
World Journal of
Gastrointestinal Surgery

ISSN 1948-9366 (online)

World J Gastrointest Surg  2023 April 27; 15(4): 495-744

Published by Baishideng Publishing Group Inc



WJGS https://www.wjgnet.com I April 27, 2023 Volume 15 Issue 4

World Journal of 

Gastrointestinal SurgeryW J G S
Contents Monthly Volume 15 Number 4 April 27, 2023

REVIEW

Current and emerging therapeutic approaches for colorectal cancer: A comprehensive review495

Kumar A, Gautam V, Sandhu A, Rawat K, Sharma A, Saha L

Harnessing interventions during the immediate perioperative period to improve the long-term survival of 
patients following radical gastrectomy

520

Liu LB, Li J, Lai JX, Shi S

MINIREVIEWS

Nutrition in acute pancreatitis534

Gopi S, Saraya A, Gunjan D

Surgical treatment for recurrent hepatocellular carcinoma: Current status and challenges544

Wang D, Xiao M, Wan ZM, Lin X, Li QY, Zheng SS

The spectrum of pneumatosis intestinalis in the adult. A surgical dilemma553

Tropeano G, Di Grezia M, Puccioni C, Bianchi V, Pepe G, Fico V, Altieri G, Brisinda G

Surgical aspects of small intestinal neuroendocrine tumors566

Kupietzky A, Dover R, Mazeh H

Tumor budding in gastric cancer578

Xiao SM, Li J

Initial management of suspected biliary injury after laparoscopic cholecystectomy592

Siiki A, Ahola R, Vaalavuo Y, Antila A, Laukkarinen J

ORIGINAL ARTICLE

Basic Study

Acinous cell AR42J-derived exosome miR125b-5p promotes acute pancreatitis exacerbation by inhibiting 
M2 macrophage polarization via PI3K/AKT signaling pathway

600

Zheng Z, Cao F, Ding YX, Lu JD, Fu YQ, Liu L, Guo YL, Liu S, Sun HC, Cui YQ, Li F

Case Control Study

Skeletal muscle mass and quality before preoperative chemotherapy influence postoperative long-term 
outcomes in esophageal squamous cell carcinoma patients

621

Ichinohe D, Muroya T, Akasaka H, Hakamada K



WJGS https://www.wjgnet.com II April 27, 2023 Volume 15 Issue 4

World Journal of Gastrointestinal Surgery
Contents

Monthly Volume 15 Number 4 April 27, 2023

Retrospective Study

In situ subtotal spleen resection combined with selective pericardial devascularization for the treatment of 
portal hypertension

634

Li HL, Ning SL, Gao YJ, Zhou T, Chen YX

Risk factors for blood transfusion and its prognostic implications in curative gastrectomy for gastric cancer643

Kawakami LE, Bonomi PB, Pereira MA, Carvalho FO, Ribeiro Jr U, Zilberstein B, Sampaio LR, Carneiro-D'Albuquerque 
LA, Ramos MFKP

Clinical Trials Study

Endoscopic ultrasound-guided intraportal injection of autologous bone marrow in patients with 
decompensated liver cirrhosis: A case series

655

Zheng SP, Deng AJ, Zhou JJ, Yuan LZ, Shi X, Wang F

Computed tomography perfusion in differentiating portal hypertension: A correlation study with hepatic 
venous pressure gradient

664

Dong J, Zhang Y, Wu YF, Yue ZD, Fan ZH, Zhang CY, Liu FQ, Wang L

Observational Study

Ligamentum teres hepatis as a graft for portal and/or superior mesenteric vein reconstruction: From 
bench to bedside

674

Zhu WT, Wang HT, Guan QH, Zhang F, Zhang CX, Hu FA, Zhao BL, Zhou L, Wei Q, Ji HB, Fu TL, Zhang XY, Wang RT, 
Chen QP

Efficacy and safety analysis of transarterial chemoembolization and transarterial radioembolization in 
advanced hepatocellular carcinoma descending hepatectomy

687

Feng R, Cheng DX, Song T, Chen L, Lu KP

Prospective Study

Effectiveness of a new approach to minimally invasive surgery in palliative treatment of patients with 
distal malignant biliary obstruction

698

Susak YM, Markulan LL, Lobanov SM, Palitsya RY, Rudyk MP, Skivka LM

Randomized Controlled Trial

External use of mirabilite to prevent post-endoscopic retrograde cholangiopancreatography pancreatitis in 
children: A multicenter randomized controlled trial

712

Zeng JQ, Zhang TA, Yang KH, Wang WY, Zhang JY, Hu YB, Xiao J, Gu ZJ, Gong B, Deng ZH

SYSTEMATIC REVIEWS

The global epidemiology of upper and lower gastrointestinal bleeding in general population: A systematic 
review

