Gastrointestinal Oncology

Baishideng Publishing Group Inc



Oncology

World Journal of
(]- ¢ Gastrointestinal

Contents Monthly Volume 13 Number 3 March 15, 2021
EDITORIAL
157 Angiotensin-converting enzyme 2 connects COVID-19 with cancer and cancer immunotherapy
Wang XS
ORIGINAL ARTICLE

Retrospective Study

161 Low body mass index is an independent predictor of poor long-term prognosis among patients with
resectable gastric cancer

Ma S, Liu H, Ma FH, Li Y, Jin P, Hu HT, Kang WZ, Li WK, Xiong JP, Tian YT

174 Efficacy and safety of grasping forceps-assisted endoscopic resection for gastric neoplasms: A multi-centre
retrospective study

Ichijima R, Suzuki S, Esaki M, Horii T, Kusano C, Ikehara H, Gotoda T

185 Should we resect colorectal cancer in patients over the age of 85?

Flynn DE, Mao D, Yerkovich S, Franz R, Iswariah H, Hughes A, Shaw I, Tam D, Chandrasegaram M

Buissidenge WIGO | hitps://www.wjgnet.com I March 15,2021 | Volume13 | Issue3 |



World Journal of Gastrointestinal Oncology

Contents
Monthly Volume 13 Number 3 March 15, 2021

ABOUT COVER

Naciye Cigdem Arslan, MD, Associate Professor, Surgeon, Surgical Oncologist, General Surgery, Istanbul Medipol
University, Esenler 34320, Turkey. cigdemarslan@hotmail.it

AIMS AND SCOPE

The primary aim of World Journal of Gastrointestinal Oncology (WJGO, World | Gastrointest Oncol) is to provide
scholars and readers from various fields of gastrointestinal oncology with a platform to publish high-quality basic
and clinical research articles and communicate their research findings online.

WJGO mainly publishes articles reporting research results and findings obtained in the field of gastrointestinal
oncology and covering a wide range of topics including liver cell adenoma, gastric neoplasms, appendiceal
neoplasms, biliary tract neoplasms, hepatocellular carcinoma, pancreatic carcinoma, cecal neoplasms, colonic
neoplasms, colorectal neoplasms, duodenal neoplasms, esophageal neoplasms, gallbladder neoplasms, efc.

INDEXING/ABSTRACTING

The WJGO is now indexed in Science Citation Index Expanded (also known as SciSearch®), PubMed, PubMed
Central, and Scopus. The 2020 edition of Journal Citation Reports® cites the 2019 impact factor (IF) for WJGO as
2.898; IF without journal self cites: 2.880; 5-year IF: 3.316; Ranking: 143 among 244 journals in oncology; Quartile
category: Q3; Ranking: 55 among 88 journals in gastroenterology and hepatology; and Quartile category: Q3. The
WJGO'’s CiteScore for 2019 is 2.0 and Scopus CiteScore rank 2019: Gastroenterology is 86/137.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Jia-Hui 1i; Production Department Director: Xiang I.i; Editorial Office Director: Ya-uan Ma.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastrointestinal Oncology https:/ /www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1948-5204 (online) https:/ /www.wijgnet.com/bpg/Getlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
February 15, 2009 https:/ /www.wignet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Monthly https:/ /www.wignet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Rosa M Jimenez Rodriguez, Pashtoon Kasi, Monjur Ahmed, Florin Burada https:/ /www.wjgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wjgnet.com/1948-5204/ editotialboard. htm https:/ /www.wijgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
March 15, 2021 https:/ /www.wjgnet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com https://www.wjgnet.com

Buishidenge WJGO | https://www.wjgnet.com I March 15,2021 | Volume13 | Issue3 |


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-5204/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

i

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4251/wjgo.v13.i3.161

World Journal of
Gastrointestinal
Oncology

World | Gastrointest Oncol 2021 March 15; 13(3): 161-173

ISSN 1948-5204 (online)

Retrospective Study

ORIGINAL ARTICLE

Low body mass index is an independent predictor of poor long-term
prognosis among patients with resectable gastric cancer

Shuai Ma, Hao Liu, Fu-Hai Ma, Yang Li, Peng Jin, Hai-Tao Hu, Wen-Zhe Kang, Wei-Kun Li, Jian-Ping Xiong,

Yan-Tao Tian

ORCID number: Shuai Ma 0000-
0003-1738-6651; Hao Liu 0000-0001-
5809-6824; Fu-Hai Ma 0000-0003-
2437-6881; Yang Li 0000-0002-4549-
7087; Peng Jin 0000-0001-8179-6191;
Hai-Tao Hu 0000-0003-0585-6070;
Wen-Zhe Kang 0000-0001-9965-
8109; Wei-Kun Li 0000-0002-3883-
1497; Jian-Ping Xiong 0000-0001-
6593-6377; Yan-Tao Tian 0000-0001-
6479-7547.

