
World Journal of
Clinical Cases

ISSN 2307-8960 (online)

World J Clin Cases  2022 June 6; 10(16): 5124-5517

Published by Baishideng Publishing Group Inc



WJCC https://www.wjgnet.com I June 6, 2022 Volume 10 Issue 16

World Journal of 

Clinical CasesW J C C
Contents Thrice Monthly Volume 10 Number 16 June 6, 2022

OPINION REVIEW

Malignant insulinoma: Can we predict the long-term outcomes?5124

Cigrovski Berkovic M, Ulamec M, Marinovic S, Balen I, Mrzljak A

MINIREVIEWS

Practical points that gastrointestinal fellows should know in management of COVID-195133

Sahin T, Simsek C, Balaban HY

Nanotechnology in diagnosis and therapy of gastrointestinal cancer5146

Liang M, Li LD, Li L, Li S

Advances in the clinical application of oxycodone in the perioperative period5156

Chen HY, Wang ZN, Zhang WY, Zhu T

ORIGINAL ARTICLE

Clinical and Translational Research

Circulating miR-627-5p and miR-199a-5p are promising diagnostic biomarkers of colorectal neoplasia5165

Zhao DY, Zhou L, Yin TF, Zhou YC, Zhou GYJ, Wang QQ, Yao SK

Retrospective Cohort Study

Management and outcome of bronchial trauma due to blunt versus penetrating injuries5185

Gao JM, Li H, Du DY, Yang J, Kong LW, Wang JB, He P, Wei GB

Retrospective Study

Ovarian teratoma related anti-N-methyl-D-aspartate receptor encephalitis: A case series and review of the 
literature

5196

Li SJ, Yu MH, Cheng J, Bai WX, Di W

Endoscopic surgery for intraventricular hemorrhage: A comparative study and single center surgical 
experience

5208

Wang FB, Yuan XW, Li JX, Zhang M, Xiang ZH

Protective effects of female reproductive factors on gastric signet-ring cell carcinoma5217

Li Y, Zhong YX, Xu Q, Tian YT

Risk factors of mortality and severe disability in the patients with cerebrovascular diseases treated with 
perioperative mechanical ventilation

5230

Zhang JZ, Chen H, Wang X, Xu K



WJCC https://www.wjgnet.com II June 6, 2022 Volume 10 Issue 16

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 10 Number 16 June 6, 2022

Awareness of initiative practice for health in the Chinese population: A questionnaire survey based on a 
network platform

5241

Zhang YQ, Zhou MY, Jiang MY, Zhang XY, Wang X, Wang BG

Effectiveness and safety of chemotherapy for patients with malignant gastrointestinal obstruction: A 
Japanese population-based cohort study

5253

Fujisawa G, Niikura R, Kawahara T, Honda T, Hasatani K, Yoshida N, Nishida T, Sumiyoshi T, Kiyotoki S, Ikeya T, Arai M, 
Hayakawa Y, Kawai T, Fujishiro M

Observational Study

Long-term outcomes of high-risk percutaneous coronary interventions under extracorporeal membrane 
oxygenation support: An observational study

5266

Huang YX, Xu ZM, Zhao L, Cao Y, Chen Y, Qiu YG, Liu YM, Zhang PY, He JC, Li TC

Health care worker occupational experiences during the COVID-19 outbreak: A cross-sectional study5275

Li XF, Zhou XL, Zhao SX, Li YM, Pan SQ

Prospective Study

Enhanced recovery after surgery strategy to shorten perioperative fasting in children undergoing non-
gastrointestinal surgery: A prospective study

5287

Ying Y, Xu HZ, Han ML

Orthodontic treatment combined with 3D printing guide plate implant restoration for edentulism and its 
influence on mastication and phonic function

5297

Yan LB, Zhou YC, Wang Y, Li LX

Randomized Controlled Trial

Effectiveness of psychosocial intervention for internalizing behavior problems among children of parents 
with alcohol dependence: Randomized controlled trial

5306

Omkarappa DB, Rentala S, Nattala P

CASE REPORT

Crouzon syndrome in a fraternal twin: A case report and review of the literature5317

Li XJ, Su JM, Ye XW

Laparoscopic duodenojejunostomy for malignant stenosis as a part of multimodal therapy: A case report5324

Murakami T, Matsui Y

Chordoma of petrosal mastoid region: A case report5331

Hua JJ, Ying ML, Chen ZW, Huang C, Zheng CS, Wang YJ

Pneumatosis intestinalis after systemic chemotherapy for colorectal cancer: A case report5337

Liu H, Hsieh CT, Sun JM

Mammary-type myofibroblastoma with infarction and atypical mitosis-a potential diagnostic pitfall: A 
case report

5343

Zeng YF, Dai YZ, Chen M



WJCC https://www.wjgnet.com III June 6, 2022 Volume 10 Issue 16

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 10 Number 16 June 6, 2022

Comprehensive treatment for primary right renal diffuse large B-cell lymphoma with a renal vein tumor 
thrombus: A case report

5352

He J, Mu Y, Che BW, Liu M, Zhang WJ, Xu SH, Tang KF

Ectopic peritoneal paragonimiasis mimicking tuberculous peritonitis: A care report5359

Choi JW, Lee CM, Kim SJ, Hah SI, Kwak JY, Cho HC, Ha CY, Jung WT, Lee OJ

Neonatal hemorrhage stroke and severe coagulopathy in a late preterm infant after receiving umbilical 
cord milking: A case report

