Its density or signal performance is also closely related to the tumor cell components, but most
of these tumors are characterized by a soft tissue mass with a regular shape, clear boundary, high
density, and low signal intensity[3].

PEComa diagnosis depends on the pathology and immunohistochemistry findings. According to the
World Health Organization classification of digestive system tumors published in 2019, the basic and
ideal diagnostic criteria of PEComa are: epithelioid cells and (or) spindle cells in tissues, eosinophilic
granular or transparent cytoplasm; nestlike, trabecular or lamellar structure; and co-expression of
melanocytes and smooth muscle markers[4]. At present, there is no definitive standard for the diagnosis
of benign and malignant PEComa. Folpe et al[5] divided the tumors into benign, malignant, and
undetermined malignant potential. The malignant features included: tumor size > 5 cm, marginal infilt-
ration, atypical nuclear, mitotic image > 1/50 high-power field, tumor necrosis, and vascular invasion.
Benign tumors are considered malignant when they have more than two of the aforementioned features;
cases where the diagnosis of malignant potential is uncertain and there is tumor necrosis, including
obvious nuclear atypia and high proliferation index, need close follow-up[4]. Considering the
pathological results of this case, we considered the tumor to be benign; however, due to the patient’s
young age and large tumor volume, close follow-up is still needed.

PEComa is rarely reported. Cecal PEComa was first reported by Birkhaeuser et al[6] in 2004. Since
then, a total of 30 cases (Table 1)[6-32] of colorectal PEComa have been reported (as determined upon
performance of a detailed PubMed search), including 18 females and 12 males, of ages ranging from 5.5-
years-old to 69-years-old; most of these patients were adults, and only 7 (23%) were younger than 15-
years-old. There was a significant sex difference among the adults but no significant sex difference
among the children, consistent with the findings reported by Fadare[33], who proposed that PEComa
may be a hormone-dependent tumor. PEComa can occur in all parts of the colon, although they occur
more often in the left colon (9 cases in the sigmoid colon[11,12,15,16,18,21,22,26,31], 5 in the rectum[6,7,
13,28,29], 3 in the descending colon[9,16,27], 4 in the ascending colon[16,19,30], 7 in the cecum[8,14,20,
23-25,32], 1 in the transverse colon[10], and 1 in the right colon[17]).

The diameter of the reported tumors have ranged from 0.8 cm to 8.0 cm. There are no specific
symptoms. The tumor can manifest abdominal pain, diarrhea, abdominal distension, hematochezia, or
other symptoms of gastrointestinal tumors[19]. The most common clinical manifestation is abdominal
pain (44%). Two intussusception cases have been reported. Among the 30 cases, 23 patients underwent
surgery and 4 of them given postoperative adjuvant chemotherapy[14,19,26,31]. In total, 5 underwent
endoscopic mucosal resection[10,20,24,25,30], and 1 patient underwent endoscopic mucosal dissection
after pathological diagnosis. No recurrence was found during follow-up. There have been 10 malignant
PEComa cases reported[8,9,11,14,15,19,23,26,28,31]; among them, 2 patients died[9,23] and 2 were lost to
follow-up but involving the pancreas and liver metastasis respectively[28,31]. Combined with limited
case analysis, the prognosis of malignant PEComa is poor.

Ileocolic intussusception is one of the most common abdominal emergencies involving children who
are less than 3-years-old[34]. The pathophysiology underlying the majority of pediatric intussusception
cases is thought to be secondary to a transient viral illness[35]. In adults, 70%-90% of intussusception
can be found to have a clear cause, and about 40% are caused by a primary or secondary malignant
tumor[36]. Here, we have reported the first pediatric case of benign PEComa in the transverse colon
with intussusception, tumor prolapse, and incarceration outside the anus.
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Table 1 Review of case reports of colorectal perivascular epithelioid cell tumor

e . Size g
Ref. g Sex Symptom Location Metastasis Treatment Follow-up
(yr) (mm)
1 Birkhaeuser et al 35 F Bleeding Cecum 35 No SR NER at 5 yr
[6]
2 Genevay et al[7] 36 F Anemia and rector- Cecum 35 No SR NA
rhagia
3 Evert et al[8] 56 F Rectal obstruction loss  Rectum 80 x 50 Lung metastasis NA NA
4 Yamamoto etal 43 F Abdominal pain Descending 80 No SR DOD at 38 mo
[
5 Baek et al[10] 16 F NA Transverse 25 No ER NER at 24 mo
6 Pisharody etal 11 M Bleeding Sigmoid 30 Lymph node metastasis SR NER at 5 mo
[11]
7 Righi et al[12] 11 M NA Sigmoid 35 NA SR NA
8 Qu et al[13] 43 F NA Cecum 20 No SR NER at 25 mo
9 Ryan et al[14] 15 F Bleeding Rectum 37 Lymph node metastasis SR and AC NER at 5 mo
10 Tanaka et al 14 F Physical examination  Sigmoid 40 No SR NA
[15]
11 Shi et al[16] 38 F Abdominal pain Ascending 60 No SR NER at 8 mo
12 Shi et al[16] 42 M  Abdominal pain Sigmoid 45 No SR NER at 15 mo
13 Shi et al[16] 36 M  Abdominal pain Descending 48 No SR NER at 32 mo
14 Shi et al[16] 45 F Abdominal pain Ascending 35 No SR NER at 36 mo
15 Gross et al[17] 5.5 M  Abdominal pain and Right 50 No SR NER at 15 yr
fever
16 Freemanetal 17 F Bleeding Sigmoid NA No SR NA
[18]
17 Park et al[19] 7 M  Abdominal pain and Ascending 37 No SR and IFN NER at 26 mo
bleeding therapy
18 Mar et al[20] 11 F Prolapsed mass Rectum 20 No ER NA
19 Lee et al[21] 62 F Abdominal pain and Sigmoid 50 NA NA NA
melena
20 Cho et al[22] 62 B Bleeding Sigmoid 50 No SR NER at 16 mo
21 Scheppach et al 23 M  Abdominal pain and Rectum NA Lymph node and liver SR and AC DOD at 23 mo
[23] bleeding metastasis
22 Tm et al[24] 17 M  Bleeding Rectum 30 No ER NER at 10 mo
23 Kanazawa etal 55 I Physical examination =~ Rectum 25 No ER NER at 12 mo
[25]
24 Cheng et al[26] 40 M Dyschezia Sigmoid 70x60  No SR Pancreatic metastasis
at 27 mo
25 Iwamoto etal 42 F Physical examination ~ Descending NA No SR NA
[27]
26 Lin et al[28] 28 M  Abdominal pain and Cecum 88 No SR Liver metastasis at 49
bleeding mo
27 Iwa et al[29] 69 M  Physical examination =~ Cecum 41x32 No SR NA
28 Bennett et al 67 F Physical examination ~ Ascending 80 No ER NA
[30]
29 Cheng et al[31] 17 M  Bleeding Sigmoid NA Lymph node metastasis SR and AC NER at 24 mo
30 Yeonetal[32] 45 F Physical examination ~ Rectum 20 No SR NA

