
World Journal of
Gastrointestinal Pharmacology 
and Therapeutics

ISSN 2150-5349 (online)

World J Gastrointest Pharmacol Ther  2020 November 8; 11(5): 79-122

Published by Baishideng Publishing Group Inc



WJGPT https://www.wjgnet.com I November 8, 2020 Volume 11 Issue 5

World Journal of 
Gastrointestinal Pharmacology 
and TherapeuticsW J G P T

Contents Irregular Volume 11 Number 5 November 8, 2020

ORIGINAL ARTICLE

Basic Study

Oral encapsulated transforming growth factor β1 reduces endogenous levels: Effect on inflammatory 
bowel disease

79

Hammer L, Furtado S, Mathiowitz E, Auci DL

Bowel adhesion and therapy with the stable gastric pentadecapeptide BPC 157, L-NAME and L-arginine in 
rats

93

Berkopic Cesar L, Gojkovic S, Krezic I, Malekinusic D, Zizek H, Batelja Vuletic L, Petrovic A, Horvat Pavlov K, Drmic D, 
Kokot A, Vlainic J, Seiwerth S, Sikiric P

Retrospective Study

Do liver metastases from gastric cancer contraindicate aggressive surgical resection? A 14-year single-
center experience

110

Yazawa T, Hori T, Yamamoto H, Harada H, Yamamoto M, Yamada M, Tani M, Sato A, Kamada Y, Tani R, Aoyama R, 
Sasaki Y, Zaima M



WJGPT https://www.wjgnet.com II November 8, 2020 Volume 11 Issue 5

World Journal of Gastrointestinal Pharmacology and Therapeutics
Contents

Irregular Volume 11 Number 5 November 8, 2020

ABOUT COVER

Editorial board member of World Journal of Gastrointestinal Pharmacology and Therapeutics, Dr. Amir Abbasnezhad is 
a Distinguished Professor at the Lorestan University of Medical Sciences, Iran. Dr. Abbasnezhad completed his 
PhD in Nutrition at Ahvaz Jundishapoor University of Medical Sciences and his undergraduate studies at Urmia 
University. His research interests lie in the area of nutrition, gastroenterology, and complementary medicine; in 
addition, he has actively collaborated with researchers in several other medical disciplines, particularly in the fields 
of cancer and gastrointestinal disorders, such as inflammatory bowel diseases. In 2016, he became Deputy of 
Research of the Nutritional Health Research Center of the Lorestan University of Medical Sciences and won the 
Specialized Duty System Award from the Iran's National Elites Foundation. In 2017, 2018 and 2019, he 
consecutively won the Top Researcher Award from the Lorestan University of Medical Sciences. (L-Editor: 
Filipodia)

AIMS AND SCOPE

The primary aim of the World Journal of Gastrointestinal Pharmacology and Therapeutics (WJGPT, World J Gastrointest 
Pharmacol Ther) is to provide scholars and readers from various fields of gastrointestinal pharmacology and 
therapeutics with a platform to publish high-quality basic and clinical research articles and communicate their 
research findings online. 
    WJGPT mainly publishes articles reporting research results obtained in the field of gastrointestinal pharmacology 
and therapeutics and covering a wide range of topics including acid-related disorders, acute infectious 
gastrointestinal disease, chronic noninfectious inflammatory diseases, pharmacologic therapy for hepato-biliary 
diseases, functional gastrointestinal disorders, fundamentals of gastrointestinal pharmacology, etc.

INDEXING/ABSTRACTING

The WJGPT is now abstracted and indexed in PubMed, PubMed Central, China National Knowledge Infrastructure 
(CNKI), China Science and Technology Journal Database (CSTJ), and Superstar Journals Database.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Jia-Hui Li; Production Department Director: Yun-Xiaojian Wu; Editorial Office Director: Jia-Ping Yan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastrointestinal Pharmacology and Therapeutics https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2150-5349 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

May 6, 2010 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Irregular https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Emanuele Sinagra, Sin-Hyeog Im https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/2150-5349/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

November 8, 2020 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2020 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2020 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/2150-5349/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


WJGPT https://www.wjgnet.com 110 November 8, 2020 Volume 11 Issue 5

World Journal of 
Gastrointestinal Pharmacology 
and TherapeuticsW J G P T

Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Pharmacol Ther 2020 November 8; 11(5): 110-122

DOI: 10.4292/wjgpt.v11.i5.110 ISSN 2150-5349 (online)

ORIGINAL ARTICLE

Retrospective Study

Do liver metastases from gastric cancer contraindicate aggressive 
surgical resection? A 14-year single-center experience

Takefumi Yazawa, Tomohide Hori, Hidekazu Yamamoto, Hideki Harada, Michihiro Yamamoto, Masahiro 
Yamada, Masaki Tani, Asahi Sato, Yasuyuki Kamada, Ryotaro Tani, Ryuhei Aoyama, Yudai Sasaki, Masazumi 
Zaima