5365

Lu Y, Zhang ZQ

Heel pain caused by os subcalcis: A case report5373

Saijilafu, Li SY, Yu X, Li ZQ, Yang G, Lv JH, Chen GX, Xu RJ

Pulmonary lymphomatoid granulomatosis in a 4-year-old girl: A case report5380

Yao JW, Qiu L, Liang P, Liu HM, Chen LN

Idiopathic membranous nephropathy in children: A case report5387

Cui KH, Zhang H, Tao YH

Successful treatment of aortic dissection with pulmonary embolism: A case report5394

Chen XG, Shi SY, Ye YY, Wang H, Yao WF, Hu L

Renal papillary necrosis with urinary tract obstruction: A case report5400

Pan HH, Luo YJ, Zhu QG, Ye LF

Glomangiomatosis - immunohistochemical study: A case report5406

Wu RC, Gao YH, Sun WW, Zhang XY, Zhang SP

Successful living donor liver transplantation with a graft-to-recipient weight ratio of 0.41 without portal 
flow modulation: A case report

5414

Kim SH

Treatment of gastric hepatoid adenocarcinoma with pembrolizumab and bevacizumab combination 
chemotherapy: A case report

5420

Liu M, Luo C, Xie ZZ, Li X

Ipsilateral synchronous papillary and clear renal cell carcinoma: A case report and review of literature5428

Yin J, Zheng M

Laparoscopic radical resection for situs inversus totalis with colonic splenic flexure carcinoma: A case 
report

5435

Zheng ZL, Zhang SR, Sun H, Tang MC, Shang JK

PIGN mutation multiple congenital anomalies-hypotonia-seizures syndrome 1: A case report5441

Hou F, Shan S, Jin H



WJCC https://www.wjgnet.com IX June 6, 2022 Volume 10 Issue 16

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 10 Number 16 June 6, 2022

Pediatric acute myeloid leukemia patients with i(17)(q10) mimicking acute promyelocytic leukemia: Two 
case reports

5446

Yan HX, Zhang WH, Wen JQ, Liu YH, Zhang BJ, Ji AD

Fatal left atrial air embolism as a complication of percutaneous transthoracic lung biopsy: A case report5456

Li YW, Chen C, Xu Y, Weng QP, Qian SX

Diagnostic value of bone marrow cell morphology in visceral leishmaniasis-associated hemophagocytic 
syndrome: Two case reports

5463

Shi SL, Zhao H, Zhou BJ, Ma MB, Li XJ, Xu J, Jiang HC

Rare case of hepatocellular carcinoma metastasis to urinary bladder: A case report 5470

Kim Y, Kim YS, Yoo JJ, Kim SG, Chin S, Moon A

Osteotomy combined with the trephine technique for invisible implant fracture: A case report5479

Chen LW, Wang M, Xia HB, Chen D

Clinical diagnosis, treatment, and medical identification of specific pulmonary infection in naval pilots: 
Four case reports

5487

Zeng J, Zhao GL, Yi JC, Liu DD, Jiang YQ, Lu X, Liu YB, Xue F, Dong J

Congenital tuberculosis with tuberculous meningitis and situs inversus totalis: A case report5495

Lin H, Teng S, Wang Z, Liu QY

Mixed large and small cell neuroendocrine carcinoma of the stomach: A case report and review of 
literature

5502

Li ZF, Lu HZ, Chen YT, Bai XF, Wang TB, Fei H, Zhao DB

LETTER TO THE EDITOR

Pleural involvement in cryptococcal infection5510

Georgakopoulou VE, Damaskos C, Sklapani P, Trakas N, Gkoufa A

Electroconvulsive therapy plays an irreplaceable role in treatment of major depressive disorder5515

Ma ML, He LP



WJCC https://www.wjgnet.com X June 6, 2022 Volume 10 Issue 16

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 10 Number 16 June 6, 2022

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Shivanshu Misra, MBBS, MCh, MS, Assistant Professor, 
Surgeon, Department of Minimal Access and Bariatric Surgery, Shivani Hospital and IVF, Kanpur 208005, Uttar 
Pradesh, India. shivanshu_medico@rediffmail.com

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World J Clin Cases) is to provide scholars and readers from 
various fields of clinical medicine with a platform to publish high-quality clinical research articles and 
communicate their research findings online.  
      WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine 
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective 
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized 
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now indexed in Science Citation Index Expanded (also known as SciSearch®), Journal Citation 
Reports/Science Edition, Scopus, PubMed, and PubMed Central. The 2021 Edition of Journal Citation Reports® 
cites the 2020 impact factor (IF) for WJCC as 1.337; IF without journal self cites: 1.301; 5-year IF: 1.742; Journal 
Citation Indicator: 0.33; Ranking: 119 among 169 journals in medicine, general and internal; and Quartile category: 
Q3. The WJCC's CiteScore for 2020 is 0.8 and Scopus CiteScore rank 2020: General Medicine is 493/793.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Xu Guo; Production Department Director: Xiang Li; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2307-8960 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

April 16, 2013 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Thrice Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Bao-Gan Peng, Jerzy Tadeusz Chudek, George Kontogeorgos, Maurizio Serati, Ja 
Hyeon Ku

https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/2307-8960/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

June 6, 2022 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2022 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

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/2307-8960/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


WJCC https://www.wjgnet.com 5217 June 6, 2022 Volume 10 Issue 16

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2022 June 6; 10(16): 5217-5229

DOI: 10.12998/wjcc.v10.i16.5217 ISSN 2307-8960 (online)

ORIGINAL ARTICLE

Retrospective Study

Protective effects of female reproductive factors on gastric signet-
ring cell carcinoma

