
World Journal of
Gastrointestinal Oncology

ISSN 1948-5204 (online)

World J Gastrointest Oncol  2023 October 15; 15(10): 1675-1834

Published by Baishideng Publishing Group Inc



WJGO https://www.wjgnet.com I October 15, 2023 Volume 15 Issue 10

World Journal of 

Gastrointestinal 
OncologyW J G O

Contents Monthly Volume 15 Number 10 October 15, 2023

REVIEW

Minimally invasive surgery for gastro-oesophageal junction adenocarcinoma: Current evidence and future 
perspectives

1675

Bîrlă R, Hoara P, Achim F, Dinca V, Ciuc D, Constantinoiu S, Constantin A

Systemic treatment for advanced pancreatic cancer1691

Leowattana W, Leowattana P, Leowattana T

MINIREVIEWS

Role of inositol polyphosphate-4-phosphatase type II in oncogenesis of digestive system tumors1706

Han L, Chen S, Du SY

ORIGINAL ARTICLE

Basic Study

Identification of tumor antigens and immune subtypes of hepatocellular carcinoma for mRNA vaccine 
development

1717

Lu TL, Li CL, Gong YQ, Hou FT, Chen CW

Deltonin enhances gastric carcinoma cell apoptosis and chemosensitivity to cisplatin via inhibiting 
PI3K/AKT/mTOR and MAPK signaling

1739

Yang L, Liu YN, Gu Y, Guo Q

Pomolic acid and its glucopyranose ester promote apoptosis through autophagy in HT-29 colon cancer 
cells

1756

Liu LY, Yu TH, Liao TS, Xu P, Wang Y, Shi M, Li B

Retrospective Cohort Study

Modified albumin-bilirubin predicted survival of unresectable hepatocellular carcinoma patients treated 
with immunotherapy

1771

Navadurong H, Prasoppokakorn T, Siriwong N, Phathong C, Teeyapun N, Tanasanvimon S, Thanapirom K, Komolmit P, 
Tangkijvanich P, Treeprasertsuk S, Chaiteerakij R

Association between the Khorana risk score and all-cause mortality in Japanese patients with gastric and 
colorectal cancer: A retrospective cohort study

1784

Zhang YF, Wang GD, Huang MG, Qiu ZQ, Si J, Xu MY

Retrospective Study

Real-world clinical effectiveness of sorafenib among patients with unresectable hepatocellular carcinoma 
at two centers in the United States

1796

Li D, Gruber SB, Iyer S, Gupta S, Tejani M



WJGO https://www.wjgnet.com II October 15, 2023 Volume 15 Issue 10

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 15 Number 10 October 15, 2023

CASE REPORT

Synchronous occurrence of gastric cancer and gastrointestinal stromal tumor: A case report and review of 
the literature

1807

Liu J, Huang BJ, Ding FF, Tang FT, Li YM

Comprehensive next-generation sequencing reveals double primary colorectal carcinoma missed by 
diagnostic imaging: A case report

1823

Qu YJ, Zhang QS, Wang B, Zhang F, Pan E, Zhao CY, Liu SY, Fang LP

Response to osimertinib in a colorectal cancer patient with an EGFR T790M mutation: A case report1829

Buzard B, Douglass L, Gustafson B, Buckley J, Roth M, Kujtan L, Bansal D



WJGO https://www.wjgnet.com III October 15, 2023 Volume 15 Issue 10

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 15 Number 10 October 15, 2023

ABOUT COVER

Editorial Board of World Journal of Gastrointestinal Oncology, Claudio Casella, PhD, Assistant Professor, Surgeon, 
Scientific Sector MED/18 (“General Surgery”), University of Brescia–School of Medicine, Brescia I-25123, Italy. 
claudio.casella@unibs.it

AIMS AND SCOPE

The primary aim of World Journal of Gastrointestinal Oncology (WJGO, World J 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, etc.

INDEXING/ABSTRACTING

The WJGO is now abstracted and indexed in PubMed, PubMed Central, Science Citation Index Expanded (SCIE, 
also known as SciSearch®), Journal Citation Reports/Science Edition, Scopus, Reference Citation Analysis, China 
National Knowledge Infrastructure, China Science and Technology Journal Database, and Superstar Journals 
Database. The 2023 edition of Journal Citation Reports® cites the 2022 impact factor (IF) for WJGO as 3.0; IF without 
journal self cites: 2.9; 5-year IF: 3.0; Journal Citation Indicator: 0.49; Ranking: 157 among 241 journals in oncology; 
Quartile category: Q3; Ranking: 58 among 93 journals in gastroenterology and hepatology; and Quartile category: 
Q3. The WJGO’s CiteScore for 2022 is 4.1 and Scopus CiteScore rank 2022: Gastroenterology is 71/149; Oncology is 
197/366.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Xiang-Di Zhang; Production Department Director: Xiang Li; Editorial Office Director: Jia-Ru Fan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

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

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1948-5204 (online) https://www.wjgnet.com/bpg/GerInfo/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.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Monjur Ahmed, Florin Burada https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/1948-5204/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

October 15, 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/1948-5204/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


WJGO https://www.wjgnet.com 1675 October 15, 2023 Volume 15 Issue 10

World Journal of 

Gastrointestinal 
OncologyW J G O

Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Oncol 2023 October 15; 15(10): 1675-1690

DOI: 10.4251/wjgo.v15.i10.1675 ISSN 1948-5204 (online)

REVIEW

Minimally invasive surgery for gastro-oesophageal junction 
adenocarcinoma: Current evidence and future perspectives

Rodica Bîrlă, Petre Hoara, Florin Achim, Valeriu Dinca, Diana Ciuc, Silviu Constantinoiu, Adrian Constantin

Specialty type: Oncology

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

Peer-review model: Single blind

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

P-Reviewer: Kumar M, India; 
Shiryajev YN, Russia;

Received: July 5, 2023 
Peer-review started: July 5, 2023 
First decision: August 15, 2023 
Revised: September 4, 2023 
Accepted: September 22, 2023 
Article in press: September 22, 2023 
Published online: October 15, 2023

Rodica Bîrlă, Florin Achim, Silviu Constantinoiu, Adrian Constantin, Department of General 
Surgery, Carol Davila University, Bucharest 011172, Romania

Petre Hoara, Department of General Surgery, Carol Davila University of Medicine and 
Pharmacy, Bucharest 020021, Romania

Valeriu Dinca, Diana Ciuc, Faculty of Medicine, “Titu Maiorescu” University, Bucharest 031593, 
Romania

Corresponding author: Petre Hoara, MD, PhD, Assistant Lecturer, Department of General 
Surgery, Carol Davila University of Medicine and Pharmacy, No. 37 Dionisie Lupu str, District 
2, Bucharest 020021, Romania. petre.hoara@umfcd.ro

Abstract
Minimally invasive surgery is increasingly indicated in the management of 
malignant disease. Although oesophagectomy is a difficult operation, with a long 
learning curve, there is actually a shift towards the laparoscopic/thoracoscopic/ 
robotic approach, due to the advantages of visualization, surgeon comfort (robotic 
surgery) and the possibility of the whole team to see the operation as well as and 
the operating surgeon. Although currently there are still many controversial 
topics, about the surgical treatment of patients with gastro-oesophageal junction 
(GOJ) adenocarcinoma, such as the type of open or minimally invasive surgical 
approach, the type of oesophago-gastric resection, the type of lymph node 
dissection and others, the minimally invasive approach has proven to be a way to 
reduce postoperative complications of resection, especially by decreasing 
pulmonary complications. The implementation of new technologies allowed the 
widening of the range of indications for this type of surgical approach. The short-
term and long-term results, as well as the benefits for the patient - reduced 
surgical trauma, quick and easy recovery - offer this type of surgical treatment the 
premises for future development. This article reviews the updates and 
perspectives on the minimally invasive approach for GOJ adenocarcinoma.

Key Words: Gastro-oesophageal adenocarcinoma; Minimally invasive oesophagectomy; 
Laparoscopic gastrectomy; Abdomino-mediastinal lymph node dissection; Indocyanine 
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Core Tip: Minimally invasive surgery is increasingly indicated in the management of malignant disease. Although 
oesophagectomy is a difficult operation, with a long learning curve, there is actually a shift towards the laparoscopic/thora-
coscopic/robotic approach, due to the advantages offered to the patient and surgeon. The short- term and long-term results, 
as well as the benefits for the patient – reduced surgical aggressiveness, quick and easy recovery, offer this type of surgical 
treatment the premises for future development. This article reviews the updates and perspectives on the minimally invasive 
approach for gastro-oesophageal junction adenocarcinoma.

Citation: Bîrlă R, Hoara P, Achim F, Dinca V, Ciuc D, Constantinoiu S, Constantin A. Minimally invasive surgery for gastro-
oesophageal junction adenocarcinoma: Current evidence and future perspectives. World J Gastrointest Oncol 2023; 15(10): 1675-
1690
URL: https://www.wjgnet.com/1948-5204/full/v15/i10/1675.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i10.1675

INTRODUCTION
In the last decades, the incidence of adenocarcinomas developed in the vicinity of the gastro-oesophageal junction (GOJ) 
is increasing[1]. Even from the year 1987, some authors recommend an individualized surgical strategy, guided by tumor 
stage and topographic location of the tumor center or tumor mass, based on the experience with surgical resection of 
more than 1000 patients with GOJ adenocarcinoma. This required detailed preoperative staging and classification of 
tumors, arising in the vicinity of the GOJ, into type I - defined when the tumor center was located 1-5 cm above the 
esophagogastric junction (EGJ), type II when located from 1 cm above to 2 cm below the EGJ, or type III when located 2-5 
cm below the EGJ. type II is also known as "real" carcinoma of the cardia[2].

In patients with type I tumors, transthoracic or transhiatal (TH) oesophagectomy is performed and in patients with 
type II or type III, an extended total gastrectomy (TG) is more appropriate. In patients with early tumors, staged as uT1 
on preoperative endosonography, a limited resection of the proximal stomach, cardia and distal oesophagus, with 
interposition of a pedicled isoperistaltic jejunal segment, allows a complete tumor removal with adequate lymphaden-
ectomy[3].

Multimodal treatment protocols, with neoadjuvant chemotherapy or combined radiochemotherapy, followed by 
surgical resection, appear to markedly improve the prognosis, in patients with locally advanced tumors, who respond to 
preoperative treatment.

Minimally invasive surgery (MIS) is the gold standard in many areas of surgery. The first minimally invasive 
oesophagectomy was described by Cuschieri[4] in 1993, and one year later, Kitano et al[5] reported the first minimally 
invasive gastrectomy.

Since 1993, techniques for gastric cancer have evolved from laparoscopic-assisted surgery to total laparoscopic surgery, 
and oesophagectomy techniques have also evolved from hybrid approaches to a completely minimally invasive manner
[6,7].

A 2017 study evaluates worldwide trends in surgical techniques, for oesophageal cancer surgery, comparing it to the 
2007 survey[8], among the surgical members of the International Society for Diseases of the Esophagus, the World 
Organization for Specialized Studies in Diseases of the Esophagus, the International Gastric Cancer Association. 
Participants completed a web-based questionnaire about surgical strategies for esophageal and GOJ cancer. In 2017, 
minimally invasive transthoracic approach oesophagectomy was preferred by 43% surgeons, compared to 14% in 2007. In 
a subgroup analysis of oesophageal surgeons, the number of high-volume surgeons increased from 45% to 54%, over the 
last seven years. The preferred curative surgical treatment of oesophageal cancer was minimally invasive transthoracic 
oesophagectomy with two-field lymph node dissection (86%) and gastric tube reconstruction (95%).

Actual, most centers propose a laparoscopic abdominal approach, with gastric mobilization and pull-up through the 
diaphragmatic hiatus. The thoracic phase includes either an open procedure (hybrid technique)[8] or a thoracoscopic 
approach.

MIS for GOJ adenocarcinoma is associated with a significant operator-dependent learning curve. Data from the 
literature show a conversion rate of up to 12.5% from minimally invasive esophagectomy to open surgery, in low volume 
centers[9].

A recent study recognized that 35-40 MIS are required to acquire proficiency[10]. And another cohort study, analyzing 
the phases and outcomes of the learning curve, required to master minimally invasive, total adventitial resection of the 
cardia, suggests that there is a long learning curve[11]. A faster course of the learning curve could be facilitated by: 
gaining experience in open esophageal surgery and in MIS of the digestive tube, using specific high-performance 
equipment and carrying out training courses, in centers with great experience in this type of surgery.

This article reviews the updates on the MIS for GOJ adenocarcinoma, in terms of indications, types of MIS and 
resection, lymph node dissection, anastomosis type, short term and long term outcomes, life quality, and the perspectives, 
in order to provide reference for clinical treatment and research.

https://www.wjgnet.com/1948-5204/full/v15/i10/1675.htm
https://dx.doi.org/10.4251/wjgo.v15.i10.1675
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METHODS
The article is based on the analysis of data considered relevant for the chosen topic from the studies identified in PubMed 
Central (PMC) and MEDLINE Complete (EBSCO) since 2013, but also on the experience in minimally invasive surgeryin 
the General and Esophageal Surgery Clinic of the Sfanta Maria Clinical Hospital, Bucharest, Romania. Trials were sought 
and used, as well as data from updates of studies, original articles or reviews, regarding minimally invasive surgeryfor 
GOJ adenocarcinoma. For a sensitive search strategy, the terms used in search engines were: “Oesophagogastric junction 
adenocarcinoma” and “oesophagogastric junction adenocarcinoma and minimally invasive surgery”. The article focused 
on data that have been updated about the types of indications and types of MIS, oesophago-gastric resection, short-term 
and long-term results, quality of life, and future perspectives. Only these studies and papers were considered eligible, 
thus being taken into account in the elaboration of this article. Two authors (Bîrlă R and Constantin A) selected the 
articles considered relevant, preferring peer-reviewed articles from highly ranked journals, written in English. The 
decision to select an item was made by agreement of the two. A number of 195 articles were identified for the period 
2013–2023, which included the keywords used in the database search, 11 reviews and systematic reviews, 8 meta-
analyzes, 5 randomized controlled trials, 10 propensity score-matched studies, 14 comparative studies and 42 observa-
tional studies. The reference list from each selected article was screened for additional relevant information. We excluded 
unpublished data from abstracts, contained in volumes from various congresses or conferences, as we excluded papers 
that were not in English (Tables 1 and 2).

INDICATIONS AND TYPES OF MIS FOR GOJ ADENOCARCINOMA
Laparo-thoracoscopic surgery
The indications of MIS in GOJ adenocarcinoma have evolved, initially starting from early cases, currently reaching the 
choice of the minimally invasive or open approach, for each case, considering the patient's preference, biological status, 
and the surgeon's experience and choice.

Endoscopic resection can be a good therapy for early GOJ adenocarcinoma[12]. When it cannot be applied or fails, the 
patient is proposed for a minimally invasive surgical resection procedure. In the literature, there are several comparative 
studies of the results of endoscopic resections and those of MIS. Chen et al[13], performed a propensity study to evaluate 
the survival of patients treated by the two types of approaches and found that no significant difference was observed in 
the 5-year cumulative incidence of cancer-specific death between the cohorts and that the type of treatment was not a 
prognostic factor [hazard ratio (HR) = 1.51, 95% confidence interval (95%CI): 0.81-2.81, P = 0.20) in multivariate Cox 
analysis. Similar results were reported by other authors: Overall survival (OS) rates at 5 years were not statistically 
significantly different (93.9% vs 97.3%)[14], in another study (93.3 vs 92.9%; P = 0.282)[15], concluding that endoscopic 
submucosal dissection (ESD) may be an effective alternative to surgery, for the treatment of early GOJ cancer.

In most cases, with advanced tumors, there is agreement that MIS competes with the open approach. The neoadjuvant 
treatment can increase the chances of success of MIS, especially in patients with partial or complete clinical response. MIS 
proves its safety, after neoadjuvant therapy and appears equivalent with the open approach, regarding the perioperative 
oncologic outcomes[16].

Robotic surgery
Robotic surgery has already found its place in minimally invasive methods. The advantages are multiple, from the 
improved 3-dimensional(3D) visualization, and the 7 degrees of movement of the working tools, to the comfort of the 
operating surgeon, accompanied by the reduction of the physiologic tremor of the hands. Robotic surgery has the greatest 
advantage in narrow spaces and for operations with a single field of interest.

Robot-assisted minimally invasive oesophageal surgery is the newest acquisition, in experienced centers being used 
with results equivalent to laparoscopic and thoracoscopic surgery[17]. However, the learning curve is long for this 
operation; therefore many cases are needed to obtain the maximum benefits of the method. A recent study found that to 
perform a minimally invasive oesophagectomy, with intrathoracic anastomosis, in optimal conditions, 119 cases would be 
needed, which makes this technique not at all easy to implement[18]. Regarding robotically assisted McKeown 
oesophagectomy, the number of cases required in the learning curve, to be able to operate in optimal conditions, is 70
[19]. The difference is given by the difficulty of performing intrathoracic anastomosis, which is shown to have a lower risk 
of fistula compared to cervical anastomosis, but with a more serious and disastrous outcome than that associated with the 
cervical one.

Studies between robot-assisted oesophagectomy and the classic procedure have shown clear benefits in favour of the 
minimally invasive approach, with a decrease in the number of days of hospitalization, blood loss, and a more complete 
lymphadenectomy[20]. However, when compared with laparoscopic/thoracoscopic surgery, regarding the number of 
resected nodes, the amount of blood loss, pulmonary complications or fistulas, and robotic esophagectomy proved to be 
similar, less in terms of operative time, which was longer in the last case[21].

Other studies have shown the benefits of robotic surgery vs laparoscopic surgery, in terms of lymphadenectomy, at the 
level of the laryngeal nerve group, with more lymph nodes harvested and fewer recurrent nerve paralyses[22,23].

Currently, robot-assisted Ivor Lewis oesophagectomy can be considered an alternative to laparoscopic/thoracoscopic 
surgery, with the mention that it is reserved for centers with a large number of cases, which already have experience in 
minimally invasive oesophageal surgery. Although most centers present robot-assisted oesophagectomy, with one stage 
of the operation performed laparoscopically, or through a thoracotomy, there are centers where the Ivor Lewis operation 
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Table 1 The search strategy summary

Items Specification

Databases and other sources searched PubMed Central (PMC), MEDLINE Complete (EBSCO)

Search terms used (including MeSH and free text search terms and filters) Search strategy (see Table 2)

Timeframe 2013–2023

Inclusion and exclusion criteria (study type, language restrictions etc.) Inclusion criteria: Meta-analyzes; trials studies; clinical trials 
& updates of clinical trials; reviews; original articles; only 
studies/papers/journals written in English Exclusion 
criteria: Unpublished data from abstracts contained in 
volumes from various congresses or conferences; papers 
that were not in English

Selection process (who conducted the selection, whether it was conducted independently, 
how consensus was obtained, etc.)

RB performed the search in the databases according to the 
presented criteria. If a study appears relevant by at least one 
reviewer - Bîrlă R and Constantin A - the full-text article has 
been retrieved and checked. The selection of full-text articles 
was made by two reviewers independently Constantin A 
and Bîrlă R. Assessing content validity required subjective 
judgment from the reviewers. The citation number was an 
important selection criterion. Differences were discussed 
and if consensus could not be reached between the two 
reviewers, we requested the consultation and 
recommendation of a third reviewer (Hoara P). The 
reference list from each selected article was screened for 
additional relevant information

Table 2 Systematic literature search for oesophagogastric junction adenocarcinoma and minimally invasive surgery

Search terms Number of articles

1 Search: Oesophagogastric junction adenocarcinoma 2939

2 Search: (Oesophagogastric junction adenocarcinoma) AND (minimally invasive 
surgery)

429

3 Search: (Oesophagogastric junction adenocarcinoma) AND (minimally invasive 
surgery) Filters: English, from 2010-2023

230

4 Search: (Oesophagogastric junction adenocarcinoma) AND (minimally invasive 
surgery) Filters: English, from 2013-2023

195

Final number after review for inclusion and exclusion criteria and addition of 
articles from review of references1

126

1Exclusion criteria: No abstract available; non minimally invasive surgery; gastro-oesophageal junction adenocarcinoma not a major focus of article; not 
published in English; case reports without on minimally invasive surgery.

is performed exclusively with the robot, with very good results, on over 200 cases[24].
There are ongoing studies that try to demonstrate the superiority of robotic oesophagectomy over conventional MIS

[25].

OESOPHAGO-GASTRIC RESECTION
For type I and II GOJ adenocarcinomas, there are different minimally invasive techniques, based on transthoracic or TH 
approaches, as in open surgery. Usually, the minimally invasive Ivor Lewis technique is the primary choice, although 
intrathoracic anastomosis is sometimes difficult. The operation starts with a laparoscopy, proximal gastrectomy and 
abdominal lymphadenectomy. Although pyloroplasty was indicated in open surgery, as a mandatory procedure, to 
improve gastric tube evacuation after vagotomy, in MIS, current studies do not show differences in terms of 
postoperative gastric evacuation, regardless of whether the pyloroplasty was performed[26].

The second phase right thoracoscopy, includes mobilization of the oesophagus and mediastinal lymph node dissection 
between the area from the carina to the azygos vein and down to the diaphragm. The oesophagus is divided at least 5 cm 
proximal to the cranial pole of the tumor, and the specimen is extracted; the gastric tube is pulled up into the thorax 
through the hiatus, to create an intrathoracic anastomosis. Methods of anastomosis include end-to-side anastomosis, 
manual or mechanical with a circular stapler[27], or side-to-side anastomosis with a linear stapler[28].
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The minimally invasive McKeown procedure begins with a right thoracoscopy, with oesophageal and mediastinal 
lymph node dissection, which are similar to the previously described Ivor Lewis technique. Subsequently, the patient's 
position is changed to supine and then a laparoscopic small curvature resection and lymph node dissection are 
performed. The creation of the gastric tube is also similar to that described in the Ivor Lewis technique. After laparoscopy, 
a left cervical incision is made and the oesophagus is divided, the specimen is extracted in the abdomen and then outside 
and the gastric tube is pulled up through the mediastinum, in the cervical region where an end-to-side manually sutured 
anastomosis, with the proximal oesophagus, is performed[29].

The minimally invasive TH procedure consists of a laparoscopy and a left cervical incision, followed by a longitudinal 
gastrectomy with lymph nodes dissection and laparoscopic TH dissection of the distal oesophagus. The gastric tube is 
created extracorporeally and then pulled up in the cervical area, where the anastomosis is done[30].

Also, Ebihara et al[31] report considerable advantages, such as securing the proximal margin, intrathoracic oesophago-
jejunostomy, and increased exposure in the operative field of the lower mediastinal area for GOJ Siewert type II, through 
minimally invasive abdominal and left thoracic approach.

For type III cancers, a laparoscopic TG is indicated. A TG with DII lymph node dissection is performed, the duodenum 
is closed using a linear stapler and a Roux-en-Y limb of the jejunum, is fashioned for the anastomosis with the 
oesophagus. The diaphragm is opened and the distal oesophagus is mobilized. Only the distal peri oesophageal lymph 
nodes are resected, and the oesophageal resection is limited. The jejunum is transected at 25 cm distal to the Treitz 
ligament, distal limb of the jejunum is lifted to prepare the oesophago-jejunostomy. Due to the limited size of the hiatus, 
the use of OrVil® (Medtronic, Inc., Minneapolis, MN, United States) facilitates the performance of the end-to-side 
oesophagus-jejunal anastomosis[32]. Finally, a side-to-side jejuno-jejunostomy is performed at 45-50 cm below the 
oesophago-jejunostomy.

Complete mesenteric resection - new concepts
A new concept, about the type of oesophagogastric resection, extrapolated from the complete resection of the 
mesorectum, is also configured in resections for GOJ tumors. Zhu et al[33], propose a study to evaluate the efficacy and 
safety of TH laparoscopic surgery of complete mesenteric resection (CME) in comparison with those of the traditional 
laparoscopic TH approach in the treatment of Siewert II/III GOJ adenocarcinoma, following the short term results. They 
found that intraoperative blood loss and hospitalization were significantly reduced (P< 0.05) in the CME-TH group 
(patients with CME through TH laparoscopic surgery) compared with those in the TH group (patients without CME 
through TH laparoscopic surgery), while significantly more lymph nodes were harvested (P< 0.05) in the CME-TH than 
in the TH group, with no significant differences in complications (P> 0.05) between two groups. It was concluded that the 
meso of the stomach and the lower oesophagus can be completely resected, together with the tumor, lymph nodes, 
adipose tissue and blood vessels blood as an "intact package" GOJ adenocarcinoma, leading to better short-term results.

In the same direction, Lorenzi et al[34] propose a minimally invasive technique of circumferential hiatal dissection for 
the distal oesophagus and GOJ adenocarcinoma in the context of hybrid Ivor Lewis oesophagogastrectomy (laparo-
scopic/thoracotomy) or minimally invasive procedure. The hiatus dissection included the surrounding peri-oesophageal 
tissues in a cylindrical fashion, maximizing the distance from the oesophageal wall. Bilateral crural muscle fibers and 
pleura, anterior pericardial fat, and posterior pre-aortic tissue were excised en bloc. The pathological findings were partic-
ularly focused on the involvement of the circumferential resection margin. The results obtained (R0 resection in 92.5%, 
and negative circumferential resection margin in 91% of patients with pT3 tumors) support the authors' conclusions that 
the adoption of this technique could reduce the incidence of involvement of the circumferential resection margin and 
improve the pathological results.

Proximal resection margin –additional procedures
Due to the propensity for intramural invasion of the proximal oesophagus, a clear proximal resection margin is crucial to 
minimize the rate of anastomotic recurrence, its length being a prognostic factor for survival in multivariate analyses[35]. 
A length of more than 2 cm of the proximal margin, in resected specimens has been recommended[36] but was difficult to 
assess because the surgeon cannot estimate the location of the tumor by tactile sense. In most studies, the method of 
determining the proximal section line of the oesophagus is not described.

Sugita et al[37] routinely used intraoperative endoscopy to visualize the tumor location and establish the proximal 
resection level. In addition, intraoperative pathological examination of frozen sections was performed in all cases or 
suspected cases[37,38]. Indeed, the combination of intraoperative endoscopy and frozen section analysis may be the 
perfect way to confirm negative resection margins, but these methods are not always available in all institutions. 
Therefore, it is essential to carefully assess preoperatively, the extent of oesophageal invasion by preoperative upper 
endoscopy, upper gastrointestinal barium swallow, and enhanced computed tomography.

Lymph node dissection - current controversies
The extent of lymphadenectomy for GOJ adenocarcinoma has been continuously the subject of discussion. The extent of 
lymphadenectomy associated with oesophagectomy should be adequate because the number of lymph nodes removed is 
an independent predictor of survival. To maximize the survival benefit, according to one report, a minimum of 23 
regional lymph nodes should be removed[39].

Current German guidelines[40] specify that the standard of care should be a two-field lymph node dissection, both 
abdominal and mediastinal. In oesophageal cancer, standard two-field lymph node dissection involves :In the chest- 
posterior mediastinal lymph node dissection from the diaphragm up to the subcarinal nodes and aortopulmonary 
window; and in the abdomen - D2 Lymphadenectomy: Lymph nodes along the celiac trunk, common hepatic and splenic 
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arteries, along the lesser gastric curvature, in the lesser omentum. The extended dissection involves the lymph nodes 
included in the standard two-field lymphadenectomy (2FND)and the right paratracheal nodes along the right recurrent 
nerve and the brachiocephalic trunk.

Therefore, for oesophageal adenocarcinoma, the advantage of adding a third field during lymph node dissection is less 
clear; the survival benefit of three-field lymphadenectomy (3FND) applies only to patients with upper- and middle-third 
oesophageal cancer[41].

Giacopuzzi et al[42], in the study published in 2017, pointed out that in Siewert I tumors, the involvement of the middle 
and upper mediastinal nodes was 5%; for this reason, 3FND should be considered an overtreatment for patients with 
Siewert I tumors.

In a multicenter prospective study, Kurokawa et al[43] evaluated the distribution of lymph node metastases from GOJ 
tumors and the optimal extent of lymph node dissection in the abdominal and mediastinal fields. If the oesophageal 
invasion has exceeded 2.0 cm, excision of the lower mediastinal area, which includes the lower thoracic para oesophageal 
nodes (station 110) is strongly recommended; if oesophageal invasion exceeds 3.0 cm, excision of the upper and middle 
mediastinal lymph nodes (stations 106recR and 108) is poorly recommended; if the oesophageal involvement exceeds 4.0 
cm, excision of the 44 upper mediastinal lymph nodes group (station 106recR) is strongly recommended.

The investigation of lymph node metastasis patterns, proposed by Li et al[44], led to the following results: The 
percentage of patients with positive celiac and lower mediastinal lymph nodes reached 58.3% (42/72) and 8.3%, 
respectively (6/72). The disease-free survival (DFS) and disease-specific survival of these 72 patients was 94% and 93.4% 
at 1 year after surgery and 59.8% and 62% at 3 years after surgery, respectively, suggesting the need for inferior 
mediastinal and celiac D2 Lymph node dissection, to improve oncologic outcome.

The rates of lymph node metastases, for both Siewert type II and type III tumors, were relatively low, but not 
neglectable, at lower mediastinal nodal stations, particularly station 110[45]. In addition, metastatic involvement in 
middle and upper mediastinal lymph nodes was significantly higher, when the length of oesophageal invasion was >3 cm
[46]. Of note, mediastinal lymph node metastases can be an independent survival factor and are associated with distant 
metastases and poor survival outcomes[47].

Therefore, special attention should be paid to these nodal stations to anticipate better survival and dissection of stations 
110 and 111 have been recommended in Japanese guidelines for tumors invading the oesophagus.

To easily and safely perform lymph node dissection around the lower oesophagus, at a higher level in the lower 
mediastinal space, it is crucial to ensure a sufficient view, with adequate space for manoeuvres. Even in the open 
technique, the complex topographical anatomy of the GOJ leads to a narrow and deep surgical field, as well as a rather 
limited surgical view, which often makes the surgeon unable to see and access the dissection area properly, if the 
assistant fails to help with a correct exposure. All of these can lead to the failure of a complete lymphadenectomy. In 
contrast, the laparoscopy can provide both the surgeon and the assistant with a better, magnified surgical view. In 
addition, fine vascular sealing devices allow for more meticulous dissection under a bloodless field. Sugita et al[37], 
Huang et al[48] and Junttila et al[49]reported that the number of harvested lymph nodes was significantly higher in the 
laparoscopic group, for Siewert type II tumors.

Sakaguchi et al[50] and Pang et al[51], reported a method of dissection of the lower mediastinal lymph nodes en bloc, 
through a laparoscopic TH approach, by sectioning the tendinous center of the diaphragm, with the excision of the 
perioesophageal tissue, harvesting an average of five lymph nodes, and observing the correlation of the length of tumor 
invasion of the oesophagus with the number of metastatic nodes.

To minimize perioperative complications, in the absence of metastatic nodal involvement proximal to the carina and 
for patients with Siewert type II adenocarcinoma, TH oesophagectomy should therefore be considered a valid surgical 
approach, transthoracic oesophagectomy should be considered a valid surgical tool in patients with distal oesophageal 
cancer or Siewert type I cancer, associated with limited metastatic lymph nodal involvement[41].

Antireflux anastomosis
A recent study proposes a semi-embedded valve anastomosis, associated with proximal gastrectomy, to improve 
postoperative reflux disease, as well as nutritional status, associated with TG[52].

Significant reductions in gastroesophageal reflux (60.7% vs 4.2%, P < 0.001], postoperative reflux oesophagitis, and 
improvement of the overall health status were reported by a study[53], comparing the use of an esophago-gastric 
anastomosis by lateral overlap with fundoplication, by Yamashita (SOFY), with antireflux function, associated with 
laparoscopic proximal gastrectomy and respectively Roux-en-Y esophago-jejunostomy for laparoscopic TG, in patients 
with Siewert II/III tumors.

Another study reported acceptable results, for the prevention of reflux oesophagitis, with a side-to-side oesophago-
gastric anastomosis, using a linear stapler – the new technique of oesophagogastric tube reconstruction with lateral 
overlap, which can be performed either after laparoscopic proximal gastrectomy, or after minimally invasive Ivor Lewis 
oesophagectomy[54].

Lateral anastomosis has been considered a promising approach for creating an intrathoracic oesophago-gastrostomy in 
minimally invasive oesophagectomy. Manual suturing of the hole left at the level of the anastomosis is a technical 
challenge in thoracoscopic Ivor Lewis oesophagectomy. Wang et al[55] presented initial experience using autostatic suture 
(barbed suture), with promising short-term results.

Additional intraoperative procedures – indocyanine green fluorescence imaging
Parallel to the improvement of minimally invasive techniques, the development of intraoperative real-time imaging 
evaluation has brought an additional benefit, regarding the safety of the operative technique, with a direct impact on 
intraoperative morbidity and the improvement of postoperative results.
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Tissue details that cannot be visualized under normal conditions can be highlighted by fluorescence techniques, 
following the administration of indocyanine green (ICG). The technique shows encouraging results, regarding the 
evaluation of lymphadenectomy, optimization of the dissection and viability of anastomotic partners[56].

Fistula risk improvement
A specific complication is the anastomotic fistula, which is responsible for decreasing the survival rate and increasing the 
risk of local recurrence[57]. An important risk factor is inadequate blood perfusion at the level of the anastomosis[58]. 
Usually, this aspect is evaluated subjectively, through the macroscopic inspection of the tissues, the bleeding at the level 
of the anastomotic organ's margins and the palpation of the pulse of the vascular pedicles. In the context of a minimally 
invasive technique, with the use of stapling devices, these manoeuvres are technically very limited. In this sense, different 
fluorescence imaging methods have been introduced, and among them, ICG angiography (ICG-FA), seems to bring the 
most benefits. Due to its fluorescent properties, it allows visualization of tissue perfusion in real-time. After endovenous 
administration, the dye quickly binds to plasma proteins, remaining in the vascular space. With the help of a near-
infrared (NIR) light source, the surgeon can observe in detail the diffusion of the dye, at the tissue level. However, the 
evaluation by ICG-FA is still subjective. By visual assessment, a consensus regarding the quantification of tissue perfusion 
is not established[59], but an objective parameter can be determined, which is the perfusion speed of the dye in cm/S.

Some authors observed that, even though, fluorescence angiography using ICG, in the evaluation of the vascularization 
of the gastric stump shows specificity of over 94%, with a negative predictive value of almost 80%, the sensitivity is still 
below 22%, with a positive predictive value of almost 64%, which suggests that this method does not detect the risk of 
fistula, instead the measurement of the perfusion speed of the dye in the gastric tube can help to assess this risk[60,61]. 
Shimada et al[62], evaluating the usefulness of ICG-FA for reconstruction after esophagectomy, state that the technique is 
useful in evaluating the vascularization of the graft and helps to choose the correct site for the anastomosis. However, the 
rate of fistulas did not change. It can be speculated that the microvascularization highlighted by fluorescence, is not 
necessarily sufficient for a viable anastomosis. A recent meta-analysis confirms this result[63]. On the other hand, 
Campbell et al[64] reported a decrease in the fistula rate from 20% to 0%, after the introduction of ICG-FA. Koyanagi et al
[65], confirm the improvement of results after the use of ICG.

Modulation of lymph node dissection and thoracic duct
Logically, the fluorescence evaluation was also taken into account for the intraoperative evaluation of the lymphatic 
network (node mapping). Several studies have presented encouraging data in this direction by injecting peritumoral ICG, 
aiming at a better highlight of the lymphatic network and an improvement in specific morbidity of lymphadenectomy[66-
68]. Although strongly supported by theoretical foundations, the data provided by the literature in this direction are 
insufficient and inconclusive.

Although small, the risk of damage to the thoracic duct remains a reality, especially in obese patients[69]. The injection 
of ICG at the level of the mesentery or bilateral groin, offers the possibility of optimal highlighting of the thoracic duct, 
allowing its identification during dissection or its ligation in the event of a suspected injury[70].

Limit of oesophageal resection
Last but not least, the use of ICG fluorescence seems to be useful in establishing the resection limit, especially proximal, 
but also distal, in oncological surgery of the GOJ. The Gastroesophageal Junction Carcinoma Working Group in Japan 
established that for junctional tumors that invade the oesophagus less than 4 cm, the TH approach can be used[43].

However, the challenge arises from the exact establishment of the topography and the tumor boundary intraoper-
atively. In MIS, such as laparoscopic and robotic, locating the tumor during surgery is difficult, due to the lack of tactile 
sensation. Currently, ICG fluorescence imaging can be used for the exact localization of the GOJ tumor[71,72]. In this 
direction, Sagawa et al[73] use the Firefly mode of the da Vinci Xi system, through the capability of NIR visualization and 
simultaneous intraoperative upper gastrointestinal endoscopy, that precisely indicates the positioning and limits of the 
tumor injected with ICG.

In conclusion, the need to quantify the data provided by ICG-FA, to issue clear protocols, becomes imperative, and the 
data from the literature, due to their lack of homogeneity, does not yet provide a close perspective of such an objective. 
However, the potential of these techniques is obvious.

SHORT-TERM AND LONG-TERM RESULTS
Short-term outcomes
The development of minimally invasive techniques for resection of GOJ adenocarcinoma has the potential advantage of 
minimizing morbidity. The first randomized controlled trial was conducted in the Netherlands, enrolling 200 patients 
with the minimally invasive McKeown and Ivor Lewis approach. This clinical trial aimed to identify differences in 
morbidity, severity of complications and quality of life[74].

A 2017 multicenter study, evaluating short-term results after a minimally invasive Ivor Lewis approach, showed that 
the rate of anastomotic fistulas is still high (15.2%), possibly due to the technical diversity of anastomotic techniques and a 
high percentage of patients treated with neoadjuvant chemoradiotherapy (90, 2%); an aggressive approach of the 
complications (thoracotomy for decortications in 13 patients with empyema) have led to low mortality (2.1%), concluding 
that further improvements and standardization in anastomotic technique are needed to achieve a safe intrathoracic 
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anastomosis[75].
Other studies claim that, once the experience is gained in the minimally invasive approach, the results are excellent. In 

their review of over 1000 MISs, Luketich et al[76]reported an overall mortality of 1.7%, vocal cord paresis in 4% of the 
patients, and an anastomotic fistula rate of 5%. The average number of lymph nodes removed was 20, and 98% of patients 
obtained a negative histological margin. The average duration of hospitalization was 8 d, with 2 d in the intensive care 
unit. These numbers speak about what can be achieved, in the context of a dedicated program, with substantial 
experience and expertise in perfecting a new surgical approach.