ORCID number: Takefumi Yazawa 
0000-0002-7283-5336; Tomohide Hori 
0000-0002-8282-4403; Hidekazu 
Yamamoto 0000-0003-0831-9174; 
Hideki Harada 0000-0001-6317-
265X; Michihiro Yamamoto 0000-
0002-2165-0825; Masahiro Yamada 
0000-0002-0987-4738; Masaki Tani 
0000-0003-2570-7806; Asahi Sato 
0000-0002-0985-9394; Yasuyuki 
Kamada 0000-0002-1035-5636; 
Ryotaro Tani 0000-0002-1117-6031; 
Ryuhei Aoyama 0000-0002-0402-
4232; Yudai Sasaki 0000-0002-0602-
6135; Masazumi Zaima 0000-0001-
6063-4935.

Author contributions: Yazawa T 
collected the data; Yazawa T and 
Hori T analyzed the data and 
wrote this report; Yazawa T and 
Hori T contributed equally to this 
work; Zaima M and Hori T 
supervised this report; all authors 
discussed therapeutic options, 
reviewed previous papers, and 
provided important opinions.

Institutional review board 
statement: This report was 
approved by the Institutional 
Review Board of Shiga General 
Hospital, Moriyama, Japan.

Informed consent statement: The 
patients involved in this study 
provided written informed consent 

Takefumi Yazawa, Tomohide Hori, Hidekazu Yamamoto, Hideki Harada, Michihiro Yamamoto, 
Masahiro Yamada, Masaki Tani, Asahi Sato, Yasuyuki Kamada, Ryotaro Tani, Ryuhei Aoyama, 
Yudai Sasaki, Masazumi Zaima, Department of Surgery, Shiga General Hospital, Moriyama 524-
8524, Shiga, Japan

Corresponding author: Tomohide Hori, FACS, MD, PhD, Associate Professor, Attending 
Doctor, Doctor, Surgeon, Department of Surgery, Shiga General Hospital, 5-4-30 Moriyama, 
Moriyama 524-8524, Shiga, Japan. horitomo55office@yahoo.co.jp

Abstract
BACKGROUND 
Advanced gastric cancer (GC) with liver metastasis is often characterized by 
multiple and bilobular metastases and may also be associated with extrahepatic 
metastatic lesions. Hence, many physicians consider that radical surgeries are 
contraindicated for liver metastases from GC (LMGC). According to the 2017 
Japanese treatment guideline for GC, a smaller number of liver metastases 
without unresectable factors may be an indication for liver resection (LR) with 
curability. The actual 5-year overall survival (OS) rate ranges from 0 to 0.37.

AIM 
To present the institutional indications for LR for LMGC and identify important 
factors for prognostic outcomes.

METHODS 
In total, 30 patients underwent LR for LMGC during a 14-year period, and we 
evaluated the clinical, surgical, and oncological findings. In all patients, radical 
surgery with intentional lymphadenectomy was performed for the primary GC. 
The median follow-up duration after the initial LR was 33.7 mo, and three 
patients with no recurrence died of causes unrelated to the LMGC. The OS and 
recurrence-free survival rates after the initial LR were assessed.

RESULTS 
Seventeen patients had metachronous LMGC. The initial LR achieved curability in 
29 patients. Perioperative chemotherapy was introduced in 23 patients. The 
median greatest LMGC dimension was 30 mm, and the median number of LMGC 
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was two. Twenty-two patients had unilobular LMGC. The 5-year OS and 
recurrence-free survival rates were 0.48 and 0.28, respectively. The median 
survival duration and recurrence-free duration after the initial LR were 16.8 and 
8.6 mo, respectively. Twenty-one patients developed recurrence after the initial 
LR. Additional surgeries for recurrence were performed in nine patients, and 
these surgeries clearly prolonged the patients’ survival. Pathological serosal 
invasion was an independent predictor of a poor prognostic outcome after the 
initial LR. Aggressive LR may be indicated for carefully selected patients with 
LMGC.

CONCLUSION 
Our results of LR for LMGC seem acceptable. Additional surgeries for recurrence 
after the initial LR might prolong OS. Pathological serosal invasion is important 
for poor prognostic outcomes.

Key Words: Liver metastasis; Metastatic tumor; Gastric cancer; Hepatectomy; Liver 
resection; Surgery

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

Core Tip: The indication for liver resection (LR) for liver metastases from gastric 
cancer (LMGC) is still controversial. In the present study, the institutional indications 
for LR for LMGC are shown in detail. The 5-year overall survival rate was 0.48, and 
our results of LR for LMGC seemed to be acceptable. Although recurrence might 
develop after the initial LR, additional surgeries for recurrence clearly prolong 
survival. Pathological serosal invasion of the primary gastric cancer was an 
independent predictor of poor prognostic outcomes after the initial LR. Aggressive LR 
may be indicated for carefully selected patients with LMGC.

