Gastrointestinal Oncology

Baishideng Publishing Group Inc



Oncology

World Journal of
(]- ¢ Gastrointestinal

Contents Monthly Volume 13 Number 10 October 15, 2021

FRONTIER
1213  Engineering nanotheranostic strategies for liver cancer

Cao L, Zhu YQ, Wu ZX, Wang GX, Cheng HW

REVIEW
1229  Role of autophagy in cholangiocarcinoma: An autophagy-based treatment strategy
Koustas E, Trifylli EM, Sarantis P, Papavassiliou AG, Karamouzis MV

1244  Role of autophagy in gastric carcinogenesis
Papaefthymiou A, Christodoulidis G, Koffas A, Doulberis M, Polyzos SA, Manolakis A, Potamianos S, Kapsoritakis A,
Kountouras J

1263  Liquid biopsy approach to pancreatic cancer
Perales S, Torres C, Jimenez-Luna C, Prados J, Martinez-Galan J, Sanchez-Manas JM, Caba O

1288  Molecular testing for colorectal cancer: Clinical applications

Imyanitov E, Kuligina E

1302 New frontiers in liver ultrasound: From mono to multi parametricity

Bartolotta TV, Taibbi A, Randazzo A, Gagliardo C

1317 Gallbladder cancer: Historical treatment and new management options

Okumura K, Gogna S, Gachabayov M, Felsenreich DM, McGuirk M, Rojas A, Quintero L, Seshadri R, Gu K, Dong XD

1336  Review of incidence and outcomes of treatment of cholangiocarcinoma in patients with primary sclerosing
cholangitis

Saffioti F, Mavroeidis VK

1367  Diverse roles of FOXO family members in gastric cancer

Chen YH, Li CL, Chen WJ, Liu J, Wu HT

MINIREVIEWS
1383  Endoscopic radiofrequency ablation for malignant biliary obstruction

Jarosova J, Macinga P, Hujova A, Kral J, Urban O, Spicak J, Hucl T

1397  Thermal ablation and immunotherapy for hepatocellular carcinoma: Recent advances and future
directions

Bo XW, Sun LP, Yu SY, Xu HX

1412 Lateral pelvic lymph nodes for rectal cancer: A review of diagnosis and management

Ogawa S, Itabashi M, Inoue Y, Ohki T, Bamba Y, Koshino K, Nakagawa R, Tani K, Aihara H, Kondo H, Yamaguchi S,
Yamamoto M

WJGO | https://www.wjgnet.com I October 15,2021 | Volume13 | Issue10 |

Jaishideng®



World Journal of Gastrointestinal Oncology

Contents
Monthly Volume 13 Number 10 October 15, 2021

1425  Proliferating cell nuclear antigen clamp associated factor, a potential proto-oncogene with increased
expression in malignant gastrointestinal tumors

Liu LJ, Liao JM, Zhu F

1440  Nutritional therapy for hepatocellular carcinoma
Ruiz-Margain A, Roman-Calleja BM, Moreno-Guillén P, Gonzalez-Regueiro JA, Kusulas-Delint D, Campos-Murguia A,
Flores-Garcia NC, Macias-Rodriguez RU

1453  Radiotherapy for gastric mucosa-associated lymphoid tissue lymphoma

Quéro L, Labidi M, Bollet M, Bommier C, Guillerm S, Hennequin C, Thieblemont C

1466  Endoscopic papillectomy for ampullary adenomatous lesions: A literature review

Li SL, Li W, Yin J, Wang ZK

1475  Endoscopic ultrasound assessment and tissue acquisition of mediastinal and abdominal lymph nodes

Tamanini G, Cominardi A, Brighi N, Fusaroli P, Lisotti A

ORIGINAL ARTICLE

Basic Study

1492  Direct interaction between Rabba and Rab4a enhanced epidermal growth factor-stimulated proliferation of
gastric cancer cells

Cao GJ, Wang D, Zeng ZP, Wang GX, Hu CJ, Xing ZF
1506  Combination of neutrophil gelatinase-associated lipocalin and matrix metalloproteinase-9 are biomarkers
for the detection of colon tubular adenocarcinoma

Yuan JH, Xie LS, Zhu YH, Wang XH, Zhang YJ, Wang XJ

1518  Survival effect of probiotics in a rat model of colorectal cancer treated with capecitabine

Gigola G, Carriere P, Novoa Diaz MB, Perdigon G, Zwenger AO, Gentili C

Prospective Study

1532 Efficacy and toxicity of capecitabine combined with intensity-modulated radiotherapy after D1/D2 lymph
node dissection in patients with gastric cancer

Wang X, Wang WH, Wang SL, Song YW, Liu YP, Tang Y, Li N, Liu WY, Fang H, Li YX, Zhao DB, Chi Y, Yang L, Jin J

Buishidenge WJGO | https://www.wjgnet.com I October 15,2021 | Volume13 | Issue10 |