Yang Li, Yu-Xin Zhong, Quan Xu, Yan-Tao Tian

Specialty type: Gastroenterology 
and hepatology

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

Peer-review model: Single blind

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

P-Reviewer: Lee KS, South Korea; 
Sudo T, Japan

Received: September 14, 2021 
Peer-review started: September 14, 
2021 
First decision: October 18, 2021 
Revised: October 21, 2021 
Accepted: April 9, 2022 
Article in press: April 9, 2022 
Published online: June 6, 2022

Yang Li, Yu-Xin Zhong, Quan Xu, 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, Chief Doctor, 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 
South Panjiayuan Lane, Suite 806, Surgical Building, Chaoyang District, Beijing 100021, 
China. tianyantao@cicams.ac.cn

Abstract
BACKGROUND 
The overall incidence of gastric cancer is higher in men than women worldwide. 
However, gastric signet-ring cell carcinoma (GSRC) is more frequently observed 
in younger female patients.

AIM 
To analyze clinicopathological differences between sexes in GSRC, because of the 
limited evidence regarding association between sex-specific differences and 
survival.

METHODS 
We reviewed medical records for 1431 patients who received treatment for GSRC 
at the Cancer Hospital, Chinese Academy of Medical Sciences between January 
2011 and December 2018 and surveyed reproductive factors. Clinicopathological 
characteristics were compared between female and male patients. Cox 
multivariable model was used to compare the mortality risks of GSRC among 
men, menstrual women, and menopausal women.

RESULTS 
Of 1431 patients, 935 patients were male and 496 were female (181 menstrual and 
315 menopausal). The 5-year overall survival in male, menstrual female and 
menopausal female groups was 65.6%, 76.5% and 65%, respectively (P < 0.01). 
Menstruation was found to be a protective factor (hazard ratio = 0.58, 95% 
confidence interval: 0.42–0.82).

CONCLUSION 

https://www.f6publishing.com
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The mortality risk of GSRC in menstrual women was lower than that in men. This study identified 
the protective effects of female reproductive factors in GSRC.

Key Words: Gastric carcinoma; Signet-ring cell; Female reproductive factor; Menopause

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

Core Tip: The overall incidence of gastric cancer is higher in men than in women worldwide. However, 
gastric signet-ring cell carcinoma (GSRC) is more frequently observed in younger female patients. Only a 
few studies have focused on sex-specific differences in GSRC. This study proposed clinicopathological 
differences between sexes to reveal sex disparities in GSRC and confirmed that female reproductive 
factors provided protective effects, and the mortality risk of menstrual female patients was lower. Invest-
igation of the mechanism of action of female reproductive factors may provide new insight into the 
treatment of GSRC.

Citation: Li Y, Zhong YX, Xu Q, Tian YT. Protective effects of female reproductive factors on gastric signet-ring 
cell carcinoma. World J Clin Cases 2022; 10(16): 5217-5229
URL: https://www.wjgnet.com/2307-8960/full/v10/i16/5217.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i16.5217

INTRODUCTION
Gastric cancer (GC) is the fifth most common adenocarcinoma and ranks third in mortality worldwide
[1]. In China, an estimated 390000 people die of GC annually, which accounts for > 50% of the global 
deaths and imposes a severe health burden[1-3]. Commonly, the age-standardized incidence rates of GC 
have shown a male predominance with the male-to-female rate of more than 2:1 in most populations 
around the world[1,4]. The difference, however, cannot be entirely attributed to the different prevalence 
of established major risk factors, such as tobacco smoking[5] and Helicobacter pylori infection[6] between 
the sexes. A study reported that incidence of intestinal GC after menopause increased with time, and the 
incidence 10 years after menopause was comparable to that of men[7]. An umbrella review including 
616 630 women in six observational studies showed that menopausal hormonal therapy was associated 
with decreased risk of GC[8]. The female reproductive factors and sex hormones may have protective 
effects on gastric adenocarcinoma.

Gastric signet-ring cell carcinoma (GSRC) is a distinct type of GC, and its incidence has been steadily 
increasing in Asia, Europe, and the United States, accounting for > 30% of new gastric adenocarcinoma 
cases[9]. GSRC belongs to the diffused, undifferentiated, and poorly differentiated types in the Laurén 
classification, Nakamura’s classification, and Japanese Gastric Cancer Association, respectively[10-13]. 
GSRC in early and advanced stages is more frequently observed in younger female patients than gastric 
adenocarcinoma[14]. A contradiction with the protective effect of female reproductive factors on gastric 
adenocarcinoma seems to exist. There is also evidence that female reproductive factors induce diffuse-
type GC through estrogen activity[7].

Moreover, various reproductive factors have provided contradictory results in relation to the risk of 
GCs. The protective effects of female reproductive factors imply the potential role of sex hormones in 
carcinogenesis. Importantly, the explanation for the predominance of GSRC in young women might 
provide significant clues to the etiology of the tumors and pave the way for research on innovative 
prevention and treatment. The effect of female reproductive factors on GSRC tumorigenesis and tumor 
development remains unclear despite the advances in the understanding of its epidemiology and 
clinicopathology. The purpose of this study was to estimate the effects of female reproductive factors on 
the prognosis and combined modality treatment of GSRC.