There are a few randomized controlled trials, which have compared minimally invasive esophagectomy with open 
transthoracic esophagectomy. In the TIME trial, conventional thoraco-laparoscopic oesophagectomy was compared with 
the open approach[76], with a lower incidence of pulmonary infections reported in patients with MIS. In the MIRO trial, 
hybrid oesophagectomy was compared with transthoracic open oesophagectomy, with the hybrid approach being 
associated with a lower incidence of major complications[77]. In the MIOMIE trial[78], the hybrid approach was 
compared with the open approach, with equal results being reported, in terms of morbidity and mortality.

Additional studies found no significant difference in oesophagectomy-related morbidity (anastomotic fistula, 
anastomotic stricture rate, gastric tube ischemia, chylothorax, vocal cord paralysis) and reduced use of narcotics, due to 
less postoperative pain. The pain score in the laparoscopic group decreased faster, making it evident that the small 
wounds generated less stress and pain, which justified the faster recovery[76,79-82]. Similar results have been reported in 
meta-analysis[83,84], systematic review[85,86], propensity analysis[87], or clinical trials[88-92] comparing MIE with open 
and hybrid resections.

Zhang et al[93] presented in a study the comparative results of open vs laparoscopically assisted TH approach and 
observed that the rate of pleural perforation, requiring the prolonged use of mechanical ventilation, for more than 12 h, 
was lower in the laparoscopic group, but this lesion, in laparoscopic surgery, may affect the recovery of lung function, 
possibly due to tension pneumothorax.

Dantoc et al[94]studied the oncological outcomes of patients who underwent minimally invasive oesophagectomy. He 
analyzed 1586 patients (in 17 studies) in which the minimally invasive approach was compared with the open approach: 
The number of lymph nodes removed was significantly higher in the minimally invasive approach (median of 16 nodes 
compared to 10 nodes harvested in open oesophagectomies, P = 0.03). Similar results were reported after hand-assisted 
laparoscopic surgery[95], or in other studies that used the minimally invasive approach[48,96].

Other authors conclude that for patients with Siewert type II adenocarcinoma, modified Ivor Lewis surgery, thoraco-
laparoscopic oesophago-gastrectomy, 2FND, and intrathoracic anastomosis, is safe and feasible[97].

The use of MIS, in patients with neoadjuvant treatment, did not lead to different short-term results, compared to those 
of patients with primary surgery. Compared to the group with open surgery, it was found that MIS patients had shorter 
median intensive care unit time (P = 0.002) and hospital lengths of stay (p< 0.0001), but the incidence of postoperative 
complications (open: 54.8% vs MIS: 41.1%,P = 0.155), mortality at 30 d(open: 2.7% vs MIS: 0%,P = 0.506) and anastomotic 
leak rates (open: 1.4% vs MIS: 0%, P = 1.00) were similar. However, the respiratory complications were significantly 
reduced after MIS (8.9%) compared with open (29.7%; P = 0.004)[98].

Long-term results
Data on long-term survival are limited but encouraging. Several studies compared long-term surgical and oncological 
outcomes after laparoscopic and open gastrectomy, for GOJ adenocarcinoma, reporting similar 5-year OS and DFS 
survival rates (44.6% vs 42.1%, P = 0.403; 40.1% vs 37.6%, P = 0.321, respectively)[99]. Similar results were reported in 
another study, after minimally invasive or open esophagectomy, for 5-year OS (12.5%in MIS vs 16%in open approach) 
and DFS (67% in MIS vs 16%–57% in open approach, P = 0.33)[96]. Other studies found longer but not significantly 
different 5-year OS and DFS rates between patients in the laparoscopic group vs open group, in patients with Stage III 
disease (HR= 0.42, (95%CI: 0.05-3.47) vs HR= 0.47, (95%CI: 0.10-2.12))[100], or a median survival for the laparoscopic 
approach of 56 mo and 47 mo, respectively, with 5-year OS of 40% and 29.1%, respectively[83].

Another study identified a significantly different five-year survival in oesophagectomy patients (64%-MIS vs 35%-open 
approach, P< 0.001), and multivariate analysis demonstrated that patients with an open approach had significantly 
poorer survival, compared with the minimally invasive procedure, independent of age, rate of excised lymph nodes, 
radiochemotherapy and pathologic stage (HR=2.00, P = 0.019)[101].

Two studies used propensity score matching analysis to adjust for selection bias, leading to more reliable comparisons 
between laparoscopic and open approaches[83,101]. In the stratified analysis, a better survival was observed in the 
laparoscopic group for Siewert type II, which may be due to a more thorough lymph node dissection around the lower 
oesophagus, and a significantly longer median DFS and better OS than the open approach, for types Siewert II/III[83].

The rate and pattern of recurrence did not differ between the two groups, during the follow-up phase[102,103]. 
Another study reports that, in terms of recurrence, the most common site was the peritoneum[38].

In a comparative study of neoadjuvant vs adjuvant therapy, with a median follow-up period of 37.5 mo, a pathological 
complete responserate of 26% was reported in the neoadjuvant chemoradiotherapy group and a greater rate of R0 
resection than in the adjuvant group (95 % vs 76%; P = 0.002) The multivariable analysis of OS showed lower hazards of 
death independently associated with neoadjuvant vs adjuvant therapy (HR= 0.57; 95%CI: 0.36-0.91; P = 0.0200)[104].

Another study showed that preoperative radiochemotherapy determined improvement in R0 resection rate, compared 
to surgery and preoperative chemotherapy, but there is no significant difference in OS. Both neoadjuvant strategies 
remain clinically meaningful options for patients with resectable gastroesophageal junction tumors[105,106].

Some authors think that surgical treatment could also be used in tumors with small-volume metastatic disease. A 
clinical trial evaluated the feasibility and effectiveness of using induction chemotherapy with fluorouracil, leucovorin, 
oxaliplatin and docetaxelfollowed by surgical resection, with curative intent, for patients with oligometastatic GOJ cancer. 
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Rigorous criteria were used to include cases, in the group of patients with surgical treatment after 4 chemotherapy 
sessions. The results showed better survival for patients with surgical resection (gastrectomy and metastasectomy), the 
OS is 31.3 mo, compared to 9-11 mo for non-operated patients[107].

In patients with neoadjuvant treatment, the long-term results are similar regardless of the approach, OS rates at 5 years 
(open: 61% vs MIS: 50%, P = 0.933); MIS was not a significant predictor of OS (HR=1.07; 95%CI: 0.61-1.87; P = 0.810)[98].

QUALITY OF LIFE
The surgery of GOJ cancer, due to its amplitude, has a major impact on the quality of life. The specific element, around 
which the quality of life revolves, is postoperative reflux, with all its consequences. Oesophago-gastrostomy is the 
traditional and most widespread reconstruction method after proximal gastrectomy with distal oesophagectomy, the 
accepted technique in the oncological approach to GOJ tumors[103]. The main deficiency of the technique could be the 
high incidence of reflux oesophagitis, which varies between 9.1% and 35.3%[108,109].

The increased incidence is due to surgical resection, which alters the anatomy of the digestive tube, leading to 
disruption of anti-reflux mechanisms. In addition, the absence of the gastrointestinal pacemaker and the section of the 
vagus nerve leads to the impairment of gastric motility, with a direct impact on gastric emptying[110]. Studies have 
documented that reflux can wake patients from sleep, while sleep disturbances can worsen reflux symptoms, creating a 
true vicious circle[111]. Long-term sleep disturbances can impair cognitive function and severely impact the quality of life
[112].

The long-term postoperative impact is mainly due to the mediastinal adhesion syndrome, with pulmonary 
involvement, but also in connection with reflux symptoms. Thus, dyspnea, even two years after surgery, seems to be due 
to pulmonary adhesions, secondary to the thoracic phase of the Ivor Lewis technique. On the other hand, it is known that 
gastric acidity, even after vagal denervation, normalizes over time. More than three years after surgery, the 24-hour 
gastric pH metry in most patients is similar to that of healthy subjects[113]. This phenomenon is associated with an 
increasing incidence of reflux oesophagitis, metaplasia and the need for effective anti-reflux treatment. Some reports 
indicate that the choice between gastrectomy, oesophagectomy or oeso-gastrectomy, does not have a significant influence 
on the quality of life, for patients with GOJ adenocarcinoma, six months after surgery[114]. Other studies document 
higher quality of life parameters, after minimally invasive oesophagectomy than after minimally invasive gastrectomy. 
Moreover, after thoracoscopic oesophagectomy, it seems to be close to that of the general population[115]. In addition, a 
meta-analysis of nine studies showed that patients, who underwent minimally invasive transthoracic oesophagectomy, 
had superior parameters than patients who underwent open transthoracic oesophagectomy, regarding general condition, 
fatigue, pain, and quality of life[116]. It should be mentioned that these differences were no longer present 6 mo and 1 
year after the operation. In this meta-analysis, however, no difference was made between hybrid oesophagectomy or 
minimally invasive total oesophagectomy, nor between Ivor Lewis, McKeown or Orringer oesophagectomy. In a recent 
Swedish national study, quality of life was not statistically different at 1 year and 2 years after minimally invasive total 
esophagectomy, hybrid esophagectomy, and open esophagectomy[117]. Because the robotic technique is relatively new, 
there are no studies on long-term results using this technique. A recent study reports significant benefit in terms of 
quality of life 4 mo postoperatively after the robotically assisted Ivor Lewis technique compared with open 
esophagectomy[118]. Sarkaria et al[119] compared early postoperative quality of life after robotic oesophagectomy and 
open transthoracic oesophagectomy and reported significantly superior outcomes for the robotic technique. However, 
they included both the Ivor Lewis and McKeown techniques and reported results only for a four-month follow-up, 
during which 20% of patients were lost.

The search for technical artifices, to restore the continuity of the digestive tract, after proximal gastrectomy with distal 
oesophagectomy, and improve postoperative reflux is thus a justifiable objective. In the Japanese Gastric Cancer 
Treatment Guidelines, in addition to the traditional oesophagus-gastro anastomosis, double tract reconstruction is 
specified as a possible technical alternative[120].

For double tract reconstruction, the jejunum is transected 25 cm distal to the Treitz ligament, distal limb of the jejunum 
is lifted to prepare the oesophago-jejunostomy. An end-to-side oesophago-jejunostomy is performed with a circular 
stapler, and the jejunal stump is closed with a linear stapler. Next, a side-to-side gastro-jejunostomy is performed 15 cm 
below the oesophago-jejunostomy. Finally, a side-to-side jejuno-jejunostomy is performed 15-20 cm below the gastro-
jejunostomy[121].

Some studies have reported that this procedure could reduce the incidence of reflux oesophagitis after proximal 
gastrectomy[122]. A comparative study documents an incidence of reflux oesophagitis of 30.8% in the group with 
oesophago-gastrostomy and 8.0% for double tract reconstruction. Patients in the group with double tract reconstruction 
complained less often of dysphagia, pain, reflux, loss of appetite, anxiety, dry mouth and unpleasant taste than those with 
oesophago-gastrostomy[121]. However, the technique requires additional studies to confirm the advantages.

Another technique that aims to improve postoperative reported reflux is super MIS, through ESD and endoscopic 
submucosal tunnel dissection which, for the early stages, are equally effective from a curative point of view, with the 
advantage of avoiding major anatomical changes, secondary to classic surgery[123]. The quality of life is greatly 
improved, especially regarding reflux and sleep quality. It is believed that this is the result of the less aggressive surgical 
approach, in that the endoscope does not damage the integrity of the gastrointestinal tract, with relatively few changes in 
digestive physiology. Moreover, the proportion of patients with postoperative acid reflux, in the group treated by super 
MIS, is lower than that reported in the healthy group[124]. This may be due to scar contraction after endoscopic 
manoeuvres, with increased lower oesophageal sphincter pressure[125]. This technique requires confirmation through 
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additional studies and is indicated in the early stages of the disease.

FUTURE PERSPECTIVES
In recent years, with the improvement of technology, MIS technology has developed rapidly. MIS has wide prospects for 
use in GOJ adenocarcinoma and its application is the current trend.

Today, MIS uses high-definition 3D imaging systems and 2-dimensional imaging systems with 4K ultra-high-definition 
cameras. Shortly, this high-definition technology will be available in every dedicated operating room and will help 
surgeons perform these complex surgical procedures safely.

Although robot-assisted minimally invasive oesophagectomy is indeed attractive to many surgeons, its high cost still 
limits the use of this technology. As more companies develop robot-assisted surgical systems, in competition with the da 
Vinci systems, further technical development of less expensive robotic surgical systems is expected shortly.

The role of sentinel node biopsy in the surgical treatment of GOJ adenocarcinoma is still debated. The application of 
the sentinel node concept could limit the extension of the node dissection, avoiding all associated complications. 
Undoubtedly, this surgical strategy should be applied only to patients with cT1N0. Shortly, sentinel node mapping and 
nodal navigation surgery could be considered a promising and interesting tool for early-stage oesophageal cancer, 
identifying patients who could be treated with individualized, less invasive surgery. However, such complex surgery will 
be concentrated in high-volume centers and performed by dedicated surgeons, to minimize postoperative complications 
and improve oncological outcomes.

CONCLUSION
Surgery is still the most important method in the comprehensive treatment of GOJ adenocarcinoma. There is a strong 
worldwide trend towards MIS, endoscopic methods being used for superficial cancers and robotic and laparo-thoraco-
scopic methods for early tumors, or locally advanced tumors after neoadjuvant therapy.

The preferred MIS of GOJ tumors is oesophagectomy for Siewert type I tumors and gastrectomy for Siewert type III 
tumors. Most surgeons favor an extended gastrectomy for Siewert type II tumors. Although pyloroplasty was usually 
performed in open surgery, in the current MIS, most surgeons have given up on it. The clearly improved visualization 
and the possibility of fine dissection in narrow spaces, offered by MIS gives the possibility of a much more rigorous 
lymph node dissection compared with open surgery. Many methods can be adopted for anastomosis, such as manual, 
circular stapler, linear stapler, and even robot-assisted anastomosis, with comparable results in terms of fistula rate. The 
use of ICG-FA as an adjunct method for lymph node dissection, or for intraoperative visualization of the vascularization 
of the gastric tube, is proven to bring important improvement in the performance of the method.

Minimally invasive oesophagectomy may improve short-term results with fewer complications, compared to 
traditional open oesophagectomy. Most authors note, along with the indisputable benefits of the patient with a minimally 
invasive approach (quick recovery, reduced need for analgesics, decreased length of hospitalization, etc.), the decrease in 
the incidence of pulmonary complications, and with regard to the rate of anastomotic fistulas, its decrease is especially 
noticeable when intraoperative ICG-FA was used. In the long term, in advanced cases, the results are similar regardless of 
the type of approach; some studies, however, note better long-term results in patients with a minimally invasive 
approach. Also, the quality of life is better after the minimally invasive approach, and with regard to the appearance of 
reflux symptoms, a lower incidence is noted after the use of double tract reconstruction.

However, there is still no consensus on the ideal type of MIS for GOJ adenocarcinoma. Large randomized controlled 
trials are still needed to test which minimally invasive technique is best for this tumor.
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Abstract
Pancreatic cancer is a deadly disease with an extremely poor 5-year survival rate 
due to treatment resistance and late-stage detection. Despite numerous years of 
research and pharmaceutical development, these figures have not changed. 
Treatment options for advanced pancreatic cancer are still limited. This illness is 
typically detected at a late stage, making curative surgical resection impossible. 
Chemotherapy is the most commonly utilized technique for treating advanced 
pancreatic cancer but has poor efficacy. Targeted therapy and immunotherapy 
have made significant progress in many other cancer types and have been proven 
to have extremely promising possibilities; these therapies also hold promise for 
pancreatic cancer. There is an urgent need for research into targeted treatment, 
immunotherapy, and cancer vaccines. In this review, we emphasize the founda-
tional findings that have fueled the therapeutic strategy for advanced pancreatic 
cancer. We also address current advancements in targeted therapy, immuno-
therapy, and cancer vaccines, all of which continue to improve the clinical 
outcome of advanced pancreatic cancer. We believe that clinical translation of 
these novel treatments will improve the low survival rate of this deadly disease.
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Core Tip: Understanding the pathophysiology of pancreatic cancer and using personalized treatments might improve patients' 
overall survival. We think that targeted treatment, immunotherapy, and cancer vaccines can improve the prognosis of 
patients with advanced pancreatic cancer. As a result, additional study is required to identify the best combination of current 
drugs to help in early treatment and result in a better clinical outcome.
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INTRODUCTION
It is expected that pancreatic cancer will continue to be the leading cause of cancer-related mortality despite a sharp rise 
in occurrence over the previous several decades. Many of the observed trends are explained by changes in the identified 
modifiable risk variables as well as changes in the age structure of the global population, particularly in emerging 
nations. The chance of developing pancreatic cancer is significantly influenced by genetic factors and modifiable 
exposures, either acting alone or in concert. In order to limit exposures and identify people most at risk of developing this 
commonly deadly cancer, preventive initiatives, especially primary prevention techniques, will benefit from an 
understanding of the underlying risk factors and how they interact. Pancreatic cancer detection rates and the precursor 
lesions that precede it are increasing. This strategy will assist in lowering the rising prevalence of this deadly disease[1-
3]. An overview of the knowledge of known risk factors for pancreatic cancer is given in this review, including inherited 
genetic risk, lifestyle risk, and risk unique to the disease. In addition, we intend to summarize the most recent guidelines 
for the systemic treatment of pancreatic cancer. We present the data supporting the recommendations that are currently 
available, with an emphasis on first-line and second-line situations, based on a thorough evaluation of biomedical and 
clinical trial databases. Finally, we seek the present state of the art and research paths that can enhance targeted treatment 
and immunotherapy choices for this high-risk patient population.

EPIDEMIOLOGY AND RISK FACTORS
The frequency of pancreatic cancer diagnoses annually has doubled during the previous two decades. Compared to 
196000 cases in 1990, there were 441000 cases of pancreatic cancer in the world in 2017. Given that the risk of developing 
pancreatic cancer rises with age and that it is uncommon to develop the disease before the age of 40, improved diagnosis 
techniques and the changing age structure of the global population account for the majority of the rise in pancreatic 
cancer incidence, especially in high-income countries. Incidence rates in low-income nations have remained low due to 
limited access to contemporary imaging and a lack of pathology expertise, and there is a dearth of high-quality data on 
mortality in these regions[4,5]. Obesity, type 2 diabetes, and smoking cigarettes are all modifiable risk factors for the 
development of pancreatic cancer. A significant National Institutes of Health cohort study found that individuals with a 
body mass index (BMI) outside the normal range had a higher risk of acquiring this malignancy than those with a BMI 
within the range, with hazard ratios ranging from 1.15 to 1.53. Pancreatic intraepithelial neoplasia, which is a precursor to 
pancreatic cancer, has been linked to fatty infiltration of the pancreas. There is a long-standing association between 
diabetes and the development of pancreatic cancer, with a relative risk (RR) of 2.1, even though cancer of the pancreas is 
also a risk factor for diabetes development[6-9]. One percent of those with newly diagnosed diabetes over the age of 50 
experience diabetes as a result of concurrent pancreatic cancer. Similar to this, those who have had their diabetes 
diagnosis for less than one year have a greater RR of developing pancreatic cancer of 5.4-fold than those who have had it 
for a long time, who only have a 1.5-fold higher risk. These findings imply that newly diagnosed diabetes may be a 
significant risk factor and a sign of pancreatic cancer. Pancreatic cancer is thought to be around twice as common among 
smokers as in non-smokers, according to estimates; however, unlike other smoking-related malignancies, pancreatic 
cancer does not yet have a well-defined genetic signature[10,11].

On average, genetic risk factors are thought to be responsible for 5%-10% of all pancreatic malignancies. There are 
several family cancer syndromes that have been linked to a higher chance of getting pancreatic cancer. A mutation in the 
tumor suppressor STK11 causes Peutz-Jeghers syndrome, which raises the risk of pancreatic cancer by 35%. The chance of 
acquiring this kind of cancer is further enhanced by the hereditary breast-ovarian cancer syndrome, which is typically 
linked to mutations in BRCA1 or BRCA2. Despite the fact that people with a BRCA1 mutation have a relatively low 
chance of developing the disease—a RR of 2.8 compared with 1.3 in the general population—mutations of BRCA2 are a 
more common genetic risk factor (RR = 3.5) for pancreatic cancer development[12,13]. An elevated risk of pancreatic 
cancer of 17% has been attributed to inherited mutations in the CDKN2A gene. An elevated risk of acquiring this kind of 
cancer is also linked to germline abnormalities in genes necessary for DNA damage response and DNA repair. Patients 
with Lynch syndrome are more likely than the general population to acquire pancreatic cancer by the time that they are 
70 years old, and their tumors show microsatellite instability, making them particularly susceptible to immune 
checkpoint inhibitor treatment. Patients with hereditary pancreatitis syndromes, which are linked to mutations in SPINK1
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and PRSS1, have a 40% lifetime chance of getting pancreatic cancer as a result of chronic pancreatitis[14,15].

CLINICAL PRESENTATION
Only a small percentage of patients with pancreatic cancer initially have the illness that can be surgically removed, which 
is consistent with the fact that pancreatic cancer often causes minimal symptoms prior to progression to the advanced 
stage. Tragically, individuals who do experience symptoms frequently have vague complaints, such as nausea, bloating, 
stomach fullness, or changes in stool consistency, which are frequently appropriately ascribed to other benign causes and 
delay diagnosis and treatment. At the time of diagnosis, stomach discomfort, abnormal liver function tests, jaundice, 
newly diagnosed diabetes, nausea, vomiting, dyspepsia, weight loss, and back pain are the clinical symptoms that occur 
most often[16,17]. Approximately 60%-70% of pancreatic tumors are discovered near the head or neck of the organ, and 
they are more likely to result in biliary blockage and a patient with an identifiable jaundice-free appearance. The range of 
jaundice's positive predictive value for detecting pancreatic cancer is 4%-13%. Pancreatic body tumors frequently 
infiltrate nearby vascular systems, such as the portal vein, hepatic, and superior mesenteric veins, and are therefore more 
likely to manifest with back discomfort. Because they have fewer anatomical neighbors, pancreatic tail tumors frequently 
have room to develop unchecked and are typically advanced when discovered (Figure 1)[18,19].

ADVANCED PANCREATIC CANCER
TNM staging and clinical categorization, the two separate staging methods, both have prognostic consequences that are 
helpful for therapeutic suggestions. Patients with borderline resectable and locally advanced pancreatic cancer are 
grouped together in stage III of the TNM staging system. Most patients with stage I and stage II cancer will fall into the 
resectable category, although there are a few people with pancreatic cancer that is borderline resectable who may be 
categorized as stage II, especially when the superior mesenteric or portal vein is involved. As a result, clinical categor-
ization is more beneficial when choosing a course of treatment. Pancreatic cancer is considered advanced when it is 
unresectable or cannot be removed surgically. The cancer has spread to neighboring lymph nodes or blood vessels, as 
well as to organs outside the pancreas. Typically, this is stage III or IV. The majority of pancreatic cancer patients are 
diagnosed with advanced disease. Patients who are detected at an earlier stage of the disease may acquire advanced 
cancer if it spreads[20].

ADVANCED PANCREATIC CANCER TREATMENTS
Chemotherapy
More than 33% of pancreatic cancer patients have locally progressive disease at the time of diagnosis, frequently as a 
result of severe vascular involvement that makes surgical resection impossible. The majority of these individuals have 
incurable illnesses, while a small percentage who have had a great response to treatment could qualify for surgical 
excision. This patient group is usually given systemic chemotherapy utilizing protocols that have been authorized for use 
in the context of metastatic disease. Due to a phase 3 trial that demonstrated gemcitabine's therapeutic advantage over 
fluorouracil, it has been the standard of care for metastatic pancreatic cancer for many years. However, the median 
survival time was only 5.6 mo, and the response rate (RR) was only 5%[21]. Since then, several trials have been conducted 
with gemcitabine serving as the main component of doublet or triplet regimens to enhance patients' overall outcomes. 
The majority of the trials' results were unsatisfactory, with the exception of one that used erlotinib and gemcitabine 
together. Gemcitabine with erlotinib resulted in a median survival of 6.2 mo in this randomized phase 3 study, as 
opposed to 5.9 mo in the gemcitabine-only group. Although the difference in 2-wk survival was statistically significant, 
the increased toxic effects may prevent it from being clinically important[22]. In 2011, Conroy et al[23] conducted a 
randomized control trial to compare the efficacy and safety of “Folinic acid, fluorouracil, irinotecan, and oxaliplatin” 
(FOLFIRINOX) with gemcitabine in the first-line treatment of 342 advanced pancreatic cancer patients. The trial lasted 6 
mo. In the FOLFIRINOX group, the median overall survival (OS) was 11.1 mo, whereas in the gemcitabine group, it was 
6.8 mo. The median progression-free survival (PFS) for the FOLFIRINOX group was 6.4 mo as opposed to 3.3 mo for the 
gemcitabine group. In comparison to the gemcitabine group, which had a 9.4% objective RR (ORR), the FOLFIRINOX 
group's ORR was 31.6%. More adverse events were recorded in the FOLFIRINOX group, and 5.4% of the patients in this 
group experienced febrile neutropenia. In contrast to gemcitabine-treated patients, 31% of FOLFIRINOX-treated patients 
had a significant deterioration in quality of life at 6 mo. They determined that, as compared to gemcitabine, FOLFIRINOX 
had a survival benefit but increased toxicity. FOLFIRINOX is a therapy option for people with metastatic pancreatic 
cancer who have a good performance status. Von Hoff et al[24] conducted a phase 3 study in 861 patients with metastatic 
pancreatic cancer to compare the effectiveness and safety of a combination regimen (nab-paclitaxel-gemcitabine) with 
gemcitabine alone in 2013. They found that the median OS was 8.5 mo in the nab-paclitaxel-gemcitabine combination 
group and 6.7 mo in the gemcitabine alone group. The nab-paclitaxel-gemcitabine group had a survival rate of 35% at one 
year compared to 22% in the gemcitabine alone group and 9% compared to 4% at two years. In comparison to the 
gemcitabine alone group, which had a median PFS of 3.7 mo, the nab-paclitaxel-gemcitabine group's PFS was 5.5 mo. 
They observed that gemcitabine combined with nab-paclitaxel importantly improved RR, OS, and PFS in patients with 
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Figure 1 The location of a tumor within the pancreas affects a patient's presentation.

advanced pancreatic cancer but elevated rates of peripheral neuropathy and myelosuppression. Systemic chemotherapy 
such as FOLFIRINOX or gemcitabine plus nab-paclitaxel continues to be the principal treatment option for patients who 
have distant metastases at the time of their diagnosis, with the goals of relieving cancer-related symptoms and extending 
life. Even though first-line gemcitabine plus nab-paclitaxel and FOLFIRINOX have never been directly compared in a 
randomized controlled trial, real-world retrospective studies reveal that younger and physically fit participants are more 
likely to be treated with FOLFIRINOX, which results in a better OS in comparison with gemcitabine combined with nab-
paclitaxel. Patients whose performance status or comorbidities prevent combination treatment still have the option of 
gemcitabine monotherapy[25,26]. If a patient's condition allows for chemotherapy and they have advanced on the first-
line treatment with FOLFIRINOX, gemcitabine-based chemotherapy is a suitable second-line therapy[27-29].

Targeted therapy
Conventional therapies are treatments that target multiple biological processes; they are unable to distinguish between 
oncogenic and normal cells, resulting in unfavorable side effects. As a result, tailored therapies using small molecule 
inhibitors (SMIs) and monoclonal antibodies (mAbs) are required. These drugs work by targeting tumor cell surface 
receptors, growth factors, or other proteins that are important in disease development and progression. Targeted 
treatment refers to medications that suppress tumor cell proliferation by interacting with essential molecules in the cells 
required for cancer development rather than just interfering with rapidly proliferating cells, as typical chemotherapy 
does. Many researchers are interested in targeted cancer therapy since it is likely to replace systemic chemotherapy in the 
future[30,31]. Targeted treatment blocks particular pathways useful in cancer initiation and proliferation, resulting in the 
inhibition of enzymes as well as growth factor receptors required for the evolution of oncogenic cells. Cancer treatment 
may be substantially better in the future with tailored therapy, and hair loss, the most common adverse effect of systemic 
chemotherapy, may be decreased.

SMIs: Small molecules are organic chemicals with a low molecular weight that are designed to penetrate the cell 
membrane, bind particular targets within the cell, and interfere with signaling cascades. The discovery of SMIs was a 
major breakthrough in cellular biology research. These compounds enable the investigation of numerous biological 
pathways in order to enhance patient outcomes. Protein kinases linked to cancer initiation and development are key 
targets in cancer treatment since many SMIs target these kinases. Different proteins and signaling or receptor pathways 
connected to cancer cells might cause changes in signal transduction cascades. So far, several SMIs with robust and 
efficient action have been reported, including proteasome inhibitors, VEGF-inhibiting compounds, immune system-
regulating drugs, and histone deacetylase (HDAC) inhibitors[32]. Bortezomib, carfilzomib, and ixazomib are examples of 
proteasome inhibitors. These inhibitors kill pancreatic cancer cells by inducing apoptosis via endoplasmic reticulum 
stress; proapoptotic proteins and their anti-apoptotic target genes are upregulated, whereas numerous anti-apoptotic 
proteins, as well as signal transducers and transcription activators, are suppressed[33,34]. There was only one 
randomized study to assess the RR of tumor for bortezomib (PS-341) alone vs RR and the survival rate at 6 mo for the 
combination of bortezomib and gemcitabine in 85 patients with advanced pancreatic cancer. The findings demonstrated 
that neither bortezomib alone nor in combination with gemcitabine led to an improvement in OS or RR beyond what was 
anticipated for gemcitabine alone[35]. VEGF-blocking drugs, such as sorafenib and sunitinib, are tyrosine kinase 
inhibitors used to treat pancreatic cancer. They have two effects: Inhibiting rapidly accelerated fibrosarcoma kinase, 
which controls cell division and proliferation, as well as the platelet-derived growth factor receptor beta and VEGFR-2 
signaling pathways, which block angiogenesis[36] (Figure 2). In a few randomized studies, sorafenib was used to treat 
advanced pancreatic cancer; however, neither sorafenib alone nor sorafenib in conjunction with gemcitabine showed 
signs of efficacy that would lead to hope for metastatic pancreatic cancer[37-39]. Sunitinib malate capsules were given 
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Figure 2 Targeted therapies used in systemic treatment of advanced pancreatic cancers. AKT: Protein kinase B; VEGFR: Vascular epidermal 
growth factor receptor; ERK: Extracellular signal-related kinase; FGFR: Fibroblast growth factor receptor; GTP: Guanosine triphosphate; MEK: Mitogen-activated 
protein kinase; mTOR: Mammalian target of rapamycin; NTRK: Neurotrophic tyrosine receptor kinase; PI3K: Phosphoinositide-3-kinase; PKD1: Polycystic kidney 
disease 1; RAF: Raf proto-oncogene; RAS: RAS proto-oncogene.

Food Drug Administration approval on May 20, 2011, to treat patients with locally progressed or metastatic pancreatic 
neuroendocrine tumors that are unresectable. One hundred and seventy-one participants were randomly assigned to 
receive sunitinib (37.5 mg) or a placebo once daily in a phase 3 randomized study. The primary effective outcome was 
PFS time. OS time, ORR, patient-reported outcomes, and safety were considered secondary goals. For the sunitinib and 
placebo groups, the median PFS was 10.2 mo and 5.4 mo, respectively. In the sunitinib and placebo groups, the ORRs 
were 9.3% and 0%, respectively. The OS data lacked maturity[40]. Belinostat, vorinostat, and romidepsin are examples of 
HDAC inhibitors. They cause cell growth inhibition and apoptosis[41,42]. There has not yet been a randomized control 
study to assess HDAC inhibitors in advanced pancreatic cancer. SMIs have several advantages over chemotherapeutic 
drugs and RNA interference agents, including the ability to perform a wide range of in vivo assays using different 
temporal and titration designs, which result in higher penetration in isolation and are useful for testing the combined 
effects with existing antitumor drugs.

Immunotherapy
The basis for immunotherapy is the distinct antigens that cancer cells release, which T lymphocytes recognize and 
eliminate. Cancer vaccines enhance the antigen presentation of cancer cells; immune checkpoint inhibitors disrupt the 
suppressive mechanisms of the immune system that impair effective immunosurveillance of T-cells; and tumor-specific T 
cells are modified to become more active after being adopted and transplanted. Immunotherapy has been shown in 
clinical studies to be a possible treatment for numerous solid tumors[43-45]. However, the pancreatic cancer microenvir-
onment, also known as the stroma, contains a variety of noncancer cell components. It has been discovered that stroma, 
which may account for up to 50% of the overall mass of the tumor in cases with pancreatic cancer, suppresses both 
naturally occurring and artificially produced antitumor immunity. Immunotherapy for pancreatic cancer is, therefore, 
extremely challenging. However, there have been several attempts to employ immunotherapy either by itself or in 
conjunction with other cancer treatment modalities[46].

Immune checkpoint inhibitors: Immune cells include proteins called checkpoints that regulate the immune response. 
The immune response starts when the checkpoints are activated or deactivated. This process stops immune cells from 
attacking the body's normal cells, but cancer cells might exploit this defense and evade the immune system. Checkpoint 
inhibitors interfere with this pathway, causing the immune system to attack tumor cells. These techniques are now being 
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researched for use in pancreatic cancer. The T-cell immunity inhibitors programmed death-1 (PD-1) and cytotoxic T-
lymphocyte-associated antigen-4 (CTLA-4) are the two immunological checkpoints that have attracted the greatest 
interest. Exocytosis moves CTLA-4 from the naive T cells' intracellular space to their cell surface when they get activated, 
where it competes with the B7 protein to prevent T cells from becoming activated[47,48]. Numerous immune cells, 
including T cells, B cells, NK cells, and dendritic cells (DC), express the cell surface receptor PD-1. One of PD-1's ligands, 
PD-L1, was discovered to be expressed in a variety of cells, including several types of tumor cells. Inhibiting T-cell 
survival and proliferation, the binding of PD-1 to PD-L1 also allows tumor cells to evade immune surveillance. Upregu-
lation of PD-L1 in pancreatic cancer is associated with tumor growth and a worse prognosis[49].

Anti-CTLA-4 antibodies: Ipilimumab is a anti-CTLA-4 mAb that has been humanized. In a phase 2 study with advanced 
pancreatic cancer, ipilimumab yielded no response by itself, as measured by the response evaluation criteria in solid 
tumors (RECIST). In a phase 1 study with previously treated pancreatic cancer patients, ipilimumab was combined with 
GVAX [granulocyte-macrophage colony-stimulating factor (GM-CSF) gene-transfected tumor cell vaccine]. The efficacy 
of this combination treatment was demonstrated in this trial as ipilimumab plus GVAX raised median OS (5.7 vs 3.6 mo) 
and 1-year OS rate (27% vs 7%)[50] (Table 1). T cell receptor repertoires in peripheral blood from individuals taking 
ipilimumab with or without GVAX were evaluated using data from the same phase 1 trial. The results demonstrated that 
participants who had ipilimumab showed more repertoire alterations, particularly when paired with GVAX, which was 
linked to a much longer life span[51]. Gemcitabine and ipilimumab are a safe and practical treatment option for advanced 
pancreatic cancer, according to the findings of phase 1 clinical research that examined the long-lasting responses and OS 
benefit of this combination. Ipilimumab in combination with gemcitabine did not appear to be any more successful than 
gemcitabine alone in treating advanced pancreatic cancer, despite the fact that one patient in this research had a 
somewhat persistent response lasting over 20 mo[52] (Figure 3).

A different mAb targeting CTLA-4 is tremelimumab. Tremelimumab plus gemcitabine was well tolerated in a phase 1 
investigation with advanced pancreatic cancer, and two participants showed partial responses; nonetheless, this study 
did not show any RECIST improvement[53]. Tremelimumab did not appear to be beneficial in a separate phase 2 trial in 
pancreatic cancer patients who had tumor progression after receiving prior conventional first-line 5-FU or gemcitabine-
containing treatment[54].

Anti-PD-1 and anti-PD-L1 antibodies: Nivolumab, a monoclonal IG4 anti-PD-1 antibody from human, inhibits the 
interaction of PD-1 with either PD-L1 or PD-L2. Fifteen pancreatic cancer patients were treated with nivolumab and 
mogamulizumab, an anti-CC chemokine receptor 4 antibody, in a phase 1 study for patients with advanced or metastatic 
solid tumors, and only two unconfirmed responses were found[55]. In a multicenter, prospective clinical study, Klein et al
[56] treated seven advanced cancer patients with pancreatic neuroendocrine neoplasms (NEN) with nivolumab 3 mg/kg 
and ipilimumab 1 mg/kg every 3 wk for four doses, then nivolumab 3 mg/kg every 2 wk for up to 96 wk, or until severe 
toxicity or disease progression occurred. They discovered that 43% of pancreatic NEN patients had an objective response. 
They proposed that combining nivolumab and ipilimumab immunotherapy revealed considerable therapeutic activity in 
subgroups of patients with advanced, high-grade pancreatic NEN. For 91 advanced pancreatic cancer patients who had 
not improved after 16 wk platinum-based treatment in 2022, Reiss et al[57] conducted a randomized, open-label, phase 
1b/2 trial of niraparib with nivolumab or ipilimumab treatment. Using permuted block randomization, the patients were 
assigned (1:1) to receive four doses of oral niraparib 200 mg daily along with either intravenous nivolumab 240 mg or 480 
mg every 2 wk or ipilimumab 3 mg/kg intravenously every 4 wk. They reported that the 6-mo PFS for niraparib plus 
nivolumab was 20.6% and 59.6% for niraparib plus ipilimumab. They concluded that the main goal was achieved in the 
niraparib plus ipilimumab maintenance group, while the PFS was reduced in the niraparib plus nivolumab group.