723

Saydam ŞS, Molnar M, Vora P

CASE REPORT

Idiopathic colopleural fistula presenting with lung abscess and refractory empyema: A case report740

Wang CL, Cheng KC



WJGS https://www.wjgnet.com III April 27, 2023 Volume 15 Issue 4

World Journal of Gastrointestinal Surgery
Contents

Monthly Volume 15 Number 4 April 27, 2023

ABOUT COVER

Editorial Board Member of World Journal of Gastrointestinal Surgery, Sami Akbulut, MD, PhD, Full Professor, 
Department of Surgery and Liver Transplant Institute, Inonu University Faculty of Medicine, Malatya 44280, 
Turkey. akbulutsami@gmail.com

AIMS AND SCOPE

The primary aim of World Journal of Gastrointestinal Surgery (WJGS, World J Gastrointest Surg) is to provide scholars 
and readers from various fields of gastrointestinal surgery with a platform to publish high-quality basic and 
clinical research articles and communicate their research findings online. 
    WJGS mainly publishes articles reporting research results and findings obtained in the field of gastrointestinal 
surgery and covering a wide range of topics including biliary tract surgical procedures, biliopancreatic diversion, 
colectomy, esophagectomy, esophagostomy, pancreas transplantation, and pancreatectomy, etc.

INDEXING/ABSTRACTING

The WJGS is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®), 
Current Contents/Clinical Medicine, Journal Citation Reports/Science Edition, PubMed, PubMed Central, 
Reference Citation Analysis, China National Knowledge Infrastructure, China Science and Technology Journal 
Database, and Superstar Journals Database. The 2022 Edition of Journal Citation Reports® cites the 2021 impact 
factor (IF) for WJGS as 2.505; IF without journal self cites: 2.473; 5-year IF: 3.099; Journal Citation Indicator: 0.49; 
Ranking: 104 among 211 journals in surgery; Quartile category: Q2; Ranking: 81 among 93 journals in 
gastroenterology and hepatology; and Quartile category: Q4. 

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Rui-Rui Wu; Production Department Director: Xiang Li; Editorial Office Director: Jia-Ru Fan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

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

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1948-9366 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

November 30, 2009 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

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

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

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

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/1948-9366/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

April 27, 2023 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2023 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2023 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/1948-9366/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


WJGS https://www.wjgnet.com 621 April 27, 2023 Volume 15 Issue 4

World Journal of 

Gastrointestinal SurgeryW J G S
Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Surg 2023 April 27; 15(4): 621-633

DOI: 10.4240/wjgs.v15.i4.621 ISSN 1948-9366 (online)

ORIGINAL ARTICLE

Case Control Study

Skeletal muscle mass and quality before preoperative chemotherapy 
influence postoperative long-term outcomes in esophageal 
squamous cell carcinoma patients

Daichi Ichinohe, Takahiro Muroya, Harue Akasaka, Kenichi Hakamada

Specialty type: Surgery

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

Peer-review model: Single blind

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

P-Reviewer: Lin Q, China; Liu D, 
China; Liu Y, China

Received: November 11, 2022 
Peer-review started: November 11, 
2022 
First decision: January 23, 2023 
Revised: February 8, 2023 
Accepted: March 23, 2023 
Article in press: March 23, 2023 
Published online: April 27, 2023

Daichi Ichinohe, Takahiro Muroya, Harue Akasaka, Kenichi Hakamada, Department of 
Gastroenterological Surgery, Hirosaki University Graduate School of Medicine, Hirosaki 
0368562, Aomori, Japan

Corresponding author: Kenichi Hakamada, MD, PhD, Professor, Department of 
Gastroenterological Surgery, Hirosaki University Graduate School of Medicine, 5 Zaifucho, 
Hirosaki 0368562, Aomori, Japan. hakamada@hirosaki-u.ac.jp

Abstract
BACKGROUND 
Previous reports have focused on muscle mass as a prognostic factor in 
esophageal cancer.

AIM 
To investigate how preoperative body type influences the prognosis of patients 
with esophageal squamous cell carcinoma who underwent neoadjuvant 
chemotherapy (NAC) and surgery.

METHODS 
The subjects were 131 patients with clinical stage II/III esophageal squamous cell 
carcinoma who underwent subtotal esophagectomy after NAC. Skeletal muscle 
mass and quality were calculated based on computed tomography images prior to 
NAC, and their statistical association with long-term outcomes was examined 
retrospectively in this case-control study.