Citation: Yazawa T, Hori T, Yamamoto H, Harada H, Yamamoto M, Yamada M, Tani M, Sato 
A, Kamada Y, Tani R, Aoyama R, Sasaki Y, Zaima M. Do liver metastases from gastric cancer 
contraindicate aggressive surgical resection? A 14-year single-center experience. World J 
Gastrointest Pharmacol Ther 2020; 11(5): 110-122
URL: https://www.wjgnet.com/2150-5349/full/v11/i5/110.htm
DOI: https://dx.doi.org/10.4292/wjgpt.v11.i5.110

INTRODUCTION
Advanced gastric cancer (GC) with liver metastasis is often characterized by multiple 
and bilobular metastases and may be associated with extrahepatic metastatic lesions. 
Hence, many physicians consider that radical surgery is contraindicated for these 
patients. According to the Japanese treatment guideline for GC[1], a smaller number of 
liver metastases without unresectable factors (i.e., extrahepatic metastases) may be an 
indication for radical surgery if strict curability (i.e., graphical and surgical R0, 
according to the Japanese classification of gastric carcinoma[2]) will be accomplished.

The evidence regarding the indications for liver resection (LR) for liver metastases 
from GC (LMGC) is limited, and much of the research on this topic consists of single-
center retrospective studies with a small sample size[1,3]. These studies suggested that 
the surgical curability of LR and a smaller number of LMGC were important factors 
for prognostic outcomes after LR[3] and that aggressive LR for LMGC may prolong 
survival in carefully selected patients who undergo radical surgery for the primary 
GC[3]. A later study showed that a solitary metastasis was an important independent 
factor for prognostic outcomes after LR[4]. Three or fewer LMGC in highly accurate 
imaging studies is an indication for LR, and the 5-year overall survival (OS) rate is 
approximately 0.3 in this population[1,5,6]. The effectiveness of LR for patients with 
synchronous or metachronous LMGC is still controversial[3]; therefore, any patients 
with synchronous or metachronous LMGC may be candidates for LR[3]. Several factors 
have been clearly detected as important independent predictive factors for 
postoperative recurrence and/or prognostic outcomes after LR[4-19], and the actual 5-
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year OS rate reportedly ranges from 0 to 0.37[5-19].
As described above, the surgical approach may have therapeutic potential for 

carefully selected patients with LMGC[3]. We have aggressively recommended LR for 
these patients. In the present study, we retrospectively evaluated our patients with 
LMGC who underwent both a radical surgery for the primary GC and LR for LMGC 
during the past two decades. We present our institutional indications and 
contraindications for LR in patients with LMGC. From the viewpoint of clinical 
oncology, the goal of this study was to identify the most important predictive factors 
for postoperative recurrence and/or prognostic outcomes after LR.

MATERIALS AND METHODS
Evaluation and assessment of oncologic findings, clinical therapies, and actual 
responses
In this study, the oncologic findings were evaluated and reported according to the 
Japanese classification of gastric carcinoma [i.e., tumor depth (T factor), cytology (CY 
factor), pathological lymphatic invasion (ly factor), and pathological vessel invasion (v 
factor)][2]. Additionally, clinical therapies and actual responses were assessed and 
described according to the Japanese treatment guideline for GC[1] [i.e., intentional 
lymphadenectomy (D number), graphical or surgical curability (R number), and 
clinical response after chemotherapy].

Institutional indication for LR for LMGC
The indications and contraindications for LR for LMGC at our institution are 
summarized in Table 1. There were no restrictions in the distribution of metastases 
(unilobular or bilobular), cytology (CY0 or CY1), or timing of metastasis (synchronous 
or metachronous).

The indications for LR were as follows: (1) The primary GC could be curatively 
resected by radical gastrectomy with intentional lymphadenectomy; (2) All LMGC 
could be resected with no metastasis in the remnant liver; (3) The volume of the 
remnant liver was graphically estimated as > 40% against the whole liver; (4) The 
number of LMGC was ≤ 5, though the size of the LMGC was not limited; and (5) No 
unresectable site was observed. In brief, the curability of LR (i.e., graphical and 
surgical R0[2]) is of utmost importance, and we accomplish curability whenever 
possible.

In contrast, the contraindications for LR were as follows: (1) Five or more metastases 
were present; (2) Peritoneal dissemination was observed; and (3) An extrahepatic 
unresectable site was present. In brief, the incurability of LR (graphical or surgical 
remnant of metastasis) was a strong contraindication for any type of hepatectomy.

