
World Journal of
Gastroenterology

ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

World J Gastroenterol  2021 May 14; 27(18): 2054-2250

Published by Baishideng Publishing Group Inc



WJG https://www.wjgnet.com I May 14, 2021 Volume 27 Issue 18

World Journal of 

GastroenterologyW J G
Contents Weekly Volume 27 Number 18 May 14, 2021

EVIDENCE REVIEW

Role of microbial dysbiosis in the pathogenesis of esophageal mucosal disease: A paradigm shift from acid 
to bacteria?

2054

D'Souza SM, Houston K, Keenan L, Yoo BS, Parekh PJ, Johnson DA

REVIEW

Immune disorders and rheumatologic manifestations of viral hepatitis2073

Maslennikov R, Ivashkin V, Efremova I, Shirokova E

MINIREVIEWS

Neurological manifestations of hepatitis E virus infection: An overview2090

Jha AK, Kumar G, Dayal VM, Ranjan A, Suchismita A

Stroma-targeting strategies in pancreatic cancer: Past lessons, challenges and prospects2105

Polani F, Grierson PM, Lim KH

Magnetic resonance imaging-based artificial intelligence model in rectal cancer2122

Wang PP, Deng CL, Wu B

Remaining issues of recommended management in current guidelines for asymptomatic common bile duct 
stones

2131

Saito H, Kadono Y, Shono T, Kamikawa K, Urata A, Nasu J, Imamura H, Matsushita I, Tada S

ORIGINAL ARTICLE

Basic Study

Alleviation of acute pancreatitis-associated lung injury by inhibiting the p38 mitogen-activated protein 
kinase pathway in pulmonary microvascular endothelial cells

2141

Zhang XX, Wang HY, Yang XF, Lin ZQ, Shi N, Chen CJ, Yao LB, Yang XM, Guo J, Xia Q, Xue P

Partially hydrolyzed guar gum attenuates non-alcoholic fatty liver disease in mice through the gut-liver 
axis

2160

Takayama S, Katada K, Takagi T, Iida T, Ueda T, Mizushima K, Higashimura Y, Morita M, Okayama T, Kamada K, 
Uchiyama K, Handa O, Ishikawa T, Yasukawa Z, Okubo T, Itoh Y, Naito Y

Retrospective Cohort Study

Factors influencing the failure of interferon-free therapy for chronic hepatitis C: Data from the Polish 
EpiTer-2 cohort study

2177

Janczewska E, Kołek MF, Lorenc B, Klapaczyński J, Tudrujek-Zdunek M, Sitko M, Mazur W, Zarębska-Michaluk D, 
Buczyńska I, Dybowska D, Czauż-Andrzejuk A, Berak H, Krygier R, Jaroszewicz J, Citko J, Piekarska A, Dobracka B, Socha 
Ł, Deroń Z, Laurans Ł, Białkowska-Warzecha J, Tronina O, Adamek B, Tomasiewicz K, Simon K, Pawłowska M, Halota W, 
Flisiak R



WJG https://www.wjgnet.com II May 14, 2021 Volume 27 Issue 18

World Journal of Gastroenterology
Contents

Weekly Volume 27 Number 18 May 14, 2021

Retrospective Study

Totally laparoscopic total gastrectomy using the modified overlap method and conventional open total 
gastrectomy: A comparative study

2193

Ko CS, Choi NR, Kim BS, Yook JH, Kim MJ, Kim BS

Radiofrequency ablation vs surgical resection in elderly patients with hepatocellular carcinoma in Milan 
criteria

2205

Conticchio M, Inchingolo R, Delvecchio A, Laera L, Ratti F, Gelli M, Anelli F, Laurent A, Vitali G, Magistri P, Assirati G, 
Felli E, Wakabayashi T, Pessaux P, Piardi T, di Benedetto F, de'Angelis N, Briceño J, Rampoldi A, Adam R, Cherqui D, 
Aldrighetti LA, Memeo R

Clinical Trials Study

Responses to faecal microbiota transplantation in female and male patients with irritable bowel syndrome2219

El-Salhy M, Casen C, Valeur J, Hausken T, Hatlebakk JG

Observational Study

Standard vs magnifying narrow-band imaging endoscopy for diagnosis of Helicobacter pylori infection and 
gastric precancerous conditions

2238

Cho JH, Jeon SR, Jin SY, Park S



WJG https://www.wjgnet.com III May 14, 2021 Volume 27 Issue 18

World Journal of Gastroenterology
Contents

Weekly Volume 27 Number 18 May 14, 2021

ABOUT COVER

Editorial Board Member of World Journal of Gastroenterology, Ferenc Sipos, MD, PhD, Senior Lecturer, Head of 
Department, Department of Internal Medicine and Haematology, Semmelweis University, Szentkirályi Street 46, 
Budapest H-1088, Hungary. sipos.ferenc@med.semmelweis-univ.hu

AIMS AND SCOPE

The primary aim of World Journal of Gastroenterology (WJG, World J Gastroenterol) is to provide scholars and readers 
from various fields of gastroenterology and hepatology with a platform to publish high-quality basic and clinical 
research articles and communicate their research findings online. WJG mainly publishes articles reporting research 
results and findings obtained in the field of gastroenterology and hepatology and covering a wide range of topics 
including gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, gastrointestinal 
oncology, and pediatric gastroenterology.