World Journal of Gastrointestinal Oncology

Contents
Monthly Volume 13 Number 10 October 15, 2021

ABOUT COVER

Editorial Board Member of World Journal of Gastrointestinal Oncology, Guido Giordano, MD, Research Assistant
Professor, Department of Medical and Surgical Sciences; Unit of Medical Oncology and Biomolecular Therapy,
University of Foggia, Policlinico Riuniti, Foggia 71122, Italy. giordano.guido81@gmail.com

AIMS AND SCOPE

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

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

INDEXING/ABSTRACTING

The WJGO is now indexed in Science Citation Index Expanded (also known as SciSearch®), PubMed, PubMed
Central, and Scopus. The 2021 edition of Journal Citation Reports® cites the 2020 impact factor (IF) for W]GO as
3.393; IF without journal self cites: 3.333; 5-year IF: 3.519; Journal Citation Indicator: 0.5; Ranking: 163 among 242
journals in oncology; Quartile category: Q3; Ranking: 60 among 92 journals in gastroenterology and hepatology;
and Quartile category: Q3. The WJGO’s CiteScore for 2020 is 3.3 and Scopus CiteScore rank 2020: Gastroenterology
is 70/136.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Ying-Y7 Yuan; Production Department Director: Xiang Ii; Editorial Office Director: Ya-Juan Ma.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

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

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

Monthly https:/ /www.wijgnet.com/bpg/Getlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

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

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

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

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

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

Guiekidenge WIGO | https://www.wjgnet.com 11 October 15,2021 | Volume13 | Issuel0 |


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

i

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

DOI: 10.4251/wjgo.v13.i10.1532

World Journal of
Gastrointestinal
Oncology

World | Gastrointest Oncol 2021 October 15; 13(10): 1532-1543

ISSN 1948-5204 (online)

Prospective Study

ORIGINAL ARTICLE

Efficacy and toxicity of capecitabine combined with intensity-
modulated radiotherapy after D1/D2 lymph node dissection in
patients with gastric cancer

Xin Wang, Wei-Hu Wang, Shu-Lian Wang, Yong-Wen Song, Yue-Ping Liu, Yuan Tang, Ning Li, Wen-Yang
Liu, Hui Fang, Ye-Xiong Li, Dong-Bing Zhao, Yihebali Chi, Lin Yang, Jing Jin

ORCID number: Xin Wang 0000-
0002-3149-108X; Wei-Hu Wang
0000-0003-4969-398X; Shu-Lian
Wang 0000-0001-7322-9621; Yong-
Wen Song 0000-0003-1345-8339;
Yue-Ping Liu 0000-0001-6446-4291;
Yuan Tang 0000-0001-5417-8988;
Ning Li 0000-0002-7968-7364; Wen-
Yang Liu 0000-0002-6978-7169; Hui
Fang 0000-0002-9317-9761; Ye-
Xiong Li 0000-0003-0985-235X;
Dong-Bing Zhao 0000-0002-3011-
5277; Yihebali Chi 0000-0002-8381-
3554; Lin Yang 0000-0002-4829-
3119; Jing Jin 0000-0003-2158-7392.

Author contributions: Jin J and
Zhao DB contributed to study
concepts and design and were
major guarantors of integrity of the
entire study; Jin ] participated in
funding acquisition and revised
the manuscript; Wang X, Wang
WH, Wang SL, Song YW, Liu YP,
Tang Y, Li N, Liu WY, Fang H, Li
YX, Zhao DB, Chi Y, and Yang L
contributed to patient recruitment
and clinical studies; Wang X
performed the statistical and data
analyses, and drafted the
manuscript; All authors have read
and agreed to the published
version of the manuscript.

Supported by Beijing Hope Run
Special Fund of Cancer Foundation

Jaishideng®

WJGO | https://www.wjgnet.com

Xin Wang, Shu-Lian Wang, Yong-Wen Song, Yue-Ping Liu, Yuan Tang, Wen-Yang Liu, Hui Fang,
Ye-Xiong Li, Department of Radiation Oncology, National Cancer Center/National Clinical
Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and
Peking Union Medical College, Beijing 100021, China

Wei-Hu Wang, Department of Radiation Oncology, Peking University Cancer Hospital and
Institute, Beijing 100001, China

Ning Li, Jing Jin, Department of Radiation Oncology, National Cancer Center/National Clinical
Research Center for Cancer/Cancer Hospital & Shenzhen Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical College, Shenzhen 518116, Guangdong Province,
China

Dong-Bing Zhao, 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

Yihebali Chi, Lin Yang, Department of Medical Oncology, 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: Jing Jin, MD, Doctor, Professor, Department of Radiation Oncology,
National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital &
Shenzhen Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College,
No. 113 Baohe Avenue, Longgang District, Shenzhen 518116, Guangdong Province, China.
jingjin1025@163.com

Abstract

BACKGROUND

Adjuvant chemoradiotherapy (ACRT) with oral capecitabine and intensity-
modulated radiotherapy (IMRT) were well tolerated in a phase I study in patients
who had undergone partial or total gastrectomy for locally advanced gastric
cancer (GC). This phase II study aimed to further determine the efficacy and
toxicity of this combination after radical resection and D1/D2 lymph node
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dissection (LND) for patients with locally advanced GC.

