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Abstract

Gastrointestinal (GI) cancer has a high tumor incidence and mortality rate
worldwide. Despite significant improvements in radiotherapy, chemotherapy,
and targeted therapy for GI cancer over the last decade, GI cancer is characterized
by high recurrence rates and a dismal prognosis. There is an urgent need for new
diagnostic and therapeutic approaches. Recent technological advances and the
accumulation of clinical data are moving toward the use of precision medicine in
GI cancer. Here we review the application and status of precision medicine in GI
cancer. Analyses of liquid biopsy specimens provide comprehensive real-time
data of the tumor-associated changes in an individual GI cancer patient with
malignancy. With the introduction of gene panels including next-generation
sequencing, it has become possible to identify a variety of mutations and genetic
biomarkers in GI cancer. Although the genomic aberration of GI cancer is
apparently less actionable compared to other solid tumors, novel informative
analyses derived from comprehensive gene profiling may lead to the discovery of
precise molecular targeted drugs. These progressions will make it feasible to
incorporate clinical, genome-based, and phenotype-based diagnostic and
therapeutic approaches and apply them to individual GI cancer patients for
precision medicine.

Key words: Gastrointestinal cancer; Esophageal cancer; Gastric cancer; Colorectal cancer;
Precision medicine; Liquid biopsy; Gene panel; Precision surgery; Biomarkers
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Core tip: Gastrointestinal (GI) cancer is one of the most common leading causes of
cancer death worldwide. Hence, any effort in early diagnosis, choice of appropriate
therapeutic strategies can have a pivotal role in reducing the disease related mortalities.
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Our review purpose to clarify the current advancement for precision medicine in GI
cancer by elucidating the benefit of liquid biopsy, multiple gene panel, novel biomarkers
and surgery in GI cancer.
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INTRODUCTION

Precision medicine is a strategy designed to treat individual patients with the most
suitable therapy at the most appropriate time based on the patient’s biologic and
molecular features, using the analyses of genes of the patient’s cancer cells with next-
generation sequencing (NGS). Such analyses can detect cancer-specific gene
mutations, and molecular targeted drugs can be designed to be effective for one or
more specific gene mutations. Precision medicine is thus a type of tailor-made and
personalized therapy. The use of inappropriate medicine may not only do not benefit,
but lead to cancer progression. As the accessibility to tumor genome sequencing
technologies increases, genome-driven cancer treatment has emerged as a favorable
approach”l. The increasing number of patients who undergo multigene sequencing of
their cancer can thus expect to be informed of their genomic alterations that could
effectively be targeted with corresponding drugs!’.

Gastrointestinal (GI) cancer has a high tumor incidence and mortality rate
worldwidel’l. Although colorectal cancer (CRC) could be largely managed, which
results in long-term survival by a combination of drugs even in patients with
widespread stage and GI lymphoma (e.g., MALT) may also be associated with good
response and prolonged survival, the overall prognosis of patients with advanced GI
cancer remains poor. Precision medicine approaches are currently being applied with
molecular targeted and immune-based therapeutics across a variety of malignancies,
such as advanced melanoma and non-small-cell lung cancer (NSCLC)!*!. Although GI
cancer has been investigated with biomarkers (e.g., Ras and HER2 status), the
development of biomarkers as well as targeted therapies for GI cancer has fallen
behind compared to those developed for other malignancies. Analyses of liquid
biopsies, multiple gene panels, and well-designed prospective trials are necessary to
move the treatment of GI cancer forward. In this review, we summarize the
progression of precision medicine in GI cancer in terms of specimens, assays, further
biomarker information, surgery, and future perspectives.

LITERATURE SEARCH

We first conducted a search of the PubMed database for English articles using the
medical subject heading terms in combination with “gastrointestinal cancer”,

“esophageal cancer”, “gastric cancer”, “colorectal cancer”, “precision medicine”,
“liquid biopsy”, “gene expression profiling” v,

, “biomarker”, “molecular targeted
therapy”, and “gene panel”. Relevant articles which were chosen from experimental
studies and clinical trials since 1989 were involved as well as articles which were
related to the disease processes. Articles which did not deal with the precision
medicine of GI cancer were excluded from this review. Liver and pancreatic cancer
and GI stromal tumor were not covered in this review due to the limited scope of the
topic.

LIQUID BIOPSY

Conventionally, tissue biopsies have been used to access the molecular information of
tumors, such as the histology and gene mutation!). However, the practical use of
consecutive tissue biopsies to monitor for mutations is limited due to patient
discomfort, pain, and risks associated with repeat tissue biopsies, and difficulty in
capturing intra-tumor heterogeneity!’l. These shortcomings highlight the need for
more innovative screening. One promising alternative to tissue biopsy is a new

Jaishidengs WJGO | https://www.wjgnet.com 2 January 15,2020 | Volume12 | Issuel |



Matsuoka T et al. Precision medicine in GI cancer

approach that may change the principles of cancer treatment. The term ‘liquid biopsy’
refers to the analysis of tumor-derived biomarkers identified from biological fluids of
patients with malignancies. Even though peripheral blood is the major specimen for
the liquid biopsy approach, tumor biomarkers can be isolated from various body
fluids including urine, pleural effusions, ascites, and cerebrospinal fluid.

The liquid biopsy technique been studied to a great extent and is attracting further
attention as it leads to efficient therapeutic interventions, reducing the therapeutic
cost and significantly improving patient outcomes and overall survivall®. Analyses of
liquid biopsy specimens can provide comprehensive real-time data of the tumor-
associated changes in an individual patient with a malignancy. These data can be
used for cancer screening, the detection of minimal residual disease, drug selection
(including sensitivity to anticancer agents), monitoring recurrence, and monitoring
the patient’s response to targeted agents (including drug resistance)l’). For example,
an analysis of NSCLC patients’ plasma for epidermal growth factor receptor (EGFR)
to determine the existence of a T790M mutation is widely used!'". Liquid biopsies
could become a new tool with a significant impact on cancer therapy.

Studies of liquid biopsy methodology have focused on the analysis of circulating
tumor cells (CTCs), circulating tumor free (cf) DNA or RNA, and tumor-derived
extracellular vesicles (exosomes)!'l. For the most effective discussion of the details of
liquid biopsy methodology, it is essential to understand the different types of cancer-
related biomarkers and their respective molecular aspects.

CTCs

CTCs are tumor cells that are mainly detached from primary or metastatic lesions.
They circulate through the body fluid to metastatic sites, either as a single cell or in
clusters, which lead to the establishment of one or more secondary tumor foci's. The
United States Food and Drug Administration (FDA)-cleared CellSearch system has
enabled the enumeration of CTCs in cancer patients, and this has made it possible to
determine disease activity and patients’ treatment responses, which rely on the
expressions of epithelial cell adhesion molecule and cytokeratin on cancer cells in
blood!. The authors of a previous study described the establishment of colon CTC
cultures and permanent cell lines which provided in vivo experimental models. These
experiments may provide genetic and epigenetic information on tumor biology, and
they may help assess the cells' sensitivity to anticancer drugs!"”l. However, the number
of CTCs is generally low in patients with GI cancer!"", and this limits the clinical
applications of CTC analyses in site of the progression of various methods'*l.

Circulating tumor DNA (ctDNA)

ctDNA has emerged as another component of liquid biopsies as a quantitative marker
of tumor DNA, reflecting genomic alterations in the blood!">'‘l. Compared to the
detection of CTCs, the ctDNA-based approach provides more information about a
patient-specific disease and treatment. Further benefits of the use of ctDNA as a
marker is that ctDNA measurements can provide the real-time pathology of the
patient’s disease and higher sensitivity for the early detection of cancers!"’l. A previous
study showed a significantly broad range for ctDNA among patients with CRC
(22-3922 ng/mL of blood) compared to healthy subjects (5-16 ng/mL of blood)!".
Liquid biopsy analyses may take the place of tissue testing for assessing the
mutational status of RAS in patients with CRC. The OncoBEAM RAS CRC Assay
identifies the cfDNA of the most frequent KRAS and NRAS mutations by using
BEAMing technology!™.

MicroRNAs (miRNAs)

In addition to the quantification of cfDNA, circulating transcriptome is also detectable
in the serum of individuals with malignancies. The circulating transcriptome consists
of both coding and noncoding RNAs, such as miRNAs or long noncoding RNAs
(IncRNAs)™. Although RNA is generally unstable in blood, microRNA (miRNA)
comprises stable, short, noncoding molecules made of 18-25 nucleotides. This
endogenous, single-stranded RNA mediates the expression of nearly 30% of protein-
encoding genes in humans®!. MiRNAs can be analyzed by targeted or RNA
sequencing methods, with miRNA signatures observed to be significantly deregulated
in cancer patients compared to healthy parsons, and these analyses may become
useful in cancer diagnosis and prognosis.

Exosomes

Exosomes are nanosized vesicles (40-150 nm)P?. These small, membrane-bound
vesicles can transport a number of biomolecules which lead to the modification of the
activity of recipient cells*”l. Compared to CTCs and ctDNA, exosomes have
advantages in several aspects, including their homogeneous size distribution. In
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addition, due to the particular form of exosomes, they can be distinguishable by
electron microscopy. Previous studies have obtained evidence that the exosome-
mediated recruitment and manipulation of the tumor microenvironment is a critical
step in the formation process of metastasis*l.

Liquid biopsy in Gl cancer: Toward clinical applications

The clinical utility of a liquid biopsy has been studied in different clinical phases of GI
cancer, from the screening for this disease to the identification of outcome factors in
early GI cancer, the detection of minimal residual tumor, drug selection, and
monitoring for recurrence and the patients’ response to targeted agents. Current
advances of liquid biopsy as diagnostic, monitoring and predictive markers in GI
cancer are summarized in Table 1 and Table 2.

Cancer screening: The noninvasive nature of a liquid biopsy makes this approach
ideal for the early detection of cancer. The evaluation of molecular biomarkers in
early-stage cancer patients is necessary for the development of more personalized
monitoring and treatment schedules. However, the possibility of detecting a
malignancy at an early stage with a liquid biopsy is somewhat limited by the low
concentration of circulating biomarkers associated with the low tumor burden. With
respect to CRC, screening has been impacted using colonoscopy as the gold standard,
mainly because of its high sensitivity and specificity for detecting cancerous and
precancerous lesions. Despite its strengths, colonoscopy has certain disadvantages
and limitations (e.g., bowel preparation, sedation, aspiration, perforation, and splenic
injury).Therefore, continued progress in novel assays, such as fecal immunochemical
test, fecal DNA and other molecular markers, can be expected to further displace
screening colonoscopy”!l. The Epi proColon® 2.0 assay (also referred to as the mSEPT9
assay), which was FDA-approved for CRC screening in April 2016, is a qualitative in
vitro diagnostic polymerase chain reaction (PCR) test for the detection of mutated
methylated septin9 DNA in EDTA plasma derived from patient whole-blood
specimenst.

Detection of minimal residual disease: One of the major fields of the application of
liquid biopsy would be the detection of minimal residual disease in patients with
surgically treatable tumors. The tumor burden of GI cancer at diagnosis is
acknowledged as a pivotal factor of disease assessment before the beginning of
treatment. A recent study indicated that somatic KRAS- and BRAF-mutated DNA in
the peripheral blood of CRC patients may be a good estimate of CTCs and of surgical
clearance of the disease™l.

Drug selection: Chemotherapy is often administered for patients with metastatic
disease (e.g., metastasis of regional lymph nodes) in a resected tumor specimen.
Although there are a number of different chemotherapeutic agents that can be
combined in a variety of chemotherapeutic regimens, the effect of chemotherapy on a
specific patient cannot be predicted. Specific ctDNA identification has also been used
as guidance for specific systemic chemotherapy and targeted agents. For instance,
emerging RAS mutations during therapy with anti-EGFR antibody revealed resistance
in patients with metastatic CRC (mCRC)™1. Some studies found that undetectable
low-frequency KRAS-mutant clones may be selected for anti-EGFR treatment by
assessing ctDNA in the blood of mCRC patients during anti-EGFR therapy™*.. In
similar, resistance to crizotinib has been emerged by using serial ctDNA
measurements in gastric cancer (GC)™.

Monitoring recurrence: One of the most challenging tasks in GI oncology is the
identification of patients who will benefit from postoperative adjuvant chemotherapy
after curative surgery. The histopathologic and molecular tumor features correlated
with greater relapse risk (e.g., the TNM classification) only imply a tendency for
metastasis; they do not reveal whether metastatic cells were seeded during surgery.
The identification of postoperative ctDNA is a definite sign that occult tumor cells
remain in the patient.

The authors of a recent study proposed that in patients with CRC, the
postoperative detection of ctDNA can be used to monitor the patients for residual
disease and predict their future relapse risk with high probability”'l. Moreover, serial
ctDNA serves as a tool for the early detection of recurrence during patient follow-up
and for the patient’s response to relapse interventionl. In CRC, the novel
BCAT1/IKZF1 blood test was found to be more sensitive for recurrence compared to
carcinoembryonic antigen (CEA) as a marker, and the likelihood of recurrence given a
positive BCAT1/IKZF1 result was twice that compared to a positive CEA result™.

Monitoring patients’ responses to cytotoxic and targeted agents: The most
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Table 1 Current progress of circulating tumor cells, circulating tumor DNA and stool DNA as diagnostic, monitoring and predictive

markers in gastrointestinal cancer

Liquid Patients/ Source of " Clinical
.q Organs . Abnormalities Technology Target - Ref.
biopsy controls fluid setting
CTCs 140/0 EC FIHC CK19, CD45 Prognosis Li et al®, 2016
CTCs NA EC ISET NA Prognosis Han et all™],
2019
CTCs 116/31 GC B FAST-disc EpCAM, CK,  Diagnostic Kang et all™],
CD45- 2017
CTCs 81/31 GC B ISET CK8/18/19, Prognostic Zheng et al,
Vimentin, 2017
CD45
CTCs 101/31 GC B CellSearch and EpCAM, CK8, Predictive Mishima et
IF-FISH CK18, CK19, all*), 2017
CD45-, HER2
CTCs 121/0 CRC B Cyttel CD45 Prognostic Wang et all®’),
method/imFIS 2019
H
ctDNA 11/0 EC P, T, NT Mutation WES and NGS Diagnostic Luo et al®,
panel /Therapeutic 2016
ctDNA 13/0 EC P, T Mutation NGS panel Predictive Ueda et ul[g()],
2016
ctDNA 63/0 EC P Copy number  qPCR CCND1 Predictive Komatsu et
status all™, 2014
cfDNA 32/0 GC P Copy number  cfDNA NGS ERBBB2 Therapeutic Kim et al”'],
status testing 2018
ctDNA 277/0 EC/GC P, T Mutation MassARRAY  TP53, PIK3CA, Diagnostic Kato et al, 2018
ERBB2, KRAS  /Prognostic
ctDNA 70/0 GC P, T Mutation NGS panel HER2 Therapeutic Gao et al[%],
2017
cfDNA 60/30 GC P Mutation Droplet digital HER2 Therapeutic Shoda et all”!,
PCR 2017
ctDNA 1/0 GC P, T Mutation NGS panel MET Therapeutic Du et ul30], 2017
ctDNA 230/0 CRC Mutation Safe-SeqS assay NA Prognostic Tie et al”, 2016
cfDNA 22/0 CRC Mutation NGS/dPCR  TP53, KRAS,  Diagnostic Furuki et all”),
APC, PIK3CA,  /Prognostic 2018
BRAF, FBXW7,
NRAS
cfDNA 3/0 CRC P Mutation BEAMing RAS, BRAF, Predictive Klein-Scory et
PIK3CA al, 2018
cfDNA 20/0 CRC P Mutation Droplet digital APC, TP53, Predictive Vandeputte et
PCR KRAS, PI3CA all, 2018
Stool DNA 71/22 CRC Stool Methylation QIAamp DNA SDC2 Diagnostic Oh et all”], 2017
Stool Mini Kit

EC: Esophageal cancer; GC: Gastric cancer; CRC: Colorectal cancer; NT: Normal tissue; B: Blood; P: Plasma; S: Serum; T: Tumor tissue; PLF: Peritoneal
lavage fluid; NGS: Next-generation sequencing; WES: Whole exome sequencing; FTIHC: Fluorescent immunohistochemistry; NA: Not avaibable; EpCAM:
Epithelial cell adhesion molecule.

potentially beneficial application of the liquid biopsy approach is the possibility of
using this approach to monitor patients' therapeutic responses. In general, ctDNA has
seemed to be an early biomarker that can be used to deduce the tumor burden of
patients with CRC during chemotherapy and to predict the early therapeutic reaction.
Molecular alterations that are related to drug resistance can be identified at an early
stage by evaluating ctDNA, and this evaluation can be performed easily for the same
patient at different time intervals.

A single-arm phase II trial (Erbitux Study of CPT11, Oxaliplatin, UFToral Targeted-
therapy) was carried out in patients with previously untreated KRAS wild-type
advanced CRC, using a regimen of irinotecan, oxaliplatin, and tegafur-uracil with
leucovorin and cetuximab. The stratification of patients by the CTC count can identify
the patients who might benefit the most from an intensive four-drug regimen,
avoiding the use of high-toxicity regimens in low-CTC groups!™.
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Table 2 Current progress of microRNAs and exosome as diagnostic, monitoring and predictive markers in gastrointestinal cancer

Liquid Patients/ Source of - Clinical
.q Organs . Abnormalities Technology Target - Ref.
biopsy controls fluid setting
MiRNAs 231/0 EC Peripheral Polymorphism SNPShot KIAA0423 Prognostic Faluyi et all*”,
blood 51053667, 2017
lymphocytes GEMIN3
rs197412
MiRNAs 3156/0 EC S/P Upregulation/ NA miR-15a, miR-  Diagnostic Yao et all'"",
Downregulatio 22, miR-31, /Prognostic 2018
n miR-451, miR-
506, miR-613,
miR-1297
MiRNAs 125/0 EC S/P Upregulation/ RT-PCR miR-21, miR-  Diagnostic Zhang et ',
Downregulatio 223, miR-100,  /Prognostic 2018
n miR-25, miR-
375
MiRNAs 250/538 GC Gastricjuice ~ Upregulation  miScript RT kit miR-421, miR-  Diagnostic Virgilio et all'"?,
21, miR-106a, 2018
miR-129
MiRNAs 20/20 GC S Upregulation =~ TagMan miR-331 and Diagnostic Sierzega et
OpenArray miR-21 al'™, 2017
assays
MiRNAs ThemiRNA  CRC NA - Upregulation ~ NA miR-198, miR-  Predictive Zhu et all'™],
expression 765, miR-630, 2017
profile miR-371-5p,
(GSE29298) miR-575, miR-
202, miR-513a-
5p
MiRNAs 232/0 CRC S Upregulation ~ NA miR-21, miR-  Diagnostic Carter et all'™],
29b, miR-92. 2017
MiRNAs 61/0 CRC P Upregulation ~ miRVANA miR-20b, miR-  Prognosis Ulivi et all'],
PARIS kit 29b, miR-155 /Predivtive 2018
Exosome 66/20 EC P Upregulation =~ AChE activity =~ Exosomes Prognostic Matsumoto et
all'"”1, 2016
Exosome 30/0 GC PLF Upregulation =~ MiRNA miR-21, miR-  Diagnostic Tokubhisa et
microarray 1225-5p /Therapeutic  all'*l, 2015
Exosome 232/20 GC P Downregula-  Tagman miR-23b Prediction Kumata et
tion microRNA /Prognostic all'™1 2018
assays
Exosome 227/28 CRC S Upregulation/ gqRT-PCR miR-17, miR-  Predictive Matsumura et
Downregula- microarray 18a, miR-19a, /Prognosis all! 1()], 2015
tion miR-19b,
miR20a, miR-
92a, hsa-miR-
25-106b, hsa-
miR-17-92a
Exosome 108/0 CRC S Downregula-  The total miR-548c-5p  Prognosis Peng et all''!],
tion exosome 2018

isolation kit

EC: Esophageal cancer; GC: Gastric cancer; CRC: Colorectal cancer; NT: Normal tissue; B: Blood; P: Plasma; S: Serum; T: Tumor tissue; PLF: Peritoneal
lavage fluid; NGS: Next-generation sequencing; WES: Whole exome sequencing; FIHC: Fluorescent immunohistochemistry; NA: Not avaibable.
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GENE PANEL SEQUENCING IN Gl CANCER

Sequencing is often performed to identify cancer-associated gene mutations in
patients with advanced cancer. Sequencing panels allow the targeting of multiple
genes simultaneously, quickly and accurately through comprehensive bioinformatics
in order to exploit the useful information from a single study. The NGS of tumor
sample DNA can lead to the optimal clinical treatment by offering diagnostic and/or
prognostic data and by contributing to the selection of potential treatment regimens
(e.g., molecular-targeted and immune checkpoint blockade therapies). Recent
advances in NGS has enabled the performance of whole-genome sequencing, whole-
exome sequencing, whole-transcriptome sequencing and RNA sequencing, as well as
the detection of enormous genetic aberrations™!.

Due to the progress in sequencing technologies, tissue comprehensive genome
profiling has become more widely available in clinical practice. For example, the
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current National Comprehensive Cancer Network guidelines recommend
comprehensive genome profiling in patients with advanced non-small-cell lung
adenocarcinomal’l. Currently, NGS provides faster, cheaper, and more accurate
whole-genome sequencing. The Cancer Genome Atlas has revealed the genome
profiles of many cancers, including GI cancer” . Current progress of multiplex gene
panels in GI cancer is summarized in Table 3.

Gene panaels contains the most commonly mutated genes or candidate actionable
genes in many cancers. In CRC, KRAS, BRAF, PIK3CA, TP53, CTNNB1, APC, SMAD4,
and PTEN are among the most commonly altered genesl” . Patients with CRC in
Japan were recently studied using an NGS - based comprehensive genomic panel
test!™). Significant differences in ERBB2, APC, TP53, CDKN2A, and NRAS mutations
were identified in the Japanese patients compared to United States patients. Genomic
alterations in DNA repair genes (e.g., ATM, BLM, BRCA2, NBN, NRE11A), which are
observed in a significant proportion of CRC patients, were also detected. A novel,
positive correlation between APC and TP53 mutations with tumors that presented on
the left side was reported. A study through deep sequencing in patients with mCRC
presented that mutations in TP53, KRAS, APC, KRAS, GNAS, and SMAD4 genes were
detected in 69.3%, 39.6%, 23.7%, 16.8% and 13.8% patients, respectively. The
mutations in KRAS, GNAS, and SMAD4 were significantly associated with lung
metastasis!*’l.

In GC, comprehensive genomic sequencing using a 435-gene panel in Japanese
gastric cancers (GCs) showed that the most frequently mutated gene was TP53
(53.1%), followed by ARID1A (15.9%) and CDH1 (14.0%); ERBB2 amplification (12.1%)
was the most frequently observed somatic copy number alteration, followed by
CCNE1 (7.2%) and KRAS (5.8%) amplification!*'l. Specific subcategories of GCs harbor
characteristic genetic aberrations, such as somatic mutations in RHOA and a chimeric
gene fusion of CLDN18-ARHGAP26 in diffuse-type GCs!***’l. The landscape of
esophageal cancer (EC)-related gene mutations that regulate the cell cycle (TP53,
CCND1, CDKN2A, FBXW?7), epigenetic processes (MLL2, EP300, CREBBP, TET2), and
the signaling pathways involving NOTCH (NOTCH1, NOTCH3), WNT (FAT1, YAP],
AJUBA) and receptor-tyrosine kinase-phosphoinositide 3-kinase (PIK3CA, EGFR,
ERBB?2) has been described!*..

Current advances in cancer genome analyses using NGS have revealed an
increased mutation burden (a high rate of somatic mutation) in some solid tumors. In
GI cancers, one of the leading causes of hypermutation-which is closely related to the
generation of neo-antigens-is a defect in DNA mismatch repair (MMR), leading to
microsatellite instability (MSI). Several research groups have stated that the tumor
mutated burden correlates with the clinical response to immunotherapy!*>*“l. GI cancer
patients with MMR deficiency and a subsequent hypermutated phenotype achieved
outstanding outcomes after anti-PD-1 therapy!”’l. This highlights the clinical
significance of identifying hypermutated tumors for immunotherapy treatment.

In CRC, mutations in transforming growth factor-beta (TGF-) signaling genes and
BRAF were markedly increased in hypermutated tumors™. Mutations in DNA
polymerase D1 (POLD1) and DNA polymerase E (POLE) genes have also been
described as a cause of hypermutated CRC). The mutation rate of MSI-High GCs
was significantly higher than that of MSS tumors!*l. TGFBR2, ACVR2A, SMAD4, and
ELF3 as well as the TGF-p pathway are frequently mutated, suggesting a pivotal role
in GC pathogenesis, including MSI#**1.

Given the advances in NGS, it may well become possible in the near future to
identify the predominant cancer genes and pathways and tumor-specific genes and
pathways. Several multigene assays are available to estimate the risk of relapse after
definitive surgery, including the MSK-IMPACT, NCC Oncopanel, Todai OncoPanel,
Oncomine Dx Target test, Foundation OneCDx, and CANCERPLEX.

A recent study using the Exiqon panel identified miR-20b-5p, miR-28-3p, miR-192-
5p, miR-223-3p, and miR-296-5p as significantly upregulated in the serum of patients
with EC, suggesting that these 5-miRNA signatures may serve as potential diagnostic
biomarkers for ECsl"). Similarly, the expressions of seven miRNAs (miR-103a-3p, miR-
127-3p, miR-151a-5p, miR-17-5p, miR-181a-5p, miR-18a-5p, and miR-18b-5p) were
significantly higher in CRC compared to normal controlst'.

BIOMARKERS FOR Gl CANCER

Convincing biomarkers are a crucial aspect of precision medicine, used to match
appropriate patients with the right treatment at the right time. Clinically relevant
biomarkers are genetic, epigenetic, proteinic, or cellular alterations that are intrinsic to
cancer cells. These biomarkers can be used to predict patients' responses to
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Table 3 Current progress of multiplex gene panels in gastrointestinal cancer

Organs

Panel tested

Number of genes  Number of

tested

patients

The type of
sample

Companion
diagnostic
indications

Ref.

EC

EC

EC

GC

GC

GC

GC

CRC

CRC

CRC

CRC

CRC

CRC

HiSeq2000

Exigon miRNA
qPCR panel

Ion AmpliSeq
Custom DNA Panel

Illumina HiSeq 2000

Tllumina HiSeq 2000

CANCERPLEX

Ion-Proton

sequencer

CANCERPLEX

IT-PGM seqgencing

OncoAim™ DNA

panel

MiSeq

cfDNA panel

TruSight Cancer
Sequencing Panel

N/A

168miRNA

12

38

N/A

435

50

415

22

39

207

14

42

144

140

27

138

100

207

29

201

77

648

22

101

N/A

Tumor tissue DNA

Serum miRNA

Tumor tissue/Serum
DNA

Tumor tissue DNA

Tumor tissue DNA

Tumor tissue DNA

Tumor tissue DNA

Tumor tissue DNA

Tumor tissue DNA

Tumor tissue DNA

Tumor tissue DNA

Plasma cfDNA

Blood ctDNA

CCND1, CDKN2A,
FBXW7, MLL2,
EP300, CREBBP,
TET2, NOTCH]I,
NOTCHS3, FATI,
YAPI1, AJUBA,
PIK3CA, EGFR,
ERBB2

miR-20b-5p, miR-28-
3p, miR-192-5p,
miR-223-3p, and
miR-296-5p

BRAF, DDR2,
ERBB2, HRAS,
KEAPI1, KRAS,
NFE2L2, NRAS,
PIK3CA, PTEN,
RHOA

RHOA, CDH1,
PIK3CA, CTNNBI,
APC, ARID1A,
KMT2C, KRAS

ARID1A, CDH1,
MUC6, CTNNA2,
GLI3, RNF43, RHOA

ARID1A, CDHI,
ERBB2, CCNEI,
KRAS

APC, CTNNB, KRAS,
NPM1, FBXW7
ERBB2, FGFR2, KIT

ERBB2, APC,
CDKN2A, NRAS,
ATM, BLM, BRCA2,
NBN, NRE11A

RAS, PIK3CA,
FBXW7, BRAF,
SMAD4, MET,
FGFR1

KRAS, APC,
PIK3CA, SMAD4,
BRAF, FBXW7,
NRAS

KRAS, PIK3CA,
FBXW?7, PTEN,
SMAD4, BRAF,
CTNNB1, NRAS

AKT1, BRAF,
CTNNBI, EGFR,
ERBB2, FBXW7,
GNAS, KRAS,
MAP2K1, NRAS,
PIK3CA, SMAD4,
APC,

MLH1, MSH6, PMS2
APC, SMAD4, TP53,
BRIP1, CHEK2,
MUTYH, HNF1A,
XPC

Sawada et all*l, 2016

Huang et al®"}, 2017

Pasternack et all''?],

2018

Kakiuchi et all ‘2],
2014

Wang et all*’], 2014
Ichikawa et all*!],

2017

Yoshida et all'"*,
2019

Nagahashi et all*”),

2016

Capalbo et all! H],

2019

Wang et all''”), 2018

Gao et all''!, 2019

Osumi et al, 2018

Seifert et all''”), 2019

TP53 was commonly implicated in all references except 28035762, 30297788 and 30523343 (PMID)!"1*>117]_EC: Esophageal cancer; GC: Gastric cancer; CRC:
Colorectal cancer; NGS: Next-generation sequencing; FFPE: Formalin-fixed paraffin-embedded; N/A: Not available; EBV: Epstein-Barr virus; MSI:
Microsatellite instability; NGS: Next-generation sequencing.

chemotherapy, targeted therapy, or immune checkpoint inhibitors. To date, the most
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reliable molecular marker in clinical practice is the KRAS gene for patients receiving
EGEFR - targeted therapy for CRC metastatic disease and HER2 overexpression for
patients with HER2-positive GCP>*l. Detection of BRAF mutation status was also
recommended due to the ineffectiveness of anti-EGFR therapy for CRC patients with
BRAF mutations®l. Although there is a crucial need for novel diagnostic and
prognostic biomarkers to improve GI cancer prognosis, these tools are still being
investigated. In this section, we summarize the current advances of biomarkers in GI
cancer, with a focus on the development of new biomarkers that are of predictive
and/or prognostic values.

Another biomarker for therapeutic target in GI cancer may be MET. A multicenter
phase II study demonstrated antitumor activity of small-molecule MET inhibitor was
shown in MRT-amplifier gastric/gastroesophageal/esophageal adenocarcinomal™. A
recent study using whole-exome sequencing characterized KDR/VEGFR2 somatic
mutations as potential genetic biomarkers of patients’ responses to antiangiogenic
cancer therapies. Interestingly, a recent cohort study presented that ALK, ROS1, and
NTRK rearrangements classified a new subtype of mCRC with particularly poor
outcomel”l. Rearrangements of ALK, ROS1, and NTRK were more frequently
observed in elderly patients with right-sided tumors and node-spreading, RAS wild-
type, and MSI-high cancers. As noted above, ctDNA and RNA-based biomarkers
provide high specificity and are ideal as predictive markers for monitoring patients'
responses to chemotherapy as well as tumor progression®’. MMR-deficiency
deficiency has emerged as another meaningful biomarker. MMR deficiency has been
shown to be positively prognostic for outcome in patients with GC and CRCF**1,
Notably, MMR deficiency is a variety of cancer predictor for response to anti-PD-
1/PD-L1 blockade therapies*”. Tumor-infiltrating lymphocytes (TILs) are the major
type of infiltrating immune cells’l. The density of TILs is considered to be an
indication of the host immune response against tumor cells. To date, the density of
TILs have been investigated as a useful prognostic factor in GI cancer®l. Collectively,
research has moved towards the identification of mutations in key genes involved in
the progression of GI cancer. In the meanwhile, large-scale prospective clinical studies
for evaluating the sensitivity and specificity of these biomarkers are required before
their application in clinical practice, due to their low mutational burden and
insufficient specificity. The approved biomarkers and candidate biomarkers of GI
cancer are summarized in Table 4.

Future research may identify biomarkers that enable cost-effective and
noninvasiveness treatments for GI cancer. It is also necessary to determine the best
prognostic panel of biomarkers and to find predictive biomarkers to help in the
selection of the most suitable therapy.

PRECISION SURGERY IN GI CANCER

Precision medicine is a general concept and is thus not limited to genetic detection.
Although surgery is the most effective treatment for localized GI cancer and is often
curative, an insufficient removal of a tumor results in secondary tumor foci for which
the existing chemotherapeutics and/or radiation would be ineffective. In this finally
section, we would like to discuss the progress of the precision treatment of GI cancers
through surgery.

Fluorescence-guided surgery for Gl cancer

Surgery has been said to provide the most benefit for patients with GI cancer. When
RO resection was carried out in a series of GI cancer patients, the local 5-year relapse
rate was significantly improved!*’. The reported rates of local recurrence and distant
metastasis were high at 2.6% and 30% of patients who underwent an RO resection**l.
Real-time imaging to find positive surgical margins during a surgical procedure may
be useful to diminish the rates of recurrence. Intraoperative fluorescence imaging, or
fluorescence-guided surgery (FGS), can offer highly reliable tumor visualization for
localization and margin identification!*l. The targeted fluorescent labeling of cancer
cells may therefore alter the ways we detect and treat cancer.

Indocyanine green (ICG) is applied clinically to define liver tumor margins and
biliary anatomy. The authors of a recent meta-analysis stated that intraoperative ICG
fluorescence angiography has been demonstrated to reduce anastomotic leakage rates
after colorectal resection. In CRC, ICG fluorescence lymphangiography can be used
to detect the primary tumor, its lymphatic drainage, and potentially malignant nodes,
which may change the operative plan'’l. FGS can thus serve as a surgical guide with
the potential to provide benefits for patients with GI cancer.