Author contributions: Tian YT
performed study conception and
design; Ma S, Liu H, Ma FH, Li Y,
Jin P, Hu HT, Kang WZ, Li WK
and Xiong JP performed
acquisition of data; Ma S and Tian
YT performed analysis and
interpretation of data; Ma S
performed drafting of the
manuscript; Ma S, Liu H, Ma FH
and Tian YT performed critical
revision; Tian YT provided final
approval.

Supported by Capital’s Funds for
Health Improvement and
Research, No. CFH: 2018-2-4022.

Institutional review board
statement: This study was
approved by the Institutional
Review Board of the National
Cancer Center Hospital.

Informed consent statement:
Patients were not required to give

Jaishideng®

WJGO | https://www.wjgnet.com 161

Shuai Ma, Hao Liu, Fu-Hai Ma, Yang Li, Peng Jin, Hai-Tao Hu, Wen-Zhe Kang, Wei-Kun Li, Jian-
Ping Xiong, Yan-Tao Tian, Department of Pancreatic and Gastric Surgery, National Cancer
Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical College, Beijing 100021, China

Corresponding author: Yan-Tao Tian, MD, PhD, Professor, Department of Pancreatic and
Gastric Surgery, National Cancer Center/National Clinical Research Center for Cancer/Cancer
Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College, No. 17
Panjiayuan Nanli, Chaoyang District, Beijing 100021, China. tianyantao(@cicams.ac.cn

Abstract

BACKGROUND
The association between body mass index (BMI) and clinical outcomes remains
unclear among patients with resectable gastric cancer.

AIM

To investigate the relationship between BMI and long-term survival of gastric
cancer patients.

METHODS

This retrospective study included 2526 patients who underwent radical
gastrectomy for gastric cancer between September 2013 and June 2018. The
patients were divided into four groups: Group A (low BMI, < 18.5 kg/m?), group
B (normal BMI, 18.5-24.9 kg/m?), group C (overweight, 25-29.9 kg/m?), and group
D (obese, = 30 kg/m?). Clinicopathological findings and survival outcomes were
recorded and analyzed.

RESULTS

Preoperative weight loss was more common in the low-BMI group, while diabetes
was more common in the obese group. Upper-third gastric cancer accounted for a
large proportion of cases in the higher BMI groups. Major perioperative
complications tended to increase with BMI. The 5-year overall survival rates were
66.4% for group A, 75.0% for group B, 77.1% for group C, and 78.6% for group D.
The 5-year overall survival rate was significantly lower in group A than in group
C (P =0.008) or group D (P = 0.031). Relative to a normal BMI value, a BMI of <
18.5 kg/m? was associated with poor survival (hazard ratio: 1.558, 95% confidence
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interval: 1.125-2.158, P = 0.008).

CONCLUSION
Low BMI, but not high BMI, independently predicted poor survival in patients
with resectable gastric cancer.

Key Words: Gastric cancer; Malnutrition; Obesity; Body mass index; Survival benefit

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The association between body mass index (BMI) and clinical outcomes
remains unclear among patients with resectable gastric cancer. The findings of this
study suggest that low BMI may result in unfavorable long-term outcomes among
patients with resectable gastric cancer. The factor associated with poor overall survival
based on multivariate analysis was low BMI, rather than high BMI.