AIM
To further determine the efficacy and toxicity of this combination after radical
resection and D1/D2 LND for patients with locally advanced GC.

METHODS

Forty patients (median age, 53 years; range, 24-71 years) with pathologically
confirmed adenocarcinoma who underwent D1/D2 LND were included in this
study. The patients received ACRT comprising IMRT (total irradiation dose: 45
Gy delivered in daily 1.8-Gy fractions on 5 d a week over 5 wk) and capecitabine
chemotherapy (dose: 800 mg/m? twice daily throughout the duration of ra-
diotherapy). The primary study endpoint was disease-free survival (DFS), and the
secondary endpoints were overall survival (OS), toxic effects, and treatment
compliance.

RESULTS

The 3-year DFS and OS were 66.2% and 75%, respectively. The median time to
recurrence was 19.5 mo (range, 6.1-68 mo). Peritoneal implantation (n = 10) was
the most common recurrence pattern, and the lung was the most common site of
extra-abdominal metastases (1 = 5). Nine patients developed grade 3 or 4 toxicities
during ACRT. Two patients discontinued ACRT, while eleven underwent ACRT
without receiving the entire course of capecitabine. There were no treatment-
related deaths.

CONCLUSION

The ACRT protocol described herein showed acceptable safety and efficacy for
patients with locally advanced GC who received radical gastrectomy and D1/2
LND.

Key Words: Gastric cancer; Radiotherapy; Chemoradiotherapy; Clinical trial; Phase II

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

Core Tip: In our previous phase I study, we found that an adjuvant chemoradiotherapy
(ACRT) regimen of 45 Gy radiotherapy concurrent with oral capecitabine was well
tolerated in patients with locally advanced gastric cancer who had received partial or
total gastrectomy. The maximum tolerated and recommended dose of capecitabine was
800 mg/m? twice daily with oral administration. We performed this phase II study to
further assess the efficacy and toxicity of this ACRT regimen as an adjuvant therapy
after radical resection and D1/D2 lymph node dissection for patients with locally
advanced gastric cancer.

Citation: Wang X, Wang WH, Wang SL, Song YW, Liu YP, Tang Y, Li N, Liu WY, Fang H, Li
YX, Zhao DB, Chi Y, Yang L, Jin J. Efficacy and toxicity of capecitabine combined with
intensity-modulated radiotherapy after D1/D2 lymph node dissection in patients with gastric
cancer. World J Gastrointest Oncol 2021; 13(10): 1532-1543

URL: https://www.wjgnet.com/1948-5204/full/v13/i10/1532.htm

DOI: https://dx.doi.org/10.4251/wjgo.v13.i10.1532

INTRODUCTION

The Intergroup trial (INT0116) demonstrated a major survival benefit of using a
combination of conventional radiotherapy (RT) and fluorouracil (5-FU) chemotherapy
on the 3-year disease-free survival (DFS) in patients with locally advanced gastric
cancer (GC) after radical surgery (R0) and DO/D1 lymph node dissection (LND)[1].
However, more than half of the patients developed grade 3/4 hematologic toxicity and
one-third developed gastrointestinal (GI) toxicity, which may affect the prognosis.
Thus, it is important to combine advanced radiation techniques with a low-toxicity
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chemotherapy regimen to improve compliance to adjuvant chemoradiotherapy
(ACRT) among postoperative GC patients who show poor tolerability for adjuvant
treatment because of partial or total loss of the stomach.

Capecitabine, which belongs to fluoropyrimidines, has been widely used for
chemotherapy and concurrent with radiotherapy in GC[2,3]. It is comparable to 5-FU
and has a safer side effect profile and convenient oral administration[3,4]. High tumor
response rates (26%-34%) have been reported with capecitabine monotherapy in phase
II studies[5-7], and the drug has been found to be more efficacious when used in
combination with platinum-based drugs in some phase III trials in patients with
advanced GC[4-8].

Modern intensity-modulated radiotherapy (IMRT) planning systems have made it
possible to deliver radiation doses more accurately to the planning target volume
(PTV) and spare critical normal tissues to a substantial degree. IMRT has also been
confirmed to be superior to two- or three-dimensional RT.

In our previous phase I study, we found that the ACRT regimen of 45 Gy ra-
diotherapy concurrent with oral capecitabine was well tolerated in patients with
locally advanced GC who had received partial or total gastrectomy. The maximum
tolerated and recommended dose of capecitabine was 800 mg/m? twice daily with oral
administration[9]. We performed this phase II study to further assess the efficacy and
toxicity of this ACRT regimen as an adjuvant therapy after radical resection and
D1/D2 LND for locally advanced GC patients.