Sentinel node navigation surgery
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Table 4 Current progress of biomarkers associated with diagnosis, prognosis, prediction of therapeutic response in gastrointestinal

cancer (excluding liquid biopsy)

Market Tumor type Alteration Clinical setting Ref.
HER2 GC, CRC Amplification, Predictive Bang et al[”x], 2010; Sartore-
Overexpression Bianchi et all'"” ], 2016
KRAS CRC Activating mutation within ~ Predictive Wormald et al, 2013; Febbo et
catalytic RAS domain al, 2011; Schmoll et all'*?],
2012; Locker et all'’!, 2006
NRAS, CRC Overexpression Prognostic/Predictive Hu et ul[m], 2018
BRAF CRC Mutation Prognostic/ Therapeutic Tie et all®"], 2011
KDR CRC Mutation Predictive Loaiza-Bonilla et ul[m], 2016
VEGF-D CRC Overexpression Predictive Tabernero et all'*% 2018
AKT GC Activation Predictive Ito et all'*7}, 2017
PTEN GC Downregulation Predictive Kim et al, 2017
NTRK fusion CRC Overexpression Predictive Drilon et all'*], 2018
ALK CRC Rearrangement Prognostic Pietrantonio et al”’], 2017
POLE CRC Mutation Predictive Domingo et all'™"}, 2016
MMR GC, CRC Predictive Llosa et all"*!1, 2015
PD-L1 CRC Mutatoin Prognostic Eriksen et all"*?!, 2019
Tumor infiltrating GC, CRC Overexpression Prognostic Iseki et all'*], 2018
lymphocyte
CagA GC Upregulated Diagnostic Saju et all'™], 2016
Gastrokine 1 GC Downregulated Diagnostic Altieri et all'*!, 2017
MEK CRC Activation Predictive Martinelli et all’ %], 2017
PIK3CA CRC Mutation Prognostic/ Therapeutic Jehan et a1 2019; Schmoll
et all'*’], 2012
TP53 EC, GC, CRC Mutation Prognostic Schmoll et ul[m], Guo et al[m],
2017
CTNNB1 CRC EC, GC Mutation Overexpression Prognostic Prognostic Gao et al[“"], 2019; Szasz et
al™, 2016; Tshiguro et al"'",
2016
APC CRC Mutation Prognostic Liang et all! “], 2017; Chen et
all"?1, 2013
IGFR-IR CRC Upregulation Prognostic Codony-Servat et all'**, 2017
SFRP2 CRC Hypermethylation Diagnostic/Prognostic Tang et al, 2011
UGT1A1 CRC Hypermethylation Predictive Crea et al™*, 2011
SMAD4, EC, GC, CRC Downregulation Prognostic/Predictive Salem et all'*‘l, 2018;
Wasserman et all'*”}, 2019
MET EC, GC Amplificatoin Predictive Van Cutsem et al™”], 2018
CDKN2A EC, Methylation Diagnostic Zhou et al, 2017
ATM GC, CRC Mutaion/Downregulation Prognostic Randon et al[m], 2019; Han et
al™, 2017
BLM, CRC Mutaion/Polymorphisms Diagnostic de Voer et all™®"!, 2015; Frank
etall"™'], 2010
BRCA1/2, CRC Mutaion Diagnostic Oh et all™? 2018
ARID1A GC Mutation Predictive Wei et all'™’], 2014
CRC Overexpresion Prognostic Ronchetti et all'*"], 2017
CDH1 GC Mutation Diagnostic Hansford et all'>], 2015
CRC Polymorphism Diagnostic Griinhage et all'*"), 2008
CCNE1 GC Amplification Therapeutic Ooi et all'™, 2017
RHOA GC, CRC Overexpression Prognostic Chang et all™™", 2016
CCND1 EC Amplification/Overexpressio Diagnostic Hu et al™®”, 2016
n
CRC Polymorphism Diagnostic Griinhage et all’**), 2008
FBXW7 CRC Mutation Prognostic Korphaisarn et all'®’, 2017
NOTCH1 EC Mutation Prognostic Song et all'!], 2016
CRC Gene copy number Prognostic Arcaroli et all'®”, 2016
NOTCH3 CRC Overexpression Predictive Ozawa et ul““], 2014
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YAP1 EC, GC, CRC Overexpression Prognostic Zhang et all'® ]], 2018

EC: Esophageal cancer; GC: Gastric cancer; CRC: Colorectal cancer; MMR: mismatch repair; PD-L1: programmed death ligand 1; PD-1: programmed death-
1; POLE: DNA polymerase 1; HER2: human epidermal growth factor receptor type2; EGFR: epidermal growth factor receptor.

Many investigators have described the potential usage of sentinel node (SN)
navigation surgery in patients with early-stage EC and GC who have no lymph node
metastasis preoperatively®’l. In early stage upper GI cancer, SN mapping provides
significant information about an individual patient’s metastatic situation and enables
the modification of the patient’s surgery. Several single-institution investigations have
noted pivotal benefits of SN mapping for early EC, especially when using the radio-
guided method!"!. Clinically T1 esophageal cancers were suitable targets for SN
mapping, because in T3 or T4 tumors as well as those with lymph node metastasis,
the original lymphatic routes can be obstructed, which leads to a high rate of false-
negative outcomes. SNs were detected in 95% of patients, and the accuracy was as
high as 94%!""l. Moreover, SNs were identified widely from the cervical area to the
abdominal area, which allows the partial resection of the distal esophagus via the
laparoscopic trans-hiatal approach without extensive mediastinal lymph node
dissection when the SNs are identified only in the abdominal region and are
pathologically negative in ¢T1NO cases of the distal esophagus!”l. The precise
indications for laparoscopic surgeries (e.g., partial resection and segmental
gastrectomy for cT1NO GC) based on the SN status could be individually determined.
SN navigation surgery could be a strategy to ensure a better prognosis than
conventional operative strategies.

FUTURE PERSPECTIVES

Precision medicine is the application of the latest biological technology that takes into
account the patient’s living environment along with the patient’s clinical data (as well
as molecular imaging techniques and bioinformatics technology) to achieve accurate
diagnoses and treatments. It is difficult to determine the precise clinical and biological
significance for each individual patient because of the inconsistency in biological
features on the human genomel”'l. Moreover, the complexity of the NGS data-analysis
process makes it impractical for oncologists to understand the meanings and
uncertainties of the results easily. A systematic and easily interpreted system with an
accessible database is immediately necessary for detecting specific genomic alterations
and genotype-matched therapeutic options with clinical practice. Although it would
be impossible to completely prepare a treatment plan for each individual case, more
suitable treatment based on the unique genomic changes of each patient's tumor could
be adapted.

The recent progress in the use of precision medicine in GI cancer was summarized
in this review. Regarding treatment, we expect that the narrowing down of the
number of eligible patients in accord with dose setting, schedule setting, and the
selection of concomitant drugs based on the mechanism of molecular targeted agents
will lead to effective therapy customized to each individual. For GI cancers, there is an
urgent need for preclinical models to identify and select suitable target for therapy.
Recent developments in stem cell biology have enabled the in vitro generation of
complex three-dimensional (3D) multicellular stem cell-derived constructs that mimic
their corresponding organ in vivol’”. These organ-like structures denoted as organoids.
Patient-derived organoids (PDOs) may be an attractive candidate for an appropriate
cancer model that is able to identify the most effective therapy for individual patients
with currently available drugs in a timely manner, but also the future of regenerative
medicine. therapies, 3D organoids have been advanced for several cancer types and
been shown to effectively recapitulate tumor specific characteristics, which may lead
to facilitate the development of precision medicinel”.. A recent study demonstrated
that the feasibility of GC PODs from endoscopic biopsies and also suggest that
endoscopic-derived PDOs may serve as an precise surrogates of the primary lesion of
tumor, which may lead to possess the superiority to drug sensitivity screening and
precision therapies. Other study using patient-derived CRC organoids presented
that of all RASGTPases activating proteins, only neurofibromin (NF1) deficiency
facilitate cell survival and prompted EGF-independent tumor cell growth in human
CRC samples, suggesting that NF1 protein levels should be measured in CRCs prior
to initiate of targeted therapy against the MAPK pathway!.

Our understanding of the fundamental biology of GI cancer is continually
advancing. GI cancer is a heterogeneous disease with significant differences between
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patients in prognosis and therapeutic response. Part of these differences can be
explained by the molecular diversity detected in GI cancer. So as to provide a more
overall insight into this complexity, biologically distinct molecular subtypes of GI
cancer based on gene expression analyses were defined and validated. EC is classified
into three distinct molecular subgroups based on gene analysis findings!"". The first
subgroup (ESCC1) includes tumors that respond poorly to chemoradiotherapy,
leading to poor prognoses. The principal gene alteration identified is NRF2 pathway
disruption. The second subgroup is ESCC2, characterized by the mutation of
NOTCH1, ZNF750, KDM6A, KDM2D, PTEN, PIK3R1, and CDK6 amplification. This
subgroup is also associated with white blood cell infiltration. The last molecular
subgroup (ESCC3) is characterized by PI3K pathway disruption. Similarly, GC is sub-
classified into four major subtypes based on the molecular pattern; the EBV group,
MSI group, chromosomal instability group, and genomically stable groupt. In CRC,
four consensus molecular subtypes (CMS) were shown. CMSI1 is enriched for MSI
tumors that reveal marked immune activation. CMS2 reflects the classical subtype
encompassing higher CIN and strong WNT/MYC-driven tumors with epithelial
characteristics, whereas CMS3 is enriched for KRAS-mutated tumors with activation
of metabolic pathways. CMS4 has mesenchymal features, shows a high stromal
content and activation of TGF-B and VEGFR pathwaysl’’l. Apparent clinical
distinctions are distinct with poor prognosis for CMS4 and a relatively good
prognosis for CMS1. A study classifying CRC by both tumor side and location using
NGS panel presented that RAS mutations are seen in 70% of cecal tumors but only
57% of ascending colon and 43% of hepatic flexure tumors. BRAFV600 mutations
occur in 10% of cecal, 16% of ascending colon, and 22% of hepatic flexure tumors.
PIK3CA mutations are seen in 26% of descending colon but only 14% of sigmoid and
9% of rectosigmoid tumors. CTNNB1 mutations are almost absent in the sigmoid
(1%), rectosigmoid junction (0%), and rectum (1%), but are still present in the
descending colon (6%). This study also revealed increasing rates of CMS2 moving
from right to left, accompanied by a fall in CMS1, while CMS3 and CMS4 were
relatively stable when we compared CMS by tumor sidel. In summary, the region
from the sigmoid colon to the rectum appears unique and the transverse colon
appears distinct from other right sided locations.

Another study define the colorectal cancer intrinsic subtypes (CRIS) distinguished
by specific molecular, functional and pathogenic features; (1) CRIS-A: Mucinous
subtype, glycolytic metabolism, with marked MSI, mutated BRAF or KRAS; (2) CRIS-
B: Active TGF-p signaling, epithelial-mesenchymal transition, bad prognosis; (3)
CRIS-C: High EGEFR signaling, and to EGFR inhibitors (i.e., cetuximab); (4) CRIS-D:
High WNT signaling, IGF2 gene amplification/ overexpression; and (5) CRIS-E:
Paneth-like phenotype and TP53-mutated genotypel”. Recent work revealed that
subtype-specific analysis can be used to predict therapy response, which provides a
great opportunity to improve patients’ management regarding precision
medicinel®*,

Although subclassification systems proposed for each GI cancer type have also
possessed major challenges and caused important questions that need to be further
investigated still it is applied for patient care timely, there is the possibility that these
subgroup analyses revolutionize our approach towards precision medicine. Advances
in tumor genomics and the immunologic landscape based on “big data” will allow the
identification of expanding indications for molecular target drugs and chemotherapy
in GI cancer and its predictive biomarkers. Clinical trials for targeted therapies,
coupled with genomic profiling for optimum patient selection, are required to
demonstrate clinical utility, including treatment outcomes and cost-effectiveness.
Investigations of the safety and efficacy of clinical cancer therapies may reveal novel
research directions for treating GI cancer. Increasing our knowledge of the signaling
that mediates the driver mutations in GI cancer will improved our understanding of
GI cancer and serve to guide future precision medicine applications for this disease.
At present, we are in the very early phases of this transition towards precision and
personalized medicine. We hope that this review can be a guideline for clinical and
bench investigators to further develop precision medicine.
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Abstract

In addition to the popularity of laparoscopic gastrectomy (LG), many
reconstructive procedures after LG have been reported. Surgical resection and
lymphatic dissection determine long-term survival; however, the election of a
reconstruction procedure determines the postoperative quality of life for patients
with gastric cancer (GC). Presently, no consensus exists regarding the optimal
reconstructive procedure. In this review, the current state of digestive tract
reconstruction after LG is reviewed. According to the determining influence of
the tumor site on the procedures of surgical resection and reconstruction, we
divide these reconstruction procedures into three categories consistent with the
resection procedures. We focus on the technical tips of every reconstruction
procedure and examine the surgical outcomes (length of surgery and blood loss)
and postoperative complications (anastomotic leakage and stricture) to facilitate
gastrointestinal surgeons to understand the merits and demerits of every
reconstruction procedure.

Key words: Digestive tract reconstruction; Laparoscopic gastrectomy; Gastric cancer;
Quality of life

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: This article systematically reviews almost all the reconstruction methods
currently used and divides them into three categories according to the method of
resection (laparoscopic distal gastrectomy, laparoscopic total gastrectomy, and
laparoscopic proximal gastrectomy). This review clearly demonstrates the key steps,
merits, and demerits of every reconstruction method via drawing schematics based on
the authors’ personal experience.
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INTRODUCTION
Gastric cancer (GC) remains a disease with high incidence and mortality
worldwide!"?. GC patients demonstrate reliable survival results due to the

implementation of D2 lymphadenectomy, which has become the cornerstone of GC
treatment in the past decades™ . Kitano et al'! first reported a case of laparoscopic-
assisted distal gastrectomy in 1994. GC surgery has gradually changed from open to
laparoscopic-assisted and ultimately to total laparoscopic during the past 20 years.
Presently, the main indication for laparoscopic gastrectomy (LG) is early GC because
recent studies have shown that the oncologic outcomes of LG were comparable to
those of open surgery”l. Three multicenter trials, the JLSSG 0901"", CLASS-01M, and
KLASS-02">"1 trials, are current large-scale randomized controlled trials (RCTs) to
obtain evidence-based oncological outcomes of LG for advanced GC (AGC)".. The
results of these RCTs were expected to establish concrete evidence of the widely
carried out LG in the treatment of AGC. Various new laparoscopic lymph node
dissection procedures were reported and have been shown to achieve pathologically
reliable lymphadenectomy during this development process. These technical
summaries based on the surgeon’s clinical experience made lymph node dissection
standardized with reliable quality!*"".

In addition to the improved survival, quality of life (QoL) attracted more attention,
and total laparoscopic surgery has gained widespread global popularity owing to its
well-known benefits, such as reduced surgical trauma, decreased pain, low rates of
morbidities, and a shorter length of hospital stay***l. Digestive tract reconstruction is
a key technique in laparoscopic surgery. However, no definitive consensus is
currently available regarding how to choose among the various methods. This review
focuses on describing technical tips and discussing the merits and demerits of
commonly used laparoscopic reconstruction procedures at present.

LITERATURE SEARCH

To eliminate the influence of the learning curve on complications, a literature search
was performed using the terms “laparoscopic gastrectomy”, “digestive tract
reconstruction”, and “gastric cancer” along with their synonyms or abbreviations
after 2015. Studies on different reconstructive procedures including less than 10
patients were excluded. The length of surgery, intraoperative blood loss, anastomotic
leakage and stricture, esophagitis reflux, and gastric stasis were examined. Data
extraction was confirmed manually.

DIGESTIVE TRACT RECONSTRUCTION AFTER
LAPAROSCOPIC DISTAL GASTRECTOMY (LDG)

Billroth-I (B-I), Billroth-II (B-II), Roux-en-Y, and uncut Roux-en-Y reconstruction are
the most popular methods of reconstruction after LDG for GC.

B-I reconstruction

B-I reconstruction, one of the most popular procedures of reconstruction after distal
gastrectomy, is associated with the physiological anatomy and involves only one
anastomosis site without stump nor input loop. It is often performed using an
extracorporeal procedure with a mini-laparotomy scar in laparoscopy-assisted distal
gastrectomy or an intracorporeal procedure in total LDG. The delta-shaped
anastomosis (DA) is the most common intracorporeal B-I anastomosis for LDG that
was first reported by Kanaya et al'"”! in 2002. DA is completed by side-to-side
gastroduodenostomy with laparoscopic linear staplers (LS) intracorporeally (Figure
1A). This procedure is becoming widely used due to its simplicity and safety!”], and it
can be performed safely even by an inexperienced surgeon!”l. Several studies have
demonstrated that DA resulted in less blood loss and faster recovery than B-I,
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especially in obese patients. However, no difference was found in the surgical
outcomes (operative time, number of harvested lymph nodes, and proximal margin)
and postoperative complications (anastomotic leakage, stricture, hemorrhage, and
wound complications)*?! (Table 1). However, some researchers have indicated that
DA may affect the blood supply during cutting and result in an increased risk of
anastomosis-related complications™. Another limitation of DA is that it is difficult to
locate the tumor to obtain a pathologically safe margin; sometimes the tumor location
requires being marked preoperatively or intraoperatively?”, a step that is likely the
main shortcoming and limitation of the operation. Additionally, the cost of DA
procedure is higher as it requires more endoscopic liner stapler cartridges™!.

To improve the disadvantages mentioned above, a modified reconstructive
procedure using an overlap method for B-I is developed. In general, the anastomosis
is performed by overlapping the remnant stomach and duodenal stump via LS.
Watanabe et al” believed that this method is safer and easier because the posterior
wall of the remnant stomach and anterior wall of the duodenum are anastomosed,
and it is not necessary to create a space around the posterior wall of the duodenum.
Accordingly, this procedure reduces the possibility of damage to the surrounding
structures and duodenum when compared with the formation of anastomosis on the
posterior wall in DAP®. High technical requirements, sufficiently long duodenal
stump dissociation, high anastomotic tension, bile reflux, and gastric stump cancer
surgery are the inherent shortcomings of B-I reconstruction, and surgeons should
consider these issues when choosing this procedure.

Due to a combination of increased screening and improved diagnostic techniques,
the diagnostic rate of early GC has increased in recent years. As a result of the
satisfactory survival outcomes achieved in the treatment of early GC, surgeons pay
more attention to the postoperative QoLl. Pylorus-preserving gastrectomy (PPG) is
a function-preserving surgery for the treatment of patients with cT1NO middle third
GC, aiming to decrease the complication rate and improve the postoperative QoL. The
infrapyloric artery and antral cuff (2 cm length) were preserved, D2 lymph node
dissection was performed, and the gastrogastrostomy was similar to B-I anastomosis
with LSP-71,

It was reported that PPG has the benefits in postoperative nutrition and can reduce
the incidence of bile reflux, dumping syndrome, and cholelithiasis meanwhilel’*l.
However, some surgeons worry that the intracorporeal reconstruction may lead to
micro-dissemination of free cancer cells left over in the remnant gastric lumen™!.

B-Il reconstruction
B-II reconstruction is another frequently used method in total LDG. During the
procedure, an LS is used to anastomose the greater curvature side of the remnant
gastric stomach with the jejunum approximately 10-15 cm from the Treitz ligament.
The main advantages of this method are that the tension of the anastomotic stoma
is small, there is no need to dissociate much duodenum, and there is no specific
requirement for the location of the tumors. Therefore, B-II is usually used in cases in
which B-I is inappropriate. Nevertheless, this method is limited because of a higher
risk of complications such as reflux gastritist**l. Considering these reasons, B-II with
Braun anastomosis (side-to-side jejunojejunostomy away from the gastrojejunal
anastomosis) was applied in total LDG (Figure 1B). Additionally, it can reduce the
ai—erent loop syndrome compared with B-II without Braun anastomosis*l. Some
researchers have revealed that B-II Braun anastomosis cannot reduce the high
incidence of bile reflux™, and Park et al*! reported a high incidence of bile reflux in B-
IT Braun anastomosis patients (~43.3%). Therefore, some researchers have proposed
that Roux-en-Y or uncut Roux-en-Y reconstruction may be an alternative to B-II
reconstruction.

Roux-en-Y and uncut Roux-en-Y reconstructions

Roux-en-Y reconstruction (Figure 1C) is a very common procedure in the West, has
gained popularity in Asia, and is often preferred if the remnant stomach is relatively
small or the tumor is near the pylorus*l. Previous studies have reported that Roux-
en-Y reconstruction can reduce the incidence of food residues, esophagitis, gastritis,
and bile reflux in follow-up endoscopic findings than the B-I and B-II groups!****
(Table 1). However, Roux-en-Y reconstruction in total LDG for GC is a more
complicated procedure than B-I or B-II because it involves two anastomoses.
Therefore, the operation time and anastomosis time were significantly longer for RY
than for B-I*, and multiple anastomotic lines could increase the probability of
anastomotic leakage. Additionally, Roux-en-Y reconstruction has a specific problem
named Roux stasis syndrome, which is characterized by vomiting, swelling, nausea,
and postprandial pain. Its incidence rate is approximately 10%-30%">*1. To solve this
problem, uncut Roux-en-Y reconstruction was first carried out in 1988 by Van
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Table 1 Summary of reconstruction procedures after laparoscopic distal gastrectomy

Length of
L. Reconstruc- . Blood loss, . .
Publication . surgery, min Anastomotic Anastomotic .
Ref. tion n mL (mean £ . Stasis (n)
year (mean * SD leakage (n)  stricture (n)
procedure SD or range)
or range)
Fukunagaet 2018 B-I (augmented 160 227 +75 47.3 £50 0 0 0
all’! rectangle
technique)
Lin et al™ 2016 LTDG BI 158 154.4 +30.1 51.1+30.9 5 0 NA
LADG BI 484 155.6 +46.2 61.6+783 1 0 NA
Jeong et al™! 2015 Intracorporeal ~ 42 116 +23 105 + 69 0 NA 1
B-I
Extracorporeal 179 142+19 50 +39 2 NA 5
B-I
Jian-Cheng et 2015 DA 24 175.3 + 64.7 50.8 +25.3 NA NA NA
al[%ﬁ]
Lee et all*] 2015 DA 138 2204 +70.5 99.8 +99.0 2 2 NA
B-I 100 2205 + 64.7 1333+1521 0 4 NA
Jangetal®™) 2015 Overlap 42 2283 +42.5 NA 0 0 5
Watanabe et~ 2019 B-I 247 203 (107-418) 10 (0-380) 4 0 3
[25]
al R-Y 286 257 (134-495)  27.5 (1-915) 5 3 11
Toyomasuet 2018 B-I 123 191.2+51.6 58.2+453 1 0 0
[54]
& R-Y 24 244.5 + 40.2 84.8 +60.9 0 0 2
Okuno et al®! 2018 R-Y 159 320+ 65 61109 4 1 NA
B-1(B) 78 250 + 61 70 + 100 3 3 NA
Kim et all®l 2015 B-I 165 173.4 +44.7 92.1+92.1 3 4 NA
B-II 371 198.7 + 485 1722+1308 2 2 NA
R-Y 161 185.7 +55.5 87.1+65.9 1 3 NA
Kim et al®™ 2017 B-Il LADG 60 205.0 +22.4 117.2 £ 81.6 NA NA NA
B-II LTDG 60 197.3 +40.1 100.5 + 36.8 NA NA NA
Cui et al*} 2017 R-Y 30 157.3 +33.9 89.2+85.5 1 NA NA
B-Il + Braun 26 134.6 + 28.8 96.0 + 89.8 0 NA NA
In Choi et all*! 2016 B-Il + Braun 26 198.1 +33.0 161.7+146.6 NA 1 NA
R-Y 40 242.3+58.1 245.0+207.0 NA 1 NA
Du et al™) 2019 R-Y 24 203.6£26.2 168.3183.1 0 0 2
Seo et all! 2018 Uncut R-Y 30 170.0+26.0 122.8+109.0 0 0 4
Ma et all*'! 2017 Uncut R-Y 51 170 (135-210) 60 (30-110) 0 0 0
Zang et all® 2018 Uncut R-Y 20 217.9 £52.5 166.1+12.5 NA 0 0
(ERAS)
Uncut R-Y 22 2254 +61.7 150.9 +31.7 NA 0 0
(control)
Park et all®! 2018 Uncut R-Y 230 185.0 [150.0;  100.0 [50.0; NA 6 2
230.0] 150.0]
R-Y 46 200.0 [180.0;  100.0 [50.0; NA 0 3
230.0] 100.0]
Yang et al®™! 2017 Uncut Roux-en- 79 154.8 +17.8 741 £267 NA NA NA
Y
B-II 79 1455 +15.1 74.0 + 36.6 NA NA NA

NA: Not available; R-Y: Rox-en-Y reconstruction; Uncut R-Y: Uncut-Rox-en-Y reconstruction; DA: Delta-shaped anastomosis.

Stiegmann et al*’l. Uncut Roux-en-Y is a simple modification of the B-II with the Braun
anastomosis method, in which the jejunogastric pathway is occluded with a
nonbladed LS (Figure 1D). It is believed that the mechanism of uncut Roux-en-Y
reconstruction can reduce Roux stagnation syndrome by preserving intestinal
integrity to facilitate the conduction of myenteric impulse*l. Park et al*’! reported that
there was no difference in the incidence of gastritis and bile reflux between the uncut
RY and RY group, while the uncut RY group significantly improved stasis compared
with the RY group (5.8% vs 35.3%). Accordingly, uncut RY reconstruction could
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Figure 1 Schematic pictures of digestive tract reconstruction after laparoscopic distal gastrectomy. A: Billroth-I reconstruction; B: Billroth-Il reconstruction with
Braun anastomosis; C: Roux-en-Y reconstruction; D: Uncut Roux-en-Y reconstruction.

technically overcome the gastric stasis, which is a major drawback of RY
reconstruction. However, some studies have reported that the recanalization of the
uncut stapled line was relatively high, with a rate of 2.9%-13%""". Future large-scale
prospective randomized clinical trials are needed to evaluate the advantages or
disadvantages of uncut RY reconstruction.

DIGESTIVE TRACT RECONSTRUCTION AFTER
LAPAROSCOPIC PROXIMAL GASTRECTOMY (LPG)

Proximal gastrectomy (PG) was mainly performed in patients with early GC in the
upper-third of the stomach to preserve the physiological function of the remnant
stomach!***l. Many reconstructive procedures have been reported, including
esophagogastrostomy (EGS), jejunal interposition (JI)I*], jejunal pouch interposition
(JPT)7, and double tract reconstruction (DTR)**’l. The clinical applications of
laparoscopic JI and JPI have not been popularized due to the complexity of the
operations, and this review mainly focuses on the methods of EGS and DTR.

EGS is the most popular and a classical reconstruction method because it includes
only one anastomosis site and is widely used worldwide. The EGS technique is
similar to the esophagojejunostomy (EJS) mentioned above. It was widely recognized
that the EGS procedure often leads to severe reflux esophagitis due to resection of the
cardiac sphincter and some surgeons choose to perform total gastrectomy (TG)"""!l.
However, patients with early-stage GC usually have good survival outcomes and
require higher QoL. Accordingly, there were some improved methods of EGS, such as
gastric tube reconstruction after PG. This procedure showed advantages in the
operating time and blood loss and could lead to a similar prognosis in patients
compared with TG-Roux-en-Y reconstruction. More importantly, preservation of the
duodenal passage could contribute to better iron uptake and may ameliorate body
weight loss and nutritional status postoperatively””. Yamashita et all”! developed a
new method of side overlap with fundoplication (SOFY) for EGS that could be easily
performed laparoscopically. Reflux esophagitis was rarely observed in the SOFY
group (1/14) but was common in the non-SOFY group (5/16). Anastomotic stenosis
was also more frequent in the non-SOFY group. One shortcoming was that the
number of clinical cases using this method was too small, and a larger sample with
higher levels of evidence is needed in the future to observe actual effects”". Double-
flap (DF), also named Kamikawa’s method, is another novel technical development.
Briefly, a DF window with a dimension of 2.5 cm x 3.0-3.5 cm (width x height) is
created at the anterior wall of gastric remnant. Next, the posterior wall of the
esophagus and superior opening of the mucosa on the gastric remnant are manually
anastomosed laparoscopically. The anastomotic site is finally covered by the flaps to
create the anastomotic valvel”l. Obviously, DF can significantly reduce the symptoms
of esophageal reflux. However, a longer operative time is needed and the anastomotic
stricture rate remained in a high range from 4.7% to 17.5% in different centers.
Otherwise, DF requires complicated intracorporeal suturing and leads to a longer

learning curvel”™”’l. Additionally, gastric retention was also common in EGS due to
vagotomy, and the simple EGS was gradually replaced by other reconstruction
procedures.
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DTR

DTR is thought to be the best reconstruction procedure with respect to postoperative
reflux esophagitis and is commonly used presently. Technically, a conventional Roux-
en-Y EJS similar to TG is performed first. A side-to-side gastrojejunostomy is
subsequently performed 10-15 cm below the EJS by LS (Figure 2). Reflux esophagitis
can be theoretically reduced due to the interposition of the 10- to 15-cm jejunum
between the remnant stomach and esophagus®. As reported by Aburatani ef al), the
DTR group (10.5%) had a lower incidence of reflux symptoms in the first year
postoperatively than the EGS group (54.5%). Both EJS and EGS were completed with
circular staplers (CS), and the frequency of anastomotic stenosis was also higher in the
EG group (27.3% vs 0%) in that study!"®l. The possible causes of benign anastomotic
stenosis were different vascularization and erosive effects of the refluxed duodenal
and gastric contents. The distance of anastomosis between gastrojejunostomy and EJS
was also considered a risk factor for anastomosis-related late complications!””.. Similar
to JI, the DTR procedure was also aimed to maintain gradual intestinal absorption and
helped to improve QoL compared with TG. As reported by Nomura et all*}, the
intestinal absorption and hormonal secretion in the DTR group were largely
unaffected by the posture of the meal intake than JI. In the present literature, the DTR
did not show a longer operation time and more blood loss. Anastomotic leakage was
rarely or even not evident, the incidence of anastomotic stricture ranged from 0% to
6.67%, and the incidence of esophagitis reflux was reported from 0% to 20% (Table 2).
These results indicate that DTR is a safe and feasible surgical procedure. In terms of
the long-term effects, Cho et al*'V's results showed similar hematologic and nutritional
outcomes between the two procedures. However, other studies reported that DTR has
advantages in hemoglobin change and vitamin B12 deficiency compared with
laparoscopic total gastrectomy (LTG)"”***l. Long-term results in a multicenter study
with a larger number of patients should be evaluated in the future to fully elucidate
the controversy.

As reviewed, the DTR, improved EGS, and JI methods were used to prevent reflux
esophagitis. LPG with DTR maintains comparable oncological safety and
anastomosis-related late complications compared with LTG and is preferred as a
reasonable alternative to LTG if oncological safety is assured. However, its advantage
in nutrition postoperatively remains controversial compared with LTG. Accordingly,
surgeons should be aware that LPG should be strictly limited to performance under
the premise of radical resection.

DIGESTIVE TRACT RECONSTRUCTION AFTER
LAPAROSCOPIC TOTAL GASTRECTOMY (LTG)

The Roux-en-Y procedure is most commonly method for reconstruction between the
esophagus and jejunum after LTG. EJS is difficult, and multiple intracorporeal
techniques for EJS have been developed that can be divided into two categories: Those
using a CS and those using an LS. Only a few reports exist concerning the hand-sewn
technique for EJS, which is currently only safely performed in few high-volume
centers because it is too difficult to be popularized and is not discussed in this
review!® 1,

CS METHOD

Similar to conventional open TG, the CS method of EJS is completed in an end-to-side
manner using a CS. In the early LTG surgeries, the anvil was inserted into the
esophagus stump using the purse-string instrument ! or hand-sewn method" 2. In
addition to the improvement in the laparoscopic devices and accumulation of
experience, the application of these two methods has decreased and has been
gradually replaced by other methods. Presently, the maneuver of inserting the anvil is
commonly performed transorally or transabdominally, referred to as the OrVil™ or
reverse puncture method (RPM), respectively. The OrVil™ was first reported by Jeong
et al in 2009. Briefly, the anvil connected to the OrVil™ tube was transorally
introduced into the esophagus (Figure 3A) and intracorporeal EJS was consecutively
performed with a CS through a minilaparotomy incision that was used to remove the
stomach (Figure 3D). The RPM is another common method that was first reported by
Omori et all’ in 2009. The main steps of this procedure are as follows:
Semicircumferential esophagotomy is performed at the anterior esophageal wall and
the anvil secured with a prolene suture that is then inserted into the esophagus.
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Table 2 Summary of reconstruction procedures after laparoscopic proximal gastrectomy

Length of
v Reconstruc- . Blood loss, i . .
Publication . surgery, min Esophagitis  Anastomotic Anastomotic
Ref. tion n mL (mean £ .
year (mean * SD reflux (n) leakage (n)  stricture (n)
procedure SD or range)
or range)
Nomuraet 2019 DTR 15 3525+ 67.3 90.5+105.5 1 0 1
[80]
& i 15 3225 +24.2 46.8 £69.8 1 0 1
Aburatani et 2017 DTR 19 325.7 + 66.9 131.4+1187 2 0 0
(78]

&L EGS 22 290.3 +55.1 132041297 12 0 6
Tanaka et all*'l 2017 DTR 10 285 (146-440) 0 (0-25) 20 0 0
Yang et all™! 2015 DTR 16 219.6 + 48.6 101.5+71.6 0 0 0
Hong et all®! 2015 DTR 21 173.8 +21.8 109.2 + 96.3 1 0 0
Choetal™ 2018 DTR 38 217.7 +53.0 100.2 £92.0 0 1 0

TG 4 226.9 + 66.2 1188+157.2 3 4 2
Park et all®! 2018 DTR 34 212.9+32.6 30 (6-600) NA NA NA

TG 46 240.7 + 43.9 59 (20-85) NA NA NA
Jungetall”l 2017 DTR 92 198.3 +38.8 84.7+81.7 1 2 3

TG 156 2254 +51.6 1283+1125 3 3 2
Kim et all™ 2016 DTR 17 268.2+40.9 NA 2 0 0

TG 17 270.2+43.4 NA 1 0 1

NA: Not available; TG: Total gastrectomy; EGS: Esophagogastrostomy; JI: Jejunal interposition; DTR: Double tract reconstruction.