Citation: Ma S, Liu H, Ma FH, Li Y, Jin P, Hu HT, Kang WZ, Li WK, Xiong JP, Tian YT. Low
body mass index is an independent predictor of poor long-term prognosis among patients with
resectable gastric cancer. World J Gastrointest Oncol 2021; 13(3): 161-173

URL: https://www.wjgnet.com/1948-5204/full/v13/i3/161.htm

DOI: https://dx.doi.org/10.4251/wjgo.v13.i3.161

INTRODUCTION

Gastric cancer is the fifth most common cancer and the third leading cause of cancer-
related death!'l. Gastric cancer patients often experience malnutrition, which may lead
to obvious weight loss before surgery!, particularly at advanced stages of the
diseasel’l. However, obesity is becoming increasingly common in both Western and
Eastern countries*”. Some studies have examined the association between body mass
index (BMI) and the prognosis of gastric cancer'™'”, although the long-term outcomes
remain unclear for patients with different BMIs.

Low preoperative BMI is associated with poor long-term outcomes among patients
with gastric cancer®”], which may highlight the clinical importance of preoperative
weight loss. However, some studies have claimed that BMI is not a risk factor for poor
survival®’], while others have suggested that overweight/obese gastric cancer patients
have a higher risk of postoperative complications and experience poorer outcom-
esl'"!l. Moreover, different studies have indicated that a high BMI is not associated
with an increased risk of perioperative complications!>"”], and that patients with
gastric cancer and a high BMI have comparable or better long-term outcomes, relative
to individuals with a normal BMI'"*\. Considering the discrepancies in these findings,
this retrospective study aimed to clarify the relationship between preoperative BMI
and long-term prognosis among patients with resectable gastric cancer.

MATERIALS AND METHODS
Patients and eligibility

The study included 3370 patients who were diagnosed with primary gastric cancer
and underwent radical gastrectomy at the Department of Pancreatic and Gastric
Surgery, National Cancer Center/Cancer Hospital, Chinese Academy of Medical
Sciences, and Peking Union Medical College between September 2013 and June 2018.
The retrospective study protocol was approved by the institutional review board of
the National Cancer Center/Cancer Hospital, Chinese Academy of Medical Sciences,
and Peking Union Medical College.

The inclusion criteria were as follows: (1) Primary gastric adenocarcinoma; (2) A
single focal tumor; (3) An available comprehensive pathological report; (4) Age 18-75
years; (5) An Eastern Cooperative Oncology Group score of 0-2; and (6) No chronic
diseases involving major organs (heart, liver, or kidney). The exclusion criteria were as
follows: (1) History of surgery (565 patients excluded); (2) Benign or malignant tumor
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history (49 patients were excluded); (3) M1 status confirmed during surgery (122
patients excluded); and (4) Incomplete clinicopathological information (108 patients
excluded). Thus, the present study analyzed data from 2526 eligible patients.

Radical gastrectomy was performed for all eligible patients according to the
Japanese gastric cancer treatment guidelines!”. Surgical procedures included
proximal, total, and distal gastrectomy. After surgery, specimens were reviewed by
pathologists at the Department of Pancreatic and Gastric Surgery, National Cancer
Center/Cancer Hospital, Chinese Academy of Medical Sciences, and Peking Union
Medical College. The pathological Tumor-node-metastasis (pTNM) stage was assessed
according to the 8th edition American Joint Committee on Cancer (AJCC) TNM cancer
staging guidelines!’l. Perioperative management was performed according to routine
practice and did not differ between the groups. The patients” medical records were
reviewed to collect data regarding clinicopathological characteristics: Sex, age,
preoperative weight loss (%), preoperative BMI, diabetes, tumor location, Borrmann
classification, histological type, perineural invasion, lymphovascular invasion (LVI),
pTNM stage, examined lymph nodes (eLNs), metastatic lymph nodes, major
complications (Clavien-Dindo classification of > III), and survival.

Group division

BMI was classified as very obese (= 35 kg/m?), obese (30.0-34.9 kg/m?), overweight
(25.0-29.9 kg/m?), and normal weight (18.5-24.9 kg/m?) according to the World Health
Organization (WHO) guidelines. However, the present study only included a small
number of very obese patients; therefore, the very obese and obese groups were
combined. Thus, in the present study, we assigned the patients into four groups:
Group A (low BMI, < 18.5 kg/m?), group B (normal BMI, 18.5-24.9 kg/m?), group C
(overweight, 25-29.9 kg/m?), and group D (obese, 2 30 kg/m?).