MATERIALS AND METHODS
Eligibility

Participants were recruited if they met the following inclusion criteria: received partial
(proximal or distal subtotal gastrectomy) or total gastrectomy with D1/D2 LND; had
not received neoadjuvant anti-cancer treatment; postoperative pathologic diagnosis of
adenocarcinoma; pathologic classification of T3-4NO or any TN+MO according to the
7™ edition of the American Joint Committee on Cancer TNM classification; age < 75
years and good performance (Eastern Cooperative Oncology Group performance
status < 1); no prior or concurrent history of malignant disease (except non-melanoma
skin cancers or in situ carcinoma of the cervix); no prior abdominal radiation; and
leukocyte count > 3.5 x 10°/L, neutrophil count = 1.5 x 10°/L, platelet count > 100 x 10°
/L, hemoglobin level 2 10.0 g/L, and normal alanine aminotransferase/aspartate
aminotransferase and creatinine level.

All patients entering the trial received physical examinations, computed tomo-
graphy (CT) scans of the chest/abdomen/pelvis, a complete blood count, and
biochemical profile before treatment began. A complete blood count and biochemical
profile were conducted every 1 and 2 wk, respectively. Adverse events terms and
grade were coded in accordance with the National Cancer Institute Common Ter-
minology Criteria for Adverse Events, version 3.0. The follow-up interval for patients
was once every 3 mo for the first 2 years and every 6 mo thereafter. Permission to
conduct the study was obtained from the institutional ethics committees, and the
study was registered at clinicaltrials.gov (NCT01674959). All patients provided signed
informed consent.

Surgery

All patients were recommended D2 LND, which requires resection of all perigastric
LNs, left gastric artery, common hepatic artery, celiac artery, proximal splenic artery,
and proper hepatic artery, depending on the primary tumor location.

Radiotherapy

The prescription dose and fraction were 45 Gy in daily 1.8 Gy (5 d a week over 5 wk)
by IMRT techniques. To enable visualization of the small intestine, patients needed to
fast for 4 h before CT simulation, and take an oral positive contrast (300 mL) 30 min
before the simulation. A normalized meal (300 mL of ready-to-eat canned porridge)
was given to the patients 15 min before CT simulation and each treatment daily to
decrease heterogeneity in gastric filling. The patients were placed in the supine
position with thermoplastic immobilization masks; intravenous contrast was re-
commended but no 4D-CT planning or motion management was required during
IMRT with 6-MV photon beam.
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Clinical target volume (CTV) for each patient was contoured in accordance with
recommendations from the Japanese Gastric Cancer Association depending on the
extension and location of the primary tumor and the LN region involved status[10].
The CTV generally covered anastomoses, duodenal stump, tumor bed (only for stage
T4b, if present), and regional LNs (Table 1). The remnant stomach was not routinely
included in the target volume. The PTV typically includes the CTV plus a 5-7 mm
margin in the radial direction and a 10 mm margin in the superior-inferior direction.
Dose limitations for an organ at risk (OAR) were as follows: volume percentage
receiving over 30 Gy (V30) < 40% for the liver, V20 < 30% or a mean dose of < 20 Gy
for both kidneys, and V30 < 30% for the heart; the maximal dose for the spinal cord
planning OAR volume was < 40 Gy. The maximal dose was less than the prescribed
dose for the small intestine and colon. An experienced physicist did the IMRT plans
design using a five-to-seven-field, coplanar, sliding window technique using the
Pinnacle system, version 8.0.

Chemotherapy

Oral capecitabine was delivered twice daily (after breakfast and after dinner) at a dose
of 800 mg/m? from the beginning to end of the radiation period based on the results of
a previous phase I study[9]. Adjuvant chemotherapy (ACT) was required for a
maximum of 6 mo and was conducted before or after ACRT depending on the
performance status, clinical comorbidities, and toxicity profile of the patient; however,
the regimens were open.

Statistical analyses

The primary endpoint of our phase II study was DFS, which was defined as the length
of time after surgery ends that the patient’s disease progresses or dies from any cause.
The secondary endpoints were overall survival (OS), toxic effects, and treatment
compliance. We hypothesized that the 3-year DFS rate would improve from 50% to
70% based on the results of INT0116. The use of Fleming’s design (P1 = 0.50 and P2 =
0.70, setting o = 0.05 [two-sided], 80% power) revealed that 37 study participants were
needed. At least 40 patients were required for this study with assumption of a 10%
dropout rate.

The first site of recurrence was recorded to analyze treatment failure patterns.
Locoregional recurrence was defined as reappearance of cancer at the anastomosis site,
remnant stomach, duodenal stump, tumor bed, or regional LNs within the radiation
field. Outside radiation field LNs region relapse, peritoneal implantation, liver
metastasis or any other extra-abdominal site metastasis were regarded as distant
metastases. Survival analysis were assessed with Kaplan-Meier curves using SPSS for
Windows, version 20.0 (IBM SPSS Inc., Armonk, NY, United States).

RESULTS

Patient characteristics

From October 2011 to June 2013, 40 patients were recruited for the study. The patients’
general characteristics are shown in Table 2. The median age was 53 years (range, 24-
71 years). Thirty-seven (92.5%) patients had positive LNs. The median number of
positive LNs was 7 (range, 1-26 nodes), and the median number of LNs resected was
24 (range, 15-56 nodes). D2 LND was performed in 22 (55%) patients. The median
interval between surgery and ACRT was 5.5 mo (1.4-8 mo).