RESULTS 
The disease-free survival rates in the low psoas muscle mass index (PMI) group vs 
the high PMI group were 41.3% vs 58.8% (P = 0.036), respectively. In the high 
intramuscular adipose tissue content (IMAC) group vs the low IMAC group, the 
disease-free survival rates were 28.5% vs 57.6% (P = 0.021), respectively. The 
overall survival (OS) rates for the low PMI group vs the high PMI group were 
41.3% vs 64.5% (P = 0.008), respectively, and for the high IMAC group vs the low 
IMAC group, they were 29.9% vs 61.9% (P = 0.024), respectively. Analysis of the 
OS rate revealed significant differences in patients aged 60 years or older (P = 
0.018), those with pT3 or above disease (P = 0.021), or those with lymph node 
metastasis (P = 0.006), aside from PMI and IMAC. Multivariate analysis 

https://www.f6publishing.com
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demonstrated that pT3 or above [hazard ratio (HR): 1.966, 95% confidence interval (CI): 1.089-
3.550, P = 0.025), lymph node metastasis (HR: 2.154, 95%CI: 1.118-4.148, P = 0.022), low PMI (HR: 
2.266, 95%CI: 1.282-4.006, P = 0.005), and high IMAC (HR: 2.089, 95%CI: 1.036-4.214, P = 0.022) 
were significant prognostic factors for esophageal squamous cell carcinoma.

CONCLUSION 
Skeletal muscle mass and quality before NAC in patients with esophageal squamous cell 
carcinoma are significant prognostic factors for postoperative OS.

Key Words: Esophageal squamous cell carcinoma; Muscle mass; Muscle quality; Neoadjuvant 
chemotherapy; Body composition

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Esophageal cancer patients are often nutritionally malnourished, and their muscle mass is often 
decreased. In addition to loss of muscle mass, it is often associated with loss of muscle quality. In this 
study, the prognosis of esophageal squamous cell carcinoma patients was found to be influenced by 
muscle composition before preoperative chemotherapy. The prognosis is not only affected by muscle mass 
but also by muscle quality.

Citation: Ichinohe D, Muroya T, Akasaka H, Hakamada K. Skeletal muscle mass and quality before preoperative 
chemotherapy influence postoperative long-term outcomes in esophageal squamous cell carcinoma patients. World 
J Gastrointest Surg 2023; 15(4): 621-633
URL: https://www.wjgnet.com/1948-9366/full/v15/i4/621.htm
DOI: https://dx.doi.org/10.4240/wjgs.v15.i4.621

INTRODUCTION
Esophageal cancer continues to have a poor prognosis, with a low 5-year survival rate of 20%[1]. Poor 
prognostic factors are due to the tendency of the cancer to metastasize at an early stage[2,3] and to easily 
invade nearby vital organs such as the lungs, large blood vessels, heart, and trachea, indicating that the 
cancer is already advanced at the time of diagnosis[4]. Therefore, the standard treatment is a 
combination of chemotherapy and radiotherapy in addition to surgery[5]. However, the prognosis 
remains poor.

In recent years, preoperative sarcopenia has been identified as a factor that reduces short-term 
postoperative prognosis and outcomes after gastrointestinal cancer surgery[6]. Sarcopenia is defined as 
the loss of function associated with muscle mass loss and quality[7]. Factors such as cancer status, 
underlying disease, advanced age, and sex are involved. Preoperative muscle mass loss has been 
reported as a postoperative complication or prognostic factor in gastric[8], hepatocellular[9], biliary[10], 
pancreatic[11], and colorectal cancers[12]. Recently, it has been suggested that, in addition to muscle 
mass, fatty degeneration of muscle and muscle quality changes also affect prognosis[13]. Low skeletal 
muscle mass has been reported to influence the occurrence of postoperative respiratory complications in 
esophageal cancer[14-16] and is a factor for poor short-term outcomes[17,18].

Esophageal cancer is often complicated by preoperative nutritional deficits due to reduced oral intake 
caused by stenosis. Therefore, sarcopenia is often complicated preoperatively[19]. In addition, eso-
phageal cancer surgery is highly invasive, which promotes catabolism creating a nutritional 
disadvantage[20]. Moreover, the multidisciplinary treatment combinations of chemotherapy and 
radiotherapy used in esophageal cancer can also contribute to nutritional impairment[21].

Multidisciplinary treatment for esophageal cancer is available in a variety of forms, including pre- 
and postoperative chemotherapy[22] and preoperative chemoradiotherapy[23,24]. The multidisciplinary 
approach is used in Europe and the United States for adenocarcinoma; in Japan and East Asian 
countries, however, this is more common for squamous cell carcinoma[4]. In Japan, preoperative 
chemotherapy and subtotal esophagectomy with three-field lymph node dissection is the standard 
treatment[5]. Therefore, assessing the impact of sarcopenia on short-term and long-term outcomes after 
esophageal cancer surgery requires a consistent examination of the disease and treatment context.