MATERIALS AND METHODS
Study population and follow-up duration
Our study involved 1431 participants who were histologically confirmed with GC with signet-ring cells 
and underwent curative resection between January 2011 and December 2018 at the Cancer Hospital, 
Chinese Academy of Medical Sciences, China. Subtotal gastrectomy was performed for distal GCs, 
whereas total gastrectomy was conducted for proximal-third GCs. Patients with definitive signs of 
distant organ or peritoneal seeding metastases did not undergo gastrectomy and were referred for 

https://www.wjgnet.com/2307-8960/full/v10/i16/5217.htm
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evaluation for chemotherapy instead. Based on the National Comprehensive Cancer Network Clinical 
Practice Guidelines, standard D2 lymphadenectomy was achieved in patients with curative intention
[15]. All the surgical specimens were confirmed separately and independently by at least two 
experienced pathologists. Disagreements were resolved by discussion, especially on the proportion of 
signet-ring cells. The follow-up data were prospectively collected and regularly updated by surgeons 
every 6 mo after surgery. The overall survival was defined from the date of gastrectomy to the date of 
death or the end of follow-up period (April 30, 2020).

Measurements
The demographic characteristics included age and body mass index (BMI). We considered age as an 
ordinal variable (< 50, 50−60, and ≥ 60 years) to approximate tertiles. We defined BMI based on the 
standard cutoff points established by the Work Group on Obesity in China in categories of underweight 
and normal: ≤ 24 kg/m2, overweight and obese: > 24.0 kg/m2[16]. Health-related lifestyle indicators, 
including alcohol consumption (yes: Any alcoholic beverage consumption in the last 12 mo, or no: No 
alcohol consumption in the last 12 mo) and smoking (yes: Any regular tobacco consumption, or no: 
Never smoked), were excluded from the analysis based on the variable selection outcome of best-subset 
selection approach and the uneven distribution. We categorized the proportion of signet-ring cells as ≤ 
10%, 10%–50%, 50%–90%, and > 90%, but we used the proportion of signet-ring cells as a dichotomous 
variable (≤ 50% and > 50%) in the adjustments for confounding variables and to ensure that each level 
had a sufficient number of observations. Clinicopathological characteristics, such as BMI, proportion of 
signet-ring cells, T stage, N stage, adjuvant chemotherapy, neoadjuvant chemotherapy, nerve invasion, 
and lymphatic vessel invasion were subjected to analysis since they were closely associated with the 
survival of GC patients with signet-ring cell carcinoma based on a priori knowledge.

Statistical analysis
The continuous variables were expressed as mean ± SD, while categorical variables were expressed as 
number of observations and percentages (%). Differences in the potential covariates between the sex 
groups were assessed by Wilcoxon–Mann–Whitney test for continuous variables and the χ2 test for 
categorical variables. The proportional hazards assumption was estimated, and the Cox multivariable 
model was used to calculate the hazard ratios (HRs) and 95% confidence intervals (CIs) for the 
association between the sex factors and survival of GC patients with signet-ring cell carcinoma. The 
model was adjusted for following potential covariates: BMI, proportion of signet-ring cells, T stage, N 
stage, adjuvant chemotherapy, neoadjuvant chemotherapy, nerve invasion, and lymphatic vessel 
invasion. Subgroup analyses were conducted by (1) BMI; (2) Signet-ring cells proportion; (3) Adjuvant 
chemotherapy; (4) Neoadjuvant chemotherapy; (5) Nerve invasion; and (6) Lymphatic vessel invasion to 
explore if the impact of the sex difference was stronger in certain groups. Interaction terms between 
exposures and these covariates were added into the multivariable model, and Wald tests were used to 
examine whether the interaction terms were statistically significant. The survival curves were estimated 
by the Kaplan–Meier method. In the present analysis, two-sided P < 0.05 was considered to indicate 
statistically significant differences. All statistical analyses (and figures created) were performed with 
Stata 15.0 (StataCorp LLC: College Station, TX, United States).

RESULTS
Clinicopathological features of GSRC in male and female patients
Table 1 displays the distributions of the demographic and potential risk factors by sex difference. Of the 
1431 GC patients with signet-ring cell carcinoma, 935 (65.3%) were male, and 496 (34.7%) were female. 
Overall, over one-third of the participants were aged ≥ 60 (42.0%) years, with a mean age of 56.3 (SD: 
11.3) years. There were no significant differences between the sex groups in terms of histological differ-
entiation, N stage, and adjuvant or neoadjuvant chemotherapy (P > 0.05). The female subjects were 
more likely to be: younger, nonsmokers and nondrinkers; with diffuse Lauren type, T1 stage and 
metastasis; without nerve and lymphovascular invasion; and have middle and lower tumor location, 
lower BMI, higher signet-ring cells proportion, and more lymph nodes removed (P < 0.05).

The Cox proportional hazards regression model results are presented in Table 2. Overall, the 
menstrual women had a significantly lower risk of mortality (HR = 0.58, 95%CI: 0.42–0.82) than male 
patients in the multivariable model. We did not observe this protective effect in menopausal women 
(HR = 0.91, 95%CI: 0.72–1.14).