The patients received the following ACT regimens based on docetaxel and/or
oxaliplatin and 5-FU analogues, with a median of six cycles (range, 3-10 cycles) before
or after ACRT: oxaliplatin/cisplatin and S-1 (n = 18, 45%); docetaxel, oxaliplatin, and
capecitabine/S-1/5-FU (n = 13, 32.5%); oxaliplatin and capecitabine (n = 6, 15%); and
oxaliplatin, 5-FU, and leucovorin (1 = 3, 7.5%).

Toxicities and treatment compliance
During ACRT, nine patients (22.5%) developed grade 3-4 toxicities and there were no
treatment-related deaths. The most common grade 3-4 toxicities were leukopenia (5
patients, 12.5%), vomiting (4 patients, 10%), nausea (3, 7.5%), esophagitis (3, 7.5%), and
thrombocytopenia (3, 7.5%).

Two patients discontinued ACRT due to disease progression (total dose, 25.2 Gy)
and serious fatigue (total dose, 5.4 Gy). The remaining 38 patients (95%) received 45
Gy as planned, including 3 patients who developed grade 3 thrombocytopenia (2
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Table 1 Clinical target volume for elective nodal regions according to the Japanese Gastric Cancer Association guidelines

Tumor location CTV for elective nodal regions
Upper 1/3™ or gastroesophageal junction 110,1-3,7,9-11

Middle 1/3™ 1-3,5-13, 14, 16a

Lower 1/3™ 3,59, 11p, 12-13, 14, 16a

!No. 14 was included in the clinical target volume (CTV) only when the surface or parenchyma of the pancreas was involved by the tumor. 110:
Paraesophageal lymph nodes (LNs) in the lower thorax; 1: Right paracardial LNs; 2: Left paracardial LNs; 3: LNs along the lesser curvature; 5: Suprapyloric
LNs; 6: Infrapyloric LNs; 7: LNs along the left gastric artery; 8: LNs along the common hepatic artery; 9: LNs around the celiac artery; 10: LNs at the splenic
hilum; 11: LNs along the splenic artery (11p: LNs along the proximal splenic artery); 12: LNs in the hepatoduodenal ligament; 13: LNs on the posterior
surface of the pancreatic head; 14: LNs along the root of the mesentery; 16a: LNs around the abdominal aorta (above the level of the inferior border of the
left renal vein). CTV: Clinical target volume.

cases) and grade 3 vomiting (1 case) but finally completed RT (not with capecitabine)
after a break. Besides the treatment discontinuation mentioned above, an additional 8
patients did not finish the whole course of capecitabine because of the reasons below:
leukopenia (maximum grade, 3), 2 patients; thrombocytopenia (maximum grade, 3), 2
patients; anemia (maximum grade, 2), 1 patient; gastritis (maximum grade, 3), 1
patient; vomiting (maximum grade, 3), 1 patient; and anorexia (maximum grade, 3), 1
patient. The overall toxicities are showed in Table 3.

Survival and relapse

In total, 19 patients died during the follow-up period (median 80 mo; range, 8.4-96
mo): 18 died of disease and 1 of gastrorrhagia. The 3-year DFS, the primary endpoint
of this study, was 66.2 (95% confidence interval [CI]: 58.6-73.8). The survival outcomes
of OS, locoregional recurrence-free survival (RFS), and distant metastasis-free survival
are listed in Figure 1 and Table 4. During the follow-up period, the following
recurrence patterns were observed in the 18 patients (45%, 18/40): peritoneal im-
plantation (n = 10, 25%), hematogenous spread (n = 8, 20%), and locoregional
recurrence (n =7, 17.5%). A single recurrence pattern was noted in 13 patients and
multiple recurrence patterns were observed in 5 patients. Among the 7 patients with
locoregional recurrence, 4 showed recurrences at the regional LNs, 3 at the ana-
stomosis, and 1 at the gastric stump. The most common site of extra-abdominal
metastases was the lung, which was noted in 5 (12.5%) patients. The median time to
first recurrence was 19.5 mo (range, 6.1-68 mo). The median time from first recurrence
to death was 5.9 mo (range, 0.5-60 mo).

DISCUSSION

Our results suggest that ACRT with 45 Gy IMRT and concurrent oral capecitabine at a
dose of 800 mg/m? twice daily had an acceptable efficacy and toxicity profile in
patients with locally advanced GC after radical gastrectomy and D1/2 LND. The 3-
year DFS was 66.2%, which did not reach the primary hypothesis endpoint of our
phase II study.