Thereafter, the needle is reversely sutured out and the center rod of the anvil
penetrates the esophageal wall by drawing the suture (Figure 3B and C). Finally, the
esophagus is transected using a linear cutter, and EJS is achieved with a CS under
laparoscopic monitoring.

The CS method has been widespread, especially in the introductory period, because
it is similar to the conventional open surgeries. CS also has other merits compared
with LS, such as no requirement for intracorporeal suturing and excessive esophageal
dissociation”). Comparing the two CS methods, the device of OrVil™ is easier and
very convenient to perform intracorporeal EJS. Otherwise, the RPM needs
laparoscopic suturing and more esophagus may be sacrificed!. In terms of the
surgical outcomes and postoperative course, no significant difference was found in
the surgical time and blood loss between OrVil™ and RPM, and the incidence of
anastomotic leakage was also similar. However, the incidence of anastomotic stricture
was higher when performing OrVil™, ranging from 0% to 8.3% (Table 2)-1". As
reviewed by Inokuchi et all'"!}, the incidence was decreased compared with the results
from early surgeries. This progress might be attributed to the standardization of the
procedures and accumulation of skills to use the OrVil™ device. Additionally, the
anastomotic complications might be related to the insertion site in the abdominal wall
for CSI'". However, higher cost, possibility of bacterial contamination, and injury of
the esophageal mucosa are important factors limiting the popularity of the OrVil™
methodl*'”l. Many surgeons, including the authors, would choose the RPM after
mastering laparoscopic techniques. The determination of the CS method should be
selected by the preference and experience of the surgeons.

As described, all CS require a mini incision to finally complete the EJS, and these
CS methods are actually laparoscopic-assisted surgeries. Furthermore, it is sometimes
difficult to complete anastomosis through this mini incision, especially in obese
patients. Additionally, in patients with a small esophageal diameter, the CS method is
extremely difficult and would increase the risk of anastomotic complications that
could be overcome by LS methods.

LS METHOD

The LS methods are total laparoscopic surgeries because EJS is completed in a side-to-
side manner using a LS without any assisted incisions. The main procedures include
functional end-to-end anastomosis (FEEA), overlap method, and m-type anastomosis.
The FEEA method, also called “inverse-peristaltic anastomosis”, was first reported by
Uyama et all'™ in 1999. First, the distal jejunum loop is pulled to the left side of the
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Figure 2 Schematic picture of double tract reconstruction after laparoscopic proximal gastrectomy.

esophageal stump after lymphadenectomy. A functional side-to-side anastomosis is
subsequently completed with an LS via the stump of the esophagus and jejunum
(Figure 4A). The common entry hole is finally closed by LS. The overlap method
proposed by Inaba et al"”! in 2010 is similar to FEEA. The hole used for overlap
anastomosis is not opened at the jejunal stump, and side-to-side anastomosis is
completed along the peristaltic direction of the esophagus (Figure 4B). Another
difference from FEEA is the closure of the common entry hole that is performed via an
intracorporeal suture. The m-type anastomosis is an improvement of FEEA.
Technically, neither the esophagus nor the jejunum is transected, and a side-to-side
EJS is performed with an LS. The esophageal division, common entry hole closure,
and jejunal division are subsequently performed using a single 60-mm LS (3-in-1
technique) (Figure 4C)'l,

Comparing these three LS methods, FEEA is time-saving because the common
entry hole can be closed with an LS. However, the jejunal limb needs to be lifted
further up when performing FEEA, and this step might lead to the tension of the
jejunal limb of the mesentery, which might increase the risk of anastomotic leakage!"""..
Second, the procedure of FEEA needs more working space than overlap as the
jejunum is folded up when performing anastomosis (Figure 4A). No significant
difference was found between the two methods in terms of actual anastomotic
complications (Table 2). However, the anastomotic oral end tended to have greater
tension, which was the high incidence site of anastomotic leakage. Moreover, this site
is located in the mediastinum, and it is difficult to strengthen by laparoscopic suture.
Accordingly, surgeons should pay more attention to this point, especially for
beginners. The surgical procedure is simplified, and the surgical time is reduced by
performing n-type anastomosis. However, the largest deficiency of this method is that
the margin could not be checked until the reconstruction is completed, limiting its
popularity.

Compared with the CS method, LS method shows some merits in surgical
outcomes (Table 3): Being time-saving and less blood loss!"**-''’l, with fewer
intraoperative events and intraoperative anastomosis events!'”’l. Regarding
anastomotic complications, LS methods seem to have less anastomotic stricturel”'""'"2.,
Additionally, LS can be performed in the narrow mediastinum because the tips are
thinner and can achieve a suitable anastomotic size regardless of the esophageal
diameter. Furthermore, the rotary connecter of LS enables the LS method to be
performed in real time to reduce the jejunal tension by changing the anastomotic
position and direction to improve the quality of anastomosis. Therefore, the LS
methods have been favored by more surgeons in the past few years.

CONCLUSION AND PROSPECTS

Almost all the literature included in this review originated from the East and was
mainly reported from Japan and Korea. This highlights the prominent position of
these two countries in the field of GC treatment, while Western surgeons have less
experience in treating GC laparoscopically due to the low incidence and
respectability!""”l. The results of the RCTsl"'"'?l mentioned above were expected to
establish concrete evidence of widely carried out LG in the treatment of AGC.
Therefore, LG will encounter a period of rapid development, and controversy
concerning reconstruction is expected to be resolved by large-scale and multicenter
RCTs in the near future.
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Figure 3 Esophagojejunostomy via circular stapler methods. A: OrVil™; B: Semicircumferential esophagotomy performed at the anterior esophageal wall
(reverse puncture method); C: The center rod of the anvil penetrates the esophageal wall by drawing the suture; D: Esophagojejunostomy accomplished with a circular
stapler under laparoscopic monitoring.

In conclusion, the choice of specific reconstruction method remains unclear
presently, and surgeons must understand the merits and demerits of every
anastomotic device and procedure. Under the premise of radical gastrectomy and
lymphadenectomy, a reasonable reconstruction procedure should be selected to
improve the QoL postoperatively by considering the following factors: Safety
(anastomosis with sufficient blood supply and free tension), efficiency (simple and
time-saving), minimal invasion (less blood loss), stability (surgeon’s preference and
experience), and QoL (function preservation, if possible, reflux prevention, and
nutrition).
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Table 3 Summary of reconstruction procedures after laparoscopic total gastrectomy

Length of
. . Blood loss, \ .
Publication EJS surgery, min Anastomotic Anastomotic
Ref. LS orCS N mL (mean £ .
year procedure (mean * SD leakage (n)  stricture (n)
SD or range)
or range)
Tokuharaet 2018 cs orvil™ 24 NA NA 1 2
ul[99]
Brenkmanet 2016 cs Oorvil™ 47 301 (148-454) 300 (30-900) 7 NA
al[l‘H]
Alietall™™ 2016 cs RPM 58 199.8 £57.0 81.6+40.3 3 5
Wang et all™ 2015 cs orvil™ 4 287.8 +38.4 96.4 +32.7 0 2
RPM 42 271.8 £ 46.1 88.2+36.9 1 2
Li et all'"! 2017 Cs Oorvil™ 19 NA NA 0 1
RPM 24 NA NA 1 0
Lu et al” 2016 cs orvil™ 25 216.5 +24.9 1412+1211 0 0
LATG-PSI 25 224.0 +30.5 138.8+79.9 0 0
Duan et all''1 2017 cs End-to-side EJS 176 250.0 + 54.1 114.1 +74.0 7 11
Semi-end-to- 92 238.0 +50.4 1105+ 82.8 1 0
end EJS 0.079
Kyogokuet 2018 cs Oorvil™ / RPM 83 330 (123-627) 100 (0-1108) 3 6
{108]
& LS FEEA/overlap 208 297 (171-553) 23 (0-1070) 4 7
Leeetal'l 2017 LS Overlap 50 144.6 +29.9 NA 0 0
Sonetal'™l 2017 LS Overlap 27 171.1 £50.9 1194+£107.1 0 0
Kitagamiet 2016 LS Overlap 100 379 (248-649) 65 (5-750) 0 0
1191
Miura et all'”1 2017 LS FEEA 120 350.8 0 2 1
Overlap 48 402.5 6.5 5] 0
Yoshikawa et 2018 cs Oorvil™ 36 345+9.9 45+15 0 3
[112]
al LS Overlap 47 398 +8 126 +13 2 0
Kawamura et 2017 cs Oorvil™ 49 259.5 + 51.4 53.3 4 70.0 2 2
197]
2 LS Overlap 139 2765 +53.0 69.7£116.6 1 0
Yasukawa et 2017 cs Oorvil™ 51 346.1+52.7 34 (10-556) 2 0
[100]
al LS FEEA 18 348.4+53.5 35 (10-750) 0 1
Gong et al'™ 2017 cs NA 266 170 (65-453) NA 15 3
LS NA 41 149 (75-342) NA 15 2
Huang et all''"! 2017 cs NA 456 203.6 +49.3 98.4+149.1 22 4
LS IJOM (overlap) 51 209.3 +41.0 4834385 1 0
Chen et al"'l 2016 cs RPM 18 305.6 + 45.9 80.6+29.4 (50- 1 1
(250-380) 160)
LS FEEA 22 266.8 +38.7 86.4+39.7 (50- 0 0
(230-360) 200)
Kim et al™ 2016 cs PSI 29 230.3 £56.5 1063 +70.3 0 1
LS Overlap 27 228.9+33.6 90.9 +46.0 1 0
Chen et al®™ 2016 CS+LS CS+LS 40 284.3+45.6 83.8 £35.2 1 3
(230-380) (30-200)
Hand-sewn 59 257.4+47.2 87.6+424 0 0
(170-350) (30-200)

CS: Circular stapler; LS: Linear stapler; RPM: Reverse puncture method; EJS: Esophagojejunostomy; FEEA: Functional end-to-end anastomosis; PSI: Purse-
string instrument; IJOM: Isoperistaltic jejunum-later-cut overlap method; NA: Not available.
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Figure 4 Esophagojejunostomy via linear stapler methods. A: Functional end-to-end anastomosis; B: Overlap; C: mr-type anastomosis.
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Abstract

Gastric cancer is one of the most common digestive system tumors in China, and
locally advanced gastric cancer (LAGC) accounts for a high proportion of newly
diagnosed cases. Although surgery is the main treatment for gastric cancer,
surgical excision alone cannot achieve satisfactory outcomes in LAGC patients.
Neoadjuvant therapy (NAT) has gradually become the standard treatment for
patients with LAGC, and this treatment can not only achieve tumor downstaging
and improve surgical rate and the RO resection rate, but it also significantly
improves the long-term prognosis of patients. Peri/ preoperative neoadjuvant
chemotherapy and preoperative chemoradiotherapy are both recommended
according to a large number of studies, and the regimens have also been evolved
in the past decades. Since the NCCN guidelines for gastric cancer are one of the
most authoritative evidence-based guidelines worldwide, here, we demonstrate
the development course and major breakthroughs of NAT for gastric cancer
based on the vicissitudes of the NCCN guidelines from 2007 to 2019, and also
discuss the future of NAT.

Key words: Gastric cancer; Locally advanced gastric cancer; Neoadjuvant therapy;
Neoadjuvant chemotherapy; Neoadjuvant chemoradiotherapy; NCCN guidelines

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Surgical excision is one of the most effective ways in treating nonmetastatic
gastric cancer. However, surgery alone cannot achieve satisfactory therapeutic effects in
locally advanced gastric cancer (LAGC), and the 5-year survival rate of LAGC patients
is less than 50%. Neoadjuvant therapy (NAT) aims at improving the surgical and RO
resection rate and decreasing the recurrence of micrometastases of LAGC. The strategies
of NAT have been continuously developed in the past decades, and the evolvements can
be reflected from the vicissitudes of the NCCN guidelines. Moreover, targeted therapy
and individualized treatment may be the next hotspots of NAT, and may further improve
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INTRODUCTION

Gastric cancer (GC) is the most common tumor of the digestive system. GLOBOCAN
estimated approximately 1.034 million newly diagnosed GC cases worldwide in 2018,
which accounted for 5.7% of all tumors and ranked fifth among all cancers. GC is also
the third leading cause of cancer-related deaths, as 0.783 million deaths were caused
by GC in 2018, which accounted for 8.2% of all cancer deaths!". The incidence of GC in
Asia is much higher than that in other countries and regions. The incidence of GC in
East Asia is approximately 32.1/100000, and the mortality rate is as high as
13.2/100000™. Moreover, the current situation of GC in China is far more serious.
First, the number of GC patients in China accounts for a substantial proportion of all
GC cases worldwide, with approximately 679000 newly diagnosed cases and 498000
deaths each year!”’l. Second, the early diagnosis of GC in China is still in its initial
stage. Patients with stage II-1II GC account for 58.0% of the GC cases in China, while
in South Korea and Japan, patients with stage II-1II account for only 22.5% and 24.9%
of all GC cases, respectively!*’l. As the 5-year survival rate of patients with locally
advanced gastric cancer (LAGC) plunges dramatically, ways to improve the treatment
effect and prognosis of these patients have become a primary focus in China and even
worldwide.

THE RISE OF NEOADJUVANT THERAPY FOR GC

Surgery is the most effective treatment for nonmetastatic GC, and the cure rate for
stage T1 cancer can reach 90% after surgery. However, many patients with LAGC will
experience tumor recurrence within 1 year after surgery, even those with RO resection,
and the 5-year survival rate of these patients is less than 50%!*). Most scholars believe
that surgical excision alone cannot achieve satisfactory outcomes in LAGC, and thus
neoadjuvant therapy (NAT) was developed.

The concept of NAT was first proposed by Frei in 1982, and it has also been
referred to as preoperative chemotherapy. In the 1990s, Wilke, Plukker, Mai, and
other scholars began to apply preoperative chemotherapy in the treatment of GC.
They found that preoperative chemotherapy could achieve tumor downstaging,
improve the tumor resection rate, and prolong the postoperative survival time of
LAGC patients''l. The above study served as the prelude to NAT for LAGC, but
conceptually, they should be considered as the conversion therapy. Currently, NAT is
applicable to LAGC patients with resectable lesions at initial diagnosis. The purpose
of NAT is to further reduce the lesion size, improve the RO resection rate, inhibit
micrometastases, reduce the risk of tumor recurrence, and determine the sensitivity of
patients to the corresponding treatment in advancel”'>"l.

NAT strategies for LAGC patients have been developed and continuously
improved in recent decades. Studies have mainly focused on the patterns, indications,
and the optimal regimens of NAT, as well as the response assessment and additional
management after NAT and surgery. We will elaborate on the development and
major breakthroughs of NAT for GC based on the vicissitudes of the NCCN
guidelines for GC, and assess the future of this therapy.

THE PATTERN OF NAT FOR LAGC

Most NAT schemes referred to adjuvant therapy for gastric cancer. Currently, the
NCCN guidelines recommend both perioperative chemotherapy (category 1) and
preoperative chemoradiotherapy (category 2B) as alternatives to NAT for LAGC (see
related studies and detailed recommendations in Tables 1 and 2).
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Table 1 Important studies of neoadjuvant therapy for gastric cancer

Outcomes and

Ref. Number Characteristics of patients Arms and interventions .
conclusions
FAMTX, Hartgrink ef al”’], 59 Nonmetastatic resectable Preoperative FAMTX FAMTX could not bring
2004 cancer of the stomach chemotherapy and surgery vs benefits to resectability rates
surgery alone or survival
MAGIC, Cunningham et 503 Operable and nonmetastatic = Perioperative ECF Perioperative ECF decreased
al™, 2006 cancer of the stomach or chemotherapy and surgery vs tumor sizes and stages and
lower esophagus, > stage Il ~ surgery alone improved PFS and OS
REAL-2, Cunningham et 1002 Inoperable or metastatic Randomly received ECF, Capecitabine and oxaliplatin
al®” 2008 cancer of the esophagus, EGJ, ECX, EOF, and EOX were as effective as
or stomach chemotherapy fluorouracil and cisplatin,
respectively
EORTC 40954, Schuhmacher 144 Stages IIl and IV (cMO0) cancer Preoperative chemotherapy  Increased RO resection rate,
et all'™ 2010 of the EGJ or stomach (cisplatin, leucovorin, and failed to demonstrate a
fluorouracil) and surgery vs  survival benefit
surgery alone
FNCLCC and FFCD 9703, 224 Resectable lower esophagus, Perioperative FP Perioperative FP improved
Ychou et all'®l, 2011 EG]J, or stomach cancer chemotherapy and surgery vs curative surgical rate, OS,
surgery alone and DFS
V325, van Cutsem et all*”], 445 Gastric or EGJ cancer with DCF chemotherapy vs CF DCEF prolonged the time-to-
2006 measurable metastatic chemotherapy progression and OS, but
disease or locally recurrent associated with more adverse
disease of lymph nodes events
FLOT AIO, Al-Batran et 59 Measurable metastatic cancer Single arm, biweekly FLOT =~ Biweekly FLOT was effective
al™, 2008 of the EGJ or stomach chemotherapy and well tolerated
FLOT65+, Al-Batran et al*l, 143 Locally advanced or FLO chemotherapy vs FLOT =~ FLOT improved response
2013 metastatic esophagogastric ~ chemotherapy rates and PFS, but increased
cancer, age 2 65 adverse events
Kim et al®l, 2012 129 Metastatic or recurrent gastric SOX chemotherapy vs SOX and CAPOX were
cancer CAPOX chemotherapy equally effective and well
tolerated
FLOT4, Al-Batran et all'”'®l, 300 (phase I1), 716 (phase IlI) Resectable gastric or EGJ Perioperative ECF/ECX FLOT achieved more pCR
2016, 2019 cancer, staged 2 cT2 and/or  chemotherapy vs and increased medial
cN+ perioperative FLOT survival time and OS than
chemotherapy ECF/ECX

CALGB 80403 /E1206,
Enzinger et all™) 2016

ACTS-GC, Sakuramoto et
al™, 2011

FLAGS, Ajani et all'"”}, 2010

INT-0116, Macdonald et
al®1,2001

RTOG 9904, Ajani et all”},
2006

CROSS, van Hagen et all”’,
2012

FFCD 9102, Bedenne et all””,
2007

CALGB 9781, Tepper et
al*, 2008

245

1059

1053

556

49

368

444

56
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Measurable metastatic cancer
of the esophagus or EGJ

Nonmetastatic gastric cancer
staged as II, IIIA, or IIIB

Unresectable, locally
advanced or metastatic
gastric or EGJ cancer

Operable cancer of the EGJ or
stomach

Localized cancer of the EGJ or
stomach, staged as T2-3N0-1
or TIN1

Resectable cancer of the
esophagus or EGJ, staged as
TIN1MO or T2-3N0-1M0

Operable T3N0-1MO cancer of
the thoracic esophagus

Operable cancer of the
thoracic esophagus or EG]J,
staged as T1-3, N1

39

ECF-C chemotherapy vs IC-C
chemotherapy vs FOLFOX-C
chemotherapy

Surgery and postoperative S-
1 chemotherapy vs surgery
alone

Cisplatin/S-1 chemotherapy
vs cisplatin/fluorouracil
chemotherapy

Surgery and postoperative
chemoradiotherapy vs
surgery alone

Single arm, induction
chemotherapy,
chemoradiotherapy, and
surgery

Preoperative
chemoradiotherapy and
surgery vs surgery alone

Additional surgery vs
additional
chemoradiotherapy

Preoperative induction
chemotherapy,
chemoradiotherapy, and
surgery vs surgery alone

January 15, 2020

FOLFOX and ECF regimen
had similar efficacy, and
FOLFOX was better tolerated

S-1 could prolong the 5-year
OS and 5-year RFS rate

Cisplatin/S-1 could not
prolong the OS but could
improve safety profile

Postoperative
chemoradiotherapy
prolonged the OS and RFS
time

Achieved a pCR rate of 26%
and a RO resection rate of 77%

Preoperative
chemoradiotherapy
improved survival and was
well tolerated

Additional surgery had no
benefits among patients who
responded to
chemoradiotherapy

The trimodality therapy
improved median survival
and 5-year survival
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POET, Stahl et al®*}, 2017 119 Locally advanced cancer of =~ Chemotherapy and surgery  Induction chemotherapy and
the EGJ, staged as T3 and T4  vs induction chemotherapy,  chemoradiotherapy could
chemoradiotherapy, and prolong PFS
surgery

FAMTX: Fluorouracil, doxorubicin, and methotrexate; ECF: Epirubicin, cisplatin, and fluorouracil; ECX: Epirubicin, cisplatin, and capecitabine; EOF:
Epirubicin, oxaliplatin, and fluorouracil; EOX: Epirubicin, oxaliplatin, and capecitabine; DCF: Docetaxel, cisplatin, and fluorouracil; CF: Cisplatin and
fluorouracil; FLO: Fluorouracil, leucovorin, and oxaliplatin; FLOT: Docetaxel, fluorouracil, leucovorin, and oxaliplatin; SOX: S-1 and oxaliplatin; CAPOX:
Capecitabine and oxaliplatin; ECF-C: ECF and cetuximab; IC-C: Irinotecan, cisplatin, and cetuximab; FOLFOX-C: Oxaliplatin, fluorouracil, leucovorin, and
cetuximab; EGJ: Esophagogastric junction; pCR: Pathological complete regression; PFS: Progression-free survival; OS: Overall survival; RFS: Relapse-free
survival.

Pre/perioperative neoadjuvant chemotherapy

Although Wilke et al'"! have revealed the positive effect of preoperative chemotherapy
on LAGC patients through various studies, it was not until 2006 that the Medical
Research Council Adjuvant Gastric Infusional Chemotherapy (MAGIC) study in the
United Kingdom verified this conclusion through a large-scale randomized controlled
trial (RCT). The MAGIC study confirmed that perioperative chemotherapy could
achieve tumor downstaging and improve the RO resection rate in patients with
resectable LAGC. Additionally, perioperative chemotherapy and surgery can
significantly prolong the progression-free survival (PFS) and overall survival (OS) of
patients compared with surgery alone!*. This landmark study prompted the NCCN
guidelines to incorporate preoperative neoadjuvant chemotherapy (NACT) into the
standard treatment procedures for LAGC in 2007.

The conclusions of the MAGIC study were subsequently validated by other clinical
trials. In 2010, the European Organization for Research and Treatment of Cancer
Randomized Trial 40954 (EORTC 40954) study confirmed the significant effect of
preoperative chemotherapy in improving the RO resection rate (81.9% vs 66.7%, P =
0.036) and reducing the lymph node metastasis rate (61.4% vs 76.5%, P = 0.018) of
LAGC patients!"”. The Fédération Nationale des Centres de Lutte contre le Cancer and
Fédération Francophone de Cancérologie Digestive 9703 (FNCLCC and FFCD 9703)
study published in 2011 not only reached similar conclusions, but also verified the
advantages of perioperative chemotherapy in prolonging the 5-year disease-free
survival rate (DFS) and OS of patients compared with surgery alone!*l. The FLOT4
(Fluorouracil, leucovorin, oxaliplatin, docetaxel) study published in 2016 and 2019
indicated that NACT can achieve a high pathological complete regression (pCR) rate
and significantly prolong the survival of patients!”'*l. At this point, pre/perioperative
NACT became a mature scheme with definite efficacy and sufficient evidence and has
been listed as a category 1 recommendation in the NCCN guidelines since 2007 (Table
2).
The specific schedules of NACT proposed by the MAGIC, FNCLCC and FFCD
9703, and FLOT4 trials all consist of preoperative and postoperative chemotherapy
(also known as perioperative chemotherapy). However, due to the dissatisfactory
commencing rates of postoperative chemotherapy in these studies (137/209 (65.6%),
54/109 (49.5%), and 78/119 (65.5%) for MAGIC, FNCLCC and FFCD 9703, and FLOT4
studies, respectively) and even lower completion rates (104/209 (49.8%), 25/109
(22.9%), and 60/119 (55.0%), respectively), the benefits of postoperative chemotherapy
were inconclusive. Thus, NCCN guidelines only initially recommended preoperative
chemotherapy as the primary treatment for certain LAGC patients, and this
recommendation was revised to include perioperative chemotherapy when more
evidence became available in 2016.

Although undisputed benefits of perioperative chemotherapy have been presented
by many clinical trials (Table 1), the category 1 recommendation made by NCCN
guidelines was mainly derived from the above three landmark studies (the MAGIC,
FNCLCC and FFCD 9703, and FLOT4 studies)!'*'*'"l. Sequentially, the dosing
schedules of recommended regimens were also based on these three or their relevant
studies (except for fluorouracil and oxaliplatin regimen, Table 2)l"2!1,

Preoperative neoadjuvant chemoradiotherapy

Chemoradiotherapy plays an important role in treating esophageal cancer. The
Fédération Francophone de Cancérologie Digestive 9102 (FFCD 9102) study reported
that, for locally advanced thoracic esophageal cancer patients who responded to
chemoradiation, the additional surgery could provide no benefit comparing with the
continuation of additional chemoradiation. Due to the successful treatment of
esophageal cancer with chemoradiotherapy, scholars attempted to expand this
treatment to GC, especially to lower esophageal and esophagogastric junction (EGJ)
cancerst.
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Table 2 The vicissitudes of the recommendation categories of different neoadjuvant chemotherapy regimens in the NCCN gastric cancer

guidelines

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019.v1 2019.V2

ECE[]
ECF modifications?®**"!
Fluorouracil and cisplatin!"‘!

“Fluorouracil and
oxaliplatin!'*-*!]

FLOT!'!

1

1
1

1 1 1 1 1 1 1 2B 2B
1 1 1 1 1 2A 2A 2B 2B
1 1 1 1 1 1 1 1
2A 2A"  2A" 2A°

References quoted in Table 2 for each regimen were based on NCCN guidelines from 2007 to 2019. 1, 2A, 2B: Categories of recommendations.

b. Preferred intervention.

?: This regimen was based on extrapolations from literature and clinical practice according to NCCN guidelines, and was revised to fluoropyrimidine and
oxaliplatin in 2017 NCCN guidelines. ECF: Epirubicin, cisplatin, and fluorouracil; FLOT: Docetaxel, fluorouracil, leucovorin, and oxaliplatin.

In 2001, the Intergroup-0116 (INT-0116) study found that postoperative
chemoradiotherapy could significantly prolong the median OS of patients with EGJ or
gastric adenocarcinoma (36 mo vs 27 mo, P = 0.005) compared with surgery alone*!.
In 2006, the Radiation Therapy Oncology Group 9904 (RTOG 9904) study reported
that preoperative induction chemotherapy and sequential chemoradiotherapy could
achieve a high pCR rate and RO resection rate in patients with localized gastric
adenocarcinomal™. Subsequently, both of the large-scale clinical trials in the United
States (Cancer and Leukemia Group B 9781 study, CALGB 9781 study) and the
Netherlands (Chemoradiotherapy for Oesophageal Cancer Followed by Surgery
Study, CROSS study) confirmed that preoperative chemoradiotherapy could indeed
achieve a satisfactory pCR rate and improve the RO resection rate, and it could also
prolong the median survival time and 5-year survival rate of patients with lower
esophageal and EG]J cancers”*1. As a result, preoperative chemoradiotherapy was
recommended as the preferred approach for localized EG] adenocarcinoma (for
Siewert type III EG] cancer, hereinafter the same) according to the NCCN guidelines
from 2012 to 2014™"1. In 2017, the PreOperative therapy in Esophagogastric
adenocarcinoma Trial concluded that preoperative induction chemotherapy and
chemoradiotherapy might have better therapeutic effects on EGJ cancer than
preoperative chemotherapy alone, which would significantly improve the local PFS
after resection (P = 0.01) and had a trend in prolonging the OS of patients (39.5% vs
24.4%, P = 0.055)11,

However, most scholars still believe that, since the incidence, geographical
distribution, etiology, disease course, and biological behavior of EGJ cancers are
different from those of true gastric (noncardia) cancers, the overall efficacy of
neoadjuvant chemoradiotherapy remains inconclusive™!. Since the effects of
preoperative chemoradiotherapy in resectable GC were only proposed by small-scale
and single-arm studies, the regimens and dosing schedules listed in NCCN guidelines
were based on trials that recruited esophageal and/or EGJ cancers patients!*>*-720-%],
Therefore, the recommendation category of preoperative chemoradiotherapy remains
in category 2B according to the latest NCCN guidelines. More than that, since there
have not been enough studies compared the effect of pre/perioperative
chemotherapy with chemoradiotherapy, the preferred recommendation of
preoperative chemoradiotherapy for localized EGJ (Siewert type III) adenocarcinoma
was also deleted in the 2015 NCCN guidelines. In the following sections, we will
focus more on the development of neoadjuvant chemotherapy for LAGC.

THE APPLICABLE POPULATION OF NAT

Studies that specifically focused on the applicable population of NAT are still lacking.
However, since NAT aims to improve the surgical outcomes in LAGC patients and
the cure rate of T1 gastric cancer could reach 90% after surgery, most clinical trials
enrolled patients with tumor > T2/T3 and with/without lymph node metastasis
invariably. Meanwhile, cytotoxic agents used in NACT are more efficient for
metabolically active and/or proliferating tumor cells. Since the proliferation of tumor
cells in vivo, which conforms to the Gompertzian model®, will be retarded along with
the growth of tumor and the accumulation of necrosis and metabolites, the sensitivity
to chemotherapy will also decline. These concepts serve as the basis for establishing
the applications of NAT and reflect its original intention.
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The NCCN guidelines have made minor alterations on the applicable population of
NAT in the past decade. NAT was initially recommended for patients who are
medically fit and with potentially resectable LAGC with clinical stage > T2 or N+.
Since 2012, the guidelines have neglected lymph node metastasis and recommend
NAT for the abovementioned patients with clinical stage > T2.

THE EVOLUTION OF NEOADJUVANT CHEMOTHERAPY
REGIMENS

The efficacy and side effect must be weighted before performing NACT. Two-drug
regimens were preferred according to the NCCN guidelines in principle because of
their lower toxicity. And three-drug regimens may be applied in medically fit patients
with access to frequent evaluation during treatment, to ensure that they can still
tolerate surgery after NACT.

ECF and ECF modifications

Fluorouracil, doxorubicin, and methotrexate (FAMTX) was one of the first attempts
used in NACT for gastric cancer, but it failed to bring benefits to LAGC patients!™..
Some scholars attributed the failure to the low effectiveness of this regimen, and
Webb et al*! did confirm that the efficacy of epirubicin, cisplatin, and fluorouracil
(ECF) significantly surpassed that of FAMTX in patients with unresectable GC. With
forethought, Cunningham et al", one of the originators of the ECF regimen,
conducted the MAGIC study with landmark significance.

The MAGIC study enrolled 503 patients with nonmetastatic and operable lower
esophageal cancer or GC who randomly received perioperative chemotherapy (ECF
regimen, 3 cycles before and after surgery) and surgery or surgery alone. The results
indicated that preoperative chemotherapy did not increase either postoperative
complications or 30-day mortalities. Moreover, NACT resulted in tumor downstaging
(T stage, P = 0.002; N stage, P = 0.01) and a higher RO resection rate (79.3% vs 70.3%, P
= 0.03). The PFS (P < 0.001) and 5-year survival rates (36.3% vs 23.0%, P = 0.009) were
also improved significantly in patients who received NACT. Therefore, the NCCN
guidelines began to adopt ECF as the standard regimen for neoadjuvant
chemotherapy (category 1) in 2007.

To control the adverse effects and clinical practice difficulties of the ECF regimen,
Cunningham et 4l initiated the Randomized ECF for Advanced and Locally
Advanced Esophagogastric Cancer 2 (REAL-2) study in 2000"". Based on the ECF
regimen, the REAL-2 study inspected the substitution of oxaliplatin (O) and
capecitabine (X) for cisplatin (C) and fluorouracil (F) in patients with inoperable or
metastatic esophageal, EG]J, or gastric cancer. The results confirmed that the
incidences of side effects among ECF, ECX, EOF, and EOX (E, epirubicin) were similar
(P > 0.05); it was also found that the EOX regimen was superior to the ECF regimen in
prolonging the OS (P = 0.02) of patients. Moreover, the advantages of oral
administration of capecitabine and the needlessness of persistent intravenous
hydration of oxaliplatin reduce the admission time and frequency for patients. The
REAL-2 study was published in 2008, and the three ECF modifications were
subsequently adopted by the NCCN as the standard regimens (category 1). In
addition, the substitutability between cisplatin and oxaliplatin, as well as infusional
fluorouracil and capecitabine, was recognized by the guidelines. At this point,
Cunningham et al! established the first-line status of ECF and ECF modifications in
GC NACT, which dominated for a decade (Table 2).

Fluorouracil and platinum-based regimens

Over the next five years, after the rise of the ECF and ECF modifications, few
regimens could achieve comparable results or be tested by high-quality clinical trials.
This situation finally changed in 2011, when YChou et al'"! published the phase III
clinical trial FNCLCC and FFCD 9703 and proposed the fluorouracil and cisplatin (FP)
regimen.

This two-drug regimen was reported by Rougier et all*'l in 1994 and achieved
satisfactory results including a 77% surgical rate and a 60% RO resection rate in
patients with nonresectable LAGC. The FNCLCC and FFCD 9703 study further tested
the efficacy of the FP regimen as NACT. In this study, 224 patients with resectable
lower esophageal, EGJ, or gastric cancer were randomized to receive perioperative FP
chemotherapy (2-3 cycles before surgery, 3-4 cycles after surgery) and surgery or
surgery alone. The results indicated that preoperative FP chemotherapy can
significantly improve the RO resection rate of patients (84% vs 74%, P = 0.04) and can
achieve downstaging of lymph node metastasis (metastatic lymph node rate, 67% vs
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80%, P = 0.054). More importantly, the perioperative FP regimen significantly
increased the 5-year OS (38% vs 24%, log-rank P = 0.02) and 5-year DFS (34% vs 19%,
log-rank P = 0.003) of patients. Compared with ECF, the two-drug regimen of FP
could not only achieve a similar effect in terms of improving the long-term prognosis
of patients, but also had the advantages of reducing chemotherapy-related
complications, especially grade 3 to 4 leukopenial’.