Another monoclonal IG4 antibody from human against PD-1 is pembrolizumab. In a phase 1b study of 11 advanced 
pancreatic cancer patients, pembrolizumab combined with nab-paclitaxel and gemcitabine produced six cases of stable 
disease and two cases of partial response. This combination's efficacy was marginally higher than that of gemcitabine 
combined with nab-paclitaxel in previous studies[58,59]. In comprehensive clinical research involving a variety of cancer 
types, it was shown that biomarkers related to the clinical success of pembrolizumab included the PD-L1 expression level, 
T-cell-inflamed gene expression profile, and tumor mutation burden. Patients with pancreatic cancer who received 
pembrolizumab had an ORR of 0% and an average PFS of 1.7 mo[60]. Another phase 2 clinical trial of pembrolizumab in 
patients with advanced pancreatic cancer and other solid tumors that are sensitive to the mismatch repair pathway loss-
of-function mutations found that the objective radiographic response was 53% and the complete response was 21%[61]. 
The clinical response was not seen in a phase 1 study that tested the p53-expressing modified vaccinia Ankara virus 
(p53MVA) alone, but a phase 1 study that combined pembrolizumab with p53MVA showed that three out of 11 patients 
demonstrated clinical response and the disease was stable for 30, 32, and 49 wk[62,63]. Pembrolizumab was coupled with 
nab-paclitaxel or gemcitabine in a phase 1/2 clinical study. The OS and PFS were 15.0 and 9.1 mo, respectively, and the 
disease control rate in the 11 evaluable chemotherapy-naive pancreatic cancer patients was 100%[59]. In a phase 1, 
multicenter trial, the monoclonal IG4 antibody from human, BMS-936559, against PD-L1 was investigated for the 
treatment of several advanced cancers. Patients with renal-cell carcinoma, non-small-cell lung cancer, and melanoma all 
experienced long-term tumor reduction and stable illness as a result of BMS-936559; however, none of the 14 patients 
with pancreatic cancer who participated in this trial experienced a response[64]. Furthermore, Mehnert et al[65] found 
that pembrolizumab had anticancer efficacy in a subgroup of pancreatic cancer patients with NETs and was well 
tolerated. Moreover, to examine the CXCR4 antagonist BL-8040 (motixafortide)'s safety, efficacy, and immunobiological 
effects when combined with pembrolizumab and chemotherapy, Bockorny et al[66] conducted a phase 2a, open-label, 
two-cohort study in 37 chemotherapy-resistant, metastatic pancreatic cancer patients. They stated that further 
randomized trials should validate their findings before combining CXCR4 and PD-1 inhibition to treat pancreatic cancer
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Table 1 Summary of completed clinical trials investigating immunotherapy in advanced pancreatic cancer patients

Ref. Drug(s) No. of 
patients

ORR 
(%)

Mean OS 
(mo)

Mean 
PFS 
(mo)

Results

Le et al[50], 
2013

Ipilimumab vs ipilimumab plus 
GVAX

15/15 - 3.6/5.7 1-yr 
OS (%) 7/27

- Ipilimumab combined with GVAX was efficacious in 
advanced pancreatic cancer treatment

Kamath et al
[52], 2020

Ipilimumab plus gemcitabine 21 14 6.9 2.78 Gemcitabine plus Ipilimumab is a safe and tolerable 
regimen for advanced pancreatic cancer with a similar 
response rate to gemcitabine alone

Aglietta et al
[53], 2014

Tremelimumab plus 
gemcitabine

34 - 7.4 - Tremelimumab with gemcitabine had a favorable safety 
and tolerability profile, indicating that it should be 
studied further in patients with advanced pancreatic 
cancer

Renouf et al
[54], 2022

Gemcitabine, nab-paclitaxel, 
durvalumab, and tremelimumab 
vs gemcitabine and nab-
paclitaxel

119/61 30.3/23.3 9.8/8.8 5.5/5.4 The results did not demonstrate a benefit from adding 
durvalumab and tremelimumab to gemcitabine and 
nab-paclitaxel as a first line therapy in  advanced 
pancreatic cancer patients

Reiss et al
[57], 2022

Niraparib and nivolumab vs 
niraparib and ipilimumab

91 (46/45) 7.1/15.4 13.2/17.3 1.9/8.1 The advantage of niraparib with ipilimumab 
maintenance treatment extended to patients who did 
not have known DDR mutations, indicating that the 
impact is not dependent on DDR deficit

Bockorny et 
al[67], 2021

Motixafortide, pembrolizumab 
and FOLFIRINOX

43 13.2 6.6 3.8 In a group with poor prognoses and aggressive 
diseases, motixafortide and pembrolizumab in 
conjunction with FOLFIRINOX demonstrated effect-
iveness. The therapy was well tolerated

O’Reilly et 
al[69], 2019

Durvalumab vs durvalumab and 
tremelimumab

64 (32/32) 0/3.1 3.6/3.1 1.5/1.5 The medication was well tolerated, and both 
durvalumab monotherapy and durvalumab combined 
with tremelimumab were effective in treating advanced 
pancreatic cancer patients with a poor prognosis

DDR: DNA damage repair; FOLFIRINOX: Folinic acid, fluorouracil, irinotecan, and oxaliplatin; GVAX: Granulocyte-macrophage colony-stimulating factor 
gene-transfected tumor cell vaccine; ORR: Objective response rate; OS: Overall survival; PFS: Progression-free survival.

Figure 3 Treatment with immune check point inhibitors for advanced pancreatic cancer. CTLA4: Cytotoxic T-lymphocyte-associated protein 4; 
MHC: Major histocompatibility complex; PD-1: Programmed cell death protein 1; PD-L1: Programmed death-ligand 1; TCR: T cell receptor.
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[67].
Another choice is durvalumab, a monoclonal IgG1 antibody from human that targets PD-L1 and infiltrating T cells in 

solid tumors. In patients with relapsed or refractory solid tumors, durvalumab was studied in a phase 1b/2 study 
alongside ibrutinib (a Bruton's tyrosine kinase inhibitor). This study's pancreatic cancer RR was 2% overall, with a median 
OS of 4.2 mo and median PFS of 1.7 mo. Despite having a good tolerability profile, this regimen had very limited 
antitumor activity against pancreatic cancer[68]. Another randomized phase 2 study using durvalumab was conducted in 
individuals with metastatic pancreatic cancer, either alone or in combination with tremelimumab. However, the ORR for 
individuals receiving tremelimumab plus durvalumab was just 3.1%, and patients treated with durvalumab alone had no 
response[69]. During a phase 1 study to establish the dose, atezolizumab, an engineered mAb against PD-L1, was found 
to be well tolerated in a Japanese group[70]. In a phase 1 study for advanced malignancies, atezolizumab was also 
evaluated in conjunction with navoximod, a small-molecule inhibitor of indoleamine 2,3-dioxygenase 1. There was no 
evidence to support the addition of navoximod to atezolizumab, but the safety and tolerability of this combination 
therapy were established, and anticancer efficacy was noted in a variety of tumor types, including pancreatic cancer[71].

Chimeric antigen receptor T-cell therapy
Using modified T-cell receptors or chimeric antigen receptors (CARs), in an effort to target tumor-associated antigens 
(TAAs), adoptive T-cell immunotherapy, a possible strategy for cancer immunotherapy, alters autologous cells that 
infiltrate tumors. The optimal target antigen is overexpressed on tumor cells but is seldom or never expressed on normal 
cells when employed in CAR-T cell therapy. Mesothelin, a cell-surface antigen that is raised in pancreatic cancer but is 
relatively weakly expressed in the peritoneum, pericardium, and pleura, is the perfect antigen for CAR-T cell treatment
[72,73]. A mesothelin-targeted CAR-T-cell therapy has also been demonstrated to be efficient against tumor cells in 
preclinical conditions, according to several studies. Treatment with modified CAR-T cells targeting mesothelin resulted in 
strong anticancer action for tumor xenografts and the cell lines of pancreatic cancer[74-76]. In phase 1 research with 
metastatic pancreatic cancer that had become resistant to chemotherapy, autologous mesothelin-specific CAR-T cells 
(CARTmeso cells) were found to have potential anticancer benefits and be safe[77]. The cancer stem cell markers CD24 
and HER2 are thought to contribute to the emergence of pancreatic cancer[78]. In addition, a phase 1 trial evaluated the 
safety, viability, and effectiveness of CAR-T cells combined with nab-paclitaxel and cyclophosphamide against HER2 in 
advanced pancreatic and biliary tract cancers. Five of 11 subjects had stable illness, with a median PFS of 4.8 mo, while 
one patient had a partial response lasting 4.5 mo. The study established the viability, safety, and the possibility of 
therapeutic efficacy of HER2-targeting CAR-T treatment[79]. In 60%-80% of pancreatic cancers, prostate stem cell antigen 
is expressed, but not in healthy tissues. CAR-T cells that target the prostate stem cell antigen have been shown to be 
beneficial for pancreatic malignancy in two different investigations[80,81]. When used as an antigen in CAR-T therapy, 
the Tn glycoform of MUC1 demonstrated target-specific cytotoxicity and reduced the development of xenografts made of 
pancreatic cancer cells[82]. Ex vivo-expanded cytokine-induced killer (CIK) cells were used in a phase 2 trial to assess the 
efficacy and safety of adoptive immunotherapy for advanced pancreatic cancer that is gemcitabine-refractory. The results 
showed promising improvements in patient quality of life (QoL)[83]. To evaluate the security and efficiency of 
autologous anti-EGFR CAR T-EGFR cells, Liu et al[84] carried out a phase 1 clinical study in patients with advanced 
pancreatic cancer. Immunohistochemically-detected EGFR expression levels on tumor cells must be over 50%. Six months 
after being chosen, 16 patients had one to three rounds of CAR T-EGFR cell injection after conditioning with 15 to 35 mg/
kg cyclophosphamide and 100 to 200 mg/m2 nab-paclitaxel. Grade > 3 adverse effects that might be reversed were fever, 
tiredness, mucosal or cutaneous toxicities, nausea, vomiting, pulmonary interstitial exudation, and pleural effusion. Eight 
of the 14 patients who were evaluable had stable disease for 2-4 mo, and four of them saw a partial response. The median 
OS was 4.9 mo for 14 evaluable patients who were treated with CAR T-EGFR cells for the first cycle, and the median PFS 
was 3 mo. Lower EGFR expression was seen on tumor cells in patients who experienced stable disease and a reduction in 
liver metastatic lesions. Additionally, the clinical response was enhanced by central memory T cell enrichment in the 
injected cells. They claimed that patients with advanced pancreatic cancer can get a safe and effective therapy using CAR 
T-EGFR cells.

Cancer vaccines
Compared to preventive cancer vaccines, therapeutic cancer vaccines have drawn more attention. Vaccines made from a 
patient's tumor antigens or cells are known as autologous vaccines, whereas allogeneic vaccines are made from biological 
material from a different individual. Pancreatic cancer has been the subject of research into many therapeutic cancer 
vaccines, including whole-cell tumor, DNA, idiotype, DC viral vector, and antigen vaccines[85,86].

Whole-cell vaccines: In a preclinical investigation, increased GM-CSF expression was shown to enhance long-term 
anticancer efficacy in vaccine-based therapy. As a result, GVAX, the first allogenic pancreatic cancer whole-cell-based 
vaccine, was created using two cell lines from pancreatic cancer patients and had been engineered for the expression of 
GM-CSF followed by radiation to block cell division in the future. In a phase I clinical investigation, GVAX was initially 
evaluated in people who had their pancreatic cancer surgically removed. The results of this trial showed that GVAX was 
risk-free, had few side effects, and looked to prolong at least 25 mo for the disease-free time in 4 of the 14 patients who 
took part in the study[87]. Furthermore, in these three participants, delayed-type hypersensitivity reactions were 
exacerbated by GVAX. GVAX was investigated in conjunction with cyclophosphamide in patients with advanced 
pancreatic cancer in a phase 2 study because of the encouraging outcomes. Pancreatic cancer has an elevated level of 
mesothelin, a tumor differentiation antigen. In this study, mesothelin-specific T-cell responses were seen in the patients 
who received GVAX treatment and were shown to be improving. GVAX alone or in combination with cyclophosphamide 
demonstrated no harm. However, as compared to cyclophosphamide alone, the inclusion of GVAX did not appear to 
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improve median survival[88]. In a phase 2 trial including surgically resected pancreatic cancer patients, GVAX was used 
as a neo-adjuvant therapy combined with chemoradiation (5-FU-based). Immunotherapy resulted in the discovery that 
mesothelin-specific CD8+ T cells were associated with the disease-free survival rate, and when chemoradiation and 
GVAX were used together, the OS looked to be better than that in previously reported studies for pancreatic cancer that 
had been surgically removed. In previously treated pancreatic cancer patients, GVAX was also tried in conjunction with 
ipilimumab. Ipilimumab with the inclusion of GVAX produced a significant longer median OS and 1-year OS of 5.7 vs 3.6 
mo and 27% vs 7%, respectively[89]. Additionally, in patients with an OS of more than 4.3 mo, the peak number of T-cell 
repertoire and mesothelin-specific T cells was increased. Further research into how immunotherapy affects pancreatic 
cancer TME revealed that GVAX treatment upregulated immunosuppressive regulatory mechanisms. This indicates that 
individuals with pancreatic cancer who have received a vaccination may be better candidates for immune checkpoint and 
other immunomodulatory therapies, such as PD-1/PD-L1 inhibitors, than vaccine-naive patients[90]. The efficiency of the 
Listeria monocytogenes expressing mesothelin (CRS-207) and GVAX booster vaccines combined with cyclophosphamide 
minimum dose was evaluated in advanced pancreatic cancer patients who had previously received treatment. According 
to this study, CRS-207 and Cy/GVAX heterologous booster had a superior OS than using only Cy/GVAX (6.1 vs 3.9 mo)
[91]. However, a recent phase 2b, multicenter trial of CRS-207 and GVAX found no survival advantages for the 
combination of Cy/GVAX and CRS-207 over single-agent chemotherapy in patients with metastatic pancreatic cancer 
who had previously received treatment[92]. In a phase 1 clinical trial, CRS-207 produced immunological activation, 
mesothelin-specific T-cell responses, and listeriolysin O, and and the participant survival rate was 37% within 15 mo. It 
was also demonstrated to be safe[93]. Two pancreatic cancer cell lines were altered to generate murine 1,3-galactosyl-
transferase to create algenpantucel-L, a second allogenic, irradiated, whole-cell-based tumor vaccine. Adoptive transfer of 
lymphocytes from mice that received melanoma tumor cell lines as a vaccine in a preclinical animal model expressing β-
1,3-galactosyltransferase reduced mouse lung metastases[94]. These findings sparked a phase 2, multicenter study of 
algenpantucel-L in patients with resected pancreatic cancer receiving gemcitabine- or 5-fluorouracil-based chemoradio-
therapy. In contrast to recent trials, which found 45% and 65%, respectively, for the median 1-year PFS and OS, the 
addition of algenpantucel-L to traditional adjuvant therapy may have improved survival in this trial[95]. In a recent 
multicenter, phase 3, open-label, randomized trial, algenpantucel-L immunotherapy in combination with standard of care 
(SOC) chemoradiation and chemotherapy therapy was compared to SOC chemoradiation and chemotherapy therapy 
alone in 303 Locally advanced or borderline resectable pancreatic cancer patients[96]. They found that the experimental 
group's median OS was 14.3 mo, whereas the SOC group’s median OS was 14.9 mo. The median PFS for the SOC group 
was 13.4 mo as opposed to 12.4 mo for the experimental group. The researchers found that patients who received SOC 
chemoradiation and neoadjuvant chemotherapy and had locally advanced unresectable or borderline resectable 
pancreatic cancer had not a longer OS benefit after algenpantucel-L immunotherapy.

Peptide vaccines: About 90% of pancreatic cancers have KRAS mutations, and the mutant KRAS peptide is presented to 
CD4+ and CD8+ T lymphocytes as a foreign antigen. In a recent study, two out of five pancreatic cancer patients who 
received treatment with a synthetic KRAS mutant peptide showed a brief KRAS-specific T-cell response[97-99]. In a 
subsequent phase 1/2 pancreatic cancer research trial, 58% (25/43) of patients developed peptide-specific immunity after 
receiving a KRAS peptide vaccine and GM-CSF adjuvant therapy, which also helped advanced pancreatic patients live 
longer (146 vs 61 d)[100]. Patients with an immunological response to a KRAS peptide vaccination had a 20% 10-year 
survival rate compared to 0% in a group of pancreatic cancer patients who had not received the vaccine, and this 
difference persisted more than ten years after the start of long-term follow-up for these patients[101]. In a recent 
therapeutic study, individuals with resected pancreatic cancer and detected KRAS mutations received GM-CSF treatment 
plus a KRAS peptide vaccination. Nine patients (or 25%) had an evaluable immune response, of which three had a 
delayed-type hypersensitivity reaction and one had a specific immune response to their KRAS mutation[102]. Pancreatic 
cancers have overexpression of mucin 1 (MUC1), a type I transmembrane protein that is highly immunogenic. Various 
MUC1 vaccine formulations have been tested in phase 1 trials; however, it appears that MUC1-specific T-cell responses 
are exclusively induced by the vaccination of DC with the MUC1 peptide[103-105]. Gastrin has been linked to both 
endocrine and autocrine growth pathways and is overexpressed in pancreatic cancer. An antibody response was found in 
67% (20/31) of patients in a phase 2 study employing the anti-gastrin immunogen G17DT in advanced pancreatic cancer, 
and antibody responders lived much longer than non-responders[106]. Patients who had an anti-G17DT response (73.8%) 
had a significantly higher median survival than non-responders (151 vs 82 d) in a different randomized multicenter trial 
using G17DT[107]. A vaccine that targets telomerase, called GV1001, was made using the human TERT peptide. Patients 
with nonresectable pancreatic cancer received treatment with GV1001 and GM-CSF in a phase 1/2 study, and the 
treatment's safety, tolerability, and immunogenicity were assessed. Immune responses that were seen in 24 of 38 
individuals and were connected to longer lifespans served as proof of the safety of GV1001[108]. In a phase 3 study, 
GV1001 was also evaluated in individuals taking gemcitabine or capecitabine for locally advanced or metastatic 
pancreatic cancer. However, compared to pancreatic cancer patients receiving chemotherapy alone, the incorporation of 
GV1001 had no positive impact on OS[109]. The identical outcomes were seen in a different clinical experiment as well
[110].

DC vaccines: Because the most important antigen-presenting cells are DCs which excite innocent T cells, a DC vaccine is 
made by loading TAAs ex vivo and then reinfusing them into patients. An autologous DC vaccination containing a MUC1 
peptide was tested in resected pancreatic and biliary cancers in an innovative phase 1/2 trial. The DC vaccination was 
well tolerated and had no obvious side effects. Four of the twelve patients were still alive and had no recurrence 
throughout a follow-up period of more than four years[105]. In patients with resistant pancreatic cancer, a DC vaccination 
was also examined in conjunction with gemcitabine and/or S-1 treatment. Two of the 49 patients that were included 
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experienced complete remission, while five others did so partially, and ten had stable disease[111]. Compared to those 
who received a DC vaccination and chemotherapy alone, patients who also received lymphokine-activated killer cells had 
a higher rate of survival. This study established the safety and possible efficacy of combining a DC vaccine with 
chemotherapy in patients with advanced pancreatic cancer who had not responded to standard treatment. In a phase 1 
study, poly-ICLC, a Toll-like receptor-3 agonist, was combined with DC-based immunotherapy. The peripheral blood of 
HLA-A2+ patients was utilized to generate autologous DCs, which were then combined with three definite A2-restricted 
peptides and was returned to advanced pancreatic cancer patients. On the days of their vaccinations, subjects concur-
rently got poly(IC:LC) intramuscularly. The median OS for all 12 subjects was 7.7 mo, and of the eight subjects who 
received imaging on day 56, four had stable disease and four had progression of the disease[112]. An investigation of the 
clinical outcomes and safety of immunotherapy using DC-CIK in combination with chemotherapy S-1 in pancreatic 
cancer was the goal of a phase 1/2 trial. In comparison to DC-CIK alone (85 and 128 d), chemotherapy alone (92 and 141 
d), or supportive care alone (43 and 52 d), the combination of DC-CIK infusions and S-1 caused importantly longer 
median PFS and OS (136 and 212 d), proving that it was safe, changed the peripheral blood immune repertoire, and 
produced a good PFS and OS[113]. In a phase 1 study of patients with pancreatic cancer that was surgically resected, the 
Wilms' tumor 1 (WT1) peptide was loaded in a DC (WT1-DC) vaccine and evaluated with chemotherapy. There was no 
discernible toxicity when WT1-DC was combined with S-1 or S-1 with gemcitabine, and seven out of the eight patients 
had WT1-specific cytotoxic T-lymphocytes[114].

CONCLUSION
Our understanding of the biology of pancreatic cancer has significantly advanced over the past few decades, but 
tragically, this has not led to a meaningful increase in the therapeutic management of the majority of patients. The 
aggressiveness of pancreatic cancer and the lateness of its discovery make it very challenging to cure. The majority of 
patients have advanced stages, which makes therapy difficult. Although advanced pancreatic cancer can be treated with 
chemotherapy, radiation therapy, and surgery to increase survival and manage symptoms, there is no definite treatment 
for the disease. The inability of chemotherapy to distinguish between cancer and healthy cells when it targets a range of 
biological pathways leads to severe side effects. In order to target growth factors, other proteins involved in the 
development of the illness, and cancer cell surface receptors, therapies based on SMIs and mAbs are necessary. If the 
condition is discovered quickly and a focused treatment is employed, patients with pancreatic cancer may have a better 
chance of living. The majority of the targeted treatments investigated for the treatment of pancreatic malignancies have 
been shown to be unsuccessful, despite the fact that many of them have been developed. There is a need for innovative 
treatment approaches for pancreatic cancer, such as cancer vaccines, in addition to the conventional targeted medicines 
and immunotherapies that have been investigated for years. As an alternative, strategies that combine already-existing 
technology or therapy modalities might also be very helpful, but this would need further investigation and testing.
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Abstract
Inositol polyphosphate-4-phosphatase type II (INPP4B) is a newly discovered 
PI(3,4,5)P3 phosphatase. Many studies have revealed that INPP4B is upregulated 
or downregulated in tumors of the digestive system, and the abnormal expression 
of INPP4B may be attributed to the occurrence, development, and prognosis of 
tumors of the digestive system. This paper reviews studies on the correlations 
between INPP4B and digestive system tumors and the roles of INPP4B in the 
development of different tumors to provide a theoretical basis for further research 
on its molecular mechanism and clinical application. "INPP4B” and “tumor" were 
searched as key words in PubMed and in the CNKI series full text database 
retrieval system from January 2000 to August 2023. A total of 153 English-
language studies and 30 Chinese-language studies were retrieved. The following 
enrollment criteria were applied: (1) Studies contained information on the 
biological structure and functions of INPP4B; (2) studies covered the influence of 
abnormal expression of INPP4B in digestive system tumors; and (3) studies 
covered the role of INPP4B in the diagnosis, treatment, and prognosis of digestive 
system tumors. After excluding the literature irrelevant to this study, 61 papers 
were finally included in the analysis. INPP4B expression is low in gastric cancer, 
colon cancer, pancreatic cancer, and liver cancer but it has high expression in 
esophageal cancer, colon cancer, pancreatic cancer, and gallbladder cancer. 
INPP4B is involved in the occurrence and development of digestive system 
tumors through the regulation of gene expression and signal transduction. The 
abnormal expression of INPP4B plays an important role in the development of 
digestive system tumors. Studies on INPP4B provide new molecular insights for 
the diagnosis, treatment, and prognosis evaluation of digestive system tumors.

Key Words: Inositol polyphosphate-4-phosphatase type II; Tumors of the digestive system; 
Protein kinase B; Serum and glucocorticoid-regulated kinase 3
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Core Tip: Inositol polyphosphate-4-phosphatase type II (INPP4B) is a newly discovered PI(3,4,5)P3 phosphatase. This paper 
reviews studies on the correlations between INPP4B and digestive system tumors and the roles of INPP4B in the 
development of different tumors to provide a theoretical basis for further research on its molecular mechanism and clinical 
application. The abnormal expression of INPP4B plays an important role in the development of digestive system tumors. 
Studies on INPP4B provide new molecular insights for the diagnosis, treatment, and prognosis evaluation of digestive 
system tumors.

Citation: Han L, Chen S, Du SY. Role of inositol polyphosphate-4-phosphatase type II in oncogenesis of digestive system tumors. 
World J Gastrointest Oncol 2023; 15(10): 1706-1716
URL: https://www.wjgnet.com/1948-5204/full/v15/i10/1706.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i10.1706

INTRODUCTION
Tumors of the digestive system, including esophageal cancer, stomach cancer, colorectal cancer, liver cancer, pancreatic 
cancer, and gallbladder cancer, have high morbidity and mortality rates in China and abroad. According to the 2020 
global cancer statistics released by CA: A Cancer Journal for Clinicians[1,2], the top five cancers in the world were breast, 
lung, colorectal, prostate, and stomach cancers, and the top five cancers in China were lung, colorectal, stomach, breast, 
and liver cancers. Lung, colorectal, liver, stomach and breast cancers rank as the top five in terms of mortality worldwide, 
and lung, liver, stomach, esophageal, and colorectal cancers rank as the top five in terms of mortality in China. Thus, the 
diagnosis and treatment of digestive tumors at home and abroad are still important issues since these cancers seriously 
endanger the lives and health of people worldwide. The pathogenesis of digestive tumors is complex, and the risk factors 
are numerous. There are few early screening and diagnosis techniques for these tumors; in addition, the treatment 
response of patients with late-stage disease is poor, and the metastasis rate is high. In recent years, studies have found 
that inositol polyphosphate-4-phosphatase type II (INPP4B) is underexpressed or overexpressed in a variety of digestive 
system tumors and that it can regulate the gene expression and transcription of tumor cells, thus playing an important 
role in tumor inhibition or promotion.

To provide a theoretical basis and new ideas for the study of digestive system tumors, the correlation between INPP4B 
and digestive system tumors and the corresponding molecular mechanisms related to the occurrence and development of 
digestive system cancers are reviewed in this paper (Table 1).

Structure of INPP4B
INPP4B is a newly discovered PI(3,4,5)P3 phosphatase independent of Mg2+. Its gene is located at 4q31.21 of chromosome 
8[3,4]. The molecular weight is approximately 110 kDa. INPP4B is highly expressed in human skeletal muscle, breast, 
heart, brain, liver, pancreas, and prostate tissues[5]. The INPP4B structure consists of three parts: An N-terminal C2 Lipid 
binding domain, NHR2, and a C-terminal phosphatase domain. Among them, the C2 Lipid binding domain and the C-
terminal phosphatase domain can bind to PI(3,4,5)P3. The C-terminal phosphatase domain contains the conserved 
sequence of amino acids 842-849 (CKSAKDRT), including the catalytic active site C(X)5R, which leads to the 
phosphorylation of lipids and proteins. INPP4B can dephosphorylate the D4 phosphate group of PI(3,4)P2 and degrade it 
to PI(3)P, thereby inhibiting protein kinase B (AKT) activation[4-8].

Effects of INPP4B in digestive system tumors
At present, there are different experimental conclusions on the relationship between INPP4B and tumors. In a variety of 
malignancies, such as breast cancer of the reproductive system[9], hepatocellular carcinoma (HCC) of the digestive 
system[10], prostate cancer of the urinary system[11], and leukemia of the blood system[12], INPP4B has a high frequency 
of decreased expression, and this phenotype is often closely related to a poor prognosis in patients. The decrease in 
INPP4B is particularly pronounced in some highly metastatic tumors, such as highly metastatic colorectal cancer[13]. This 
suggests that INPP4B may play an anticancer role in tumor tissues. However, in estrogen-receptor-positive breast cancer
[14], BCR/ABL1 fusion gene-positive acute myeloid leukemia[15], pancreatic ductal adenocarcinomas[16], and other 
types of tumors, INPP4B overexpression can promote the development of tumors. This indicates that INPP4B may play a 
role in promoting tumor progression. As a result, INPP4B may have dual and complex effects on tumors.

In tumors of the digestive system, INPP4B mainly functions through the phosphoinositide 3-kinase/protein kinase B 
(PI3K/AKT) and PI3K/serum and glucocorticoid-regulated kinase 3 (PI3K/SGK3) pathways.

INPP4B and PI3K/AKT: The PI3K/AKT signaling pathway is closely related to cell proliferation and apoptosis. 
Extracellular stimulation can activate PI3K, and the downstream factor of PI3K (AKT) can be phosphorylated and 
activated by the combination of the PH domain with PI(3,4,5)P3 or PI(3,4)P2, thus triggering the proliferation and 
apoptosis of regulated cells. INPP4B can be generated by activating PI3K to produce PI(3,4)P2. PI(3,4)P2 is further 
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Table 1 Role of inositol polyphosphate-4-phosphatase type II in tumors of the digestive system

Cancer Role Molecular pathway Ref.

Gastric cancer Carcinostasis AKT, p-AKT, SGK3, SGK3 [29-34,39] 

Dual function AKT, p-AKT, SGK3, SGK3, HIF-1A [40,41]

Colon cancer Carcinostasis MiR-1290, p27, cyclin D1 [42-44]

Carcinogenesis Ets-1, PTEN, PI3K/AKT, PI3K/SGK3 [18,19,45-48]

Dual function Sox2, Nanog [13]

Pancreatic cancer Carcinostasis Methylation inhibitors, PI3K/AKT, Ecad [16,49,50]

Carcinogenesis PI3K/AKT [51]

Liver cancer Carcinostasis MiR-765, AKT, p-AKT, Cyclin D1, p-
FOXO3a, p21

[10,53-56]

Esophageal cancer Carcinogenesis AKT, pAKT [20]

Gallbladder cancer Dual function AKT, p-AKT, SGK3, p-SGK3 [41,57]

AKT: Protein kinase B; p-AKT: Phosphorylated AKT; SGK3: Serum and glucocorticoid-regulated kinase 3; p-SGK3: Phosphorylated SGK3; HIF-1A: 
Hypoxia inducible factor-1A; Ets-1: E26 transformation-specific 1; PTEN: Phosphate and tensin homolog deleted on chromosome 1; PI3K: Phosphoinositide 
3-kinase; SOX2: Recombinant sex determining region Y box protein 2; Ecad: E-cadherin; p-FOXO3a: Phosphorylated Forkhead box O3.

hydrolyzed to PI(3)P, which blocks the PI3K/AKT signal, thus affecting downstream signaling. Therefore, INPP4B has a 
significantly negative regulatory effect on the PI3K/AKT signaling pathway, thus inhibiting the proliferation of tumor 
cells. Therefore, INPP4B has become a potential tumor suppressor of the PI(3,4,5)P3 phosphatase family (Figure 1A)[3-7,
17]. However, other studies have come to a different conclusion: The overexpression of INPP4B can promote cancer by 
promoting the expression of AKT[18-20]. This process may be related to the expression of phosphate and tensin homolog 
deleted on chromosome 1/PI3K/AKT (PTEN/PI3K/AKT). PTEN is an analog of INPP4B. PTEN also regulates PI3K/
AKT to promote cell proliferation[21,22]. Some researchers believe that overexpression of INPP4B inhibits the expression 
of PTEN and activates the PI3K/AKT pathway, which plays a role in promoting cancer (Figure 1B)[18-20]. Therefore, 
through the PI3K/AKT pathway, INPP4B may play both anticancer and procancer roles.

INPP4B and PI3K/SGK3: Aside from AKT, SGK is another serine/threonine protein kinase family. There are three 
isoforms of the SGK family: SGK1, SGK2, and SGK3. These three isoforms are highly homologous with AKT and share a 
common substrate specificity. The SKG3 protein has an approximately 55% sequence similarity with AKT. The hydrolytic 
product of INPP4B, PI(3)P, can bind to and activate SKG3[23,24]. Activation of the PIK3/SGK3 signaling pathway may 
enhance the growth, proliferation, and migration of tumor cells[23-25]. The overexpression of INPP4B in tumor cells may 
promote the occurrence and development of tumors and resist the process of apoptosis of tumor cells by activating the 
PIK3/SGK3 signaling pathway (Figure 2)[18,26]. INPP4B is highly expressed in PIK3CA-mutant breast cancer. Breast 
cancer with oncogenic PIK3CA mutations activates SGK3 signaling while inhibiting AKT, thus mediating the prolif-
eration of estrogen-receptor-positive breast cancer cells[9,26]. Overexpression of INPP4B through the activation of SGK3 
to play a role in promoting cancer has also been found in melanoma[27,28]. Therefore, INPP4B plays a role in promoting 
cancer in tumor cells through the PIK3/SGK3 pathway.

The above studies confirm that INPP4B is closely related to the occurrence and development of cancers through the 
PIK3/AKT and PIK3/SGK3 signaling pathways. INPP4B may play a role in inhibiting or promoting cancer in different 
tumor cells, which may be related to its effect on different signaling pathways.

INPP4B AND GASTRIC CANCER
Gastric cancer is one of the most common malignant tumors of the digestive system. Early diagnosis relies on invasive 
examination, such as gastroscopy. Gastric cancer is highly malignant, invasive, and metastatic. At present, the study of 
INPP4B in gastric cancer is still in the preliminary stage.

INPP4B is downregulated in gastric cancer vs normal tissues. Hu et al[29] used quantitative real-time polymerase chain 
reaction (qRT-PCR) and immunohistochemistry (IHC) to detect the expression of INPP4B mRNA and protein in the 
cancer tissues and adjacent tissues of 50 patients with gastric cancer, respectively. The results of qRT-PCR revealed that 
the mRNA expression of INPP4B in gastric cancer tissues was significantly lower than that in paracancerous tissues (P < 
0.01). The results of IHC revealed the positive rate of INPP4B protein expression in gastric cancer tissues was significantly 
lower than that in paracancerous tissues (28.0% vs 82.0%, P < 0.01). Moreover, INPP4B mRNA and protein expression are 
considered to be related to the differentiation degree, lymph node metastasis, and tumor-node-metastasis (TNM) stage of 
gastric cancer (P < 0.01). Fan[30] used qRT-PCR and IHC to determine the expression of INPP4B in gastric cancer tissues, 
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Figure 1 Molecular mechanism of inositol polyphosphate-4-phosphatase type II in cancer proliferation through the phosphoinositide 3-
kinase/protein kinase B pathway. A: Phosphoinositide 3-kinase can activate cell membrane receptors, which increases the content of PI(3,4,5)P3 and 
PI(3,4)P2. PI(3,4,5)P3 and PI(3,4)P2 further bind and activate the downstream factor protein kinase B (AKT). Activation of AKT promotes cell proliferation and 
ultimately tumor development. Inositol polyphosphate-4-phosphatase type II promotes the conversion of PI(3,4)P2 to PI(3)P, thereby reducing the content of 
PI(3,4,5)P3 and PI(3,4)P2, which inhibits the AKT pathway; B: Phosphate and tensin homolog deleted on chromosome 10 can reduce the content of PI(3,4,5)P3 and 
PI(3,4)P2 by dephosphorylating PI(3,4,5)P3 into PI(4,5)P2, thereby inhibiting the AKT pathway. INPP4B was found to inhibit PTEN, which resulted in increased 
intracellular PI(3,4,5)P3 and PI(3,4)P2. PI(3,4,5)P3 and PI(3,4)P2 activate the AKT pathway, leading to the proliferation of tumor cells. INPP4B: Inositol 
polyphosphate-4-phosphatase type II; PI3K: Phosphoinositide 3-kinase; AKT: Protein kinase B; PTEN: Phosphate and tensin homolog deleted on chromosome 10.

normal tissues, and tumor-adjacent tissues and the expression of AKT and phosphorylated AKT (p-AKT) in 36 patients. 
The expression of INPP4B in cancer tissues was significantly lower than that in normal tissues and paracancerous tissues. 
Moreover, the expression of AKT and p-AKT in cancer tissues was significantly higher than that in normal tissues and 
paracancerous tissues (P < 0.001). INPP4B was negatively correlated with AKT and p-AKT (P < 0.001). Therefore, INPP4B 
plays a role as a tumor suppressor in gastric cancer. Decreased INPP4B expression activates the phosphorylation of AKT, 
which leads to the occurrence and development of gastric cancer.

Yang et al[31] used qRT-PCR and ELISA to determine the mRNA and protein expression levels of INPP4B in peripheral 
blood samples from 50 patients with gastric cancer and 30 healthy volunteers, respectively. The mRNA and protein 
expression levels of INPP4B in the peripheral blood of gastric cancer patients were significantly lower than those in the 
blood of healthy volunteers (P < 0.05). Moreover, the mRNA and protein expression levels of INPP4B in the peripheral 
blood of gastric cancer patients were correlated with TNM stage, lymph node metastasis, and infiltration depth (P < 0.05), 
and the sensitivity and specificity values were 78.0% and 84.0%, respectively. Li et al[32] also found that the positive rate 
of INPP4B protein expression in gastric adenocarcinoma tissues (21.43%) was lower than that in tumor-adjacent tissues 
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Figure 2 Molecular mechanism of inositol polyphosphate-4-phosphatase type II in cancer proliferation through the phosphoinositide 3-
kinase/serum and glucocorticoid-regulated kinase 3 pathway. PI(3)P, produced by inositol polyphosphate-4-phosphatase type II, can bind to and activate 
serum and glucocorticoid-regulated kinase 3, which promotes the occurrence and development of tumors and resists the process of apoptosis of tumor cells. INPP4B: 
Inositol polyphosphate-4-phosphatase type II; PI3K: Phosphoinositide 3-kinase; SGK3: Serum and glucocorticoid-regulated kinase 3.

(83.57%), and the difference was statistically significant (P < 0.01). The expression levels of INPP4B protein in gastric 
adenocarcinoma tissues were negatively associated with lymph node metastasis, differentiation degree, and TNM stage 
(P < 0.01). The survival time of the INPP4B high-expression group was significantly longer than that of the low-
expression group. A total of 79 patients with advanced gastric cancer and 40 healthy people were selected for analysis of 
the expression of INPP4B mRNA in peripheral blood in the research of Liu Z et al[33]. They found that the relative 
expression of INPP4B mRNA in the study group was lower (P < 0.05); among patients with low mRNA expression of 
INPP4B, the proportion of patients with stage IV gastric cancer was higher than that of patients with stage IIIB (P < 0.05). 
Compared to that in the treatment-sensitive group, the expression of INPP4B mRNA in the treatment-resistant group was 
lower, and the expression of PI3K and AKT mRNA was higher (P < 0.05). The median survival time of the high-
expression group was also longer than that of the low-expression group (P = 0.006). Therefore, the expression of INPP4B 
mRNA and protein in gastric cancer tissues and peripheral blood may become an effective molecular index to indicate 
progression, facilitate early diagnosis, and predict prognosis in gastric cancer patients.