Subgroup analysis in the different sex groups with GSRC
Other variables associated with the overall survival included BMI, T stage, N stage, adjuvant or 
neoadjuvant chemotherapy, and lymphovascular invasion. The results of the subgroup analyses 
(Table 3) showed that the impact of menstruation was more significant in the female participants with 
lower levels of signet-ring cells (HR = 0.56, 95%CI: 0.38–0.82, P-interaction = 0.038), nerve invasion (yes 
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Table 1 Characteristics of 1431 gastric cancer patients with signet ring cells

Characteristics Overall (n = 1431, %) Male (n = 935, 65.3%) Female (n = 496, 34.7%) P value1

Age (yr)

mean ± SD 56.3 ± 11.3 57.5 ± 10.7 54.2 ± 12.1 < 0.01

< 50 386 (27.0) 213 (55.2) 173 (44.8) < 0.01

≥ 50, < 60 444 (31.0) 303 (68.2) 141 (31.8)

≥ 60 601 (42.0) 419 (69.7) 182 (30.3)

BMI (kg/m2)

mean ± SD 23.8 ± 3.4 24.3 ± 3.4 22.9 ± 3.3 < 0.01

> 24 659 (46.1) 501 (76.0) 158 (24.0) < 0.01

≤ 24 772 (54.0) 434 (56.2) 338 (43.8)

Smoke < 0.01

No 822 (57.4) 346 (42.1) 476 (57.9)

Yes 609 (42.6) 589 (96.7) 20 (3.3)

Drink < 0.01

No 821 (57.4) 354 (43.1) 467 (56.9)

Yes 610 (42.6) 581 (95.3) 29 (4.8)

Tumor site2 < 0.01

Upper 334 (23.3) 271 (81.1) 63 (18.9)

Middle 345 (24.1) 205 (59.4) 140 (40.6)

Lower 662 (46.3) 416 (62.8) 246 (37.2)

Others 90 (6.3) 43 (47.8) 47 (52.2)

Histology differentiation 0.23

Well-/moderately differentiated 29 (2.1) 22 (75.9) 7 (24.1)

Poorly/undifferentiated 1326 (97.9) 864 (65.2) 462 (34.8)

Signet-ring cell proportion (%) 0.02

≤ 10 155 (10.8) 117 (75.5) 38 (24.5)

> 10, ≤ 50 954 (66.7) 616 (74.6) 338 (35.4)

> 50, ≤ 90 235 (16.4) 143 (60.9) 92 (39.2)

> 90 87 (6.1) 59 (67.8) 28 (32.2)

Lauren type < 0.01

Intestinal 73 (5.1) 61 (83.6) 12 (16.4)

Diffused 910 (63.6) 557 (61.2) 353 (38.8)

Mixed 353 (24.7) 261 (73.9) 92 (26.1)

Unknown 95 (6.6) 56 (59.0) 39 (41.0)

T stage 0.02

T1 411 (28.7) 246 (59.9) 165 (40.2)

T2 172 (12.0) 119 (69.2) 53 (30.8)

T3 322 (22.5) 227 (70.5) 95 (29.5)

T4 526 (36.8) 343 (65.3) 183 (34.8)

N stage 0.54

N0 573 (40.0) 365 (63.7) 208 (36.3)

N1 192 (13.4) 130 (67.7) 62 (32.3)
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N2 219 (15.3) 150 (68.5) 69 (31.5)

N3 447 (31.2) 290 (64.9) 157 (35.1)

Metastasis < 0.01

No 1348 (94.2) 892 (66.2) 456 (33.8)

Yes 83 (5.8) 43 (51.8) 40 (48.2)

Adjuvant chemotherapy 0.51

No 924 (64.6) 598 (64.7) 326 (35.3)

Yes 507 (35.4) 337 (66.5) 170 (33.5)

Neoadjuvant chemotherapy 0.72

No 1315 (91.9) 861 (65.5) 454 (34.5)

Yes 116 (8.1) 74 (63.8) 42 (36.2)

Nerve invasion 0.02

No 313 (21.9) 184 (58.8) 129 (41.2)

Yes 714 (49.9) 477 (66.8) 237 (33.2)

Unknown 404 (28.2) 274 (67.8) 130 (32.2)

Lymphovascular invasion 0.02

No 416 (29.1) 249 (59.9) 167 (40.1)

Yes 554 (38.7) 373 (67.3) 181 (32.7)

Unknown 461 (32.2) 313 (67.9) 148 (32.1)

HER-2 0.28

Negative 1082 (85.3) 702 (64.9) 380 (35.1)

Positive 187 (14.7) 129 (69.0) 58 (31.0)

Lymph nodes removed < 0.01

≤ 16 171 (12.0) 131 (76.6) 40 (23.4)

> 16, ≤ 30 585 (40.9) 395 (67.5) 190 (32.5)

> 30 675 (47.2) 409 (60.6) 266 (39.7)

1The P values for age and BMI (continuous variables) were calculated from Wilcoxon–Mann–Whitney test; The P value for other categorical variables were 
calculated from χ2 test.
2Tumor site was divided by upper (cardia, fundus, gastroesophageal junction), middle (body, lesser/greater curvature), lower (antrum, pylorus) and other 
(gastric remnant, anastomosis, linitis plastica) parts of the stomach.
P < 0.05 indicates statistical significance. Row percentage was reported for the overall sample. BMI: Body mass index; HER-2: Human epidermal growth 
factor receptor 2.

vs no, HR = 0.60, 95%CI: 0.40–0.89, P-interaction = 0.029), or lymphovascular invasion (yes vs no, HR = 
0.49, 95%CI: 0.30–0.80, P-interaction < 0.001), or without adjuvant chemotherapy (HR = 0.38, 95%CI: 
0.22–0.65, P-interaction < 0.001) or neoadjuvant chemotherapy (HR = 0.53, 95%CI: 0.36–0.77, P-
interaction < 0.001). There was a reversal effect across the strata of BMI for menopausal women 
(crossover interactions).