Therapeutic strategy for LMGC in our institution
The therapeutic strategy for LMGC at our institution is summarized in Figure 1. If 
LMGC were resectable, LR was initially performed and adjuvant chemotherapy was 
subsequently introduced. If LMGC were resectable but involved some difficulties for 
LR (e.g., higher number and larger size of liver metastases), chemotherapy was initially 
introduced as neoadjuvant chemotherapy (NAC) and LR was performed thereafter 
only in patients with a positive response (i.e., complete response, partial response, or 
stable disease according to the Japanese classification of gastric carcinoma[2]). If LMGC 
were unresectable, systemic chemotherapy was introduced. LR was performed as 
conversion surgery only in patients who fulfilled our institutional indications.

Patients
During the 14-year period from January 2006 to January 2020, a total of 1086 patients 
with GC underwent surgical treatment in our institution. Thirty patients who 
underwent LR for LMGC were enrolled in this study. We retrospectively evaluated 
our own results after LR (i.e., clinical course, pathological findings, postoperative 
recurrence, and prognostic outcomes).

In all cases, thoracoabdominal enhanced computed tomography were routinely 
performed for checking extrahepatic diseases. Positron emission tomography/ 
computed tomography was also used.

Ethical approval
This retrospective study was approved by our institution’s ethics review committee for 
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Table 1 Indication and contraindication for liver resection for liver metastases originated from gastric cancer.

Indicated Contraindicated

Radical resection of the primary GC Tumor number of > 5

No tumor in the remnant liver (curability of LR) Peritoneal dissemination (incurability of LR)

Remnant liver volume of > 40% Extrahepatic unresectable site (incurability of LR)

Tumor number of ≤ 5

Any tumor size

No unresectable site (curability of LR)

Regardless of unilobular or bilobular LMGC

Regardless of cytology (CY0 or CY1)

Regardless of synchronous or metachronous LMGC

GC: Gastric cancer; LR: Liver resection; LMGC: Liver metastases originated from gastric cancer.

Figure 1  Therapeutic strategy for liver metastases originated from gastric cancer. Japanese classification of gastric carcinoma: definitions of PD and 
PR. LMGC: Liver metastases originated from gastric cancer; LR: Liver response; NAC: Neoadjuvant chemotherapy; PR: Partial response; PD: Progressive disease.

clinical studies. The study was performed in accordance with the ethical guidelines of 
the Declaration of Helsinki. Informed consent was obtained from all patients before 
enrollment.

Statistical analysis
All results are shown as mean ± standard deviation or median (range). Survival rates 
were calculated using the Kaplan–Meier method, and the log-rank test was used for 
between-group comparisons. The Mann–Whitney U test and χ2 test were used to 
compare unpaired continuous or discontinuous variables between two groups. 
Logistic regression analysis was used to identify important predictive factors for poor 
prognostic outcomes. The effect of each factor on OS was evaluated by multivariate 
cyclooxygenase regression analysis. All calculations were performed using SPSS 
software (SPSS Inc., Chicago, IL, United States). A P value of < 0.05 was considered 
statistically significant.

RESULTS
Clinical and pathological findings of primary GC
This study included 23 men and 7 women. Their GC was localized at the corpus (M 
portion) (n = 13), the antrum and pylorus (L portion) (n = 10), and the fundus (U 
portion) (n = 7)[2]. The greatest dimension was 63.3 ± 29.2 mm, and the primary GC 
pathologically disappeared after NAC in one patient (i.e., complete response).
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Pathologically, 22 patients had well/moderately differentiated tubular 
adenocarcinoma (tub1/tub2); 4 had poorly differentiated adenocarcinoma (por); and 1 
each had papillary adenocarcinoma (pap), mucinous adenocarcinoma (muc), 
endocrine cell carcinoma, and hepatoid adenocarcinoma. No signet-ring cell carcinoma 
(sig) was observed. One differentiated adenocarcinoma secreted alpha-fetoprotein.

In the pathological assessments, the tumor depth (T factor) was evaluated as T3 (ss) 
(n = 16), T4b (si) (n = 6), T4a (se) (n = 5), and T1b (sm) (n = 2). No tumor was observed 
in the one patient with a complete response after NAC. Vessel invasion (positive v 
factor) was observed in 28 patients. Twenty-one patients had lymphoid invasions 
(positive ly factor), and 25 patients had metastatic lymph nodes (LNs) (positive N 
factor). Cytology (CY factor) was positive in one patient, and peritoneal dissemination 
(P1[2]) was observed in two patients.

Surgical treatment of primary GC
Radical surgery with intentional lymphadenectomy (D2 or D2+[1]) was performed for 
the primary GC. Total gastrectomy, distal gastrectomy, and pancreaticoduodenectomy 
was performed in 16, 13, and 1 patient, respectively. The stage of the primary GC at 
the time of surgery was IV in 16 patients, IIIA in 6 patients, IIB in 3 patients, IIIC in 3 
patients, IB in 1 patient, and IIA in 1 patient.