INDEXING/ABSTRACTING

The WJG is now indexed in Current Contents®/Clinical Medicine, Science Citation Index Expanded (also known as 
SciSearch®), Journal Citation Reports®, Index Medicus, MEDLINE, PubMed, PubMed Central, and Scopus. The 2020 
edition of Journal Citation Report® cites the 2019 impact factor (IF) for WJG as 3.665; IF without journal self cites: 
3.534; 5-year IF: 4.048; Ranking: 35 among 88 journals in gastroenterology and hepatology; and Quartile category: 
Q2. The WJG’s CiteScore for 2019 is 7.1 and Scopus CiteScore rank 2019: Gastroenterology is 17/137.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Ji-Hong Liu; Production Department Director: Yun-Xiaojian Wu; Editorial Office Director: Ze-Mao Gong.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

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

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1007-9327 (print) ISSN 2219-2840 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

October 1, 1995 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

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

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Andrzej S Tarnawski, Subrata Ghosh https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

http://www.wjgnet.com/1007-9327/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

May 14, 2021 https://www.wjgnet.com/bpg/GerInfo/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

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
http://www.wjgnet.com/1007-9327/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


WJG https://www.wjgnet.com 2205 May 14, 2021 Volume 27 Issue 18

World Journal of 

GastroenterologyW J G
Submit a Manuscript: https://www.f6publishing.com World J Gastroenterol 2021 May 14; 27(18): 2205-2218

DOI: 10.3748/wjg.v27.i18.2205 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE

Retrospective Study

Radiofrequency ablation vs surgical resection in elderly patients 
with hepatocellular carcinoma in Milan criteria

Maria Conticchio, Riccardo Inchingolo, Antonella Delvecchio, Letizia Laera, Francesca Ratti, Maximiliano Gelli, 
Ferdinando Anelli, Alexis Laurent, Giulio Vitali, Paolo Magistri, Giacomo Assirati, Emanuele Felli, Taiga 
Wakabayashi, Patrick Pessaux, Tullio Piardi, Fabrizio di Benedetto, Nicola de'Angelis, Javier Briceño, Antonio 
Rampoldi, Renè Adam, Daniel Cherqui, Luca Antonio Aldrighetti, Riccardo Memeo

ORCID number: Maria Conticchio 
0000-0003-3177-5274; Riccardo 
Inchingolo 0000-0002-0253-5936; 
Antonella Delvecchio 0000-0002-
7759-4340; Letizia Laera 0000-0003-
2183-8817; Francesca Ratti 0000-
0002-4710-6940; Maximiliano Gelli 
0000-0001-9807-4021; Ferdinando 
Anelli 0000-0002-0916-1946; Alexis 
Laurent 0000-0003-1372-0843; Giulio 
Vitali 0000-0001-8956-0247; Paolo 
Magistri 0000-0001-8326-069X; 
Giacomo Assirati 0000-0001-8240-
1497; Emanuele Felli 0000-0002-
6510-1457; Taiga Wakabayashi 0000-
0002-5074-0205; Patrick Pessaux 
0000-0001-5635-7437; Tullio Piardi 
0000-0001-6704-3206; Fabrizio di 
Benedetto 0000-0002-6718-8760; 
Nicola de'Angelis 0000-0002-1211-
4916; Javier Briceño 0000-0001-7027-
7898; Antonio Rampoldi 0000-0003-
2494-5925; Renè Adam 0000-0003-
2169-5449; Daniel Cherqui 0000-
0001-5270-2731; Luca Antonio 
Aldrighetti 0000-0001-7729-2468; 
Riccardo Memeo 0000-0002-1668-
932X.

Author contributions: All authors 
equally contributed to this paper 
with conception and design of the 
study, literature review and 
analysis, drafting and critical 
revision and editing, and final 
approval of the final version.

Maria Conticchio, Departement of Emergency and Trasplantation of Organs, General Surgery 
Unit “M. Rubino”, Policlinico di Bari, Bari 70124, Italy

Riccardo Inchingolo, Interventional Radiology Unit, "F. Miulli" General Regional Hospital, 
Acquaviva delle Fonti 70021, Italy

Antonella Delvecchio, Department of Emergency and Organ Transplantation, General Surgery 
Unit “M. Rubino”, University of Bari, Ceglie Messapica 70124, Italy

Letizia Laera, Department of Oncology, "F. Miulli" General Regional Hospital, Acquaviva delle 
Fonti 70021, Italy

Francesca Ratti, Department of Surgery, Univ Vita Salute San Raffaele, Milan 20132, Italy

Maximiliano Gelli, Department of Visceral and Oncological Surgery, Gustave Roussy Cancer 
Campus Grand Paris, Villejuif 94800, France

Ferdinando Anelli, Unit of Oncologic and Pancreatic Surgery, Hospital University Reina Sofía, 
Cordoba 14004, Spain

Alexis Laurent, Department of Digestive and Hepatobiliary Surgery, Henri Mondor University 
Hospital, Creteil 94000, France

Giulio Vitali, Department of Surgery, University of Geneva Hospitals, Geneva 44041, 
Switzerland

Paolo Magistri, Giacomo Assirati, Fabrizio di Benedetto, Hepato-Pancreato-Biliary Surgery and 
Liver Transplantation Unit, University of Modena and Reggio Emilia, Modena 41124, Italy

Emanuele Felli, Institut de Recherche Contre les Cancers de l'Appareil Digestif, Strasbourg 
67000, France

Taiga Wakabayashi, Department of Surgery, Keio University School of Medicine, Shinjuku-ku 
160-8582, Japan

Patrick Pessaux, Hepato-Biliary and Pancreatic Surgical Unit, Nouvel Hôpital Civil, Strasbourg 
cedex 67091, France