The present study included Japanese patients with squamous cell carcinoma of the esophagus who 
underwent preoperative chemotherapy and subtotal esophagectomy with three-field lymph node 
dissection as the standard therapy. We examined the effect of muscle mass and quality before 
preoperative chemotherapy on long-term prognosis in these patients.

https://www.wjgnet.com/1948-9366/full/v15/i4/621.htm
https://dx.doi.org/10.4240/wjgs.v15.i4.621
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MATERIALS AND METHODS
Patients
Of the 182 consecutive esophageal cancer patients who underwent esophagectomy between January 
2009 and December 2013 at our hospital in Aomori, Japan, 131 were recruited for the study. In our 
hospital, one surgeon specializes in upper gastrointestinal surgery and performs 30 or more esophageal 
cancer surgeries per year. The selected subjects underwent subtotal esophagectomy with three-field 
lymph node dissection after completion of two courses of 5-fluorouracil plus cisplatin as neoadjuvant 
chemotherapy (NAC) for clinical stage II/III esophageal squamous cell carcinoma. They had no residual 
tumors. Six patients with positive resection margins were excluded (Figure 1).

Treatment protocol
All patients were examined by esophagogastroduodenoscopy and diagnosed histologically with 
esophageal squamous cell carcinoma (adenocarcinoma was excluded because the inclusion criterion for 
NAC is squamous cell carcinoma) confirmed by biopsy. They were then examined by routine 1-mm 
slice contrast-enhanced computed tomography (CT) and positron emission tomography-CT, and staged 
according to the TNM classifications (7th edition)[25] of the Union for International Cancer Control.

Two courses of 5-fluorouracil plus cisplatin therapy were administered. NAC for clinical stage II or III 
esophageal squamous cell carcinoma was administered according to the Japan Clinical Oncology Group 
9907 trial[5]. The regimen was: (1) Day 1: Cisplatin 80 mg/m2 intravenous infusion; (2) days 1-5: 5-
fluorouracil 800 mg/m2 intravenous infusion; and (3) cycle frequency every 21 d for 2 cycles.

The effect of chemotherapy was evaluated according to the Response Evaluation Criteria in Solid 
Tumors guidelines (version 1.1[26]). Right thoraco-laparotomic subtotal esophagectomy and three-field 
lymph node dissection were performed after two courses of NAC. For reconstruction, retrosternal route 
gastric tube reconstruction was performed unless the patient was post-gastrectomy. Postoperatively, the 
patient was treated in the intensive care unit for systemic management. After discharge, blood examin-
ations were performed every 3 mo and radiological examinations every 6 mo.

Patient demographics and nutritional status
Age, body mass index (BMI), performance status, and American Society of Anesthesiologists physical 
status were determined from the medical records of the patients. The white blood cell count, neutrophil 
count, lymphocyte count, high sensitivity C-reactive protein level, and serum albumin level were invest-
igated according to preoperative blood chemistry data. Neutrophil-to-lymphocyte ratio (used as a 
nutrition index), Prognostic Nutritional Index, Geriatric Nutritional Risk Index, and modified Glasgow 
prognostic score were calculated as evaluation criteria.

Image analysis
For skeletal muscle mass measurement, computed tomography (CT) images before NAC were used. The 
bilateral psoas muscle areas were measured at the third lumbar vertebral level through tracing using 
Digital Imaging and Communications in Medicine viewer software, EV Invite® (PSP Corporation, 
Tokyo, Japan) (Figure 2). The value calculated by dividing the psoas muscle area by the square of the 
height was determined as the psoas muscle mass index (PMI) [= (cross-sectional area of bilateral psoas 
muscle)/(height)2 (cm2/m2)].

For skeletal muscle quality measurement using CT values, the bilateral multifidus muscles were 
traced at the third lumbar vertebral level (the same as the level of the psoas muscle cross-sectional area 
measurement), and the mean CT value of this region was calculated. In addition, subcutaneous fat was 
traced at four sites at the same level, and the mean CT value was determined. The mean CT value of the 
multifidus muscle was divided by the mean CT value of the subcutaneous fat at the four sites, and the 
calculated value was regarded as the intramuscular adipose tissue content (IMAC) [= mean CT value of 
bilateral multifidus muscle (HU)/mean CT value of four points of subcutaneous fat (HU)][27,28].

Definition of muscle mass loss and muscle quality changes
In this study, a receiver operating characteristic curve against overall survival (OS) was prepared using 
precalculated PMI with the optimum cutoff value of PMI set at 4 (area under the curve: 0.538, 
sensitivity: 61.0%, specificity: 78.3%). Patients with PMI < 4 and PMI ≥ 4 were designated as belonging 
to the low and high PMI groups, respectively, and compared.

Similarly, a receiver operating characteristic curve for IMAC was prepared, and the optimum cutoff 
value was set at 0.36 (area under the curve: 0.538, sensitivity: 61.0%, specificity: 78.3%). Patients with 
IMAC ≥ -0.36 and IMAC < -0.36 were designated as belonging to the high and low IMAC groups, 
respectively.