Recently, IHC and in situ hybridization studies of EBER expression were used to assess the cancer tissues and paracan-
cerous tissues of 301 patients with gastric cancer; these studies showed that the expression of INPP4B protein was 
decreased in most gastric cancer tissues infected with Epstein-Barr virus (EBV) compared to those not infected (P < 0.05)
[34]. According to the gastric cancer typing in the 2014 American Cancer Genome Atlas Research Network[35], EBV-
positive gastric cancer is often considered to have a poor prognosis, and this type of gastric cancer is characterized by 
more extensive DNA hypermethylation, PIK3CA mutation, PD-L1/2 overexpression, and CDKN2A gene silencing. In this 
type of gastric cancer, INPP4B protein is hypermethylated by EBV, which further explains the pathogenesis and poor 
prognosis of EBV nucleic acid-positive gastric cancer. Yuen et al[36] used RT-PCR, methylation-specific PCR, and other 
experimental techniques to find that in EBV-infected nasopharyngeal carcinoma tissues, the downregulation of INPP4B 
protein was closely related to the hypermethylation of the INPP4B promoter region. The latent membrane protein 1 of 
EBV changes the methylation state of the host genome by inducing the methyltransferase activity of the host cell, which 
may indicate the mechanism[37,38]. Moreover, Ma et al[39] discovered that before treatment of EBV-positive and EBV-
negative gastric cancer cell lines with methylation inhibitors, the methylation level of CpG islands in the promoter region 
of the INPP4B gene was decreased, and the transcription and expression levels of the INPP4B gene were increased. CpG 
island methylation in the promoter region is one of the important mechanisms of INPP4B gene inactivation, and 
methylation inhibitor treatment can promote the transcription and expression of the INPP4B gene in EBV-positive and 
EBV-negative gastric cancer cell lines[39]. Therefore, the downregulated expression of INPP4B, an anticancer gene in 
gastric cancer[34] and nasopharyngeal carcinoma[36], is related to EBV infection-mediated hypermethylation of the 
INPP4B promoter region. These preliminary studies provide new research directions regarding the mechanism by which 
EBV infection causes nasopharyngeal carcinoma and gastric cancer.

However, a study showed that INPP4B may play dual roles as an oncogene and tumor suppressor gene in different 
tissue grades and clinical stages[40].

Using gastric cancer cells, Wu et al[40] found that knockdown of INPP4B in BGC-823 cells could increase the apoptosis 
rate, decrease cell migration capability, and suppress proliferation and colony formation, while overexpression of INPP4B 
in AGS cells had opposite effects, suggesting that INPP4B is an oncogene in gastric cancer cells. Using in vitro analyses of 
gastric cancer cells, Wu et al[40] discovered that downregulation of INPP4B in BGC-823 cells resulted in an elevation of 
the apoptosis rate, a reduction in cell migration capability, and inhibition of proliferation and colony formation. 
Conversely, upregulation of INPP4B in AGS cells exhibited contrasting effects, indicating its oncogenic role in gastric 
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cancer cells. Mechanistically, INPP4B overexpression increased the level of phosphorylated SGK3 (p-SGK3) in AGS cells, 
while INPP4B knockdown increased the p-AKT level in BGC-823 cells. Wu[41] also found that INPP4B was positively 
correlated with cytoplasmic hypoxia inducible factor-1A (HIF-1A) (P = 0.003), which might affect the microvessel density 
and the occurrence of tumors. Hence, the roles of INPP4B in the prognosis of gastric cancer patients may be paradoxical.

In summary, INPP4B is thought to act as an oncogene by regulating AKT in gastric cancer. INPP4B plays a negative 
regulatory role in the occurrence, development, invasion, and metastasis of gastric cancer. Downregulation of INPP4B 
expression has been associated with EBV infection. The detection of INPP4B mRNA and protein expression in peripheral 
blood or cancer tissues has appreciated guiding significance for the determination of cancer subtypes and prognosis. The 
identification of INPP4B as a potential therapeutic target suggests its promising role in the management of gastric cancer.

INPP4B AND CONLON CANCER
Colon cancer is a common malignancy of the digestive system. The early diagnosis of colon cancer depends on 
colonoscopy and other invasive examinations, and the prognosis is usually poor. The in-depth study of INPP4B and colon 
cancer may provide a new direction for early diagnosis, treatment, and prognosis judgment in this malignancy.

Role of INPP4B in inhibiting colon cancer
Sung et al[42] determined the expression of INPP4B in the colorectal cancer cell lines HCT-116, SW620, DLD-1, and WiDr 
by RT-PCR, Western blot, and IHC. INPP4B expression levels were significantly reduced in colorectal cancer cell lines (P 
< 0.001). Choi et al[43] studied the expression of INPP4B in colorectal cancer tissues in the public genome database and 
discovered that the expression level of INPP4B was significantly reduced in colorectal cancer. Studies by Ma et al[44] have 
shown that the downregulation of INPP4B can lead to a decrease in p27 expression and an increase in cyclin D1 
expression in colorectal cancer cells, thus promoting the occurrence and development of the tumors. This supports that 
INPP4B acts as an anticancer gene in colon cancer. One of the upstream regulatory signals of INPP4B is miR-1290 (P < 
0.05). MiR-1290 may inhibit the expression of INPP4B by binding to the 3'-untranslated region of INPP4B and thus 
promote the proliferation of colorectal cancer (P < 0.05)[44]. Therefore, the above research indicates that INPP4B also 
plays a role as a tumor suppressor gene in colon cancer.

Role of INPP4B in promoting colon cancer
However, some studies have shown that high expression of INPP4B in colon cancer may have a carcinogenic effect. Guo 
et al[18] used IHC to detect INPP4B expression in 124 pairs of colon cancer and tumor-adjacent tissues. INPP4B was 
upregulated in more than half of the cancer tissues (P < 0.01). This may be due to an increase in the transcription of 
INPP4B in colon cancer cells mediated by E26 transformation-specific 1 (Ets-1). The overexpression of INPP4B promoted 
the development and progression of colon cancer by promoting the expression of AKT and SGK3. The study also found 
that the activation of AKT and SGK3 was blocked by silencing INPP4B (P < 0.05), thereby inhibiting the proliferation of 
colon cancer cells and delaying the growth of xenograft tumors of colon cancer. Ruan et al[19] found that INPP4B 
promoted colorectal cancer by activating the mTORC1 signaling pathway and cap-dependent cAMP-activated protein (P 
< 0.05). This process was also found to be associated with increased AKT and SGK3 expression (P < 0.05). High INPP4B 
expression in colon cancer is often accompanied by high SGK3 expression, which explains why INPP4B appears to 
promote cancer in some colon cancers[18,45]. Therefore, the PI3K/SGK3 pathway may be the pathway via which INPP4B 
plays a role in promoting colon cancer.

Previous results also indicate that INPP4B overexpression in colon cancer activates AKT[18,19]. A similar phenomenon 
in which INPP4B overexpression leads to increased AKT expression has also been found in esophageal cancer[20]. 
Therefore, the carcinogenic effect of INPP4B in colon cancer and other digestive system tumors may also be related to the 
activation of the PI3K/AKT pathway. Some studies suggest that this process may be related to the interaction between 
INPP4B and PTEN[18,46,47]. Guo et al[18] found that the increase in INPP4B expression was accompanied by the 
downregulation of PTEN in colon cancer cells, while the upregulation of PTEN was observed in INPP4B knockout cells. 
Therefore, overexpression of INPP4B leads to activation of PI3K/AKT in colon cancer cells, which may be related to 
downregulation of PTEN (P < 0.05).

Croft et al[42] reported a new small transcript variant of INPP4B (INPP4B-S). INPP4B-S differs from full-length INPP4B 
(INPP4B-FL) in that a new small exon is inserted between its 15th and 16th exons, and exons 20-24 are deleted. INPP4B-S 
was found to promote the proliferation of colon and breast cancer cells (P < 0.01). This suggests that INPP4B may have 
different isoforms. Different isoforms of INPP4B may have different procancer or anticancer effects and thus may affect 
the differences in the degree of malignancy and prognosis of tumors. In addition, Chen[48] found that the expression 
levels of IRF-2 and INPP4B in colorectal cancer tissues were positively correlated and that INPP4B may be involved in the 
development of microsatellite instability in colorectal cancer. This suggests that there may be other mechanisms for the 
carcinogenic effects of INPP4B.

These results suggest that INPP4B may be a carcinogenic driver of colon cancer. Therefore, INPP4B could potentially 
serve as a novel therapeutic target for colon cancer treatment.

Dual function of INPP4B in colon cancer
Recently, Yang et al[13] confirmed the dual role of INPP4B in colorectal cancer in animal experiments. This effect may be 
attributed to the regulation of Sox2 and Nanog expression by the PTEN/PI3K/AKT signaling pathway. The team used 
qRT-PCR to find that the expression of INPP4B was decreased in primary colorectal cancer (P < 0.05), accompanied by the 
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overexpression of Recombinant Sex Determining Region Y Box Protein 2 (Sox2) and Nanog (P < 0.05). In metastatic 
colorectal cancer, the expression of INPP4B was increased (P < 0.05), while antagonism between Sox2 and Nanog and 
INPP4B was observed (P < 0.05). It is suggested that the expression of INPP4B is closely related to the origin of colon 
cancer.

In summary, the dual role of INPP4B in colon cancer has been demonstrated. This dual function may be related to the 
PI3K/AKT and PI3K/SGK3 pathways or to the existence of different subtypes of INPP4B. The specific mechanism needs 
further research and discussion.

INPP4B AND PANCREATIC CANCER
Pancreatic cancer is a kind of digestive system malignancy with high mortality. Pancreatic cancer is characterized by its 
difficult early diagnosis, high drug resistance rate, and poor prognosis. At present, the study of INPP4B in pancreatic 
cancer is in the preliminary stage.

Role of INPP4B in inhibiting pancreatic cancer
At present, there are few studies on the role of INPP4B in pancreatic cancer. The INPP4B level in pancreatic cancer cells 
(ASPC-1, BXPC-3, SW1990, and PANC-1) was significantly reduced compared to that in normal controls, as detected by 
using Western blot and qRT-PCR (P < 0.05). Overexpression of INPP4B inhibited the activation of AKT signaling and 
partially reversed epithelial-mesenchymal transition (EMT) in pancreatic cancer cells (P < 0.05) to reduce invasion[49]. 
Therefore, INPP4B is a tumor suppressor gene in pancreatic cancer. In addition, the expression of INPP4B and E-cadherin 
(Ecad) in pancreatic cancer tissues was found to be consistent to a certain extent by using gene overexpression and 
interference techniques (P < 0.05). This process is related not only to the inhibition of AKT expression (the activation of 
AKT can reduce the expression level of Ecad) but also to the direct effect of INPP4B on Ecad[16,49]. A study of 39 primary 
pancreatic ductal cell adenocarcinoma specimens surgically removed found that INPP4B was involved in the endocytosis 
and circulation of Ecad[16]. A reduction in the level of INPP4B resulted in the loss of Ecad. The loss of Ecad is often the 
first step of epithelial-mesenchymal transformation in tumorigenesis[50]. Therefore, the decrease in INPP4B expression 
initiated the development of pancreatic cancer. In addition, although the methylation inhibitor failed to reverse the 
methylation state of the INPP4B gene promoter region in cancer cells, it upregulated the expression of INPP4B and Ecad (
P < 0.05)[16]. Therefore, the identification of methylation inhibitors that can be effectively employed in clinical settings 
may represent a novel avenue of research on the treatment of pancreatic cancer characterized by low INPP4B and Ecad 
expression. Furthermore, an in-depth exploration into the underlying mechanism is warranted.

Role of INPP4B in promoting pancreatic cancer
However, recent studies have collected INPP4B expression data in pancreatic cancer tissues and normal tissues in Gene 
Expression Profiling Interactive Analysis. Statistical analysis revealed that the expression level of INPP4B in pancreatic 
cancer tissues was significantly increased (P < 0.05). INPP4B downregulation inhibited the proliferation of pancreatic 
cancer cells, promoted cell apoptosis, and reduced the phosphorylation level of AKT (P < 0.05). INPP4B has been 
identified as a significant oncogene in pancreatic cancer. INPP4B can be considered a potential diagnostic marker and 
independent prognostic marker and may even be a new therapeutic target for pancreatic cancer[51].

Above all, the role of INPP4B in pancreatic cancer is controversial. The controversial point is also related to the 
regulatory effect of INPP4B on AKT. Similar to colon cancer studies, other studies have found that decreased PTEN 
expression in pancreatic cancer leads to increased phosphorylation of AKT, which promotes the proliferation of 
pancreatic cancer cells[52]. Therefore, the specific mechanism by which PTEN is involved in the regulatory effect of 
INPP4B on AKT may be the focus of future studies in pancreatic cancer.

INPP4B AND LIVER CANCER
Liver cancer is the second most common cause of cancer-related death in China, and HCC accounts for approximately 
90% of primary liver cancer cases. HCC is often caused by viral hepatitis, alcoholism, nonalcoholic fatty liver disease, and 
aflatoxin exposure. HCC is difficult to diagnose early and is highly invasive, with a poor overall prognosis and low 
survival rate. At present, the specific role of INPP4B in liver cancer has not been fully studied.

Zhang et al[53] used IHC to detect the expression of INPP4B and PTEN in 74 Liver cancer tissues, 74 paracancerous 
tissues, and 30 normal liver tissues. The expression levels of INPP4B and PTEN in liver cancer tissues were significantly 
decreased (P < 0.05), and their expression levels were positively correlated (P = 0.000). INPP4B and PTEN are closely 
related to the occurrence, development, invasion, and metastasis of liver cancer, and they have obvious antitumor effects 
and synergistic effects in liver cancer. However, the specific mechanism is not completely clear[53,54].

Xie et al[10] assessed eight HCC cell lines (Hep3B, Huh7, HepG2, HCCC-9810, BEL-7402, QGY-7703, MHCC97L, and 
MHCC97H) and eight surgically excised specimens and found that miR-765 was highly expressed in HCC. MiR-765 
promoted the proliferation and development of HCC. The results of the dual-luciferase reporter and Western blot assays 
showed that the high expression of miR-765 inhibited the expression of INPP4B (P < 0.05). Therefore, INPP4B is a target 
of miR-765. By inhibiting the expression of INPP4B, miR-765 Leads to upregulation of p-AKT and cyclin D1 and 
downregulation of phosphorylated forkhead box O3 (p-FOXO3a) and p21 in HCC, thus promoting the development of 
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HCC[55]. In the latest research, Tang et al[56] used qRT-PCR and Western blot to determine INPP4B elevation in both 
metastatic and nonmetastatic HCC samples of 86 human HCC patients (P < 0.001). The positive rate of INPP4B 
expression in metastatic HCC tissues was higher than that in primary HCC tissues. INPP4B was negatively correlated 
with AKT and p-AKT in HCC cells (P < 0.05). This suggests that INPP4B plays an antitumor role in HCC by inhibiting the 
PI3K/AKT pathway and that INPP4B inhibits the metastasis and invasion of HCC by inhibiting the EMT process of HCC.

Therefore, it is currently believed that INPP4B plays an anticancer role in HCC mainly by inhibiting the PI3K/AKT 
pathway. The signaling pathway mechanism of INPP4B in HCC is the next research focus. MiR-765 and INPP4B may be 
new targets for the diagnosis and treatment of HCC.

INPP4B AND ESOPHAGEAL CANCER
There is only one study on INPP4B in esophageal cancer. High expression of INPP4B mRNA and protein in esophageal 
squamous carcinoma (P < 0.05) was found by qRT-PCR and IHC, respectively. INPP4B was positively correlated with the 
expression of AKT and pAKT in esophageal cancer (P = 0.000). This suggests that high expression of INPP4B may play a 
role in promoting esophageal cancer[20]. Since the role of NPP4B in esophageal cancer has been poorly studied, this 
conclusion needs to be further confirmed with more research.

INPP4B AND GALLBLADDER CANCER
There are only two studies on INPP4B in gallbladder cancer (GBC) from Wu et al[57]. Wu et al[57] found that INPP4B was 
upregulated in human GBC tissues compared with normal gallbladder tissues, but INPP4B was highly expressed in 
highly-moderately differentiated GBC and was not associated with the overall survival of GBC patients (P = 0.071). In 
GBC-SD cells, overexpression of INPP4B increased the expression levels of p-SGK3 and p-Akt, and interference with 
INPP4B decreased the expression levels of p-SGK3 and p-Akt. In SGC996 cells, overexpression of INPP4B enhanced the 
expression level of p-SGK3. These results suggest that INPP4B plays an oncogenic role in GC cells and GBC cells and may 
affect their biological functions through different signaling pathways in different GBCs. In GBC cells, INPP4B knockdown 
inhibited proliferation, colony formation, migration, and invasion, while INPP4B overexpression had opposite effects in 
vitro. These findings suggest that INPP4B may play a dual role in GBC.

CONCLUSION
In summary, INPP4B plays different roles in a variety of digestive system tumors. INPP4B plays an obvious anticancer 
role in a variety of digestive system cancers, such as gastric cancer, colon cancer, pancreatic cancer, and liver cancer. 
However, INPP4B is also believed to have promoting roles in colon, pancreatic, and esophageal cancers. The roles of 
INPP4B in digestive system tumors mainly include the following: (1) EBV and microRNAs can regulate the expression of 
INPP4B; (2) INPP4B can regulate PI3K/AKT to exert an anticancer effect and can also promote the procancer effect of 
PI3K/AKT by affecting PTEN; (3) INPP4B can regulate PI3K/SGK3 to promote cancer; and (4) INPP4B can affect the 
EMT process of some tumor cells.

At present, the understanding of the role of INPP4B in digestive system tumors is still superficial. There are still few 
studies on its mechanism of action, clinical development, and application in different digestive system tumors. Based on 
the contradiction and duality shown in current INPP4B research, further research and discussion may be needed 
regarding the upstream and downstream pathways of INPP4B and the mechanism of action of various subtypes of 
INPP4B. Future studies should aim to determine its role in promoting or inhibiting cancer in different types of digestive 
tumors and further consider whether it is possible for it to be clinically detected and applied for treatment by assessing, 
blocking, or promoting the expression of INPP4B. INPP4B has been found to be associated with drug resistance and 
radiation resistance in malignant tumors such as ovarian, laryngeal, and lung cancers[58-61]. At present, there is a lack of 
relevant research on this aspect in digestive tumors. In addition, the correlation of INPP4B expression with the features of 
other digestive system tumors, such as gastrointestinal pancreatic neuroendocrine tumors and tumors in the bile duct, 
duodenum, and ileum, remains unknown. With the development of this area of research, broad prospects may emerge 
for the use of INPP4B in the early diagnosis, monitoring, prognosis assessment, and treatment of digestive system 
malignancies.
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Abstract
BACKGROUND 
mRNA vaccines have been investigated in multiple tumors, but limited studies 
have been conducted on their use for hepatocellular carcinoma (HCC).

AIM 
To identify candidate mRNA vaccine antigens for HCC and suitable subpopu-
lations for mRNA vaccination.

METHODS 
Gene expression profiles and clinical information of HCC datasets were obtained 
from International Cancer Genome Consortium and The Cancer Genome Atlas. 
Genes with somatic mutations and copy number variations were identified by 
cBioPortal analysis. The differentially expressed genes with significant prognostic 
value were identified by Gene Expression Profiling Interactive Analysis 2 website 
analysis. The Tumor Immune Estimation Resource database was used to assess 
the correlation between candidate antigens and the abundance of antigen-
presenting cells (APCs). Tumor-associated antigens were overexpressed in tumors 
and associated with prognosis, genomic alterations, and APC infiltration. A 
consensus cluster analysis was performed with the Consensus Cluster Plus 
package to identify the immune subtypes. The weighted gene coexpression 
network analysis (WGCNA) was used to determine the candidate biomarker 
molecules for appropriate populations for mRNA vaccines.

RESULTS 
AURKA, CCNB1, CDC25C, CDK1, TRIP13, PES1, MCM3, PPM1G, NEK2, KIF2C, 
PTTG1, KPNA2, and PRC1 were identified as candidate HCC antigens for mRNA 
vaccine development. Four immune subtypes (IS1-IS4) and five immune gene 
modules of HCC were identified that were consistent in both patient cohorts. The 
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immune subtypes showed distinct cellular and clinical characteristics. The IS1 and IS3 immune subtypes were 
immunologically “cold”. The IS2 and IS4 immune subtypes were immunologically “hot”, and the immune 
checkpoint genes and immunogenic cell death genes were upregulated in these subtypes. IS1-related modules were 
identified with the WGCNA algorithm. Ultimately, five hub genes (RBP4, KNG1, METTL7A, F12, and ABAT) were 
identified, and they might be potential biomarkers for mRNA vaccines.

CONCLUSION 
AURKA, CCNB1, CDC25C, CDK1, TRIP13, PES1, MCM3, PPM1G, NEK2, KIF2C, PTTG1, KPNA2, and PRC1 have 
been identified as candidate HCC antigens for mRNA vaccine development. The IS1 and IS3 immune subtypes are 
suitable populations for mRNA vaccination. RBP4, KNG1, METTL7A, F12, and ABAT are potential biomarkers for 
mRNA vaccines.

Key Words: mRNA vaccine; Hepatocellular carcinoma; Immunotype; Antigens; Immune subtypes

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

Core Tip: In this study, bioinformatics methods were used to explore novel hepatocellular carcinoma (HCC)-specific antigens 
for mRNA vaccine development and construct an immune subtype of HCC to select the appropriate vaccination population. 
Tumor-specific antigens were defined as highly expressed, genetically altered, and prognostic genes associated with antigen-
presenting cell infiltration. AURKA, CCNB1, CDC25C, CDK1, TRIP13, PES1, MCM3, PPM1G, NEK2, KIF2C, PTTG1, 
KPNA2, and PRC1 were recognized candidate HCC antigens for mRNA vaccine development. The IS1 and IS3 immune 
subtypes of HCC were suitable populations for mRNA vaccination. RBP4, KNG1, METTL7A, F12, and ABAT were potential 
biomarkers for mRNA vaccines.

Citation: Lu TL, Li CL, Gong YQ, Hou FT, Chen CW. Identification of tumor antigens and immune subtypes of hepatocellular 
carcinoma for mRNA vaccine development. World J Gastrointest Oncol 2023; 15(10): 1717-1738
URL: https://www.wjgnet.com/1948-5204/full/v15/i10/1717.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i10.1717

INTRODUCTION
Primary liver cancer is one of the leading causes of malignant tumor death in China. According to the latest cancer report 
published in Advances in Cancer Science[1], there were 389000 new cases of liver cancer in China, ranking fourth among 
malignant tumors. With an annual death rate of 336400, liver cancer is the second leading cause of cancer deaths; thus, it 
leads to a heavy disease burden[1]. Early diagnosis and treatment of liver cancer are critical. The five-year survival rate of 
patients with early-stage liver cancer is more than 50%, and the treatment cost is low[2]. However, the five-year survival 
rate of patients with advanced liver cancer is only 0%-20%, and the treatment is expensive[2]. In the past decade, the 
surgical technique for liver cancer has developed considerably, and its treatment effect has improved, making it more 
accurate and safer. Efficient minimally invasive endoscopic and ablation procedures and perioperative management can 
significantly reduce the surgical trauma of patients, but the surgical resection rate is only 20%-30%[3]. Hepatocellular 
carcinoma (HCC) is not sensitive to conventional chemotherapy and radiotherapy[4]. However, drug therapy, 
represented by targeted therapy and immunotherapy, has progressed dramatically[5]. Immunotherapy may be an 
essential therapeutic tool to improve the clinical outcomes of HCC.

With the impact of coronavirus disease 2019 (COVID-19), mRNA technology has entered a new fast track of 
development, and mRNA vaccines, as a future shield against COVID-19, have also attracted attention[6]. Moreover, 
mRNA vaccines have attracted much attention in cancer treatment[7-11]. Immunotherapy, which suppresses tumor 
development by altering or enhancing the immune system, is the mainstream tumor immune treatment and serves a new 
direction for tumor treatment. mRNA vaccines have become an important platform for cancer immunotherapy. At 
present, mRNA vaccine research has made progress in prostate cancer[12], non-small cell lung cancer[13], and melanoma
[8]. mRNA cancer vaccines are a promising alternative to traditional vaccine approaches due to their high efficiency, safe 
administration, rapid development potential, and low-cost production[14]. DNA vaccines, dendritic cell vaccines, and 
peptide vaccines[15-17] are currently available for patients with HCC. In a clinical trial of the tumor vaccine 
phosphatidylglycan in patients with advanced HCC, patients with high cytotoxic T-cell expression had a median 
progression-free survival (mPFS) of 12.2 mo in vivo; the mPFS of patients with low cytotoxic T-cell expression was 8.5 mo
[18]. mRNA cannot integrate into the genome and thus does not cause insertion mutations. The therapeutic HCC vaccine 
HePAVAC-101 was first tested in phase I/II clinical trials[19]. The results provided preliminary evidence for the safety 
and immunogenicity of the vaccine. Although tumor antigens have the characteristics of diversity and heterogeneity, 
with tremendous individual differences, mRNA sequences can be designed and modified to encode any pathological 
antigen. Thus, mRNA vaccines are ideally suited for targeting tumor-specific antigens[20,21]. Therefore, it is feasible and 
urgently necessary to develop and apply mRNA vaccines to improve the prognosis of HCC patients. It is also vital to 
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identify HCC patient subpopulations who are suitable for vaccination.
The antigens encoded by mRNA vaccines can be classified as tumor-associated antigens (TAAs) and tumor-specific 

antigens (TSAs)[22]. The core mechanism of mRNA cancer vaccines is to encode specific antigens based on the character-
istics of cancer, which are successfully recognized by immune cells to activate the immune response[23]. TSAs, also 
known as "tumor neoantigens", are derived from gene mutations in cancer cells, so they are theoretically not constrained 
by immune tolerance[23]. The differences in mutation profiles of different tumors provide the possibility of tailoring 
highly individualized cancer vaccines.

This study aimed to explore novel HCC-associated antigens for mRNA vaccine development and construct an immune 
subtype of HCC to select the appropriate vaccination population. TSAs were overexpressed in tumors and associated 
with prognosis, genomic alterations, and antigen-presenting cell (APC) infiltration. By integrating multiomics data, 13 
potential tumor antigens were identified for HCC mRNA vaccine development. The high expression of these antigens 
was associated with a poor prognosis and positively correlated with APC infiltration. Based on the clustering of immune-
related genes via consensus clustering analysis, we defined four robust immune subtypes of HCC and identified an 
immune subtype population with “cold” tumors suitable for vaccination, which was validated in an independent cohort. 
Furthermore, five functional modules and five potential biomarkers for mRNA vaccines were identified by weighted 
gene coexpression network analysis (WGCNA). This study will provide new insights into developing HCC mRNA 
vaccines and screening suitable patients for vaccination.

MATERIALS AND METHODS
Data collection and processing
The RNA-seq and clinicopathological data of 371 HCC patients (Supplementary Table 1) were downloaded from The 
Cancer Genome Atlas (TCGA, https://www.cancer.gov/tcga). The normalized gene expression and clinical follow-up 
data of 235 HCC patients (Supplementary Table 1) were downloaded from the International Cancer Genome Consortium 
(ICGC, https://www.icgc-argo.org). The immune subtype data of the TCGA HCC samples were obtained from Supple-
mentary material in a previously published study[24]. A total of 2108 immune-related genes (Supplementary Table 2) 
were obtained from previously published research[25]. First, samples with incomplete clinicopathological and follow-up 
data were removed. Then, genes that were not expressed in all samples were removed. In the TCGA cohort, we excluded 
377 genes and 6 samples and finally obtained the expression matrix of 20153 genes in 365 samples. In the ICGC cohort, no 
genes or samples were excluded, and an expression matrix of 22911 genes in 235 samples was obtained. The gene 
expression was converted into log2 (TPM + 1). Finally, 2012 immune-related genes expressed in both the TCGA and 
ICGC datasets were included for the subsequent analysis.

Gene differential expression and mutation analysis
Gene Expression Profiling Interactive Analysis (GEPIA) 2 (http://gepia2.cancer-pku.cn) is a free public website for gene 
differential expression analysis and prognostic analysis of TCGA using a standard processing pipeline. The differentially 
expressed genes were identified using ANOVA by |Log2FC| > 1 and q value < 0.01. A chromosome distribution map of 
differentially expressed genes in HCC was downloaded from this website. The cBioCancer Genomics Portal (cBioPortal, 
http://www.cbioportal.org) was used for gene mutation analysis of HCC patients from TCGA. The overexpressed genes 
were regarded as potential tumor antigens filtered by analyzing amplification of copy number variation categories and 
mutation counts in individual samples. P values < 0.05 were considered statistically significant.

Survival analysis and Tumor Immune Estimation Resource analysis
The R package “survival” was used to analyze the correlation between candidate tumor antigen genes and overall 
survival (OS) and recurrence-free survival (RFS) of HCC patients. The HCC patients from TCGA were divided into two 
groups according to the median cutoff. A P value < 0.05 was considered statistically significant. Tumor Immune 
Estimation Resource (https://cistrome.shinyapps.io/timer/) was used to analyze the correlation between the candidate 
tumor antigen genes and APCs (B cells, macrophages, and dendritic cells). The P value cutoff was set as 0.05.

Identification and validation of immune subtypes
The 33 significant immune-related survival genes were identified via univariate Cox hazard analysis in TCGA datasets 
with a P value less than 0.05. Then, the R package “ConsensusClusterPlus”[26] was used to determine the immune 
subtypes of HCC in the TCGA datasets (training sets) and ICGC datasets (validation sets). The distance parameter was set 
to “Pearson”, and the reps and pItem parameters were set to 1000 and 0.8, respectively. The maxk was set to 10, and the 
optimal k was defined by evaluating the consensus matrix and the consensus cumulative distribution function.

Estimation of clinicopathological characteristics and prognosis of immune subtypes
The clinical characteristics of patients with different immune subtypes, such as age, sex, grade, p stage, T stage, N stage, 
and M stage, were explored. The log-rank test was used to estimate the prognostic value of different immune subtypes. 
The tumor mutational burden (TMB) of each patient was obtained from the cBioPortal database. The differences in TMB, 
mutation count, and fraction genome altered between immune subtypes were tested by the Kruskal-Wallis test. A P value 
less than 0.05 was considered statistically significant.
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https://f6publishing.blob.core.windows.net/d0e2ad4d-bc88-4061-92d0-9dfeb17be2c4/WJGO-15-1717-supplementary-material.pdf
https://www.icgc-argo.org
https://f6publishing.blob.core.windows.net/d0e2ad4d-bc88-4061-92d0-9dfeb17be2c4/WJGO-15-1717-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/d0e2ad4d-bc88-4061-92d0-9dfeb17be2c4/WJGO-15-1717-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/d0e2ad4d-bc88-4061-92d0-9dfeb17be2c4/WJGO-15-1717-supplementary-material.pdf
http://gepia2.cancer-pku.cn
http://www.cbioportal.org
https://cistrome.shinyapps.io/timer/
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Figure 1 Workflow of this study. APCs: Antigen-presenting cells; CNV: Copy number variation; HCC: Hepatocellular carcinoma; ICGC: International Cancer 
Genome Consortium; ICPs: Immune checkpoints; ICDs: Immune cell death modulators; TCGA: The Cancer Genome Atlas; WGVNA: Weighted gene coexpression 
network analysis.

Immune microenvironment and molecular characteristics of different immune subtypes
ssGSEA[27] was used to calculate the immune enrichment scores of 28 immune cells for TCGA and ICGC HCC samples. 
The 28 immune signatures were obtained from a previously published study[28]. The R package “estimate” was used to 
calculate the immune score, stromal score, and estimate score of each sample. Immune cell death modulator (ICD)- and 
immune checkpoint (ICP)-related genes (Supplementary Tables 3 and 4) were obtained from previous studies[29]. The t 
test was used to determine the differences between the scores and the molecular characteristics of immune subtypes.

WGCNA
WGCNA[30] was used to find modules associated with immune subtypes and identify the hub genes of these modules. 
These hub genes may be potential mRNA vaccine biomarkers. The TCGA dataset was used for WGCNA, and eight gene 
modules were identified. Univariate Cox regression analysis was performed to assess the prognostic value of different 
gene modules. The GO and KEGG enrichment analysis of interesting module genes was performed via the R package 
“clusterProfiler”[31].

RESULTS
Screening of candidate tumor antigen genes in HCC
The workflow of this study is shown in Figure 1. A total of 1482 overexpressed genes in HCC were identified by the 
GEPIA database (Figure 2A, Supplementary Table 5), and these genes were considered potential tumor antigens. Then, a 
total of 13678 mutant genes and 11519 amplified genes were identified in individual samples by the cBioPortal website 
(Figure 2B and C). Tenascin N, tumor protein p53, catenin beta 1, cub and sushi multiple domains 3, pkdh1-like 1, and 
transcriptional repressor GATA binding 1 were found to be the top frequently mutated genes in terms of both altered 
genome fraction and mutation counts (Figure 2D and E). In addition, thyroglobulin, TBC1 domain family member 31, 
CUB and sushi multiple domains 1, and fer-1-like family member 6 were among the top 10 genes with altered genome 
fractions (Figure 2D). High mutation counts were also observed in t-SNARE domain containing 1, thyrotropin releasing 
hormone receptor, annexin A13, and ryanodine receptor 2 (Figure 2E). Altogether, 472 genes were identified as candidate 
tumor antigen genes.

Identification of tumor antigens associated with HCC prognosis and antigen presentation
The prognostic value of the candidate tumor antigen genes was estimated to identify the candidate genes for developing 
mRNA vaccines. Thirteen genes were closely related to OS and RFS in HCC (Figure 3A). High expression levels of 

https://f6publishing.blob.core.windows.net/d0e2ad4d-bc88-4061-92d0-9dfeb17be2c4/WJGO-15-1717-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/d0e2ad4d-bc88-4061-92d0-9dfeb17be2c4/WJGO-15-1717-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/d0e2ad4d-bc88-4061-92d0-9dfeb17be2c4/WJGO-15-1717-supplementary-material.pdf
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Figure 2 Screening of candidate tumor antigen genes in hepatocellular carcinoma. A: Chromosome distribution of differentially expressed genes; B: 
Overlapping samples in altered genome fraction groups; C: Overlapping samples in mutation count groups; D: Genes with the highest frequency in altered genome 
fraction groups; E: Genes with the highest frequency in mutation count groups.

AURKA, CCNB1, CDC25C, CDK1, TRIP13, PES1, MCM3, PPM1G, NEK2, KIF2C, PTTG1, KPNA2, and PRC1 were found to 
be associated with a poor OS and RFS (Figure 3B-N, Supplementary Figure 1). mRNA vaccines should be recognized by 
APCs, which include B cells, dendritic cells, and macrophages. Therefore, we further evaluated the correlation between 
tumor antigens and these APCs. The results showed that all the 13 genes positively correlated with the abundance of 
macrophages, dendritic cells, and B cells (Supplementary Figure 2). These results implied that these 13 genes were 
promising candidates for developing mRNA vaccines against HCC.

Identification of immune subtypes of HCC
Immunotyping could help screen suitable patients for immunotherapy and vaccination. The TCGA datasets were chosen 
as the training set. Thirty-three out of 2012 immune-related genes were identified as associated with the prognosis of 
HCC patients via univariate Cox regression analysis and were selected for subsequent cluster analysis. The results 
showed that 365 samples in the TCGA datasets could be clustered into four groups (Figure 4A-C). The survival analysis 
showed that the OS significantly differed among the four subtypes (IS1, IS2, IS3, and IS4) (Figure 4D). IS4 and IS1 were 
associated with a better prognosis, whereas IS2 had the poorest survival probability. Next, we used the ICGC datasets as 
the validation set to verify the clustering stability. Consistent with the results obtained with the TCGA cohort (Figure 4E-
G), the immune subtype was prognostically relevant in the ICGC cohort as well (Figure 4H). The clinicopathological 
characteristics of the immune subtypes were analyzed. As shown in the heatmap (Figure 5A and B), the candidate mRNA 
vaccine genes were highly expressed in the immune subtypes with a worse prognosis in both the TCGA and ICGA 
cohorts. In addition, the distribution of immune subtypes in different pathological stages of patients was similar in both 
the TCGA and ICGC cohorts (Figure 5C and D). Altogether, these data showed that HCC samples could be classified into 
four distinct immune subtypes, which could be used to predict the prognosis of HCC patients.

Correlation between immune subtypes and tumor mutational landscape
Studies have shown that a high TMB is correlated with tumor immunotherapy and mRNA vaccine therapy. Therefore, 
we next analyzed the correlation between immune subtypes and genomic heterogeneity in HCC. There were no 
significant differences in the mutational landscape among the four immune subtypes (Figure 6A), and consistently, there 
were no differences in TMB or the number of mutations (Figure 6B and C). However, the frequency of altered genome 
fractions was higher in IS2 and IS3 than in IS1 and IS4 (Figure 6D). These results suggest that TMB may not predict the 
immune response to mRNA vaccines.

Immune microenvironment characteristics of immune subtypes
The immune microenvironment of HCC affects the immunotherapy response rate, including the mRNA vaccine effect. 
First, we calculated the immune and stromal scores for the immune subtypes of the TCGA and ICGC cohorts using the R 
package “estimate”. The results showed that in the TCGA cohort, the IS2 and IS4 subtypes had higher immune scores 
(Figure 7A-C). Similarly, in the ICGC cohort, immune scores were higher in the IS2 and IS4 subtypes (Figure 7D-F). 
Second, we evaluated the infiltrating abundance of 28 immune cells in both TCGA and ICGC cohort samples using the 
ssGSEA algorithm with the 28 previously reported immune cell signatures. In the TCGA cohort, the abundance of 
immune cell infiltration was consistently higher in the IS2 and IS4 subtypes than in the IS1 and IS3 subtypes (Figure 7G). 
Consistent results were also observed in the ICGC cohort. The abundance of immune cell infiltration was higher in the IS2 
and IS4 subtypes in ICGC than in the IS1 and IS3 subtypes (Figure 7H). Therefore, the IS2 and IS4 subtypes belong to the 
immunological “hot” phenotypes, while the IS1 and IS3 subtypes belong to the immunological “cold” phenotypes. These 
results suggested that our immunotyping could reflect the immune status of HCC patients. Now that antigen stimulation 
by mRNA vaccines can remodel the tumor immune microenvironment, subtypes with lower immune infiltration, 
referred to as “cold” tumors, may be suitable for mRNA vaccines.

https://f6publishing.blob.core.windows.net/d0e2ad4d-bc88-4061-92d0-9dfeb17be2c4/WJGO-15-1717-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/d0e2ad4d-bc88-4061-92d0-9dfeb17be2c4/WJGO-15-1717-supplementary-material.pdf
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Figure 3 Identification of tumor antigens associated with hepatocellular carcinoma prognosis. A: Venn diagram of mutated genes, amplified 
genes, highly expressed genes, and prognostic genes; B-N: Kaplan-Meier curves showing that high expression of AURKA (B), CCNB1 (C), CDC25C (D), CDK1 (E), 
KIF2C (F), KPNA2 (G), MCM3 (H), NEK2 (I), PES1 (J), PPM1G (K), PRC1 (L), PTTG1 (M), and TRIP13 (N) indicates a worse overall survival in hepatocellular 
carcinoma patients. AMP: Amplification; HR: Hazard ratio; RFS: Recurrence-free survival.