The role of ACRT in patients with locally advanced GC remains debatable. The
benefits or drawbacks of this scenario mainly depend on whether a D1 or D2
lymphadenectomy has been performed. The INT0116 study was the first trial to prove
the benefit of ACRT in patients after radical gastrectomy and D0/1 LND; it showed
that the 3-year OS and DFS increased from 41% to 50% and 31% to 48%, respectively
[1]. Even after 10 years of follow-up, ACRT was associated with superior DFS and OS
[11]. Dikken et al[12] suggested that the addition of ACRT after D1 LND has a major
impact on local recurrence in GC. Zhang et al[13] suggested that patients with D1 or
D1 plus LND benefit from adjuvant RT, and adjuvant RT may be beneficial for some
patients with D2 LND. Yu et al[14] re-analyzed the ARTIST study and concluded that
adjuvant RT after D2 resection in GC reduces locoregional recurrence risk, especially
in group 3 LNs, and improves locoregional RFS Patients with positive LN benefited
more from the adjuvant RT than the other subgroup[14]. The National Comprehensive
Cancer Network (NCCN) guideline recommends ACRT as an adjuvant treatment in
patients with less than D2 LND.
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Characteristic n %
Age in yr, median (range) 53 (24-71)

Men 28 70.0
Tumor size in cm, median (range) 5.0 (2-20)

Location of primary tumor

Upper 1/3™ of stomach 8 20
Middle 1/3' of stomach 8 20
Lower 1/3™ of stomach 14 35
> 2 sites involved 10 25
Surgery type

Partial gastrectomy 36 90
Total gastrectomy 4 10
Positive LNs, median (range) 7 (1-26)

LNs resected, median (range) 24 (15-56)

LN ratio, median (range) 0.27 (0-0.86)

Extent of dissection

D1 18 45
D2 22 55
Lauren type

Intestinal type 12 30
Diffuse type 16 40
Mixed type 12 30
Tumor differentiation

Good 1 25
Moderate 8 20
Poor 31 V25
Lymphatic/vascular invasion

Absent 16 40
Present 24 60
Perineural invasion

Absent 30 75
Present 10 25
Signet ring cells

Absent 29 725
Present 11 275
Tumor deposit

Absent 34 85
Present 6 15
Stage (AJCC 7

ITa 2 5
IIb 6 15
IMTa 11 27.5

JBaishideng®

WJGO | https://www.wjgnet.com

1537

October 15,2021 | Volume13 |

Issue 10 |



Wang X et al. Chemoradiotherapy for gastric cancer

b 11 275
Il 10 25
Stage (AJCC 6™

b 2 5

I 14 35
Illa 10 25
IIb 2 5
v 12 30

AJCC: American Joint Committee on Cancer; LN: Lymph node.

Table 3 Overall toxicities at the recommended dose, n = 40

Toxicity Grade 1-2, n (%) Grade 3-4, n (%)
Nausea 22 (45) 3(7.5)
Vomiting 15 (37.5) 4 (10)
Anorexia 27 (67.5) 2 (5)
Esophagitis 6 (15) 3(7.5)
Diarrhea 5 (12.5) 0
Abdominal pain 1(2.5) 1(2.5)
Gastritis 9(22.5) 2 (5)
Fatigue 21 (52.5) 1(25)
Weight loss 8 (20) 0

HFS 14 (35) 0
Leukopenia 27 (67.5) 5 (12.5)
Neutropenia 7 (17.5) 1(2.5)
Anemia 3(7.5) 0
Thrombocytopenia 17 (42.5) 3(7.5)
ALT/AST 2(5) 0

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; HFS: Hand foot syndrome.

Table 4 Survival outcomes

Time DFS (95%CI) 0S (95%Cl) LRFS (95%Cl) DMFS (95%Cl)
3yr 66.2 (58.6-73.8) 75 (68.2-81.8) 80.8 (74.2-88.6) 72.4 (64.9-79.9)
5yr 55.2 (47.1-63.3) 58.9 (51.0-66.8) 80.8 (74.2-88.6) 60.4 (52.1-68.7)
7yr! 52.3 (44.1-60.5) 48.2 (39.5-56.9) 80.8 (74.2-88.6) 57.2 (48.8-65.6)

1Estimated survival. CI: Confidence interval; DFS: Disease-free survival; DMFS: Distant metastasis-free survival; LRFS: Locoregional recurrence-free

survival; OS: Overall survival.