Evaluation of outcomes
Postoperative complications were defined according to the Clavien-Dindo classification[29], with 
Clavien-Dindo grade ≥ 3 defined as the presence of complications. For analysis of outcomes, OS and 
disease-free survival (DFS) rates were used.
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Figure 1  Patient selection process.

Figure 2  Measured area of muscle.

Statistical analysis
For statistical analysis, SPSS® Statistics (Version 22.0; IBM Corp., Armonk, NY, United States) was used. 
All variables are presented as median values. In univariate analysis, continuous and non-continuous 
variables were analyzed using the Mann-Whitney U test and χ2 test, respectively. Survival curves were 
prepared using the Kaplan-Meier method. For multivariate analysis, the log rank test was used, and 
analysis was performed using the Cox proportional hazards model. P values < 0.05 were regarded as 
significant.

Registration and ethical approval
Although this study was a retrospective study, ethical considerations required approval because of the 
use of biometric data. This study is registered with the Research Registry (Unique Identifying Number 
7880) and was approved by the Ethics Committee (Approval number: 2020-38). This article is reported 
in line with the STROBE criteria[30].

RESULTS
Patients’ characteristics
The median age of the 131 patients was 64 years (range: 44-78 years), and the median BMI was 21.4 
kg/m2 (range: 14.7-27.7 kg/m2). The clinical stages were stage II in 68 patients and stage III in 63 
patients. The determination of the effect of NAC following the Response Evaluation Criteria in Solid 
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Tumors guidelines was complete response in 2 patients, partial response in 79, stable disease in 42, and 
progressive disease in 8. The rate of response to NAC was 61.8% compared with the disease control rate 
of 93.9%. The median number of postoperative hospitalization days was 18 (range: 11-225); reoperation 
was performed on 4 patients (3.1%). There was no postoperative mortality at the hospital nor was there 
any mortality within 90 d following surgery. The median duration of postoperative follow-up was 60.9 
mo (range: 3.9-100.3 mo).

The median PMI value was 4.94 (2.12-8.98). When the cases were classified setting the cutoff value of 
PMI at 4, the low and high PMI groups included 36 (27.5%) and 95 (72.5%) patients, respectively. In the 
between-group comparison, BMI and Geriatric Nutritional Risk Index were significantly lower in the 
low PMI group compared to the high PMI group, but no significant difference was noted for age, 
nutrition index, or chemotherapy response rates.

Similarly, in the comparison of IMAC, representing muscle quality, age was significantly higher in 
the high IMAC group. Details are presented in Table 1.

Influence of muscle mass loss and muscle quality changes on surgical outcomes
A Clavien-Dindo classification of three or more severe complications was noted in 53 patients (40.5%). 
Failure of sutures was seen in 3 patients (2.3%), and respiratory complications were noted in 28 (21.4%). 
When comparing PMI, no significant difference was noted in operative time, blood loss, or 
postoperative complication. There were no significant differences in tumor-associated factors. The 
results of IMAC were similar (Table 1).

Impact of muscle mass loss and muscle quality changes on DFS
The 5-year DFS rates in the low and high PMI groups were 41.3% and 58.8%, respectively (P = 0.036). 
For IMAC, the 5-year DFS rates were 28.5% and 57.6% in the high and low IMAC groups, respectively (
P = 0.021) (Figure 3A and B).

Impact of muscle mass loss and muscle quality changes on OS
The 5-year OS rates in the low and high PMI groups were 41.3% and 64.5%, respectively (P = 0.008), 
showing a significant difference between the two groups. Regarding IMAC, the 5-year OS rates of the 
high group vs the low group were 29.9% and 61.9%, respectively (P = 0.024), which were significantly 
different (Figure 3C and D).

Univariate analysis of the OS rate revealed significant differences in patients aged 60 years or older (P 
= 0.018), those with pT3 or above disease (P = 0.021), and those with lymph node metastasis (P = 0.006). 
When these factors were subjected to multivariate analysis using the Cox proportional hazards model, 
pT3 or above [hazard ratio (HR): 1.966, 95% confidence interval (CI): 1.089-3.550, P = 0.025], low PMI 
(HR: 2.266, 95%CI: 1.282-4.006, P = 0.005), and high IMAC (HR: 2.089, 95%CI: 1.036-4.214, P = 0.022) 
were significantly different and regarded as independent poor prognostic factors (Table 2).

DISCUSSION
The first finding of the present study was that lower skeletal muscle mass (low PMI) and changes in 
skeletal muscle quality (high IMAC) before preoperative chemotherapy had an impact on OS. To assess 
skeletal muscle mass, a cross-sectional area of the psoas muscle at the level of the lumbar spine L3 in the 
abdominal CT images before preoperative chemotherapy was used. Dual-energy X-ray absorptiometry 
and bioelectrical impedance analysis are methods to measure skeletal muscle mass. However, unlike CT 
imaging before preoperative chemotherapy, these methods require additional examination and raise the 
issue of invasive radiation exposure[31]. These measurement methods are not standardized for 
measuring muscle mass[32]. In addition, it has been reported that it is difficult to standardize and assess 
muscle quality[33-35].