Association between immune subtypes and ICP/ICD-related genes
Antitumor immunity is closely related to regulating ICPs and ICDs. Hence, we further analyzed the correlation between 
immunophenotypes and the expression levels of ICPs and ICD regulators. Sixty ICP regulatory genes and 34 ICD 
regulatory genes were included in the TCGA and ICGC cohorts for differential expression analysis between immune 
subtypes. Figure 8A and B shows that the expression of most ICP genes was different among the immune subtypes. 
Moreover, in the TCGA cohort, most ICP genes were highly expressed in IS2 and IS4. Similarly, in the ICGC cohort, most 
ICP genes were also highly expressed in IS2 and IS4. In addition, the differential expression trend of ICD genes in the 
TCGA and ICGC cohorts was similar to that of ICP genes (Figure 8C and D). Therefore, immunotyping correlated with 
the expression levels of ICPs and ICD modulators, indicating that they might be used as potential therapeutic biomarkers 
for mRNA vaccines.

Identification of immune gene co-expression modules
We identified the coexpression modules of immune-related genes by clustering the samples using the WGCNA algorithm 
(Supplementary Figure 3A). The soft threshold was set at 3 for a scale-free network (Supplementary Figure 3B). After 
selecting the soft threshold, the adjacency matrix and topological overlap matrix were constructed based on the gene 
matrix using the adjacency function and TOMsimilarity function. Each gene module contained at least 30 genes, and five 
coexpressed gene modules were obtained (the gray module was not counted) (Supplementary Figure 3C and D). We 
further analyzed the relationship between each module and the prognosis of gastric cancer patients by univariate Cox 
regression analysis. The yellow and green modules were significantly associated with the prognosis of HCC (P < 0.01) 
(Supplementary Figure 3E). Next, we analyzed the distribution of the two immune subtypes in eigengenes of five 
modules and found that only four modules were significantly different (Figure 9A). The IS1 subtype showed the highest 
eigengenes in yellow and the lowest eigengenes in the green module. In contrast, IS2 showed the highest eigengenes in 
the green module and the lowest eigengenes in the yellow module (Figure 9A). Moreover, we analyzed the relationship 
between the modules and the clinical traits of HCC samples. We found that the yellow and green modules were the most 
significantly associated with the IS1 and IS2 subtypes (Figure 9B). We extracted genes from the yellow module and 
performed GO and KEGG enrichment analyses. The results showed that these genes were involved in multiple immune-
related functions and cell adhesion functions, such as T-cell activation, leukocyte proliferation, lymphocyte proliferation, 
the JAK-STAT signaling pathway, antigen processing and presentation, Th17 cell differentiation, and the regulation of 
leukocyte cell-cell adhesion (Figure 9C and D). However, the hub genes extracted from the green module were mainly 
associated with the cell cycle. Therefore, we further analyzed the prognosis-relevant genes of the yellow module. The 
results showed that higher expression scores were associated with a better prognosis in the TCGA cohorts (Figure 9E and 
F). The six previously reported pancancer immune subtypes showed that the C4 subtype was lymphocyte depleted. We 
compared the immune subtypes with the former immune cluster and found that IS1 was associated with C4 (Figure 9G). 
Accordingly, patients in the IS1 subtype with high expression of genes clustered into the yellow module might be 
candidates for mRNA vaccines. Five hub genes (RBP4, KNG1, METTL7A, F12, and ABAT) with a more than 80% 
correlation with the yellow module were identified, and these genes might be potential biomarkers for mRNA vaccines.

DISCUSSION
HCC is a malignant tumor with a high mortality rate due to its unique blood supply, nerve distribution, and functional 
characteristics. Traditional surgery and medical treatment are not ideal for treating advanced HCC. Immunotherapy can 

https://f6publishing.blob.core.windows.net/d0e2ad4d-bc88-4061-92d0-9dfeb17be2c4/WJGO-15-1717-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/d0e2ad4d-bc88-4061-92d0-9dfeb17be2c4/WJGO-15-1717-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/d0e2ad4d-bc88-4061-92d0-9dfeb17be2c4/WJGO-15-1717-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/d0e2ad4d-bc88-4061-92d0-9dfeb17be2c4/WJGO-15-1717-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/d0e2ad4d-bc88-4061-92d0-9dfeb17be2c4/WJGO-15-1717-supplementary-material.pdf


Lu TL et al. Antigens for HCC mRNA vaccines

WJGO https://www.wjgnet.com 1725 October 15, 2023 Volume 15 Issue 10



Lu TL et al. Antigens for HCC mRNA vaccines

WJGO https://www.wjgnet.com 1726 October 15, 2023 Volume 15 Issue 10

Figure 4 Identification of immune subtypes of hepatocellular carcinoma. A: Cumulative distribution function curve of immune-related genes in the The 
Cancer Genome Atlas (TCGA) cohort; B: Delta area of immune-related genes in the TCGA cohort; C: Sample clustering heatmap in the TCGA cohort; D: Kaplan-
Meier curves showing the overall survival of the hepatocellular carcinoma immune subtypes in the TCGA cohort; E: Cumulative distribution function curve of immune-
related genes in the International Cancer Genome Consortium (ICGC) cohort; F: Delta area of immune-related genes in the ICGC cohort; G: Sample clustering 
heatmap in the ICGC cohort; H: Kaplan-Meier curves showing the overall survival of the hepatocellular carcinoma immune subtypes in the ICGC cohort. CDF: 
Cumulative Distribution Function.

be combined with surgery and medical treatment in the future because of its high specificity and minor side effects to 
achieve the ideal treatment goal of advanced HCC. mRNA tumor vaccines target TSAs and are innovative immuno-
therapies[21]. The mRNA cannot be integrated into the genome and can be degraded by cellular RNases. mRNA has a 
short and controllable half-life in vivo and has good safety[32,33]. However, only DNA vaccines, dendritic cell vaccines, 
and peptide vaccines are currently available for liver cancer. Studies on mRNA vaccines for HCC are limited.

In this study, we integrated the mutational and mRNA sequencing data of the TCGA-LICH cohort and identified a 
series of targeted antigens, of which AURKA, CCNB1, CDC25C, CDK1, TRIP13, PES1, MCM3, PPM1G, NEK2, KIF2C, 
PTTG1, KPNA2, and PRC1 are promising candidates for mRNA vaccines. The overexpression of these genes was not only 
associated with a poor OS and RFS but also positively correlated with the abundance of macrophages, dendritic cells, and 
infiltrating B cells. Therefore, these antigens play a crucial role in the development of HCC and can be recognized by 
APCs and presented to B cells to promote lymphocyte infiltration in the tumor microenvironment and induce an immune 
attack. Previous studies have shown that AURKA is upregulated in HCC tissues and is associated with distant metastasis
[34]. It can regulate the epithelial-mesenchymal transition and cancer stemness through the PI3K/AKT pathway[35]. 
High expression of CCNB1 is closely related to the poor prognosis of HCC patients[36,37]. CDK1 encodes a Ser/Thr 
protein kinase essential for cellular G1/S and G2/M phase transitions. CDK1 may play an important oncogenic role in 
HCC progression[38]. CDC25C is a novel TAA that is overexpressed in several cancers, including lung cancer[39], 
stomach cancer[40], bladder cancer[41], prostate cancer[42], esophageal squamous cell carcinoma[43], breast cancer[44], 
acute myeloid leukemia[45], and colon cancer[46]. TRIP13 is highly expressed in multiple tumors and is associated with a 
poor prognosis[47]. The abnormal expression of TRIP13 can lead to chromosomal instability and aneuploidy, which may 
promote tumorigenesis[47]. PES1, also known as Pescadillo or NOP7, encodes a protein involved in DNA replication and 
ribosome biogenesis[48]. Studies have found that PES1 is involved in the regulation of cell proliferation, and its abnormal 
expression can lead to tumorigenic transformation and tumor progression[48]. A series of studies have shown that PES1 
is highly expressed in various tumors and is associated with a poor prognosis. Thus, it may play a role in promoting 
tumor development[49-51]. This implies that PES1 may serve as a molecular target for cancer therapy. Previous studies 
have shown that MCM3 is highly expressed in medulloblastoma[52], melanoma[53], and prostate cancer[54] and is 
associated with nonanchored cell growth, cell migration, and invasion ability. High MCM3 expression was associated 
with high AFP levels and a poor OS and RFS[55]. PPM1G is highly expressed in HCC and is associated with a poor 
prognosis[56]. PPM1G can promote the progression of HCC by phosphorylating and regulating the alternative splicing 
protein SRSF3[56]. NEK2 encodes a serine/threonine kinase that is highly expressed in multiple tumors and promotes 
tumorigenesis through abnormal cell cycle regulation. NEK2 can affect the expression of PD-L1, thereby mediating tumor 
immune escape[57]. KIF2C encodes an important cell cycle regulator that is highly expressed in multiple tumors and is 
associated with a poor prognosis. Its abnormal expression can promote tumor progression[58]. PTTG1 is a proto-
oncogene involved in proliferation, metabolism, cell cycle progression, DNA damage/repair, and apoptosis[59]. Previous 
studies have shown that PTTG1 is overexpressed in HCC cell lines and HCC tissues[60]. KPNA2 encodes a member of the 
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Figure 5 Clinicopathological characteristics of immune subtypes of hepatocellular carcinoma. A and B: Complex heatmap of clinicopathological 
characteristics of immune subtypes of hepatocellular carcinoma (HCC) patients in the The Cancer Genome Atlas (TCGA) (A) and International Cancer Genome 
Consortium (ICGC) (B) cohorts; C and D: Distribution of immune subtypes across HCC pStage in the TCGA (C) and ICGC (D) cohorts.

nuclear transporter family also known as importin α1. Recent studies have shown that KPNA2 is highly expressed in 
various cancers and is a poor prognostic marker[61]. PRC1 is associated with tumor proliferation, metastasis, and tumori-
genesis. It is highly expressed in multiple tumors and is regulated by nuclear β-catenin and WNT expression[62]. 
Additionally, some studies have reported that PRC1 controls chromatin structure mainly through posttranslational 
histone modifications. Taken together, reports from previous studies of these genes support their potential for the 
development of mRNA vaccines.

Individual differences in the tumor microenvironment affect the efficacy of immunotherapy and vaccine response for 
liver cancer. To screen the appropriate population for mRNA vaccines, we used consensus cluster analysis to classify 
HCC patients into four immune subtypes based on the expression of immune-related genes. The ICGC cohort was also 
used to verify the robustness of the immune subtypes. There were significant survival differences among patients with 
different immune subtypes. Subtypes with better prognoses had lower expression levels of candidate mRNA vaccine 
antigens. This is consistent with the results of our analysis mentioned earlier. In the TCGA cohort, IS1 and IS4 had better 
prognoses and contained more stage I HCC patients. IS2 had the worst prognosis and contained more stage IV HCC 
patients. The same results were observed in the ICGC cohort. This indicates that immunophenotyping can predict the 
prognosis of HCC patients and is more accurate than traditional staging. Interestingly, there were no significant 
differences in the mutation landscape, TMB, or mutation counts among the four immune subtypes. This may be related to 
the fact that the threshold for high TMB should differ in different cancers[63]. TMB may not predict the immune response 
to mRNA vaccines in HCC. Published literature has reported that the tumor immune microenvironment varies among 
different individuals, including the “cold” and “hot” types of microenvironment[24]. Patients with a “cold” tumor 
immune microenvironment respond poorly to immunotherapy. In the TCGA cohort, the immune scores and the 
abundance of immune cell infiltration were higher in IS2 and IS4 subtypes than in IS1 and IS3 subtypes. Hence, IS2 and 
IS4 are immunologically “hot” phenotypes, while IS1 and IS3 are immunologically “cold” phenotypes. Consistent results 
were also observed in the ICGC cohort. ICD is vital in transforming tumors from “cold” to “hot”. However, high 
expression of ICP-related genes represents an immunosuppressive tumor microenvironment, which may suppress the 
immune response to mRNA vaccines. Therefore, we further evaluated the differential expression of ICPs and ICDs 
among the four immune subtypes. The results showed that ICPs were highly expressed in the IS2 and IS4 subtypes. 
Similarly, high ICD expression was observed in the IS2 and IS4 subtypes in both the TCGA cohort and ICGC cohort. To 
verify the robustness of immunotyping, we compared the immune subtypes with the former immune cluster. We found 
that IS1 in the TCGA cohort was associated with the C4 subtype, which was lymphocyte depleted. This further shows 
that IS1 is suitable for mRNA vaccines. We also found that IS4 in the TCGA cohort was associated with C3, which was 
associated with superior prognoses. These results were consistent with a better survival probability of IS4. In conclusion, 
IS1 in the TCGA cohort and IS2 in the ICGC cohort may be suitable populations for mRNA vaccination.

To further explore the marker molecules for predicting the appropriate population for mRNA vaccines, we used the 
WGCNA algorithm to identify five coexpression modules of immune-related genes. The yellow module was associated 
with prognosis and positively associated with IS1. The genes extracted from the yellow module were involved in multiple 
immune-related functions and cell adhesion functions, such as T-cell activation, leukocyte proliferation, lymphocyte 
proliferation, the JAK-STAT signaling pathway, antigen processing and presentation, Th17 cell differentiation, and 
regulation of leukocyte cell-cell adhesion. Ultimately, five hub genes (RBP4, KNG1, METTL7A, F12, and ABAT) with a 
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Figure 6 Mutational landscape of distinct immune subtypes. A: Mutational landscape oncoplot of the top 20 mutated genes in the hepatocellular 
carcinoma (HCC) immune subtypes; B to D: Tumor mutational burden (B), mutation number (C), and altered genome fractions (D) in HCC IS1-IS4. aP value < 0.05; 
bP value < 0.01; cP value < 0.001; TMB: Tumor mutational burden; NS: Not significant.

more than 80% correlation with the yellow module were identified, which might be potential biomarkers for mRNA 
vaccines. RBP4 encodes a protein that belongs to the lipoprotein family and is the main transport protein of hydrophobic 
retinol[64]. Previous studies have shown that RBP4 plays a crucial role in maintaining the self-renewing ability of colon 
cancer and promoting tumorigenesis[65]. Studies have found that RBP4 is overexpressed in ovarian cancer and promotes 
the proliferation and metastasis of ovarian cancer cells by regulating the RhoA/Rock1 pathway[66]. The protein encoded 
by KNG1 is degraded to kinin in malignant gliomas, which further activates TH-1 immunity. Thus, it may become a 
therapeutic target for malignant gliomas[67]. KNG1 has been identified as a biomarker for advanced colorectal cancer
[68], lung squamous cell carcinoma[69], and multiple myeloma[70]. The role of METTL7A in cancers has rarely been 
investigated. Previous studies have shown that METTL7A may be involved in the development of thyroid cancer[71]. 
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Figure 7 Immune microenvironment characteristics of immune subtypes. A to C: Estimate scores (A), immune scores (B), and stromal scores (C) of 
hepatocellular carcinoma (HCC) immune subtypes in The Cancer Genome Atlas (TCGA) cohort; D to F: Estimate scores (D), immune scores (E), and stromal scores 
(F) of HCC immune subtypes in International Cancer Genome Consortium (ICGC) cohort; G and H: Heatmap of enrichment scores of 28 immune cell signatures 
among HCC immune subtypes in the (G) TCGA and (H) ICGC cohorts. aP value < 0.05; bP value < 0.01; cP value < 0.001; NS: Not significant.

METTL7A can participate in adipocyte-induced myeloma drug resistance by regulating lncRNA m6A methylation[72]. 
F12, produced by hepatocytes, is underexpressed in colorectal[73], gastric[74], and lung cancers[75] and is involved in 
antigen processing and presentation and glutathione metabolism. Studies have shown that ABAT expression is downreg-
ulated in HCC, and low ABAT expression is associated with a poor prognosis, which is an independent risk factor for 
HCC patients[76]. These data suggest that these hub genes may play a key role in HCC tumorigenesis and progression.

CONCLUSION
In conclusion, AURKA, CCNB1, CDC25C, CDK1, TRIP13, PES1, MCM3, PPM1G, NEK2, KIF2C, PTTG1, KPNA2, and PRC1 
have been identified as candidate HCC antigens for mRNA vaccine development. The IS1 and IS3 immune subtypes are 
suitable populations for mRNA vaccination. RBP4, KNG1, METTL7A, F12, and ABAT are potential biomarkers for mRNA 
vaccines.
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Figure 8 Association between immune subtypes and immune checkpoint/immune cell death modulator-related genes. A and B: Box plot of 
differential expression of immune checkpoint genes among immune subtypes in the The Cancer Genome Atlas (TCGA) (A) and International Cancer Genome 
Consortium (ICGC) (B) cohorts; C and D: Box plot of differential expression of immune cell death modulator genes among immune subtypes in the TCGA (C) and 
ICGC (D) cohorts. aP value < 0.05; bP value < 0.01; cP value < 0.001; dP value < 0.0001; NS: Not significant.
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Figure 9 Identification of potential biomarkers for mRNA vaccines. A: Differential distribution of module eigengenes among distinct hepatocellular 
carcinoma immune subtypes; B: Heatmap of module trait relationships; C: Dot plot showing the top 10 GO terms in the yellow module; D: Dot plot showing the top 10 
KEGG terms in the yellow module; E and F: Kaplan-Meier plots showing overall survival (E) and recurrence-free survival (F) of the yellow module prognostic gene 
expression score; G: Distribution of six previously reported pancancer immune subtypes among IS1-IS4. dP value < 0.0001; NS: Not significant; HR: Hazard ratio.

ARTICLE HIGHLIGHTS
Research background
Primary liver cancer is one of the leading causes of malignant tumor death in China. Hepatocellular carcinoma (HCC) is 
not sensitive to conventional chemotherapy and radiotherapy. However, drug therapy, represented by targeted therapy 
and immunotherapy, has progressed dramatically. mRNA vaccines have become an important platform for cancer 
immunotherapy. mRNA vaccines have been investigated in multiple tumors, but limited studies have been conducted on 
their use for HCC.

Research motivation
mRNA vaccines are ideally suited for targeting tumor-specific antigens. It is feasible and urgently necessary to develop 
and apply mRNA vaccines to improve the prognosis of HCC patients. It is also vital to identify HCC patient subpopu-
lations who are suitable for vaccination.

Research objectives
The present study aimed to identify candidate mRNA vaccine antigens for HCC and suitable subpopulations for mRNA 
vaccination in order to provide new insights into developing HCC mRNA vaccines and screening suitable patients for 
vaccination.

Research methods
Gene expression profiles and clinical information of HCC datasets were obtained from International Cancer Genome 
Consortium and The Cancer Genome Atlas. Genes with somatic mutations and copy number variations were identified 
by cBioPortal analysis. The differentially expressed genes with significant prognostic value were identified by Gene 
Expression Profiling Interactive Analysis 2 website analysis. The Tumor Immune Estimation Resource database was used 
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to assess the correlation between candidate antigens and the abundance of antigen-presenting cells (APCs). Tumor-
associated antigens were overexpressed in tumors and associated with prognosis, genomic alterations, and APC infilt-
ration. A consensus cluster analysis was performed with the Consensus Cluster Plus package to identify the immune 
subtypes. The weighted gene coexpression network analysis (WGCNA) was used to determine the candidate biomarker 
molecules for appropriate populations for mRNA vaccines.

Research results
AURKA, CCNB1, CDC25C, CDK1, TRIP13, PES1, MCM3, PPM1G, NEK2, KIF2C, PTTG1, KPNA2, and PRC1 were 
identified as candidate HCC antigens for mRNA vaccine development. Four immune subtypes (IS1-IS4) and five immune 
gene modules of HCC were identified that were consistent in both patient cohorts. The immune subtypes showed distinct 
cellular and clinical characteristics. The IS1 and IS3 immune subtypes were immunologically “cold”. The IS2 and IS4 
immune subtypes were immunologically “hot”, and the immune checkpoint genes and immunogenic cell death genes 
were upregulated in these subtypes. IS1-related modules were identified with the WGCNA algorithm. Ultimately, five 
hub genes (RBP4, KNG1, METTL7A, F12, and ABAT) were identified, and they might be potential biomarkers for mRNA 
vaccines.

Research conclusions
AURKA, CCNB1, CDC25C, CDK1, TRIP13, PES1, MCM3, PPM1G, NEK2, KIF2C, PTTG1, KPNA2, and PRC1 have been 
identified as candidate HCC antigens for mRNA vaccine development. The IS1 and IS3 immune subtypes are suitable 
populations for mRNA vaccination. RBP4, KNG1, METTL7A, F12, and ABAT are potential biomarkers for mRNA 
vaccines.

Research perspectives
Immunotherapy may be an essential therapeutic tool to improve the clinical outcomes of HCC. The immunotherapy of 
HCC should be studied in more dimensions.
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Abstract
BACKGROUND 
As an active ingredient derived from Dioscorea zingiberensis C.H. Wright, deltonin 
has been reported to show anti-cancer effects in a variety of malignancies.

AIM 
To investigate the role and mechanism of action of deltonin in promoting gastric 
carcinoma (GC) cell apoptosis and chemosensitivity to cisplatin.

METHODS 
The GC cell lines AGS, HGC-27, and MKN-45 were treated with deltonin and then 
subjected to flow cytometry and 3-(4,5-dimethylthiazol-2-yl)-3,5-diphenyltet-
razolium bromide assays for cell apoptosis and viability determination. Western 
blot analysis was conducted to examine alterations in the expression of apoptosis-
related proteins (Bax, Bid, Bad, and Fas), DNA repair-associated proteins (Rad51 
and MDM2), and phosphatidylinositol 3-kinase/protein kinase B/mammalian 
target of the rapamycin (PI3K/AKT/mTOR) and p38-mitogen-activated protein 
kinase (MAPK) axis proteins. Additionally, the influence of deltonin on GC cell 
chemosensitivity to cisplatin was evaluated both in vitro and in vivo.
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RESULTS 
Deltonin treatment weakened viability, enhanced apoptosis, and dampened DNA repair in GC cell lines in a dose-
dependent pattern. Furthermore, deltonin mitigated PI3K, AKT, mTOR, and p38-MAPK phosphorylation. HS-173, 
an inhibitor of PI3K, attenuated GC cell viability and abolished deltonin inhibition of GC cell viability and 
PI3K/AKT/mTOR and p38-MAPK pathway activation. Deltonin also promoted the chemosensitivity of GC cells to 
cisplatin via repressing GC cell proliferation and growth and accelerating apoptosis.

CONCLUSION 
Deltonin can boost the chemosensitivity of GC cells to cisplatin via inactivating p38-MAPK and PI3K/AKT/mTOR 
signaling.

Key Words: Deltonin; Gastric carcinoma; Cisplatin; Apoptosis; Chemotherapy; Axis

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

Core Tip: Chemoradiotherapy is currently the mainstay of clinical treatment for advanced gastric carcinoma (GC). However, 
chemoradiotherapy is difficult to achieve the desired results due to the challenges of early diagnosis of GC and the character-
istics of distant metastasis and drug resistance. This study attempted to enhance the efficacy of GC clinical treatment from a 
pharmacological mechanism perspective.

Citation: Yang L, Liu YN, Gu Y, Guo Q. Deltonin enhances gastric carcinoma cell apoptosis and chemosensitivity to cisplatin via 
inhibiting PI3K/AKT/mTOR and MAPK signaling. World J Gastrointest Oncol 2023; 15(10): 1739-1755
URL: https://www.wjgnet.com/1948-5204/full/v15/i10/1739.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i10.1739

INTRODUCTION
Gastric carcinoma (GC) is a digestive tract malignancy prevalent worldwide, ranking second in cancer-related deaths[1]. 
Currently, it is still associated with a high incidence and mortality rate in developing countries[2]. There are several risk 
factors for GC, including diet patterns, smoking and drinking, family/genetic history, and Helicobacter pylori infection[3-
5]. At present, chemoradiotherapy is the main clinical treatment for advanced GC. However, owing to the challenges in 
the early diagnosis of GC and the features of distant metastasis and drug resistance in the advanced stage, it is difficult 
for radiotherapy to achieve the expected results[6]. This experiment attempted to enhance the efficacy of GC clinical 
treatment from the perspective of drug mechanism.

Deltonin, an active ingredient in traditional Chinese medicine, is derived from Dioscorea zingiberensis C.H. Wright, and 
shows anti-cancer effects on many malignancies like colon cancer and breast cancer[7]. For instance, deltonin activates 
autophagy through the protein kinase B/mammalian target of the rapamycin (AKT/mTOR) axis and prevents FaDu, a 
head and neck squamous cell carcinoma cell line, from proliferating through cell cycle arrest and apoptosis induction, 
thus boosting cell apoptosis[8]. Moreover, through reactive oxygen species (ROS)-mediated mitochondrial disorders and 
extracellular signal-regulated kinase/AKT axis, deltonin restrains human breast carcinoma cell proliferation and 
promotes cell apoptosis[9]. Although previous studies have demonstrated that deltonin functions in most cancers, there 
are few studies on its role in GC cells and the relevant mechanisms.

The phosphatidylinositol 3-kinase (PI3K)/AKT/mTOR signaling pathway is activated in multiple tumors and 
regulates various processes such as tumor cell growth, apoptosis, migration, invasiveness, autophagy, and survival[10]. 
Currently, this signaling pathway is deemed to be a crucial therapeutic target for tumors. Some studies have verified that 
apigenin inhibits the PI3K/AKT/mTOR axis to suppress liver cancer cell proliferation, thus eliciting autophagy in liver 
cancer cells and facilitating cell apoptosis[11]. Diallyl disulfide inhibits the PI3K/AKT/mTOR signaling pathway to elicit 
G2/M phase arrest of human osteosarcoma cells, as well as their apoptosis and autophagic death[12]. p38 mitogen-
activated protein kinases (p38-MAPK), as a type of serine/threonine MAPK, participate in the signaling cascades of 
cytokines and stress cell responses and influence the occurrence, metastasis, and drug resistance of tumor cells[13,14]. For 
instance, diosgenin suppresses ovarian cancer cell activity by modulating the PI3K/AKT/p38-MAPK axis-associated 
protein profiles[15]. Another example is inotilone, which inhibits lung carcinoma cell migration and invasiveness through 
the ROS-mediated PI3K/AKT/p38-MAPK axis[16]. Thus, both p38-MAPK and PI3K/AKT/mTOR signals play essential 
regulatory roles in multiple malignancies. Nevertheless, whether deltonin influences drug resistance and disease 
progression in GC via the two signaling pathways still needs further investigation.

This study aimed at investigating the underlying anti-tumor function of deltonin in GC cells. Our experiments revealed 
that deltonin boosted cell apoptosis and improved the chemosensitivity of GC cells to cisplatin. Furthermore, deltonin 
inhibited PI3K/AKT/mTOR and p38-MAPK signaling pathway activation. Thus, our work provides a new therapeutic 
avenue to explore novel drugs for patients with GC undergoing end-stage chemotherapy.
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MATERIALS AND METHODS
Cell culture
The culture medium of GC (AGS, HGC-27, and MKN-45) and human gastric epithelial (GES-1) cell lines, all from the 
Chinese Academy of Sciences, Shanghai, China, was RPMI1640 medium (Thermo Fisher Scientific, MA, United States) + 
1% penicillin/streptomycin (Thermo Fisher Scientific) + 10% fetal bovine serum (FBS; Invitrogen, CA, United States), and 
the culture condition was 37 °C and 5% CO2. Cells in logarithmic growth phase were trypsinized using 0.25% trypsin 
(Thermo Fisher HyClone, United States) and then harvested through centrifugation at 170 g for 5 min.

Cell treatment
The three GC cell lines were treated with cisplatin (Cat. No. 15663-27-1, Sigma-Aldrich, United States; 5 μg/mL)[17], 
deltonin (Cat. No. HYN2283, MedChemExpress; 0, 0.625, 1.25, 2.5, 5, 10, and 20 μM)[9,18], and/or HS-173 (a PI3K 
inhibitor; Cat. No. HY-15868, MedChemExpress; 1 μM)[19], or 740 Y-P (a PI3K activator; Cat. No. HY-P0175, Med-
ChemExpress; 20 μM)[20]. Thereafter, the cells were harvested in preparation for the following experiments.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay
The three GC cell lines in logarithmic growth phase were inoculated into 96-well plates (4 × 103 cells/well, 100 μL) and 
incubated for 24 h under conditions of 100% humidity, 37 °C, and 5% CO2 in air. They were then treated with cisplatin, 
deltonin, and/or the PI3K inhibitor HS-173; the control group was treated with phosphate buffered saline (PBS) of the 
same volume. Each group contained five replicates. Cells were immersed in 50 μL of 3-(4,5-dimethylthiazol-2-yl)-3,5-
diphenyltetrazolium bromide (MTT) (5 g/L) (Beyotime Biotechnology, Shanghai, China) after 24-h culture, and the 
supernatant was aspirated following 4-h incubation at 37 °C. The cells were treated with DMSO at 150 μL per well, and 
then placed on a plate shaker. Ultimately, a microplate reader was used to examine each well’s OD value at 450 nm at 24, 
48, and 72 h.

Western blot analysis
After cell treatment mentioned in section 2.2 and cultivation in 6-well plates, the cells were subjected to two PBS washes 
and 30 min of lysis in 200 μL RIPA (Beyotime Biotechnology, Shanghai, China). Thereafter, the lysates were collected for a 
15-min centrifugation at 14000 rpm to obtain total protein. Protein concentrations were measured using Bradford dye 
(Bio-Rad). Following 2 h of separation on a polyacrylamide gel by electrophoresis at a voltage maintained at 100 V, the 
protein samples were electroblotted onto polyvinylidene fluoride membranes (Millipore, Bedford, MA, United States). 
They were then blocked with 5% nonfat-dried milk for 1 h at room temperature (RT), followed by three 10-min Tris-
buffered saline with 0.1% Tween® 20 detergent (TBST) rinses and overnight incubation at 4 °C with primary antibodies at 
1:1000 dilution that were procured from Abcam (MA, United States): Anti-Bax (ab32503), anti-Bid (ab32060), anti-Bak 
(ab32371), anti-Fas (ab133619), anti-Rad51 (ab133534), anti-MDM2 (ab16895), anti-PI3K (ab32089), anti-mTOR (ab134903), 
anti-p-mTOR (ab137133), anti-p-PI3K (ab182651), anti-AKT (ab8805), anti-p-AKT (ab38449), anti-p38-MAPK (ab170099), 
anti-p-p38-MAPK (ab178867), and anti-β-actin (ab115777). Following TBST washes, the membranes were subjected to 1 h 
of RT incubation with horseradish peroxidase-labeled anti-rabbit secondary antibody (1:300 dilution). Thereafter, TBST 
was used to rinse the membranes again thrice (10-min rinses). Eventually, the membranes were imaged and the staining 
intensity was assessed using BeyoECL Plus (Beyotime Biotechnology, Shanghai, China) and ImageJ, respectively.

Flow cytometry
The human GC cell lines in logarithmic growth phase were harvested and prepared as single-cell suspensions for 
inoculation in a 25 cm2 culture flask. Following adherent culture overnight, the original medium was replaced with fresh 
medium containing 0.3% FBS for the experimental group and a comparable volume of PBS medium for the control group, 
followed by 24 h of incubation with 5% CO2 at 37 °C and cell supernatant collection. Thereafter, the cells were subjected to 
cold PBS flushing for 3 times, trypsinization using EDTA-free trypsin, and harvesting. Then, the cells were treated as 
instructed in the Annexin V-PI Apoptosis Detection Kit (Yeasen Biotech Co., Ltd.) protocol. Subsequently, flow cytometry 
was performed within 1 h for analyzing cell apoptosis.

In vivo experiments in nude mice
We acquired 12 female athymic BALB/c nude mice (6 wk old with a weight of 22-24 g) from Shandong University Experi-
mental Animal Center (Jinan, China) and reared them under normal specific pathogen-free conditions (24 °C, 12-h/12-h 
light/dark regime, and free access to food and water). Then, AGS cells were administered hypodermically at 2 × 106 
cells/0.1 mL PBS into mouse right back according to a previous study[21]. Seven days later, the animals were randomly 
distributed to one of the following groups: Sham (treated with normal saline via intraperitoneal injection), cisplatin (once 
every 3 d at 3 mg/kg, for 3 times)[22,23], deltonin (once every 3 d at 50 mg/kg, for 3 times)[8], and  cisplatin (once every 3 
d at 1.5 mg/kg, for 3 times) + deltonin (once every 3 d at 25 mg/kg, for 3 times). During the following 28 d after drug 
treatment, a caliper was used for measuring the tumor volume (0.5 × length × width2) weekly. Four weeks later, the nude 
mice were sacrificed using 30 mg/kg phenobarbital sodium, and the tumor was resected and weighed. The animal 
experiments were approved by the Ethics Review Committee of the Second Affiliated Hospital of Soochow University 
(approval No. SZSH-2020-042), and were implemented strictly following the Declaration of Helsinki and the Regulations 
of the People’s Republic of China on the Management of Laboratory Animals issued on October 31, 2017.
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Immunofluorescence assay
Tumor tissue specimens were treated with 4% paraformaldehyde and then paraffin-embedded. Tumor sections were 
prepared (4 μm in thickness), dewaxed using gradient alcohol, and rehydrated. Following RT sealing with bovine serum 
albumin (5%) for half an hour, the sections were incubated with anti-p-PI3K/AKT/mTOR/p38 MAPK antibodies 
(ab191606, ab131443, ab109268, and ab38238) at RT for 1 h. After washing with PBS, they were incubated with the Cy3- 
(ab98416) or fluorescein isothiocyanate-labelled goat anti-rabbit secondary antibody (ab6717) for 60 min at RT. All 
antibodies were procured from Abcam. Following nuclei labeling with 4',6-diamidino-2-phenylindole (Beyotime 
Technology, Shanghai, China), a confocal immunofluorescence microscope (Leica LSM 800, Wetzlar, Germany) was used 
to visualize the images.

Statistical analysis
SPSS16.0 from SPSS Inc. (Chicago, IL, United States) was used for performing all statistical analyses, and P < 0.05 
indicated statistical significance. Between-group differences were analyzed by unpaired, two-sided Student’s t-tests, and 
multi-group differences were determined by one-way ANOVA followed by Tukey’s post-hoc tests. All data are described 
as the mean ± SD.

RESULTS
Deltonin prevents GC cell proliferation and accelerates apoptosis
GES-1, AGS, HGC-27, and MKN-45 cells were all treated with 0-20 μM of deltonin for 24 h, after which their viability was 
examined using MTT assays. GC cell viability was observed to significantly decrease when the dose of deltonin exceeded 
2.5 μM, while only 20 μM of deltonin exerted an inhibitory effect on GES-1 viability (P < 0.05 vs control, Figure 1A). The 
IC50 values were gauged for AGS, HGC-27, and MKN-45 cells following treatment with deltonin at different concen-
trations; the IC50 values were 3.487, 2.343, and 2.78 for AGS, HGC-27, and MKN-45 cells, respectively (Figure 1B). The GC 
cells were treated with 2.5 μM deltonin and then subjected to the MTT assay to examine cell viability at different time 
points. Deltonin inhibited GC cell viability in a time-dependent manner (P < 0.05 vs control, Figure 1C). Flow cytometry 
analysis revealed that deltonin treatment promoted cell apoptosis (P < 0.05 vs control, Figure 1D). And as indicated by 
Western blot analysis, deltonin treatment enhanced the protein levels of pro-apoptotic markers Bax, Bak, Bid, and Fas but 
reduced those of Rad51 and MDM2, which are associated with DNA repair processes (P < 0.05 vs control, Figure 1E). 
Western blot assays also indicated that deltonin (2.5 μM) treatment markedly lowered PI3K/AKT/mTOR and p38-MAPK 
protein levels in GC cells (including AGS and HGC-27), with the expression gradually decreasing with time (0, 24, 48, and 
72 h) (P < 0.05 vs control, Figure 1F and G). Additionally, these proteins presented decreased expression in GC cells in a 
deltonin concentration-dependent manner (0, 2.5, 5, and 10 μM) (P < 0.05 vs control, Figure 1H and I). The above results 
demonstrated the ability of deltonin to exert an inhibitory effect on GC cell growth and enhance apoptosis while 
inactivating p38-MAPK and PI3K/AKT/mTOR axes in these cells.

Repressing PI3K/AKT/mTOR and p38-MAPK signaling suppresses deltonin-mediated anti-tumor effects
GC cells treated with deltonin (2.5 μM) and HS-173 (0.8 nM) showed remarkably lower viability compared to the control (
P < 0.05, Figure 2A and B). Nevertheless, deltonin + HS-173 exerted no additional influence on cell viability compared to 
the HS-173 alone group (P > 0.05, Figure 2A and B). The determination of apoptosis-related protein profiles also 
determined that deltonin and HS-173 individually increased the expression of Bax, Bak, Bid, and Fas, whereas co-
treatment with HS-173 and deltonin barely influenced their expression levels (P < 0.05, Figure 2C and D). Western blot 
analysis also showed that phosphorylated PI3K/AKT/mTOR and p38-MAPK protein levels were substantially reduced 
with deltonin or HS-173 treatment, whereas the administration of deltonin and HS-173 exerted no inhibitory effect on 
p38-MAPK and PI3K/AKT/mTOR axes (vs HS-173 group alone, P > 0.05, Figure 2E and F). Therefore, deltonin may 
repress GC cell viability by suppressing p38-MAPK and PI3K/AKT/mTOR signaling.

Impact of activating PI3K/AKT/mTOR and p38-MAPK signaling on deltonin-mediated effects
Next, we treated GC cells (AGS and HGC-27) with deltonin (2.5 μM) and the PI3K activator 740 Y-P (20 μM), and found 
that deltonin notably enhanced cell viability vs the control, wherein cell viability was inhibited by the addition of deltonin 
(P < 0.05, Figure 3A and B). Furthermore, Western blot analysis showed reduced expression of apoptosis-related proteins 
(Bax, Bak, Bid, and Fas) in the 740 Y-P group, while the deltonin + 740 Y-P group showed increased expression of these 
proteins in comparison to 740 Y-P alone treatment (P < 0.05, Figure 3C and D). Western blot analysis also indicated 
augmented PI3K, AKT, mTOR, and p38-MAPK phosphorylation in AGS and HGC-27 cells in the 740 Y-P group, whereas 
deltonin co-treatment suppressed such increased phosphorylation (P < 0.05 vs 740 Y-P group, Figure 3E and F). Together, 
these results suggest that activating PI3K/AKT/mTOR and p38-MAPK signaling may facilitate cell proliferation and 
weaken the anti-cancer effects of deltonin.