AC: Adjuvant chemotherapy; DOD: Died of disease; ER: Endoscopic resection; F: Female; M: Male; NA: Not available; NER: No evidence of recurrence; SR:

Surgical resection.
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Figure 3 Tumor. A: The tumor was outside the anus; B: The tumor was removed surgically, in addition to about 3 cm of the affected bowel.

DOI 10. 4251/W]gO v14 i7. 1348 Copyrlght ©The Author(s) 2022

Figure 4 Pathology and immunohistochemistry results. A: 40 x magnification showing that the tumor was located in the intestinal wall, and the tumor cells
were arranged in nests or acini; B: 100 x magnification showing that the tumor cells were transparent or eosinophilic granular; C: 200 x magnification showing
abundant capillaries in the interstitium; D: Human melanoma black 45 (+) detected by the EnVision method.

At present, benign PEComa has no adjuvant drug treatment. The main treatment for colon PEComa is
radical resection, with a good prognosis. Long-term clinical and CT follow-up is recommended.
Scheppach et al[23] administered sirolimus, doxorubicin, ifosfamide, citabine and docetaxel successively
after surgery, which had no obvious effect. Park et al[19] reported on a 7-year-old boy with poorly
differentiated PEComa in the ascending colon, who received adjuvant interferon-alpha for 1 year after
surgery. There was no recurrence after 26 mo of follow-up. That was the first report of interferon-alpha
for the treatment of PEComa in the colon. In recent years, an increasing number of targeted drugs have
been used in PEComa. Studies have shown that mechanistic target of rapamycin inhibitors are the most
effective drugs for the treatment of advanced/metastatic PEComa[37].

CONCLUSION

PEComa is a special type of mesenchymal tissue tumor, which is rarely encountered in the clinic and
lacks specific clinical manifestations. The diagnosis depends on pathology and immunohistochemistry
findings. Radical resection is the preferred treatment method, and there is no standardized treatment for
postoperative adjuvant therapy. Targeted drug application is gradually increasing and has achieved
certain results but still needs further research.
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Abstract

BACKGROUND

Signet ring cell carcinoma (SRCC) is a specific type of mucinous secretory
adenocarcinoma, which contains abundant mucus in the cytoplasm and pushes
the nucleus to one side of the cell membrane, forming a round or oval, and the
nuclear deviations give the cells a signet ring-like appearance. SRCC often
originates in the gastrointestinal tract, especially in the stomach. However,
primary SRCC of the extrahepatic bile duct is extremely rare. Therefore, little is
known about its epidemiology, treatment, and prognosis.

CASE SUMMARY

An 82-year-old female was admitted with abdominal pain, jaundice, and skin
pruritus for 2 mo. She had no specific family history. Physical examination
presented normal vital signs, icteric sclera, visible jaundice, and mild tenderness
in the right upper abdominal quadrant. Tumor-related cell markers were within
normal values. Contrast-enhanced computed tomography revealed a thickened
wall of the common bile duct, strengthened with intrahepatic bile duct dilation
and multiple round-like lesions in the liver. In addition, the lymph nodes in the
hepatic hilum area, the pancreatic head area, and around the abdominal aorta
were enlarged. Thus, a preoperative diagnosis of cholangiocarcinoma was
established. To alleviate jaundice and prolong the overall survival, percutaneous
transhepatic cholangiopancreatic drainage (PTCD) was performed. During the
operation, segmental stenosis of the extrahepatic bile duct and a vine-like
expansion of the intrahepatic bile duct was observed. Furthermore, a biliary
biopsy was performed under fluoroscopy to determine the nature and origin of
the lesion. The pathological diagnosis of the biopsy was SRCC. Finally, a
diagnosis of primary SRCC of extrahepatic bile duct with distant lymph node
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metastasis and multiple liver metastases was made based on the radiographic, PTCD, and
pathological characteristics. The tumor was diagnosed as T3N1M1 stage IV. Despite our
aggressive approach, the patient died of liver failure after 1 mo.

CONCLUSION
This is the only case report on primary SRCC of the extrahepatic bile duct with distant organ
metastasis to date.