https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v27.i18.2205
http://orcid.org/0000-0003-3177-5274
http://orcid.org/0000-0003-3177-5274
http://orcid.org/0000-0002-0253-5936
http://orcid.org/0000-0002-0253-5936
http://orcid.org/0000-0002-7759-4340
http://orcid.org/0000-0002-7759-4340
http://orcid.org/0000-0002-7759-4340
http://orcid.org/0000-0003-2183-8817
http://orcid.org/0000-0003-2183-8817
http://orcid.org/0000-0003-2183-8817
http://orcid.org/0000-0002-4710-6940
http://orcid.org/0000-0002-4710-6940
http://orcid.org/0000-0002-4710-6940
http://orcid.org/0000-0001-9807-4021
http://orcid.org/0000-0001-9807-4021
http://orcid.org/0000-0002-0916-1946
http://orcid.org/0000-0002-0916-1946
http://orcid.org/0000-0003-1372-0843
http://orcid.org/0000-0003-1372-0843
http://orcid.org/0000-0001-8956-0247
http://orcid.org/0000-0001-8956-0247
http://orcid.org/0000-0001-8326-069X
http://orcid.org/0000-0001-8326-069X
http://orcid.org/0000-0001-8240-1497
http://orcid.org/0000-0001-8240-1497
http://orcid.org/0000-0002-6510-1457
http://orcid.org/0000-0002-6510-1457
http://orcid.org/0000-0002-6510-1457
http://orcid.org/0000-0002-5074-0205
http://orcid.org/0000-0002-5074-0205
http://orcid.org/0000-0002-5074-0205
http://orcid.org/0000-0001-5635-7437
http://orcid.org/0000-0001-5635-7437
http://orcid.org/0000-0001-6704-3206
http://orcid.org/0000-0001-6704-3206
http://orcid.org/0000-0002-6718-8760
http://orcid.org/0000-0002-6718-8760
http://orcid.org/0000-0002-1211-4916
http://orcid.org/0000-0002-1211-4916
http://orcid.org/0000-0001-7027-7898
http://orcid.org/0000-0001-7027-7898
http://orcid.org/0000-0003-2494-5925
http://orcid.org/0000-0003-2494-5925
http://orcid.org/0000-0003-2494-5925
http://orcid.org/0000-0003-2169-5449
http://orcid.org/0000-0003-2169-5449
http://orcid.org/0000-0003-2169-5449
http://orcid.org/0000-0001-5270-2731
http://orcid.org/0000-0001-5270-2731
http://orcid.org/0000-0001-5270-2731
http://orcid.org/0000-0001-7729-2468
http://orcid.org/0000-0001-7729-2468
http://orcid.org/0000-0002-1668-932X
http://orcid.org/0000-0002-1668-932X


Conticchio M et al. A multicenter retrospective study

WJG https://www.wjgnet.com 2206 May 14, 2021 Volume 27 Issue 18

Institutional review board 
statement: This study was 
reviewed and approved by the 
Ethics Committee of “F. Miulli” 
General Regional Hospital.

Informed consent statement: 
Patients were not required to give 
informed consent to the study 
because the analysis used 
anonymous clinical data that were 
obtained after each patient agreed 
to treatment by written consent.

Conflict-of-interest statement: All 
the authors are aware of the 
content of the manuscript and have 
no conflict of interest.

Data sharing statement: No 
additional data are available.

Open-Access: This article is an 
open-access article that was 
selected by an in-house editor and 
fully peer-reviewed by external 
reviewers. It is distributed in 
accordance with the Creative 
Commons Attribution 
NonCommercial (CC BY-NC 4.0) 
license, which permits others to 
distribute, remix, adapt, build 
upon this work non-commercially, 
and license their derivative works 
on different terms, provided the 
original work is properly cited and 
the use is non-commercial. See: htt
p://creativecommons.org/License
s/by-nc/4.0/

Manuscript source: Invited 
manuscript

Specialty type: Gastroenterology 
and hepatology

Country/Territory of origin: Italy

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

Received: February 1, 2021 
Peer-review started: February 1, 
2021 
First decision: February 27, 2021 
Revised: March 13, 2021 
Accepted: April 21, 2021 

Tullio Piardi, Department of Hepatobiliary, Pancreatic and Digestive Surgery, University 
Hospital Robert Debré of Reims, Reims 51100, France

Tullio Piardi, Hepatobiliary and Pancreatic Surgery Unit, General Surgery Departement, Troyes 
Hospital, Troyes Zip or Postal Code, France

Tullio Piardi, University of Champagne - Ardenne, Reims 51100, France

Nicola de'Angelis, Unit of Minimally Invasive and Robotic Digestive Surgery, "F. Miulli" 
General Regional Hospital, Acquaviva delle Fonti 70021, Italy

Javier Briceño, Department of General and Digestive Surgery, Reina Sofia University Hospital, 
Cordoba 14004, Spain

Antonio Rampoldi, Interventional Radiology Unit, Niguarda Hospital, Milan 20132, Italy

Renè Adam, Department of Surgery, Hopital Paul Brousse, Villejuif 94800, France

Daniel Cherqui, Hepatobiliary Center, Hopital Paul Brousse, Villejuif 94800, France

Luca Antonio Aldrighetti, Unit of Hepato-Pancreatic-Biliary Surgery, Univ Vita Salute San 
Raffaele, Milan 20132, Italy

Riccardo Memeo, Unit of Hepato-Pancreatic-Biliary Surgery, "F. Miulli" General Regional 
Hospital, Acquaviva delle Fonti 70021, Italy

Corresponding author: Riccardo Inchingolo, MD, Chief Doctor, Director, Doctor, Interventional 
Radiology Unit, "F. Miulli" General Regional Hospital, Via di Santeramo, Acquaviva delle 
Fonti 70021, Italy. riccardoin@hotmail.it

Abstract
BACKGROUND 
Surgical resection and radiofrequency ablation (RFA) represent two possible 
strategy in treatment of hepatocellular carcinoma (HCC) in Milan criteria.

AIM 
To evaluate short- and long-term outcome in elderly patients (> 70 years) with 
HCC in Milan criteria, which underwent liver resection (LR) or RFA.

METHODS 
The study included 594 patients with HCC in Milan criteria (429 in LR group and 
165 in RFA group) managed in 10 European centers. Statistical analysis was 
performed using the Kaplan-Meier method before and after propensity score 
matching (PSM) and Cox regression.