In China, D2 LND is considered a routine surgical procedure for locally advanced
GC, because it is the most widely accepted surgical procedure in Asian and European
countries[15]. However, given the many differences between centers or institutions in
terms of hospital volume, patient populations, surgical practices and training, pos-
toperative nursing experience, and pathological identification and examination of LN,
it is difficult to standardize and generalize D2 LND, even in our specialized cancer
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Figure 1 Overall survival rates and disease-free survival rates according to the Kaplan-Meier technique. A: Overall survival rates; B: Disease-
free survival rates.
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hospital. In our previous retrospective study of 297 patients with locally advanced GC
who received radical surgery alone, the median number of LNs resected was 18
(range, 4-68 nodes) with a 27.6% 5-year locoregional recurrence rate[16]. In our phase I
trial (performed between 2007 and 2009), D2 LND was performed in only 16.7% (3/18)
of patients with GC, with a median of 19 LNs (range, 5-35) examined in our hospital.
The median number of LNs resected in this study (performed between 2011and 2013)
reached up to 24 nodes (range, 5-56 nodes). In a large observational study conducted
in patients who underwent radical resection for GC, the survival benefits were
significantly associated with an increase in the number of LNs resected, even when as
many as 40 LNs were examined[17]. According to published reports[18,19], the greater
number of LNs resected in our study may have provided better locoregional control
and possibly a survival advantage, although this number was still much smaller than
that reported in studies conducted in Japan and Korea (D2 LND with a median of
more than 40 LNs examined)[2,3]. Furthermore, although patients un-derwent a very
high-quality D2 LND, the ARTIST trial (ACRT Trial of Capecitabine Plus Cisplatin for
Gastric Cancer) demonstrated that DFS could be further improved by ACRT in LN-
positive GC. A randomized trial published in 2013 showed RFS benefit (median time
36 mo vs 50 mo, P = 0.029, 95%ClI: 1.03-1.78) in ACRT group after D2 LND, which did
not provide the resected LN number[20]. Thus, it is reasonable that ACRT could be
considered as an adjuvant treatment for patients with LN metastasis or those who did
not undergo a high-quality D2 LND.

In the past decade, capecitabine has been widely used in GI cancer, as it has a much
safer side effect profile and does not require invasive delivery[21,22]. Oral capecitabine
was not inferior to infusional 5-FU in randomized control trials for patients with
advanced GC[4]. Therefore, capecitabine has been considered as a standard che-
motherapy regimen for the treatment of advanced GC worldwide. The NCCN
guidelines also suggest that infusional 5-FU can be replaced by oral capecitabine in
GC. Our previous study determined that the maximum tolerated dose and re-
commended dose of capecitabine was 800 mg/m? twice daily when administered
concurrently with IMRT for GC as adjuvant therapy[9], which is similar to the dose
used in the ACRT group concurrent with RT in the ARTIST trial[2]. Lee et al[23]
evaluated the efficacy and toxicity of ACRT using FP (5-FU+cisplatin) chemotherapy
and capecitabine combined with RT for advanced GC; in their study, capecitabine was
administered at a dose of 825 mg/m?twice daily throughout the duration of RT. Jansen
et al[24] evaluated the dose escalation of capecitabine monotherapy concurrently with
postoperative RT in GC, and recommended a capecitabine dose of 1000 mg/m? twice
daily on each treatment day during the RT period.

The investigation of issues related to the sequence of ACT or ACRT is important
since poor compliance to adjuvant treatment after gastrectomy is the main problem
that may affect patient prognosis. Theoretically, for patients with high-risk patho-
logical features (e.g., poorly differentiated cancer, lymphovascular invasion, or
multiple LN metastasis) leading to a higher probability of distant failure, more cycles
of ACT may be administered soon after surgery to avoid more cancer cell micrometa-
stasis; however, excessive chemotherapy before RT would reduce patient tolerance to
ACRT. Soyfer et al[25] reported an association between total RT treatment time, and to
some extent, the time of the initiation of RT for local control and distant metastases.
McMillan et al[26] reported that prolonged intervals between surgery and RT initiation
were not associated with inferior OS in GC, while prolonged RT treatment duration
were. In the studies reported by Jansen et al[24,27,28], RT started one 21-d cycle of ACT
after surgery, which means that patients might tolerate ACRT well compared to the
tolerance observed in those who received several cycles of combination chemotherapy
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before RT. With recent randomized evidence reinforcing the benefit of ACRT in node-
positive GC[11,29], it is desirable to explore issues related to the proper sequence of
ACT and ACRT, since poor compliance to adjuvant treatment after gastrectomy is the
main problem that may impact patient prognosis. Based on our clinical experience,
compliance to ACRT would be better if it started after no more than four cycles (21
d/cycle) of ACT for patients with many adverse prognostic factors. Furthermore,
monotherapy administered as concurrent chemotherapy during RT, rather than as part
of a combination chemotherapy regimen, would also improve patient compliance to
ACRT. Thus, in our opinion, the adjuvant treatment design of the ACRT arm in the
ARTIST trial seems reasonable (two cycles of capecitabine plus cisplatin followed by
capecitabine-based ACRT and then two additional cycles of capecitabine plus cis-
platin)[2].

The most commonly observed grade 3/4 hematologic and GI toxicities in this study
were leukopenia (12.5%) and vomiting (10%), which were much less frequent than
those in INT 0116 (54% and 32% of the patients developed grade 3/4 hematologic and
GI toxicity) and CALGB 80801 study (about 50% and 16% of the patients developed
grade 3/4 hematologic and GI toxicity)[1,30]. The exclusion of the remnant stomach
from the target volume and the use of IMRT technology and capecitabine mo-
notherapy (noninferior efficacy and lower GI toxicity than 5-FU) may account for the
relatively lower rate of severe toxicities. Nam et al[31] demonstrated that the exclusion
of the remnant stomach from the radiation field could significantly reduce acute side
effects without compromising long-term survival rates. After the long-term follow-up
of ARTIST study which CTV did not include remnant stomach, local recurrence in the
remnant stomach was seen in only 2% of all patients, and this result was similar to
Nam et al[14]. Several studies have found that IMRT was superior to two- or three-
dimensional RT, providing a more conformal and homogeneous dose to the PTV and
accordingly minimizing the probability of toxicity[32-34].We had previously deter-
mined that tomotherapy is a better option for adjuvant treatment of GC due to its
superior bowel and bone marrow dose sparing, dose conformity, and dose ho-
mogeneity[6,7,35,36]. Given this evidence, this study showed acceptable safety and
comparable compliance with the treatment course. Our study showed that 95%
(38/40) and 72.5% (29/40) of patients completed RT and concurrent capecitabine
monotherapy, respectively.