Timing of LMGC
Radical surgeries including gastrectomy and lymphadenectomy were performed for 
the primary GC in all patients. Seventeen patients had metachronous LMGC and 13 
had synchronous LMGC (Figure 2).

NAC, LR, and adjuvant chemotherapy
Seven patients with metachronous LMGC underwent LR, and two of these seven 
patients subsequently received adjuvant chemotherapy (uracil and tegafur or S-1). 
Four patients with LMGC received chemotherapy [S-1, trastuzumab, ramucirumab, S-
1 + paclitaxel, S-1 + cisplatin (CDDP), irinotecan (CPT-11) + CDDP, or capecitabine + 
oxaliplatin], and LR was performed thereafter. The response to NAC was a partial 
response in two patients and stable disease in two patients. Four of these 10 patients 
received adjuvant chemotherapy (S-1 or CPT-11 + CDDP). Six patients received no 
chemotherapy (Figure 2).

Ten patients with synchronous LMGC underwent LR, and 9 of these 10 patients 
thereafter received adjuvant chemotherapy (S-1). Three patients with synchronous 
LMGC received chemotherapy (S-1 + oxaliplatin, S-1 + paclitaxel, or S-1 + CDDP), and 
LR was performed thereafter. All patients had a partial response to NAC. None of 
these three patients received adjuvant chemotherapy. One patient with synchronous 
LMGC received no chemotherapy (Figure 2).

Surgical procedures and curability of LR
The mean age at the time of LR was 67.4 ± 8.4 years. Partial hepatectomy was 
performed in 16 patients, and the other 14 patients underwent major hepatectomy (
e.g., lobectomy and segmentectomy). The major hepatectomies were left lobectomy (n 
= 5), right lobectomy (n = 2), extended right lobectomy (n = 1), right lobectomy + 
partial hepatectomy (n = 1), right anterior segmentectomy + lateral segmentectomy (n 
= 1), right posterior segmentectomy + partial hepatectomy (n = 1), extended left 
hepatectomy (n = 1), left hepatectomy + partial hepatectomy (n = 1), and lateral 
segmentectomy + partial hepatectomy (n = 1).

Curative LR (graphical and surgical R0[2]) was achieved in 29 patients. Curative LR 
was not achieved in one patient because of bone metastasis, but postoperative 
radiation therapy was performed in this patient.

Characteristics of LMGC
The size and number of LMGC were graphically and macroscopically assessed. The 
median greatest dimension of LMGC was 30 mm (range, 5-120 mm), and seven 
patients had a tumor size of > 5 cm. The median number of LMGC was 2 (range, 1-6), 
and one patient had > 5 LMGC postoperatively. Seventeen patients had multiple 
LMGC, and 13 patients had a solitary liver metastasis. Twenty-two patients had 
unilobular LMGC and eight had bilobular LMGC.

Survival after initial LR
The median follow-up duration was 33.7 mo [range, 0.8 (death of unrelated causes) to 
157.1 mo]. Three patients with no recurrence after the initial LR died of unrelated 
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Figure 2  Actual treatments for synchronous and metachronous liver metastases originated from gastric cancer. Seventeen patients had 
metachronous liver metastases originated from gastric cancer (LMGC) and 13 patients had synchronous LMGC. Seven patients with metachronous LMGC underwent 
liver resection (LR), and two of these seven patients subsequently received adjuvant chemotherapy. Four patients with metachronous LMGC received chemotherapy, 
and LR was subsequently performed. A partial response to neoadjuvant chemotherapy was achieve in two patients. Four of these 10 patients received adjuvant 
chemotherapy. Ten patients with synchronous LMGC underwent LR, and 9 of these 10 patients subsequently received adjuvant chemotherapy. Three patients with 
synchronous LMGC received chemotherapy, and LR was subsequently performed. All responses to neoadjuvant chemotherapy were categorized as partial 
responses. 1One case of conversion was involved. LMGC: Liver metastases originated from gastric cancer; LR: Liver resection.

causes during follow-up.
The actual OS curve after the initial LR is shown in Figure 3A. The 1-, 2-, 3-, and 5-

year OS rate was 0.78, 0.63, 0.48, and 0.48, respectively. Among the 15 patients who 
died of oncological causes related to their GC (excluding 3 patients who died of 
unrelated causes), the median survival period after the initial LR was 16.8 mo (range, 
3.7–84.0 mo).

The actual recurrence-free survival curve after the initial LR is shown in Figure 3B. 
The 1-, 2-, 3-, and 5-year recurrence-free survival rate was 0.49, 0.28, 0.28, and 0.28, 
respectively. Among the 21 patients with recurrence, the median recurrence-free 
period after the initial LR was 8.6 mo (range, 1.2-18.0 mo).