In this study, the cross-sectional area of the psoas muscle at the lumbar L3 level was used to assess 
muscle mass. Essentially, it was necessary to assess muscle mass by volume rather than area. The cross-
sectional area of the psoas muscle is maximal at the level of the lumbar spine L3 and thus can be 
assessed as representative of the volume[36,37]. There are systematic reviews/meta-analyses of 
sarcopenia using a technique that measures skeletal muscle mass at L3 in patients undergoing 
abdominal surgery. The method used to measure muscle mass in this study was reasonable because it is 
cited as a factor affecting perioperative complications and prognosis in previous reports[38,39].

The same lumbar spine L3 level in CT images used to assess skeletal muscle mass was also used to 
assess skeletal muscle. We calculated the degree of fat content within the multifidus muscle in those CT 
images based on the CT values. For this method, muscle quantity and quality were assessed at the same 
L3 level as abdominal CT imaging studies. The advantage was that no additional metrics were needed 
to assess changes in quality as a new parameter.

One modality of assessing muscle quality from CT images is the IMAC method[27,28], which 
evaluates the degree of fat content in muscle and quantifies the degree of fat degeneration. Fat 
degeneration of muscle has been reported to correlate with muscle weakness and loss of function[40,
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Table 1 Clinicopathological characteristics of patients

All Preoperative Preoperative Preoperative Preoperative

n = 131 Low PMI, n = 
36

High PMI, n = 
95

P 
value High IMAC, n = 

17
Low IMAC, n = 
114

P 
value

Age, yr 64 (44-78) 63 (50-75) 65 (44-78) 0.749 68 (44-74) 64 (45-78) 0.034

Gender (male/female) 120/11 28/8 92/3 0.001 15/2 105/9 0.635

Preoperative body mass index 21.4 (14.7-27.7) 19.9 (14.7-24.2) 21.6 (15.9-27.7) 0.001 21.6 (18.4-25.6) 21.2 (14.7-27.7) 0.194

PS ≥ 1 12 (9.2%) 4 (11.1%) 8 (8.4%) 0.736 1 (5.9%) 16 (9.6%) 0.708

ASA-PS (2/3) 112/19 30/6 82/13 0.782 14/3 98/16 0.713

Albumin (g/dL) 4.1 (2.9-4.9) 3.9 (3.1-4.8) 4.1 (2.9-4.9) 0.127 4.0 (3.5-4.5) 4.1 (2.9-4.9) 0.471

CRP (mg/dL) 0.11 (0.01-7.37) 0.11 (0.02-7.37) 0.11 (0.01-6.48) 0.905 0.16 (0.20-4.53) 0.10 (0.01-7.37) 0.160

Neutrophil-lymphocyte ratio 1.66 (0.24-22.33) 2.10 (0.29-14.06) 1.54 (0.24-22.33) 0.293 1.95 (0.59-7.73) 1.54 (0.24-22.33) 0.171

Prognostic nutritional index 49.05 (35.70-
106.15)

46.65 (35.70-
68.00)

49.30 (37.30-
106.15)

0.098 48.40 (40.75-53.35) 49.33 (35.70-106.15) 0.135

mGPS (0/1/2) 105/21/5 27/8/1 78/13/4 0.515 12/5/0 93/16/5 0.232

GNRI 105.9 (81.7-121.4) 99.0 (86.8-108.8) 107.2 (81.7-121.4) 0.001 106.1 (86.1-121.4) 105.4 (97.3-111.6) 0.356

Clinical T-stage (1/2/3/4) 3/68/57/3 1/14/20/1 2/54/37/2 0.390 1/6/10/0 2/62/47/3 0.090

Clinical N-stage (0/1/2/3) 51/35/36/9 13/11/9/3 38/24/27/6 0.889 7/5/3/2 44/30/33/7 0.735

Clinical stage (II/III) 68/63 18/18 50/45 0.846 10/7 58/56 0.609

Tumor response to 
chemotherapy

CR/PR/SD/PD 2/79/42/8 0/21/13/2 2/58/29/6 0.852 0/6/9/2 2/73/33/6 0.090

Pre NAC PMI 4.94 (2.40-8.86) 3.66 (2.40-4.43) 5.39 (3.34-8.86) 0.001 4.76 (3.28-6.64) 5.01 (2.40-8.86) 0.558

Pre NAC IMAC -0.46 (-1.07--0.19) -0.47 (-1.07--0.28) -0.46 (-1.06--0.19) 0.248 -0.32 (-0.75--0.19) -0.48 (-1.07--0.33) 0.001

Operative time (min) 443 (328-882) 444 (328-882) 443 (339-786) 0.495 452 (328-882) 440 (350-786) 0.472