Deltonin enhances chemosensitivity of GC cells to cisplatin
AGS and HGC-27 cells were treated with 2.5 μM of deltonin or 5 μg/mL of cisplatin or cisplatin (2.5 μg/mL) + deltonin 
(1.25 μM). Treatment with cisplatin or deltonin considerably attenuated cell viability, whereas cisplatin + deltonin co-
treatment reduced cell viability compared to the cisplatin alone group (P < 0.05, Figure 4A and B). According to flow 
cytometry analysis, the apoptosis of cisplatin- or deltonin-treated cells was dramatically increased compared to the 
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Figure 1 Deltonin inhibits gastric carcinoma cell proliferation and expedites their apoptosis. A: Gastric carcinoma (GC) cell lines AGS, HGC-27, 
and MKN-45 were treated with deltonin (0 μM, 0.625 μM, 1.25 μM, 2.5 μM, 5 μM, 10 μM, and 20 μM) for 24 h. 3-(4,5-dimethylthiazol-2-yl)-3,5-diphenyltetrazolium 
bromide (MTT) assay was used to examine cell viability; B: IC50 values of AGS, HGC-27, and MKN-45 cells treated with deltonin of different concentrations; C: Flow 
cytometry analysis of apoptosis of AGS, HGC-27, and MKN-45 cells treated with 2.5 μM deltonin for 24 h; D: Western blot analysis of expression of apoptosis-
concerned proteins (Bax, Bak, Bid, and Fas) and DNA repair-associated proteins (Rad51 and MDM2) in GC cells; E: Western blot analysis of protein expression in 
AGS cells treated with 2.5 μM of deltonin for 0 h, 24 h, 48 h, and 72 h; F: Western blot analysis of protein expression in AGS cells treated with deltonin (0, 2.5, 5, and 
10 μM) for 24 h; G: Western blot analysis of  protein expression in HGC-27 cells treated with 2.5 μM of deltonin for 0 h, 24 h, 48 h, and 72 h; H: Western blot analysis 
of protein expression in HGC-27 cells treated with deltonin (0, 2.5, 5, and 10 μM) for 24 h; NS:  P > 0.05, aP < 0.05, bP < 0.01, cP < 0.001 vs control group. n = 3. NS: 
No significance; PI3K: Phosphatidylinositol 3-kinase; AKT: Protein kinase B; mTOR: Mammalian target of the rapamycin; p38-MAPK: p38-mitogen-activated protein 
kinase.

control (P < 0.05, Figure 4C and D), and it was further enhanced in the cisplatin + deltonin group (P < 0.05, Figure 4C and 
D, vs cisplatin group). Western blot analysis also showed elevated Bax and Bid and reduced Rad51 protein expression in 
cisplatin- or deltonin-treated cells vs the control. Moreover, Bax and Bid protein expression in the cisplatin + deltonin 
group was further increased, while Rad51 expression was considerably reduced in comparison to the expression levels in 
the cisplatin alone group (P < 0.05, Figure 4E and F). Based on the above findings, deltonin may exert a pro-apoptotic 
effect and promote the chemosensitivity of GC cells to cisplatin.

Deltonin increases chemosensitivity of GC cells to cisplatin in vivo through PI3K/AKT/mTOR and p38-MAPK signaling 
inhibition
To further verify the function and mechanism of deltonin in chemosensitivity of GC cells to cisplatin, we conducted in 
vivo experiments in nude mice. The tumor-bearing mice were intervened with saline, deltonin (50 mg/kg), cisplatin (3 
mg/kg), or deltonin (25 mg/kg) + cisplatin (1.5 mg/kg). Treatment with deltonin or cisplatin both reduced tumor volume 
and weight compared to the sham group (P < 0.05, Figure 5A-C), but failed to reduce mouse body weight (P > 0.05, 
Figure 5D). Interestingly, the joint application of deltonin + cisplatin further mitigated the mouse tumor volume and 
weight in comparison to cisplatin treatment alone (P < 0.01, Figure 5A-C), but barely altered the body weight (P > 0.05, 
Figure 5D). We then carried out immunofluorescence assays to determine PI3K/AKT/mTOR and p38-MAPK 
phosphorylation levels in the tumor tissues. Both deltonin and cisplatin reduced the levels of phosphorylated p38-MAPK 
and PI3K/AKT/mTOR, and their combination further reduced the levels compared to the cisplatin alone group 
(Figure 5E-H). These findings suggest that deltonin enhances chemosensitivity of GC cells to cisplatin by suppressing 
p38-MAPK and PI3K/AKT/mTOR signaling activation (Figure 6).

DISCUSSION
GC is a prevalent internal gastrointestinal malignancy with a high clinical fatality rate[24]. The current methods are 
ineffective for early GC diagnosis, owing to which GC is often diagnosed at the end stage when it is accompanied by 
distant metastasis and chemotherapy resistance. Moreover, surgical treatment and drug chemotherapy display poor 
efficacy[25]. Cisplatin is a frequently used chemotherapy drug for many malignant tumor diseases and is also extensively 
adopted in the context of GC[26,27]. Regarding the primary mechanism of cisplatin in cancer treatment, it triggers DNA 
damage in tumor cells. Unfortunately, cisplatin treatment can easily contribute to the drug resistance of tumor cells and 
influence the function of chemotherapy[28]. Hence, probing the drug action mechanisms in GC has great clinical implic-
ations for its treatment. Here, we discovered that deltonin hinders p38-MAPK and PI3K/AKT/mTOR signaling 
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Figure 2 Deltonin attenuates gastric carcinoma cell viability by dampening the phosphatidylinositol 3-kinase/protein kinase 
B/mammalian target of the rapamycin mitogen-activated protein kinase pathways. HGC-27 and AGS cells were treated with 2.5 μM of deltonin 
and/or 0.8 nM of HS-173 for 24 h. A and B: 3-(4,5-dimethylthiazol-2-yl)-3,5-diphenyltetrazolium bromide assay for cell viability examination; C and D: Western blot 
analysis of the profiles of apoptosis-correlated proteins; E and F: Western blot confirmation of the protein profiles of phosphatidylinositol 3-kinase/protein kinase 
B/mammalian target of the rapamycin p38-mitogen-activated protein kinase. bP < 0.01, cP < 0.001 vs control group; NS: P > 0.05 vs HS-173 group, n = 3. PI3K: 
Phosphatidylinositol 3-kinase; AKT: Protein kinase B; mTOR: Mammalian target of the rapamycin; p38-MAPK: p38-mitogen-activated protein kinase.

activation to boost GC cell apoptosis and promote their chemosensitivity to cisplatin.
Deltonin is known as an anti-tumor drug that curbs tumor cell angiogenesis to restrain tumor growth and facilitate 

apoptosis[29]. Deltonin inhibits AKT and p38-MAPK signaling pathway activation to further inhibit mouse colon cancer 
cell proliferation and bolster tumor cell apoptosis[18]. Furthermore, the intake of deltonin significantly suppresses colon 
cancer C26 cell proliferation in tumor-bearing mice, restricts tumor angiogenesis, and elicits cell apoptosis, thus 
prolonging the life cycle of the mice[30]. All the above studies confirm that deltonin enhances cancer cell apoptosis and 
represses cancer in a multitude of tumor diseases, which aligns with the observations in this study. Here, we 
demonstrated that deltonin considerably inhibits proliferation, boosts apoptosis, and dampens DNA repair in GC cells.

Chemotherapy is a prevailing method for GC, effectively extending patients’ life. Cisplatin is a typical drug used in GC 
chemotherapy. Nonetheless, GC resistance is a leading contributor to chemotherapy failure[31,32]. Many studies have 
evaluated drug resistance in GC, including the most complicated molecular and drug mechanisms[33]. For instance, ten-
eleven translocation-2 (TET2), a DNA demethylase, modulates interleukin (IL)-6 levels in the tumor microenvironment 
via histone acetylation, thus influencing cell resistance, and TET2 overexpression notably mitigates cisplatin resistance in 
GC cells[34]. Curcumin also augments the sensitivity of GC cells to adriamycin and other chemotherapy drugs by down-
regulating the nuclear factor-kappaB (NF-κB) axis in human GC SGC-7901 cells and a downstream anti-apoptotic target 
gene of NF-κB[35]. Most of the prior studies have investigated the tolerance of chemotherapeutic drugs in GC from the 
aspect of molecular and drug mechanisms. Here, we unveiled that deltonin efficaciously augmented the chemosensitivity 
of GC cells to cisplatin and thereby boosted the anti-tumor function of cisplatin via eliciting apoptosis and DNA damage.

PI3K/AKT/mTOR and p38-MAPK signals were initially considered as factors that could regulate inflammation and 
immune response and affect inflammatory reactions, cell proliferation, differentiation, apoptosis, and other cellular 
processes[36,37]. Recent evidence has also demonstrated the pro-oncogenic functions of p38-MAPK and PI3K/AKT/
mTOR in several tumors[38,39]. For instance, an in vitro experiment on GC cells has revealed that blocking PI3K/AKT/
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Figure 3 Influence of phosphatidylinositol 3-kinase/protein kinase B/mammalian target of the rapamycin p38-mitogen-activated protein 
kinase signaling pathway activation on the effects mediated by deltonin. HGC-27 and AGS cells were treated with 2.5 μM of deltonin and/or 20 μM of 
phosphatidylinositol 3-kinase activator 740 Y-P for 24 h. A and B: 3-(4,5-dimethylthiazol-2-yl)-3,5-diphenyltetrazolium bromide assay for cell viability; C and D: 
Western blot verification of the profiles of apoptosis-concerned proteins; E and F: Western blot determination of the protein profiles of phosphatidylinositol 3-
kinase/protein kinase B/mammalian target of the rapamycin and p38-mitogen-activated protein kinase. aP < 0.05, bP < 0.01, cP < 0.001 vs control group; dP < 0.05, eP 
< 0.01, fP < 0.001 vs 740 Y-P group, n = 3. PI3K: Phosphatidylinositol 3-kinase; AKT: Protein kinase B; mTOR: Mammalian target of the rapamycin; p38-MAPK: p38-
mitogen-activated protein kinase.

mTOR signaling activation augments the resistance of GC cells to paclitaxel and promotes their apoptosis[40]. Afatinib 
dampens p38-MAPK and PI3K/AKT/mTOR signaling activation, thereby eliciting GC cell apoptosis and bolstering their 
resistance to chemotherapy[41]. All these conclusions align with our current study findings. Here, we discovered that 
deltonin significantly hinders p38-MAPK and PI3K/AKT/mTOR signaling activation, thereby bolstering GC cell 
apoptosis and attenuating the resistance of GC cells to cisplatin.

CONCLUSION
In summary, through a series of experiments, we uncovered that treating GC cells (AGS, HGC-27, and MKN-45) with 
deltonin results in reduced proliferation ability and increased apoptosis rate; of these, HGC-27 cells exhibited the best 
proliferation capability and the lowest apoptosis rate. Therefore, we exploited AGS and HGC-27 cells for further 
experiments and analyses. Our experiments demonstrated the ability of deltonin to promote GC cell apoptosis and 
chemosensitivity to cisplatin by lowering PI3K/AKT/mTOR and p38-MAPK-associated protein levels, offering novel 
insights into the mechanism of drug action. Nevertheless, further investigations are required to understand how deltonin 
represses these two axes, and in vivo experiments should be conducted using both male and female nude mice and other 
GC cell lines.
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Figure 4 Deltonin enhances the chemosensitivity of gastric carcinoma cells to cisplatin. AGS and HGC-27 gastric carcinoma cells were treated with 
2.5 μM of deltonin or 5 μg/mL of cisplatin or deltonin (1.25 μM) plus cisplatin (2.5 μg/mL) for 24 h. A and B: 3-(4,5-dimethylthiazol-2-yl)-3,5-diphenyltetrazolium 
bromide assay for examination of cell viability; C and D: Flow cytometry analysis of cell apoptosis; E and F: Western blot analysis of expression of apoptosis-
correlated proteins (Bax and Bid) and the DNA repair-associated protein Rad51. aP < 0.05, bP < 0.01, cP < 0.001 vs control group; dP < 0.01, eP < 0.01, fP < 0.001 vs 
cisplatin group, n = 3. CDDP: Cisplatin.
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Figure 5 Deltonin augmentes the chemosensitivity to cisplatin in vivo by dampening the phosphatidylinositol 3-kinase/protein kinase 
B/mammalian target of the rapamycin and mitogen-activated protein kinase signaling pathways. Tumor-bearing mice were treated with saline, 
deltonin (50 mg/kg), and cisplatin (3 mg/kg) or deltonin (25 mg/kg) + cisplatin (1.5 mg/kg). A: The tumor volume was calculated during the 28 d; B and C: On the 28th 
d, the mice were sacrificed, the tumor images were taken, and the tumor weight was gauged; D: The body weight of the nude mice in different groups was figured out; 
E-H: Immunofluorescence measurement of the levels of phosphorylated phosphatidylinositol 3-kinase/protein kinase B/mammalian target of the rapamycin and p38-
mitogen-activated protein kinase in the tumor tissues. NS: P > 0.05, aP < 0.01 vs sham group, bP < 0.01 vs cisplatin group, n = 3. NS: No significance; PI3K: 
Phosphatidylinositol 3-kinase; AKT: Protein kinase B; mTOR: Mammalian target of the rapamycin; DAPI: 4’,6-diamidino-2-phenylindole; CDDP: Cisplatin.

Figure 6 Mechanism diagram. Deltonin bolsteres the apoptosis of gastric cancer cells and enhances their chemosensitivity to cisplatin via the 
phosphatidylinositol 3-kinase/protein kinase B/mammalian target of the rapamycin and mitogen-activated protein kinase signaling pathways. PI3K: 
Phosphatidylinositol 3-kinase; AKT: Protein kinase B; mTOR: Mammalian target of the rapamycin; p38-MAPK: p38-mitogen-activated protein kinase.
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ARTICLE HIGHLIGHTS
Research background
Despite being the main clinical treatment modality for advanced gastric cancer (GC), chemoradiotherapy is still difficult 
to achieve the expected effect due to the early diagnosis of GC and the characteristics of distant metastasis and drug 
resistance. Deltonin, an active ingredient in traditional Chinese medicine, shows anti-cancer effects on many 
malignancies.

Research motivation
This study attempted to optimize the treatment strategies for advanced GC and enhance the therapeutic effect on patients 
from a pharmacological mechanism perspective.

Research objectives
Here, we investigated the role and mechanism of action of deltonin in promoting GC cell apoptosis and chemosensitivity 
to cisplatin.

Research methods
In this study, gastric cancer cell lines (AGS, HGC-27, and MKN-45 cells) were treated with deltonin. Then, apoptosis was 
observed, and the expression of apoptosis-related proteins (Bax, Bid, Bad, and Fas), DNA repair-related proteins (Rad51 
and MDM2), and phosphatidylinositol 3-kinase/protein kinase B/mammalian target of the rapamycin (PI3K/AKT/
mTOR-MAPK) proteins was detected by Western blot analysis. In addition to this, the effect of deltonin on the 
chemosensitivity of GC cells to cisplatin was evaluated by in vivo and in vitro experiments

Research results
Treating GC cells (AGS, HGC-27, and MKN-45) with deltonin resulted in reduced proliferation ability and increased 
apoptosis rate; of these, HGC-27 cells exhibited the best proliferation capability and the lowest apoptosis rate. Our 
experiments demonstrated the ability of deltonin to promote GC cell apoptosis and chemosensitivity to cisplatin by 
lowering PI3K/AKT/mTOR and p38-MAPK-associated protein levels, offering novel insights into the mechanism of 
drug action.

Research conclusions
Deltonin enhances the chemosensitivity of GC cells to cisplatin by inhibiting the p38-MAPK and PI3K/AKT/mTOR 
signaling pathways.

Research perspectives
This study has verified that deltonin is able to regulate GC cell apoptosis as well as chemosensitivity to cisplatin through 
the PI3K/AKT/mTOR and p38-AMPK signaling pathways by in vivo and in vitro experiments. Such results provide a 
new direction for drug therapy of gastric cancer. However, the study of the regulatory role of the pathways in this study 
was limited and could not fully elucidate its mechanism of action. Therefore, further analysis as well as nude mouse 
experiments and more cellular experiments are needed to excavate the mechanism.
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Abstract
BACKGROUND 
Colon cancer remains a leading cause of death globally. Pomolic acid (PA) can be 
separated from the ethyl acetate fraction of achyrocline satureioides.

AIM 
To determine the effects of PA and its glucopyranose ester, pomolic acid-28-O-β-
D-glucopyranosyl ester (PAO), on colon cancer HT-29 cells.

METHODS 
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide assay was used to 
measure cell viability. Apoptosis was detected via hoechst 33342 staining. PI 
single staining was identified by flow cytometry to determine the cycle and 
scratch assay was used to observe the migration of HT-29 cells. The levels of 
mRNA and proteins were evaluated by q polymerase chain reaction and western 
blotting, respectively.

RESULTS 
PA and PAO considerably inhibited the growth of the HT-29 cell line in a time 
and dose-dependent manner. After the administration of PA and PAO for 24 and 
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48 h, cell apoptosis was significantly promoted and HT-29 cells were arrested in the G0/G1 stage. The Bax/Bcl2 
ratio was also increased, which activated cysteinyl aspartate specific proteinase 3, leading to apoptosis; it also 
increased the expression of light chain 3 II/I and Beclin1, which activated autophagy and caused cell death. This in 
turn increased the expression of p62 to promote cell apoptosis, inhibiting the levels of signal transducer and 
activator of transcription 3 (STAT3) and p-STAT3, suppressing the level of Bcl2, and promoting cell.

CONCLUSION 
Both PA and PAO provide novel therapeutic strategies for treating colorectal cancer.

Key Words: Colon cancer; Achyrocline satureioides; Pomolic acid; Pomolic acid-28-O-β-D-glucopyranose

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

Core Tip: Compounds pomolic acid (PA) and pomolic acid-28-O-β-D-glucopyranosyl ester (PAO) exhibited a considerable 
growth inhibitory effect against HT-29 cell lines in a time-dose-dependent manner. PA and PAO promote apoptosis through 
autophagy in HT-29 colon tumor cells. Both PA and PAO provide novel therapeutic strategy for colorectal cancers 
treatment.

Citation: Liu LY, Yu TH, Liao TS, Xu P, Wang Y, Shi M, Li B. Pomolic acid and its glucopyranose ester promote apoptosis through 
autophagy in HT-29 colon cancer cells. World J Gastrointest Oncol 2023; 15(10): 1756-1770
URL: https://www.wjgnet.com/1948-5204/full/v15/i10/1756.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i10.1756

INTRODUCTION
Colon cancer remains a leading cause of death globally[1], while colorectal cancer has become the third most common 
tumor with the highest incidence[2]. Surgical treatment is generally the best choice for early-stage colon cancer patients, 
but unfortunately many patients are diagnosed at an advanced stage. Surgery-based postoperative adjuvant 
chemotherapy is currently the most important method for treating colon cancer. However, resistance and toxicity of 
chemotherapy have severely hampered the implementation of chemotherapy regimens. There is thus a need for new 
therapeutic options for patients at an advanced stage of the disease, so the search for new drugs and targets has become a 
key component of efforts to treat colon cancer.

There are abundant active substances in nature, especially in plants of medicine food homology. Achyrocline 
satureioides is a plant from the achyrocline genus brassica, which is a medicinal herb widely used in Latin America for 
gastrointestinal diseases, bacterial infections, anti-inflammatory effects, pain relief, and for treating other diseases[3-7]. 
We previously isolated many compounds from the flowers of A. satureioides, including triterpenics, anthraquinones, and 
flavonoids. Research has shown that pomolic acid (PA) and its glucopyranose ester have effects against breast cancer[8-
10], prostate cancer[11], leukemia[12-15], and other malignant tumors. Because of its high safety, these agents have been 
increasingly used in the treatment of cancer. However, there has been little research on the use of PA and its 
glucopyranose ester in treating colon cancer, or on the mechanisms behind their effects. We thus investigated the 
influence of PA and its glucopyranose ester on colon cancer cells. In this study, PA and its glucopyranose ester showed 
good inhibitory effects on colon cancer cells and have potential as new drugs for future use in a clinical context.

MATERIALS AND METHODS
Materials and chemicals
PA was separated and purified from A. satureioides (purity > 98%). Pomolic acid-28-O-β-D-glucopyranosyl ester (PAO) 
was obtained from Chengdu Alpha Biological Co., Ltd. (cas: 83725-25-0), with purity exceeding 94%. Oxaliplatin was 
obtained from Hengrui Medicine (China). Annexin-V-fluorescein isothiocyanate and propidium iodide (BD Biosciences, 
Franklin Lake, NJ, United States), McCoys’ 5A (Modified; Gibco, United States), and [fetal bovine serum (FBS); EXCEll, 
China] were also obtained. Bcl2, anti-sequestosome-1 (p62), anti-light chain 3 (LC3) A/B, Bax, Beclin-1, anti-janus kinase 
(JAK), anti-p-signal transducer and activator of transcription 3 (STAT3), and anti-STAT3 antibodies were obtained from 
cell signaling technology (United States). Anti-β-actin was purchased Protech (China). 3-(4, 5-dimethylthiazol-2-yl)-2, 5-
diphenyl tetrazolium bromide (MTT) and dimethyl sulfoxide (DMSO) were obtained from Solarbio (China). The HT-29 
cell line was purchased from National Collection of Authenticated Cell Cultures. Finally, the laser confocal microscope 
leica DMI3000B was used (Leica, Germany).

https://www.wjgnet.com/1948-5204/full/v15/i10/1756.htm
https://dx.doi.org/10.4251/wjgo.v15.i10.1756
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Methods
Preparation of PA: A. Satureioides was identified by Professor Peng HS of Anhui University of Chinese Medicine. Nine 
kilograms of dried A. satureioides was pulverized mechanically and extracted five times with the amount of 95% ethanol. 
It was then heated and refluxed two times for 1 h each, and subsequently heated and refluxed three times with the 
amount of 50% ethanol two times for 1 h each. Then, the ethanol extracts were combined and concentrated under reduced 
pressure to give a brown solid material (1.6 kg), which was extracted using ethyl acetate. Next, this ethyl acetate fraction 
(950 g) was subjected to silica gel column chromatography (petroleum ether: Acetone 100: 0, 50: 1, 20: 1, 5: 1, and 0: 100) to 
obtain six fractions (Fr. 1-6). Among them, Fr. 2 (110 g) was eluted by silica gel column chromatography (petroleum ether: 
Acetone 50: 1–1: 50) to obtain 10 fractions. Among these, Fr. 2-10 were subjected to medium-pressure preparative chroma-
tography (methanol: Water 30: 70-100: 0) gradient elution to obtain five fractions. Fr. 2-10-3-5 was then subjected to gel 
column chromatography (CH2Cl2/MeOH gradient elution system), silica gel column chromatography (petroleum ether/
acetone gradient elution system), and preparative thin-layer chromatography (petroleum ether/acetone gradient elution 
system) to afford the compound PA (116.6 mg). The concentrations of PA and PAO in this study were determined based 
on previous publications[16,17] and our preliminary experiment.

Nuclear magnetic resonance (NMR) assay: DMSO-d6 was used to dissolve the compound PA. An NMR spectrometer 
(Bruker Corporation, Solna, Sweden) was used to record C-NMR (125 MHz) and H-NMR (500 MHz) spectra. All chemical 
shifts were reported in δ (ppm) relative to tetramethylsilane.

Cell culture and proliferation assay: Cells were cultured in McCoy’s 5A (modified) medium containing 50 U/mL 
penicillin, 50 mg/mL streptomycin, and 10% FBS under conditions of 5% CO2 at 37 ℃. The medium was replaced with 
serum-free medium 24 h before the different treatments.

The MTT method was used to detect cell proliferation. Cells (1 × 104) were seeded in a 96-well plate. After 12 h, the cells 
were treated with different concentrations of PA (5, 6.25, 7.5, 10, 12.5, 15, and 20 μg/mL equivalent to 10.59, 13.24, 15.89, 
21.18, 26.48, 31.77, and 42.36 μM, respectively) or PAO (10, 20, 40, 60, 80, and 100 μM, respectively) medium with 0.1% 
DMSO. After different durations of incubation (24, 48, and 72 h), MTT reagents were used to incubate cells for 3 h. Then, 
the OD value was detected with an enzyme-linked immunosorbent assay reader (Thermo Fisher Scientific, United States) 
at a wavelength of 490 nm. The IC50 values and inhibition rate were calculated.

Hoechst 33342 staining: Cells (2 × 103/well) were seeded in a 24-well plate and cell slides were added in per well. After 
being synchronized, the cells were treated with the medium or PA for 24 and 48 h. The cells were then washed in 
phosphate buffer saline (PBS) three times, while Hoechst 33342 (10 μg/mL) was added to each well for 30 min. The cell 
slides were taken out, placed on a glass slide, and observed under a laser scanning confocal microscope.

Acridine orange/ethidium bromide (AO/EB) double staining: Cells (2 × 103/well) were seeded in a 24-well plate and cell 
slides were added in per well. After being synchronized, the cells were treated with the medium or PA for 24 and 48 h. 
The cells were washed in PBS three times, while 10 μL of AO/EB solution was added for incubation (5 min). Then, the 
cell slides were taken out and observed under a confocal microscope.

Cell apoptosis analysis: Cells (4 × 105/well) were seeded in a six-well plate. After the administration of drugs for 24 and 
48 h, the cells were collected and washed with PBS three times. Annexin V-FITC and PI were used for staining, and the 
cells were analyzed with a FACS verse instrument (BD Biosciences, San Jose, CA, United States).

Cell cycle analysis: Cells (4 × 105/well) were seeded in a six-well plate. After the administration of drugs for 24 and 48 h, 
the cells were collected and washed with PBS three times. The cells were then fixed in ice-cold 70% ethanol overnight. 
They were then stained with 500 μL of a PI RNase solution for 15 min and analyzed by flow cytometry (FACS verse; BD 
Biosciences, United States). FlowJo version 10 software (BD Biosciences, United States) was used for cell phase analysis.

Scratch motility assay: Cells (4 × 105/well) were seeded in a six-well plate and cultured under conditions of 37 ℃ and 5% 
CO2. A 10 μL sterilized pipette tip was then used to scrape the cell monolayer. The particular drug was added in the form 
of serum-free medium containing different drug concentrations, while the vehicle group was treated with 0.1% DMSO 
serum-free medium. The distance of cell movement was measured every 24 h until 48 h. The migration area was 
measured by ImageJ[18].

Reverse-transcription and real-time polymerase chain reaction (RT-PCR): HT-29 cells were exposed to the drugs for 48 
h. TRIzol reagent was used for RNA extraction. Reverse-transcription PCR was performed using an RT-PCR Kit 
(TransGen Biotech, China). Real-time PCR was performed with TransStart® Top Green qPCR SuperMix (TransGen 
Biotech, China). The 2-ΔΔt method was used for gene expression analysis. The primers used are listed in Supple-
mentary Table 1.

Western blotting: After the administration of drugs for 24 and 48 h, cell lysates were collected. Protein samples (30 μg) 
were separated by 10% SDS-PAGE and transferred to PVDF membranes. These PVDF membranes were incubated with 
related primary antibodies overnight. These membranes were then incubated with secondary antibodies for 4 h. An 
enhanced chemiluminescence kit (Transgen, Beijing, China) was used to detect immunolabeling. Grayscale values were 
measured using ImageJ.

Statistical analysis: All data are presented here as mean ± SD from at least three independent experiments. In the figures, 
data representative of the experiments are presented. The statistical significance of differences was assessed by one-way 

https://f6publishing.blob.core.windows.net/f0a66d38-69fa-4c4d-be4e-8a487e583fba/WJGO-15-1756-supplementary-material.pdf
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analysis of variance. P < 0.05 was considered to reflect statistical significance.

RESULTS
PA and PAO suppressed HT-29 cell proliferation in vitro
To investigate the effects of PA and PAO on colon cancer cells, the MTT assay was performed. PA treatment at 6.25, 7.5, 
10, 12.5, 15, and 20 μg/mL exerted significant inhibitory effects. IC50 values for the treatments lasting 24, 48, and 72 h were 
9.7, 7.6, and 8.8 μg/mL, respectively (Figure 1A). Meanwhile, PAO treatments at 10, 20, 40, 60, 80, and 100 μM also 
exerted significant inhibitory effects in a concentration- and time-dependent manner (P < 0.05). Here the IC50 values for 
the treatments lasting 24, 48, and 72 h were 50.4 (79.4 μg/mL), 24.3 μM (38.3 μg/mL), and 11.96 μM (18.8 μg/mL), 
respectively (Figure 1B). Compared with that in the vehicle control group, the cell cycle distribution was changed and the 
cells were arrested at the G0/G1 phase in the groups treated with PA (Figure 1C and D) and PAO (Figure 1E and F) for 24 
(Figure 1C and E) and 48 h (Figure 1D and F).

PA and PAO can induce apoptosis of HT-29 cells
After drug administration for 24 or 48 h, the cells were stained with Hoechst 33342. In this approach, live cells with an 
intact cellular structure could be distinguished from dead cells with an incomplete structure in which the nucleus was 
stained. The drug-administered group, especially the high-dose group and the positive group, showed more dead cells, 
as indicated in Figure 2A and B. Morphologically, the live cells were normal, with the nucleus being uniformly 
fluorescent green, while the early apoptotic cells were condensed into a hanging bead, with a green or yellow-green color 
or fragmented coloration. The late apoptotic cells were orange in color and the chromatin was concentrated. Meanwhile, 
the necrotic cells were round or elliptical, in which the nucleus was dyed orange, and the sizes were relatively small. 
Among PA-treated cells, there were increases in apoptotic cells compared with the rate of 2.67% in control cells to 12.07%, 
14.14%, and 15.11% in groups treated with 7.5, 10, and 12.5 μg/mL for 24 h (Figure 2C) and from 4.36% to 7.02%-21.45% 
in groups treated with 7.5, 10, and 12.5 μg/mL for 48 h (Figure 2D). After PAO treatment, the apoptosis rate in the 80 μM 
and positive group was markedly higher than in the control group (Figure 2E).

PA and PAO reduced scratch healing
After the administration of drugs, the speed and extent of scratch healing in the drug group were lower than those in the 
vehicle group. A concentration of 12.5 μg/mL could significantly reduce the scratch healing rate (P < 0.05 and P < 0.001 at 
24 and 48 h, respectively) (Figure 3A). There was no significant difference at 24 h, but the PAO concentrations of 60 and 
80 μM significantly reduced the healing rate of scratches at 48 h (P < 0.05 and P < 0.0001, Figure 3B).

PA and PAO induced apoptosis via the autophagy pathway
To expand these findings, the mechanisms behind the anti-colon cancer effects of PA and PAO were explored further. 
More protein levels were determined. We found that the levels of Bax/Bcl2, cysteinyl aspartate specific proteinase 
(Caspase) 3, LC3II/I, Beclin1, and p62 proteins were markedly enhanced in HT-29 cells under PA or PAO treatment and 
the expression of JAK STAT3 or p-STAT3 was downregulated (Figure 4). Meanwhile, no effect on the expression of 
Beclin1 was noted in the PA or PAO group (Figure 5A). Notably, the mRNA expression of Caspase3 and LC3II/I was 
upregulated while p62 was downregulated after treatment with PA or PAO (Figure 5B-D). These results are basically 
consistent with the results of phenotypic research mentioned above.

DISCUSSION
Colon cancer has the highest morbidity and mortality among gastrointestinal tumors, making it a major threat to health 
and a particular focus for researchers[19]. Owing to the serious side effects of chemotherapy and the high cost of targeted 
drugs, patient compliance and overall survival are poor. Combination therapy with fluorouracil, oxaliplatin, and calcium 
folinate is a common method for treating colon cancer. However, severe side effects including gastrointestinal reactions, 
bone marrow suppression, liver damage, and individual differences in drug sensitivity limit its application[20]. Natural 
products with strong biological activity are optional drugs for clinical application. A. satureioides, an edible dual-use plant, 
has been used to cure a variety of diseases in Brazilian folk medicine. In this study, we searched for the active component, 
in the form of PA, from the plant for its anti-colon cancer effects, high safety, and strong medicinal properties. We also 
clarified its mechanism of action against colon cancer. PA has the particular advantage of having minimal side effects.

Our study showed that PA can inhibit HT-29 cell proliferation in a time- and dose-dependent manner and promote 
HT-29 cell apoptosis, as well as changing the distribution of HT-29 cells among the phases of the cell cycle. Specifically, 
HT-29 cells were arrested at the G0/G1 phase and their rate of migration was significantly reduced. The results also 
showed that, after the administration of PA or PAO, the levels of Bax/Bcl2, Caspase3, LC3II/I, Beclin1, and p62 in HT-29 
cells were markedly elevated.

In the process of tumor development, apoptosis is usually downregulated. Therefore, reduced apoptosis is considered 
to be a sign of cancer[21-24]. Members of the Bcl2 family play key roles in regulating cell apoptosis[25]. Bax and Bak 
(known as multi-domain pro-apoptotic proteins) can promote apoptosis by forming oligomers on the mitochondrial 
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Figure 1 The effects of pomolic acid and pomolic acid-28-O-β-D-glucopyranosyl ester on proliferation of colon cancer cells. A: The 
proliferation of HT-29 cells after treatment with different concentrations of pomolic acid (PA) for 24, 48, and 72 h; B: The proliferation of HT-29 cells after treatment 
with different concentrations of pomolic acid-28-O-β-D-glucopyranosyl ester (PAO) for 24, 48, and 72 h; C: The cell cycle distribution of HT-29 cells after treatment 
with different concentrations of PA for 24 h; D: The cell cycle distribution of HT-29 cells after treatment with different concentrations of PA for 48 h; E: The cell cycle 
distribution of HT-29 cells after treatment with different concentrations of PAO for 24 h; F: The cell cycle distribution of HT-29 cells after treatment with different 
concentrations of PAO for 48 h. aP < 0.05, bP < 0.01, cP < 0.001, dP < 0.0001.
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Figure 2 Apoptosis of HT-29 cells after drug administration. A: HT-29 cells were stained with Hoechst 33342 and observed under an inverted 
fluorescence microscope (40 ×); B: HT-29 cells were stained with Hoechst 33342 and observed under an inverted fluorescence microscope (400 ×); C: Apoptosis of 
cells after treated with pomolic acid (PA) for 24 h; D: Apoptosis of cells after treated with PA for 48 h; E: Apoptosis of cells after treated with pomolic acid-28-O-β-D-
glucopyranosyl ester for 48 h. bP < 0.01, dP < 0.0001.

Figure 3 Effects of pomolic acid and pomolic acid-28-O-β-D-glucopyranosyl ester on scratch assay in HT-29 cells. A: The speed and extent of 
scratch healing of cells after treated with different concentration of pomolic acid; B: The speed and extent of scratch healing of cells after treated with different 
concentration of pomolic acid-28-O-β-D-glucopyranosyl ester. aP < 0.05, bP < 0.01, cP < 0.001, dP < 0.0001.
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Figure 4 Effects of pomolic acid and pomolic acid-28-O-β-D-glucopyranosyl ester on the relative expression of proteins. A and B: The 
expression of apoptosis related protein in HT-29 cells treated with pomolic acid (PA) for 24 h and 48 h; C and D: The expression of autophagy related protein in HT-
29 cells treated with PA for 24 h and 48 h; E and F: The expression of signal transducer and activator of transcription 3 (STAT3) and janus kinase (JAK) protein in 
HT-29 cells treated with PA for 24 h and 48 h; G and H: The expression of apoptosis related protein in HT-29 cells treated with pomolic acid-28-O-β-D-glucopyranosyl 
ester (PAO) for 24 h and 48 h; I and J: The expression of p62 protein in HT-29 cells treated with PAO for 24 h and 48 h; K: The expression of STAT3 and JAK1 
protein in HT-29 cells treated with PAO for 24h; L: The expression of STAT3 protein in HT-29 cells treated with PAO for 48 h. Caspase: Cysteinyl aspartate specific 
proteinase; LC3: Light chain 3; STAT3: Signal transducer and activator of transcription 3; JAK: Janus kinase.
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Figure 5 Effects of pomolic acid and pomolic acid-28-O-β-D-glucopyranosyl ester on the mRNA expression of Beclin1, cysteinyl 
aspartate specific proteinase 3, p62, and light chain 3A/B. A: mRNA expression of Beclin1; B: mRNA expression of cysteinyl aspartate specific proteinase 
3; C: mRNA expression of light chain 3A/B; D: mRNA expression of p62. aP < 0.05, bP < 0.01, dP < 0.0001. PA: Pomolic acid; PAO: Pomolic acid-28-O-β-D-
glucopyranosyl ester; Caspase 3: Cysteinyl aspartate specific proteinase 3; LC3: Light chain 3.

membrane. There, they directly induce apoptosis after receiving the death signal, resulting in the release of cytochrome c, 
and apoptotic protease activator-activating factor 1 and Caspase activation[26]. Our research has shown that PA and PAO 
can significantly reduce the Bcl2/Bax ratio, which is basically consistent with the findings in the above literature.

In cancer, autophagy plays two roles of restricting the occurrence of tumors in the early stage but also promoting 
tumor development in cancers that have already become established. When autophagy is activated, LC3 is catalyzed and 
cleaved by the corresponding protease, so that the C-terminal glycine residue of LC3 is exposed to form LC3I, which is 
then processed by ubiquitination. This in turn upregulates autophagy. Beclin1 is a homolog of mammalian ATG6, which 
is encoded by the only confirmed mammalian “autophagy gene”. It is an executor of autophagy and plays an important 
role in autophagy. It has been reported that Beclin1 monoallelic deletion can promote cancer development and 
progression[27]. Beclin1 can form a complex with type III phosphatidylinositol-3 kinase, which can recruit autophagy-
related protein LC3 to regulate the maturation and formation of autophagosomes, leading to autophagy. Defects in 
autophagy can lead to the accumulation of p62, which is an autophagy substrate protein and also a ubiquitin-binding 
protein. The sustained expression of p62 can change the regulatory expression of NF-κB and promote tumorigenesis[28-
30]. The involvement of Bcl2 in the process of autophagy is mainly related to Beclin 1, which binds to and is inhibited by 
Bcl-2 or the Bcl-2 homolog Bcl-XL under physiological conditions. Our study showed that PA significantly increased the 
LC3II/I ratio and upregulated Beclin1. Interestingly, our experimental results revealed that PA can increase the level of 
p62 protein after PA administration for 24 and 48 h, but the positive drugs showed a decrease. This might be linked to the 
fact that, in addition to acting as a marker of autophagy activation, p62 can also serve as an important bridge for 
Caspase8-dependent cell activation, promoting the accumulation of Caspase8 and leading to apoptosis[31,32]. Our study 
showed that, after PA or PAO treatment, the level of Bcl2 decreased while the level of Beclin1 increased, which may have 
resulted in autophagy activation.