In addition, the two-drug regimen of fluorouracil and oxaliplatin also came into
view. Kim ef al™ verified that both S-1 + oxaliplatin and capecitabine + oxaliplatin
had similar efficacy and good tolerance in patients with GC. In the CALGB
80403/E1206 study, Enzinger ef all'”! also confirmed that the FOLFOX regimen
(fluorouracil, leucovorin, and oxaliplatin) had similar effectiveness and better
tolerance than the ECF regimen.

Considering the results of the MAGIC, FNCLCC and FFCD 9703, and other studies,
as well as the safety priority principle of NACT, the two-drug regimens of
fluorouracil and platinum (oxaliplatin/cisplatin) have gradually become the
mainstream of neoadjuvant chemotherapy for LAGC. The FP regimen was adopted as
a category 1 recommendation in the NCCN guidelines in 2013, and the fluorouracil +
oxaliplatin regimen was also adopted in 2017 as a category 2A recommendation,
while the recommendation categories of the ECF and ECF modifications were
gradually demoted to 2A and 2B (Table 2).

FLOT regimen

After the MAGIC and FNCLCC and FFCD 9703 studies, the FLOT4 study published
by German scholars Al-Batran et al?! was considered as another landmark in the
history of NACT for LAGC. The highlight of the FLOT regimen was the introduction
of docetaxel.

The V325 study published in 2006 was the first large clinical trial that applied
docetaxel in GC. Although the DCF regimen (docetaxel, cisplatin, and fluorouracil)
used in this study improved the response rate to chemotherapy and prolonged the OS
and PFS of patients with metastatic or locally recurrent disease, severe side effects
have prevented it from being widely accepted’. On this basis, Al-Batran et all**!
proposed the FLOT (docetaxel, fluorouracil, leucovorin, and oxaliplatin) regimen in
2008, which combined docetaxel with a safer skeleton regimen of FLO (fluorouracil,
leucovorin, and oxaliplatin). The effectiveness and safety of the FLOT regimen were
then validated through two clinical trials. These results encouraged researchers to
further challenge the classical ECF and ECF modifications with the newly developed
FLOT regimen.

The FLOT4 phase II study published in 2016 enrolled 300 patients with resectable
EG]J or gastric cancer. In that study, patients randomly received perioperative
ECF/ECX or FLOT chemotherapy!”. According to the study, the FLOT regimen not
only significantly improved the surgical rate (93% vs 81%, P = 0.01) and the RO
resection rate (85% vs 74%, P = 0.02), but also promoted the downstaging of tumors (<
ypT2, 44% vs 27%, P = 0.01). Most importantly, the pCR rate (tumor regression grade
TRG1a) and the complete or subtotal regression rate (TRG1a/b) of the FLOT group
were significantly higher than those of the ECF/ECX group (TRGla, 16% vs 6%, P =
0.02; TRG1a/b, 37% vs 23%, P = 0.02). The phase III portion of the FLOT4 study
indicated that the incidence of serious side effects of the FLOT regimen was similar to
the ECF/ECX regimen (27% vs 27%), but the tumor resection rate (94% vs 87%, P =
0.001) and the RO resection rate (85% vs 78%, P = 0.0162) of the FLOT group (n = 356)
were significantly higher than those of the ECF/ECX group (n = 360). The median OS
(50 mo vs 35 mo, P = 0.012) and median DFS (30 mo vs 18 mo, P = 0.0036) were also
significantly longer than those of the ECF/ECX group!®l. In view of the excellent
pathological regression rate and the absolute advantages of FLOT over ECF/ECX, the
NCCN guidelines adopted FLOT as the preferred regimen with a category 1
recommendation in 2018, and completely removed the ECF regimen and its
modifications in the same year (Table 2).

From the domination of ECF and its modifications when NACT was developed in
2007 to the rally of the two-drug regimens of fluorouracil and platinum five years
later, and the budding of the FLOT regimen in 2018, the development of
chemotherapy drugs and the polishing of chemotherapy regimens have never
stopped.

The efficacy of these regimens was further verified in many studies (Table 3).
However, the absolute advantages of different regimens can hardly be concluded,
because of the different regions, dosing schedules, completion rates, surgery/R0
resection rates and so on. Generally, the fluorouracil plus platinum regimens are more
popular in Asia, while the ECF/ECF modifications and the FLOT regimen are widely
accepted in Europel* . An excellent 4-year OS was achieved by Li et al’'l with
perioperative FOLFOX regimen. In this prospective non-randomized study, LAGC
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patients received a total of 6 cycles of FOLFOX chemotherapy perioperatively or
postoperatively. The clinical and pathological response rates of FOLFOX were 69.7%
and 39.4%, respectively, and the 4-year OS, as well as the 4-year DFS, of the
neoadjuvant arm was 78%"'l. Meanwhile, the highest pathological response rate was
achieved by Favi et al*l with preoperative FLOT regimen. Patients with advanced
distal esophageal and EGJ cancer in this study received 3-6 cycles of FLOT
chemotherapy before surgery, the tumor regression rate of Cologne regression grade
1-3 was 52%, and the 3-year OS was 37%*’l. Nevertheless, disease recurrences were
still common among all the studies and regimens, with the recurrence rates ranging
from 32% to 62.5% (Table 3).

RESPONSE ASSESSMENT AND ADDITIONAL
MANAGEMENT FOR NAT

Since more and more patients have received neoadjuvant treatment in the past
decade, the 2018 NCCN guidelines proposed a response assessment for those patients
in order to improve additional management strategies.

According to the 2018 NCCN guidelines, a chest/abdomen/pelvis CT scan with
contrast was used as the method to evaluate disease status. If the outcome showed
persistent local disease, surgical treatment was preferred. For patients with
unresectable or metastatic disease, and those who were not medically fit for surgery,
palliative management was recommended. For patients with no evidence of disease,
the guidelines allowed clinicians to perform surveillance on those who refused
surgery on the premise that surgery was still preferred.

However, both “surveillance” and “no evidence of disease” are controversial in GC.
First, the definition of “no evidence of disease” is vague, and CT scanning with
contrast cannot evaluate the disease status accurately!”*l. Second, although pCR is a
predictor of a favorable prognosis, it is still not equivalent to the clinical curel™**>*l,
Finally, even if patients who achieved pCR after chemotherapy can be screened out by
nonsurgical methods, sequential therapy should be recommended as an alternative to
surgery!’l. Therefore, the 2019 NCCN guidelines contained major revisions in this
chapter, the phrase “no evidence of disease” was deleted, and additional
managements were recommended according to the resectability of the lesion. For
patients with resectable tumors, surgery was still the preferred treatment, while for
other patients, including those with nonresectable/metastatic lesions and those who
were not medically fit for surgery, palliative care, but not surveillance, was
recommended.

The postoperative treatment strategy for patients who received NAT was based on
the cutting-edge of tumors and NAT modes. Due to the lack of direct studies that
enrolled post-NAT patients, the recommendations proposed by the NCCN guidelines
were derived from indirect studies with a relatively low level of evidence. The
vicissitudes of this chapter were focused primarily on four aspects: (1) Before 2016, the
stratification of postoperative NAT patients depended on their ypT and ypN stages,
and only ypT2 and ypNO patients were included in the low-risk group. In recent
years, the status of lymph nodes has been elevated, and the current stratification is
now only based on the presence of metastatic lymph nodes, partially according to the
study of Smyth et all*’l; (2) The unification of postoperative treatment became a trend,
especially for those who achieved RO resection after NAT. The latest guidelines now
do not adhere to the stratification of RO resected patients and gave highly unified
treatment recommendations, partially due to the lack of relevant studies; (3)
Chemoradiotherapy is now preferred for non-R0 resected patients after NAT. The
INT-0116 study established the “operation and postoperative adjuvant
chemoradiotherapy” pattern in North America. Based on this study, the NCCN
guidelines recommend that non-R0O resected patients without preoperative
chemoradiotherapy should receive postoperative chemoradiotherapy for additional
management; and (4) Reconsiderations of selecting the postoperative NACT
regimens. The NCCN guidelines previously recommended R1 resected patients who
underwent NACT to receive the same NACT regimens after surgery, in order to
ensure the integrity and unity of perioperative treatment. However, the 2019
guidelines only recommended those patients with R0 resection to continue their
preoperative NACT regimens.
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THE FUTURE OF NAT FOR GC

NAT is one of the breakthroughs of GC treatment in recent decades, and has the trend
to become the standard strategy of this disease. However, the indications and
strategies of NAT still need to be perfected, and researchers may gain ground in the
following aspects in the future.

Above all, the validation of NAT in a wider range is necessary. The NCCN
guidelines may only reflect a corner of NAT from the Western view, and the
acceptability of NAT worldwide is still improving, especially in Asia. Chinese GC
guidelines recommended that patients with advanced resectable GC (clinical stage II
or above) could either receive surgery directly (Grade I recommendations) or receive
neoadjuvant chemotherapy (Grade II recommendations)*’. In Japan, preoperative
chemotherapy has just been accepted in the latest guidelines for LAGC patients with
bulky lymph nodes!”l. And in South Korea, the efficacy of preoperative chemotherapy
and chemoradiotherapy for potentially resectable GC patients remains inconclusive!”'l.
Meanwhile, numerous trials in Asia, such as JCOG0405, JCOG1002, NCT01515748,
NCT01534546, NCT02555358, and NCT002521615>7>7*], have provided or will provide
more evidence about the best indications for NAT, and physicians should always be
critical when adopting the recommendations from foreign guidelines.

Second, the enhancement and delicacy management of NACT are required.
Fluorouracil and platinum have been used as skeleton regimens of NACT for years,
and their efficiency and tolerance in patients have been tested. However, it is an
eternal rule that old regimens will be eliminated and that the development of new
drugs may further improve the prognosis of patients!””l. Besides traditional cytotoxic
regimens, the development of targeted therapy, immunotherapy, and metabolism
based anticancer therapy may help us usher in a new era of LAGC treatment.
Targeted drugs such as trastuzumab (anti-HER2) and ramucirumab (anti-VEGF2)
have shown potential in improving clinical outcomes for late staged patients!”**.
Immunotherapy, such as anti-PD-1/PD-L1 and anti-CTLA-4 drugs (nivolumab,
pembrolizumab, avelumab, tremelimumab, efc.), adoptive cell therapy, and VEGF
related cancer vaccine have also been evaluated in gastric cancer and have shown
promising effects®?l. Studies about cancer metabolomics also provided new insights
in cancer treatment. Drugs targeting at hexokinase II may intervene the glycolysis of
tumor cells™], and others that altered the metabolism of lipid, amino acid, etc. also
presented exciting prospects in treating GC in vitro”"l. In addition, the continuous
monitoring of NACT efficacy can also help to clarify the optimal operation timing for
chemotherapy-sensitive patients, or it can encourage the termination of unnecessary
treatment for chemotherapy-resistant patients in advance to avoid disease
progression””.

Besides, the individualized treatment and efficacy prediction of neoadjuvant
chemotherapy may be a trend. It is true that the antitumor effects of cytotoxic drugs
are extensive and without high selection, but the correlation between genetic traits
and chemosensitivity may also be underestimated. Polymorphisms, gene mutations,
and unique genetic backgrounds may lead to different response rates to the same
chemotherapy regimen!””'*’l. The advantages of the S-1 and cisplatin regimens
reported by the SPIRITS (S-1 Plus cisplatin versus S-1 In RCT In the Treatment for
Stomach cancer) study in Japan were not consistently concluded in the non-Asian trial
of the First-Line Advanced Gastric Cancer Study study (median OS, 13.0 mo vs 8.6
mo, respectively)!'"'%?l. Scholars have also found that genetic polymorphisms play an
important role in selecting NAT for each patient!'”!. Additionally, the Trastuzumab
for Gastric Cancer study confirmed that chemotherapy combined with HER-2
targeted therapy resulted in a better therapeutic effect than chemotherapy alone for
patients with high HER-2 expression””], which may enlighten us about the possibility
of neoadjuvant chemotherapy plus targeted therapy. The heterogeneity of
histopathology in GC also results in different response rates to the same regimen.
Although the latest NCCN guidelines of GC (2019.V2) did not recommend the best
regimen for each pathological type, clinical trials such as the FLOT study have
proposed different histopathological regression rates among different histology types.
We should never handle GC as one kind of disease, and preoperative treatment will
eventually be recommended based on the histopathology types (Lauren, JGCA, WHO
classification, efc.) and/or the molecular types (TCGA, ACRG classification, efc.)!""*'".,
In the future, the individual differences of patients may be carefully considered before
performing NACT, and cytotoxic regimens combined with targeted therapy may be a
new option for certain patientsl’”!#>10%111,

Finally, the strategic flow of NAT will be continuously perfected. The booming of
NAT in the past decade benefited from abundant high-quality clinical trials, while the
decision-making process of NAT still needs to be perfected. For example, there is still
no consensus on whether surgery can bring absolute benefits to patients who exhibit
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an excellent response to NACT. And for patients who have received NACT but did
not achieve RO resection, which treatment (either chemoradiotherapy or alternative
chemotherapy) should be administered remains unclear. The clarity of such decisions
will have substantial impacts on patients” prognosis and quality of life. We believe
that the NCCN guidelines will continue perfecting the strategic flow to allow better
choices for patients base on future studies and trials.

CONCLUSION

NAT is becoming the standard treatment for patients with resectable, nonmetastatic
LAGC. Although the universality of present evidence is insufficient, and the frontier
of NAT is still led by Western scholars, we are always confident in Asian researchers
for their unremitting efforts!'*'"”l. We are also looking forward to more high-quality
studies such as the NCT01534546, NCT02555358, and NCT00252161, which will help
to establish a characteristic NAT strategy that is more appropriate for Asian
populations.
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Abstract

BACKGROUND

Postoperative peritoneal adhesion (PPA), characterized by abdominal pain,
female infertility, and even bowel obstruction after surgery, has always been a
major concern. The occurrence and formation of adhesion are from complex
biological processes. However, the molecular mechanisms underlying the basis of
microarray data profile, followed by peritoneal adhesion formation, are largely
unknown.

AIM
To reveal the underlying pathogenesis of PPA at the molecular level.

METHODS

The gene expression profile was retrieved from the Gene Expression Omnibus
database for our analysis. We identified a panel of key genes and related
pathways involved in adhesion formation using bioinformatics analysis methods.
We performed quantitative PCR and western blotting in vivo to validate the
results preliminarily.

RESULTS

In total, 446 expressed genes were altered in peritoneal adhesion. We found that
several hub genes (e.g., tumor necrosis factor, interleukin 1 beta, interleukin 6, C-
X-C motif chemokine ligand 1, C-X-C motif chemokine ligand 2) were marked as
significant biomarkers. Functional analysis suggested that these genes were
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enriched in the Toll-like receptor signaling pathway. According to the Kyoto
Encyclopedia of Genes and Genomes pathway and published studies, TLR4,
myeloid differentiation primary response protein 88 (MyD88), and nuclear factor
kappa B (NF-xB) played essential roles in Toll-like signaling transduction. Here,
we obtained a regulatory evidence chain of TLR4/MyD88/NF-xB/inflammatory
cytokines/peritoneal adhesion involved in the pathogenesis of postoperative
adhesion. The results of the microarray analysis were verified by the animal
experiments. These findings may extend our understanding of the molecular
mechanisms of PPA.

CONCLUSION

The regulatory evidence chain of TLR4/MyD88/NF-xB/inflammatory
cytokines/ peritoneal adhesion may play key roles in the pathogenesis of PPA.
Future studies are required to validate our findings.

Key words: Postoperative peritoneal adhesion; Candidate biomarkers; Molecular
pathogenesis; Bioinformatics analysis

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Postoperative peritoneal adhesion remains an urgent clinical concern due to
increasing abdominal surgery. The occurrence and formation of adhesion are from
complex biological processes. However, the molecular mechanisms underlying the basis
of microarray data profile, followed by peritoneal adhesion formation, are largely
unknown. In this study, we uncovered the underlying pathogenesis of postoperative
peritoneal adhesion at the molecular level using bioinformatics analysis methods. The
results were further validated using animal experiments. It showed that the regulatory
evidence chain of TLR4/MyD88/NF-kB/inflammatory cytokines/peritoneal adhesion
played key roles in the pathogenesis of postoperative adhesion. Our findings may
provide new insights into peritoneal adhesion formation.

Citation: Bian YY, Yang LL, Yan Y, Zhao M, Chen YQ, Zhou YQ, Wang ZX, Li WL, Zeng
L. Identification of candidate biomarkers correlated with pathogenesis of postoperative
peritoneal adhesion by using microarray analysis. World J Gastrointest Oncol 2020; 12(1):
54-65

URL: https://www.wjgnet.com/1948-5204/full/v12/i1/54.htm

DOI: https://dx.doi.org/10.4251/wjgo.v12.i11.54

INTRODUCTION

Postoperative peritoneal adhesion (PPA) is an indefinite adhesion or fibrous cord
formed among abdominal organs or tissues. It remains an urgent clinical concern due
to the increasing occurrence of abdominal surgery. PPA can lead to acute or chronic
complications including persistent abdominal pain and bloating, female infertility,
bowel obstruction, and intestinal necrosis!'l. A previous review showed that even
minimally invasive surgical techniques that are widely used to minimize surgery
lesions of peritoneal trauma cannot prevent adhesion formation”. PPA not only
increases the reoperation rate and extends hospital stay but also results in a
considerable disease burden and heavy financial responsibility for individuals,
families, and society"”). PPA has an incidence rate ranging from 90% to 95%!.
Approximately 117 per 100000 people in the United States have been hospitalized for
adhesion-related problems, and the direct annual hospitalization cost for adhesion-
related complications and surgery increased from US$1.3 billion in 1994 to US$50
billion in 2010 in United States*l.

The occurrence and development of peritoneal adhesion are complex biological
processes, during which many genes and pathways are involved in the pathogenesis
of adhesion formation. However, the potential biological function of adhesion
formation remains limited. Therefore, there is a need to further identify the
differentially expressed transcripts and related pathways associated with peritoneal
adhesion formation.

In this study, we retrieved a dataset of mRNA expression microarrays from Gene
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Expression Omnibus (commonly known as GEO) and identified a panel of altered
genes and related pathways involved in the developmental progression of peritoneal
adhesion by using bioinformatics methods. To validate our findings, we also carried
out preliminary verification by using molecular biology techniques in vivo. The study
aimed to identify candidate biomarkers to uncover the underlying pathogenesis of
PPA at the molecular level.

MATERIALS AND METHODS

Data acquisition and identification of differentially expressed genes

The microarray expression dataset was downloaded from the GEO database by
searching the key words: “RNA,” “peritoneal adhesion,” or “abdominal adhesion”
and “Mus musculus” (organism). After screening, the accession number GSE123413
was obtained for analysis. The platform was GPL 21163, Agilent-074809 SurePrint G3
Mouse GE v2 8x60K Microarray. This dataset consisted of the transcriptional profiling
of cecum tissues harvested at three time points (i.e. 3 h, 12 h, and 3 d) after the models
were prepared by cauterization. The raw data were preprocessed and normalized
using the affy package in R (version 3.3.4). Then the differentially expressed genes
(DEGSs) between sham (SH) and PPA groups at three different time points were
screened separately using the limma package. |log,FC| > 1 and P < 0.05 were
considered statistically significant for DEGs. The overlapping DEGs of the three
different time points were generated using the online tool Venny (http://
bioinfogp.cnb.csic.es/tools/venny). The heat map of DEGs was obtained with the
online tool Morpheus (https:/ /software.broadinstitute.org/morpheus/).

Function and pathway enrichment analysis

To understand the underlying biological phenomena, gene ontology (GO) terms were
used to determine gene annotation. Kyoto Encyclopedia of Genes and Genomes
(commonly known as KEGG) enrichment was performed to locate the significant
enrichment pathway. Both analyses were implemented on the Database for
Annotation, Visualization and Integrated Discovery (commonly known as DAVID;
http:/ /david.abcc.ncifcrf.gov /).

Protein-protein interaction (PPI) network construction and modules analysis

To further predict the interaction of peritoneal adhesion-associated protein pairs, the
Search Tool for the Retrieval of Interacting Genes (commonly known as STRING)!
was performed with a confidence score > 0.7 defined as significant. Then PPI
integrated networks were mapped by Cytoscape 3.4.0 softwarel’. Finally, the plug-in
Molecular Complex Detection (commonly known as MCODE) was used to screen the
modules of hub genes from the PPI network when node degree > 30 was considered

as cut-off criteria.

Animal experiments

Twenty male Sprague-Dawley rats (8 wk old, weighing 280 + 20 g) were purchased
from the Qinglongshan Experimental Animal Breeding Farm (Nanjing, China). The
rats were randomly divided into two groups: SH (n = 10) and PPA (n = 10). Both
groups were housed in a standard condition of 12 h light-dark cycle (light on at 07:00
a.m.) under a controlled temperature of 22 + 2°C. All animals were provided plenty of
food and water and allowed to acclimatize to this condition 3 d before use. All
experiments in this study followed the Guidelines of Accommodation and Care for
Animals formulated by the Chinese Convention for the protection of vertebrate
animals used for experimental and other scientific purposes and were authorized by
the Laboratory Animal Management Committee of the Nanjing University of Chinese
Medicine.

Surgical procedures and adhesion quality

The cecum cauterization model was established by a previous study!'’l. After
preoperative fasting for 12 h, the rats were placed under anesthesia with 1.0%-1.5%
isoflurane. A 1.5 cm midline incision was made in the abdominal wall after traditional
skin preservation and sterilization under aseptic conditions. The cecum was isolated
and then cauterized using bipolar forceps to inflict a coagulation function for 1 s.
Finally, the cecum was restored into the abdominal cavity, and the abdominal wall
was sutured. After 3 d, the rats were sacrificed. Two independent investigators who
were blinded to both groups evaluated the adhesion quality on the basis of a five-
stage grading score system!'"'”l shown in Table 10",

Masson staining
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Table 1 Peritoneal adhesion scoring system

Grade Score  Adhesion area Description

0 0 None None

1 1 0%-25% Thin, avascular, transparent

I 2 25%-50% Thick, avascular, opaque

I 3 50%-75% Thick, capillaries, opaque, sharp dissection required
v 4 75%-100% Thick, opaque, large vessels, sharp dissection required

After fixation in 10% neutral formalin for 48 h, the cecum tissues were embedded in
paraffin, and cut into sections. Masson staining was performed to estimate the
collagen deposition. Represented views were visualized under a microscope
(DM2500; Leica, Germany).

RNA extraction and quantitative PCR

Total RNA was extracted from the damaged cecum using TRIzol reagent (Invitrogen,
United States). The complementary DNA (cDNA) was generated via reverse
transcription by using the First Stand cDNA Synthesis Kit (Thermo Fisher Scientific,
United States). UltraSYBR One Step RT-qPCR Kit (Cwbio Technology, China) was
used according to the manufacturer’s protocol. Based on GAPDH as standardization,
the expression levels were conducted by using the 24T analysis method. The primer
sequences are shown in Table 2.

Western blot analysis

Tissue proteins were extracted by the RIPA Protein Extraction Kit (Beyotime
Biotechnology, China) according to routine protocols. The extracted proteins were
added to sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred
to PVDF membranes. Then the membranes were incubated with primary antibody at
4°C overnight against Toll-like receptor 4 (TLR4, 1:200), myeloid differentiation
primary response protein 88 (MyD88, 1:200), nuclear factor kappa B (NF-xB, 1:200),
and B-actin (1:2000) (all from Santa Cruz Biotechnology, United States). After
incubation with secondary antibody for 1 h at 37°C, protein expression was viewed by
the Chemiluminescence Imaging system (Bio-Rad, United States).

Statistical analysis

Statistical analyses were conducted using SPSS 19.0 software. All data are presented
as the mean + SD. Statistical comparisons within the two groups were made by the
unpaired Student’s f-test. P values less than 0.05 were considered statistically
significant.

RESULTS
DEG identification

The GSE123413 expression profile dataset consisted of the expression data matrix of
56743 gene probes. The raw data were processed and normalized with R software, as
presented in Figure TA. We identified the DEGs of three time points and found 457
overlapping genes. Of these genes, 446 expressed genes were altered, among which
183 were upregulated and 263 were downregulated. The expression levels of
dysregulated genes are shown in Figure 1B.

Functional and pathway enrichment analyses

Analyses of the above-obtained 446 genes were performed using DAVID for
biological process annotation and KEGG pathway enrichment. GO term assignment
analysis suggested that the most enriched GOs were enriched in inflammatory
response (GO: 0006954), neutrophil chemotaxis (GO: 0030593), cytokine activity (GO:
0005125), cellular response to interleukin-1 (IL-1) (GO: 0071347), immune response
(GO: 0006955), and response to lipopolysaccharide (GO: 0032496), as presented in
Figure 2A. According to pathway enrichment analysis, the enriched altered genes
were involved in PPA-related pathways such as the cytokine-cytokine receptor
interaction and tumor necrosis factor (TNF) signaling pathway (Figure 2B).

PPI network construction and modules analysis
The 743 pairs involving 376 proteins were mapped in the PPI network through the
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Table 2 Primers used for gPCR

Gene Primer sequence, 5°-3’
TNF-a-forward TCATTCCTGCTCGTGGCGGG
TNF-a-reverse CGGCTGACGGTGGGGTGAG
IL1B-forward TCGGCCAAGACAGGTCGCTCA
IL1B-reverse TGGTTGCCCATCAGAGGCAAGG
IL6-forward CCACTGCCTTCCCTACTTCA
IL6-reverse ACAGTGCATCATCGCTGTTC
CXCL1-forward GGCAGGGATTCACTTCAAGA
CXCL1-reverse GCCATCGGTGCAATCTATCT
CXCL2-forward ATCCAGAGCTTGACGGTGAC
CXCL2-reverse AGGTACGATCCAGGCTTCCT
GAPDH-forward GCTACACTGAGGACCAGGTT
GAPDH-reverse CCCAGCATCAAAGGTGGAAG

STRING website. The genes with relatively high degrees were considered hub genes
related to peritoneal adhesion such as TNF (degree = 43), IL-6 (degree = 42), C-X-C
motif chemokine ligand 2 (CXCL2; degree = 39), CXCL1 (degree = 38), and IL-1f
(degree = 34). These genes may play pivotal roles in PPA progression. To further
depict the complex relationship, the obtained interaction pairs were constructed using
Cytoscape software (Figure 3A). After analysis using the plug-in MCODE, the top two
significant modules were identified and enriched in the inflammatory response by
DAVID. Module 1 involved 18 genes and 153 connections, and module 2 implicated
30 genes and 176 connections that were markedly enriched in the TLR signaling
pathway, as shown in Figure 3B and Table 3.

Macroscopic evaluation of adhesions

The incisions of all rats were primarily healed, without infection or other
complications. The adhesion grades and scores among groups are shown in Table 4.
In the SH group, the adhesion grade ranged from 0 to 1, which indicated the absence
of adhesion or minor adhesion. However, the adhesion grade ranged from 2 to 4, and
the score was approximately 3.4, which suggested that dense connective tissues were
present in the PPA groups. The magnitude of peritoneal adhesions is presented in
Figure 4.

Masson staining of adhesive tissue

Microscopically, collagen fibers appeared blue and muscle fibers were red in color.
The model group displayed a deep and extensive range of blue, which indicated
increased collagen fiber accumulation. However, the SH group displayed a light and
narrow range of blue color, which suggested decreased collagen fiber accumulation
(Figure 5).

Quantitative PCR validation of hub gene expression

To verify the bioinformatics analysis, the expression levels of the hub genes (TNF, IL-
1B, IL6, CXCL1, and CXCL2) of the cecum tissues were quantified by quantitative
PCR (qPCR) between the adhesion models and SH controls. The results indicated that
the mRNA expression levels significantly increased (P < 0.05, Figure 6) in PPA groups
compared with the SH groups.

Western blot validation of protein expression

In our study, functional enrichment of modules analysis suggested that the significant
hub genes were markedly enriched in the TLR signaling pathway. Increasing
evidence!"' suggests that TLR4, MyD88, and NF-kB play essential roles in the
inflammatory pathway such as Toll-like signaling. On the basis of this evidence, we
measured the expression levels of the abovementioned proteins by western blotting.
The protein expression levels of TLR4, MyD88, and NF-«B in the PPA groups were
significantly upregulated compared with those in the SH group (Figure 7).

DISCUSSION

PPA is triggered immediately after surgery, and starts from the inflammation
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Figure 1 Box plots of data normalization and hierarchical cluster heatmap. A: Box plots of data normalization. The blue box plot represents the data before
normalization, whereas the red box plot represents the normalized data; B: Heatmap of the obtained DEGs.

response, which aims to repair injured lesion. Adhesive formation is a strictly timed
process. After peritoneal injury, acute inflammation occurs within minutes. Then
numerous macrophages and neutrophils migrate onto the damaged lesions within
hours, which can trigger a series of cascade reactions. The proliferation and migration
of fibroblasts and mesothelium cell further enhance fibrinolysis activity, and the
epithelial tissue is repaired within 3 d. If the repair is delayed, adhesion formation
occurs from the third day. Hence, it is urgent to identify the potential biomarkers and
associated pathways related to adhesion formation within 3 d at the molecular level.

To achieve this goal, we provided a bioinformatics analysis of DEGs and the
associated pathways related to adhesion formation on the basis of the available GEO
dataset. Consequently, 446 DEGs at three time points were identified. Based on the
top 20 GO terms, the altered genes displayed a variety of functionalities in
inflammatory and immune response. The results were supported by a previous
study!'’], thereby indicating that the importance of the inflammatory immune
response in the abdominal microenvironment is involved in adhesion formation.
Given the implication of gene function enrichment, the DEGs were enriched in the
cytokine-cytokine receptor interaction and TNF signaling pathway. Thus, the
importance of the biological process and associated inflammatory pathways may be
related to adhesion formation.

The pathophysiological process of adhesion formation is rapid, cascaded, and
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Figure 2 GO annotation and pathway enrichment of DEGs in adhesion formation. A: GO analysis of DEGs (top
20); B: KEGG enrichment of DEGs (top 20). GO: Gene ontology; DEGs: Differentially expressed genes; KEGG: Kyoto
Encyclopedia of Genes and Genomes.

complex, during which many genetic and epigenetic modifications of driving genes
occur. Among the hub genes, TNF, IL-1, IL-6, CXCL1, and CXCL2, which may act as
important regulators of wound inflammatory, were marked with a high degree. Pro-
inflammatory and anti-inflammatory cytokines expressed by these genes had double
effects on the balance of the microenvironment. Once the imbalance is broken,
adhesion occurs. We primarily validated the crucial roles of these mRNAs in the
progression of adhesion formation by using qPCR analysis in the animal experiments.
The results were consistent with those of microarray analysis. These signatures that
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Table 3 KEGG analysis of two clusters (top five)

Term Definition Genes P value
Module 1

mmu04062 Chemokine signaling pathway CXCL1, GNGT1, PPBP, CXCL5, CXCL3, CXCL2, CCL9, PF4, CXCR2, CCL4 3.70E-11
mmu04060 Cytokine-cytokine receptor interaction CXCL1, PPBP, CXCL5, CXCL2, CCL9, PF4, CXCR2, CCL4 2.51E-07
mmu04080 Neuroactive ligand-receptor interaction C5AR1, CHRM2, GALR2, FPR1, ADRA2C, FPR2 2.10E-04
mmu05132  Salmonella infection CXCL1, CXCL3, CXCL2, CCL4 5.11E-04
mmu05150  Staphylococcus aureus infection C5AR1, FPR1, FPR2 5.11E-04
Module 2

mmu04640 Hematopoietic cell lineage CSF3, IL6, CD55, TNF, CD44, IL1B 4.19E-10
mmu04620 Malaria CSF3, IL6, TNF, IL1B, THBS1 1.14E-08
mmu05323 Rheumatoid arthritis IL6, IL17A, CCL3, TNF, IL1B 3.58E-07
mmu04620 TLR signaling pathway IL6, CCL3, TNF, IL1B 9.63E-07
mmu05142  Chagas disease IL6, CCL3, TNF, SERPINEI, IL1B 3.80E-05

KEGG: Kyoto Encyclopedia of Genes and Genomes.

are associated with peritoneal adhesion have also been extensively reported!'**!. For
example, IL-1p is used as an important short-term medium and can be regarded as a
reliable biomarker in peritoneal adhesion formation. IL-6 contributes to epithelial cell
proliferation and the accumulation of inflammatory cells and fibers into injury sites,
following the promotion of the pathological process of adhesion, thereby inducing
adhesion formation. The preoperative application of anti-IL-1p and anti-IL-6
antibodies can effectively reduce the occurrence of postoperative abdominal
adhesion"”?1. TNF-a, as an immune regulator factor, combined with TNFR2 can
activate the NF-xB signaling pathway in either a classical or non-classical manner,
which further mediates the imbalance of inflammatory adhesion and eventually leads
to adhesion formation. TNF-a is a pro-fibrogenic cytokine that can promote fibroblast
proliferation and stimulate the peritoneal mesothelium cells to increase PAI-1
synthesis, which can further inhibit plasminogen activation and promote fiber
accumulation, thereby resulting in adhesion formation. Adhesion-associated CXCL1
and CXCL2 also recruits circulating leukocytes to the injury sites that are involved in
the inflammatory responsel®!. Thus, these genes might act as key biomarkers in
adhesion formation.