Statistical analyses

Data were compared between the four groups to identify differences in postoperative
outcomes (major complications) and long-term survival. Categorical variables were
compared using the y? test and non-normally distributed continuous variables were
compared using Kruskal-Wallis one-way analysis of variance. Survival outcomes were
compared using the Kaplan-Meier life table method and the log-rank test. Cox
proportional hazards models were used to assess the associations between the
predictor variables and outcomes. Results were considered statistically significant at P
values of < 0.05. All statistical analyses were performed using IBM SPSS Statistics
software (version 23 for Mac, IBM Corp.), R software (version 4.0.2 for Mac, IBM
Corp.), and Prism 7 software for Mac (IBM Corp.).

RESULTS

Patients and clinicopathological characteristics

The study included 2526 patients who were treated between September 2013 and June
2018 (Table 1). All patients underwent radical gastrectomy. Significant differences in
sex were observed among the four groups. The low BMI group had a greater
proportion of preoperative weight loss and a lower proportion of diabetes. The
proportion of upper-third gastric cancer tended to increase with increasing BMI.
Significant differences in the number of eLNs were also observed among the four
groups (Table 1 and Figure 1). In a paired comparison (Figure 1), more lymph nodes
were harvested for group B than for group C (median: 30 vs 28, P = 0.021). Increasing
BMI tended to be associated with an increased incidence of major complications
(Table 1). There were no significant differences in the other clinicopathological
characteristics among the four groups.

Long-term survival

The median follow-up period was 50.2 mo, the median survival time was not reached,
and 1906 patients (75.5%) were alive at the last follow-up. Figure 2 shows the Kaplan-
Meier overall survival (OS) curves according to BMI classification. The 5-year OS rates
were 66.4% for group A, 75.0% for group B, 77.1% for group C, and 78.6% for group D
(P =0.039, Figure 2A). Group A had poorer 5-year OS than group C (P = 0.008) and
group D (P = 0.031). When the cases were stratified according to the pTNM stage, a
significant difference was observed only for pTNM stage III disease (P = 0.041,
Figure 2D). The results of the paired comparisons are shown in Table 2. Among
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Table 1 Patient characteristics and clinicopathological findings

Group A Group B Group C Group D P value
(< 18.5 kg/m?) (18.5-24.9 kg/im?) (25-29.9 kg/m?) (=30 kg/m?)

Male sex, 11 (%) 73 (61.3) 1124 (77.1) 713 (85.1) 84 (75.0) <0.001
Age < 65 yr, 1 (%) 79 (66.4) 1067 (73.2) 615 (73.4) 79 (70.5) 0.384
Preoperative weight loss, 1 (%) <0.001

0% or increased 75 (63.0) 1010 (63.9) 623 (74.3) 89 (79.5)

0-5% 7 (5.9) 127 (8.7) 88 (10.5) 10 (8.9)

>5% 37 (31.1) 320 (22.0) 127 (15.2) 13 (11.6)
BMI, median (range) 17.1 (14.0-18.4) 225 (18.5-24.9) 26.7 (25.0-29.9) 31.2 (30.0-48.8) <0.001
Diabetes, 1 (%) 3(25) 100 (6.9) 107 (12.8) 22 (19.6) <0.001
Tumor location 0.044

Upper 41 (34.5) 481 (33.0) 337 (40.2) 46 (41.1)

Middle 24 (20.2) 294 (20.2) 164 (19.6) 24 (21.4)

Lower 49 (412) 604 (41.5) 308 (36.8) 38 (33.9)

Entire 5(4.2) 78 (5.4) 29 (3.5) 4(3.6)
Tumor diameter <5 cm, 7 (%) 857 (71.4) 1019 (69.9) 603 (72.0) 83 (74.1) 0.642
Borrmann type, 1 (%) 0.116

EGC 26 (21.8) 298 (20.5) 181 (21.6) 30 (26.8)

1 8(6.7) 112 (7.7) 55 (6.6) 13 (11.6)

I 30 (25.2) 376 (25.8) 247 (29.5) 29 (25.9)

I 53 (44.5) 582 (39.9) 317 (37.8) 34 (30.4)

v 2(17) 89 (6.1) 38 (4.5) 6 (5.4)
Histological type, 1 (%) 0.931

Differentiated 31 (26.1) 351 (24.1) 201 (24.0) 25 (22.3)

Undifferentiated 88 (73.9) 1106 (75.9) 637 (76.0) 87 (77.7)
PNI, 7 (%) 48 (40.3) 701 (48.1) 419 (50.0) 49 (43.8) 0.177
LVI, 1 (%) 41 (34.5) 583 (40.0) 322 (384) 55 (49.1) 0.105
pT status, 1 (%) 0.606