CONCLUSION
PA can promote the apoptosis of colon cancer cells, possibly through upregulating the expression of LC3II/I and Beclin1 
and then activating autophagy, while upregulating the expression of p62, Bax/Bcl2, and Caspase3. These results indicate 
the PA is a potential anticancer agent.
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ARTICLE HIGHLIGHTS
Research background
Colon cancer remains as a high death leading cause in the world. Pomolic acid (PA) is separated from the ethyl acetate 
fraction of achyrocline satureioides.

Research motivation
We want to explore a novel, safe, effective agent for the treatment of colon cancer.

Research objectives
We aimed to examine the effects of PA and its glucopyranose ester, pomolic acid-28-O-β-D-glucopyranosyl ester (PAO) 
on colon cancer HT-29 cells.

Research methods
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide assay was used to measure cell viability. Apoptosis was 
detected via Hoechst 33342 Staining. PI single staining by flow cytometry was determine the cycle and scratch assay was 
used to observe the migration of HT-29 cells. The levels of mRNA and proteins were evaluated with the q-polymerase 
chain reaction and western blot assay, respectively.

Research results
Compounds PA and PAO exhibited a considerable growth inhibitory effect against HT-29 cell lines in a time-dose-
dependent manner. After administration of drugs for 24h and 48h, it showed that PA and PAO could significantly 
promote the cell apoptosis, and arrested HT-29 cells at G0/G1 stage; the ratio of Bax/Bcl2 was increased and activated the 
cysteinyl aspartate specific proteinase 3 which leading to an apoptosis, and the expression of anti-light chain 3 II/I and 
Beclin1 activate autophagy and cause cell death, increasing the expression of p62 promotes a cell apoptosis, inhibiting the 
level of signal transducer and activator of transcription 3 (STAT3) and p-STAT3 can suppress the level of Bcl2 and 
promote cell.

Research conclusions
Both PA and PAO provide novel therapeutic strategy for colorectal cancers treatment.

Research perspectives
The inhibitions of colon cancer by PA and PAO were validated with HT-29 cells.
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Abstract
BACKGROUND 
Modified albumin-bilirubin (mALBI) grade has been established as a survival 
determinant in hepatocellular carcinoma (HCC) patients who receive locoregional 
and targeted therapies.

AIM 
To investigate whether mALBI could predict survival in unresectable HCC 
(uHCC) patients who were treated with atezolizumab plus bevacizumab (AB).

METHODS 
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A single-center, retrospective cohort study enrolled uHCC patients who received AB treatment between September 
2020 and April 2023 and were followed up until June 2023. An association between mALBI and patient survival 
was determined using Cox proportional hazards analysis.

RESULTS 
Of the 83 patients, 67 patients (80.7%) were male with the mean age of 60.6 years. Among them, 22 patients (26.5%) 
were classified as Barcelona Clinic Liver Cancer B, and 61 patients (73.5%) were classified as Barcelona Clinic Liver 
Cancer C. Cirrhosis was present in 76 patients (91.6%), with 58 patients classified as Child-Turcotte-Pugh (CTP) A 
and 18 as CTP B. The median overall survival (OS) and progression-free survival were 13.0 mo [95% confidence 
interval (CI): 5.2-20.8] and 9.0 mo (95%CI: 5.0-13.0), respectively. The patients were divided into two groups based 
on mALBI grades: 42 patients (50.6%) in the mALBI 1 + 2a group; and 41 patients (49.4%) in the mALBI 2b + 3 
group. During the median follow-up period of 7.0 mo, the mALBI 1 + 2a group exhibited significantly better 
survival compared to the mALBI 2b + 3 group, with a median OS that was not reached vs 3.0 mo (95%CI: 0.1-6.0, P 
< 0.001). In a subgroup of patients with CTP A, the mALBI 1 + 2a group also showed significantly longer survival 
compared to the mALBI 2b + 3 group, with a median OS that was not reached vs 6.0 mo (95%CI: 3.4-8.6, P < 0.001). 
In the multivariate analysis, both CTP class and mALBI grade were independently associated with survival, with 
adjusted hazard ratios (95%CI) of 2.63 (1.19-5.78, P = 0.020) and 3.90 (1.71-8.90, P = 0.001), respectively.

CONCLUSION 
mALBI grades can determine survival of uHCC patients receiving AB treatment, particularly those who have 
mildly impaired liver function. This highlights the importance of assessing mALBI before initiating AB treatment 
to optimize therapeutic efficacy in clinical practice.

Key Words: Unresectable hepatocellular carcinoma; Atezolizumab plus bevacizumab; Modified albumin-bilirubin grade; 
Immunotherapy; Liver function
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Core Tip: The modified albumin-bilirubin (mALBI) grade has been shown to determine survival in hepatocellular carcinoma 
patients receiving locoregional and targeted therapies. This study demonstrated that mALBI can also predict survival in 
unresectable hepatocellular carcinoma patients receiving atezolizumab plus bevacizumab. To improve the therapeutic 
outcome of atezolizumab plus bevacizumab treatment in clinical practice, mALBI assessment before initiating treatment can 
help in identifying suitable candidates for immunotherapy.
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INTRODUCTION
Hepatocellular carcinoma (HCC) represents a growing global health concern due to its increasing incidence and poor 
prognosis[1]. The survival of HCC patients is primarily influenced by tumor burden, liver functional reserve, and patient 
performance status[2]. The Child-Turcotte-Pugh (CTP) score has long been utilized to assess liver functional reserve in 
patients with cirrhosis. The score was initially designed to evaluate the prognosis of patients with cirrhosis undergoing 
shunt surgery for variceal bleeding[3]. It has several limitations including the subjectivity of certain parameters, such as 
grade of ascites and encephalopathy, which reduce its accuracy. Additionally, the CTP score is incapable of distin-
guishing between CTP class C patients with higher serum bilirubin levels and more severe coagulopathy from those with 
lower bilirubin levels and less severe coagulopathy. Notably, some HCC patients do not have cirrhosis, and therefore the 
CTP score may not accurately reflect their liver functional reserve.

To address the limitations of the CTP classification, the albumin-bilirubin (ALBI) grade was developed to specifically 
evaluate the liver functional reserve of HCC patients. The ALBI grade is calculated using albumin and bilirubin levels, 
making it more objective than the CTP classification. Overall, the ALBI grade has performed similarly to CTP classi-
fication in predicting the survival of HCC patients treated with various modalities, including resection, transplantation, 
radiofrequency ablation, microwave ablation, transarterial chemoembolization (TACE), transarterial radioembolization, 
external beam radiotherapy (EBRT), and targeted therapy[4,5]. Moreover, the ALBI grade has outperformed the CTP class 
since it can differentiate between patients with good and poor prognoses within the same CTP class. For instance, when 
CTP A patients were separated into two groups based on ALBI grade, there was a 10-mo difference in survival between 
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those with ALBI grade 1 and those with ALBI grade 2[4].
Although ALBI has been proposed as an index for evaluating liver functional reserve and prognosis in HCC patients

[2], its performance remains suboptimal. Despite the greater granularity of the ALBI compared to the CTP score, the 
distribution of HCC patients across the ALBI grades remains uneven, with 52%-65% of patients classified as ALBI grade 2 
and very few classified as ALBI grade 3[4]. Accordingly, some ALBI grade 2 patients had survival comparable to ALBI 
grade 1 patients, while others had survival similar to ALBI grade 3 patients. To overcome the limitation of the original 
ALBI score, a modified ALBI (mALBI) grading system was recently developed. The mALBI score showed better 
predictive performance than the original ALBI grade in assessing liver functional reserve and predicting prognosis in 
HCC patients. The mALBI score divides the ALBI grade 2 into 2a and 2b, resulting in a more balanced distribution of 
patients across all grades and better performance in stratifying patients into different groups with different outcomes[6]. 
The mALBI score also demonstrated superior stratification performance than the original ALBI score in patients treated 
with resection, radiofrequency ablation, microwave ablation, TACE, and targeted therapy[7].

The current first-line treatment for unresectable HCC (uHCC) is atezolizumab plus bevacizumab (AB)[2], which has 
demonstrated a significant prolongation of overall survival (OS) and progression-free survival (PFS)[8]. However, few 
studies have explored the relationship between mALBI grade and prognosis in uHCC patients treated with AB[9,10]. 
Previous research has suggested that patients with mALBI 1 or 2a experienced significantly longer PFS and a higher 
objective response rate (ORR) than those with mALBI 2b or 3[10]. Nonetheless, the predictive value of mALBI grade for 
predicting outcomes of HCC patients receiving AB treatment has yet to be fully investigated. In this study, we aimed to 
investigate the association between mALBI grade and survival in uHCC patients treated with AB as the first-line, second-
line, or subsequent line of treatment after locoregional and systemic therapies.

MATERIALS AND METHODS
Patient enrollment
A single-center, retrospective cohort study was conducted at the King Chulalongkorn Memorial Hospital in Bangkok, 
Thailand. Patients were enrolled between September 2020 and April 2023. The inclusion criteria were patients aged ≥ 18 
years who received AB and were diagnosed with HCC by either pathologically or typical radiologically via contrast-
enhanced magnetic resonance imaging or dynamic computed tomography[11]. The exclusion criteria were patients with 
other malignancies and mixed hepatocholangiocarcinoma (Figure 1).

Patient baseline characteristics were collected including performance status, tumor burden, underlying chronic liver 
disease, presence of cirrhosis, liver functional reserve, and alpha fetoprotein level. Patient performance status was 
evaluated using the Eastern Cooperative Oncology Group Performance Status (ECOG-PS) score[12]. The ECOG-PS scores 
were defined as follows: 0 (fully active); 1 (restricted in physically strenuous activity but able to perform light work); 2 
(unable to perform any work activities > 50% of waking hours); 3 (confined to bed or chair > 50% of waking hours); and 4 
(totally confined to bed).

Tumor burden was assessed using the 2022 Barcelona Clinic Liver Cancer (BCLC) staging system[2], which classified 
HCC into 5 stages as BCLC stage 0 (very early stage) for solitary nodule ≤ 2 cm, BCLC stage A (early stage) for multifocal 
HCCs up to three nodules with size ≤ 3 cm, BCLC stage B (intermediate stage) for multifocal HCCs exceeding the stage A 
criteria, BCLC stage C (advanced stage) for the presence of vascular invasion or extrahepatic spread, and BCLC stage D 
(end stage) for patients with ECOG-PS > 2 and/or impaired liver function who are not transplant candidates. Tumor size 
was determined by measuring the maximum diameter of the largest intrahepatic lesion.

The liver functional reserve was evaluated using several measures, including the CTP score, ALBI, and mALBI grades. 
The ALBI and mALBI grades were calculated using the following equation: (log10 bilirubin in µmol/L  0.66) + [albumin in 
g/L  (-0.085)]. The cutoff points for ALBI grades 1, 2, and 3 were ≤ -2.60, > -2.60 to ≤ -1.39, and >-1.39, respectively. For 
mALBI grades, the cutoff points were ≤ -2.60, > -2.60 to ≤ -2.27, and > -2.27 to ≤ -1.39, and > -1.39 for grades 1, 2a, 2b, and 
3, respectively[4,7].

All patients received 1200 mg of atezolizumab and 15 mg/kg of bevacizumab intravenously every 3 wk. The adminis-
tration of AB was discontinued when the disease progressed by radiologic evidence or by the patient’s preference. If any 
adverse events grade 3 or 4 occurred as defined by the Common Terminology Criteria for Adverse Events version 5.0, AB 
was temporarily withheld and resumed when the adverse event improved to a milder grade.

The response to AB treatment was evaluated every three cycles using dynamic computed tomography or magnetic 
resonance imaging and classified according to the Modified Response Evaluation Criteria in Solid Tumors. A complete 
response was defined as the absence of intratumoral arterial enhancement in all lesions, while a partial response was 
defined as at least a 30% decrease in the sum of diameters of viable lesions. Progressive disease was defined as at least 
20% increase in the sum of the diameters of viable lesions, while stable disease was defined as not in the criteria of either 
partial response or progressive disease[13]. Regardless of AB treatment, all patients received optimal treatment decided 
by a multidisciplinary team including hepatologists, surgeons, interventionists, and oncologists. All patients were 
followed for disease progression and OS.

Statistical analysis
Continuous variables with normal distribution were presented as mean and standard deviation, while variables with 
non-normal distribution were presented as median and interquartile range (IQR). They were compared using 
independent t tests or the Mann–Whitney U, as appropriate. Categorical variables were presented as numbers and 
percentages and compared using Fisher’s exact test or χ2 test, as appropriate. Patients were divided into two groups based 
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Figure 1 Flow diagram of patient enrollment. BCLC: Barcelona Clinic Liver Cancer; CCA: Cholangiocarcinoma; HCC: Hepatocellular carcinoma; mALBI: 
Modified albumin-bilirubin.

on their mALBI grades: group 1 (mALBI grades 1 and 2a) and group 2 (mALBI grades 2b and 3). The patient’s survival 
was calculated from the enrollment date until death or the last follow-up date, which was on June 8, 2023. OS and PFS 
were estimated using the Kaplan-Meier survival method and compared using the log-rank test. An association between 
mALBI and patient survival was determined using Cox proportional hazards analysis. Other factors associated with 
patient survival were also determined using the univariate Cox proportional hazards model. Age, sex, and other factors 
with a P value of < 0.05 in the univariate model were included in the multivariate model. A P value of < 0.05 was 
considered statistically significant. Statistical analyses were performed using the SPSS package version 22.0.0 (SPSS Inc., 
Chicago, IL, United States). The study protocol was approved by the Institutional Review Board of the Faculty of 
Medicine, Chulalongkorn University (IRB No.892/63), and was in accordance with the Helsinki Declaration of 1983.

RESULTS
Patient characteristics
A total of 91 patients received AB in our hospital. Of those, 83 patients were uHCC and included in the study. Eight 
patients were excluded due to other cancer diagnoses (three hepatocholangiocarcinomas, two cholangiocarcinomas, and 
three lung cancers). Among the 83 uHCC patients, 67 patients (80.7%) were male with a mean age of 60.6 ± 12.8 years. 
Baseline characteristics of the entire cohort are displayed in Table 1. Chronic liver disease was primarily caused by viral 
hepatitis B/C infection (53 patients, 63.9%), followed by nonalcoholic steatohepatitis (23, 27.7%), alcohol liver disease (7, 
8.4%), and autoimmune hepatitis (1, 1.2%). Cirrhosis was present in 76 patients (91.6%), with 58 patients (69.9%) classified 
as CTP class A and 18 patients (21.7%) classified as CTP class B. The baseline median alpha fetoprotein level in the entire 
cohort was 339.0 ng/mL (IQR 10.7, 6300.0).

At the time of AB initiation, 22 patients (26.5%) were classified as BCLC stage B with extensive tumor involvement, 
while 61 patients (73.5%) were classified as BCLC stage C. Among them, 30 patients (36.1%) had portal vein invasion, and 
40 patients (48.2%) had extrahepatic metastasis. AB was utilized as first-line therapy in 20 patients (24.1%), with 17 
patients (20.5%) receiving AB monotherapy and 3 patients (3.6%) receiving AB in combination with EBRT. Sixty-three 
patients (75.9%) received AB as a second or subsequent line of treatment. Among them, 62 patients (74.7%) had received 
prior locoregional treatment (48 TACE, 22 resections, 19 EBRT, 17 ablations, and 9 transarterial radioembolization), and 
10 patients (12.0%) had received prior systemic therapies (5 sorafenib, 4 lenvatinib, and 2 had at least two systemic 
therapy regimens).

Regarding the mALBI classification, there were 23 patients (27.7%), 19 patients (22.9%), 32 patients (38.9%), and 9 
patients (10.8%) classified as grade 1, 2a, 2b, and 3, respectively. This distribution resulted in 42 patients (50.6%) being 
categorized to group 1 (mALBI 1 + 2a), and 41 patients (49.4%) being categorized to group 2 (mALBI 2b + 3).

Regarding liver functional reserve, patients in group 1 with a lower mALBI grade showed a significantly higher 
percentage of CTP A compared to those in group 2 with a higher mALBI grade [35 patients (83.3%) vs 23 patients (56.1%), 
P < 0.001]. As for tumor burden, patients in group 1 had a higher percentage of BCLC C compared to those in group 2 [36 
patients (85.7%) vs 25 patients (61.0%), P = 0.010]. When considering patients with BCLC C, there was no significant 
difference in the number of patients with macrovascular invasion between the two groups [15 patients (35.7%) vs 15 
patients (36.6%), P = 0.930]. We did find a significantly higher number of patients with extrahepatic metastasis in group 1 
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Table 1 Baseline characteristics of the unresectable hepatocellular carcinoma patients who received atezolizumab plus bevacizumab 
therapy, n (%)

Variables Total, n = 83 mALBI 1+2a, n = 42 mALBI 2b+3, n = 41 P value

Age in yr, mean ± SD 60.6 ± 12.8 59.8 ± 14.0 61.5 ± 11.5 0.560

Male 67 (80.7) 34 (81.0) 33 (80.5) 0.960

ECOG-PS

    0 78 (94.0) 40 (95.2) 38 (92.7)

    1 5 (6.0) 2 (4.8) 3 (7.3)

0.680

Presence of cirrhosis 76 (91.6) 35 (83.3) 41 (100)

    CTP A 58 (69.9) 35 (83.3) 23 (56.1)

    CTP B 18 (21.7) 0 (0) 18 (43.9)

< 0.001

Etiology of disease

    Viral hepatitis 53 (63.9) 27 (64.3) 26 (63.4) 0.930

    NASH 23 (27.7) 11 (26.2) 12 (29.3) 0.750

    Alcohol related 7 (8.4) 1 (2.4) 6 (14.6) 0.060

    Others 1 (1.2) 1 (2.4) 0 (0) 1.000

BCLC staging

    BCLC B 22 (26.5) 6 (14.3) 16 (39.0)

    BCLC C 61 (73.5) 36 (85.7) 25 (61.0)

0.010

    Macrovascular invasion 30 (36.1) 15 (35.7) 15 (36.6) 0.930

    Extrahepatic metastasis 40 (48.2) 25 (59.5) 15 (36.6) 0.040

AFP in ng/mL, median (IQR) 339.0 (10.7, 6300.0) 581.5 (11.5, 6869.5) 339.0 (10.5, 9144.5) 0.880

Tumor size in cm, median (IQR) 5.3 (1.7, 12.0) 4.8 (1.7, 11.0) 5.6 (1.7, 14.3) 0.730

Portal vein invasion grade of 2/3/4 8 (26.7)/13 (43.3)/9 (30.0) 4 (26.7)/7 (46.7)/4 (26.7) 4 (26.7)/6 (40.0)/5 (33.3) 1.000

EHM bone/lymph node/lung/peritoneum 11 (27.5)/14 (35.0)/21 
(52.5)/9 (22.5)

8 (32.0)/7 (28.0)/13 
(52.0)/3 (12.0)

3 (20.0)/7 (46.7)/8 
(53.3)/6 (40.0)

0.350

ALBI score, median (IQR) -2.270 (-2.628 to -1.826) -2.622 (-2.836 to -2.398) -1.826 (-2.067 to -1.434) < 0.001

mALBI grade

    1: ≤ -2.60 23 (27.7) 23 (54.8) 0 (0)

    2a: > -2.60 to ≤ -2.27 19 (22.9) 19 (45.2) 0 (0)

    2b: > -2.27 to ≤ -1.39 32 (38.6) 0 (0) 32 (78.0)

    3: > -1.39 9 (10.8) 0 (0) 9 (22.0)

< 0.001

Prior local therapy for HCC 62 (74.7) 33 (78.6) 29 (70.7) 0.410

    Resection 22 (35.5) 17 (51.5) 5 (17.2) 0.005

    Ablation 17 (27.4) 9 (27.3) 8 (27.6) 0.980

    TACE 48 (77.4) 23 (69.7) 25 (86.2) 0.120

    TARE 9 (14.5) 5 (15.2) 4 (13.8) 1.000

    EBRT 19 (30.6) 11 (33.3) 8 (27.6) 0.620

Prior systemic therapy for HCC 10 (12.0) 4 (9.5) 6 (14.6) 0.460

    Sorafenib 5 (50.0) 1 (25.0) 4 (66.7) 0.530

    Lenvatinib 4 (40.0) 2 (50.0) 2 (33.3) 1.000

    > 2 lines of systemic therapy 2 (20.0) 1 (25.0) 1 (16.7) 1.000

AB as first-line treatment 20 (24.1) 9 (21.4) 11 (26.8) 0.570
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Combination of AB and other local therapy as 
first-line treatment

3 (3.6) 3 (7.1) 0 (0) 0.240

Resection/TACE/TARE/EBRT 0 (0)/0 (0)/0 (0)/3 (100) 0 (0)/0 (0)/0 (0)/3 (100.0) 0 (0)/0 (0)/0 (0)/0 (0) 0.240

Number of AB cycle, median (IQR) 4.0 (2.0, 9.0) 5.0 (4.0, 11.3) 3.0 (1.0, 4.5) < 0.001

AB: Atezolizumab plus bevacizumab; AFP: Alpha fetoprotein; ALBI: Albumin-bilirubin; BCLC: Barcelona Clinic Liver Cancer; CTP: Child-Turcotte-Pugh; 
EBRT: External beam radiotherapy; ECOG-PS: Eastern Cooperative Oncology Group Performance Status; EHM: Extrahepatic metastasis; HCC: 
Hepatocellular carcinoma; IQR: Interquartile range; mALBI: Modified albumin-bilirubin; NASH: Nonalcoholic steatohepatitis; SD: Standard deviation; 
TACE: Transarterial chemoembolization; TARE: Transarterial radioembolization.

compared to group 2 [25 patients (59.5%) vs 15 patients (36.6%), P = 0.040] (Table 1).

Treatment outcomes
During the median follow-up period of 7 mo (range 0.75-30.0 mo), 39 patients (47.0%) had died. The median OS and PFS 
were 13.0 mo [95% confidence interval (CI): 5.2-20.8] and 9.0 mo (95%CI: 5.0-13.0), respectively (Figure 2A and B). Of 
those, 61 patients were evaluated for treatment responses. The disease control rate was 62.3% (n = 38), with a complete 
response rate of 6.6% (n = 4), a partial response rate of 21.3% (n = 13), and a stable disease rate of 34.4% (n = 21). The 
disease progression rate was 37.7% (n = 23). However, there were no statistically significant differences in the ORR and 
disease control rate between the two groups (Table 2).

We further performed subgroup analyses based on CTP, tumor size, and tumor stages. We found that patients with 
CTP class A had a significantly longer median OS compared to those with CTP class B, with values of 17 mo (95%CI: not 
estimated) and 2.0 mo (95%CI: 1.1-2.9), respectively (P < 0.001) (Table 3).

Regarding tumor characteristics, there was no significant difference in survival among the following groups: tumor 
size less than or equal 5.0 cm vs 5.0 cm or more; BCLC stage C with and without portal vein invasion; and BCLC stage C 
with and without extrahepatic metastasis. However, the PFS in BCLC stage C with portal vein invasion was significantly 
longer compared to those without portal vein invasion, with values of 24.0 mo (95%CI: Not estimated) vs 6.0 mo (95%CI: 
3.2-8.8), respectively (P = 0.030) (Table 3).

Number of treatments and treatments following AB failure
The median number of AB cycles administered in the cohort was 4.0 cycles (IQR: 2.0, 9.0). Patients in group 1 received a 
significantly higher number of AB cycles than those in group 2 [5.0 cycles (4.0, 11.3) vs 3.0 cycles (1.0, 4.5), P < 0.001] 
(Table 1).

Of the 83 study patients, 37 patients experienced disease progression after AB treatment. Among them, 32 patients 
(86.5%) received additional systemic therapies (19 received lenvatinib, 3 received chemotherapy, 1 received sorafenib, and 
9 received two or more consecutive systemic therapies). Other treatment options included EBRT (8 patients, 21.6%), 
TACE (4 patients, 10.8%), and best supportive care (4 patients, 10.8%). In the cohort, 6 patients (16.2%) were treated with 
a combination of systemic treatment and EBRT, 3 patients (8.1%) received a combination of systemic treatment and 
TACE, and 1 patient (2.7%) received a combination of systemic treatment, TACE, and EBRT (Table 4).

Among patients who experienced disease progression after AB treatment, those who received subsequent therapeutic 
interventions had longer survival than those who received the best supportive care. However, the survival difference did 
not reach statistical significance. The median survival time was not reached vs 5.0 mo (95%CI: 1.8-8.2, P = 0.050).

Predictors of survival in uHCC patients treated with AB
In the univariate analysis, mALBI grade 2b + 3 showed a significant association with survival, with a hazard ratio (HR) of 
5.20 (95%CI: 2.52-10.76, P < 0.001). Similarly, CTP class B was also significantly associated with survival, with an HR of 
5.38 (95%CI: 2.66-10.89, P < 0.001). In the multivariate analysis adjusted for age and sex, both mALBI grade 2b + 3 and 
CTP class B remained independently associated with worse survival, with adjusted HRs of 3.90 (95%CI: 1.71-8.90, P = 
0.001) and 2.63 (95%CI: 1.19-5.78, P = 0.020), respectively (Table 5).

Patients in group 1 (lower mALBI grade) exhibited a significantly longer survival than those in group 2 (higher mALBI 
grade), i.e. not reached vs 3.0 mo (95%CI: 0.1–6.0, P < 0.001) (Figure 3A). When considering the classification based on 
CTP class, the OS of patients with CTP class A was 17 mo (95%CI: Not estimated), while it was only 2 mo (95%CI: 1.1-2.9) 
for those with CTP class B (P < 0.001). Among CTP class A patients, the median survival for those in group 1 remained 
significantly longer than for those in group 2, i.e. not reached vs 6.0 mo (95%CI: 3.4–8.6, P < 0.001) (Figure 3B).

Furthermore, among patients with CTP class A and a CTP score of 5 (n = 46), group 1 patients exhibited a significantly 
longer survival than group 2 patients [not reached vs 6.0 mo (95%CI: 3.4-8.6), P < 0.001], suggesting that mALBI grades 
performed better than CTP score and CTP classification in predicting survival. In contrast, among patients with CTP class 
A and a CTP score of 6 (n = 19), there was no significant difference in survival between group 2 and group 1 [11.0 mo 
(95%CI: 2.5-19.5) vs 3 mo (95%CI: not estimated), P = 0.830]. Likewise, the median PFS of group 1 and group 2 showed no 
significant difference [8.0 mo (95%CI: 3.2-12.8) vs 9.0 mo (95%CI: 4.5–13.5), respectively, P = 0.920].

Similar findings were observed when considering the classification based on BCLC stages. In the BCLC C subgroup, 
patients in group 1 had an estimated median survival that was not reached, while those in group 2 had a median survival 
of 3.0 mo (95%CI: 0.0-7.6, P < 0.001). In the BCLC B subgroup, death was not reported in group 1, while those in group 2 
had a median survival of 3.0 mo (95%CI: 0.0-6.7, P = 0.014) (Figure 4).
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Table 2 Efficacy outcomes of atezolizumab plus bevacizumab1, n (%)

Variables Total, n = 61 mALBI 1 + 2a, n = 39 mALBI 2b + 3, n = 22 P value

Complete response 4 (6.6) 3 (7.7) 1 (4.5) 1.000

Partial response 13 (21.3) 11 (28.2) 2 (9.1) 0.110

Stable disease 21 (34.4) 12 (30.8) 9 (40.9) 0.420

Objective response rate 17 (27.9) 14 (35.9) 3 (13.6) 0.060

Disease control rate 38 (62.3) 26 (66.7) 12 (54.5) 0.350

Progressive disease 23 (37.7) 13 (33.3) 10 (45.5) 0.350

1The number of patients who had available data on treatment response evaluation were 61/83 patients (73.5%), and 22/83 patients (26.5%) had died prior 
to treatment response evaluation. mALBI: Modified albumin-bilirubin.

Figure 2 Kaplan–Meier analysis of overall survival and progression free survival of the unresectable hepatocellular carcinoma patients 
who received atezolizumab plus bevacizumab therapy. A: Overall survival (OS) in unresectable hepatocellular carcinoma (uHCC) patients who received 
atezolizumab plus bevacizumab (AB); B: Progression-free survival (PFS) in uHCC patients who received AB. CI: Confidence interval.

DISCUSSION
This study presented the efficacy of AB treatment for uHCC and highlighted the significance of liver functional reserve as 
assessed by mALBI grades in relation to patient survival. The findings of the study suggested that mALBI grades offer a 
more reliable prognostic ability compared to CTP classification because mALBI grades can distinguish between patients 
who share the same CTP score or classification but exhibit different outcomes.

The landmark phase III clinical trial for AB treatment in uHCC showed prolonged patient survival of 19.2 mo and PFS 
of 6.9 mo over a follow-up period of 15.6 mo. However, in real-world cohorts, patients receiving AB treatment had 
shorter survival, ranging from 10.6-15.0 mo, but similar PFS, ranging from 5.1-6.9 mo[14-16]. Our cohort demonstrated an 
OS of 13 mo and a PFS of 9 mo. The shorter survival observed in our study compared to the landmark study was likely 
explained by differences in patient characteristics, particularly the liver functional reserve. The AB combination was 
tested in a phase III clinical trial for its efficacy in CTP class A patients. In practice, however, AB was given not only to 
CTP class A patients but also to CTP class B patients. The OS and PFS of patients in our study were relatively similar to a 
real-world cohort. Focusing on a subgroup of CTP A patients, our study found a survival rate of 17 mo, which was 
similar to the clinical trial results. These findings underscore the significance of liver functional reserve in determining 
outcomes for patients receiving AB treatment.

The mALBI grades exhibited a significant correlation with survival in uHCC patients who underwent systemic 
therapy, where patients with mALBI grades 2a had a survival rate of 11 mo compared to 7 mo for those with mALBI 
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Table 3 Median overall survival and progression-free survival of unresectable hepatocellular carcinoma patients who received 
atezolizumab plus bevacizumab therapy stratified by liver function, tumor size, and tumor stage

Variables No. of events/No. of 
patients

Median OS 
(95%CI), mo P value No. of events/No. of 

patients
Median OS 
(95%CI), mo P value

A. Entire cohort, n = 83

CTP class < 0.001 NE

    CTP A 25/65 17 (-) 34/65 9.0 (5.1-12.9)

    CTP B 14/18 2.0 (1.1-2.9) 3/18 NE

Tumor size in cm 0.790 0.130

    ≤ 5.0 21/41 12.0 (4.8-19.2) 21/41 7.0 (2.8-11.2)

    > 5.0 18/42 NE 16/42 16.0 (6.5-25.5) 

B. BCLC C group, n = 
61

27/61 14.0 (-) 28/61 10.0 (0.5-19.5)

CTP class < 0.001 0.810

    CTP A 18/49 NE 26/49 10.0 (0.3-19.7)

    CTP B 9/12 1.0 (0.1-2.5) 2/12 NE

Tumor size in cm 0.850 0.060

    ≤ 5.0 13/26 12.0 (3.4-20.6) 15/26 6.0 (2.5-9.5)

    > 5.0 14/35 NE 13/35 24.0 (9.4-38.6) 

With PV invasion, n = 30 0.140 0.030

    No 12/31 NE 20/31 6.0 (3.2-8.8)

    Yes 15/30 13.0 (2.0-24.0) 8/30 24.0 (-)

With EHM metastasis, n = 40 0.540 0.170

    No 10/21 13.0 (0.1-27.3) 7/21 24 (-)

    Yes 17/40 NE 21/40 6.0 (1.1-10.9)

C. BCLC B group, n = 
22

12/22 11.0 (2.7-19.3) 9/22 8.0 (1.3-14.7)

CTP class 0.020 0.660

    CTP A 7/16 11.0 (5.6-16.4) 8/16 8.0 (1.5-14.5)

    CTP B 5/6 2.0 (0.8-3.2) 1/6 5.0 (-)

Tumor size in cm 0.490 0.140

    ≤ 5.0 8/15 11.0 (0.1-24.1) 6/15 9.0 (6.9-11.1)

    > 5.0 4/7 7.0 (0.1-17.3) 3/7 5.0 (-)

CI: Confidence interval; BCLC: Barcelona Clinic Liver Cancer; CTP: Child-Turcotte-Pugh; EHM: Extrahepatic metastasis; NE: Not estimated; OS: Overall 
survival; PFS: Progression-free survival; PV: Pulmonary vein.

grades 2b who received lenvatinib or ramucirumab[6]. Our study consistently demonstrated that mALBI grades are 
reliable predictors of OS in patients with uHCC undergoing AB treatment. Patients with mALBI grades 1 or 2a had 
significantly longer survival compared to those with mALBI grades 2b or 3, with a median survival that was not reached 
compared to 3.0 mo, respectively. The more precise scoring system of mALBI grade may account for its superior 
predictive performance, as it breaks down ALBI grade 2 into 2a and 2b using a cutoff value of 30% indocyanine green 
retention rate at 15 min (ICG-R15). ICG-R15 was initially developed to evaluate liver functional reserve in patients 
undergoing hepatic resection; those with an ICG-R15 of ≤ 30% were eligible for segmentectomy[17]. The mALBI grades 
demonstrated superior performance compared to the original ALBI in identifying patients with favorable or unfavorable 
survival outcomes, especially among those with a CTP score of 5. Our study consistently observed this trend[7].

The observed PFS in our cohort was 9 mo. In a retrospective study involving 71 Japanese uHCC patients who received 
AB treatment, the PFS was significantly longer in the mALBI 1 + 2a group compared to the mALBI 2b + 3 group (10.5 mo 
vs 3.0 mo, P < 0.010)[10]. This suggests that AB therapy was more effective in patients with mALBI 1 + 2a. However, our 
study found that the mALBI 1 + 2a and 2b + 3 groups had similar PFS durations of 8-9 mo. This could be attributed to the 
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Table 4 Treatment after progression on atezolizumab plus bevacizumab therapy1, n (%)

Treatment Total, n = 37 mALBI 1 + 2a, n = 24 mALBI 2b + 3, n = 13 P value

Systemic therapy 32 (86.5) 22 (91.7) 10 (76.9) 0.320

TACE 4 (10.8) 4 (16.7) 0 (0) 0.280

EBRT 8 (21.6) 6 (25.0) 2 (15.4) 0.690

Best supportive care 4 (10.8) 1 (4.2) 3 (23.1) 0.120

1There were 37/83 (44.6%) patients who had disease progression after atezolizumab plus bevacizumab therapy. EBRT: External beam radiotherapy; 
mALBI: Modified albumin-bilirubin; TACE: Transarterial chemoembolization.

Figure 3 Kaplan-Meier curves for overall survival in patients undergoing atezolizumab plus bevacizumab therapy stratified by modified 
albumin-bilirubin grade. A: Entire cohort; B: Child-Turcotte-Pugh (CTP) class A. CI: Confidence interval; gr: Group; mALBI: Modified albumin-bilirubin; NA: Not 
available; OS: Overall survival.

higher proportion of BCLC stage C patients in the mALBI 1 + 2a group compared to the mALBI 2b + 3 group. Advanced 
stages of HCC are associated with reduced efficacy of AB therapy, as indicated in a previous study involving BCLC stage 
C patients, which reported a significantly lower ORR compared to BCLC stage B patients (32% vs 62%, P < 0.050)[10]. In 
our study, we found that the ORR in the mALBI grade 1 + 2a group was not significantly higher than in the mALBI grade 
2b group (35.9% vs 13.6%, P= 0.060). Similarly, another retrospective study involving 115 uHCC patients treated with AB 
showed no significant difference in ORR between the mALBI grade 1 + 2a and mALBI grade 2b groups (21.9% vs 12.9%, P 
= 0.460), which is consistent with our findings[9].

In patients with uHCC, the treatment outcome is more dependent on liver functional reserve rather than tumor 
burden. Within our cohort, we observed that patients with a low mALBI grade of 1 + 2a had a longer survival compared 
to those with a high mALBI grade of 2b + 3, specifically within the BCLC B and C subgroups. Among patients with a low 
mALBI grade in the BCLC B subgroup, there were no deaths by the end of the study period. Conversely, patients with a 
high mALBI grade in the BCLC C subgroup experienced poor survival. In our study, patients with BCLC B and C HCCs 
exhibited comparable survival of 11 mo and 14 mo, respectively. This finding was consistent with a previous study that 
reported survival of 25.8 mo and 24.6 mo in BCLC stage B and C patients, respectively[18]. These findings support the 
notion that the effectiveness of AB therapy is primarily influenced by the liver’s functional reserve rather than the stage of 
the tumor.

Among patients with progressive disease, we observed that those who received subsequent treatment, including 
additional systemic therapies or locoregional therapies, had slightly longer survival compared to those who received the 
best supportive care, although the difference did not reach statistical significance. We believe it remains worth 
considering the continuation of treatment with alternative options if feasible, as it has the potential to extend the survival 
of uHCC patients who face disease progression after AB treatment.
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Table 5 Predictors of overall survival in unresectable hepatocellular carcinoma patients who received atezolizumab plus bevacizumab 
therapy

Univariate Multivariate
Variables

Hazard ratio (95%CI) P value Adjusted hazard ratio (95%CI) P value

Age 1.00 (0.97-1.02) 0.970 0.99 (0.96-1.02) 0.540

Male sex 1.15 (0.51-2.60) 0.740 0.97 (0.41-2.28) 0.940

ECOG-PS

    0 1.00 (Reference)

    1 2.03 (0.62-6.66) 0.240

Presence of cirrhosis

    No 1.00 (Reference)

    Yes 2.19 (0.53-9.13) 0.280

Etiology of disease

    NASH 0.70 (0.32-1.52) 0.360

    Viral hepatitis 1.48 (0.73-2.97) 0.280

    Alcohol 2.09 (0.81-5.39) 0.130

BCLC stage

    B 1.00 (Reference)

    C 0.66 (0.33-1.31) 0.230

Extrahepatic metastasis

    No 1.00 (Reference)

    Yes 0.70 (0.37-1.32) 0.270

Portal invasion

    No 1.00 (Reference)

    Yes 1.29 (0.68-2.47) 0.440

AFP > 500 ng/mL 1.26 (0.67-2.36) 0.480

CTP class

    A 1.00 (Reference)

    B 5.38 (2.66-10.89) < 0.001 2.63 (1.19-5.78) 0.020

mALBI grade

    1 + 2a 1.00 (Reference)

    2b + 3 5.20 (2.52-10.76) < 0.001 3.90 (1.71-8.90) 0.001

Prior treatment for HCC

    No 1.00 (Reference)

    Yes 0.87 (0.42-1.78) 0.700

Prior local therapy for HCC

    No 1.00 (Reference)

    Yes 0.79 (0.39-1.58) 0.500

Prior systemic therapy for HCC

    No 1.00 (Reference)

    Yes 1.80 (0.79-4.11) 0.160

Combination of AB and local treatment as first-line treatment

    No 1.00 (Reference)
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    Yes 0.05 (0.01-27.12) 0.340

AB: Atezolizumab plus bevacizumab; AFP: Alpha fetoprotein; BCLC: Barcelona Clinic Liver Cancer; CI: Confidence interval; CTP: Child-Turcotte-Pugh; 
ECOG-PS: Eastern Cooperative Oncology Group Performance Status; HCC: Hepatocellular carcinoma; mALBI: Modified albumin-bilirubin; NASH: 
Nonalcoholic steatohepatitis.