Key Words: Cholangiocarcinoma; Adenocarcinoma; Signet ring cell carcinoma; Extrahepatic bile duct; Case
report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We report a case where an 82-year-old female was admitted with abdominal pain, jaundice, and
skin pruritus for 2 mo. The radiological diagnosis was a cholangiocarcinoma. To alleviate jaundice and
prolong the overall survival, percutaneous transhepatic cholangiopancreatic drainage (PTCD) was
performed. During the operation, in order to determine the nature and origin of the lesion, a biliary biopsy
was performed under fluoroscopy. Finally, a diagnosis of primary signet ring cell carcinoma of
extrahepatic bile duct with distant lymph node metastasis and multiple liver metastases was made based on
the radiographic, PTCD, and pathological characteristics. However, despite active treatment, the disease
progressed rapidly, and the patient died after 1 mo due to liver failure.

Citation: Xie CB, Wu Y, Li F, Zhao KF, Shi RS, Huang Q, Ao J, Ke D. Primary signet-ring cell carcinoma of the
extrahepatic bile duct: A case report. World J Gastrointest Oncol 2022; 14(7): 1356-1362

URL: https://www.wjgnet.com/1948-5204/full/v14/i7/1356.htm

DOI: https://dx.doi.org/10.4251/wjgo.v14.i7.1356

INTRODUCTION

Cholangiocarcinoma (CCA) is a common malignant tumor of the biliary system, and 90%-95% of the
pathologic types of CCA are adenocarcinomas(1]. Signet ring cell carcinoma (SRCC) is a subtype of
poorly differentiated adenocarcinoma with strong invasion and poor prognosis[2]. Although it can
occur in various organs, including the stomach, colon, esophagus, bladder, prostate, pancreas, and
breast[2], it mainly arises in the stomach[3], where > 96% of SRCCs occur[4]. However, the occurrence of
the extrahepatic bile duct is extremely rare.

Previously, only a few studies have reported cases of primary SRCC of the extrahepatic bile duct due
to the rarity this disease . Herein, we report that a case of primary SRCC of the extrahepatic bile duct
diagnosed via a biopsy of the biliary tree. Additionally, we conducted a literature review to describe the
epidemiology and explore the treatment and prognosis of the disease.

CASE PRESENTATION

Chief complaints
Abdominal pain, jaundice, and skin pruritus for 2 mo.

History of present illness
The patient was admitted with abdominal pain, jaundice, and skin pruritus for 2 mo.

History of past illness
The patient was previously healthy and had no specific medical history.

Personal and family history
She had no specific family history.

Physical examination
Physical examination presented normal vital signs, icteric sclera, visible jaundice, and mild tenderness
in the upper right abdominal quadrant.
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Laboratory examinations

Tumor-related cell markers were as follows: carbohydrate antigen 19-9, > 2 044 U/mL (reference range:
<35 U/mL); cancer antigen 125, 146 U/mL (reference range: < 35 U/mL); human chorionic gonado-
tropin, 23.38 IU/L (reference range: < 5 IU/L); alpha-fetoprotein and carcinoembryonic antigen (CEA),
within normal range. Laboratory tests: total bilirubin, 446 pmol/L (reference range: 5-21 pmol/L); direct
bilirubin, 232.9 pmol/L (reference range: 0-3.4 pmol/L); indirect bilirubin, 213.1 pmol/L (reference
range: 1.7-13.6 pmol/L).

Imaging examinations

Contrast-enhanced computed tomography revealed that the wall of the common bile duct was
thickened and strengthened (Figure 1A and B, arrows) with intrahepatic bile duct dilation (Figure 1C,
arrows), and numerous hypodense lesions in the liver showed slight annular enhancement (Figure 1C,
asterisks). In addition, the lymph nodes in the hepatic hilum area, the pancreatic head area, and around
the abdominal aorta were enlarged (diameter 1.5-2.5 cm) with mild enhancement (Figure 1A and B,
asterisks).

Diagnostic work-up

To alleviate jaundice and prolong the overall survival, percutaneous transhepatic cholangiopancreatic
drainage (PTCD) was performed. During the operation, segmental stenosis of the extrahepatic bile duct
(Figure 1E, arrows) and a vine-like expansion of the intrahepatic bile duct (Figure 1D, arrows) were
observed. To determine the nature and origin of the lesion, a biliary biopsy was performed under
fluoroscopy (Figure 1F, arrows). Hematoxylin and eosin (H&E) staining revealed abundant mucin in the
cytoplasm pushed the nuclei aside, giving the cells the characteristic signet ring morphology
(Figure 2A). The pathological diagnosis of the biopsy was SRCC. Immunohistochemistry (IHC) showed
the following indicators: CK19 (++), CAMb5.2 (+), CK7 (++), CK broad-spectrum (++), CEA (++), Ki-67
(10%), CK20 (-), CDX2 (-), glypican-3 (-), hepatocyte (-), vimentin (-), and special staining for PAS (+)
(Figure 2B-F). The IHC of biopsy materials showed that the tumor cells were positive for CK19
(Figure 2B) and CK?7 (Figure 2D) but negative for both CK20 and CDX2, suggesting the biliary tract
origin of carcinoma. In addition, the gastroscopy and colonoscopy of the common primary site of SRCC
did not show any abnormality.

FINAL DIAGNOSIS

Finally, a diagnosis of primary SRCC of extrahepatic bile duct with distant lymph node metastasis and
multiple liver metastases was made based on the radiographic, PTCD, and pathological characteristics.
The tumor was diagnosed as T3N1M1 stage IV according to the 8" edition of the American Joint
Committee on Cancer (AJCC) cancer staging system[5]. Further imaging, such as positron emission
tomography-computed tomography (PET-CT), was essential to determine any other sites of distant
metastasis. Nonetheless, due to rapidly deteriorating condition in a short period, the patient died before
the PET-CT was completed.

TREATMENT

This patient was treated with S-adenosylmethionine (intravenous infusion, 1.5 g once a day) to protect
the liver and relieve jaundice. PTCD was performed simultaneously to alleviate obstructive jaundice.