1a 13 (10.9) 164 (11.3) 78 (9.3) 12 (10.7)

1b 16 (13.4) 216 (14.8) 131 (15.6) 21 (18.8)

2 18 (15.1) 202 (13.9) 119 (14.2) 18 (16.1)

3 38 (31.9) 434 (29.8) 280 (33.4) 34 (30.4)

4a 29 (24.4) 401 (27.5) 198 (23.6) 23 (20.5)

4b 5 (4.2) 40 (2.7) 32 (3.8) 4(3.6)
PN status, 1 (%) 0.143

0 50 (42.0) 593 (40.7) 344 (41.1) 45 (40.2)

1 22 (18.5) 276 (18.9) 163 (19.5) 18 (16.1)

2 18 (15.1) 238 (16.3) 137 (16.3) 27 (24.1)

3a 21 (17.6) 169 (11.6) 116 (13.8) 13 (11.6)

3b 8(6.7) 181 (12.4) 78 (9.3) 9 (8.0)
PTNM stage, n (%) 0.261

1A 24 (20.2) 307 (21.1) 173 (20.6) 29 (25.9)
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1B 10 (8.4) 156 (10.7) 88 (10.5) 9 (8.0)

ITA 17 (14.3) 185 (12.7) 99 (11.8) 15 (13.4)

11B 19 (16.0) 202 (13.9) 127 (15.2) 14 (12.5)

1A 20 (16.8) 253 (17.4) 154 (18.4) 21 (18.8)

1B 22 (18.5) 173 (11.9) 124 (14.8) 15 (13.4)

i@ 7 (5.9) 181 (12.4) 73 (8.7) 9 (8.0)
eLNs, median (range) 30 (7-65) 30 (3-119) 28 (5-89) 27 (4-71) 0.008
mLN, median (range) 1(0-24) 1 (0-67) 1 (0-48) 2 (0-29) 0.824
Major complications, 1 (%) 11 (9.2) 200 (13.7) 117 (14.0) 28 (25.0) 0.004

Statistically significant results are shown in bold font. BMI: Body mass index; EGC: Epigallocatechin; PNI: Perineural invasion; LVI: Lymphovascular
invasion; eLNs: Examined lymph nodes; mLN: Metastatic lymph nodes; pTNM: Pathological tumor-node-metastasis.

Table 2 Paired log-rank test in all pathological tumor-node-metastasis stages/pathological tumor-node-metastasis stage l/pathological

tumor-node-metastasis stage ll/pathological tumor-node-metastasis stage IlI

B C D
A 0.054/0.497/0.030,0.074 0.008/0.485/0.023,/0.006 0.031/0.952/0.136,/0.070
B 0.143/0.870/0.593/0.081 0.246/0.426/0.750,/0.428
C 0.605/0.414/0.886,/0.964

Statistically significant results are shown in bold font.

150
a
1] PR
3
_g 100
g R
E 50
* | | [ E— Y —
O T J\; T T

Group A Group B Group C Group D

Figure 1 Examined lymph nodes in each group. ?P < 0.05.

patients with pTNM stage III disease, group A had poorer 5-year OS than group C
(44.9% vs 59.5%, P = 0.006). Among patients with pTNM stage II disease, group A had
poorer 5-year OS than group B (66.7% vs 84.8%, P = 0.03) and group C (66.7% vs 83.2%,
P =0.023).

The multivariate analyses (Table 3) revealed that a poor OS was independently
associated with a BMI of < 18.5 kg/m?[vs BMI of 18.5-24.9 kg/m? hazard ratio (HR):
1.558, 95% confidence interval: 1.125-2.158, P = 0.008], upper-third gastric cancer or
entire stomach involvement, tumor diameter > 5 cm, Borrmann type IV disease, LVI,
pT3-4 status, pN+ status, and having < 30 eLNs. A high BMI (= 30 kg/m?) did not
independently predict a poor long-term OS (vs BMI of 18.5-24.9 kg/m? HR: 0.824, 95%
confidence interval: 0.551-1.230, P = 0.343).
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Table 3 Cox proportional hazard regression model for overall survival