Based on the KEGG pathway, these hub genes were markedly enriched in TLR
signaling pathway. TLRs are cellular transmembrane receptors and pattern
recognition receptors that recognize pathogen-associated molecular patterns in
congenital immune system. Gaining function of TLRs, TLR2, TLR3, and TLR4 have
vital roles during acute wound repair®l. Among these receptors, TLR4 is the most
studied in tissue healing. The endogenous ligand MyD88 produced during the
inflammatory process was identified by TLR4, which can further induce NF-xB
activation and downstream regulator (i.e. IL-1, IL-6, TNF, CXCL1, and CXCL2)
expression*l. To further elucidate the critical roles of TLR4, MyD88, and NF-xB in the
pathogenesis of adhesion formation, western blotting was applied to measure the
protein expression in the two groups. The results showed that the proteins mentioned
above were highly expressed in the PPA group. Hence, we initially speculated that
the regulatory chain of “TLR4/MyD88/NF-xB/inflammatory cytokines” may serve
key functions on postoperative adhesion formation. Our findings may provide
preliminary evidence about TLR4/MyD88/NF-xB signal transduction in the
molecular mechanism of postoperative adhesion formation. To the best of our
knowledge, only one study reported that the TLR4/MyD88/NF-xB signaling
pathway is a potential pathway in preventing peritoneal inflammation in peritoneal
dialysistl. Further functional and gene knockout studies are warranted to elucidate
the exact effects on the transcriptional expression of genes regulated by NF-xB axis
activation.

Taken together, according to bioinformatics analysis, a series of adhesion-related
hub genes and a regulatory pathway were identified. To further verify the underlying
molecular mechanism in adhesion formation, experiment validation was conducted in
vivo. The regulatory evidence chain of TLR4/MyD88/NF-xB/inflammatory
cytokines/peritoneal adhesion was involved in the pathogenesis of PPA. These
findings may provide initial sights into the underlying mechanisms of peritoneal
adhesion formation.
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Figure 3 Visualization of the PPl network of identified DEGs. A: Network of the adhesion formation-associated genes; B: Two significant modules selected from
the PPI network. Red: Greater degree; Yellow: Lesser degree. DEG: Differentially expressed genes; PPI: Protein—protein interaction.
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Figure 5 Representative images of Masson staining of adhesive tissues (200x). A: Masson staining in the PPA group; B: Masson staining in the SH group. PPA:
Postoperative peritoneal adhesion; SH: Sham.
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ARTICLE HIGHLIGHTS

Research background

Postoperative peritoneal adhesion (PPA), characterized with abdominal pain, female infertility,
and even bowel obstruction after surgery, has always been a major concern. The occurrence and
formation of adhesion are from complex biological processes. However, the molecular
mechanisms of the basis of microarray data profile, followed by PPA formation, are largely
unknown.

Research motivation

The occurrence and development of PPA is a complex biological process, during which many
genes and pathways are involved in the pathogenesis of adhesion formation. As such, we
developed microarray analysis combined with experimental methods to understand the
underlying mechanisms of PPA at the transcriptomic and molecular levels.

Research objectives
The aim of this study was to uncover the molecular mechanisms of PPA formation after surgery
using bioinformatics analysis, and to validate the results using rodent adhesion models.

Research methods

The gene expression profile was retrieved from the Gene Expression Omnibus database for our
analysis. A panel of key altered genes and related pathways involved in adhesion formation
were identified using bioinformatics analysis methods. And the microarray results were verified
by performing quantitative PCR and western blotting in vivo preliminarily.

Research results

In total, 446 expressed genes were altered in peritoneal adhesion. We found that several hub
genes (e.g., TNF, IL-1B, IL-6, CXCL1, CXCL2) were marked as significant biomarkers associated
with PPA. Functional analysis suggested that these genes were enriched in the Toll-like receptor
signaling pathway. According to the Kyoto Encyclopedia of Genes and Genomes pathway and
published studies, TLR4, MyD88, and NF-xB played essential roles in Toll-like signaling
transduction. Here, we gained a regulatory evidence chain of TLR4/MyD88/NE-
kB/inflammatory cytokines/peritoneal adhesion involved in the pathogenesis of PPA. The
results of the microarray analysis were consistent with the animal experiments.

Research conclusions

Our findings provide initial evidence about the regulatory evidence chain of TLR4/MyD88/NE-
kB/inflammatory cytokines/peritoneal adhesion in the pathogenesis of PPA. Future studies are
required to validate the results.

Research perspectives

These findings may extend our understanding of the molecular mechanisms of PPA. Further
functional and gene knockout studies are warranted to elucidate the exact effects on the
transcriptional expression of genes regulated by NF-kB axis activation.
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Abstract

BACKGROUND

Prevalence of nonalcoholic fatty liver disease (NAFLD) is rapidly increasing, and
NAFLD has become one of the most common chronic liver diseases worldwide.
With abnormal CD44 activation, the severe form of NAFLD can progress to liver

cirrhosis and hepatocellular carcinoma (HCC). Thus, the molecular mechanism of
CD44 in NAFLD needs to be identified.

AIM
To investigate the relationship between CD44 activation and malignant
transformation of rat hepatocytes under nonalcoholic lipid accumulation.

METHODS

Sprague-Dawley rats were fed a high-fat (HF) for 12 wk to entice NAFLD and
then with HF plus 2-fluorenylacetamide (0.05%) to induce HCC. Rats were
sacrificed every 2 wk, and subsequently divided into the groups based on liver
pathological examination (hematoxylin and eosin staining): NAFLD,
denaturation, precancerosis, HCC, and control. Liver CD44 mRNA was detected
by OneArray. Liver fat as assessed by Oil red O staining or CD44 by
immunohistochemical assay was compared with their integral optic density.
Serum CD44, alanine aminotransferase, aspartate aminotransferase, triglyceride,
total cholesterol, and AFP levels were quantitatively tested.

RESULTS

Elevated CD44 was first reported in hepatocarcinogenesis, with increasing
expression from NAFLD to HCC at the protein or mRNA level. The CD44
integral optic density values were significantly different between the control
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group and the NAFLD (¢ = 25.433, P < 0.001), denaturation (¢ = 48.822, P < 0.001),
precancerosis (t = 27.751, P < 0.001), and HCC (t = 16.239, P < 0.001) groups,
respectively. Hepatic CD44 can be secreted into the blood, and serum CD44 levels
in HCC or precancerous rats were significantly higher (P < 0.001) than those in
any of the other rats. Positive correlations were found between liver CD44 and
CD44 mRNA (rs = 0.373, P = 0.043) and serum CD44 (rs = 0.541, P = 0.002) and
between liver CD44 mRNA and serum CD44 (rs = 0.507, P = 0.004). Moreover,
significant correlations were found between liver CD44 and liver AFP (rs = 0.572,
P =0.001), between serum CD44 and serum AFP (rs = 0.608, P < 0.001), and
between CD44 mRNA and AFP mRNA (rs = 0.370, P = 0.044).

CONCLUSION
The data suggested that increasing CD44 expression is associated with the
malignant transformation of hepatocytes in NAFLD.

Key words: Hepatocarcinogenesis; CD44; Nonalcoholic fatty liver disease; Animal model;
Dynamic expressions

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: CD44, which belongs to a family of adhesion molecules, is a marker of cancer
stem cells and is related to the transformation of nonalcoholic fatty liver disease to
nonalcoholic steatohepatitis and hepatocellular carcinoma. Dynamic expression of CD44
in livers or blood at protein or mRNA level was first investigated at different stages of
the progression of fat accumulating fatty liver. Increasing CD44 expression could be one
of the most important progenitors and was associated with the malignant transformation
of hepatocytes with lipid accumulation.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the main form of primary liver cancer
characterized by high malignancy, easy recurrence and metastasis, and geographical
diversity, and both its incidence and mortality are increasing in the world?. Despite
improved treatment modalities, the prognosis of HCC patients is still rather poor
because of frequent metastasis and recurrence”*. Major risk factors, except for
infection with hepatitis B virus or hepatitis C virus, are nonalcoholic fatty liver disease
(NAFLD) and metabolic-related disorders?®’!. The incidence of NAFLD has
significantly increased, and the proportion of HCC due to malignant transformation
of NAFLD shows an increasing trend. Lipid accumulation is strictly linked to chronic
hepatocyte damage, resulting in the generation of an inflammation microenvironment
and creation of a pro-oncogenic milieu, thus promoting malignant transformation of
hepatocytes with no mitochondrial carnitine palmitoyl transferase-II activity!.
Recently, accumulating evidence supports that HCC contains a small subpopulation
of cancer stem-like cells (CSC)"! with potential biomarkers (CD44, CD133, and
aldehyde dehydrogenase 1) that might be important factors in HCC occurrence!, of
which CD44 could be a key player in non-alcoholic steatohepatitis!'l.

Transmembrane glycoprotein CD44 is closely associated with aggressive behavior
and poor prognosis in a variety of human malignancies!'>"’l. It can bind to hyaluronic
acid (the most important ligand), collagen, fibrin, and laminin, mediate specific
adhesion between cells as well as between cells and the extracellular matrix, and be
involved in many biological processes such as transmitting intracellular signals and
regulating the growth, invasion, and metastasis of HCC!'*"l. CD44 is one of the most
frequently reported CSC markers in NAFLD, and CD44 positive cells have CSC
properties, such as self-renewal and tumorigenicity. Recently, high CD44 expression
has been closely linked to NAFLD progression to HCC!"*l. However, the relationship
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between CD44 expression and hepatocarcinogenesis is still controversial, with unclear
particular mechanisms. The objective of this study was to highlight correlations
between the alterations of CD44 expression and malignant transformation of lipid-
accumulating hepatocytes.

MATERIALS AND METHODS

Fatty-accumulated HCC model

In total, 78 4-wk-old male Sprague-Dawley rats, weighing 100-120 g, were randomly
divided into either a control group (n = 12) or an NAFLD model group (n = 66). All
animals were raised at 22 + 2 °C, with a light/dark period of 12 h, and a humidity of
55%. According to a previous method!], the rats of the control group were fed a
routine diet, whereas those of the NAFLD model group were fed a high fat diet (10%
egg yolk powder, 10% lard, 4% cholesterol, 1% cholic acid, and 75% common feed) for
2 wk. Then, the NAFLD rats (n = 42) were given a high fat diet plus 0.05% of 2-
fluorenylacetamide (2-FAA, Sigma, St Louis, MO, United States) to induce HCC
formation. Two control rats, four NAFLD rats, and one HCC rat were sacrificed by
ether anesthetization every 2 wk. Blood samples were collected from the heart and
stored at -20 °C, and liver tissues were taken after operation, frozen quickly in liquid
nitrogen, and stored at -80 °C. Liver tissues were used for Oil red O, hematoxylin and
eosin, and immunohistochemical (IHC) staining. All in vivo procedures were
performed in accordance with the guidelines of the Animal Care and Use Committee
of Nantong University, China.

Histopathological analysis

Dried paraffin-embedded sections were deparaffinized in xylene, rehydrated with a
graded series of ethanol, and stained with hematoxylin for 5 min. Subsequently, the
sections were immerged in hydrochloric acid and ammonia for seconds, rinsed for 1
h, placed in distilled water for a moment, decolorized with 70% and 90% alcohol for
10 min each, and stained with eosin for 3 min. After dyeing, the sections were
dehydrated with 100% alcohol, cleared with xylene, and sealed with resin. Based on
the alterations of histopathological characteristics under a microscope, the livers were
divided into control, NAFLD, denaturation, precancerosis, and HCC groups.

Oil red O staining

We prepared the application fluid and filtered it according to the kit manufacturer’s
instructions. The frozen slices stored in the refrigerator at -80 °C in advance were
placed at room temperature for 10 min, then stained with reagent one for 15 min and
washed with distilled water at 37 °C for 20 s. After that, they were stained again with
reagent two for 3-5 min and washed with distilled water at 37 °C for 30 s.
Subsequently, we added the water-based sealant to the surface before drying. The
slices were observed and photographed under microscope and analyzed by Image-
Pro Plus v6.0 software with integral optic density (IOD) value!’l. For measuring IOD,
the image system comprised a Leica CCD camera DFC420 connected to a Leica DM
IRE2 microscope (Leica Microsystems Imaging Solutions Ltd, Cambridge, United
Kingdom). Photographs of representative fields were captured under high-power
magnification (x 200) with Leica QWin Plus v3 software. The IOD value of each image
was measured with Image-Pro Plus v6.0 software (Media Cybernetics Inc, Bethesda,
MD, United States).

Biochemical analysis

Serum total cholesterol (Tch) and triglyceride (TG) levels were measured with a kit
from Nanjing Jiancheng Biotechnology Company (Nanjing, China). Briefly, the blank,
calibration, and sample wells were set up. We added 10 pL distilled water as well as
standards and samples with 1000 pL working liquid into corresponding wells. After
being incubated at 37 °C for 10 min, absorbance of each well was read on a
spectrophotometer, with 510 nm as the primary wavelength, and the average
concentration was calculated according to the formula.

IHC staining

The liver sections were put in 80 °C drying box for 2 h. Then, after being dewaxed,
dehydrated, and washed by flowing water, the slices were soaked in the citrate
antigen recovery buffer and heated in the microwave oven until boiling for 5 min.
Each slice was exposed to 100 pL 3% H,O,, incubated, and washed with phosphate
buffered saline with primary rabbit anti-human CD44 antibody (ab157107, Abcam,
Cambridge, United Kingdom) at 1:100 dilution. After that, polymer reinforcements
and horseradish peroxidase-conjugated goat anti-rabbit IgG (ab97051, Abcam) at 1:500

Jaishidengs WJGO | https://www.wjgnet.com 68 January 15,2020 | Volume12 | Issuel |



Fang M et al. CD44 in nonalcoholic fatty liver disease

dilutions were followed and repeatedly washed. Finally, the slices were added with
3,3'-diaminobenzidine dye liquor, counterstained with Hematoxylin, and soaked in
0.1% HCI. After rinsing, blueness, dehydration in ethanol, clearness with xylene, and
sealing with neutral balsam were observed by optical microscope (MX53 Olympus,
Tokyo, Japan) and analyzed with the Image Pro plus v6.0 software with IOD valuel'”l.

Analysis of alpha-fetoprotein (AFP) and CD44 transcription

According to the protocol, every 100 mg tissue was homogenized in a glass grinder
with 1 mL TRI reagent and then transferred into Eppendorf (EP) tube, in which the
reagent was mixed up and down 10 times, and rested for 5 min at room temperature.
Next, 0.2 mL chloroform was added, mixed, rested, and then centrifuged (12000 rpm,
4 °C, 15 min). The upper water was transferred into a new aseptic EP tube, mixed
with 0.5 mL isopropanol, and centrifuged (12000 rpm, 4 °C, 10 min). Afterwards, the
supernatant was removed, sSRNA precipitation was hacked and washed with 80%
ethanol, and the centrifugation (7500 rpm, 4 °C, 5 min) was repeated. Finally, the
supernatant was carefully poured out, the precipitation was dried (30 min, until RNA
precipitation became transparent, not completely dry), and then the pellet dissolved
with 30 uL of DEPC water. The quantity and quality of the RNA samples were
determined with the use of the NanoDrop ND-1000 spectrophotometer.

The strand of cDNA and antisense RNA was synthesized by using OneArray plus
RNA amplification kit developed by the Hualian Company (Beijing, China). In the
process, aa-UTP and NHS-CyeDye were added to make aRNA become CyeDye-
aRNA to complete calibration. After purification, we made the hybridization between
the product and Phalanx OneArray™ and, furthermore, entered the analysis process
after cleaning and signal detection. The scanner was the Agilent Microarray Scanner
(G2505C, Santa Clara, CA, United States). Finally, transcriptional levels of AFP and
CD44 in five groups of rats were.

Liver tissues

Five groups of rats were created based on pathological hematoxylin and eosin (H and
E) staining. Liver tissue (20 mg) was mixed with 200 uL of mixed radioimmuno-
precipitation assay buffer (UNOCI Biological Company, WB020) in 1.5 mL EP tubes
and homogenized. The tissue was preserved with ice for 4 h and centrifuged for 5 min
at 12000 g. The supernatant was divided into two parts: one was stored at -80 °C after
measuring the concentration and the other was denatured in boiling water with 5 x
protein loading buffer for 5 min and stored at -80 °C.

Serum samples

About 5 mL of blood was taken from the rat heart and incubated at 4 °C overnight.
After centrifugation (2000 rpm, 20 min), we removed sera into the EP tube. Based on
H and E staining, we divided all sera into five groups and stored them at -80 °C and
avoided repeated freeze-thaw cycles.

Enzyme linked immunosorbent assay (ELISA)

The concentration of AFP and CD44 in the liver homogenate and in the sera of rats
was detected according to the manufacturer’s instructions of the ELISA kit (Cloud-
Clone Corp, Katy, TX, United States). We set the blank and added 100 pL standards,
liver homogenates, and serum to the microplate, where the reagents were incubated 1
h at 37 °C. Then, we removed the liquid, added prepared biotinylated labeled detector
antibody, and incubated the samples at 37 °C. Subsequently, we aspirated and
washed each tube, added prepared streptavidin-horseradish peroxidase mixture to
each tube, incubated the mixture again, aspirated and washed each well, added the
TMB solution to each well until color developed, and then added the Stop solution.
The optical density values were measured at 450 nm on a microplate reader (Biotek
Synergy, Winooski, VT, United States), and the corresponding protein concentration
for each sample was obtained by a standard curve.

Statistical analysis

Image pro plus 6.0, GraphPad prism 5.0 (La Jolla, CA, United States), and Photoshop
software were used to analyze data and generate figures. Microsoft Excel and IBM
SPSS statistics 23 software (Armonk, NY, United States) were applied to analyze data
and calculate the mean + SD. The Student’s t test was used to compare CD44 and AFP
levels in liver homogenates and sera of rats. A P < 0.05 was considered significant.

RESULTS
NAFLD models with lipid accumulation
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Rat livers with lipid accumulation and circulating lipid levels are shown in Figure 1.
Compared with the normal control (Figure 1A and A1), the rat NAFLD models have
been successfully made with lipid accumulation (Figure 1B and B1). After the rats
were fed with a high fat plus 2-FAA diet, the rat livers were collected at the early
(Figure 1C and C1), middle (Figure 1D and D1), and last (Figure 1E and E1) stage. The
corresponding liver sections by the Oil red O staining were confirmed with over fatty
accumulation in hepatocytes, except for control rats, whose levels of hepatic lipid
were relatively quantified by the IOD (Figure 1F). Compared with the control group,
hepatocyte lipid contents were significantly higher in the NAFLD (t = 12.461, P <
0.001), hepatocytes denaturation (t = 6.541, P = 0.02), precancerosis (t = 14.133, P =
0.005), and HCC (t = 9.797, P = 0.009) groups, respectively. Furthermore, the
circulating total cholesterol (Figure 1G) levels with 2-3 times or triglycerides (Figure
1H) levels with 1.50-4.53 times in any group of all rats with high fat diet were
significantly higher (P < 0.05) than those in the control rats.

CD44 alteration in hepatocarcinogenesis

The alterations of liver histopathological examination and the IHC analysis of liver
CD44 expression in rat hepatocarcinogenesis are shown in Figure 2. According to
pathological results with H and E staining, the rat livers were divided into five
groups: the controls (n = 12, Figure 2A) with normal diet only, the NAFLD formation
(n = 24, Figure 2B) with high fat diet, the hepatocytes damage (denaturation, n =17,
Figure 2C) at early stage, the precancerosis (n = 15, Figure 2D) at middle stage, and
the HCC formation (n = 10, Figure 2E) at last stage after high fat diet plus 2-FAA. The
hepatic CD44 levels of the corresponding sections were analyzed by
immunohistochemistry with anti-rat CD44 antibodies. Liver CD44 was overexpressed
in rat hepatocytes (Figure 2B1, C1, D1 and E1) except for normal controls (Figure
2A1). The IOD values of CD44 expression (Figure 2F) were significantly different
between the control group and the NAFLD (t = 25.433, P < 0.001), hepatocytes
denaturation (f = 48.822, P < 0.001), precancerosis (t = 27.751, P < 0.001), and HCC (t =
16.239, P < 0.001) groups, respectively. Also, the liver damage with abnormal liver
alanine aminotransferase (Figure 2G) or aspartate aminotransferase (Figure 2H)
activity was higher in any group of the rats with high fat diet (P < 0.05) than in the
control rats during malignant transformation of NAFLD.

Quantitative analysis of CD44 in hepatocarcinogenesis

The dynamic alterations of liver or circulating CD44 expression at protein level and
comparative analysis with AFP expression in rat hepatocarcinogenesis are shown in
Table 1. In the rat liver tissues, CD44 expression was lower in the control group and
was significantly increasing in the NAFLD group; no significant difference of liver
AFP was found between the control and NAFLD groups. After the NAFLD rats were
fed with 2-FAA in hepatocarcinogenesis, the increasing liver CD44 expression was
significantly higher in the precancerosis and HCC groups than in the control, NAFLD,
and denaturation groups; the increased liver AFP expression was significantly higher
in the denaturation, precancerosis, and HCC groups than in the control or NAFLD
group. In the circulating blood of rats, CD44 expression was lower in the control
group. No significant difference of serum CD44 or AFP was found between the
control group and the NAFLD group. However, the serum CD44 or AFP level in the
denaturation, precancerosis, or HCC group of the NAFLD rats with 2-FAA in
hepatocarcinogenesis was significantly higher than that in the control or NAFLD
group. Significantly close correlations were found between liver CD44 and serum
CD44 (rs = 0.541, P = 0.002) and liver AFP (rs = 0.572, P = 0.001) and between serum
CD44 and serum AFP (rs = 0.608, P < 0.001).

Expression of CD44 mRNA in hepatocarcinogenesis

The dynamic expression of liver CD44 mRNA and the comparative analysis with AFP
mRNA in rat hepatocarcinogenesis are shown in Table 2. The level of liver CD44
mRNA or AFP mRNA expression in the control group was low. Moreover, a similar
observation was found in the NAFLD group, and there was no significant difference
of liver CD44 mRNA or AFP mRNA found between the control and NAFLD groups.
After the NAFLD rats were fed with 2-FAA in hepatocarcinogenesis, the expression of
liver CD44 mRNA in the denaturation, precancerosis, or HCC group was significantly
higher than that in the control or NAFLD group; liver AFP mRNA expression in the
precancerosis or HCC group was significantly higher than that in any of the control,
NAFLD, or denaturation group. Significantly close correlations were found between
liver CD44 (Table 1) and CD44 mRNA (rs = 0.373, P = 0.043) and between liver CD44
mRNA and serum CD44 (Table 1, rs = 0.507, P = 0.004) or AFP mRNA (rs = 0.370, P =
0.044).
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Figure 1 Rat livers with lipid accumulation and circulating lipid levels. A: The livers of control rats with normal diet; B: The livers of the rats with high fat diet; C:
The livers of the rats with high fat plus 2-fluorenylacetamide (2-FAA) diet at the early stage; D: The livers of the rats with high fat plus 2-FAA diet at the middle early
stage; and E: The livers of the rats with high fat plus 2-FAA diet at the last stage; A1: Normal controls; B1-E1: The sections of the corresponding to above livers were
stained with the Qil red O assay, and over lipid accumulation in rat hepatocytes; F: The integral optic density values represented hepatic lipid levels of the
corresponding to above livers; G: The alterations of serum total cholesterol level; and H: The alterations of serum triglycerides level. Original magnification of liver
sections (x 400) from Figure 1A1 to Figure 1E1. P < 0.05 vs control group. 10D: Integral optic density; Tch: Total cholesterol; TG: Triglycerides.

DISCUSSION

Alterations of hepatic metabolism are critical to the malignant transformation of
hepatocytes!*'’l. The incidence of NAFLD among healthy populations is increasing
and has become one of the most common causes of HCC worldwidel®-??. An
accumulation of ectopic fat, including visceral obesity and fatty liver, leads to
dysfunction of the adipose tissue, with impaired production of adipocytokines and
inactivity of mitochondrial inner membrane (carnitine palmitoyl transferase-II)**;
abnormal CD44 expressions in NAFLD lead to the emergence of a microenvironment
favorable to HCC development. Human HCC follows a pattern of pathologic
evolution involving multistep processes, starting from hepatocyte injury and cirrhosis
to low-grade dysplastic nodules, high-grade dysplastic nodules, early liver cancer,
and progressed HCCP*?°l. However, the correlation between CD44 and
hepatocarcinogenesis is still controversial. In this study, the increasing features of
CD44 activation at different stages were first investigated in the cascade of NAFLD to
HCC progression.

Hepatocarcinogenesis is of fundamental importance to analyze the dynamic
alteration of HCC-related biomarkers and to understand the molecular mechanisms of
cancer development**l. NAFLD models with lipid accumulation were confirmed
with Oil red O staining, and then the malignant transformation of rat hepatocytes
induced with 2-FAA was identified by histopathological H and E examination. The
lipid IOD value of the rat liver sections in the NAFLD group was significantly higher
than that in the control group, with increasing serum triglyceride or total cholesterol
levels and higher hepatic enzymatic alanine aminotransferase or aspartate
aminotransferase activity. After the NAFLD rats were fed 2-FAA, rat hepatocytes
were malignantly transformed from normal liver cells to denaturation at the early-, to
precancerosis at the middle-, and to HCC formation at last-stage. The data indicated
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Figure 2 Pathohistology and hepatic CD44 in rat hepatocarcinogenesis. According to pathohistological examination with H and E staining, the rat livers were
divided into five groups. A: The normal controls (A1); B: The nonalcoholic fatty liver disease formation (B1); C: The hepatocytes damage (denaturation, C1); D: The
precancerosis (D1); and E: The HCC formation (E1); A1: Normal controls; B1-E1: The sections of the corresponding to above livers were analyzed by CD44
immunohistochemistry with anti-rat CD44 antibody, and the overexpression of CD44 in rat hepatocytes; F: The 10D values represented hepatic CD44 expression
levels; G: The alterations of serum alanine aminotransferase (ALT) activity; and H: The alterations of serum AST activity. Original magpnification of liver sections (x
400) from Figure 2A1 to Figure 2E1. *P < 0.05 vs control group. I0D: Integral optic density.

that the rat models with lipid accumulation were suitable to observe the CD44
activation from NAFLD involving inflammatory with abnormal metabolism to HCC
progression**l.

The fastest growing cause of cancer-related death is HCC, which is at least partly
attributable to the rising incidence of NAFLD that encompasses a broad spectrum of
conditions, ranging from non-progressive bland steatosis to hepatocarcinogenesis”'*.
In line with these clinical risk factors, high-fat administration over a prolonged period
results in spontaneous HCC development. Liver CD44 was overexpressed in all rat
livers except for normal controls. Significant difference of the CD44 IOD values was
found between control rats and NAFLD, denaturation, precancerosis, or HCC rats,
suggesting that elevated CD44 level could contribute to malignant transformation of
hepatocytes and HCC development™ . As a hyaluronic acid receptor, CD44, whose
expression could be rapidly induced in a STAT3-dependent manner, potentiates AKT
activation to escape p53-induced death and responds to proliferative signals that
become HCC progenitors!*’.

CD44 as a major adhesion molecule of the extracellular matrix has been implicated
in a wide range of biological processes, such as transmitting intracellular signals and
regulating the growth, invasion, and metastasis of tumors!'>*’l. The binding of CD44
with active hyaluronic acid in rat nonalcoholic steatohepatitis (NASH) could induce
the accumulation of leukocytes around hepatic sinusoid, and its deficiency could not
completely prevent inflammation. CD44 expression in NASH patients is significantly
decreased while a fatty disappears after the liver operation. Both CD44 gene knockout
and wild type mice with methionine and choline deficient diet were fed to induce
NAFLDP. In this study, abnormal CD44 expression had a relationship between
NAFLD with liver ballooning and malignant transformation of hepatocytes. Although
the complex molecular mechanisms of CD44 in rat hepatocarcinogenesis needs to be
explored further, the molecular profiling of NAFLD related to increasing CD44
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Table 1 Dynamic alterations of liver or serum CD44 and alpha-fetoprotein at protein level in rat hepatocarcinogenesis

Group n  Liver CD44, ng/per mg liver Serum CD44, ng/imL Liver AFP, ng/per mg liver Serum AFP, ng/mL
Control 12 1.465+0.341 9.193 +1.176 1.757 +0.452 0.881 + 0.092

NAFLD 24 1.920+0311° 10.432 + 2.288 2185 + 0.553 0.958 +0.131
Denaturation 17 1.830 £ 0.460° 19.913 +7.277¢ 3.023 £ 0.797" 1.460 + 0.394"
Precancerosis 15  2.203 % 0.303" 20.628 + 2.756° 3.282 + 0.683" 1.622 +0.418°

HCC 10 2577 +0.425° 29.597 + 6.907° 3.877 +0.625° 1.830 + 0.537°

P < 0.05 vs control group. NAFLD: Nonalcoholic fatty liver disease; AFP: Alpha-fetoprotein; HCC: Hepatocellular carcinoma.

expression during HCC development holds great translational potential for
individualized surveillance, prevention, and therapy!‘.

Recent evidence indicated that HCC contains a small subpopulation of cells called
CSCs that were key drivers of HCC formation and progression, especially relating to
invasion and metastasisl™”!. Among potential CSCs markers, such as CD44, CD133,
and aldehyde dehydrogenase 1, several studies similarly utilized CD44 positivity to
isolate cells with stem cell-like and cancer-initiating properties from other cancer cells.
Interestingly, some CSCs biomarkers have been used to identify by
immunohistochemistry CSCs in HCCU**l. In this study, both CD44 and AFP were
involved in HCC progression, with abnormal expression at the protein or mRNA
level and provided a concise overview on the molecular pathogenesis of the NAFLD-
NASH-HCC sequence, suggesting that CD44 as a hepatic progenitor might be an
important factor in hepatocyte malignant transformation.

In conclusion, to the best of our knowledge, this is the first report to investigate the
relationship between increasing CD44 activation and malignant transformation of
hepatocytes. The findings are promising, and the initial evidence confirmed that
hepatic CD44 was one of the early molecules from NAFLD to HCC progression.
However, the investigation of liver histology had not analyzed the relationship
between CD44 level and liver fibrosis. Future studies should evaluate liver tissues
concerning the degree of fibrosis and CD44 activation, clarify the molecular
mechanisms or HCC-related signal pathways of the upregulation of CD44 expression,
and elucidate the role of CD44 as a hepatic progenitor in hepatocyte malignant
transformation™ 1.
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Table 2 Dynamic alterations of liver CD44 mRNA and AFP mRNA expression in rat hepatocarcinogenesis

Group n Liver CD44 mRNA, x 107/per mg tissues Liver AFP mRNA, x 10%/per mg tissues
Control 12 1.844+0.305 4.859 + 0.636

NAFLD 24 223440441 4.150 + 0.439

Denaturation 17 3.008 + 0.436" 5575 +1.672

Precancerosis 15 2.942 + 0.530" 6.749 + 0.949"

HCC 10 3.593+1.554° 5.731 + 0.404"

P < 0.05 vs control group. AFP: Alpha-fetoprotein; HCC: Hepatocellular carcinoma; NAFLD: Nonalcoholic fatty liver disease.

ARTICLE HIGHLIGHTS

Research background

Nonalcoholic fatty liver disease (NAFLD) is the most common chronic liver disease, and its
prevalence is rapidly increasing worldwide. The severe form of NAFLD can progress to liver
cirrhosis and hepatocellular carcinoma (HCC). Recently, several related papers expounded that
CD44 played an important role in NAFLD and that there was rather little known knowledge
about CD44 expression in different stages of hepatocyte malignant transformation correlated
with fatty accumulation.

Research motivation

Although CD44 is initially regarded as an adhesion molecule, which has a close relationship with
tumor growth, invasion, and metastasis of HCC, the abnormal activation of CD44 in NAFLD has
yet to be discovered, and the fact that CD44 is overexpressed in hepatocytes with fatty
accumulation needs to be investigated.

Research objectives

CD44 is a non-kinase transmembrane glycoprotein, and its expression is high in malignant
tumors and low in benign and low-metastatic tumors. This new mechanism of CD44 expression
with fatty metabolism was worthy to be explored. The objective of this study was to initiate the
investigation of the relationship between CD44 activation and hepatocyte malignant
transformation under nonalcoholic lipid accumulation

Research methods

In order to clarify the mechanism of CD44 high expression and NAFLD, the models with lipid
accumulation were constructed and then the malignant transformation of rat hepatocytes was
induced with 2-fluorenylacetamide. Histopathological alterations were identified from normal
liver cells to denaturation at the early-, to precancerosis at the middle-, and to HCC formation at
last-stage by hematoxylin and eosin examination, with increasing CD44 activation from NAFLD
involving inflammation with abnormal metabolism to HCC progression.

Research results

CD44 in hepatocarcinogenesis of rat liver cells was increased from NAFLD to HCC at the protein
or mRNA level. Significant difference of CD44 was found between the control group and the
NAFLD, denaturation, precancerosis, or HCC group, respectively. Serum CD44 levels in HCC or
precancerous rats were significantly higher than those in any of the other rats. Positive
correlations were found between liver CD44 mRNA and circulating CD44 or alpha-fetoprotein.

Research conclusions

To the best of our knowledge, this is the first report to investigate the relationship between
increasing CD44 activation and malignant transformation of hepatocytes. Hepatic CD44 mRNA
and circulating CD44 expression are early molecules contributing to the progression from
NAFLD to HCC. The new findings are promising, and the initial evidence confirmed that hepatic
CD44 is one of the early molecules leading to the progression from NAFLD to HCC.

Research perspectives

CD44 represents a continuous increasing expression during the entire process of hepatocyte
malignant transformation associated with fatty accumulation. Targeting CD44 might prevent
NAFLD from turning into HCC and might become a potential therapeutic strategy for HCC.
Moreover, further experiments should be conducted to collect the data of CD44 in normal people
and of NAFLD, hepatitis, cirrhosis, and HCC and to clarify the molecule mechanism of high
expression and carcinogenesis of CD44.
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Abstract

BACKGROUND

Diagnosis of lympho-proliferative diseases is sometimes challenging. Excisional
lymph node biopsy is the standard of care. Five percent of the patients will
present with abdominal or retroperitoneal lymphadenopathy alone.
Advancements in endoscopic techniques allow for access to fine needle biopsy in
complicated areas, but this often does not meet the standard guidelines for
diagnosis.

AIM
To investigate the results of laparoscopic excisional biopsy of the hepatic node
(LEBHN) through a trans lesser omentum approach.

METHODS

Data of all patients undergoing LEBHN were collected retrospectively from
patients’ electronic charts over a period of 1 year. Data collected included age,
gender, suspected disease, number of previous biopsies and biopsy method,
surgical approach, intraoperative complications, operative time, post-operative
complications, mortality, and final diagnosis.