The 3-year DFS of the ACRT arm in INT 0116 was used in the power calculation for
the present phase II study, as this is the only randomized trial evaluating the effect of
ACRT in GC patients with an LND level less than D2. However, the final 3-year DFS in
our study was 66.2%, which did not meet the primary endpoint (3-year DFS = 70%).
This could be attributable to the maximum number of positive LNs found (as high as
7) and the fact that only 55% of our patients had D2 LND. Despite previous findings,
our results are still better than those obtained with ACRT treatment by Janson et al[27,
28]. The 2-year OS of their phase II trials evaluating capecitabine/cisplatin che-
motherapy with concurrent RT after D0/1/2 LND (18%-22% of patients had D2 LND)
was 45%-61%[37]. National Cancer Data Base analysis showed that patients with
adjuvant RT 5-year OS rate was 45%. While our study showed a 3-year OS of 75% and
5-year OS of 58.9%. The higher incidence of D2 LND performed during radical
gastrectomy in this study may have contributed to our better prognosis. Subgroup
analysis of the ARTIST trial showed that the significant 3-year DFS effect of ACRT in
node-positive disease improved from 72% to 78%, which may be due to the very high-
quality D2 LND (median number of LNs dissected was 40) and relatively lower rate of
metastatic LNs (median number was 3)[2].

This study had several limitations that warrant emphasis. Due to the poor patient
recruitment for this study, we did not limit the regimens or cycles of adjuvant
chemotherapy administered before or after ACRT. Accordingly, this may have in-
fluenced the results for the toxicity profile of ACRT and led to different intervals
between surgery and initiation of ACRT. However, patients were presumably
recruited postoperatively, yielding a subgroup of patients who had undergone
surgery. This is relevant if comparisons are to be made with other treatment strategies
where patients are recruited preoperatively.

CONCLUSION

In conclusion, we considered that ACRT with 800 mg/m?/d oral capecitabine twice
daily combined with 45 Gy IMRT was safe and efficacious. The use of advanced
techniques such as IMRT or tomotherapy, an appropriate irradiation field, and low-
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toxicity single-agent chemotherapy regimens such as capecitabine chemotherapy is
highly recommended. A randomized phase III study in our hospital comparing ACT
with ACRT for node-positive locally advanced GC after D2 LND is ongoing (NCT
02648841), and its results are highly awaited.

ARTICLE HIGHLIGHTS

Research background

Capecitabine has been widely used for chemotherapy and concurrent with ra-
diotherapy in gastric cancer (GC) treatment, while modern intensity-modulated
radiotherapy (IMRT) has also been confirmed to be superior to two- or three-
dimensional radiotherapy (RT). In our previous phase I study, we found out adjuvant
chemoradiotherapy (ACRT) regimen of IMRT concurrent with oral capecitabine was
well tolerated in patients with locally advanced GC who had received partial or total
gastrectomy.

Research motivation

We performed this phase II study to further assess the efficacy and toxicity of this
ACRT regimen as an adjuvant therapy after radical resection and D1/D2 lymph node
dissection (LND) for locally advanced GC patients.

Research objectives
The aim of this study was to evaluate the efficacy and toxicity of IMRT combined with

capecitabine after radical resection and D1/D2 LND for patients with locally advanced
GC.

Research methods

Forty patients with locally advanced GC, who underwent radical resection and D1/D2
LNDwere included in this study. The patients received ACRT comprising IMRT (total
irradiation dose: 45 Gy delivered in daily 1.8-Gy fractions on 5 d a week over 5 wk)
and capecitabine chemotherapy (dose: 800 mg/m? twice daily throughout the duration
of RT). The primary study endpoint was disease-free survival (DFS) and the secondary
endpoints were overall survival (OS), toxic effects, and treatment compliance.

Research results

The 3-year DFS and OS were 66.2% and 75%, respectively. Nine patients developed
grade 3 or 4 toxicities during ACRT. Two patients discontinued ACRT, while 11
underwent ACRT without receiving the entire course of capecitabine.

Research conclusions
ACRT with oral capecitabine and IMRTwas safe and efficacious.

Research perspectives

The use of IMRT and low-toxicity single-agent chemotherapy regimens such as
capecitabine is highly recommended in patients who had undergone partial or total
gastrectomy for locally advanced GC. Moreover, to further determine the efficacy of
this combination therapy, a randomized phase III study in our hospital is ongoing.
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