Univariate Multivariate’
HR (95%Cl) P value HR (95%Cl) P value

Sex

Male Ref Ref

Female 0.897 (0.742-1.085) 0.263 0.970 (0.798-1.180) 0.763
Age

<65yr Ref Ref

265 yr 1.362 (1.162-1.598) <0.001 1.161 (0.985-1.367) 0.075
Preoperative weight loss

0% or increased Ref Ref

0%-5% 1.210 (0.934-1.568) 0.148 0.964 (0.740-1.256) 0.786

>5% 1.612 (1.355-1.918) <0.001 1.122 (0.937-1.342) 0.210
BMI

18.5-24.9 kg/m? Ref Ref

25-29.9 kg/m? 0.883 (0.747-1.043) 0.143 0.885 (0.746-1.049) 0.160

230 kg/m? 0.792 (0.533-1.177) 0.249 0.824 (0.551-1.230) 0.343

<185 kg/m? 1.368 (0.996-1.880) 0.053 1.558 (1.125-2.158) 0.008
Tumor location

Lower Ref Ref

Middle 1.049 (0.828-1.328) 0.692 1.098 (0.863-1.395) 0.447

Upper 1.886 (1.579-2.253) <0.001 1.409 (1.155-1.717) 0.001

Entire 3.512 (2.639-4.674) <0.001 1.748 (1.292-2.366) <0.001
Tumor diameter

<5cm Ref Ref

>5cm 2.488 (2.141-2.892) <0.001 1.256 (1.068-1.477) 0.006
Borrmann type

EGC Ref Ref

I 4.861 (3.082-7.666) <0.001 1.206 (0.659-2.208) 0.544

I 4.374 (2.971-6.440) <0.001 1.205 (0.685-2.120) 0.518

1II 8.817 (6.114-12.717) <0.001 1.587 (0.905-2.784) 0.107

v 14.778 (9.703-22.510) <0.001 1.967 (1.070-3.613) 0.029
Histological type

Differentiated Ref Ref

Undifferentiated 1.495 (1.237-1.806) <0.001 0.891 (0.724-10.96) 0.275
PNI

No Ref Ref

Yes 2.785 (2.390-3.246) <0.001 1.064 (0.886-1.278) 0.507
LVI

No Ref Ref

Yes 2.764 (2.355-3.243) <0.001 1.231 (1.039-1.457) 0.016
pT status
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la Ref Ref

1b 1.596 (0.778-3.274) 0.202 1.343 (0.652-2.765) 0.424

2 3.338 (1.727-6.454) <0.001 1.607 (0.749-3.451) 0.223

3 9.302 (5.086-17.012) <0.001 2.519 (1.201-5.284) 0.014

4a 17.766 (9.732-32.433) <0.001 3.898 (1.844-8.239) <0.001

4b 18.263 (9.415-35.427) <0.001 3.950 (1.778-8.775) <0.001
PN status

0 Ref Ref

1 3.055 (2.316-4.030) <0.001 1.787 (1.314-2.394) <0.001

2 4.849 (3.717-6.326) <0.001 2.544 (1.898-3.411) <0.001

3a 9.325 (7.207-12.066) <0.001 4.095 (3.042-5.512) <0.001

3b 11.071 (8.540-14.352) <0.001 4.345 (3.182-5.932) <0.001
eLNs

=30 Ref Ref

16-29 1.055 (0.901-1.236) 0.505 1.282 (1.083-1.518) 0.004

<16 0.944 (0.724-1.232) 0.672 1.515 (1.139-2.015) 0.004

! Adjusted for all variables shown in the table.
Statistically significant results are shown in bold font. HR: Hazard ratio; Ref: Reference (hazard ratio = 1.0); BMI: Body mass index; PNI: Perineural
invasion; LVI: Lymphovascular invasion; eLNs: Examined lymph nodes; EGC: Epigallocatechin.

DISCUSSION

Obesity is associated with cancer mortality, and the malnutrition status of cancer
patients may also be related to their long-term prognosis. However, the relationships
between specific BMI groupings and cancer survival are less clear. The results of the
present study suggest that low BMI independently predicted poor long-term survival,
while high BMI was associated with major perioperative complications but not long-
term survival.