RESULTS 
After PSM, we compared 136 patients in the LR group with 136 patients in the 
RFA group. Overall survival at 1, 3, and 5 years was 91%, 80%, and 76% in the LR 
group and 97%, 67%, and 41% in the RFA group respectively (P = 0.001). Disease-
free survival at 1, 3, and 5 years was 84%, 60% and 44% for the LR group, and 
63%, 36%, and 25% for the RFA group (P = 0.001).Postoperative Clavien-Dindo III-
IV complications were lower in the RFA group (1% vs 11%, P = 0.001) in 
association with a shorter length of stay (2 d vs 7 d, P = 0.001).In multivariate 
analysis, Model for End-stage Liver Disease (MELD) score (> 10) [odds ratio (OR) 
= 1.89], increased value of international normalized ratio (> 1.3) (OR = 1.60), 
treatment with radiofrequency (OR = 1.46) ,and multiple nodules (OR = 1.19) 
were independent predictors of a poor overall survival while a high MELD score 
(> 10) (OR = 1.51) and radiofrequency (OR = 1.37) were independent factors 
associated with a higher recurrence rate.

CONCLUSION 
Despite a longer length of stay and a higher rate of severe postoperative complic-
ations, surgery provided better results in long-term oncological outcomes as 
compared to ablation in elderly patients (> 70 years) with HCC in Milan criteria.

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
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Core Tip: Surgical resection and radiofrequency ablation represent two possible 
strategy in treatment of hepatocellular carcinoma in Milan criteria. In order to evaluate 
which of the two therapeutic options can provide better short-term and oncological 
outcomes, we compared data from 10 European centers before and after propensity 
score matching. Despite a longer length of stay and a higher rate of severe 
postoperative complications, surgery provided better results in long-term oncological 
outcomes as compared to ablation.

Citation: Conticchio M, Inchingolo R, Delvecchio A, Laera L, Ratti F, Gelli M, Anelli F, 
Laurent A, Vitali G, Magistri P, Assirati G, Felli E, Wakabayashi T, Pessaux P, Piardi T, di 
Benedetto F, de'Angelis N, Briceño J, Rampoldi A, Adam R, Cherqui D, Aldrighetti LA, 
Memeo R. Radiofrequency ablation vs surgical resection in elderly patients with hepatocellular 
carcinoma in Milan criteria. World J Gastroenterol 2021; 27(18): 2205-2218
URL: https://www.wjgnet.com/1007-9327/full/v27/i18/2205.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i18.2205

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most common cancer and the third global 
cause of cancer-related death[1]. The therapeutic strategy for patients with HCC varies 
considerably, according to the Barcelona clinic liver cancer (BCLC) algorithm[2], from 
liver transplantation to resection or ablation, passing through a series of options 
(chemoembolization, systemic supportive therapy, and systemic chemotherapy), based 
on the stage of neoplasia and patient’s general condition. The best radical treatment is 
still debated. For patients within Milan criteria, liver transplantation represents the 
treatment of choice, but unfortunately it is not suitable for all patients due to the 
scarcity of donors or due to an age limit[3-5].

For patients with very early and early-stage HCC (BCLC 0-A), liver resection (LR) 
represented the treatment of choice when liver function was well-preserved and when 
the remnant liver was sufficient. In elderly patients, these conditions were sometimes 
more precarious and required a more careful evaluation of the risk-benefit ratio in 
terms of treatment. In fact, the prognostic role of advanced age was not defined in 
patients with HCC subjected to resection nor was there any mention in official 
guidelines[6,7].

The aim of our work was to evaluate short-term and long-term outcomes in elderly 
HCC patients (> 70 years) within Milan criteria, undergoing LR or radiofrequency 
ablation (RFA).

MATERIALS AND METHODS
Patients
A multicentric retrospective study included 594 patients who were managed from 
January 2009 to January 2019 in the following centers: Centre Hépato-Biliaire Paul 
Brousse, Villejuif, France; Hôpital Henry Mondor, Créteil, France; Hospital 
Universitario Reina Sofia, Cordoba, Spain; Hôpitaux Universitaires Genève, 
Switzerland; Ospedale Niguarda, Milan, Italy; Nouvel Hôpital Civil, Strasbourg, 
France; Ospedale San Raffaele, Milan, Italy; Ospedale Miulli,Bari, Italy; Policlinico di 
Modena, Italy; Centre Hospitalier Universitaire, Reims, France).

We included patients who underwent laparoscopic and open LR or RFA in the 
study. Inclusion criteria: ≥ 70 years old patients, with Child A-B disease, in BCLC 0/A 
stage, with tumor within Milan criteria (solitary HCC < 5 cm in diameter, or multiple 
HCC < 3 lesions, each < 3 cm in diameter). Exclusion criteria: patients with tumor 

https://www.wjgnet.com/1007-9327/full/v27/i18/2205.htm
https://dx.doi.org/10.3748/wjg.v27.i18.2205
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beyond Milan criteria, with radiological evidence of major portal/hepatic vein branch 
invasion, with evidence of extrahepatic disease.

The diagnosis of HCC was based on non-invasive findings [ultrasonography, 
computed tomography (CT) scan, magnetic resonance imaging] or histopathology 
(with biopsy), according to the European Association for Study of Liver (EASL) 
consensus criteria[2]. The type of treatment was planned in multidisciplinary team 
discussions including surgeons, hepatologists, oncologists, interventional radiologists, 
and pathologists.

RFA procedure
RFA was performed using an internally cooled electrode. Depending on tumor size 
and position, either a single or clustered electrode was used for ablation under 
ultrasound guidance percutaneously or using a laparoscopic or open approach. The 
procedure was performed under local anesthesia and intravenous sedation for 
percutaneous ablation, and under general anesthesia for laparoscopic and open 
ablations. A control liver ultrasound was performed on the first postoperative day to 
assess the quality of the ablation in term of necrotic area.

LR procedure
The surgical strategy was tailored based on tumor size, position, and liver function. 
The type of LR was defined according to the Brisbane classification[8]. Anatomical 
resection, wedge resection, minor and major resections were performed under general 
anesthesia, with an open or laparoscopic approach. Minor resection was defined as the 
resection of two or fewer Couinaud’s liver segments, and major resection was defined 
as the resection of three or more liver segments. Intraoperative ultrasonography was 
used routinely. A Pringle’s maneuver was used during hepatectomy to control 
intraoperative bleeding.