Comparison of overall survival in GSRC between the sexes 
The survival curves in Figure 1 depict the survival probability based on the sex difference. Menstrual 
female patients had a significantly better overall survival than the male and menopausal female groups 
(P < 0.01). Survival analysis showed better prognosis of menstrual female patients in the non-adjuvant 
chemotherapy group (P < 0.01) and the inadequate survival advantages of menstrual female patients in 
the adjuvant chemotherapy group (P = 0.73) (Figure 2). We compared overall survival between the sexes 
with different levels of signet-ring cells (Figure 3). Menstrual female patients had a survival advantage 
compared with male and menopausal female groups; however, this advantage was not significant in the 
GSRC group with > 50% signet-ring cells (Supplementary Figure 1).

https://f6publishing.blob.core.windows.net/d2e7fa98-b10e-4796-b53b-acbc1011a5a4/WJCC-10-5217-supplementary-material.pdf
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Table 2 Multivariate analysis for mortality risk in gastric cancer patients with signet ring cells

Variable HR (95%CI)1 P value

Sex disparity 

Male Ref

Menstrual female 0.58 (0.42–0.82) < 0.01

Menopausal female 0.91 (0.72–1.14) 0.42

BMI (kg/m2)

> 24 Ref

≤ 24 1.24 (1.02–1.51) 0.03

Signet-ring cell proportion (%)

≤ 10 Ref

> 10, ≤ 50 0.97 (0.72–1.32) 0.86

> 50, ≤ 90 0.79 (0.53–1.17) 0.25

> 90 1.03 (0.63–1.70) 0.90

T stage

T1 Ref

T2 1.58 (0.87–2.88) 0.13

T3 4.20 (2.57–6.84) < 0.01

T4 5.96 (3.67–9.69) < 0.01

N stage

N0 Ref

N1 1.30 (0.87–1.93) 0.195

N2 1.92 (1.34–2.75) < 0.01

N3 3.29 (2.38–4.55) < 0.01

Adjuvant chemotherapy

No Ref

Yes 0.75 (0.62–0.91) < 0.01

Neoadjuvant chemotherapy

No Ref

Yes 2.34 (1.79–3.04) < 0.01

Nerve invasion

No Ref

Yes 1.50 (0.93–2.43) 0.10

Unknown 1.47 (0.88–2.46) 0.14

Lymphovascular invasion

No Ref

Yes 1.39 (1.02–1.90) 0.04

Unknown 1.26 (0.89–1.80) 0.19

1The Cox model included gender, BMI, signet-ring cell proportion, T stage, N stage, adjuvant chemotherapy, neoadjuvant chemotherapy, nerve invasion, 
and lymphovascular invasion.
P < 0.05 indicates statistical significance. BMI: Body mass index.
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Table 3 Associations of sex and risk of mortality among gastric cancer patients with signet-ring cells by subgroups

Male Menstrual female Menopausal female
Variable

n1 (%) HR (95%CI)2 n1(%) HR (95%CI)2 n1 (%) HR (95%CI)2
P-interaction3

BMI (kg/m2) 0.014

> 24 501 (53.6) Ref 41 (22.7) 0.56 (0.27–1.16) 117 (37.1) 1.04 (0.72–1.50)

≤ 24 434 (46.4) Ref 140 (77.4) 0.58 (0.39–0.85) 198 (62.9) 0.84 (0.62–1.12)

Signet-ring cell proportion (%) 0.038

≤ 50 733 (78.4) Ref 129 (71.3) 0.56 (0.38–0.82) 247 (78.4) 0.94 (0.74–1.21)

> 50 202 (21.6) Ref 52 (28.7) 0.73 (0.33–1.61) 68 (21.6) 0.74 (0.40–1.35)

Adjuvant chemotherapy < 0.001

No 598 (64.0) Ref 119 (65.8) 0.38 (0.22–0.65) 207 (65.7) 1.01 (0.75–1.36)

Yes 337 (36.0) Ref 62 (34.3) 0.83 (0.53–1.29) 108 (34.3) 0.80 (0.56–1.16)

Neoadjuvant chemotherapy < 0.001

No 861 (92.1) Ref 165 (91.2) 0.53 (0.36–0.77) 289 (91.8) 0.80 (0.35–1.82)

Yes 74 (7.9) Ref 16 (8.8) 0.97 (0.76–1.25) 26 (8.3) 0.65 (0.33–1.26)

Nerve invasion 0.0294

No 184 (19.7) Ref 54 (29.8) 0.36 (0.07–1.86) 75 (23.8) 0.78 (0.27–2.27)

Yes 477 (51.0) Ref 87 (48.1) 0.60 (0.40–0.89) 150 (47.6) 0.91 (0.69–1.21)

Unknown 274 (29.3) Ref 40 (22.1) 0.65 (0.31–1.39) 90 (28.6) 0.95 (0.60–1.49)

Lymphovascular invasion < 0.004

No 249 (26.6) Ref 70 (38.7) 0.89 (0.40–1.95) 97 (30.8) 1.13 (0.61–2.11)

Yes 373 (39.9) Ref 56 (30.9) 0.49 (0.30–0.80) 125 (39.7.2) 0.81 (0.59–1.10)

Unknown 313 (33.5) Ref 55 (30.4) 0.68 (0.37–1.23) 93 (29.5) 1.23 (0.80–1.91)

1Column percentage was reported for the overall sample; percentage can differ slightly from 100% because of rounding.
2The Cox proportional hazards model included gender, BMI, signet-ring cell proportion, T stage, N stage, adjuvant chemotherapy, neoadjuvant 
chemotherapy, nerve invasion, and lymphovascular invasion.
3Wald test was used to examine the interaction term between sex (male, menstrual female, and menopausal female) and BMI, signet-ring cell proportion, 
adjuvant chemotherapy, neoadjuvant chemotherapy, nerve invasion, and lymphovascular invasion.
4The P value shows the outcome of interaction test between sex difference and nerve invasion (no vs yes) and lymphovascular invasion (no vs yes).
BMI: Body mass index. P < 0.05 indicates statistical significance.