Our group with high BMI had an increased proportion of diabetes, upper-third
gastric cancer, and perioperative major complications. Similarly, a meta-analysis
suggested that high BMI was associated with an increased incidence of cardiac
carcinoma. In this context, obese patients are more likely to have esophagogastric
junction disruption or an augmented gastroesophageal pressure gradient, which could
induce refluxl. In addition, gastroesophageal reflux disease is strongly associated
with cardiac or esophageal adenocarcinomal®). However, this distribution pattern was
not observed in other studies!*'”.

Several studies have indicated that high BMI is associated with increased risks of
major complications and perioperative mortality”* ], which is consistent with our
findings. Obese patients typically have poor surgical field visibility, as well as an
increased possibility of oozing, which can complicate the dissection of lymph nodes
and formation of an anastomosis. However, high BMI was not associated with an
increased risk of perioperative complications in some medical centers**I, which
could be related to high volumes and experienced surgeons reducing the risks
associated with radical gastrectomy in obese patients!'”l. In our study, fewer eLNs were
retrieved in the higher BMI groups (groups C and D), although the only significant
difference was observed between groups B and C, and these two groups had similar 5-
year OS outcomes. Dhar et al'”l reported that a higher BMI was associated with a
higher risk of local recurrence and shorter recurrence-free survival, which they
attributed to the difficulty in achieving adequate lymphadenectomy in obese patients
with gastric cancer. In addition, it can be challenging to determine the actual number
of lymph node dissections in obese patients, considering the difficulty involved in
isolating lymph nodes within the abundant intra-abdominal fat. Nevertheless, as
indicated above, it is possible that experienced surgeons in high-volume centers might
be able to perform appropriate radical lymphadenectomy and achieve favorable
oncological outcomes even for obese patients. In our study, the median number of
eLNs was similar for groups B and C, and the difference might be attributable to the
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Figure 2 Kaplan-Meier curves for overall survival according to body mass index. A: Kaplan-Meier curves for overall survival are shown for all
pathological tumor-node-metastasis (P TNM) stages (log-rank P = 0.039); B: Kaplan-Meier curves for overall survival are shown for pTNM stage | disease (log-rank P
=0.767); C: Kaplan-Meier curves for overall survival are shown for pTNM stage Il disease (log-rank P = 0.117); D: Kaplan-Meier curves for overall survival are shown
for pTNM stage IIl disease (log-rank P = 0.041).
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difference in the range, rather than a difference in the median value. Nevertheless, we
observed that an inadequate number of eLNs (< 30) was an independent predictor of
poor long-term outcomes, which is consistent with the increasing number of
studies” ! that suggest that a higher number of retrieved LNs is associated with
improved long-term outcomes. The 8" edition of the AJCC TNM cancer staging
guidelines!'”! recommend that a minimum of 16 LNs, but preferably > 30 LNs, be
assessed during gastric cancer surgery. In addition, Deng et al***! demonstrated that
an insufficient number of eLNs may be a risk factor for postoperative recurrence in
patients with LN-negative gastric cancer. We emphasize the importance of standard
radical gastrectomy procedures and a sufficient number of eLNs for obese patients to
achieve favorable short-term and oncological outcomes. Less experienced surgeons
should perform D2 lymphadenectomy for obese patients with gastric cancer until they
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have sufficient experience.

In our study, low BMI (< 18.5 kg/m?) was an independent predictor of poor 5-year
OS, although comparable 5-year OS rates were observed between the low and normal
BMI groups. Patients with advanced gastric cancer are more likely to experience
preoperative weight loss and malnutrition, which is associated with decreased
survival. Moreover, gastrectomy leads to postoperative weight loss!"”, and it is
possible that overweight/obese patients would reach a more appropriate body weight
after surgery, which could improve their long-term prognosis. Our multivariate
analysis revealed that high BMI was not associated with poor survival, and a similar
result was observed in a retrospective study of 427 Japanese patients with gastric
cancer by Wada ef al"l. In the present study, stratified analyses revealed a difference in
the 5-year OS rates when we compared the low-BMI and overweight groups of
patients with pTNM stage II-III disease. Nevertheless, the 5-year OS rates were
comparable between the four BMI-based groups of patients with pTNM stage I gastric
cancer. The discrepancies between the results of the overall and stratified analyses
may be related to the limited numbers of patients in groups A and D, which might
have biased the stratified analysis.