Follow-up
Short-term outcomes included operative time, blood transfusion, complications based 
on the Clavien-Dindo classification[9], length of hospital stay and mortality within 90 
d. Long-term outcomes evaluated rates of overall survival (OS) and disease free 
survival. Liver function (complete blood count, liver test, and coagulation profile) 
were assessed on postoperative days 1, 3, and 5. Follow-up was performed with CT-
scan and blood tests (including liver function and oncological markers) once every 3 
mo during the first year and every 4 mo thereafter. For patients undergoing to RFA, a 
CT-scan at 1 mo after ablation was performed, in order to assess results of treatment 
according mRECIST (modified Response Evaluation Criteria in Solid Tumors) 
criteria[10]. Recurrence treatment included repeat resection, ablation, trans-arterial 
chemo-embolization, liver transplantation, percutaneous ethanol injection, sorafenib 
chemotherapy, or supportive care according to the EASL-EORTC (European 
Organisation for Research and Treatment of Cancer) clinical practice guidelines[2].

Statistical analysis
Statistical analysis was performed using the IBM SPSS 20 software. Continuous 
variables were compared using an independent sample t-test and Mann-Whitney U 
test. Categorical variables were compared using the chi-square test and Kruskal-Wallis 
test respectively. Recurrence-free survival (RFS) and OS curves were constructed using 
the Kaplan-Meier method and compared using the log-rank test. The Cox proportional 
hazards model was used in a stepwise manner (entry criterion P = 0.05 and removal 
criterion P = 0.1) to explore independent prognostic RFS and OS factors. We 
performed a propensity score matching (PSM) analysis to decrease selection bias by 
building a matched group of patients to compare perioperative characteristics, short-
term and long-term outcomes in resection and ablation groups. Variables entered in 
our propensity model were co-morbidities, American Society of Anaesthesiologists 
(ASA) score, Child and MELD scores, number of lesions, and tumor size. We 
calculated propensity scores by applying these variables to a logistic regression model 
and calculated C-statistics to evaluate the goodness of fit. One-to-one PSM was 
performed with a caliper width ranging from the < 0.2 pooled standard deviation of 
estimated propensity scores. A total of 136 patients out of 429 in the resection group 
and a total of 136 patients out of 165 in the ablation group were matched for further 
analyses. The relative prognostic significance of the variables in predicting OS and 
overall recurrence was established using univariate and multivariate Cox proportional 
hazards regression models. All variables with a P value < 0.05 in the univariate 
analysis were subjected to the multivariate comparison. Results of the multivariate 
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analysis were presented as relative risk with a corresponding 95% confidence interval.

RESULTS
Before PSM
We identified 594 patients within the Milan criteria. A total of 429 patients underwent 
LR and 165 RFA. Perioperative data are described in Table 1. The RFA group 
presented more co-morbidities than the LR group (64% vs 33%, P = 0.001). The RFA 
group also had a higher percentage of patients with ASA score III-IV than the LR 
group (73% vs 60%, P = 0.001), and a greater MELD score value (8 vs 6, P = 0.001). The 
LR group was associated with a larger tumor size than the RFA group (30 mm vs 24 
mm, P = 0.001). Perioperative and postoperative data are described in Table 2. 
Operative time was significantly increased in the resection group as compared to the 
RFA group (205 min vs 25 min, P = 0.0001). Additionally, the perioperative blood 
transfusion rate was markedly higher in the LR group than in the RFA group (15% vs 
8%, P = 0.001).

The RFA postoperative course was burdened by a lower rate of serious complic-
ations (Clavien-Dindo III-IV) than the LR group (1% vs 9%, P = 0.001). The RFA group 
had also significantly shorter postoperative hospital stays than the LR group (2 d vs 6 
d, P = 0.001).

The estimated 1-, 3-, and 5-year OS rates were 91.9%, 84%, and 75.5% for the LR 
group and 92%, 66.4%, and 37.8% for the RFA group (P = 0.001, Figure 1). The 
estimated 1-, 3-, and 5-year disease-free survival rates were 85.7%, 63.7%, and 50.3% 
for the LR group, and 66.7%, 37.8%, and 27.7% for the RFA group (P = 0.001, Figure 2).

After PSM
After matching, we obtained a comparable population for both groups (Table 1). The 
variables included in the PSM are comorbidities, ASA and MELD score, tumor size 
and number of lesions. The use of these parameters for the PSM allowed us to obtain 
two samples to be compared more homogeneous, and therefore to have short- and 
long-term results between the two groups less burdened by other variables, although 
the number of patients in the two groups are smaller after pairing Perioperative and 
postoperative results are described in Table 2. The postoperative course of the RFA 
group was burdened by a lower rate of serious complications (Clavien-Dindo III-IV) as 
compared to the LR group (1% vs 11%, P = 0.001). The RFA group had also 
significantly shorter postoperative hospital stays than the LR group (2 d vs 7 d, P = 
0.001). Operative time was significantly increased in the LR group as compared to the 
RFA group (median range: 190 min vs 25 min, P = 0.001). In addition, the perioperative 
blood transfusion rate was markedly higher in the LR group than in the RFA group 
(17% vs 8%, P = 0.001).

The estimated 1-, 3-, and 5-year OS rates were 91%, 80.2%, and 76.6% for the LR 
group and 97.7%, 68.9%, and 40.8% for the RFA group (P = 0.001, Figure 3) 
respectively. The estimated 1-, 3-, and 5-year disease-free survival rates were 84.5%, 
60.6%, and 44.4% for the LR group, and 63.2%, 35.7%, and 25.1% for the RFA group (P 
= 0.001, Figure 4) respectively.