Postoperative recurrence after initial LR and additional surgeries
Although no recurrence was observed in 9 patients (30.0%), recurrence appeared after 
the initial LR in 21 patients (70.0%). When these 21 patients with recurrence were 
asymptomatic and ambulant, the target sites of recurrence after the initial LR were the 
liver (12 patients, 40.0%), LNs (8 patients, 26.7%), lung (4 patients, 13.3%), and 
peritoneum (2 patients, 6.7%). The target sites of the first recurrence after the initial LR 
were the liver (n = 8), LNs (n = 5), lung (n = 2), liver + lung (n = 2), liver + LNs (n = 2), 
peritoneum (n = 1), and liver + LNs + peritoneum (n = 1) (Table 2).

Additional surgeries were performed in nine patients with recurrence after the 
initial LR. These additional surgeries were LR (n = 3), LN dissection (n = 2), lung 
resection (n = 2), LR + LN dissection (n = 1), and LR + lung resection (n = 1). A total of 
eight LRs were repeated in five patients with liver recurrence (Table 2). Additionally, 
four lung resections were repeated in three patients with lung recurrence. One patient 
received additional LR, and moreover, this patient underwent lung resections twice 
(Table 2).

Each additional surgery achieved curability (graphical and surgical R0). Among the 
21 patients with recurrence, the 9 patients who underwent additional surgeries for 
recurrence showed significantly longer survival than the 12 patients who did not 
undergo additional surgeries (P = 0.0014) (Figure 4).
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Table 2 Postoperative recurrence after the initial liver resection and additional surgery

Postoperative recurrence after the initial LR and additional surgery n

The target sites at the first recurrences after the initial LR (n = 21)

Liver 8

LNs 5

Liver and LNs 3

Lung 2

Liver and lung 2

Liver, LNs and peritoneum 1

Peritoneum 1

Additional surgeries for postoperative recurrences after the initial LR (n = 9)

LR 3

LN dissection 2

Lung resection 2

LR and LN dissection 1

LR and lung resection 1

LR: Liver resection; LN: Lymph node.

Important predictive factors for prognostic outcome after initial LR
Previously reported important predictive factors for postoperative recurrence and/or 
the prognostic outcome after the initial LR[4-19] were analyzed in the present study and 
are shown in Table 3. In the univariate analysis, serosal invasion (i.e., pathological T 
factor) was significantly different from the other factors (P = 0.0249). The multivariate 
analysis showed that this factor was an independent predictor of a poor prognostic 
outcome after the initial LR (P = 0.0249).

No predictors of postoperative recurrence after initial LR
Previously reported important factors for postoperative recurrence and/or the 
prognostic outcome after the initial LR[4-19] were analyzed in the present study and are 
shown in Table 4. In the univariate analysis, no factors showed statistical significance. 
We found no predictive factors for postoperative recurrence after the initial LR.

DISCUSSION
Optimal surgeries for GC have been previously investigated. Intentional dissection of 
regional LNs (D2 Lymphadenectomy) is currently considered to be the standard 
lymphadenectomy technique for advanced GC[1]. Extended lymphadenectomy of para-
aortic LNs does not improve the postoperative survival rate[20], and splenectomy for 
extended lymphadenectomy should be carefully chosen[21]. NAC before radical surgery 
is recommended for treatment of advanced but resectable GC, especially in patients 
with massive metastases in regional LNs[22,23].

The therapeutic strategy for stage IV GC has been previously discussed[24-32]. 
Improved prognostic outcomes have not been reported for surgeries that result in 
incurability (i.e., R1 or R2[2]), and these surgeries are currently contraindicated for 
patients with GC at unresectable sites[24,27]. The surgical curability is crucial for patients 
with stage IV GC, and adjuvant chemotherapy after curative surgery (i.e., graphical 
and surgical R0) is strongly recommended in this patient population[1]. In our two 
patients with peritoneal dissemination, there were no distant disseminations. Their 
disseminations were localized nearly at the primary GC (i.e., P1[2]), and graphical and 
surgical R0 was accomplished by peritonectomy in each patient.

Paradoxically, aggressive surgeries that achieve curability (i.e., graphical and 
surgical R0) may have potential benefits for patients with stage IV GC[5,8,12,33]. The 
surgical techniques of LR are well established, and medical devices for LR have been 
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Table 3 Important factor for prognostic outcome after the initial liver resection

Factor P value

Univariate analyses

Number of LMGC Actual number 0.7670

Multiple vs solitary 0.8215

Timing of LMGC Metachronous vs synchronous 0.3282

Occupation of LMGC Bilobular vs unilobular 0.8605

The greatest dimension Actual dimension (mm) 0.6264

Size of > 50 mm vs size of ≤ 50 mm 0.2520

Serosal invasion (pathological T factor) PT4 vs pT1-3 0.0249

Curability of LR Yes or no 0.9999

Lymphatic invasion (pathological ly factor) Yes or no 0.8004

Vessel invasion (athological v factor) Yes or no 0.9999

Pathological differentiation Tub vs others 0.8004

Pathological LN metastases Yes or no 0.6171

Chemotherapy Yes or no 0.4017

Multivariate analyses

Serosal invasion (pathological T factor) PT4 vs pT1-3 0.0052

LMGC: Liver metastases originated from gastric cancer; LR: Liver resection; LN: Lymph node.