OUTCOME AND FOLLOW-UP

The patient died after 1 mo due to liver failure. The timeline can be seen in Figure 3.

DISCUSSION

Herein, we present a rare case of primary SRCC of extrahepatic bile duct with distant lymph node
metastasis and multiple intrahepatic metastases. To the best of our knowledge, this is the second case
confirmed by direct forceps biopsy under fluoroscopy and the first case of primary SRCC of the
extrahepatic bile duct with distant organ metastasis. Distant organ metastasis is a critical factor
influencing prognosis. Therefore, our case had a worse prognosis compared to those reported
previously. Moreover, surgical resection was not a reasonable treatment due to the patient’s old age and
poor liver function; hence, she received only palliative treatment, including liver protection and PTCD.
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Figure 1 Contrast-enhanced computed tomography and percutaneous transhepatic cholangiopancreatic drainage images. A and B:
Contrast-enhanced computed tomography (CECT) of the abdomen shows that the common bile duct wall is thickened and strengthened (arrows) with enlarged lymph
nodes (asterisks); C: CECT shows intrahepatic bile duct dilation (arrows) and multiple liver metastases (asterisks); D and E: Percutaneous transhepatic
cholangiopancreatic drainage shows a vine-like expansion of the intrahepatic bile duct (D, arrows) and segmental stenosis of the extrahepatic bile duct (E, arrows); F:
A biliary biopsy was performed under fluoroscopy (arrows).
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Figure 2 Primary signet ring cell carcinoma of the extrahepatic bile duct. A: Hematoxylin and eosin staining (x 400), showing signet ring cells (arrows)
with abundant intracytoplasmic vacuoles and peripherally displaced nuclei (red arrows); B-F: Immunohistochemistry staining (x 400), CK19, CAMS5.2, CK7, CEA, and
PAS-positive staining, respectively.

However, despite active treatment, the disease progressed rapidly, and the patient died after 1 mo due
to liver failure. Therefore, we concluded that primary SRCC of the extrahepatic bile duct is not prone to
distant organ metastasis, and if accompanied by distant organ metastasis, it grows rapidly and has a
strong invasion and poor prognosis.
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Died of liver failure

Figure 3 Timeline. SRCC: Signet ring cell carcinoma; PTCD: Percutaneous transhepatic cholangiopancreatic drainage.
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Primary SRCC of the extrahepatic bile duct is an extremely rare subtype of bile duct adenocarcinoma
of unknown origin. Presently, there are two theories regarding its origin. One is that the tumors may
arise from ectopic gastric mucosa, while the other is that SRCCs may develop from gastric-type
epithelial metaplasia[6]. In our case, no ectopic gastric mucosa and epithelial metaplasia were detected
in the biliary biopsy. Thus, the origin of primary SRCC in the extrahepatic bile duct needs to be
evaluated in future studies[14].

For the literature review, relevant articles in English were retrieved from the PubMed, Ovid database,
and Web of Science from 1949 to January 10, 2022. The keywords used for the search were “signet ring
cell cholangiocarcinoma” OR “signet ring cell carcinoma of bile duct”. These words were used
individually or with the Boolean operator “AND”. A total of 129 articles were analyzed from 1949 to
2022. The flow chart of the literature screening process is illustrated in Figure 4. Finally, 11 cases were
included in this meta-analysis. The following data were collected: the name of the first author, year of
publication, patient’s age, sex, location, TNM staging, treatment, and follow-up results (Table 1).

In the current study, we included 3 males[7,10,12] and 8 females[8,9,11,13-17] with an average age of
58.5 years (range: 32-73 years). This phenomenon suggested that primary SRCC of the extrahepatic bile
duct occurs in elderly patients, which was similar to previous reports[9]. However, due to the small
number of patients, the correlation between the incidence of primary SRCC of the extrahepatic bile duct
and gender needs to be investigated further. The analysis of 11 patients revealed that primary SRCC of
the extrahepatic bile duct occurred in the distal bile duct in 8 cases[7,8,10-12,14-16] and the perihilar bile
duct in only 3 cases[9,13,17]. This showed that primary SRCC of the extrahepatic bile duct occurs in the
distal bile duct compared to the perihilar bile duct. The mechanism of occurrence may be that the distal
bile duct is prone to the ectopic gastric mucosa and gastric-type epithelial metaplasia; however, it needs
to be evaluated further[14]. According to the 8" edition of the AJCC cancer staging system, 9 cases[7-15]
had an obvious invasion of the extrahepatic bile duct, of which 3[8,12,13] showed infiltration of the
adjacent tissue structures. Peritoneum and retroperitoneal lymph node metastasis were observed in 5
cases[7,8,12,14,15] without distant metastasis. This phenomenon indicated that primary SRCC of the
extrahepatic bile duct mainly grows along the wall, often with lymph node metastasis, but distant organ
metastasis is extremely rare. The treatment for primary SRCC of extrahepatic bile duct includes
resection, such as pancreaticoduodenectomy or resection of the biliary tree, followed by radiotherapy
and chemotherapy. Also, integrative treatments that combine two or three have been applied[7-17].
7/11 cases[8-10,12-14,16] received only surgical resection, 1/11 case[17] received chemotherapy alone,
1/11 case[11] received surgical resection followed by chemotherapy, 1/11 case[15] received chemora-
diotherapy, and 1/11 case[7] received combined treatment of surgical resection, radiotherapy, and
chemotherapy. Currently, surgical treatment is the gold standard for patients with cancer without
distant metastasis. However, no standardized protocol and guidelines for treating primary SRCC of the
extrahepatic bile duct are currently available because of the limited number of cases and studies. Yang et
al[2] proposed that the primary SRCC location can be used as an independent prognostic factor of
survival and that compared to stomach SRCC, the primary gallbladder, the ampulla of Vater, and
pancreatic SRCCs have a worse prognosis. Therefore, an optimal treatment strategy is essential. Based
on the results of this study, active surgical treatment may improve the prognosis in the event of surgical
conditions in patients. Nonetheless, cases with poor prognosis even after radical resection are apparent.
However, a standard recommendation of whether to perform adjuvant radiotherapy or chemotherapy
cannot be established because of the small number of patients who received radiotherapy or
chemotherapy in this study. Thus, to improve the survival and quality of life of patients, a multidiscip-
linary treatment such as concomitant use of chemotherapy is necessary.