RESULTS

Six patients were operated in this technique during the time frame of the study,
66.6% (n = 4) were females, and median age was 55 years (range: 25-72 years). We
present no conversions from laparoscopy to laparotomy, and mean operating
time was 51.2 min. Mean length of hospital stay was 1 d, and morbidity and
mortality were nil. Most importantly, this technique offered definite diagnosis
and appropriate treatment in all patients. Final diagnosis included two patients
with lymphoma (Hodgkin and Follicular), two patients with sarcoidosis, and two
patients with reactive lymph nodes with no evidence of malignancy.

CONCLUSION
In conclusion, this technique seems to be feasible and safe and may offer a simple
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Core tip: Diagnosis of lympho-proliferative diseases is sometimes challenging, and
laparoscopy is an essential tool. Laparoscopic excisional biopsy of the hepatic node
seems to be feasible and safe and may offer a simple approach for a definite diagnosis
for what seems to be a complicated anatomical area.
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INTRODUCTION

Diagnosis of lympho-proliferative diseases is sometimes challenging. Based upon the
current international guidelines!"?], a surgically excised tissue biopsy is widely
accepted as the gold standard for the diagnosis of lymphoma. An excisional biopsy of
a lymph node (LN) allows assessment of the micro-architecture and provides
adequate material for immunocytochemistry, flow cytometry, fluorescence in situ
hybridization studies, and extraction of DNA and RNA for molecular diagnostics. The
major disadvantages of surgical biopsies are the probable need for general anesthesia
and deferrals due to the need of a surgical consult and operating room time. These
issues are addressed through percutaneous and endoscopic core needle biopsies or
fine needle aspiration with cellblock techniques.

When possible, a superficial LN, most often from the groin or axilla, should be
excised, and this can be done simply under local anesthesia in day care setup. Often
though this is not possible, and an intra-abdominal LN must be obtained.

The intra-abdominal lymphatic system is complex, and lymphadenopathy is often
retroperitoneal, along the celiac axis and in the pelvis. Traditionally, laparoscopic
biopsies of retroperitoneal or celiac nodes are considered complicated. Lymph nodes
that are distributed along the celiac trunk include the root of the left gastric (station 7),
the proper hepatic artery (station 8), and the splenic artery (station 9).

The hepatic node is the lymph node lying on the proper hepatic artery right above
the neck of the pancreas. This node is quite often enlarged and has an abnormal
fluorodeoxyglucose uptake on positron emission tomography (Figure 1).

Approach to the supra-pancreatic area is complex; the current study presents our
experience with six patients who underwent laparoscopic excision of the hepatic node
(LEBHN) through a trans lesser omentum approach.

MATERIALS AND METHODS

Surgical technique
After general anesthesia was induced, the patient was placed in a lithotomy position,
and the operating table was maintained in 20 into the reverse Trendelenburg
position. The surgeon was located between the legs of the patient, while the first
assistant and the camera operator were placed to the left and the right side of the
patient respectively.

After insufflation of the abdomen with CO, through a veres needle, a 10 mm trocar
was placed above the umbilicus. The camera was than inserted, and an exploration of
the abdomen was performed. A second 10 mm trocar was placed in mid left abdomen,
and three 5 mm trocars were placed sub-xifoide, mid right quadrant, and left upper
quadrant.

The left lobe of the liver was retracted upwards towards the diaphragm, and the
lesser omentum with its pars flaccida was exposed. The pars flaccida was excised, the
supra-pancreatic area was exposed, and the hepatic node was then observed (Figure
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Figure 1 Abnormal FDG uptake on positron emission tomography. A: Computed tomography scan of the abdomen showing enlarged hepatic LN; B: Positron
emission tomography showing abnormal FDG uptake in the same LN. FDG: Fluorodeoxyglucose; LN: Lymph node.

2A). The peritoneal layer above the hepatic node was carefully dissected with an
electric cautery, and the node was than dissected carefully with bipolar energy
(Figure 2B).

Data collection

Data of all patients undergoing LEBHN over a period of 1 year were collected
retrospectively within the array of the surgical oncology service of the Department of
general surgery at the Rambam Health Care Campus. Data included demographics,
preoperative data including number of previous biopsies, previous biopsy methods
used, and operative and post-operative data. Operative and postoperative
complications were recorded.

RESULTS

Six patients were operated in this technique during the time frame of the study, 66.6%
(n = 4) were females, and the median age was 55 years (25-72). Two patients had a
suspected recurrence of a previously treated lymphoma. Three patients had one
previous attempt for tissue diagnosis, and one had three of them. One patient had
percutaneous attempt for biopsy, four had endoscopic biopsies trough endoscopic
ultrasound, and one patient had a mediastinoscopy with mediastinal biopsy. Table 1
depicts the demographic operative and post-operative characteristics of the entire
cohort. All patients were operated in a laparoscopic approach with no conversions to
laparotomy. All patients had an uneventful operation with no operative or post-
operative complications. Mean length of hospital stay was 1 d, and morbidity and
mortality were nil.

DISCUSSION

Retroperitoneal lymphadenopathy occurs in various hematologic and granulomatous
diseases. Approximately 5% of patients will have abdominal lymphadenopathy
without enlargement of LN in superficial areas!”l. Advancements in percutaneous and
endoscopic techniques allow diagnosis through minor ambulatory procedures.
Laparoscopic abdominal and retroperitoneal lymph node biopsy was previously
proven to be feasible and safe in the diagnosis of lympho-proliferative diseases!™"l.
Biopsy of celiac nodes or hepatic nodes though has been described occasionally in the
literature. The current study describes six patients that underwent a laparoscopic
celiac node biopsy in a trans lesser omentum approach. The advantages of this
technique over other endoscopic approaches are the high chances for a definitive
diagnosis, a better diagnostic yield, and early instigation of treatment.

The approach to the supra-pancreatic area is possible through dissection of the
gastro-colic ligament and entrance to the lesser sac, this technique allows full
exposure of the pancreas, splenic artery, and hepatic artery. Pisano et al! used this
approach in four cases. This technique carried some disadvantages as mobilization of
the large curvature of the stomach increases the rate of complications, such as
intraoperative hemorrhage and injury to the stomach, and significant increases the
operating time.

In our small case series, there were no conversions to laparotomy. The outcomes of
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Figure 2 The left lobe of the liver is retracted upwards towards the diaphragm and the lesser omentum with
its pars flaccida is exposed. A: Exposure of the hepatic node excising the lesser omentum; B: Dissection of the
hepatic node.

operative time, blood loss, and complications were acceptable. All patients received
an accurate diagnosis without any false-negative results.

Although the results of this current patient series are good, the small sample size
does not permit firm conclusions.

In conclusion, LEBHN seems to be feasible and safe, and surgeons may use this
simple approach to a fairly complicated anatomical area to patients who do not have
access to superficial lymph nodes.
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Table 1 Patients’ demographic and operative characteristics

Age Gender No of Biopsies FNA FNB ORT LOS Complications Diagnosis
72 F 1 Yes No 71 1 No Follicular LY
39 F 1 No No 53 1 No Hodgkin LY
25 M 0 No No 49 1 No Sarcoidosis
60 F 0 No No 65 1 No Reactive LN
69 F 3 Yes Yes 47 1 No Sarcoidosis
51 M 1 No No 22 1 No Reactive LN

F: Female; M: Male; FNA: Fine needle aspiration; FNB: Fine needle biopsy; ORT: Operating time; LOS: Length of hospital stay; LY: Lymphoma.

ARTICLE HIGHLIGHTS

Research background

Diagnosis of lympho-proliferative diseases is challenging. Although an excisional biopsy of a
complete lymph node is the gold standard for diagnosis, endoscopic or percutaneous techniques
are often used due to the surgical challenge the location of the lymph node imposes.

Research motivation

The current study describes a small case series of laparoscopic dissection of the hepatic node
through a trans lesser omentum approach. This approach is rarely discussed in the English
literature.

Research objectives
The study describes the clinical and surgical results of this novel technique.

Research methods
A single center, retrospective evaluation of patients undergoing laparoscopic dissection and
excisional biopsy of the hepatic node.

Research results

During the time frame of the study, six patients were operated using this novel technique, with
no conversions to laparotomy, no intra and post-operative complications and acceptable
operating time. Most importantly, surgery yielded a definite diagnosis in all patients, and there
was no need for further investigation.

Research conclusions

Laparoscopic dissection of the hepatic node seems to be feasible and safe, and surgeons may use
this simple approach to a fairly complicated anatomical area in highly selected patients who do
not have access to superficial lymph nodes.

Research perspectives

This study suggests that approach to the hepatic node and the celiac axis is easily and safely
performed through a trans lesser omentum approach. This may facilitate future discussion on
how to achieve the diagnosis of lympho-proliferative disease in patients who do not have
enlarged and pathological superficial lymph nodes.
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Abstract

BACKGROUND

Gemcitabine plus platinum is the standard of care first-line treatment for
advanced biliary tract cancers (BTC). There is no established second-line therapy,
and retrospective reviews report median progression-free survival (PFS) less than
3 mo on second-line therapy. 5-Fluorouracil plus irinotecan (FOLFIRI) is a
commonly used regimen in patients with BTC who have progressed on
gemcitabine plus platinum, though there is a paucity of data regarding its
efficacy in this population.

AIM
To assess the efficacy of FOLFIRI in patients with biliary tract cancers.

METHODS

We retrospectively identified patients with advanced BTC who were treated with
FOLFIRI at MD Anderson, University of Michigan and Mayo Clinic in
Jacksonville. Data were collected on patient demographics, BTC subtype,
response per RECIST v1.1, progression and survival.

RESULTS

Ninety-eight patients were included of which 74 (75%) had metastatic and 24
(25%) had locally advanced disease at the time of treatment with FOLFIRI. The
median age was 60 (range, 22-86) years. The number of patients with extrahepatic
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cholangiocarcinoma, gall bladder cancer and intrahepatic cholangiocarcinoma
were 10, 17 and 71, respectively. FOLFIRI was used as 1%, 29, 3~ or 4 - N* lines
in 8, 50, 36 and 4 patients, respectively. Median duration on FOLFIRI in the entire
cohort was 2.2 (range, 0.5-8.4) mo. The median PFS and overall survival were 2.4
(95% confidence interval (CI): 1.7-3.1) and 6.6 (95%ClI: 4.7-8.4) mo, respectively.
Median PFS for patients treated with FOLFIRI in 1%, 24, 3 or 4™ - N* lines were
3.1,2.5, 2.3 and 1.5 mo, respectively. Eighteen patients received concurrent
bevacizumab (1 = 13) or EGFR-targeted therapy (n = 5) with FOLFIRI, with a
median PFS of 2.7 mo (95%CI: 1.7-5.1).

CONCLUSION

In this largest multi-institution retrospective review of 98 patients with BTC
treated with FOLFIR], efficacy appears to be modest with outcomes similar to
other cytotoxic chemotherapy regimens.

Key words: Biliary tract neoplasms; Fluorouracil; Irinotecan; Cholangiocarcinoma;
Retrospective studies

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: We retrospectively analyzed patients with advanced biliary tract cancers treated
with 5-fluorouracil plus irinotecan at three institutions, MD Anderson, University of
Michigan and Mayo Clinic in Jacksonville. We identified 98 patients with a median age
of 60 years, most (72%) of whom had intrahepatic cholangiocarcinoma. Fifty and 36
patients were treated in the second and third-line settings, respectively. The median
progression-free survival and overall survival were 2.4 (95%CI: 1.7-3.1) and 6.6
(95%CI: 4.7-8.4) mo, respectively.

Citation: Mizrahi JD, Gunchick V, Mody K, Xiao L, Surapaneni P, Shroff RT, Sahai V. Multi-
institutional retrospective analysis of FOLFIRI in patients with advanced biliary tract cancers.
World J Gastrointest Oncol 2020; 12(1): 83-91

URL: https://www.wjgnet.com/1948-5204/full/v12/i1/83.htm

DOI: https://dx.doi.org/10.4251/wjgo.v12.11.83

INTRODUCTION

Biliary tract cancers (BTCs) are rare but aggressive malignancies that arise from
epithelial cells in the bile ducts or gallbladder. BTCs are anatomically classified as
intrahepatic and extrahepatic (perihilar and distal) cholangiocarcinoma (CCA), and
gallbladder carcinoma (GBCA)!1.

In the United States alone, more than 12000 people are estimated to be diagnosed
with BTC in 2019". Advanced BTCs are considered aggressive cancers with a
reported median overall survival (OS) of approximately 12 mo. Over 85000 people
lost their lives to BTC between 1999 and 2014", and mortality rates continue to risel.
It is clear that more effective management strategies are needed to reverse these rising
rates, particularly for patients with advanced BTCs. Standard of care first-line therapy
for these patients involves multi-agent chemotherapy with gemcitabine and
cisplatin“1. In the phase 3 ABC-02 trial published in 2010, gemcitabine and cisplatin
was demonstrated to improve median OS to 11.7 mo from 8.1 mo with gemcitabine
alone. However, durable response rates are infrequent, and a substantial number of
patients progress quickly. Additional strategies and subsequent lines of therapy
remain largely investigational with no clear standard at present, although FOLinic
acid and Fluorouracil in combination with either OXaliplatin (FOLFOX) or IRInotecan
(FOLFIRI) are often used!""..

The efficacy of FOLFIRI as a first or second-line treatment has been previously
assessed in small retrospective studies. In a single institution review of 17 patients
with advanced BTC treated with FOLFIRI as first-line therapy, the authors noted a
median progression free survival (PFS) and OS of 2.6 and 6.5 mo, respectively™l. In
another retrospective analysis of 64 patients with advanced BTC treated with either
FOLFIRI or XELIRI as second-line therapy, Brieau et al"! observed a similar median
PFS and OS of 2.6 and 6.2 mo, respectively. Additionally, a smaller retrospective
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analysis of five BTC patients treated with either FOLFIRI or FOLFOX as second-line
therapy reported a median PFS and OS of 4.4 and 6.1 mo, respectively!.

The primary objective of this retrospective analysis was to identify the efficacy of
irinotecan-based regimens in the management of patients with advanced BTC in a
larger multi-institutional cohort.

MATERIALS AND METHODS
Study cohort

The study was individually approved by the institutional review boards at University
of Michigan, University of Texas MD Anderson Cancer Center and Mayo Clinic
Cancer Center at Jacksonville. The informed consent was waived for this HIPAA
compliant retrospective study. The eligibility criteria included patients aged 18 years
or older with pathologic confirmation of BTC and advanced unresectable or
metastatic disease on imaging. Eligible subjects must have received irinotecan-based
systemic chemotherapy. Patients with ICD9 and ICD10 diagnosis codes for BTC were
retrospectively identified at each institution with at least one encounter between
January 2007 and October 2017. Data were collected on patient demographics,
subtype of BTC, response per RECIST v1.1, progression and survival. In addition,
genomic analysis data were also collected, when available.

Statistical analysis

Descriptive statistics such as mean, standard deviation, median and range, frequency
and percentage were used to summarize patient characteristics. The Kaplan-Meier
method was applied to estimate survival outcomes (Figure 1), i.e., OS and PFS, and
the log rank test was used for comparison of these outcomes between subgroups of
patients. The OS time was calculated as the time period from the date of the treatment
start to the date of death or to the date of the last follow-up for patients alive, and
patients alive were censored for the analysis of OS. The PFS time was calculated as the
time period from the date of start of treatment to the date of progression or death,
whichever occurred first; and patients alive and without progression were censored to
the date of the last follow-up. SAS software v9.4 (SAS institute Inc., Cary, NC, United
States) and Splus software v8.2 (TIBCO Software Inc., Palo Alto, CA, Unites States).

RESULTS

A total of 98 consecutive patients who met the eligibility criteria were included in the
analysis. The median age was 60 years (range, 22-86 years), and 46 (46.9%) subjects
were women. Sixty-one patients were identified at MD Anderson, 26 at University of
Michigan, and 11 at Mayo Clinic Cancer Center in Jacksonville. Seventy-four (75%)
patients had distant metastases at the time of treatment with FOLFIRI, while 24 (25%)
had locally advanced disease. The majority of patients had intrahepatic CCA (n = 71),
compared with 17 with GBCA and 10 with extrahepatic CCA. The patient baseline
characteristics are detailed in Table 1.

The median duration on FOLFIRI, or FOLFIRI-containing regimens, was 2.2 mo
(range, 0.5 to 8.4), and the median PFS was 2.4 mo (95% confidence interval (CI): 1.7-
3.1) for the entire cohort. The median PFS for patients treated with FOLFIRI as 1%, 2™,
3 or 4" - N* line therapy was 3.1 (95%CI: 1.4-4.8), 2.4 (95%CI: 1.8-3.7), 2.3 (95%Cl:
1.5-3.1) and 1.5 (95%CI: 0.9-2.0) mo, respectively. The median OS for patients treated
with FOLFIRI as 1%, 2", 3'¢ or 4" - N* line therapy was 12.3 (95%CI: 5.6-23.4), 7.7
(95%CI: 4.9-10.5), 5.0 (95%CI: 3.6-7.3) and 7.5 (95%CI: 5.2-9.8) mo, respectively. The
median OS for the cohort was 6.6 mo (95%CI: 4.7-8.4) from start of therapy. The best
overall response rate was 9.8% per RECIST v1.1 with a disease control rate of 45.1%.

Thirteen patients received vascular endothelial growth factor targeted therapy with
bevacizumab, and five patients received anti-epidermal growth factor receptor
therapy with erlotinib (1 = 4) and panitumumab (n = 1) concurrently with FOLFIRL
Patients in both of these groups of patients exhibited a median PFS of 2.7 mo.

There was no statistically significant difference in median PFS for patients with
locally advanced disease when compared to those with distant metastases (3.2 vs 2.1
mo, P = 0.16) at the time of FOLFIRI treatment. There was a trend towards prolonged
median OS for patients with locally advanced cancer compared to those with distant
metastases (9.3 vs 5.6 mo, P = 0.08) (Table 2).

Thirty-four (35%) of the patients included in the study had genomic profiling of
their BTC completed, including five with extrahepatic CCA, 27 with intrahepatic CCA
and two with GBCA. The genomic profiling results are summarized in Table 3. The
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Figure 1 The Kaplan-Meier method was applied to estimate survival outcomes. A: Progression-free survival; B:
Overall survival.

most frequent alterations identified included mutations in TP53 (35.3%), IDH1 and
IDH2 (29.4%) and KRAS (20.6%) genes. FGFR2 fusions were identified in four patients
with intrahepatic CCA and two patients with extrahepatic CCA, however, the IDH1
and IDH2 mutations were restricted to the intrahepatic subtype.

DISCUSSION

In this multi-institution retrospective study, FOLFIRI, or FOLFIRI-containing
regimens had modest efficacy with a median PFS of 2.4 mo and OS of 6.6 mo in
patients with advanced unresectable or metastatic BTC. To our knowledge, this is the
largest analysis of outcomes with FOLFIRI in BTCs. Expectedly, patients treated with
FOLFIRI earlier in the course of their therapy tended to have longer PFS (P = 0.53),
likely due to use of other 5-fluorouracil (5-FU) containing regimens prior to FOLFIRI
and development of multi-drug resistance. Additionally, patients with locally
advanced stage may have longer PFS (3.2 vs 2.1 mo; P = 0.16) compared to those with
distant metastasis.

The majority of the patients included in our analysis had intrahepatic CCA (72%).
This subtype of BTC may be associated with better outcomes compared to
extrahepatic CCA and GBCA!", which could potentially bias our results. However, a
difference in survival was not seen in our patients based on subtype of BTC, though
the sample size of patients with extrahepatic CCA and GBCA was small.

The survival outcomes we describe are comparable to those reported by Brieau et
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Table 1 Patient baseline characteristics

Characteristic Value
Total, n 98
Age in yr, median (range) 60 (22-86)
Gender, 11 (%)

Female 46 (47)

Male 52 (53)
Institution, n (%)

MD Anderson Cancer Center 61 (62)

University of Michigan 26 (27)

Mayo Clinic Cancer Center 11 (11)
Stage at Treatment with FOLFIRI, 7 (%)

Locally advanced 24 (25)

Metastatic 74 (75)
Subtype of BTC, n (%)

Extrahepatic cholangiocarcinoma 10 (10)

Intrahepatic cholangiocarcinoma 71 (72)

Gallbladder carcinoma 17 (17)
Line of Therapy, n (%)

First 8(8)

Second 50 (51)

Third 36 (37)

Fourth or greater 4(4)

Irinotecan-based regimen, n (%)

FOLFIRI 77 (79)
FOLFIRI + bevacizumab 13 (13)
FOLRIRI + anti-EGFR 5(5)
FOLFIRINOX 2(2)
FOLFIRI + nab-paclitaxel 1(1)
ECOG performance status, 1 (%)
0 11 (11)
1 48 (49)
2 3(3)
3 2(2)
Not documented 34 (35)

BTC: Biliary tract cancer; ECOG: Eastern Cooperative Group; EGFR: Epidermal growth factor receptor;
FOLFIRT: Folinic acid, 5-fluorouracil and irinotecan; FOLFIRINOX: Folinic acid, 5-fluorouracil, irinotecan and
oxaliplatin.

al'l and Moretto et al! utilizing FOLFIRI and similar to published data regarding
other chemotherapy regimens, such as FOLFOX in this patient population!*'"l.
FOLFOX has been evaluated in multiple prospective studies as second-line therapy
with a reported time to progression of 3.1 mo in a 37 patient phase II trial from
China!"! and a PFS of 3.9 mo in a 66 patient observational study from Japan!"”. A
retrospective analysis of 144 patients with BTCs treated with second-line
chemotherapy (70% regimens 5-FU based) at a single institution in Germany found an
overall response rate of 9.7% with a disease control rate of 33.6% and median OS of 9.9
mo™l. An additional retrospective study of 18 patients from an institution in Chile
showed a median PFS and OS of 3.2 and 4.6 mo, respectively!”l. There are several
other clinical trials accruing patients for second-line therapy, including the phase
Ib/1II trial evaluating the combination of 5-FU, folinic acid and nanoliposomal
irinotecan in conjunction with an anti-PD1 antibody nivolumab (BilT-03)"'1.

In the subgroup of 18 patients who were treated concurrently with either anti-
EGFR or anti-vascular endothelial growth factor targeted therapy, there did not
appear to be a clinical benefit of the additional drug, though this was a small cohort.
This is in contrast to a single institution analysis from France of 13 patients with
metastatic intrahepatic CCA treated with FOLFIRI with bevacizumab as second-line
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Table 2 Subgroup analysis of median progression-free survival

Variable Median PFS (95%Cl) P value Median OS (95%Cl) P value
Gender
Female 2.4 (1.6-3.6) 0.65 6.6 (4.5-9.9) 0.65
Male 2.3 (1.5-3.4) 6.9 (4.6-10.3)
Subtype of BTC
Extrahepatic cholangiocarcinoma 3.7 (1.5-18.9) 0.14 8.0 (1.8-22.3) 0.61
Intrahepatic cholangiocarcinoma 2.3 (1.9-2.8) 6.5 (4.5-9.7)
Gallbladder carcinoma 2.1 (1.8-3.7) 6.5 (5.2-10.1)
Stage at treatment with FOLFIRI
Locally Advanced 3.2 (2.0-5.2) 0.16 9.3 (5.9-14.7) 0.08
Metastatic 2.1 (1.3-3.3) 5.6 (3.5-8.8)
Line of therapy
First 3.1(1.4-4.8) 0.24 12.3 (5.6-23.4) 0.08
Second 24 (1.8-3.7) 7.7 (4.9-10.5)
Third 2.3 (1.5-3.1) 5.0 (3.6-7.3)
Fourth or greater 1.5 (0.9-2.0) 7.5 (5.2-9.8)
ECOG performance status
Oorl 2.5(2.0-3.1) 0.44 7.7 (5.6-11.9) 0.03
2 or greater 1.5 (0.8-4.9) 2.9 (1.7-8.6)
Undocumented 2.1 (1.6-3.4) 5.3 (3.8-8.2)
Genomic analysis
KRAS
Wildtype 24 (1.1-5.1) 0.12 11.8 (5.5-25.4) 0.06
Mutant 3.7 (1.7-8.0) 7.5 (3.5-16.1)
FGFR
Wildtype 2.5 (1.0-6.0) 0.29 8.0 (3.3-19.4) 0.56
Fusion 4.3 (1.8-10.5) 13.4 (5.5-32.2)
IDH1
Wildtype 2.7 (1.2-6.0) 0.02 10.8 (4.9-23.9) 0.14
Mutant 2.1 (0.9-4.6) 41 (2.3-11.1)

BTC: Biliary tract cancer; ECOG: Eastern Cooperative Group; FOLFIRI: FOLINIC acid, 5-fluorouracil, irinotecan; OS: Overall survival; PFS: Progression-

free survival.
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therapy that reported a best overall response rate of 38.4%, median PFS of 8 mo and
OS of 20 mo™.

We identified no significant correlation between specific somatic mutations and
patient outcomes or response to FOLFIRI, though this conclusion is limited by the
small number of patients in our study. Recently, the most promising therapeutic
advances in BTC have resulted from the identification and targeting of actionable
driver somatic mutations. Multiple phase II clinical trials have yielded encouraging
results by taking advantage of driver mutations such as FGFR, IDH1, IDH2 and
BRAF™-1. However, most patients with BTCs do not harbor mutations that are
currently targetable, limiting the benefits of these recent advances to only a select
cohort.

Given the lack of other standard therapies for patients with BTCs who have
progressed on first-line therapy, our results indicate that FOLFIRI may indeed have a
role in these patients. The results of our study further emphasize the need for more
effective treatment options for patients with advanced unresectable or metastatic
BTCs after failure of first-line systemic chemotherapy, especially in absence of
actionable driver mutations.
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Table 3 Genomic profiling by tumor type

Cholangiocarcinoma
Total patients profiled, n = 34 Gallbladder carcinoma, n = 2 (6%)
Extrahepatic, n = 5 (15%) Intrahepatic, n = 27 (79%)

Mutation n (% of profiled) n (% of profiled) n (% of profiled)
TP53 - 10 (37) 2 (100)
IDH1 - 8 (30) -
KRAS 1(20) 6 (22) -
FGFR2 2 (40) 4(15) -
IDH2 - 2(7) -
PBRM1 - 2(7) -
BAP1 - 2(7) -
NF1 - 1(4) 1 (50)
ARID1A - 1(4) 1 (50)
CDKN2A - - 1 (50)
MET - 1(4) -
CCND1 - 1(4) -
PBX1 - 1(4) -
MYC - 1(4) -
RB1 - 1(4) .
MAP3K1 - 1(4) -

576 - 1(4) -
SPTA1 - 1(4) -
RET - 1(4) -
ALK - 1(4) -
ATM - 1(4) -
CCNEI1 - 1(4) -
GNAS - 1(4) -
SMAD4 - 1(4) -
PIK3CA - 1(4) -
PIK3CB - 1(4) -
PTEN = 1(4) .
PALB2 - 1(4) -
ARID2 - 1(4) -
BRCA2 - 1(4) -
BRAF - 1(4) -
MDM2 1(20) - -
FRS2 1 (20) - -

ARTICLE HIGHLIGHTS

Research background

Advanced biliary tract cancers (BTC) are aggressive malignancies without an established
standard of care after progression on first-line combination chemotherapy with gemcitabine plus
cisplatin. Fluoropyrimidine-based therapies, such as 5-fluorouracil plus either oxaliplatin
(FOLFOX) or irinotecan (FOLFIRI) are commonly used in this setting. There is limited data on
the efficacy of such regimens in patients with BTCs, particularly in the patients who have
progressed on first-line therapy.

Research motivation

There is a significant need for evidence-based treatment of patients with advanced BTCs who
have previously progressed of first-line systemic chemotherapy. Only small, primarily single-
institution analyses have been published about the role of FOLFIRI in this population. We
sought to combine the experiences of multiple institutions to provide the largest dataset with this
regimen.

Research objectives
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Our study assessed the efficacy of FOLFIRI in patients with BTC by measuring progression-free
survival and overall survival.

Research methods
We retrospectively identified patients with advanced, unresectable BTC who were treated with
FOLFIRI at three institutions: MD Anderson, University of Michigan and Mayo Clinic in
Jacksonville. We collected data on survival, response per RECIST v1.1, patient demographics and
tumor characteristics.

Research results

Ninety-eight patients were included in our analysis, most of whom were treated in the second
and third-line setting. Median duration on FOLFIRI was 2.2 mo. Median progression-free
survival was 2.4 mo (95%ClI: 1.7-3.1), and median overall survival was 6.6 mo (95%ClI: 4.7-8.4).

Research conclusions

The efficacy of FOLFIRI for patients with BTCs appears to be modest with survival outcomes
that are similar to historical controls of other retrospectively examined second-line cytotoxic
therapy options.

Research perspectives

Based on this multi-institutional analysis, FOLFIRI seems to have a limited role in the treatment
of patients with BTCs, though there are no prospective studies that have assessed this regimen in
this patient population. The recently reported results of the randomized phase III ABC-06 trial
demonstrating an increase in OS with modified FOLFOX plus active symptom control compared
to active symptom control alone likely makes this a more appealing treatment option for most
patients who have progressed on gemcitabine plus cisplatin.
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Abstract

BACKGROUND

Hepatocellular carcinoma (HCC) is a common cancer and a leading cause of
tumor-related death. Patients with large HCC (= 8 cm) are at an advanced stage
and have poor prognosis, and hepatic resection may not be suitable, and the
incidence of postoperative recurrence is high.

AIM
To evaluate recurrence and mid-term survival of patients with large HCC treated

by transcatheter arterial chemoembolization (TACE) and radiofrequency ablation
(RFA).

METHODS

This was a retrospective study. From 2010 to 2013, 46 consecutive patients with
large HCC were treated with simultaneous TACE and RFA. Thirty-five of 46
patients had a single tumor. Progression-free survival (PFS) and overall survival
(OS) were analyzed at 2 years and 3 years, respectively.

RESULTS

Forty-six patients treated by simultaneous TACE and RFA had no significant
complications and treatment was successful. After 3 years, median PFS and OS
were 10.21 £ 1.58 mo and 26.44 + 2.26 mo, retrospectively. The survival rate was
67.5% after 2 years and 55.67% after 3 years.

CONCLUSION
These preliminary data show that simultaneous TACE and RFA are safe and
effective for large HCC.

Key words: Chemoembolization; Radiofrequency ablation; Hepatocellular carcinoma;
Simultaneous treatment; Transcatheter arterial chemoembolization; Radiofrequency
ablation
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Core tip: Hepatocellular carcinoma (HCC) is a common cancer and a leading cause of
tumor-related death. Patients who have large HCC (> 8 cm) are at advanced stages and
have poor prognosis. Interventional treatment including transcatheter arterial
chemoembolization (TACE) and radiofrequency ablation (RFA) are commonly used for
HCC. However, for patients with large HCC, the use of TACE alone and RFA alone can
only lead to partial tumor necrosis with poor local control. Our study showed that
simultaneous combination of TACE and RFA may improve therapeutic efficacy and
survival for patients with large HCC.

Citation: Duan F, Bai YH, Cui L, Li XH, Yan JY, Wang MQ. Simultaneous transarterial
chemoembolization and radiofrequency ablation for large hepatocellular carcinoma. World J
Gastrointest Oncol 2020; 12(1): 92-100
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a common cancer and a leading cause of tumor-
related death!”. Patients who have large HCC (= 8 cm) are generally at advanced
stages and have poor prognosis’'l. Hepatectomy may not suitable for patients who
have large HCC or dysfunction of liver reserve and few patients are suitable for
surgery. Besides, the postoperative recurrence is high!.

Transcatheter arterial chemoembolization (TACE) and radiofrequency ablation
(RFA) is commonly used for liver cancer. For TACE, the best candidates are patients
with no symptoms and well-preserved liver function, as well as multifocal tumors
with no vascular invasion or extrahepatic spread. However, TACE alone only leads to
partial tumor necrosis. For small liver cancers (< 3 cm), RFA and surgery are
comparable when it comes to therapeutic efficacy!*”), but for tumors > 3 cm, RFA has
poor local tumor control®’). Therefore, combination of TACE and RFA may improve
therapeutic efficacy and extend survival time.

In the present study, we evaluated the efficacy of combined TACE and RFA for
large HCC. We retrospectively followed up 46 patients who received the combination
treatment from March 2010 to November 2013 and assessed mid-term efficacy of the
combination treatment modality as a novel strategy.

MATERIALS AND METHODS
Patient data

A total of 46 consecutively identified patients with large HCCs (at least one lesion
diameter > 8 cm) were enrolled. The baseline characteristics of these patients were as
follows: (1) 42 men and four women; (2) Median age: 53.5 years (range 36-70 years);
and (3) According to the Barcelona Clinic Liver Cancer (BCLC) staging classification,
advanced HCC was classified as B/C (42/4); liver function: Child-Pugh class A (n =
45) and class B (n = 1). The mean tumor size was 8.17 cm (range 8.0-14.0 cm) (Tables 1
and 2). Sex, age, tumor stage, tumor size, number of tumors, Child-Pugh score,
vascular invasion (tumor thrombus in the first branch or trunk of the portal vein) and
pseudocapsule were taken into consideration as factors for subgroup analysis. This
study was approved by the Ethics Committee of the Chinese People’s Liberation
Army General Hospital, and patients’ informed consent was obtained. The diagnosis
of HCC was based on imaging findings and/or a-fetoprotein (AFP) levels. Tumor
stage was classified according to the BCLC classification system. The patients were
surgically unsuitable, and without arteriovenous fistula or ascites.