Table 4 Univariate analyses for postoperative recurrence after the initial liver resection

Factor P value

Number of LMGC Actual number 0.7860

Multiple vs solitary 0.9360

Timing of LMGC Metachronous vs synchronous 0.0906

Occupation of LMGC Bilobular vs unilobular 0.5719

The greatest dimension Actual dimension (mm) 0.7343

Size of > 50 mm vs size of ≤ 50 mm 0.5719

Serosal invasion (pathological T factor) PT4 vs pT1-3 0.8033

Curability of LR Yes or no 0.9999

Lymphatic invasion (pathological ly factor) Yes or no 0.9282

Vessel invasion (pathological v factor) Yes or no 0.9999

Pathological differentiation Tub vs others 0.9282

Pathological LN metastases Yes or no 0.9999

Chemotherapy Yes or no 0.9999

LMGC: Liver metastases originated from gastric cancer; LR: Liver resection; LN: Lymph node.

well developed. Hence, major or extended hepatectomy is a safe and feasible treatment 
option for liver disease[34]. Aggressive LR for LMGC may prolonged survival in 
carefully selected patients[4-19]. From the viewpoint of preoperative prediction of 
postoperative recurrence and/or poor prognostic outcomes, many surgeons have 
focused on the most important surgical indications for LR in patients with LMGC 
(Table 5): The timing of LMGC[6,13,15,17,18], the greatest dimension of LMGC[5,8-11], the 
multiplicity of LMGC[10,12,15-17], the occupation of LMGC[11-14], the number of LMGC[4,5,8], 
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Table 5 Important factors for liver resection in patients with liver metastases originated from gastric cancer

Ref. Year Sample 
size

The 5-yr OS 
rate Important factors for recurrences and/or poor prognoses

Ambiru et al[18] 2001 40 0.180 Synchronous LMGC

Okano et al[17] 2002 19 0.340 Multiple LMGC; synchronous LMGC; pathological differentiation

Zacherl et al[12] 2002 15 0 Multiple LMGC; bilobular LMGC; curability of LR

Saiura et al[19] 2002 10 0.200 LN metastases

Shirab et al[8] 2003 36 0.260 Number of LMGC (number of ≥ 3); curability of LR; lymphatic invasion; vessel invasion

Sasako et al[20] 2007 37 0.110 Bilobular LMGC; the greatest dimension (size of > 4 cm)

Cheon et al[16] 2008 41 0.208 Multiple LMGC

Makino et al[14] 2010 16 0.370 Bilobular LMGC

Tsujimoto et al[10] 2010 17 0.315 Multiple LMGC; the greatest dimension (size of > 6 cm); lymphatic invasion

Schildberg et al[15] 2012 31 0.130 Multiple LMGC; synchronous LMGC

Takemura et al[9] 2012 64 0.370 The greatest dimension (size of > 5 cm); serosal invasion

Matsuda et al[13] 2013 14 0.360 Synchronous LMGC; bilobular LMGC; no chemotherapy

Kinoshita et al[5] 2015 256 0.313 The greatest dimension (size of > 5 cm); serosal invasion; curability of LR; number of LMGC 
(number of ≥ 3)

Tatsubayashi 
et al[6]

2017 28 0.320 Synchronous LMGC

Our study 2020 30 0.480 Serosal invasion (pathological T factor)

OS: Overall survival; LMGC: Liver metastases originated from gastric cancer; LN: Lymph node; LR: Liver resection.

the curability of LR[5,8,12], serosal invasion[5,9], lymphatic invasion[8,10], vessel invasion[8], 
LN metastases[19], induction of chemotherapy[13], and pathological differentiation[17]. 
Reliable reports published during the past two decades are summarized in Table 5.

The reported 5-year OS rate ranges from 0 to 0.37[5-19], and the rate in the present 
study was 0.48 (Table 5). Although the effectiveness of LR for LMGC remains 
controversial, the present results suggest that the OS rate after LR seems to be 
acceptable and that aggressive LR may be indicated in carefully selected patients with 
LMGC.