CONCLUSION

Overall, primary SRCC of the extrahepatic bile duct is extremely rare, and cases with distant organ
metastases have never been reported. Currently, surgical treatment is the gold standard for patients
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Table 1 Summary of reported cases of signet ring cell carcinoma of extrahepatic bile duct

Ref. Age Sex Location TNM' Treatment Outcome

Lee et al[7], 2010 55 M Distal T3N1IMO Resection; Chemoradiation Alive at 24 mo
Ogata et al[8], 2010 42 F Distal TANTMO Resection Alive at 6 mo
Somer et al[9], 2012 66 F Perihilar T3NOMO Resection No described
Kita et al[10], 2014 73 F Distal T3NOMO Resection; Gemcitabine/ cisplatin Alive at 12 mo
Kwon et al[11], 2014 63 M Distal T3NOMO Resection Dead at 15 mo
Hua et al[12], 2015 52 M Distal T4ANTMO Resection Dead at 6 mo
Chedid et al[13], 2015 66 E Perihilar T4NOMO Resection Dead at 15 mo
Zhang et al[14], 2018 32 F Distal T3N1MO Resection Dead at 5 mo
Welsh et al[15], 2018 55 F Distal T3N1MO Chemoradiation Dead at 4 mo
Hameed et al[16], 2019 72 F Distal TINOMO Resection No described
Ghoddoosi et al[17], 2021 68 F Perihilar TINOMO Gemcitabine/ cisplatin Alive at 9 mo
Present case 82 F Distal T3N1IM1 PTCD Dead at 1 mo

TAJCC Cancer Staging Manual, 81 edition.
PTCD: Percutaneous transhepatic cholangiopancreatic drainage.

Records identified through database searching
(n = 129): PubMed (n = 107), Web of Science
(n = 21), Ovid (7 = 1), from 1949 to 2022

Excluded | Duplicates removed (7 = 12)

‘ Title and abstract screened (7 = 117) ‘

Exclusions after screening, with reasons:
SRCC in other parts (7 = 88)
Irrelevant publication (7 = 27)

Full text not found (7 = 2)

Excluded

Full text articles assessed for eligibility (7 = 11) ‘

’ 11 cases from the selected 11 literatures were enrolled in this study ‘

DOI: 10.4251/wjgo.v14.i7.1356 Copyright ©The Author(s) 2022.

Figure 4 Flowchart of the literature screening process for primary signet ring cell carcinoma of the extrahepatic bile duct. SRCC: Signet ring
cell carcinoma.

with primary SRCC of the extrahepatic bile duct without distant metastasis. However, aggressive
multidisciplinary treatment is essential when surgical resection is not feasible or metastasis is observed.
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Abstract

BACKGROUND

Situs inversus totalis (SIT) is an extremely rare congenital malformation charac-
terized by mirror displacement of the thoracoabdominal organs such as the heart,
liver, spleen, and stomach. Herein, we describe a patient with SIT complicated
with cholangiocarcinoma who underwent successful pancreaticoduodenectomy
with the assistance of a da Vinci robot.

CASE SUMMARY

A 58-year-old female presented to the hospital with paroxysmal pain in her left
upper abdomen, accompanied by jaundice and staining of the sclera as chief
complaints. Imaging examination detected a mass at the distal end of the common
bile duct, with inverted thoracic and abdominal organs. Endoscopic retrograde
cholangiopancreatography forceps biopsy revealed the presence of a well-differ-
entiated adenocarcinoma. The patient successfully underwent robotic-assisted
pancreaticoduodenectomy; the operation lasted 300 min, the intraoperative blood
loss was 500 mL, and there were no intraoperative and postoperative complic-
ations.

CONCLUSION

SIT is not directly related to the formation of cholangiocarcinoma. Detailed
preoperative imaging examination is conducive to disease diagnosis and also
convenient for determining the feasibility of tumor resection. Robot-assisted
pancreaticoduodenectomy for SIT complicated with cholangiocarcinoma provides
a safe, feasible, minimally invasive, and complication-free alternative with
adequate preoperative planning combined with meticulous intraoperative
procedures.

Key Words: Situs inversus totalis; Cholangiocarcinoma; Da Vinci robot; Whipple; Surgery;
Case report
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Core Tip: Situs inversus totalis (SIT) is an extremely rare congenital malformation characterized by a
mirror image displacement of the thoracoabdominal organs such as the heart, liver, spleen and stomach.
SIT combined with choledochal cancer is even rarer, and da Vinci robot-assisted pancreaticoduoden-
ectomy in patients with SIT combined with choledochal cancer has not been reported. This case
demonstrates that preoperative thorough planning, intraoperative precise anatomical knowledge, effective
teamwork, meticulous treatment, and postoperative care are feasible with the aid of the da Vinci robot for
pancreaticoduodenectomy in patients with SIT.