Treatment protocol

After routine preoperative preparation, TACE was performed first, under sterile
conditions and general anesthesial"’l. The right femoral artery was cannulated by a 4F
vascular sheath (Radifocus Introducer II; Terumo Corp., Japan) and Seldinger’s
technique. Selective celiac artery and superior mesenteric artery angiography was
performed by 4F hepatic artery catheter (HA; Terumo), which was through the
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Table 1 Baseline characteristics of patients before treatment

Characteristics Before treatment
Sex, M/F 42/4

Age, yr, median (range) 53.5 (36-70)

BCLC stage B/C ' 42/4

Child-Pugh class A/B/C 45/1/0

ECOG performance status 0/1” 42/4/0

Laboratory values, median (range)
WBC count, 10°/L

Platelet count, 109/ L
Hemoglobin, g/dL

Serum AST, IU/L

Serum ALT, IU/L

Serum total bilirubin, mg/dL
Serum albumin, g/dL

INR

Serum creatinine, mg/dL

Serum AFP, ng/mL, baseline < 20
Serum AFP, ng/mL, baseline > 20
Tumor burden and distribution
Unifocal/ multifocal

Unilobar/bilobar

4.98 (2.23-10.09)

158 (49-371)

135 (76-159)

18.85 (16.20-101.60)

28.7 (9.6-178.8)

13.2 (5.0-41.4)

38.45 (28.8-451)

1.10 (0.92-1.33)

65.05 (40.30-106.20)

7.86 (1.28-24200.00) (1 = 29)
170.80 (20.02-24200.00) (1 = 17)

35/11
44/2

Lesion diameter (cm)

Largest lesion diameter (mean, range) 14.0 (9.47, 8.2-14.0)

!Barcelona Clinic Liver Cancer staging system.

2Eastern Cooperative Oncology Group performance status. BCLC: Barcelona Clinic Liver Cancer; ECOG:
Eastern Cooperative Oncology Group; WBC: White blood cell; AST: Aspartate aminotransferase; ALT:
Alanine aminotransferase; INR: International Normalized Ratio; AFP: a-fetoprotein.

vascular sheath. Maximum catheter selectivity of the hepatic artery was achieved
using a microcatheter (Progreat; Terumo), with administration of an embolic agent
into the tumor feeding arteries. Drug dose varied from 15 to 20 mL lipiodol (Guerbet
Corp., France) each procedure, 30-50 mg doxorubicin (Pfizer Pharmaceuticals Ltd.,
United States), 100-150 mg oxaliplatin (Sanofi Pharmaceuticals Co. Ltd., France),
depending on the tumor size, patient’s weight and laboratory results. Lipiodol
chemotherapeutic agents were injected until stasis to minimize reflux into nontarget
vessels. Administration of agents continued until quiescence, and was observed in the
arteries that directly fed the tumor (i.e., the control column was fully cleared in five
heart beats). After administration of 20 mL lipiodol, gelatin sponge, which served as a
supplement, was injected if stasis was not achieved. If the inferior phrenic, internal
thoracic artery branches and omental branches fed the tumor, these collateral arteries
were embolized accordingly.

Percutaneous RFA was immediately performed after TACE. It was under general
anesthesia and with the guidance of digital subtraction angiography (DSA) combined
with cone-beam computed tomography (CBCT)!. One multipolar RF probe (RITA
Co., Crystal Lake, IL, USA) with 5-7 cm maximum ablation diameter and 10-15 cm
length was used during RFA. Guided by fluoroscopy, the RF probe was inserted into
the center of the tumor. During puncture, both the lateral and postural views were
obtained. CBCT was then performed to confirm the position of the RF probe (Figure
1). Ablation began when the target position was reached. The operation parameters
were power, 150-200 W; and ablation time, 15 min when temperature rose until 105
°C. According to tumor size and maximum ablation diameter, RFA was performed
2-5 times. Puncture tract ablation was carried out to avoid bleeding and tumor
seeding.

Patient follow-up and clinical data collection

Enhanced magnetic resonance imaging was used for follow-up every 1-2 mo during
the first year, and every 2-4 months afterwards. Tumor recurrence or metastasis was
recognized as disease progression. Comprehensive treatment including TACE, RFA,
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Table 2 Baseline characteristics of patients after treatment

Characteristics 3 d after treatment

Laboratory values, median (range)

WBC count, 10°/L 4.985 (2.300-9.050)

Platelet count, 10°/L 141 (44-259)

Hemoglobin, g/dL 136.5 (98.0-165.0)

Serum AST, IU/L 28.2 (15.0-103.7)

Serum ALT, IU/L 32.15 (8.40-74.30)

Serum total bilirubin, mg/dL 14.45 (5.40-44.80)

Serum albumin, g/dL 37.75 (24.30-46.30)

INR 1.08 (0.95-1.41)

Serum creatinine, mg/dL 65.7 (45.4-134.6)

Serum AFP, ng/mL, baseline < 20 5.60 (1.12-24200.00) (n = 29)
Serum AFP, ng/mL, baseline > 20 916.2 (21.1-24200.0) (n = 17)

WBC: White blood cell; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; INR: International
Normalized Ratio; AFP: a-fetoprotein.

radiotherapy, and sorafenib was performed on patients with disease progression. Two
independent authors followed up all the clinical data and follow-up outcomes.

Statistical analysis

SPSS for Windows (SPSS Inc., Chicago, IL, United States) was used for analyzing data.
The estimated local tumor progression and overall survival (OS) rates were compared
by the Kaplan-Meier method. Cox proportional hazards model was used to fit
survival time for each variable. P < 0.05 was considered to be a significant difference.

RESULTS

Treatment response

Figure 2 shows a representative condition after TACE and RFA combination
treatment. As shown in Tables 1 and 2, there were no significant differences between
laboratory results before and 3 d after treatment. After 2 years, OS was 18.43 + 1.34 mo
and progression-free survival (PFS) was 9.40 + 1.31 mo; however, after 3 years, OS
was 26.44 * 2.26 mo and PFS was 10.21 + 1.58 mo. Figure 3 shows the OS and PFS
results.

Subset analysis showed similar OS and PFS (Table 3). Among these subsets, four
groups showed different results, which were the vascular invasion group, non-
vascular invasion group, male group, and female group (marked as A, B, C and D,
respectively). OS in the A and D groups was shorter than in the B and C groups. The P
values for B and C were 0.019 and 0.031, respectively.

Adverse effects and complications

Clinical adverse events included fever, pain, nausea, fatigue, transient reduction in
blood counts and transient elevations of aspartate aminotransferase and alanine
aminotransferase levels, but were mostly limited to grade 1 and 2 (Table 2). No severe
complications associated with our treatment protocol were noted.

DISCUSSION

HCC is a leading cause of liver-disease-related mortality. Although rapid progress in
treatment for large liver cancer has been made in the past few years, neither the
prognosis nor postoperative outcomes are satisfactory.

According to a previous report, the combination of TACE and RFA has a
synergistic effect on HCC inactivation?. The combination improves treatment
efficacy, prolongs survival, and reduces recurrence rate. Thus, the combined
treatment is superior to TACE or RFA alonel®"’l. So far, treatments are generally
launched separately in practice. The time interval between the two modalities was 1 d
to 4 wk. Because of the possible collateral formation and elimination of lipiodol
chemotherapeutic agents after embolism, the effects of TACE or RFA alone are not
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Figure 1 Cone-beam computed tomography image confirmed the position of the radiofrequency probe. A-C: Radiofrequency probe inserted at an angle to

avoid lung damage.

synergisticl®'*'"l. Therefore, evaluating the effect of the combined treatment is
necessary.

The present study involved 3-year follow-up of the efficacy of simultaneous TACE
and RFA in patients with large HCC. This combination treatment may have the
following advantages. First, DSA or CBCT can clearly show blood vessels. Both
imaging modalities allow successful puncture of the liver and can verify treatment
efficacy during the treatment in real timel'*'”l. Second, during combination treatment,
iodine oil precipitates around the lesions. Thus, it can be used as a heat-transmitting
medium to improve ablation efficiency and make the surrounding HCC
microenvironment inactivel'®). This can reduce tumor recurrence by improving
ablation efficacy. Third, TACE can block blood flow into the tumor, thereby reducing
heat loss during RFA!"). Fourth, after TACE, ablation can be performed immedjiately,
which may also localize damage such as liquefaction necrosis as well as coagulation
sclerosis. Moreover, the immediate combination procedure is considered to reduce the
side effects of TACE™. Finally, in one session of treatment, combination of TACE and
RFA can be performed, which may reduce financial burden for the patient. In general,
TACE with simultaneous RFA leads to synergistic effects of thermal ablation and
chemotherapy. No significant adverse effects were observed in our study. In short, for
the efficacy and survival of patients with large HCCs, TACE with simultaneous RFA
may be a useful and novel tactic.

During our follow-up, the incidence of intrahepatic and extrahepatic metastases
was higher in patients with vascular invasion than in those without vascular invasion.
This indicates that tumor thrombus exhibits poor response to treatment. Multivariate
Cox proportional hazard analysis also demonstrated that vascular invasion was an
important prognostic factor. In addition, the male and female patients showed
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Figure 2 A 41-year-old male patient re-examined 2 and 4 years after combination therapy. A: Magnetic resonance imaging (MRI) at 2 years; B: MRI at 4 years.
Hepatocellular carcinoma lesions showed pyknosis and necrosis.

significant differences in OS and PFS. The cause of the false-positive result may be the
small size of the female group. The pseudocapsule group showed better treatment
efficacy mainly because the pseudocapsule may enhance the thermal aggregation
effect of ablation, resulting in greater tumor inactivation. However, it was not
significant, possibly because of the small sample size. The other subgroups did not
show significant differences.

The main limitation of our study was that it was retrospective. Thus, a multicenter
prospective study, with a large sample size should be conducted to evaluate further
the outcome of TACE and RFA combination treatment in patients with large HCCs.

In conclusion, these preliminary data show that the simultaneous TACE and RFA is
a safe, effective and valuable strategy for large HCC, as it improves efficacy and
prognosis.
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Table 3 Multivariate analysis using Cox proportional hazard model, n (%)

Characteristics n Median OS (mo) 1-yr survival 2-yr survival 3-yr survival P value
Sex 0.031
Female 4 105 2 (50.0) 1(25.0) 0

Male 42 345 31 (73.8) 27 (64.3) 23 (54.5)

Age (yr) 0.264
<60 37 34 26 (70.3) 22 (59.5) 20 (54.1)

> 60 9 35 7 (77.8) 6 (66.7) 4 (44.4)

BCLC staging 0.657
B 10 37.5 8 (80.0) 8 (80.0) 7 (70.0)

C 36 30 25 (69.4) 20 (55.6) 17 (47.2)

Size of tumor (cm) 0.300
8-10 23 34 18 (78.3) 14 (60.9) 12 (51.4)

>10 B 2 15 (65.2) 14 (60.9) 12 (52.2)

No. of tumors 0.087
Single 35 34 26 (74.3) 23 (65.7) 20 (56.7)

Multiple 1 19 7 (63.6) 5 (54.5) 4(36.4)

Child-Pugh class 0.640
A 45 34 32 (77.8) 28 (62.2) 24 (53.3)

B 1 19 1 (100) 0 0

Pseudocapsule 0.289
Yes 11 44 10 (90.9) 9 (81.8) 7 (63.6)

No 35 30 23 (65.7) 19 (54.3) 17 (48.2)

Vascular invasion 0.019
Yes 4 8 1 (25.0) 1(25.0) 0

No 42 345 32 (76.2) 27 (64.3) 24 (56.8)

AFP positive' 0.051
Yes 17 145 9 (52.9) 6 (35.3) 6 (35.3)

No 29 35 24 (79.3) 22 (75.9) 18 (61.4)

TAFP 2 200 ng/mL. BCLC: Barcelona Clinic Liver Cancer; OS: Overall survival; AFP: a-fetoprotein.
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Figure 3 Kaplan-Meier analysis of overall survival and progression-free survival. Kaplan-Meier survival curves shown for patients with large hepatocellular
carcinomas treated with combination therapy. A: 3-year overall survival; B: 3-year progression-free survival. OS: Overall survival; PFS: Progression-free survival.
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ARTICLE HIGHLIGHTS

Research background

Hepatocellular carcinoma (HCC) is a common cancer and a leading cause of tumor-related
death. Patients who have large HCC (= 8 cm) are at advanced stages and have poor prognosis.
Transcatheter arterial chemoembolization (TACE) and radiofrequency ablation (RFA) is
commonly used for patients with large HCC, however, both treatments has their own limitation.
Recently study showed that combination of TACE and RFA may improve therapeutic efficacy,
but how to combine these two treatment modalities is still a controversial topic.

Research motivation

The combination of TACE and RFA has a synergistic effect on HCC inactivation; however, most
treatments are generally launched separately in practice, the effects of TACE or RFA alone are
not synergistic very well. Therefore, evaluating the effect of the simultaneous combined
treatment is necessary.

Research objectives
In the present study, we evaluated the efficacy and safety of simultaneous combined TACE and
RFA for large HCC, to figure out how to combine these two treatment modalities.

Research methods

A retrospective study was conducted. From 2010 to 2013, 46 consecutive patients with large HCC
were treated with simultaneous TACE and RFA. Thirty-five of 46 patients had a single tumor.
Progression-free survival (PFS) and overall survival (OS) were analyzed at 2 years and 3 years,
respectively.

Research results

Forty-six patients treated by simultaneous TACE and RFA had no significant complications and
treatment was successful. After 3 years, median PFS and OS were 10.21 + 1.58 and 26.44 + 2.26
mo, retrospectively. The survival rate was 67.5% after 2 years and 55.67% after 3 years.

Research conclusions
These preliminary data show that simultaneous TACE and RFA are safe and effective for large
HCC.

Research perspectives
With the simultaneous combination of TACE and RFA, it is expected to bring us a better
treatment for large HCC.
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Abstract

BACKGROUND

Primary gastric adenosquamous carcinoma (ASC) is an exceedingly rare
histological subtype. Gastric signet ring cell carcinoma (SRC) is a unique subtype
with distinct tumor biology and clinical features. The prognosis of gastric ASC vs
SRC has not been well established to date. We hypothesized that further
knowledge about these distinct cancers would improve the clinical management
of such patients.

AIM
To investigate the clinicopathological characteristics and prognosis of gastric ASC
vs SRC.

METHODS

A cohort of gastric cancer patients was retrospectively collected from the
Surveillance, epidemiology, and end results program database. The 1:4
propensity score matching was performed among this cohort. The
clinicopathological features and prognosis of gastric ASC were compared with
gastric SRC by descriptive statistics. Kaplan-Meier method was utilized to
calculate the median survival of the two groups of patients. Cox proportional
hazard regression models were used to identify prognostic factors.

RESULTS

Totally 6063 patients with gastric ASC or SRC were identified. A cohort of 465
patients was recruited to the matched population, including 370 patients with
SRC and 95 patients with ASC. Gastric ASC showed an inferior prognosis to SRC
after propensity score matching. In the post-matching cohort, the median cancer
specific survival was 13.0 (9.7-16.3) mo in the ASC group vs 20.0 (15.7-24.3) mo in
the SRC group, and the median overall survival had a similar trend (P < 0.05).
ASC and higher tumor-node-metastasis stage were independently associated
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with a poor survival, while radiotherapy and surgery were independent
protective factors for improved prognosis. Subgroup survival analysis revealed
that the prognosis of ASC was inferior to SRC only in stages I and II patients.

CONCLUSION

ASC may have an inferior prognosis to SRC in patients with stages I and II gastric
cancer. Our study supports radiotherapy and surgery for the future management
of this clinically rare entity.

Key words: Adenosquamous carcinoma; Signet ring cell carcinoma; Surveillance,
Epidemiology, and End results; Propensity score matching; Prognosis; Survival
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Core tip: The prognosis of gastric adenosquamous carcinoma (ASC) vs signet ring cell
carcinoma (SRC) has not been well established to date. Our study used both propensity
score matching method and multivariate Cox regression analysis to adjust the potential
bias caused by the imbalanced distribution of confounding factors. We found that ASC
may have an inferior prognosis to SRC in patients with stages I and II gastric cancer.
Radiotherapy and surgery were proved to be independent protective factors for
improving their prognosis.
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inferior prognosis to signet ring cell carcinoma in patients with stages I and II gastric cancer.
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INTRODUCTION

Gastric cancer (GC) is still the second leading cause of cancer-related mortality
worldwidel'l. It is also the fifth most frequently diagnosed cancer and was responsible
for over 1000000 new cases in 2018 and an estimated 783000 deaths globally®. GC has
increasingly been recognized as a heterogeneous disease, each histologic subtype of
GC differs in its biology, especially in its metabolic profiles], so histology is very
important in individualized evaluation of patients with GC. Among the various
histologic types of GC, signet ring cell carcinoma (SRC) is a unique subtype with
distinct tumor biology and clinical features, so it should be analyzed separately™l. By
contrast, adenosquamous carcinoma (ASC) in GC is relatively rare. ASC accounts for
only 0.2%-0.4% of all gastric carcinomasl’!. According to the World Health
Organization international histological classification of tumors, SRC is defined as a
tumor with only intracellular mucin pools!. Comparatively, the diagnosis of ASC
requires coexistence of both adenocarcinoma and squamous cell carcinoma in the
primary tumor, and squamous component should exceed 25% of the primary tumor!”.

Previous studies revealed that primary gastric ASC exhibited early tumor
progression and a worse prognosis than some typical gastric carcinomas!”. There have
been two major proposed mechanisms to explain the poor prognosis of ASC in GC.
First, this rare subtype may have more extensive tumor depth and higher frequencies
of lymphatic and vascular permeations of the carcinoma cellsl. Second,
adenocarcinoma predominate histology may be associated with a higher risk of
metastatic disease compared to squamous carcinoma predominate histology!”. Due to
the rare incidence, most of the literature about gastric ASC is described in case
reports. The study on gastric ASC with large series is still lacking. The prognosis of
ASC vs SRC has not been well established to date. Actually, a variety of issues about
gastric ASC are still unresolved.

In this study, we utilized the Surveillance, Epidemiology, and End Results (SEER)
database to extract a large cohort of patients to investigate the survival differences
between ASC and SRC. Cancer-specific survival (CSS) and overall survival (OS) were
comprehensively compared between the two groups of patients. We sought to clarify
the clinicopathological characteristics and prognosis of gastric ASC vs SRC based on a
large population analysis. Our study may intensify the current knowledge about these
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tumors and provide additional guidance for their management.

MATERIALS AND METHODS

Patient selection

All the data in this study were extracted from SEER 18 registries Custom Data (with
additional treatment fields). The SEER database comprises 18 cancer registries and
covers approximately 30% of the United States population. The patients were selected
using SEER Stat version 8.3.5 software directly. The patient information in SEER
database is completely de-identified and publicly available, so this study was exempt
from ethical approval from human study subcommittee. We initiated the following
inclusion criteria to select eligible patients: (1) All patients were diagnosed from 2004
to 2015; (2) Primary site was the stomach; (3) Behavior recode for analysis was
malignant; (4) Primary gastric cancer was the first or only cancer diagnosis; (5)
Histological types were confined only to SRC (ICD-03, 8490/3) and ASC (ICD-03,
8560/3); and (6) The follow-up data were complete. The diagnosis was not gained
from any death certificate or autopsy. Those patients with unknown information
about table variables were excluded.

Data collection

The following variables were extracted for each patient: Age at diagnosis, gender,
race, marital status, tumor size, tumor-node-metastasis (TNM) stage, tumor depth, LN
metastasis, distant metastasis, radiation, surgery, histological type, survival months,
CSS, and OS. CSS was defined as the time from the date of diagnosis to the date of
death caused by gastric cancer. OS was defined as the duration from diagnosis to
death from any cause. In our study, CSS was the primary endpoint, and OS was the
secondary endpoint.

Statistical analysis

The patients were divided into patients with gastric SRC vs those with ASC. Given
that the two cohorts dichotomized above were not randomized, unbalanced variables
might engender selection bias, so we utilized a 1:4 propensity-score matching (PSM)
method to control the non-random assignment of patients. A logistic regression model
that predicts the likelihood of being assigned to ASC was constructed and set as the
propensity score. The propensity scores were calculated according to unbalanced
covariates. The PSM adopted nearest-neighbor matching algorithm. The caliper width
was 0.01. No replacement was allowed, and all patients were matched only once. The
baseline characteristics were compared in both matched and unmatched cohorts by
chi-square tests. The survival curves of each histologic group were compared by
Kaplan-Meier plots with log-rank test. Univariable and multivariable Cox
proportional hazard regression models were used to identify prognostic factors in the
post-matching cohort. Variables with P < 0.05 in univariate analysis were further
adjusted through multivariate analysis. PSM was conducted with R version 3.5.3.
Statistical analyses were completed with SPSS statistical software, version 25.0 (SPSS,
Chicago, IL, United States). A two-tailed P value < 0.05 was considered statistically
significant.

RESULTS

Patient characteristics before PSM

Preliminarily, 10646 patients with gastric ASC or SRC were collected, but 4583 cases
were excluded because of any missing data or unknown of table variables. Finally, a
total of 6063 eligible patients were included in this study. Among the unmatched
cohort, 5968 (98.4%) patients had SRC and 95 (1.6%) patients had ASC. The
distributions of age, gender, race, marital status, LN metastasis, and radiation were
significantly different between the two groups (P < 0.05). Compared with those SRC
patients, the ASC patients were more likely to have age > 60 years old (66.3% vs
52.7%), be male (74.7% vs 52.7%) while less female (25.3% vs 47.3%), had a relatively
higher proportion of white population (77.9% vs 69.5%), and be married (77.9% vs
61.7%). As for LN metastasis, the ASC patients showed more N1 (48.4% vs 34.9%) and
N2 (16.8% vs 15.5%). With respect to radiation, more ASC patients received
radiotherapy (35.8% vs 23.7%). No differences were observed in terms of tumor size,
TNM stage, tumor depth, distant metastasis, or surgery (P > 0.05). The patients’
characteristics before PSM are summarized in Table 1.
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Table 1 Patient characteristics dichotomized by histological type before propensity score

matching, n (%)

SRC ASC Total
Characteristic Pvalue
n = 5968 (98.4) n=95(1.6)  n=6063(100)
Age (yr) 0.008
<60 2823 (47.3) 32(33.7) 2855 (47.1)
> 60 3145 (52.7) 63 (66.3) 3208 (52.9)
Gender <0.001
Male 3146 (52.7) 71 (74.7) 3217 (53.1)
Female 2822 (47.3) 24 (25.3) 2846 (46.9)
Race 0.045
White 4147 (69.5) 74 (77.9) 4221 (69.6)
Black 725 (12.1) 13 (13.7) 738 (12.2)
Others 1096 (18.4) 8 (8.4) 1104 (18.2)
Marital status 0.001
Not married 2287 (38.3) 21 (22.1) 2308 (38.1)
Married 3681 (61.7) 74 (77.9) 3755 (61.9)
Tumor size (mm) 0.220
<50 2271 (38.1) 42 (44.2) 2313 (38.1)
> 50 3697 (61.9) 53 (55.8) 3750 (61.9)
TNM Stage 0.299
I 1595 (26.7) 21 (22.1) 1616 (26.7)
I 888 (14.9) 20 (21.1) 908 (15.0)
11 1129 (18.9) 15 (15.8) 1144 (18.9)
v 2356 (39.5) 39 (41.1) 2395 (39.5)
Tumor depth 0.139
T1 1398 (23.4) 16 (16.8) 1414 (23.3)
T2 2177 (36.5) 45 (47 .4) 2222 (36.6)
T3 1384 (23.2) 18 (18.9) 1402 (23.1)
T4 1009 (16.9) 16 (16.8) 1025 (16.9)
LN metastasis 0.011
NO 2472 (41.4) 31 (32.6) 2503 (41.3)
N1 2080 (34.9) 46 (48.4) 2126 (35.1)
N2 926 (15.5) 16 (16.8) 942 (15.5)
N3 490 (8.2) 2(2.1) 492 (8.1)
Distant metastasis 0.966
No 4197 (70.3) 67 (70.5) 4264 (70.3)
Yes 1771 (29.7) 28 (29.5) 1799 (29.7)
Radiotherapy 0.006
No 4553 (76.3) 61 (64.2) 4614 (76.1)
Yes 1415 (23.7) 34 (35.8) 1449 (23.9)
Surgery 0.231
No 2047 (34.3) 27 (28.4) 2074 (34.2)
Yes 3921 (65.7) 68 (71.6) 3989 (65.8)

SRC: Signet ring cell carcinoma; ASC: Adenosquamous carcinoma; TNM: Tumor-node-metastasis; LN:
Lymph node.

Patient characteristics after PSM

A 1:4 PSM was initiated. The logit of propensity score for histological type was
derived from other covariates. Totally 465 patients were matched, including 95 ASC
patients and 370 SRC patients. After the PSM, all covariates were well balanced with
no significant differences between the two groups (P > 0.05). The patients’
characteristics categorized by histology after PSM are displayed in Table 2.
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Table 2 Patient characteristics dichotomized by histological type after propensity score

matching, n (%)

SRC ASC Total
Characteristic Pvalue
n =370 (79.6) n=95(20.4) n = 465 (100)
Age (yr) 0.754
<60 131 (35.4) 32(33.7) 163 (35.1)
> 60 239 (64.6) 63 (66.3) 302 (64.9)
Gender 0.809
Male 272 (73.5) 71 (74.7) 343 (73.8)
Female 98 (26.5) 24 (25.3) 122 (26.2)
Race 0.845
White 290 (78.4) 74 (77.9) 364 (78.3)
Black 44 (11.9) 13 (13.7) 57 (12.3)
Others 36 (9.7) 8 (8.4) 44 (9.5)
Marital status 0.901
Not married 84 (22.7) 21 (22.1) 105 (22.6)
Married 286 (77.3) 74 (77.9) 360 (77.4)
Tumor size (mm) 0.828
<50 159 (43.0) 42 (44.2) 201 (43.2)
> 50 211 (57.0) 53 (55.8) 264 (56.8)
Stage 0.365
I 94 (25.4) 21 (22.1) 115 (24.7)
I 55 (14.9) 20 (21.1) 75 (16.1)
11 77 (20.8) 15 (15.8) 92 (19.8)
v 144 (38.9) 39 (41.1) 183 (39.4)
Tumor depth 0.598
T1 77 (20.8) 16 (16.8) 93 (20.0)
T2 156 (42.2) 45 (47 4) 201 (43.2)
T3 84 (22.7) 18 (18.9) 102 (21.9)
T4 53 (14.3) 16 (16.8) 69 (14.8)
LN metastasis 0.151
NO 151 (40.8) 31 (32.6) 182 (39.1)
N1 134 (36.2) 46 (48.4) 180 (38.7)
N2 69 (18.6) 16 (16.8) 85 (18.3)
N3 16 (4.3) 2(2.1) 18 (3.9)
Distant metastasis 0.840
No 257 (69.5) 67 (70.5) 324 (69.7)
Yes 113 (30.5) 28 (29.5) 141 (30.3)
Radiotherapy 0.786
No 232 (62.7) 61 (64.2) 293 (63.0)
Yes 138 (37.3) 34 (35.8) 172 (37.0)
Surgery 0.883
No 108 (29.2) 27 (28.4) 135 (29.0)
Yes 262 (70.8) 68 (71.6) 330 (71.0)

SRC: Signet ring cell carcinoma; ASC: Adenosquamous carcinoma; TNM: Tumor-node-metastasis; LN:
Lymph node.

Comparison of the prognosis between gastric SRC and ASC before PSM

As for the 6063 patients finally enrolled, 4560 patients were dead at the end of the last
follow-up. Moreover, 4160 patients were dead from gastric cancer specifically. The
prognosis of gastric SRC vs ASC before PSM was compared. The Kaplan-Meier plots
showed that the prognosis of SRC was comparable to that of ASC in both CSS and OS
curves (Figure 1, P > 0.05). The median CSS of the SRC group was 16.0 (15.2-16.8) mo,
while that of the ASC group was 13.0 (9.7-16.3) mo (P = 0.101; Table 3). Similarly, the
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median OS of the SRC group was not significantly different from that of the ASC
group (P = 0.084; Table 3). Hence, the results indicated the prognosis was not
statistically different between gastric SRC and ASC before PSM.

Comparison of the prognosis in matched groups

We initiated a 1:4 (ASC:SRC) matched case-control analysis by PSM, in order to adjust
the baseline characteristic differences between the two groups. The PSM analysis
resulted in a balanced cohort including the ASC group (n = 95) and the SRC group (n
= 370). As for the cohort after PSM, statistically significant differences appeared in
both CSS and OS, dejecting the ASC group compared with the SRC group (P < 0.05 for
both endpoints; Figure 2). Furthermore, the median CSS was 13.0 (9.7-16.3) mo in ASC
vs 20.0 (15.7-24.3) mo in SRC group (P = 0.027; Table 3). In parallel, the median OS of
the ASC group was also inferior to that of the SRC group (Table 3, P = 0.017). The
survival curves of CSS and OS after PSM are exhibited in Figure 2. Obviously, the
ASC patients had an inferior prognosis to SRC patients in matched groups.

Identify predictors of survival

The Cox proportional hazard models were constructed to evaluate the impact of
clinicopathological factors on CSS of the post-matching cohort (Table 4). In univariate
analysis, the variables significantly associated with CSS were histological type, marital
status, tumor size, TNM stage, tumor depth, distant metastasis, radiation, and surgery
(P <0.05). ASC was found to be a risk factor for poor prognosis [hazard ratio (HR) =
1.343, 95%CI = 1.029-1.752, P < 0.05]. All the significant variables mentioned above
were subsequently included to the multivariate Cox regression analysis. Multivariable
analysis confirmed some of the prognostic factors identified in univariate analysis.
After adjusting for other confounding predictors, histological type and TNM stage
were proved to be independent risk factors for poor survival (HR > 1, P < 0.05), while
radiotherapy and surgery were independent protective factors for favorable prognosis
(HR <1, P <0.05). Anyway, ASC was still associated with an inferior prognosis to
SRC (HR =1.316, 95%CI = 1.004-1.726, P < 0.05). The detailed results are available in
Table 4.

Subgroup survival analysis

Given that TNM stage is also independently associated with the patients” survival
after PSM, we performed a subgroup analysis to highlight the impact of histological
type on the prognosis of patients. The Kaplan-Meier plots revealed that the CSS of
gastric ASC was worse than that of gastric SRC in both stages I (P < 0.001) and II (P <
0.05) patients. However, no significant survival difference was found for ASC vs SRC
in either stage Il or IV (P > 0.05). Thus, the prognosis of ASC was inferior to SRC only
in stages I and II patients. The survival curves of CSS stratified by TNM stage are
illustrated in Figure 3.

DISCUSSION

Primary gastric ASC is an extremely rare subtypel'l. The clinicopathological
characteristics and prognosis of gastric ASC are still poorly understood. Based on a
large cohort from the SEER database, we utilized PSM analysis to evaluate the
prognosis of ASC vs SRC for patients with gastric cancer. Moreover, we also used Cox
proportional hazard regression models to identify prognostic factors for the post-
matching population. The overall results suggest that ASC had an inferior survival to
SRC in patients with gastric cancer. ASC and higher TNM stages were independently
associated with a poor prognosis.

The clinicopathological features and prognosis of gastric ASC have been reviewed
by several previous studies. Based on the National Cancer Database analysis, a recent
original research has reported the clinical features and outcomes of gastric squamous
cell carcinoma (SCC) and ASC. They collected 61215 patients with primary gastric
cancer. ASC only accounted for 0.5%. The median OS was 9.9 mo in ASC vs 13.2 mo in
adenocarcinoma. On multivariate analysis, ASC histology was still associated with a
worse survival compared to adenocarcinomal?. Furthermore, another study reported
the clinical features and outcomes of 167 gastric ASC cases. Only 109 cases with RO
resection were recruited in survival analysis. Their results revealed that the median
OS time was 17 mo for patients with gastric ASC receiving RO resection. They also
found that the prognosis of gastric ASC was significantly poorer than that of gastric
adenocarcinomal™. Quan ef all'! also reported that the median OS of gastric ASC was
12 mo, and 87.5% of the patients survived for less than 24 mo after diagnosis. In our
present study, we compared the survival outcomes of gastric ASC with SRC. As for
our matched cohort, the median OS was 12.0 (9.5-14.5) mo in ASC vs 19.0 (14.9-23.1)
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Figure 1 Kaplan-Meier survival curves by histology before propensity score matching. A: Cancer-specific Survival (P > 0.05); B: Overall Survival (P > 0.05).
ASC: Adenosquamous carcinoma; SRC: Signet ring cell carcinoma.

mo in SRC group. In parallel, the median CSS of ASC was also significantly worse
than that of SRC. Consistently, the prognosis of ASC was inferior to that of SRC after
PSM analysis.

When it comes to the prognostic factors for gastric ASC, we found that the
histological type ASC and higher TNM stage were independent risk factors for poor
survival (HR > 1, P < 0.05), while radiotherapy (HR = 0.587; 95%ClI: 0.444-0.776, P <
0.001) and surgery were independent protective factors for favorable prognosis (HR <
1, P <0.05). So far, surgery remains the optimal treatment for gastric cancer without
distant metastasis!'”l. So the survival advantage of gastrectomy has been further
confirmed by our study. Additionally, radiotherapy has been reported to be an
effective adjuvant treatment for improving the OS in patients with gastric cancer after
resection!'”l. Considering that squamous cell carcinoma is generally sensitive to
radiation therapy, the squamous component of gastric ASC may specifically benefit
from radiotherapy!”’l. Therefore, our study has provided evidence to support
radiotherapy for patients with gastric ASC.

In addition to histological type, other confounders such as tumor TNM stage may
also account for the potentially important survival differences. In order to further
adjust the confounding factors, we performed subgroup survival analysis by TNM
stage. Our results revealed that the CSS of gastric ASC was significantly worse than
that of SRC in stages I and II patients, whereas no significant survival difference was
found for stages III and IV patients. A recent study revealed that half of gastric ASC
cases were diagnosed at advanced stages, and most patients had lymph node
metastasis!'’®l. These results suggest that gastric ASC has an aggressive clinical course
compared with conventional gastric cancer. The prognosis of stages I and II ASC
patients should be concerned.

In terms of the prognosis for patients with gastric SRC, a recent review has
indicated that early SRC had a better clinical outcome, but advanced SRC was
generally considered to have a worse prognosis. Therapeutic strategies are still
controversial for these patients!'”.. Consistently, our study also revealed that stages I
and II SRC patients had better survival curves than ASC patients. Their median CSS
was 20.0 (15.7-24.3) mo, and median OS was 19.0 (14.9-23.1) mo. Our Cox proportional
hazard regression models identified radiotherapy and surgery as independent
protective factors for improving their prognosis (HR <1, P < 0.05). Hence, our results
may improve the therapeutic recommendations for these patients.