The curability of LR is important for patients with LMGC. In the present study, the 
initial LR was curative in 29 patients. Adjuvant chemotherapy after curative surgery (
i.e., graphical and surgical R0) is strongly recommended in patients with stage IV 
GC[28-32], and perioperative chemotherapy was introduced in 23 patients. GC patient 
with synchronous LMGC is categorized as Stage IV, and neoadjuvant and/or adjuvant 
chemotherapy will be introduced for synchronous LMGC as possible. Although 
neoadjuvant and/or adjuvant therapies were introduced in all of 13 patients with 
synchronous LMGC, 6 of 17 patients with metachronous LMGC did not receive 
perioperative chemotherapy (Figure 2). In these 6 patients with metachronous LMGC, 
the surgical curability (i.e., graphical and surgical R0) of LR was accomplished in each. 
Though introduction of perioperative chemotherapy may involve a difficulty due to 
some reasons (e.g., underlying disorder and performance status), and LR with surgical 
curability may be beneficial for metachronous LMGC patients who had some difficulty 
of perioperative chemotherapy. Recurrence after the initial LR occurred in 70% of 
patients. Notably, however, our results indicate that repeated additional surgeries for 
recurrence after the initial LR may be beneficial if surgical curability (i.e., graphical and 
surgical R0) can be obtained (Figure 4). The present results of LR for LMGC may be 
supported by the combined strategy of aggressive curative surgeries and 
chemotherapy during the perioperative period of LR. Three of 6 patients with 
metachronous LMGC who did not receive perioperative chemotherapy were 
undergone additional surgeries for recurrence after the initial LR, and two of these 6 
patients were still alive. Surgical curability is important for LR and additional surgery. 
LR and additional surgery may be beneficial for these metachronous LMGC patients if 
surgical curability is obtained, though we believe the combined strategy of aggressive 
curative surgeries and chemotherapy during the perioperative period of LR comes first 
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Figure 3  Overall survival and recurrence-free survival after initial liver resection. A and B: Actual curves of overall survival and recurrence-free 
survival. LR: Liver resection; OS: Overall survival; RFS: Recurrence-free survival.

Figure 4  Survival curves in patients with recurrence. Recurrence after the initial liver resection was observed in 21 patients. Additional surgeries were 
performed in nine patients with recurrence, and each additional surgery accomplished graphical and surgical R0. These 9 patients had significantly longer survival 
than the other 12 patients who did not undergo additional surgeries (P < 0.05). LR: Liver resection; OS: Overall survival.

for patients with LMGC.
As shown in Table 5, only 14 papers have been previously documented, and almost 

all of these important papers were written based on retrospective design and/or 
single-center experience. Sample size were shown in Table 5. This was a retrospective 
study performed in a single institution and therefore has inherent limitations due to 
bias and a small sample size. Thus, the conclusions must be interpreted with extreme 
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caution. In 2018, when our sample size was smaller and follow-up term was shorter, 
the greatest dimension of > 50 mm was an independent predictor of postoperative 
recurrence after the initial LR in the univariate and multivariate analyses (data not 
shown). We found no important factors for postoperative recurrence after the initial 
LR (Table 4), although pathological serosal invasion was still an independent predictor 
of poor prognostic outcomes after the initial LR (Table 3).

Although resectable LMGC is clinically rare, strict and careful patient selection can 
lead to prolonged survival in patients with advanced GC. The surgical approach may 
have a therapeutic potential for LMGC.

CONCLUSION
In conclusion, aggressive LR may be indicated for carefully selected patients with 
LMGC, and the survival rate after LR seems to be acceptable.

ARTICLE HIGHLIGHTS
Research background
Advanced gastric cancer (GC) often accompanies with liver metastasis. Though many 
physicians consider that radical surgeries are contraindicated for liver metastases from 
GC (LMGC). a smaller number of liver metastases without unresectable factors may be 
an indication for liver resection (LR).

Research motivation
The actual 5-year overall survival (OS) rate was previously documented as 0 to 0.37. 
Here, we presented the institutional indications for LR for LMGC, evaluated our own 
results.

Research objectives
In total, 30 patients underwent LR for LMGC during a 14-year period, and we 
evaluated the clinical, surgical, and oncological findings.

Research methods
In all patients, radical surgery with intentional lymphadenectomy was performed for 
the primary GC. The median follow-up duration after the initial LR was 33.7 mo. The 
OS and recurrence-free survival rates after the initial LR were assessed. Also, we 
identified important factors for prognostic outcomes.

Research results
The 5-year OS and recurrence-free survival rates were 0.48 and 0.28, respectively. The 
median survival duration and recurrence-free duration after the initial LR were 16.8 
and 8.6 mo, respectively. Although recurrence might develop after the initial LR, 
additional surgeries for recurrence clearly prolong survival. Pathological serosal 
invasion was an independent predictor of a poor prognostic outcome after the initial 
LR.

Research conclusions
Our results of LR for LMGC seem acceptable. Pathological serosal invasion is 
important for poor prognostic outcomes.

Research perspectives
Aggressive LR may be indicated for carefully selected patients with LMGC.
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