Citation: Li BB, Lu SL, He X, Lei B, Yao JN, Feng SC, Yu SP. Da Vinci robot-assisted pancreato-duodenectomy
in a patient with situs inversus totalis: A case report and review of literature. World J Gastrointest Oncol 2022;
14(7): 1363-1371

URL: https://www.wjgnet.com/1948-5204/full/v14/i7/1363.htm

DOI: https://dx.doi.org/10.4251/wjgo.v14.i7.1363

INTRODUCTION

Situs inversus totalis (SIT) is characterized by complete mirror displacement of the anatomical positions
of organs in the thoracoabdominal cavity. It has been reported that its incidence is 1/8000-1/25000 with
a male to female ratio of 3:2[1-3]. Although the exact cause of SIT remains unknown, it is generally
accepted that it is caused by autosomal abnormalities[4]. In addition, some mutations, such as Dynein
Axonemal Heavy Chain 11 and NME?7, have been shown to be closely related to SIT[5,6]. Patients with
SIT typically exhibit no obvious symptoms, and their health and life expectancy appear to be unaffected
[7]. Cholangiocarcinoma is a rare malignant tumor originating from bile duct epithelial cells, accounting
for merely 3% of digestive tract malignant tumors[8]. It has an insidious onset, a high degree of
malignancy, and a poor prognosis[9]. The da Vinci surgical robot system appeared at the end of the 20th
century, and the fourth generation of the robot was launched in 2014, with qualitative improvements in
flexibility, accuracy, and imaging clarity. Notably, a remote observation and guidance system was
developed in the second half of 2014[10,11]. According to reports, the da Vinci robot has evolved into its
fifth generation[12]. To date, several cases of complete visceral choledochal carcinoma have been
reported[7,13-18], but da Vinci robot-assisted pancreatoduodenectomy in a patient with SIT has not
been reported so far. This is the case report of a patient with SIT complicated with cholangiocarcinoma
who underwent pancreaticoduodenectomy assisted by a da Vinci surgical robot. We detailed the
diagnosis and management of this case, as well as a thorough evaluation of the associated literature.

CASE PRESENTATION

Chief complaints
A 58-year-old female patient presented to our hospital in November 2021 with jaundice, yellow sclera,
paroxysmal pain in the left upper abdomen, itching, fatigue, tea-like urine, and weight loss of 1.5 kg.

History of present illness
The patient developed symptoms 2 mo ago with recurrent upper left abdominal pain.

History of past illness
The patient underwent surgery for cholecystolithiasis 10 years ago.

Personal and family history
The patient had no similar family history or genetic history of the disease.

Physical examination

Physical examination on admission revealed yellow discoloration of the skin and sclera, no chest
deformity, and cardiac sound in the right chest. The abdomen was soft, while the upper abdomen was
tender. There was no rebound tenderness or muscle tension. The liver and spleen were not palpable
under the rib edge, and the activities of both lower limbs were unremarkable.
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Figure 1 Preoperative imaging of the patient. A: Chest X-ray illustrated that the right heart was mirrored; B and C: Multi-slice spiral computed tomography
displayed complete transposition of thoracic and abdominal organs and a mass in the lower common bile duct. CBD: Common bile duct; GB: Gallbladder.

Laboratory examinations

Preoperative auxiliary examinations were as follows: Total bilirubin 126.2 pmol/L (normal range: 3.4-
20.5 pmol/L); Direct bilirubin 97.2 pmol/L (normal range: 0-6.8 pmol/L); Indirect bilirubin 29.2 pmol/L
(normal range: 3.1-14.3 pmol/L); Aspartate aminotransferase 19.0 U/L (normal range: 13-40 U/L);
Alanine aminotransferase (ALT) 28.0 U/L (normal range: 7-45 U/L); Alkaline phosphatase 255 U/L
(normal range: 50-135 U/L); Abnormal prothrombin 76.60 ng/mL (normal range: 0-40 ng/mL);
Carbohydrate antigen 19-9 197.96 U/mL (normal range: 0-37.00 ng/mL). Other blood biochemical
indexes were within the normal range.

Imaging examinations

The chest X-ray exposed that the right heart was mirrored (Figure 1A). Multi-slice spiral computed
tomography CT (MSCT) revealed complete transposition of the thoracic and abdominal viscera, as well
as a tumor in the lower segment of the common bile duct, with minimal intestinal obstruction. The
intrahepatic bile duct, extrahepatic bile duct, and pancreatic duct were dilated, and cholecystolithiasis
with chronic cholecystitis was diagnosed (Figure 1B and C). Endoscopic retrograde cholangiopancreato-
graphy (ERCP) was performed, and the tissue was taken for pathological biopsy; the results showed a
well-differentiated adenocarcinoma. Magnetic resonance imaging (MRI) showed intraluminal growth of
cholangiocarcinoma in the lower part of the common bile duct with dilatation of the bile duct and
pancreatic duct.

Further diagnostic work-up

Postoperative histological results were as follows: (1) Well-differentiated adenocarcinoma of the
common bile duct with invasion of the duodenal wall. No vascular tumor thrombus and nerve invasion
were identified; (2) There were no signs of malignancy in the gastric, duodenal, and pancreatic margins;
(3) Each of the 6 Lymph nodes manifested reactive hyperplasia; and (4) Cholecystolithiasis with chronic

cholecystitis.5. Immunohistochemical staining was positive for CDX-2, cytokeratin (CK) 7 and CK19
(Figure 2).

FINAL DIAGNOSIS

According to the American Joint Committee on Cancer/International Alliance for Cancer Control TNM
staging system, the patient's tumor stage was IIB stage[19]. The pathological stage of the patient was
pT3NOMO.

TREATMENT

Prior to surgery, the anesthesiologist assessed the patient's perioperative risk score. According to the
American Society of Anesthesiologists Physical Status classification system (ASA PS)[20], the ASA score
of the patient was P2.