There are several limitations in our study. First, the retrospective nature of the
current study could not exclude the possibility of selection bias. Although we could
balance known covariates by PSM analysis, there may be unmeasured confounders
not addressed in propensity matching. Hence, the results of our study should be
interpreted cautiously. Second, the constituent ratio of adenocarcinoma and SCC
components varied among different primary tumors. The prognostic value of
constituent ratio on the survival of gastric ASC could not be evaluated. Third, there
were limited data about cancer recurrence and subsequent involved sites in SEER
database, so the patterns of recurrence and corresponding impact on the prognosis of
patients remain unclear. In spite of the limitations stated above, SEER registry data
usually have high completeness and are representative of the real-world patient
population. Thus, the results of our study are still considerably convincing.

The major strength of our study is that we used both PSM method and multivariate
Cox regression analysis to adjust the potential bias caused by the imbalanced
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Table 3 Comparison of median survival of the patients before and after propensity score

matching
Patients, n Median CSS 95%CI, mo Median OS 95%Cl, mo
Before PSM
SRC 5968 16.0 (15.2-16.8) 15.0 (14.3-15.7)
ASC 95 13.0 (9.7-16.3) 12.0 (9.5-14.5)
P value 0.101 0.084
After PSM
SRC 370 20.0 (15.7-24.3) 19.0 (14.9-23.1)
ASC 95 13.0 (9.7-16.3) 12.0 (9.5-14.5)
P value 0.027 0.017

CSS: Cancer-specific survival; OS: Overall survival; PSM: Propensity-score matching; SRC: Signet ring cell
carcinoma; ASC: Adenosquamous carcinoma.

distribution of confounding factors. This doubly robust estimation combines two
approaches to evaluate the causal effect of exposures on outcomes, which will
encourage researchers to more fully interpret their findings on both scales™.

In summary, gastric ASC differs significantly from gastric SRC in terms of
clinicopathological characteristics. ASC may have an inferior prognosis to SRC in
patients with stages I and II gastric cancer, so greater attention should be paid to these
patients. Histological type ASC and higher TNM stage are associated a poor survival,
but radiotherapy and surgery are independent protective factors for improving their
prognosis. Our study supports radiotherapy and surgery for the future management
of this clinically rare entity.
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Table 4 Cox regression analysis of cancer-specific survival (n = 465)

Univariate Cox

Multivariate Cox

Characteristic
HR (95%Cl) Pvalue HR (95%Cl) P value
Histological type
SRC Reference Reference
ASC 1.343 (1.029-1.752) 0.030 1.316 (1.004-1.726) 0.047
Age (yr)
<60 Reference NI
> 60 1.027 (0.819-1.288) 0.815
Gender
Male Reference NI
Female 0.952 (0.740-1.223) 0.698
Race
White Reference NI
Black 1.199 (0.870-1.652) 0.268
Others 0.883 (0.597-1.304) 0.531
Marital status
Not married Reference Reference
Married 0.768 (0.593-0.994) 0.045 0.709 (0.540-0.932) 0.014
Tumor size (mm)
<50 Reference Reference
> 50 1.994 (1.587-2.503) <0.001 1.217 (0.947-1.564) 0.125
Stage
I Reference Reference
I 1.482 (0.993-2.212) 0.054 1.564 (1.021-2.394) 0.040
i 2.472 (1.714-3.564) <0.001 2.460 (1.601-3.780) <0.001
v 5.179 (3.739-7.175) < 0.001 2.884 (1.665-4.997) < 0.001
Tumor depth
T1 Reference Reference
T2 0.962(0.705-1.312) 0.805 1.296 (0.923-1.821) 0.135
T3 1.478(1.051-2.077) 0.025 1.482 (0.986-2.228) 0.058
T4 1.801 (1.243-2.609) 0.002 1.070 (0.699-1.638) 0.757
LN metastasis
NO Reference NI
N1 0.978(0.760-1.258) 0.863
N2 1.218 (0.901-1.647) 0.200
N3 1.642 (0.985-2.737) 0.057
Distant metastasis
No Reference Reference
Yes 4.303 (3.397-5.451) <0.001 1.278 (0.778-2.100) 0.333
Radiotherapy
No Reference Reference
Yes 0.484(0.383-0.612) <0.001 0.587 (0.444-0.776) <0.001
Surgery
No Reference Reference
Yes 0.244(0.192-0.311) <0.001 0.450 (0.319-0.635) < 0.001

HR: Hazard ratio; NI: Not included; LN: Lymph node; SRC: Signet ring cell carcinoma; ASC: Adenosquamous carcinoma; TNM: Tumor-node-metastasis.
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Figure 2 Kaplan-Meier survival curves by histology after propensity score matching. A: Cancer-specific Survival (P < 0.05); B: Overall Survival (P < 0.05). ASC:

Adenosquamous carcinoma; SRC: Signet ring cell carcinoma.
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Figure 3 Kaplan-Meier plots of adenosquamous carcinoma vs signet ring cell carcinoma stratified by TNM stage. A: Stage | (P < 0.05); B: Stage Il (P < 0.05);
C: Stage Ill (P> 0.05); D: Stage IV (P > 0.05). ASC: Adenosquamous carcinoma; SRC: Signet ring cell carcinoma.

ARTICLE HIGHLIGHTS

Research background

Adenosquamous carcinoma (ASC) is a rare entity in gastric cancer, which exhibits early tumor
progression and a poorer prognosis than other typical gastric adenocarcinoma. Gastric signet
ring cell carcinoma (SRC) is a unique subtype with distinct tumor biology and clinical features.
We hypothesized that further knowledge about these distinct cancers would improve the clinical
management of such patients.

Research motivation

Given the relative rarity of these two subtypes in gastric cancer, the study on gastric ASC with
large series is still lacking. The clinicopathological characteristics and prognosis of ASC vs SRC
has not been well established to date. The current study adopted a large cohort of such patients
from the Surveillance, Epidemiology, and End Results (SEER) database. Study on the
clinicopathological features, treatment, and prognosis of such patients may bring deeper
knowledge on these tumors and provide additional assistance for their treatment.

Reishidenge WJGO | https://www.wjgnet.com

110

January 15,2020 | Volume12 | Issuel |



Chu YX et al. Gastric ASC has inferior prognosis

Research objectives

The goal of our study was to evaluate the clinicopathological characteristics and prognosis of
ASC vs SRC based on a large cohort from the SEER database. Achieving this objective may
provide additional assistance for their management.

Research methods

We conducted a retrospective study using a large cohort from the SEER database. The
clinicopathological features of patients with ASC vs SRC were comprehensively compared by
chi-square tests. We used both propensity-score matching (PSM) method and multivariate Cox
regression analysis to adjust the potential bias caused by the imbalanced distribution of
confounding factors. Clinical outcomes including cancer-specific survival (CSS) and overall
survival (OS) were also compared by the Kaplan-Meier method. The prognostic factors were
identified.

Research results

A total of 6063 eligible patients were collected. After PSM, 370 patients with SRC and 95 patients
with ASC were analyzed. In the post-matching cohort, gastric ASC showed an inferior prognosis
to SRC in both CSS and OS. ASC and higher TNM stage were independently associated with a
poor survival (HR > 1, P < 0.05), while radiotherapy (HR = 0.587; 95%CI: 0.444-0.776, P < 0.001)
and surgery were independent protective factors for favorable prognosis (HR <1, P < 0.05).
Subgroup survival analysis revealed that the inferior prognosis was most significant in stages I
and II patients.

Research conclusions

ASC may have an inferior prognosis to SRC in patients with stages I and II gastric cancer, so
greater attention should be paid to these patients. Our study supports radiotherapy and surgery
for the future management of this clinically rare entity. Improved clinical and biological
understanding of ASC vs SRC may lead to more individualized therapy for such patients.

Research perspectives

Our study shows that gastric ASC has an inferior prognosis to SRC in stages I and II patients.
Precautions should be taken to such patients. Radiotherapy and surgery have the potential to
improve their clinical outcomes. Future long-term prospective studies are warranted to validate
our findings.
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Abstract

BACKGROUND

In 2015, Kidane published a Cochrane review and meta-analysis to summarise
the impact of preoperative chemotherapy versus surgery alone on survival for
resectable thoracic esophageal cancer. The authors concluded that preoperative
chemotherapy improved overall survival (OS).

AIM

The aim of this article was to assess the validity of the three most powerful
studies included in the Cochrane review and the meta-analysis supporting the
advantage of preoperative chemotherapy and to investigate the impact of an
exclusion of these three studies on the result of the meta-analysis.

METHODS

OS was selected as the endpoint of interest. Among the ten included papers
which analysed this endpoint, we identified the three publications with the
highest weights influencing the final result. The validity of these papers was
analysed using the CONSORT checklist for randomized controlled trials. We
performed a new meta-analysis without the three studies to assess their impact
on the general result of the original meta-analysis.

RESULTS

The three analysed studies revealed several inconsistencies. Inappropriate
answers were found in up to one third of the items of the CONSORT checklist.
Missing information about sample-size calculation and power, unclear or
inadequate randomisation, and missing blinded set-up were the most common
findings. When the three criticized studies were excluded in the meta-analysis,
preoperative chemotherapy showed no benefit in OS.
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CONCLUSION

The three most powerful publications in the Cochrane review show substantial
deficits. After the exclusion of these studies from the meta-analysis, preoperative
chemotherapy does not seem to result in an advantage in survival. We suggest a
more critical appraisal regarding the validity of single studies.

Key words: Esophageal cancer; Assessment of validity; Meta-analysis; CONSORT;
Overall survival
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Core tip: The quality of single studies is crucial in order to perform valid meta-analyses
that are often used as basis for guideline recommendations. We critically analysed a
recent Cochrane meta-analysis that supports the use of preoperative chemotherapy for
resectable thoracic esophageal cancer in order to improve overall survival. The most
powerful included studies showed several inconsistencies according to the requirements
of the Consort checklist for randomized controlled trials. After the exclusion of these
studies from the meta-analysis, preoperative chemotherapy does not seem to result in an
advantage in survival. We suggest a more critical appraisal regarding the validity of
single studies.
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INTRODUCTION

Esophageal cancer is the eighth most common cancer in the world and the sixth most
common cause of death from cancer with an overall ratio of mortality of 0.88['.
Although it accounts for only 3.2% of all cancers, the incidence of esophageal cancer is
increasing with an incidence of 572/100000 new cases/year in 2018.

Surgery is the treatment of choice for localized esophageal cancer™! with a
potential to provide loco-regional control, as well as long-term survival®. Curative
resection is possible in only 15% to 39% of the cases!®l. Surgery is the only curative
treatment, but it alone often fails to overcome the natural history of the disease owing
to the presence of occult micrometastases, and fatal distant and loco-regional disease
relapse is common. Median survival after esophagectomy with curative intention is 15
to 18 mo with a 5-year survival rate of 20% to 25%!!. Therefore, clinicians are now
inclined to use some form of multidisciplinary treatment including surgery as a
standard of care for locally advanced esophageal cancer, which is defined as disease
restricted to the esophagus or resectable periesophageal tissue (T2-T4) and/or lymph-
node involvement (N1-N3) in the absence of distant metastasis!'.

The optimal multimodality treatment is still controversial. Potential contentious
issues exist regarding the (1) ideal preoperative, perioperative or postoperative
approach and (2) ideal combination of radiotherapy (RTx), chemotherapy (CTx) or
concurrent chemoradiation. Various randomized and non-randomized trials and
several meta-analyses have been conducted to address this topic, but established
standard guidelines still vary considerably or even fail to propose a specific treatment
regimel''l. Preoperative (radio-)chemotherapy aims to exterminate micro-metastases,
enhance resectability by down-staging the tumour, improve loco-regional control and
provide relief of dysphagial'"'?.

Several studies have investigated whether preoperative CTx leads to improved
cure rates, but reports remain conflicting. The initial Cochrane review of preoperative
CTx for resectable esophageal cancer!””! concluded that no survival advantage was
associated with CTx. The same result was found by Urschel et all'! after inclusion of 11
randomized trials in a meta-analysis. Ychou et all"”], Boonstra et all'! and MRC Allum et
al'" subsequently reported a survival benefit for patients receiving neoadjuvant CTx.
After inclusion of these last three studies, the updated Cochrane Review and meta-
analysis by Kidane et al'¥ on the same topic found an improvement in overall survival
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(OS) [hazard ratio (HR): 0.88; 95% confidence interval (CI): 0.80 to 0.96] for patients
receiving preoperative CTx. A total of ten randomized controlled studies with OS as
the primary endpoint were included in this meta-analysis.

The aim of our study was to assess the validity of the studies by Ychou et all"”],
Boonstra et all' and MRC Allum et all'! included in the updated Cochrane Review and
the meta-analysis by Kidane et al'""}, which confirmed the benefit of preoperative CTx
on survival for resectable thoracic esophageal cancer with the intention to invite
everyone to critically interpret not only the results, but also the methodology by
which the results were achieved. We performed a variety of meta-analyses excluding
or including studies depending on their validity and attributed power and discuss
those findings in regard to current recommendations of esophageal carcinoma
guidelines.

MATERIALS AND METHODS

The meta-analysis by Kidane et all'¥l included a total of ten studies. Four (40%) (Ychou
et al'l, Boonstra et all'’l, MRC Allum et all'”), and Law et all'!) found a statistically
significant advantage in survival in patients after preoperative CTx for resectable
thoracic esophageal cancer (HR: < 1 with a significant 95%CI). All the other six
included studies (60%) were not statistically significant*->l.

In the first part of the results section we assessed the validity of the three most
powerful studies included in the Cochrane review by Kidane et all'l, which found a
statistically significant advantage in survival in patients receiving preoperative CTx
before resection for thoracic esophageal cancer. These studies were those of Ychou et
al™, Boonstra et al'” and MRC Allum et all"".

In the second part of the results section, we performed a new meta-analysis without
these aforementioned three studies. Among the three analysed studies, Boonstra et
al' had the higher validity, so we performed another meta-analysis assuming that
this study is valid enough to be included in the meta-analysis.

Finally, we present the results of the meta-analysis excluding the four statistically
significant studies confirming the survival advantage for patients treated with
preoperative CTx. In this last case, only statistically non-significant studies were
included in the meta-analysis.

Selection of the studies and assessment of their validity

We used the same methodology as described in our previous publication™! to analyse
the validity of the Cochrane review. From the several endpoints investigated in the
Cochrane review by Kidane et all'l, we identified OS as a major endpoint of interest.
Among the ten studies identified by the authors of the Cochrane review investigating
OS, we selected the three most powerful studies as weighted by the review’s authors
which support the advantage of preoperative CTx: Ychou ef all"”l, Boonstra et all'l and
MRC Allum et al'""l. The weights assigned to these three studies by the authors of the
systematic review according to their sample size, precision of the estimates and width
of the confidence intervals were 24.5%, 24.1% and 20.5%, respectively. We then
assessed the validity of these studies using the CONSORT checklist 2010%"], which is a
validated instrument for the evaluation of randomized controlled trials (RCTs) and
contains a total of 37 items. The checklist with all items and their precise description is
available in the Appendix of our previous publication”. We then asked whether the
positive result in the Cochrane review is supported by sufficient validity. Figure 1
illustrates our methodology. Two independent review authors (UK and GM) assessed
the validity of each of the three publications.

Meta-analysis

We repeated the meta-analysis without the three analysed studies (n = 7) and
compared the result with the original meta-analysis comprising ten studies. Since
Boonstra et all'’! has the higher validity among the analysed studies, we then
conducted a second meta-analysis only excluding Ychou et all'™! and MRC Allum et
all”l. In a next step, we assumed that all single studies with a statistically significant
benefit of preoperative CTx for thoracic resectable esophageal cancer (n = 4) were not
valid enough and performed a second meta-analysis with the remaining six studies.
The results were compared with the original meta-analysis (1 = 10 studies). The meta-
analyses were performed with R, version 3.2.0, with the package “meta” (http://
www.r-project.org/foundation).
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Identification of
> endpoint which
supports a positive result

Systematic review

(endpoints: overall survival, rates of
resection, response to chemotherapy,
rates of local and distant currence,
quality of life...)

Assessment of validity of
the 3 selected studies supporting <
the result of the Systematic Review

Selection of the 3 studies
(15-17) with the highest
power to support the positive result

Figure 1 Four steps to the analysis of validity of a systematic review according to our previous work*l, We
identified the endpoint of interest (overall survival) and selected the three most powerful studies addressing this
endpoint on the basis of the assigned weights by the authors of the systematic review, as these studies contributed
essentially to the positive result of the systematic review. We finally assessed the validity of these studies by using
the CONSORT checklist.

RESULTS

Assessment of the validity of the studies

Table 1 presents a summary of the three analysed papers. The results are reported for
each of the three included studies. Table 2 summarizes all the items present in the
CONSORT checklist showing how the studies dealt with them. In this section, we
describe the problems of each study. Eleven of the 34 validity criteria (32.4%) were not
met in the study by Ychou et all””l. Three items were not applicable. The randomisation
occurred by phone call through a centralized randomisation system, and then the
assignment was stratified according to centre, performance status, and tumour site
using the minimisation procedure. Due to the use of the minimisation method,
allocation concealment was not maintained. Blinding was not possible in this study,
as the control group did not receive any preoperative treatment. Inclusion of
untreated controls limits the interpretation of the study. Specifically, the difference
between the intervention and control group may be caused by a non-specific effect,
such as a placebo effect. Moreover, 50% of the patients in the intervention group also
received postoperative CTx. Regarding sample size, in the methods section the
authors described that 250 patients (178 deaths) were required to achieve the needed
power. The trial was closed earlier due to difficulties in patient recruitment. At the
closure time, a total of 224 patients (156 deaths) had been included, raising the
question of whether the power was sufficient. Moreover, patients with stomach
adenocarcinoma were also included in the study at a later time after changing the
inclusion criteria. Taken together, these issues lead to insufficient validity of the
report; therefore the described effect cannot be considered as clinically relevant.

In Boonstra et all'’l, we identified poor validity in 8 of the 33 validity criteria (24.2%).
Four items were not applicable. Again, as in the previous study, the use of untreated
controls limits the interpretation of the study. Blinding was not possible in this work
either, as the control group did not receive any preoperative treatment. Central
randomisation was performed, but the process is not clearly described. Therefore, it is
not possible to ascertain whether allocation concealment was maintained or not.
Additionally, random assignment was stratified by age, gender, weight loss and
tumour length. As also pointed out by the authors of the Cochrane review, it is
unclear whether an intention-to-treat (ITT) analysis had been performed, as
information on withdrawals was missing or unclear.
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Table 1 Summary of the three analysed studies

Study (year)

Boonstra et all'®!

MRC Allum et al'

Ychou et al"”!

Number of included patients
(intervention vs control)

Inclusion criteria

Intervention group

Control group

Outcome (intervention vs control)

85 vs 84

100% squamous-cell cancer of
thoracic oesophagus (upper, middle
and lower third), T1-3, any N, M0
(M1a eligible if distal oesophageal
cancer and suspected celiac nodes) <
80 yr of age, Karnofsky > 70

Preop. CTx": Cisplatin, Etoposid iv.
po. + surgery

Surgery

Median overall survival 16 mo vs 12
mo, P =0.03, by the log-rank test,

400 vs 402

Squamous-cell cancer,
adenocarcinoma, undifferentiated,
upper, middle and lower thirds of
oesophagus, as well as the gastric
cardia

Preop.CTx: Cisplatin, 5-FU +
preop.radiotherapy + surgery

Preop. radiotherapy + surgery

Overall survival is significantly
greater in CS group (HR: 0.84, 95%ClI:

113 vs 111

Resectable adenocarcinoma of the
lower third of the oesophagus or
gastro-oesophageal junction or
stomach 18-75 years of age, WHO
performance status 0 or 1, adequate
renal (Cr <120 mol/L) and
hematologic functions

Preop.CTx: 5-FU, Cisplatin + surgery

Surgery
Overall survival significantly higher
in CS group (HR for death 0.69,

HR": 0.71; (95%CI": 0.51-0.98) 0.72-0.98, P = 0.03) 95%ClI: 0.50-0.95, P = 0.02) 5-year
survival: 38% (95%CI: 29%-47%) in
the CS group vs 24% (95%CI: 26%-

44%) in the S group

Weight assigned in the Cochrane 241 24.5

review (%)

2CTx: chemotherapy,
YHR: hazard ratio,
CI: Confidence interval. HR: Hazard ratio; CS: Chemotherapy + surgery; WHO: World Health Organization.

As the validity of the report is not sufficient, the described effect cannot be
considered as clinically relevant.

MRC Allum et al"? described the long-term results of a previously published study
by the same group in 2002. If information was not found in the last studies, we
checked if the needed information was available in the first publication™. Taking this
into consideration, 11 of the 33 validity criteria were not met (33.3%) by MRC Allum et
al'). Four items were not applicable. As in the previous study, the use of untreated
controls limits the interpretation of the study. Blinding was also not possible because
the control group did not receive any preoperative treatment. Due to the use of the
minimisation method, allocation concealment is not maintained. A power calculation
is missing.

In the previous publication by the same group in 2002, the sponsor appointed the
writing committee, which interpreted data, wrote the report and submitted it for
publication. The risk profiles of the two groups are slightly different with a certain
probability of unbalanced risk distribution in favour of the intervention group
regarding age and degree of dysphagia.

As the validity of the report is not sufficient, the described effect cannot be
considered as clinically relevant.

Meta-analyses

Figure 2 shows the result of the meta-analysis when the three analysed studies were
excluded. A total of seven studies were included. One study (Law et al'"”!) showed a
positive and statistically significant result in favour of the use of preoperative CTx
before resection of thoracic esophageal cancer. Six of the included studies were not
statistically significant by themselves. The new meta-analysis estimate had a HR of
0.94 with a 95%CI (0.81; 1.09) under assumption of a fixed-effect model and a HR of
0.92 with a 95%ClI (0.75; 1.13) under assumption of a mixed-effect model. Regardless
of the assumed model, the new estimate does not confirm the advantage of
preoperative CTx for resectable thoracic esophageal cancer. The estimate of the
original meta-analysis was 0.88 with a 95%CI (0.80; 0.96). The exclusion of the three
studies completely changed the result of the meta-analysis. In Boonstra et all'), only
24.2% of the items on the CONSORT checklist were inappropriately answered, so we
assumed that the validity of this study was enough to be included in the meta-
analysis. We performed a new meta-analysis excluding only Ychou et all'”! and MRC
Allum et al"” (Figure 3). We found a HR of 0.90 with a 95%CI (0.81; 1.00) under
assumption of a fixed-effect model and a HR of 0.90 with a 95%CI (0.78; 1.05) under
assumption of a mixed-effect model. Again, regardless of the assumed model, the new
estimate does not confirm the advantage of preoperative CTx for resectable thoracic
esophageal cancer.
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Table 2 Assessment of validity of the three analysed studies according to the CONSORT checklist (REF)

Section/Topic Item number Boonstra et all'®! MRC Allum et all'"l Ychou et all"”!
Title and Abstract la Yes Yes No

1b Yes Yes Yes
Introduction
Background and objectives 2a Yes Yes Yes

2b Yes Yes Yes
Methods
Trial design 3a Yes Yes Yes

3b Not applicable Not applicable Yes
Participants 4a Yes Yes Yes

4b Yes No No
Interventions 5 Yes No Yes
Outcomes 6a Yes Yes Yes

6b Not applicable Not applicable Not applicable
Sample size 7a Yes No Yes

7b Not applicable Not applicable Yes
Randomisation
-Sequence generation 8a No Yes Yes

8b No No No
-Allocation concealment mechanism 9 No No No
- Implementation 10 No No No
Blinding 11a No Yes No

11b Yes No No
Statistical methods 12a Yes Yes Yes

12b Yes Yes Not applicable
Results
Participant flow 13a Yes Yes Yes

13b Yes Yes Yes
Recruitment 14a Yes Yes Yes

14b Not applicable Not applicable Nes
Baseline data 15 Yes Yes Yes
Numbers analysed 16 Yes Yes Yes
Outcomes and estimation 17a Yes Yes Yes

17b Yes Yes Yes
Ancillary analysis 18 Yes Yes Not applicable
Harms 19 Yes No Yes
Discussion
Limitations 20 Yes Yes Yes
Generalisability 21 No No No
Interpretation 22 Yes Yes Yes

Other information

Registration 23 No No No
Protocol 24 No No No
Funding 25 Yes Yes No

Finally, we performed a second meta-analysis (Figure 4) also excluding Law et all""},
which found a positive and statistically significant result as well. After the exclusion
of all four studies with positive and statistically significant results, the new meta-
analysis consisted of only six statistically non-significant studies. The new meta-
analysis estimate was HR 1.04 with a 95%CI (0.88; 1.22), confirming the lack of a
survival advantage for patients undergoing preoperative CTx before resection of the
thoracic esophageal cancer.
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Hazard ratio HR 95%CI W(fixed) W(random)
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Figure 2 Meta-analysis of seven studies after excluding the three analysed studies. HR: Hazard ratio; N(T): Number of patients in the experimental group; N(C):
Number of patients in the control group; W(fixed): Weight assigned to the study by using a fixed-effect model; W(random): Weight assigned to the study by using a

random-effect model.

DISCUSSION

In the present manuscript, we assessed the validity of three studies included in the
meta-analysis by Kidane et al"*], which supports the results of improved survival in
patients treated with preoperative CTx for resectable thoracic esophageal cancer. It is
important to identify possible bias in the three studies which support the result of the
meta-analysis because bias jeopardizes validity. We demonstrated that these three
studies are not valid enough to be included in a Cochrane review. When excluded
from the meta-analysis, the overall result of the meta-analysis is no longer significant.

We will first illustrate the problems we discovered in the three mathematically
most influential studies supporting the conclusions and, in a second step, discuss our
findings after performing the new meta-analyses.

Common problems in all studies

The lack of a placebo-controlled and blinded study affects the validity of the three
studies and, consequently, the validity of the review. As discussed in our previous
work™], without a placebo control, it is impossible to differentiate between specific
pharmacological and placebo effects. A placebo effect is defined as the “...response of
a subject to a substance or any procedure known to be without specific therapeutic
effect for the condition being treated™.” Several studies demonstrated that perceptual
characteristics of drugs””, the route of administration’'!, laboratory tests!*,
diagnosis™! and the doctor-patient relationship play an important role in the outcome
of an illness™-]. Information regarding treatment or no treatment alone is sufficient to
elicit a placebo effect!™. Moreover, patients” and doctors” preferences could also have
influenced the results in an open study!™\. Patients assigned to the control group feel
disadvantaged because they expect to be treated. Furthermore, when there is no
concealment of treatment allocation, the randomisation procedure is compromised
because of conscious or subconscious bias!*’l. It is important to perform an ITT
analysis to maintain the balance distribution of risk factors between groups achieved
by a randomisation procedure. A correct ITT analysis was only conducted in the
studies by MRC Allum et al""? and Ychou et all. These aspects collectively affect the
validity of the reports and, therefore, the described effects cannot be considered as
clinically relevant.

Specific problems of the study by Ychou et al'

In the study by Ychou et all””!, a minimisation method is used. Minimisation!"*], a type
of dynamic allocation, is gaining popularity especially in clinical cancer trials. In this
design, the new subject’s treatment assignment is determined by evaluating the
potential covariate imbalance that would result if he or she were assigned to the
treatment or to the control group!”l. Minimisation aims at achieving balance over a
large number of prespecified prognostic factors simultaneously. We raise concerns
over this design, as it compromises adequate generation of an allocation sequence and
concealment in this study. Investigators using minimisation can actually determine
the group to which a prospective subject would be allocated and then decide whether
this is positive or negative in terms of creating an imbalance in some key predictor of
outcome not considered in the imbalance function. Despite adding randomisation, so
that the treatment that minimises the imbalance function for a given patient is not
necessarily allocated to that patient, there is a high probability of this being the casel*l.
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—_— 0.63 [0.46; 0.88] 9.5% 14.2%
: 1.20 [0.47; 3.08] 1.1% 2.3%
1.08 [0.72; 1.62] 6.2% 10.3%
' 0.69 [0.32; 1.49] 1.7% 3.4%
! 1.19 [0.63; 2.23] 2.6% 4.9%
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]
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Figure 3 Meta-analysis of eight studies after excluding the studies by Ychou and MRC Allum. HR: Hazard ratio; N(T): Number of patients in the experimental
group; N(C): Number of patients in the control group; W(fixed): Weight assigned to the study by using a fixed-effect model; W(random): Weight assigned to the study
by using a random-effect model.

The European Medicines Agency’s Committeel”] states that “dynamic allocation is
strongly discouraged”.

Specific problems of the study by Boonstra et al"

In this study, as in the study by Ychou et all”], the randomisation process is not
exhaustively described; they only mentioned that a central randomisation took place.
A description of the randomisation process is completely lacking. Aside from this
problem, which is extremely relevant, we find that this study was conducted well in
comparison to the other two.

Specific problems of the study by MRC Allum et al"”

This study reports long follow-up results of a previously published study by the same
authors (2002)9. As in the study by Ychou ef all"”], minimisation was used, raising the
same concerns as previously described. A power calculation is completely missing.
Finally, a sponsor-related conflict of interest was identified by our analysis.

As recently shown by Shnier et al™*}, financial conflicts of interest and relationships
between guideline authors and drug companies are common and represent a source
of bias in studies. As authoritative value is assigned to guidelines, it is important to
develop formal policies to limit the potential influence of any conflict of interest on
guideline recommendations. This is the only way to improve the quality of medical
publications. Only valid studies are reliable studies. For an expert pool aiming to
publish guidelines, it is necessary to scrutinise the validity of single studies and of
meta-analyses as well, as low-quality studies can lead to a distortion of the summary-
effect estimate!*’l,

In the second part of our analysis we performed the meta-analysis first without the
three analysed studies and showed that the result of the meta-analysis is no longer
significant. This result coincides with previous big studies and the original meta-
analysis by Malthaner et al”l. Moreover, as we find that the study by Boonstra et al!"!
was quite well done in comparison to the other two, we performed a new meta-
analysis excluding only the studies of Ychou ef al”! and MRC Allum et all'’l. The
estimate also showed no benefit of preoperative CTx before surgical resection. As
expected, when all studies with positive results are eliminated from the meta-analysis,
the estimate is not significant.

Implications for practice

According to the results of the Cochrane review, preoperative CTx should be used for
patients with resectable thoracic esophageal cancer. However, it is important to note
that some of the included trials contain limitations so that definitive assessments of
this topic should be delayed until future trials are properly developed. The three
analysed studies that were chosen because of their attributed weights are not
sufficiently valid to be included in a meta-analysis, which is also true for most of the
other studies included.

Despite finding several inconsistencies and substantial deficits in the included
high-power studies, the aim of this work is not primarily to identify the best
therapeutic treatment for esophageal cancer, but to increase awareness of the quality
of studies and their impact on medical treatment when used in meta-analyses or
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Figure 4 Meta-analysis of six studies after excluding all studies which found a statistically significant survival advantage in the experimental group. HR:
hazard ratio; N(T): Number of patients in the experimental group; N(C): Number of patients in the control group; W(fixed): Weight assigned to the study by using a
fixed-effect model; W(random): Weight assigned to the study by using a random-effect model.

Cochrane reviews. Especially studies that were performed before implementation of
the CONSORT checklist show a variety of inconsistencies that would exclude
publication according to current quality standards. High-quality RCTs decrease the
risk of inherent bias and therefore receive higher attributed weight in meta-analyses.
The inclusion of several low-power studies with serious deficits can overpower well
conducted studies and change the outcome.

The analysed Cochrane review was published in 2015; only three included studies
were performed after 2009, but seven before 2001, some even dating back to before the
1990s. At that time, no standardised reporting procedure, like the CONSORT
checklist, existed. Therefore, the findings are quite heterogeneous. The three most
powerful studies were the last ones published and still show a substantial lack in
standardisation according to the CONSORT checklist, which was first published in
1996 and revised in 2001 and 2010.

As the incidence of esophageal carcinoma is relatively low, studies often include
adenocarinoma and squamous-cell carcinoma without discrimination. Even worse, in
some of the studies adjuvant treatment was not only CTx, but sometimes also RCTx
for squamous-cell carcinoma. Both inherently different carcinoma types with different
neoadjuvant treatment regimens were included in a single group. To analyse the role
of neoadjuvant CTx in this context, two groups needed to be established: RTx alone vs
RCTx as neoadjuvant therapy as performed by Herskovic et al®. In this paper,
adenocarcinoma and squamous-cell carcinoma of the esophagus were also put into
one group.

Multimodale therapy in patients with esophageal cancer is now the standard
treatment in most centres today and is recommended in several national
guidelinesP' .

In Germany, S3 guidelines for esophageal carcinoma were updated in 20186
Several newer publications, usually multicentric randomised controlled studies, were
taken into account.

The evaluated Cochrane review by Kidane is not mentioned in the current German
S3 guideline for the standardised treatment of esophageal carcinoma. However, the
analysed studies by Ychou et al!”], Boonstra et al"! and MRC Allum et all""! with
observed inconsistencies are mentioned and included. Thanks to the authors of the
German S3 guideline, the current data is critically presented and not all study results
are included in the recommendation for standardised treatment: “In squamous cell
carcinoma, no consistent increase in survival after CTx alone - despite the positive
study by Boonstra - could be observed by metaanalyses.” (page 101 German S3
guidelines AWMF-Registernummer: 021/0230L).

In conclusion, multimodal therapy of advanced esophageal carcinoma represents
the current gold standard for treatment. We observed several deficits of the analysed
studies in the Cochrane review by Kidane. Interestingly, this review was not taken
into account in the current german S3 guideline for treatment of esophageal
carcinoma, and the analyzed single studies are there critically reviewed and set in
context with similar research papers. Well performed (multicentric) randomized
controlled studies are needed to be analysed together in a meta-analyse. High-quality
single studies are required, as they determine the outcome of meta-analyses that can
influence the recommendations of national guidelines.
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