Previous studies have supported different conclusions regarding the association
between BMI and long-term prognosis!“*l. Our results suggest that patients with obese
and normal BMI have comparable 5-year OS rates, while conflicting results have been
reported!"”l. We speculate that these differences might be related to the specific group
divisions, as only two BMI-based groups (cut-off: 25 kg/m? were used in the studies
by Lianos et all'l and Shimada et all"”], who concluded that high BMI independently
predicted a poor prognosis. Three BMI-based groups (< 18.5 kg/m?, 18.5-24.9 kg/m?,
and = 25 kg/m?) were used in a Chinese and a Japanese study!”, which revealed that
low BMI, rather than high BMI, was associated with poor survival, similar to our
findings. The main difference between these studies was that a BMI of < 25 kg/m?* was
analyzed either as a single group or by separating into two groups (< 18.5 kg/m? and
18.5-24.9 kg/m?). Furthermore, Shimada et all"”! reported average BMI values of 26.4 + 2
kg/m? in the obese group and 22 + 2.2 kg/m? in the normal-BMI group, which are
clearly different from the values in our study. The differences in average BMI values
might explain the conflicting conclusions. Nevertheless, there has been a recent shift
toward the general opinion that high BMI does not affect long-term outcomes among
gastric cancer patients, particularly those who are treated in high-volume medical
centers!'”.

The present study has several limitations. First, we did not analyze data regarding
adjuvant chemotherapy use, which might have influenced the patients’ outcomes.
Second, the surgical approach was not considered in this study, although surgical
procedures can influence postoperative nutritional status and long-term outcomes,
especially after total or near-total gastrectomy®-*?. Third, the stratified analysis might
have been biased based on the small numbers of patients in groups A and D.

CONCLUSION

A low BMI (< 18.5 kg/m? was an independent risk factor for poor long-term survival
after radical gastrectomy for gastric cancer. However, a high BMI was not a risk factor
for poor survival in this setting.

ARTICLE HIGHLIGHTS

Research background

Some studies showed that high body mass index (BMI) was related to unfavorable
prognosis of gastric cancer, while other literature revealed low preoperative BMI was
related to unfavorable prognosis of gastric cancer. To our knowledge, there are still
discrepancies in the relationship between BMI and prognosis of gastric cancer.

Research motivation

Considering the controversy mentioned above, our study aimed to clarify the
relationship between preoperative BMI and long-term prognosis among patients with
resectable gastric cancer.
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Research objectives

The aim of this study was to clarify the relationship between BMI and long-term
prognosis of resectable gastric cancer patients. Clinicopathological characteristics and
survival were analyzed in our study. Then, multivariate analysis was used to identify
risk factors. Our findings suggest that low BMI may result in unfavorable long-term
outcomes among patients with resectable gastric cancer. The factor associated with
poor overall survival based on multivariate analysis was low BMI, rather than high
BML

Research methods

This is a retrospective study. 2526 patients who had undergone radical gastrectomy for
gastric cancer at the Cancer Hospital of the Chinese Academy of Medical Sciences
were eligible and finally included in the study. Medical records were reviewed with
regard to sex, age, preoperative weight loss (%), preoperative BMI, diabetes, tumor
location, Borrmann classification, histological type, perineural invasion, lymphova-
scular invasion, pathological tumor-node-metastasis stage, examined lymph nodes,
metastatic lymph nodes, major complications (Clavien-Dindo classification of > III),
and follow-up data. Cumulative survival rates were obtained using the Kaplan-Meier
method and compared using the log-rank test to evaluate statistically significant
differences. Cox proportional hazards regression analysis was used to evaluate risk
factors for poor overall survival.

Research results

Preoperative weight loss was more common in the low-BMI group, while diabetes was
more common in the obese group. Upper-third gastric cancer accounted for a large
proportion of cases in the higher BMI groups. Major perioperative complications
tended to increase with BMI. The 5-year overall survival rates were lower in the low
BMI group. Relative to a normal BMI value, low BMI was associated with poor
survival.

Research conclusions

Low BMI resectable gastric cancer patients have an unfavorable long-term outcome.
Low BMI is an independent predictor of poor long-term prognosis. Disputed
conclusions in previous literature regarding the relationship between BMI and long-
term prognosis for resectable gastric cancer may be attributed to different cut-off
values for BMI group division.

Research perspectives

Low BMI independently predicted poor survival among patients with resectable
gastric cancer. Thus, additional treatment strategies should be undertaken in the
management of gastric cancer patients with a low preoperative BML
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