Intraoperative bleeding (mL) 730 (150-3015) 652 (330-2550) 732 (150-3015) 0.258 750 (450-2550) 718 (150-3015) 0.247

Postoperative complications (C-
D ≥ 3)

Any complication 53 (40.5%) 16 (44.4%) 37 (38.9%) 0.690 5 (29.4%) 48 (42.1%) 0.430

Respiratory complication 28 (21.4%) 8 (22.2%) 20 (21.1%) 1.000 4 (23.5%) 24 (21.1%) 1.000

Anastomotic leakage 3 (2.3%) 2 (5.6%) 1 (1.1%) 0.183 0 (0%) 3 (2.6%) 1.000

Pathological tumor grading

G1/G2/G3/Gx 14/77/38/2 3/24/8/1 11/53/30/1 0.534 1/9/7/0 13/68/31/2 0.600

pT-Stage (0/1/2/3/4) 7/27/21/73/3 1/7/5/21/1 6/19/16/52/2 0.985 0/2/4/11/0 7/25/17/62/3 0.796

pN-Stage (0/1/2/3) 46/17/30/38 11/8/11/6 35/9/19/32 0.059 3/2/5/7 43/15/25/31 0.399

pStage (0/1/2/3) 4/18/36/73 0/6/10/20 4/12/26/53 0.640 0/2/2/13 4/16/34/60 0.279

Reoperation 4 (3.1%) 1 (2.8%) 3 (3.2%) 1.000 0 (0%) 4 (3.5%) 0.651

Length of hospital stay (d) 18 (11-225) 18 (11-225) 18 (11-112) 0.630 20 (11-225) 18 (11-112) 0.432

30 d mortality 0 0 0 0 0

90 d mortality 0 0 0 0 0

Harvested number of LNs 91 (42-194) 102 (44-194) 90 (42-184) 0.360 82 (49-130) 91 (42-194) 0.092

PMI: Psoas muscle mass index; IMAC: Intramuscular adipose tissue content.
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Table 2 Univariate and multivariate analyses of factors associated with overall survival

Univariate 
analysis

Multivariate 
analysis1-year 

survival
3-year 
survival

5-year 
survival

Log rank
P

HR, 95%CI
P

Age, yr ≥ 60 88.0 58.0 51.1 5.604 0.018 2.031 0.054

< 60 91.9 75.7 75.7 0.986-4.183

BMI < 22 92.0 64.0 59.8 0.108 0.743

≥ 22 87.3 62.6 57.4

PS 0 89.8 65.7 59.6 1.640 0.200

1 81.8 45.5 45.5

ASA 2 87.2 60.4 55.7 1.812 0.178

3 100.0 78.9 73.3

Stage II 86.4 65.2 59.0 0.051 0.821

III 91.9 61.0 57.6

PNI ≥ 50 87.5 58.9 58.9 0.006 0.937

< 50 90.3 66.5 57.9

NLR ≥ 2.5 93.5 54.2 54.2 0.600 0.439

< 2.5 87.7 66.0 59.8

mGPS 0 88.4 64.9 59.9 0.493 0.483

1-2 92.0 56.0 52.0

GNRI ≥ 98 87.8 62.1 56.8 0.498 0.480

< 98 93.3 66.7 63.3

Operative time (min) ≥ 450 89.1 63.2 55.4 0.039 0.843

< 450 89.1 63.1 60.3

Blood loss (mL) ≥ 730 93.7 64.8 61.4 0.570 0.450

< 730 84.6 61.5 55.4

Postoperative 
complication

Present 88.1 63.7 57.5 0.026 0.873

Absent 89.7 62.8 58.9

pT 0-2 90.9 80.0 69.1 5.350 0.021 1.966 0.025

3- 87.7 50.3 50.3 1.089-3.550

pN 0 93.5 82.6 73.7 7.465 0.006 2.154 0.022

1- 86.7 52.1 49.6 1.118-4.148

IMAC < -0.40 89.4 65.5 61.9 5.093 0.024 2.089 0.022

≥ -0.40 87.4 44.8 29.9 1.036-4.214

PMI ≥ 4.0 93.6 70.1 64.5 7.096 0.008 2.266 0.005

< 4.0 76.7 44.2 41.3 1.282-4.006

BMI: Body mass index; PMI: Psoas muscle mass index; IMAC: Intramuscular adipose tissue content.

41]; for this reason, it can be used to assess muscle quality. In fact, muscle quality changes, determined 
by the IMAC method, have been reported as poor prognostic factors in nonalcoholic fatty liver disease
[27], liver transplantation[42,43], hepatocellular carcinoma[44,45], pancreatic cancer[46], and cholan-
giocarcinoma diseases[13,47]. As mentioned above, it is reasonable to employ this same technique to 
assess the status of fatty degenerative changes in muscle and the relationship to the prognosis of 
patients undergoing preoperative chemotherapy for esophageal cancer.
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Figure 3 Loss of muscle mass and quality affects disease-free survival and overall survival. A and B: Disease-free survival; C and D: Overall 
survival.