The detailed procedure of the operation is as follows: (1) The surgery was prepared in accordance
with the specifications of the da Vinci System. The layout of the operation window and the instrument
arm are illustrated in Figure 3; (2) Upon entering the abdominal cavity, it was observed that the
abdominal organs were fully inverted (Figure 4A); (3) The gallbladder was anterogradely dissected
while the cystic duct was retained. Then, the common hepatic artery was exposed (Figure 4B).
Following this, the right gastric artery, the left hepatic artery, and the right hepatic artery were exposed.

WJGO | https://www.wjgnet.com 1365 July 15,2022 | Volume14 | Issue7 |

Jaishideng®



Li BB et al. Da Vinci robot-assisted pancreato-duodenectomy

5.

DOI: 10.4251/wjgo.v 4.}7.1363 Copyright ©Thé uthor(s) 2022.

Figure 2 Postoperative pathological picture. A: The mass in the distal common bile duct infiltrated the duodenal wall; B: Well-differentiated adenocarcinoma;
C: Immunohistochemical CDX-2 positive; D: Immunohistochemical cytokeratin (CK)7 positive; E: Immunohistochemical CK19 positive.

Next, the suprapyloric lymph node (NO. 5), anterosuperior lymph node of common hepatic artery (NO.
8a), and hepatoduodenal ligament lymph nodes (along the hepatic artery) (NO. 12a) were dissected, and
the portal vein and its left and right branches were exposed. Afterward, hepatoduodenal ligament
lymph nodes (along the portal vein) (NO. 12p) were dissected, the common hepatic duct and common
bile duct were exposed, and hepatoduodenal ligament lymph nodes (along the bile duct) (NO. 12b)
were dissected (Figure 4C). Finally, the hepatic portal vein was skeletonized, and the common bile duct
was excised; (4) The gastrocolic and hepatogastric ligaments were dissected. Thereafter, the right blood
vessels of the gastric reticulum were clamped and cut off, and the subpyloric lymph nodes (NO. 6) were
dissected. A Kocher incision was made to expose the inferior vena cava (Figure 4D). Most of the
pancreatic head covered the descending and horizontal part of the duodenum, making it difficult to
expose the superior mesenteric artery (Figure 4E). The superior mesenteric vein was subsequently
exposed along the lower margin of the pancreas, following which the posterior space of the pancreas
was separated. Next, the pancreas was cut off, and the location of the pancreatic duct was determined
(Figure 4F). The superior mesenteric artery was protected under direct vision. The uncinate process was
subsequently cut off along the right side of the superior mesenteric vein. Lastly, the pancre-
aticoduodenum was resected (Figure 4G); (5) Pancreaticojejunostomy and choledochojejunostomy were
performed. The specimens were removed from the abdominal cavity via a median 8 cm incision in the
upper abdomen, and gastrojejunostomy was executed through this incision; and (6) A total of 3
drainage tubes were placed in Wen's foramen, behind the pancreaticojejunostomy, and in the pelvic
cavity. The operation lasted 300 min, and the intraoperative bleeding was only 500 mL.
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Figure 3 Operation hole layout and device arm placement. A1 and A2: Assistant; R1, R3, and R4: Robotic arms; R2: Camera.
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Figure 4 Detailed surgical procedure. A: Abdominal examination revealed that the abdominal organs were in reverse positions; B: The common hepatic artery
was exposed; C: Separation revealed the right gastric artery; D: A Kocher incision was made to expose the inferior vena cava; E: The head of the pancreas covered
the descending and horizontal parts of the duodenum; F: Exposing the superior mesenteric vein; G: The uncinate process of the pancreas was amputated along the
right side of the superior mesenteric vein. CHA: Common hepatic artery; GB: Gallbladder; IVC: Inferior vena cava; RGA: Right gastric artery; SMA: Superior
mesenteric artery; SMV: Superior mesenteric vein.

OUTCOME AND FOLLOW-UP

There were no severe complications during or after the operation. The patient stayed in the hospital for
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a total of 30 d and was discharged 22 d following surgery. At the last follow-up (March 15, 2022), there
was no evidence of recurrence, and tumor markers had fallen within the normal range. After treatment,
he lived completely independently and is still alive.

DISCUSSION

At present, it is generally acknowledged that SIT with malignancies is a rare coincidence, although SIT
with gastric cancer, rectal cancer, pancreatic cancer, liver cancer, and other tumors have been reported
[21-24]. Indeed, only 8 cases of SIT complicated with choledochal carcinoma have been reported so far[7,
13-18]. The clinicopathological features of the 8 previously reported cases and our case are summarized
in Table 1. The cohort consisted of 6 men and 3 women, ranging from 33-years-old to 74-years-old,
including 3 from Japan, 2 from China, 2 from the United States, 1 from Italy, and 1 from Morocco. Eight
out of the 9 patients underwent the Whipple procedure, and 1 patient underwent choledochectomy and
Roux-en-Y hepaticojejunostomy. Histopathological results determined that there were 4 cases of well-
differentiated adenocarcinoma, 1 case of medium-differentiated adenocarcinoma, 1 case of poorly-
differentiated adenocarcinoma, and 1 case of high-grade intraepithelial neoplasia.

Most of the early clinical manifestations of cholangiocarcinoma are atypical, and patients seek
medical treatment owing to epigastric discomfort, abdominal pain, abdominal distension, loss of
appetite, and other symptoms[25]. A minority of patients with cholangiocarcinoma caused by the tumor
may develop symptoms of typical obstructive jaundice with severe colic[26]. However, SIT generally
lacks specific clinical manifestations, considering it is frequently accompanied by other diseases or
discovered during physical examination[27]. By reviewing the literature, it was noted that the reported
clinical manifestations of SIT complicated with cholangiocarcinoma include jaundice, abdominal pain,
weight loss, and other symptoms. Among the cohort, 5 cases developed jaundice, as was the case in our
patient. Thus, jaundice can be considered the primary clinical manifestation of SIT complicated with
cholangiocarcinoma. Earlier studies have reported that MSCT, MRI, endoscopic ultrasound, and ERCP
are of tremendous value in the diagnosis and preoperative evaluation of SIT complicated with cholan-
giocarcinomal7,18].