DISCUSSION
Although the incidence of GC has been decreasing, this disease remains the third cause of cancer 
mortality worldwide and in China. The proportion of GSRC in all GC cases has been increasing recently, 
especially in the young and female populations. There are obvious differences on morbidity of GSRC 
between the sexes. To find a new treatment and improve the overall survival of GSRC, this study has 
clinical significance to investigate the disparities of reproductive factors between male and female GSRC 
patients.

In this study, we focused on the influence of the sex-specific differences on the prognosis of GSRC. 
Our results showed that there was a stronger positive association with overall survival in menstrual 
female patients with GSRC, compared to that of the male or menopause female patients. The findings of 
the present large patient-based retrospective study may provide valuable insights into pathways for 
reducing GSRC mortality in the future.

The multivariate analysis results in our study showed that being a menstrual woman was a protective 
factor (HR = 0.58, 95%CI: 0.42–0.82) against GSRC. A similar effect was previously reported in various 
types of GCs[17,18]. In a study with 758 patients, Kim et al[7] proposed that female reproductive 
hormones might be a potentially protective factor against intestinal-type GC, and the incidence of 
intestinal-type GC after the menopause increased and became comparable to that in men. A Japanese 
study revealed that the risk of GC was lower in menstrual women (HR = 0.33, 95%CI: 0.23–0.49). 
Protective effects were observed in differentiated histological types (HR = 0.25, 95%CI: 0.11–0.55) and 
undifferentiated histological types (HR = 0.39, 95%CI: 0.23–0.63)[19]. The aforementioned consistent 
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Figure 1 Overall survival among male, menstrual female and menopausal female groups.

results demonstrate the effects of female reproductive factors in reducing the risks of different GCs. In a 
large Chinese prospective study with female subjects, the risks of GC increased with age of menopausal 
women (HR = 0.80 per 5-year increase in the menopausal age, 95%CI: 0.66–0.97)[20]. A similar finding 
was also obtained in a cohort study including 1 million women whose risks of GC in the menopausal 
age were considerably higher than those in the menstrual age (RR = 1.46, 95%CI: 1.07–2.0 and RR = 1.59, 
95%CI: 1.15–2.20, respectively) from the United Kingdom[21]. Our results indicate that the effect of 
female reproductive factors on GSRC development is steady and robust.

Here, we hypothesize that sex hormones or their receptors, such as estrogen and estrogen receptor 
(ER), are the key inducers of the protective effects of female reproductive factors against GSRC. The 
influence of estrogen has been studied by other researchers, but the results were controversial[22]. 
Estrogens regulate the tissue growth, differentiation, and function, which is mediated by ER-α and ER-β. 
The oncological importance of estrogen and ER in carcinomas occurring in the breast and ovaries has 
been investigated but not in GCs. The expression of ER in the stomach is a basis on which to explore the 
relationship between sex hormones and survival of GC. Some researchers have demonstrated the 
expression of ER in gastric tissues, which provides a basis for the probable functions of estrogen in this 
respect[23-25]. Hess et al[26] established that ERs and female sex hormones were expressed in the male 
reproductive tract and may have some functions. The protective effect of estrogen was discovered also 
in men who received hormonal therapy for prostate cancer; notably, the results showed a decrease  risk 
of GC[27].

ER has several types, including ERα, ERβ and ERγ. The biological actions of estrogen are mediated 
through two specific ERs, ERα and ERβ, which belong to the nuclear receptor superfamily[28]. Zhao et al
[25] and Matsuyama et al[29] reported that both ERα, ERβ were expressed in poorly differentiated 
adenocarcinoma specifically in gastric signet-ring cell adenocarcinomas with characteristics of sex 
hormone dependency. Different effects of these two ER types were found in various studies. For 
example, Kameda et al[27] proposed that ERα expressed in diffuse-type GC promoted the proliferation 
of ERα-positive GC cells. The suggested mechanism was that the activation of the ERα pathway 
stimulated cancer cell proliferation by activating the hedgehog pathway in a ligand-dependent but 
dose-independent manner via Shh induction of diffuse-type GC. ERβ is homologous to ERα, particularly 
in the DNA-binding domain, but it is structurally and functionally different. ERβ manifested strong 
cytoplasmic staining with anti-ERβ antibody in addition to the stained nuclei[29]. This result provides 
evidence for the potential of GSRC treatment targets. Recently, using genomic analysis, Kang et al[29] 
identified ERγ as a potential tumor suppressor in GC. The molecular mechanisms of its action suggest 
that the activation of ERγ by the antagonizing Wnt signaling through DY131 could suppress GC cell 
growth and tumorigenesis. Studies on tumorigenesis regulated by estrogens or estrogen receptors are 
rare but will be urgently needed in the future.

Since chemoresistance is a distinct feature of GSRC, we noticed that the adjuvant chemotherapy was a 
protective factor in multivariate analysis. Then, we performed further subgroup analysis on adjuvant 
chemotherapy effects. Interestingly, protective effects exerted by female reproductive factors were 
observed only in the nonadjuvant chemotherapy group (HR = 0.38, 95%CI: 0.22–0.56) and the non-
neoadjuvant chemotherapy group (HR = 0.53, 95%CI: 0.36–0.77). However, female reproductive factors 
lost their advantages and did not improve the survival after chemotherapy. It is possible that these 
conditions of poor survival and chemoresistance are mediated by female reproductive factors, such as 
ERα and ERβ, with unknown mechanism. Recently, Wang et al[30] proposed that the loss of ERβ in 
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Figure 2 Overall survival among male, menstrual female and menopausal female groups in subgroups without adjuvant chemotherapy 
(A) and with adjuvant chemotherapy (B).