Multivariate analysis
We evaluated factors influencing overall and disease-free survival using univariate 
and multivariate analyses. Multivariate analyses (Table 3) showed that the therapeutic 
choice of radiofrequency [hazard ratio: 1.46; (1.1-1.79), P = 0.001], international 
normalized ratio > 1.3 mg/dL [hazard ratio 1.60, (1.03-2.49), P = 0 03], and MELD score 
> 10 [1.89, (1.21-2.92), P = 0.005] were independent risk factors for OS. Concerning the 
rate of recurrence (Table 4), radiofrequency [1.37 (1.17-1.60), P = 0.0001] and MELD 
score > 10 [1.51, (1.04-2.17) P = 0.0001] were both considered poor prognostic factors.

DISCUSSION
This study suggested that surgical treatment provided better results in terms of long-
term oncological outcomes (OS and disease-free survival) as compared to ablative 
treatment (RFA) in elderly HCC patients (> 70 years) within the Milan criteria, despite 
a longer and more complicated postoperative course.
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Table 1 Preoperative and clinical characteristics of patients with hepatocellular carcinoma in Milan criteria who underwent surgical 
resection and radiofrequency ablation

Before PSM After PSM

RFA (n = 165) Surgery (n = 429) P value RFA (n = 136) Surgery (n = 136) P value

Male, n (%) 116 (70) 319 (74) 0.35 98 (72) 104 (76) 0.48

Age (yr) median (range) 75 (70-89) 74.9 (70-90) 0.71 75 (70-88) 74.7 (70-86.1) 0.56

BMI (kg/cm²) median 
(range)

26.7 (19-51) 26.7 (19-52) 0.37 26.7 (19-51) 26 (21-41) 0.85

Co-morbidities > 2, n (%) 107 (64) 142 (33) 0.001 83 (61) 81 (60) 0.90

Cause of Cirrhosis n (%) 0.002 0.11

Hepatitis C virus 89 (54) 217 (50) 73 (54) 68 (50)

Hepatitis B virus 10 (6) 80 (19) 10 (7) 22 (16)

Alcohol 37 (22) 60 (14) 31(23) 23 (17)

Others 29 (18) 72 (17) 22 (16) 23 (17)

ASA score, n (%) 0.004 0.59

I-II 45 (27) 172 (40) 41 (30) 36 (26)

III-IV 120 (73) 257 (60) 95 (70) 100 (74)

Blood tests median (range)

Bilirubin (mg/dL) 1 (0.2-2.8) 0.9 (0.18-4.5) 0.41 1 (0.2-2.8) 0.8 (0.2-4.5) 0.02

Creatinine (mg/dL) 0.9 (0.5-2.5) 1 (0.2-2.5) 0.03 0.9 (0.5-2.3) 0.9 (0.4-2.5) 0.02

Platelet count × 109/L 131 (10-856) 178 (45-900) 0.00 131.5 (10-856) 155 (47-573) 0.57

INR 1.1 (0.9-2.4) 1.2 (0.6-2.5) 0.00 1.1 (0.9-2.4) 1.1 (0.8-2.5) 0.00

Child Pugh, n (%) 0.52 0.87

A 139 (84) 370 (86) 114 (84) 116 (85)

B 26 (16) 59 (14) 22 (16) 20 (15)

MELD median (range) 8 (6-18) 6 (6-17) 0.00 8 (6-18) 8 (6-17) 0.05

Tumors number, n (%) 0.07 0.71

Single nodule 142 (86) 392 (91) 117 (86) 120 (88)

Multi nodules 23 (14) 37 (9) 19 (14) 16 (12)

Tumor size (mm) n (%) 24 (10-50) 30 (7-50) 0.00 25 (10-50) 24.5 (7-50) 0.9

< 20 49 (30) 33 (8) 0.00 36 (26) 28 (21) 0.31

20-50 116 (70) 396 (92) 100 (74) 108 (79)

Bilobar tumor, n (%) 8 (5) 8 (2) 0.08 6 (4) 2 (1) 0.28

Tumor location, n (%) 0.28 0.17

1 2 (1) 8 (2) 1 (0.7) 1 (0.7)

2 14 (8) 41 (10) 13 (9) 14 (10)

3 12 (7) 42 (10) 10 (7) 20 (15)

4 20 (12) 53 (12) 15 (11) 13 (9)

5 28 (17) 63 (15) 21 (15) 27 (19)

6 27 (16) 87 (20) 23 (17) 29 (21)

7 18 (11) 60 (14) 16 (12) 11 (8)

8 44 (28) 75 (17) 37 (27) 21 (15)

Histologically proven, n (%) 42 (25) 115 (27) 0.75 36 (26) 42 (31) 0.50
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Previous treatment, n (%) 53 (32) 53 (12) 0.00 42 (31) 21 (15) 0.004

Continuous variables were compared using an independent sample t-test and Mann-Whitney U test. Categorical variables were compared using the chi-
square test and Kruskal-Wallis test respectively. PSM: Propensity score matching; BMI: Body mass index; ASA: American Society of Anesthesiologists; 
MELD: Model for End-Stage Liver Disease; RFA: Radiofrequency ablation; INR: International normalized ratio.

Table 2 Clinical and perioperative characteristics of patients with hepatocellular carcinoma in Milan criteria who underwent surgical 
resection and radiofrequency ablation

Before PSM After PSM 

RFA (n = 165) Surgery (n = 429) P value RFA (n = 136) Surgery (n = 136) P value

Operative time (min) median 
(range)

25 (5-250) 205 (55-600) 0.002 25 (5-250) 190 (55-600) 0.001

Blood transfusion, n (%) 13 (8) 66 (15) 0.01 11(8) 23 (17) 0.04

Dindo-Clavien Classification, n 
(%)

0.001 0.002

I-II 163 (99) 378 (91) 134 (98) 121 (89)

III-IV 2 (1) 38 (9) 2 (1) 15 (11)

Postoperative complication, n 
(%)

0.001 0.002

Yes 31 (19) 188 (44) 28 (21) 75 (55)

No 134 (81) 241 (56) 108 (79) 61 (45)

Type of complication, n (%)