The following points need to be considered when performing robot-assisted pancreaticoduoden-
ectomy in SIT patients. Compared to healthy individuals, the gall bladder, bile duct, and gastrointestinal
tract form a symmetric structure in SIT patients. Therefore, surgeons must be accustomed to
preoperative images of SIT patients to avoid prolonged operation time due to unfamiliarity with the
anatomy of SIT patients. Additionally, we uncovered for the first time that the thoracic and abdominal
organs of SIT patients with cholangiocarcinoma have not only left and right reverse positions but also
anterior and posterior reverse positions. During the operation, the pancreatic head of the patient
covered the descending and horizontal parts of the duodenum, which was inverted from its normal
anatomical structure. Considering the atypical anatomy of this patient, there was no reference for the
preoperative procedure. In addition to the conventional operation with three mechanical arms, two
auxiliary operation holes were used to improve operability and safety. Due to the atypical anatomy of
SIT, routine thinking should be avoided during the operation, and the operation should be initiated
with familiarity and a clear anatomical position to avoid accidental injury. During the operation, with
the help of a da Vinci robot 3D and a highly clear magnified view, the method of small steps was used
to dissect and separate; for the bleeding or blurred parts of the visual field, different from normal
anatomy, one should try to avoid blind anatomical separation. For example, when the Kocher technique
is used to dissociate the descending part of the duodenum and other parts, the anatomy is not forced to
follow the conventional technique, but in the da Vinci robot high-definition field of vision, from shallow
to deep, rapid, initial resection of tiny tissue, abnormal bleeding, and other cases in a timely and
effective manner. The humanoid wrist function of the da Vinci robot also highlights its superiority to
laparoscopic surgeries in narrow spaces and unconventional suture operation, as well as the effect of
open surgery. The patient recovered well following surgery, without developing complications such as
biliary fistula, pancreatic leakage, gastric emptying dysfunction, pseudocolinestherasis deficits, and
airway obstruction[28-31]. Furthermore, incision healing was also significantly better than open surgery.

CONCLUSION

SIT is a rare genetic disease, and da Vinci robotic surgery is the current poster child for minimally
invasive surgery. We believe that with thorough preoperative planning, precise intraoperative
anatomical knowledge, effective teamwork, meticulous treatment, and postoperative care, da Vinci
robotic-assisted pancreaticoduodenectomy in patients with SIT is feasible and developmental.
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Table 1 Characteristics of patients who had situs inversus totalis with biliary tumor

. . Alkaline Histological Postoperative
Case Ref. Country Agelsex Size Jaundice Treatment g Stage p .
phosphatase type complication
1 Organ et al United 68/F 2cm  Yes 905 U/L Whipple m 111B NA
[15], 1991 States
2 Tsunodaetal  Japan 65/M NA NA NA Whipple NA NA None
[17], 2006
3 Benhammane  Morocco 33/M 15mm Yes NA Whipple w 1B None
et al[14], 2012
4 Kyuno et al[7], Japan 74/M NA NA NA Whipple w 1B Pancreatic fistula
2013
5 Kyuno et al[7], Japan 67/M NA NA NA Whipple w 1A Pancreatic fistula
2013
6 Togliani et al Italy 67/M 2cm Yes NA Whipple NA NA NA
[13], 2013
7 Zhang et al China 61/M 1.8cm Yes 1011 U/L Choledochectomy + 1 1IB None
[16], 2019 x 1.5 Roux-en-Y hepaticoje-
cm X junostomy
1.5cm
8 Coronel et al United 67/F 11 mm Yes 570 U/L Whiple h 0 NA
[18], 2020 States
9 The present China 58/F 3cm*x  Yes 255U/L Whiple w 1IB None
case 1.9cm
x 0.7
cm

h: High grade biliary intraepithelial neoplasia; 1: Low differentiation adenocarcinoma; m: Medium differentiated adenocarcinoma; M: Male; F: Female; NA:
Not available; W: Well differentiated adenocarcinoma.
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We have replaced the misapplied images and the revised Figure 3 is provided.
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Core Tip: This is a correction to “Novel long non-coding RNA LINC02532 promotes
gastric cancer cell proliferation, migration, and invasion in vitro”. We found that the
result of Si-LINC02532 #2 group in the MGC-803 cell invasion assay was displayed by
a mistake in Figure 3A. The revised Figure 3 was uploaded.
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TO THE EDITOR

We recently read our manuscript[1] published in the World Journal of Gastrointestinal
Oncology (manuscript No. 43472, DOI: 10.4251/wjgo.v11.i2.91), and we found that the
result of Si-LINC02532 #2 group in the MGC-803 cell invasion assay was displayed by
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Figure 1 Transwell assays with or without Matrigel were performed to assess the capacity of cell invasion and migration, respectively. A:
Transwell assays with or without Matrigel were performed to assess the capacity of cell invasion and migration, respectively. The results revealed that LINC02532
knockdown promoted gastric cancer cell migration and invasion; B: The wound healing assay further displayed that LINC02532 knockdown promoted gastric cancer
cell migration. P < 0.05 was considered statistically significant.

a mistake in Figure 3A. Therefore, we are writing to apply for the modification of Figure 3A. The revised
Figure 3 was uploaded in the attachment (Figure 1). This mistake has no influence on the interpretation
of the results or conclusion in this study.
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