GSRC cells might increase the potential for malignant invasion into the deep tissues easier through the 
mTOR signaling pathway. Therefore, ERβ might inhibit the malignancy of GSRC and can thus become a 
potential target in its adjuvant treatment. The investigation of Wang did not discuss the connection 
between ERβ and chemotherapy. We noticed that the prognostic trends are similar in all three studied 
groups. However, in the subgroup analysis of adjuvant chemotherapy, the mean survival time in the 
menstrual female group (41.4 mo) was the shortest compared to those of the male (47.6 mo) and 
menopausal female (45.1 mo) groups. We considered that the probable reason was the proportion of 
signet-ring cells in GCs. However, no association was identified between the signet-ring cell proportion 
and influence of female reproductive factors on the prognosis of subjects who received chemotherapy. 
The results of recent studies confirm the difficulties to understand the possible mechanism between sex 
hormones and chemoresistance in GSRC. However, more research on this topic needs to be undertaken 
to clearly elucidate the association between ER and chemotherapy outcomes.

We investigated the effects of female reproductive factors on the prognosis of the GSRC with various 
proportions of signet-ring cells. Being a menstrual female was a protective factor (HR = 0.56, 95%CI: 
0.38–0.82) and was associated with better overall survival than that of menopausal women and men 
with GSRC cells < 50%. However, menstrual women lost their GSRC-associated advantages over 
menopausal women at a proportion of the signet-ring cells > 50%. We supposed that ERβ downregu-
lation or ectopic expression in the cytoplasm could lead to a worse prognosis of GSRC with a higher 
proportion of signet-ring cells. Nevertheless, the probable mechanism remains unclear. Future studies 
on the topic are therefore highly recommended.

This is the first large population study focused on the relationship between female reproductive 
factors and GSRC with an 8-year follow-up. Our results highlight the significant effect of female 
reproductive factors on GSRC prognosis. The clinical importance of our present findings is critical as 
they have outlined the prognostic role of female reproductive factors in GSRC. Therefore, further strong 
evidence is provided which will increase the GSRC treatment effectiveness. In this study, we have also 
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Figure 3 Overall survivals among male, menstrual female and menopausal female groups in subgroups with proportion of signet ring 
cells < 50% (A) and > 50% (B).

investigated the effect of female reproductive factors on survival in a multidimensional aspect with 
robust statistics such as multivariable Cox proportional hazards model and different subgroups, which 
could considerably diminish the impact of confounders and explore the potential effect in a specific 
group.

Despite the aforementioned strengths of our study, several limitations have to be acknowledged. 
First, the data concerning the expression levels of ER and progesterone receptor (PR) were unavailable. 
Thus, we cannot conduct further analysis on the effects of ER and PR on GSRC prognosis and other 
molecular mechanisms. Further investigations are needed to clarify the biological role of estrogen or ER 
in the carcinogenesis and chemoresistance of GSRC. Second, future studies with a more specific 
measure of signet-ring cells in GC and more comprehensive long-term outcomes (e.g., the recurrence or 
chemoresistance, could offer more information) will be needed to verify the conclusion in this study.

CONCLUSION
Sex differences, especially female reproductive factors, might be protective against GSRC and serve as a 
significant prognostic factor. Further studies including more comprehensive measures will be essential 
to elucidate the mechanism of action of female reproductive factors on GSRC.
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ARTICLE HIGHLIGHTS
Research background
Gastric signet-ring cell carcinoma (GSRC) is a distinct type of gastric cancer (GC), and its incidence has 
been steadily increasing. GSRC in early and advanced stages is more frequently observed in younger 
female patients than in gastric adenocarcinomas.

Research motivation
The effect of female reproductive factors on GSRC tumorigenesis and tumor development remains 
unclear.

Research objectives
The purpose of this study was to estimate the effects of female reproductive factors on the prognosis of 
GSRC.

Research methods
Our study involved 1431 participants who were histologically confirmed with GC with signet-ring cells 
and underwent curative resections between January 2011 and December 2018 at the Cancer Hospital, 
Chinese Academy of Medical Sciences, China. Cox multivariable model was used to calculate the 
hazard ratios (HRs) and 95% confidence intervals (CIs) for the association between sex factors and 
survival of GC patients with signet-ring cell carcinoma. Subgroup analyses were conducted by: (1) Body 
mass index; (2) Signet-ring cell proportion; (3) Adjuvant chemotherapy; (4) Neoadjuvant chemotherapy; 
(5) Nerve invasion; and (6) Lymphatic vessel invasion to explore if the impact of the sex difference was 
stronger in certain groups.

Research results
The menstrual female subjects had a significantly lower risk of mortality (HR = 0.58, 95%CI: 0.42–0.82) 
than male participants in the multivariable model. The effect appeared to be more substantial among 
certain subgroup analyses.

Research conclusions
There was a stronger positive association with overall survival in menstrual female patients with GSRC, 
compared to in male or menopause female patients.

Research perspectives
Future studies with a more specific measure of signet-ring cells in GC and more comprehensive long-
term outcomes (e.g., the recurrence or chemoresistance, could offer more information) will be needed to 
verify the conclusion in this study.
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