Liver failure 1 (1) 35 (8) 0.002 1 (0.7) 14 (10) 0.001

Ascites 3 (2) 60 (14) 0.003 3 (2) 17 (12) 0.002

Biliary leakage 0 (0) 9 (2) 0.064 0 (0) 3 (2) 0.25

Hemorrhage 4 (2) 19 (4) 0.340 3 (2) 11 (8) 0.51

Systemic Infection 4 (2) 30 (7) 0.03 4 (3) 14 (10) 0.03

Intra-abdominal abscess 0 (0) 23 (5) 0.00 0 (0) 8 (6) 0.007

Wound infection 2 (1) 12 (3) 0.37 2 (1) 7 (5) 0.17

Portal thrombosis 1 (1) 3 (1) 1.007 1 (0.7) 2 (1) 1

Pulmonary 7 (4) 33 (8) 0.15 6 (4) 15 (11) 0.07

Cardiac 1 (1) 18 (4) 0.03 1 (0.7) 8 (6) 0.03

Renal 1 (1) 18 (4) 0.03 1 (0.7) 6 (4) 0.12

Reoperation, n (%) 0 (0) 7 (2) 0.19 0 (0) 2 (1) 0.5

Postoperative treatment, n (%) 3 (2) 19 (4) 0.15 3 (2) 10 (7) 0.08

Length of hospital stay median 
(range)

2 (1-23) 6 (1-203) 0.00 2 (1-23) 7 (1-203) 0.00

Mortality 90 d, n (%) 3 (2) 13 (3) 0.001 3 (2) 4 (3) 1

Continuous variables were compared using an independent sample t-test and Mann-Whitney U test. Categorical variables were compared using the chi-
square test and Kruskal-Wallis test respectively. PSM: Propensity score matching; RFA: Radiofrequency ablation.

Increased life expectancy, ageing, and the accumulation of chronic pathologies, such 
as obesity, diabetes, and some inadequate living habits (excess alcohol and smoking) 
led to the establishment of conditions of oxidative stress and inflammation which 
seemed to be the substratum favouring the onset of HCC, despite the reduction in the 
incidence rate of HBV and HCV-related liver disease, especially in Western 
countries[11].
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Table 3 Univariate and multivariate models for survival

Univariate analysis Multivariate analysis

P value RR (95%CI) P value

RFA 0.001 1.46 (1.1-1.79) 0.001

Age ≤ 75 yr 0.63

Male 0.001

Co-morbidity ≥ 2 0.001

BMI < 24 0.001

ASA score III-IV 0.07

TBil (mg/dL > 2) 0.001

Crea (mg/dL > 1) 0.57

PLT (U/μL > 150 × 10³) 0.001

INR (> 1.3) 0.001 1.60 (1.03-2.49) 0.03

Tumor size < 3 cm 0.001

Multiple nodule 0.001 1.19 (1.08-4.17) 0.03

Child Pugh A 0.001

MELD > 10 0.007 1.89 (1.21-2.92) 0.005

The relative prognostic significance of the variables in predicting overall survival and overall recurrence was established using univariate and multivariate 
Cox proportional hazards regression models. Radiofrequency ablation, international normalized ratio > 1.3 mg/dL, and Model for End-Stage Liver Disease 
score >10 were independent risk factors for overall survival. RFA: Radiofrequency ablation; INR: International normalized ratio; MELD: Model for End-
Stage Liver Disease; RR: Relative risk; CI: Confidence interval; BMI: Body mass index; ASA: American Society of Anesthesiologists; PLT: Platelets; TBil: 
Total bilirubin; Crea: Creatinine.

For this reason, our study aimed to examine a part of the population still growing 
today, that of the elderly, (≥ 70 years), and namely patients within Milan criteria 
unsuitable for liver transplantation due to a reached limit of age and who should be 
managed either with RFA or LR. We analyzed short-term outcomes, namely periop-
erative characteristics (operative time, postoperative complications, length of hospital 
stay, and mortality within 90 d), as well as long-term outcomes, namely oncological 
results (OS and disease-free survival). LR was the treatment of choice in patients with 
very early and early-stage HCC, with a well-preserved liver function and sufficient 
residual liver volume. Radiofrequency was indicated in patients who were not 
candidates to surgery, and who presented with higher rates of local disease control 
and OS than other local ablative therapies[2,12,13] inducing a tumor necrosis, which 
guarantees a valid control of margin[14]. Microwave ablation is an alternative 
procedure, equally based on induction tumor destruction with heat generation, but 
with a different mechanism, and which seems to show promising performances 
although in treatment of HCC of 3-5 cm size, adjacent to vessels or gallbladder[15].

The most effective therapeutic strategy in the very early and early stages of HCC 
was still a matter for debate.

Radiofrequency made use of less invasiveness, thereby presenting a shorter hospital 
stay, fewer costs, a lower rate of major complications, as shown in multiple 
randomized clinical trials and meta-analyses[16-20]. On the other hand, LR provided 
better oncological outcomes in terms of local disease control[17,19,21] and in long-term 
OS[17,22,23], as reported in randomized controlled trials and meta-analyses, also and 
above all, considering the characteristics of HCC which presented a tendency to micro-
dissemination in portal and hepatic veins and to the generation of micro-metastases 
around the lesion[24,25].