In the present study, the results showed that a decrease in skeletal muscle mass and muscle quality 
changes affected OS. However, from previous reports on sarcopenia, the mechanism by which it affects 
the prognosis remains unclear. A cancer-bearing state is considered a systemic, chronic inflammatory 
condition. This may lead to the secretion of inflammatory cytokines interleukin (IL)-6, IL-8, tumor 
necrosis factor-alpha (TNF-α), and myostatin, and this may affect the entire body[48]. Increased 
secretion of the proinflammatory cytokine IL-6 itself and IL-6 mediated by TNF-α has been reported to 
reduce skeletal muscle mass[49]. It has also been reported that myostatin is a cytokine that potently 
reduces skeletal muscle, and its secretion increases in chronic inflammatory conditions, resulting in a 
decrease in skeletal muscle mass[50]. We consider that the combination of the effects of these cytokines 
leads to a malignant cycle of decreased skeletal muscle mass in a cancer-bearing state.

From an immunological point of view, IL-6, IL-8, and TNF-α cytokines are involved. IL-6 decreases 
the function of dendritic cells and T lymphocytes[51]. IL-8 and TNF-α also induce immunosuppressive 
myeloid-derived suppressor cells[52,53]. The actions of these cytokines are thought to suppress host 
immunity. Conversely, the secretion of IL-15, which is important for the maintenance of natural killer 
cell function, is reduced as a result of a decrease in the skeletal muscle, which is a secretory organ[54]. 
This inhibits the function of natural killer cells[55]. A decrease in IL-15 has been reported to increase 
adipose tissue[56], which may be linked to fat degeneration in muscle. We hypothesize that the chronic 
inflammatory state, which is a cancer-bearing state as described above, reduces skeletal muscle from 
inflammatory cytokines and, at the same time, suppresses immunity, which may worsen the prognosis.

Fat degeneration of muscle (a change in muscle quality) causes an increase in adipose tissue and the 
secretion of transforming growth factor-beta (TGF-β)[57]. It has been shown that TGF-β has an 
inhibitory effect on immune system cells such as T cells, B cells, natural killer cells, and dendritic cells, 
resulting in a suppression of immunity against cancer[58,59]. We presume that the long-term 
immunosuppressed state caused by the muscle mass loss and muscle quality changes may have resulted 
in a poor prognosis. These results suggest that muscle-strengthening interventions for patients with 
poor muscle composition may improve their prognosis in the future.
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Limitation
This study was limited to surgical cases of esophageal squamous cell carcinoma in Japanese patients 
who received NAC. Therefore, other races and adenocarcinomas were not included. The number of 
subjects analyzed was 131, which is not a large survey, and there is a male/female ratio imbalance.

CONCLUSION
Changes in skeletal muscle mass and muscle quality before NAC in esophageal squamous cell 
carcinoma in Japanese is a prognostic factor of OS.

ARTICLE HIGHLIGHTS
Research background
Recently, muscle has been reported as an important prognostic factor. Not only muscle mass but also 
muscle quality has been reported to affect prognosis. Therefore, it is important to reveal how muscle 
composition is affected in patients undergoing preoperative chemotherapy for esophageal squamous 
cell carcinoma.

Research motivation
Esophageal cancer has a poor prognosis, and perioperative complications can be serious. It is important 
to consider prognostic factors in patients with esophageal cancer.

Research objectives
If body composition is a factor affecting prognosis, then preoperative chemotherapy and preoperative 
interventions can improve prognosis. In other words, a program to improve body composition before 
chemotherapy or before surgery can improve the prognosis of esophageal cancer patients. The objective 
was to determine the effect of muscle mass and quality on overall survival (OS) in esophageal squamous 
cell carcinoma.

Research methods
In this study, we measured a cross-sectional area of the psoas muscle from computed tomography 
images. We evaluated muscle quality based on computed tomography values of the psoas muscle and 
subcutaneous fat. This was novel because both muscle mass and muscle quality were measured from 
the same image.

Research results
In this study, prognostic factors were found in patients who received preoperative chemotherapy for 
esophageal squamous cell carcinoma. Muscle mass as well as muscle quality and body composition 
before chemotherapy impacted disease-free survival and OS.

Research conclusions
In this study, body composition was a prognostic factor for esophageal squamous cell carinoma 
patients. This suggests that muscle itself may be an immune system. Furthermore, the prognosis may be 
improved noninvasively if body composition is improved before chemotherapy or surgery.

Research perspectives
Further studies are required to support our data. Randomized controlled trials to examine the 
prognostic change with and without the intervention of body composition improvement programs 
before chemotherapy and before surgery should be conducted.
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