Recent studies have shown that this therapeutic algorithm can also be extended to 
elderly patients[26-29]. Old age represented an important risk factor concerning 
postoperative morbidity and mortality, especially in association with major surgical 
procedures, but thanks to the evolution of surgical techniques and an increasingly 
careful postoperative management, it was possible to extend the resective treatment 
even to the most advanced age groups. According to these findings, our data also 
showed a shorter postoperative course in patients undergoing RFA, in terms of major 



Conticchio M et al. A multicenter retrospective study

WJG https://www.wjgnet.com 2213 May 14, 2021 Volume 27 Issue 18

Table 4 Univariate and multivariate models for recurrence

Univariate analysis Multivariate analysis

P value RR (95%CI) P value

RFA 0.001 1.37 (1.17-1.60) 0.0001

Age ≤ 75 yr 0.28

Male 0.91

Co-morbidity ≥ 2 0.01

BMI < 24 0.61

ASA score III-IV 0.61

Bilirubin (mg/dL > 2) 0.37

Creatinine (mg/dL > 1) 0.62

PLT (U/μL > 150 × 10³) 0.001

INR (> 1.3) 0.02

Tumor size < 3 cm 0.001

Multiple nodule 0.07

Child Pugh A 0.26

MELD > 10 0.01 1.51 (1.04-2.17) 0.03

The relative prognostic significance of the variables in predicting overall survival and overall recurrence was established using univariate and multivariate 
Cox proportional hazards regression models. Radiofrequency ablation and Model for End-Stage Liver Disease score > 10 were considered poor prognostic 
factors. RFA: Radiofrequency ablation; INR: International normalized ratio; MELD: Model for End-Stage Liver Disease; RR: Relative risk; CI: Confidence 
interval; BMI: Body mass index; ASA: American Society of Anesthesiologists; PLT: Platelets.

postoperative complications (Clavien-Dindo III-IV) (1% vs 9%, P = 0.001), length of 
hospital stay (median range: 2 d vs 6 d, P = 0.001), and also mortality rate within 90 d 
(0% vs 3%, P = 0.02).

Directly related to the type of procedure, data regarding operative time (median 
range: 25 min vs 205 min, P = 0.001) and percentage of perioperative blood 
transfusions (8% vs 15%, P = 0.001) highlighted the lower invasiveness of the ablative 
strategy. Although there were studies which showed overlapping[30] or even more 
satisfactory[31] results in the long-term outcomes of RFA managed patients, our work 
resulted in a clear superiority in patients managed with LR with a 1-, 3-, 5-year OS of 
91.9%, 84%, and 75.5% as compared to 92%, 66.4%, and 37.8% for the RFA group (P = 
0.001), and a 1-, 3-, and 5-year disease-free survival rate of 85.7%, 63.7%, and 50.3% for 
the LR group, and 66.7%, 37.8%, and 27.7% for the RFA group (P = 0.001).

To prevent any potential selection bias, we applied a PSM. Once co-morbidities, 
ASA and MELD score, tumor number, and tumor size of both groups had become 
balanced, we confirmed that LR provided better OS and disease-free survival than 
RFA treatment in elderly HCC patients with Milan criteria. On the other hand, the 
percentage of postoperative complications and blood transfusions, operative time, and 
length of hospital stay were also higher in the resection group even after PSM while 
the mortality value within 90 d was no longer significant. These data put emphasis on 
how important it was not only for the preoperative assessment of patients, which 
allowed us to choose a targeted and tailored therapeutic strategy, but also for the 
preoperative preparation of patients, which was related to the chosen procedure and 
made them less susceptible to any events secondary to the treatment itself, especially 
in elderly patients.

Elderly patients were often considered a high risk group for major surgery 
regarding the higher incidence of co-morbidities. In the past, this assumption seemed 
to have been a limit in the evaluation of the therapeutic choice. As a result, this 
category of patients was often undertreated, and this attitude may have distorted the 
previous results in terms of overall and recurrent survival.

This study had some limitations. First of all, because of its retrospective nature, 
there was a possibility of unavoidable selection bias. In addition, only 25.4% of 
patients undergoing RFA had a biopsy, although they had received a radiological 
diagnosis according to guidelines. Third, the surgical procedures adopted were very 
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Figure 1 Survival curves (Kaplan-Meier method) of patients with hepatocellular carcinoma in Milan criteria who underwent surgical 
resection and radiofrequency ablation before propensity score matching. Overall survival curves were constructed using the Kaplan-Meier method 
and compared using the log-rank test. Overall survival significantly differs between the two groups. PSM: Propensity score matching; OS: Overall survival; RES: 
Resection; RFA: Radiofrequency ablation.

Figure 2 Tumor recurrence curves (Kaplan-Meier method) of patients with hepatocellular carcinoma in Milan criteria who underwent 
surgical resection and radiofrequency ablation before propensity score matching. Recurrence-free survival curves were constructed using the 
Kaplan-Meier method and compared using the log-rank test. hepatocellular carcinoma recurrence significantly differs between the two groups. PSM: Propensity score 
matching; DFS: Disease-free survival; RES: Resection; RFA: Radiofrequency ablation.

different, from anatomical to non-anatomical ones. In addition to this, there was the 
multicentric nature of the study which could be a determining factor in further bias in 
selection and evaluation criteria.
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Figure 3 Survival curves (Kaplan-Meier method) of patients with hepatocellular carcinoma in Milan criteria who underwent surgical 
resection and radiofrequency ablation after propensity score matching. Overall survival curves were constructed using the Kaplan-Meier method and 
compared using the log-rank test. After propensity score matching, survival remained significantly different. PSM: Propensity score matching; OS: Overall survival; 
RES: Resection; RFA: Radiofrequency ablation.

Figure 4 Tumor recurrence curves (Kaplan-Meier method) of patients with hepatocellular carcinoma in Milan criteria who underwent 
surgical resection and radiofrequency ablation after propensity score matching. Recurrence-free survival curves were constructed using the Kaplan-
Meier method and compared using the log-rank test. After propensity score matching, recurrence remained significantly different. PSM: Propensity score matching; 
DFS: Disease-free survival; RES: Resection; RFA: Radiofrequency ablation.

CONCLUSION
In conclusion, our work reached similar results to the ones of several recent studies 
which had it that LR guaranteed better outcomes in terms of overall and disease-free 
survival than RFA in elderly HCC patients within Milan criteria, and so it was 
mandatory to outline the best therapeutic strategy without foreclosures, rather 
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respecting the parameters of patient selection and tailored treatment. LR should be 
considered for patients with a better liver function and a longer life expectancy, in 
order to balance the postoperative risk of treatment with benefits in long-term overall 
and disease-free survival.
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