Figure 4 Kaplan-Meier curves for overall survival in patients undergoing atezolizumab plus bevacizumab therapy stratified by modified 
albumin-bilirubin grade in Barcelona Clinic Liver Cancer B and C. 1P = 0.014; 2P < 0.001. BCLC: Barcelona Clinic Liver Cancer; gr: Group; mALBI: 
Modified albumin-bilirubin.

Our study had several strengths. First, we included diverse uHCC patients who received real-world AB treatment, 
including those with liver functional reserve in CTP B, which extends beyond the recommended guidelines. This reflects 
the practical treatment approach in the Asian population, where various treatment options are commonly used, deviating 
from recommended guidelines. Second, we were able to track post-AB treatment and disease progression, providing real-
life survival outcomes. Despite these strengths, our study also had some limitations due to its retrospective nature, 
relatively short follow-up period, and a small number of patients in the BCLC B subgroup. A large, multicenter 
prospective cohort study with an extended follow-up duration is necessary to gain a deeper understanding of the efficacy 
of AB therapy in HCC.

CONCLUSION
In uHCC patients, liver functional reserve plays a significant role as a prognostic factor and is essential for maximizing 
the effectiveness of AB therapy in clinical practice. Our study demonstrated that mALBI grades are a reliable prognostic 
factor, particularly for distinguishing patients with CTP A. The assessment of liver functional reserve using mALBI before 
initiating AB treatment can assist in identifying appropriate candidates for this therapy.

ARTICLE HIGHLIGHTS
Research background
Modified albumin-bilirubin (mALBI) grade has been established as a survival determinant in hepatocellular carcinoma 
(HCC) patients who receive locoregional and targeted therapies.

Research motivation
The predictive value of mALBI grade for predicting outcomes of HCC patients receiving atezolizumab plus bevacizumab 
(AB) treatment has yet to be fully investigated.
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Research objectives
To assess whether mALBI could predict survival in unresectable HCC patients who were treated with AB.

Research methods
A single-center, retrospective cohort study enrolled unresectable HCC patients who received AB treatment between 
September 2020 and April 2023 and were followed up until June 2023. An association between mALBI and patient 
survival was determined using Cox proportional hazards analysis.

Research results
Of the 83 patients, the median overall survival (OS) was 13.0 mo [95% confidence interval (CI): 5.2-20.8]. The median 
progression-free survival was 9.0 mo (95%CI: 5.0-13.0). The patients were divided into two groups based on mALBI 
grades: 42 patients (50.6%) in the mALBI 1 + 2a group and 41 patients (49.4%) in the mALBI 2b + 3 group. The mALBI 1 + 
2a group exhibited significantly better survival compared to the mALBI 2b + 3 group, with a median OS that was not 
reached vs 3.0 mo (95%CI: 0.1-6.0) (P < 0.001). In a subgroup of patients with Child-Turcotte-Pugh (CTP) A, the mALBI 1 
+ 2a group also showed significantly longer survival compared to the mALBI 2b + 3 group, with a median OS that was 
not reached vs 6.0 mo (95%CI: 3.4-8.6, P < 0.001).

Research conclusions
Our study demonstrated that mALBI grades are a more reliable prognostic factor than CTP classification, particularly for 
distinguishing outcomes of patients within the CTP A class.

Research perspectives
The assessment of liver functional reserve using mALBI before initiating AB treatment can assist in identifying 
appropriate candidates for this therapy.
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Abstract
BACKGROUND 
The Khorana risk score (KRS) has poor predictive value for cancer-associated 
thrombosis in a single tumor type but is associated with early all-cause mortality 
from cancer. Evidence for the association between KRS and all-cause mortality in 
Japanese patients with gastric and colorectal cancer is limited.

AIM 
To investigate whether KRS was independently related to all-cause mortality in 
Japanese patients with gastric and colorectal cancer after adjusting for other 
covariates and to shed light on its temporal validity.

METHODS 
Data from Dryad database were used in this study. Patients in the Gastroen-
terology Department of Sapporo General Hospital, Sapporo, Japan, were enrolled. 
The starting and ending dates of the enrollment were January 1, 2008 and January 
5, 2015, respectively. The cutoff date for follow-up was May 31, 2016. The inde-
pendent and dependent (target) variables were the baseline measured using the 
KRS and final all-cause mortality, respectively. The KRS was categorized into 
three groups: Low-risk group (= 0 score), intermediate-risk group (1-2 score), and 
high-risk group (≥ 3 score).

https://www.f6publishing.com
https://dx.doi.org/10.4251/wjgo.v15.i10.1784
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RESULTS 
Men and patients with Eastern Cooperative Oncology Group Performance Status (ECOG PS) ≥ 2 displayed a higher 
2-year risk of death than women and those with ECOG PS 0-1 in the intermediate/high risk group for KRS. The 
higher the score, the higher the risk of early death; however, the relevance of this independent prediction 
decreased with longer survival. The overall survival of each patient was recorded via real-world follow-up and 
retrospective observations, and this study yielded the overall relationship between KRS and all-cause mortality.

CONCLUSION 
The prechemotherapy baseline of KRS was independently associated with all-cause mortality within 2 years; 
however, this independent predictive relationship weakened as survival time increased.

Key Words: Gastric cancer; Colorectal cancer; Khorana risk score; All-cause mortality; Cancer-associated thrombosis; Overall 
survival

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

Core Tip: The Khorana risk score (KRS) has poor predictive value for cancer-associated thrombosis in a single tumor type 
but is associated with early all-cause mortality from cancer. In Japanese patients with gastric and colorectal cancer, the 
prechemotherapy baseline of KRS was independently associated with all-cause mortality within 2 years. The concept of 
time-sensitive management needs to be established for clinicians and community workers as well. The earlier the stratified 
intervention for patients with intermediate/high KRS, the more likely long-term survival benefit will be achieved.

Citation: Zhang YF, Wang GD, Huang MG, Qiu ZQ, Si J, Xu MY. Association between the Khorana risk score and all-cause mortality 
in Japanese patients with gastric and colorectal cancer: A retrospective cohort study. World J Gastrointest Oncol 2023; 15(10): 1784-
1795
URL: https://www.wjgnet.com/1948-5204/full/v15/i10/1784.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i10.1784

INTRODUCTION
In recent years, the incidence of and mortality associated with gastric and colorectal cancers have reached the top five 
positions in Japan[1]. Of late, the cure rate of tumors has been immensely improved owing to advancements in 
chemotherapy, targeted therapy, radiotherapy, immunotherapy, surgery and other therapeutic modalities. However, at 
the same time, several treatment-related complications have emerged. Cancer-associated thrombosis (CAT) is one of the 
most dangerous complications and is directly related to patient prognosis[2]. CAT includes arterial embolic events, such 
as stroke and myocardial infarction; venous embolic events, such as deep vein thrombosis; pulmonary embolism; and 
visceral venous thrombosis. The Khorana risk score (KRS) is a risk scoring tool developed by Khorana et al[3] and has 
been internally and externally validated for stratifying thrombotic risks in patients with cancer. The 2019 revision of the 
American Society of Clinical Oncology (ASCO) thrombosis guidelines also recommend the use of KRS[4]. Nevertheless, a 
2018 systematic review observed that the score exhibited poor predictive power for individual tumor types, and 
unexpectedly, higher scores were associated with a higher risk of early death[5]. Some prospective studies have 
demonstrated its ability to predict early death in lung and colorectal cancers[6,7]. However, studies on the relationship 
between KRS and all-cause mortality are limited. In addition, investigations in Asian populations are especially lacking, 
and the follow-up observation time for predicting early mortality is not long, which does not exclude the possibility that 
KRS possesses the ability to predict long-term survival. Therefore, this study aimed to determine whether the KRS is 
independently associated with all-cause mortality in Japanese patients with gastric and colorectal cancer and to show its 
temporal validity.

MATERIALS AND METHODS
Study design
Patient's KRS obtained at baseline prior to chemotherapy served as the independent variable, and all-cause mortality 
(dichotomous variable: death = 1; survival = 0) served as the dependent (target) variable. The overall survival (OS) time 
of each patient was recorded as of May 31, 2016.

Study population
Data from the Dryad database were used in this study[8]. Patients in the Gastroenterology Department of Sapporo 
General Hospital, Sapporo, Japan, were enrolled. The starting and ending dates of the enrollment were January 1, 2008 

https://www.wjgnet.com/1948-5204/full/v15/i10/1784.htm
https://dx.doi.org/10.4251/wjgo.v15.i10.1784
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and January 5, 2015, respectively. The cutoff date for follow-up was May 31, 2016. Complete inclusion/exclusion criteria, 
collection of patient history, and diagnostic methods for CAT have been described in the study by Aonuma et al[9]. The 
flowchart for the selection of the study cohort is depicted in Figure 1. The requirement for informed consent was waived 
owing to the retrospective nature of the study. The institutional review board of Affiliated Hospital of Jiaxing University 
approved this study.

Variables
The KRS at baseline before chemotherapy was obtained and recorded for stratification of categorical variables. The KRS is 
a predictive scoring system to determine the risk of venous thromboembolic events (VTE) in patients receiving 
chemotherapy and comprises five parameters: primary cancer site, platelet count, hemoglobin and/or erythropoietin use, 
white blood cell count, and body mass index (BMI). Patients were classified into three risk categories based on the total 
risk model: low-risk group (score = 0), intermediate-risk group (score = 1-2), and high-risk group (score = ≥ 3).

The following were selected as covariates: (1) Demographic data; (2) variables affecting the KRS or all-cause mortality 
have been reported in previous studies; and (3) variables based on our clinical experience. The full adjustment model was 
constructed using the following variables: (1) Continuous variables: age (obtained at baseline); (2) categorical variables: 
sex, CAT, arterial thromboembolism (ATE), Eastern Cooperative Oncology Group Performance Status (ECOG PS), cancer 
type [gastric cancer (GC); colorectal cancer (CRC)], pathological type, primary site surgery, adjuvant chemotherapy, 
single or multiple primary tumor, active cancer (AC), opportunity for diagnosis, central venous catheter (CVC) 
placement.

AC was defined as unresectable advanced gastric and colorectal tumors that recur during or after the completion of 
adjuvant chemotherapy and/or other unrelated malignancies. The opportunity for diagnosis was defined as the final 
clinical diagnosis of a patient based on the presentation of symptoms associated with CAT.

Based on the results of the retrospective and follow-up observations, the outcome variables for all-cause mortality 
(dichotomous variables) and OS were obtained. The term "all-cause mortality" refers to deaths due to any cause.

Treatment protocol
Patients diagnosed with GC and CRC were treated according to the then-current ASCO or National Comprehensive 
Cancer Network guidelines, and who developed CAT were administered anticoagulation therapy.

Statistical analysis
Categorical variables were expressed as frequency or percentage. Chi-squared (categorical variables, normal distribution) 
or Kruskal-Wallis H test (skewed distribution) were used to test for differences among different KRS groups (clinical cut 
point). Step 1: To examine the association between KRS and all-cause mortality, univariate and multivariate Cox propor-
tional hazards models were employed. Four models were constructed: crude model, no covariates were adjusted; model 
1: Only adjusted for sociodemographic data; model 2: Model 1 + those considerable covariates (P < 0.10 or having 
significant clinical significance); model 3: All covariates. To ensure the robustness of the experimental results, a sensitivity 
analysis was simultaneously performed by converting the KRS to categorical variables and calculating the trend in P-
value. Step 2: Subgroup analyses were performed using the hierarchical Cox proportional hazards model. Continuous 
variables were initially converted to categorical variables according to the clinical cut point, and subsequently, an 
interaction test was performed. Tests for effect modification of subgroup indicators were followed by the likelihood ratio 
test. Step 3: The OS time of each group was recorded, and Kaplan-Meier (KM) survival curves were plotted to compare 
the median survival time of each group. Step 4: The multivariate Cox proportional hazards model was employed to 
calculate the risk ratios over a given number of years, and a trend graph was plotted. All analyses were performed using 
the statistical software packages R 3.3.2 (http://www.R-project.org, The R Foundation) and Free Statistics software 
version 1.7. A two-tailed test was performed and P < 0.05 was considered statistically significant.

RESULTS
Baseline characteristics of selected participants
A total of 500 participants were selected for the final data analysis (Figure 1 for the flow chart). Their median follow-up 
time was 22.0 mo. The baseline characteristics of these participants are listed in Table 1 based on the clinical grouping of 
the KRS. Their average age was 68.9 (62.5 ± 75.9) years, and 38.8% were women. There were 194 participants in the KRS 
low-risk group, 218 in the moderate-risk group, and 88 in the high-risk group. There were group differences among the 
three KRS groups in terms of cancer type, pathological type, primary site surgery, and CVC placement (P < 0.001); 
however, there were no statistically significant differences in terms of additional covariates (all P values > 0.05). 
Furthermore, it was observed that the number of patients with CVC placement (n = 55), primary site surgery (n = 43), 
well and mod pathological type (n = 28), and cancer type (CRC, n = 5) was lower in the KRS high-risk group than in the 
other groups. The final diagnosis of CAT was made in 70 (14%) of the 500 patients, of which 11 (2.2%) were diagnosed 
with ATE.

Univariate analysis
Results of the univariate analysis for mortality within 2 years are presented in Table 2. The univariate Cox proportional 
hazards model, revealed that sex, CAT, ATE, single or multiple primary tumor, thrombosis treatment, and opportunity 

http://www.R-project.org
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Table 1 Baseline characteristics of the study participants

Variables Total, n = 500 Low-risk group, n = 
194

Intermediate-risk group, n 
= 218

High-risk group, n = 
88 P value

Age, median (IQR) 68.9 (62.5, 75.9) 69.1 (62.9, 75.2) 68.6 (62.6, 76.2) 69.0 (61.4, 76.8) 0.93

Sex, n (%) 0.459

    Male 306 (61.2) 117 (60.3) 130 (59.6) 59 (67)

    Female 194 (38.8) 77 (39.7) 88 (40.4) 29 (33)

CAT, n (%) 0.254

    Non 430 (86.0) 161 (83) 190 (87.2) 79 (89.8)

    All CAT 70 (14.0) 33 (17) 28 (12.8) 9 (10.2)

    ATE 11 (2.2) 0 (0) 6 (2.8) 5 (5.7)

ECOG PS, n (%) 0.053

    0-1 449 (89.8) 181 (93.3) 194 (89) 74 (84.1)

    ≥ 2 51 (10.2) 13 (6.7) 24 (11) 14 (15.9)

Cancer type, n (%) < 0.001

    GC 206 (41.2) 0 (0) 123 (56.4) 83 (94.3)

    CRC 294 (58.8) 194 (100) 95 (43.6) 5 (5.7)

Adjuvant chemotherapy, n (%) 0.069

    No 306 (61.2) 111 (57.2) 132 (60.6) 63 (71.6)

    Yes 194 (38.8) 83 (42.8) 86 (39.4) 25 (28.4)

Active cancer (AC), n (%) 0.201

    Non-AC 141 (28.2) 57 (29.4) 66 (30.3) 18 (20.5)

    AC 359 (71.8) 137 (70.6) 152 (69.7) 70 (79.5)

Single or multiple primary 
tumor, n (%)

0.95

    Single 450 (90.0) 174 (89.7) 196 (89.9) 80 (90.9)

    Multiple 50 (10.0) 20 (10.3) 22 (10.1) 8 (9.1)

Pathological type, n (%) < 0.001

    Well and mod 317 (63.4) 169 (87.1) 120 (55) 28 (31.8)

    Others 169 (33.8) 19 (9.8) 95 (43.6) 55 (62.5)

    Unknown 14 (2.8) 6 (3.1) 3 (1.4) 5 (5.7)

Primary site surgery, n (%) < 0.001

    No 122 (24.4) 19 (9.8) 58 (26.6) 45 (51.1)

    Yes 378 (75.6) 175 (90.2) 160 (73.4) 43 (48.9)

CVC placement, n (%) < 0.001

    No 168 (33.6) 46 (23.7) 89 (40.8) 33 (37.5)

    Yes 332 (66.4) 148 (76.3) 129 (59.2) 55 (62.5)

Opportunity for Diagnosis, n (%) 0.714

    Asymptomatic 495 (99.0) 193 (99.5) 215 (98.6) 87 (98.9)

    Symptomatic 5 (1.0) 1 (0.5) 3 (1.4) 1 (1.1)

Thrombosis treatment, n (%) 0.424

    No 470 (94.0) 179 (92.3) 207 (95) 84 (95.5)

    Yes 30 (6.0) 15 (7.7) 11 (5) 4 (4.5)
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CAT: Cancer associated thrombosis; ATE: Arterial thromboembolism; ECOG PS: Eastern Cooperative Oncology Group; GC: Gastric cancer; CRC: 
Colorectal cancer; AC: Active cancer; Well: Well-differentiated adenocarcinoma; Mod: Moderately differentiated adenocarcinoma; CVC: Central venous 
catheter; IQR: Interquartile range.

Table 2 Univariate analyses of all-cause death within 2 years

Variables HR (95%CI) P value

Age (≥ 65 yr vs < 65 yr) 1.22 (1.02-1.47) 0.034

KRS (intermediate vs low) 1.60 (1.21-2.13) 0.001

KRS (high vs low) 2.67 (1.91-3.73) < 0.001

Sex (female vs male) 1.02 (0.79-1.30) 0.900

CAT (yes vs no) 1.01 (0.71-1.43) 0.965

ATE (yes vs no) 1.36 (0.60-3.05) 0.481

ECOG PS (≥ 2 vs 0-1) 4.05 (2.93-5.61) < 0.001

Cancer type (CRC vs GC) 0.60 (0.47-0.76) < 0.001

Pathological type (others vs well and mod) 1.53 (1.19-1.96) < 0.001

Pathological type (unknown vs well and mod) 1.45 (0.68-3.09) 0.338

Primary site surgery (yes vs no) 0.30 (0.23-0.39) < 0.001

Adjuvant chemotherapy (yes vs no) 0.28 (0.21-0.38) < 0.001

Active cancer (yes vs no) 4.28 (2.94-6.24) < 0.001

Multiple primary vs single primary 0.94 (0.62-1.44) 0.784

CVC placement (yes vs no) 1.92 (1.44-2.55) < 0.001

Thrombosis treatment (yes vs no) 0.92 (0.56-1.53) 0.761

Opportunity for diagnosis (symptomatic vs asymptomatic) 1.57 (0.50-4.91) 0.436

KRS: Khorana risk score; CAT: Cancer associated thrombosis; ATE: Arterial thromboembolism; ECOG PS: Eastern Cooperative Oncology Group; GC: 
Gastric cancer; CRC: Colorectal cancer; Well: Well-differentiated adenocarcinoma; Mod: Moderately differentiated adenocarcinoma; CVC: Central venous 
catheter; HR: Hazard ratios; CI: Confidence intervals.

Figure 1 Flowchart depicting the patient selection process. KRS: Khorana risk score.
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for diagnosis were not associated with all-cause mortality. Moreover, cancer type, primary site surgery, and adjuvant 
chemotherapy were negatively associated with all-cause mortality (P < 0.001). In contrast, univariate analysis indicated 
that age (P = 0.034), KRS intermediate/high-risk group, ECOG PS, pathological type (others vs well and mod), AC and 
CVC placement were positively correlated with all-cause mortality (P < 0.001).

Results of the unadjusted and adjusted Cox proportional hazards model
In this study, four models were constructed to analyze the independent effects of KRS on all-cause mortality within 2 
years (univariate and multivariate Cox proportional hazards model). The effect sizes [hazard ratios (HRs) and their 95% 
confidence intervals (CIs)] are listed in Table 3. In the unadjusted model (crude mode), the model-based effect size can be 
explained as the difference in each group of KRS associated with risk of death. For example, in the unadjusted model, the 
effect size for all-cause mortality denotes the strength of the correlation between the KRS and the risk of death (KRS, 
intermediate vs low, HR: 1.6; 95%CI: 1.21-2.13; P = 0.001; KRS, high vs low, HR: 2.67; 95%CI: 1.91-3.73; P < 0.001). In the 
minimum-adjusted model (model 1), compared with the low-risk group, the medium-risk group demonstrated a 60% 
increased risk of all-cause death (95%CI: 1.20-2.12; P = 0.001), whereas the high-risk group exhibited a 2.64-fold increase 
(95%CI: 1.89-3.69; P < 0.001). Similar results were obtained for model 2 (adjusting for significant covariates) and model 3 
(full adjustment), which indicated a 45% increased risk of death in the intermediate risk group compared with the low-
risk group (95%CI: 1.02-2.06; P = 0.041). On the contrary, the high-risk group showed a two-fold increase (95%CI: 1.26-
3.24; P = 0.004). For sensitivity analysis, the KRS was converted from a continuous variable to a categorical variable 
(clinical grouping of KRS). The p value of the trend test for the different models was < 0.05, which suggesting the same 
trend effect and stable study results (Table 3).

Subgroup analysis
Age, sex, cancer type, primary site surgery, ECOG PS, CVC placement, CAT were used as stratification variables to 
examine the trend of effect sizes in these variables (Figure 2). No interactions were seen in these variables based on our a 
priori specification (all P values for interaction < 0.05). In this study, a stronger association was detected in men (KRS, 
intermediate vs low, HR: 1.8; 95%CI: 1.06-3.03; KRS, high vs low, HR: 2.17; 95%CI: 1.04-4.51), and ECOG PS ≥ 2 (KRS, 
intermediate vs low, HR: 2.71; 95%CI: 1.04-7.04; KRS, high vs low, HR: 3.02; 95%CI: 0.89-10.28). In contrast, a weaker 
association was perceived in women (ECOG PS 0-1). Patients in the intermediate-risk group aged < 65 years exhibited a 
lower 2-year relative risk of death (HR: 1.33, 95%CI: 0.66-2.67) than those aged ≥ 65 years and other intermediate/high-
risk groups, with a mortality rate of 45.2%. The KRS high-risk group showed a higher mortality rate regardless of cancer 
type (68.7% in GC and 80% in CRC). In addition, the risk of death was more than two times higher in the high-risk group 
than in the low-risk group for KRS regardless of surgeries in the primary tumor site (HR: 2.49; 95%CI: 1.31-4.73 in the 
operated group; HR: 2.13; 95%CI: 0.85-5.32 in the non-operated group). However, the risk of death was not higher with 
CAT in the KRS high-risk group than in the low-risk group (HR: 0.92, 95%CI: 0.17-4.9).

KM survival curves and risk ratio trend
Figure 3 depicts the KM curves of OS for different risk groups. The median OS for the three groups was 28.0 mo in the 
low-risk group, 20.0 mo in the intermediate-risk group, and 10.5 mo in the high-risk group (P < 0.001). Furthermore, the 
mortality was higher in the intermediate/high-risk group with KRS in the early/middle period. Nevertheless, all three 
curves converged as the survival time increased, which suggested that the relationship between KRS and all-cause 
mortality was unknown at later times. To further test this idea, the OS time was categorized into specific periods, and a 
separate multivariate Cox proportional hazards model was constructed to plot the trend of risk ratio (Figure 4). The 
findings indicated that the risk of death within 6 mo was 2.17 times higher in the KRS intermediate-risk group than in the 
low-risk group (95%CI: 1.01-4.67; P = 0.047) and 2.37 times higher in the KRS high-risk group than in the low-risk group 
(95%CI: 0.89-3.29; P = 0.083). At the same time, the risk of death within 2 years was 1.45 times higher in the intermediate-
risk group than in the low-risk group (95%CI: 1.02-2.06; P = 0.041) and 2.02 times higher in the high-risk group than in the 
low-risk group (95%CI: 1.26-3.24; P = 0.004). Subsequent risk ratios decreased gradually over 3, 5, and 8 years and at P > 
0.05.

DISCUSSION
The findings from this study indicated that the KRS was independently associated with all-cause mortality within 2 years 
in Japanese patients with GC and CRC before receiving chemotherapy. Subgroup analysis aided in better understanding 
the trend of KRS and all-cause mortality in different populations. Men and patients with ECOG PS ≥ 2 displayed a higher 
2-year risk of death than women and those with ECOG PS 0-1 in the intermediate/high risk group for KRS. Hence, the 
higher the score, the higher the risk of early death; however, the relevance of this independent prediction decreased with 
longer survival. The OS of each patient was recorded via real-world follow-up and retrospective observations, and this 
study yielded the overall relationship between KRS and all-cause mortality, which provides a good guide for future 
prospective studies.

A multivariate Cox proportional hazards model was constructed based on various factors associated with the 
prognosis of patients with GC and CRC, including age, CAT, cancer type, ECOG PS, primary site surgery, adjuvant 
chemotherapy, active cancer and CVC placement. The findings pointed to the presence of an independent predictive 
relationship between baseline KRS before chemotherapy and death within 2 years in patients with GC and CRC. This 
result is comparable to a global prospective study by Sohal et al[7], which observed that KRS predicted mortality within 6 



Zhang YF et al. Association between the KRS and all-cause mortality

WJGO https://www.wjgnet.com 1790 October 15, 2023 Volume 15 Issue 10

Table 3 Multivariate analysis of the association between Khorana risk score and all-cause death within 2 years

Crude mode Multivariable-adjusted 
model 1

Multivariable-adjusted 
model 2

Multivariable-adjusted 
model 3Variable

HR (95%CI) P value HR (95%CI) P value HR (95%CI) P value HR (95%CI) P value

Trend test1 1.63 (1.38-1.93) < 0.001 1.62 (1.37-1.92) < 0.001 1.39 (1.10-1.76) 0.005 1.42 (1.12-1.8) 0.004

KRS, low-risk group 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)

KRS, intermediate-
risk group

1.6 (1.21-2.13) 0.001 1.6 (1.20-2.12) 0.001 1.43 (1.00-2.04) 0.047 1.45 (1.02-2.06) 0.041

KRS, high-risk group 2.67 (1.91-3.73) < 0.001 2.64 (1.89-3.69) < 0.001 1.95 (1.22-3.12) 0.005 2.02 (1.26-3.24) 0.004

1A test for linear trend was performed for each model.
Multivariable-adjusted model 1: Adjusted for age and sex; Multivariable-adjusted model 2: Adjusted for age, sex, cancer-associated thrombosis (CAT), 
Eastern Cooperative Oncology Group (ECOG PS), cancer type, primary site surgery, adjuvant chemotherapy, active cancer and central venous catheter 
(CVC); Multivariable-adjusted model 3: Adjusted for age, sex, CAT, ECOG PS, cancer type, pathological type, primary site surgery, adjuvant 
chemotherapy, active cancer, single or multiple primary, CVC, thrombosis treatment, opportunity for diagnosis. KRS: Khorana risk score; HR: Hazard 
ratios; CI: Confidence intervals.

mo in patients with CRC treated using chemotherapy. Moreover, similar findings have been reported for different tumor 
types in studies by Shibata et al[10], Kuderer et al[11], Mansfield et al[12], and Vathiotis et al[13]. Without emphasizing the 
length of the observations, their conclusions agree with the findings from this study. However, all of their follow-up 
observations were short or had limited sample sizes, and therefore none of the results indicated the dynamic trends in 
baseline KRS and mortality in patients with tumors.

Using univariate regression analysis, a study by Salazar Adum et al[14] showed that KRS predicted death in various 
cancer types, but additional Cox multifactorial analysis indicated the lack of an independent correlation between the two 
(with a maximum observation period of 25 mo). This parallel comparison confirmed our question about the time frame in 
which KRS predicts death. Another study demonstrated that KRS did not accurately identify patients with lung cancer 
who were at an elevated risk for VTE but predicted lung cancer mortality. This study noted a predictive relationship 
between KRS and long-term survival (180 mo) using KM survival curves but failed to perform additional multivariate 
Cox regression analysis. Merely based on the trend of KM survival curves, the study found that KRS was significantly 
associated with death within 2 years, and the grouping curves converged as the survival time increased[12]. Another 
study that analyzed a large population from the NHIS-HEALS database observed that maintaining hemoglobin levels in 
the normal range was associated with a reduction in all-cause mortality[15]. It is therefore hypothesized that the possible 
cause of the time effect is the survival benefit offered by early and timely intervention in the intermediate/high risk 
group of KRS.

Subgroup analysis performed in this study revealed that men and those with ECOG PS ≥ 2 for GC and CRC belonging 
to the intermediate/high risk group of KRS exhibited a higher risk of mortality. This elevated risk may be due to the 
higher number of smokers among men, which has been shown to exacerbate the risk of CRC mortality by 9.8% compared 
with nonsmokers in a large case–control study[16]. It is well known that lower ECOG PS signifies shorter survival for 
patients with tumor. However, ECOG PS ≥ 2 was also an unfavorable factor for survival in the GC and CRC population in 
this study (ECOG PS ≥ 2 vs 0-1, HR: 4.05; 95%CI: 2.93-5.61, P < 0.001), which might exert a dual effect with intermediate/
high KRS, implying that this population requires special attention from clinicians for early intervention. Further analysis 
revealed that primary site surgery did not alleviate the 2-year risk of death in the KRS intermediate/high-risk group 
(KRS, intermediate vs low, HR: 1.57; 95%CI: 1.04-2.37; KRS, high vs low, HR: 2.49; 95%CI: 1.31-4.73; P for interaction = 
0.675). This finding is related to the five parameters comprising the KRS.

A large retrospective study by the Japanese Association of Clinical Cancer Centers reported a higher 5-year survival 
rate of 72.2% for patients with colon cancer (5054 patients) than the rate of 68.7% for those with GC (15353 patients)[17], 
which is consistent with our findings (cancer type CRC vs GC, HR: 0.60; 95%CI: 0.47-0.76, P < 0.001). In addition, the KRS 
was higher for GC, which suggests that this score predicts death and CAT shares the same pathophysiological features. 
Several studies have proved that anemia is associated with local recurrence-free survival, recurrence-free survival, and 
OS not only in GC[18] and CRC[19] but also in other cancers, such as lung, breast, head and neck, and bladder cancer[20-
25]. Furthermore, leukocytosis and thrombocytosis, which imply a physiologic inflammatory response, are associated 
with lower survival in patients with CRC, lung and cervical cancers[19,26-28]. The second World Cancer Research Fund/
American Institute for Cancer Research indicated that CRC is strongly associated with obesity[29]. Another meta- 
analysis that pooled several prospective studies observed that class II/III obesity (BMI ≥ 35 kg/m2) was linked to 
significantly increased all-cause mortality from CRC[30].

Interestingly, our study did not identify a correlation between the occurrence of CAT and OS in this population (CAT 
yes vs no, HR: 1.22; 95%CI: 0.95-1.58, P = 0.119). This discrepancy could be attributed to limitations in screening 
equipment and follow-up, which make it impossible to confirm the diagnosis in all patients who developed CAT in the 
clinic, which resulted in an underestimation of its incidence. This finding is in contrast to the study by Fuentes et al[31], 
which signified that VTE was an independent predictor of mortality in patients with GC (112 cases). However, because 
their results were not subjected to additional multivariate Cox regression analysis and sensitivity analysis, further 
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Figure 2 Stratified analyses of the association between Khorana risk score and all-cause death within 2 years in accordance to baseline 
characteristics. The P value for interaction represents the likelihood of interaction between the variable and Khorana risk score. KRS: Khorana risk score; CAT: 
Cancer-associated thrombosis; ECOG PS: Eastern Cooperative Oncology Group; GC: Gastric cancer; CRC: Colorectal cancer; HR: Hazard ratios; CI: Confidence 
intervals.

validation is required. In another study, the incidence of CAT in patients with CRC was highest in the first 6 mo after 
diagnosis and declined rapidly thereafter. CAT reduces survival in patients with local or regional disease[32]. Not 
coincidentally, in a prospective multi-cancer study involving 2488 patients in the United States, CAT was associated with 
lower survival rates in different KRS subgroups[33]. Overall, the relationship between CAT and mortality in 
gastrointestinal tumors needs to be investigated further.

The clinical values of this study are as follows: (1) To the best of our knowledge, the first independent correlation and 
time sensitivity between KRS and all-cause mortality was observed in Japanese patients with stomach and colorectal 
cancer.; (2) It may guide the follow-up time issue in relevant prospective studies and improve the economic efficacy; (3) It 
will be helpful for health care professionals working in the clinic to give stratified management of cancer patients in a 
specific time period and to establish a time-efficient management concept, i.e., the earlier the intervention for blood 
picture and BMI, the higher the survival benefit is likely to be; and (4) The results of this study will contribute to 
additional research on what survival benefits this intervention provides to patients with stomach and colorectal cancer, as 
well as the development of future all-cause mortality prediction models.
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Figure 3 The Kaplan-Meier curves of overall survival in different risk groups. The median overall survival for the three groups was 28.0 mo in the low-
risk group, 20.0 mo in the intermediate-risk group, and 10.5 mo in the high-risk group (P < 0.001). OS: Overall survival.

Figure 4 A multivariable-adjusted Cox proportional hazards models was applied to observe the mortality risk ratio over a given number 
of years. Multivariable-adjusted Cox proportional hazards models: Adjusted for age, sex, cancer-associated thrombosis, Eastern Cooperative Oncology Group, 
cancer type, pathological type, primary site surgery, adjuvant chemotherapy, active cancer, single or multiple primary, central venous catheter, thrombosis treatment, 
opportunity for diagnosis. The graph depicts the risk ratios and their trends across different years. KRS: Khorana risk score; HR: Hazards ratio.

This study has several advantages: (1) The sample size was larger compared with previous similar studies; (2) This 
study observed and recorded the OS of each patient with GC and CRC in Japan and analyzed it entirely as well as by time 
period; (3) This study is the first to explain the temporal validity of KRS at the baseline in predicting cancer-related 
mortality; and (4) The effect modifier factor analysis enhanced the use of data and yielded stable conclusions in different 
models and subgroups.
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However, there are certain limitations in this study: (1) This research was a retrospective observational cohort study 
with selection bias and bias for unknown confounders, which might have affected the findings; (2) The study population 
comprised Japanese patients with gastrointestinal tract tumors. Therefore, generalizability and extrapolation of the results 
are somewhat lacking; (3) Regarding the time effect of KRS in predicting mortality, only the approximate period could be 
derived and not the exact time; and (4) As patients in whom CAT occurred > 1 mo before the start of chemotherapy were 
excluded, the results cannot be applied to these individuals.

CONCLUSION
In Japanese patients with GC and CRC, the prechemotherapy baseline of KRS was independently associated with all-
cause mortality within 2 years; however, this independent predictive relationship decreased as survival time increased.

ARTICLE HIGHLIGHTS
Research background
The incidence of and mortality associated with gastric and colorectal cancers have reached the top five positions in Japan. 
Cancer-associated thrombosis is one of the most dangerous complications and is directly related to patient prognosis. The 
Khorana risk score (KRS) is a risk scoring tool and has been internally and externally validated for stratifying thrombotic 
risks in patients with cancer.

Research motivation
Studies on the relationship between KRS and all-cause mortality are limited. In addition, investigations in Asian 
populations are especially lacking, and the follow-up observation time for predicting early mortality is not long, which 
does not exclude the possibility that KRS possesses the ability to predict long-term survival.

Research objectives
We performed a retrospective analysis to investigate whether KRS was independently related to all-cause mortality in 
Japanese patients with gastric and colorectal cancer after adjusting for other covariates and to shed light on its temporal 
validity.

Research methods
This retrospective study was conducted using data from the Dryad database. Patient's KRS obtained at baseline prior to 
chemotherapy served as the independent variable, and all-cause mortality (dichotomous variable: Death = 1; survival = 0) 
served as the dependent (target) variable. The KRS was categorized into three groups: low-risk group, intermediate-risk 
group, and high-risk group. All analyses were performed using the statistical software packages R 3.3.2 and Free Statistics 
software version 1.7.

Research results
In our study, a total of 500 participants were selected for the final data analysis . Their median follow-up time was 22.0 
mo. The average age was 68.9 (62.5 ± 75.9) years, and 38.8% were women. There were 194 participants in the KRS low-risk 
group, 218 in the moderate-risk group, and 88 in the high-risk group. The risk of death within 6 mo was 2.17 times higher 
in the KRS intermediate-risk group than in the low-risk group (95%CI: 1.01-4.67; P = 0.047) and 2.37 times higher in the 
KRS high-risk group than in the low-risk group (95%CI: 0.89-3.29; P = 0.083). At the same time, the risk of death within 2 
years was 1.45 times higher in the intermediate-risk group than in the low-risk group (95%CI: 1.02-2.06; P = 0.041) and 
2.02 times higher in the high-risk group than in the low-risk group (95%CI: 1.26-3.24; P = 0.004). Men and patients with 
Eastern Cooperative Oncology Group Performance Status (ECOG PS) ≥ 2 displayed a higher 2-year risk of death than 
women and those with ECOG PS 0-1 in the intermediate/high risk group for KRS.

Research conclusions
The overall survival of each patient was recorded via real-world follow-up and retrospective observations, and this study 
yielded the overall relationship between KRS and all-cause mortality. In Japanese patients with gastric and colorectal 
cancer, the prechemotherapy baseline of KRS was independently associated with all-cause mortality within 2 years. The 
higher the score, the higher the risk of early death; however, the relevance of this independent prediction decreased with 
longer survival.

Research perspectives
A concept of time-sensitive management needs to be established for clinicians and community workers as well, i.e., the 
earlier the stratified intervention for patients with intermediate/high KRS, the more likely long-term survival benefit will 
be achieved. Further study with large sample size and more comprehensive prognostic information is desired to verify 
our findings.
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Abstract
BACKGROUND 
In the United States, sorafenib monotherapy was approved in 2007 for first-line 
(1L) treatment of patients with unresectable hepatocellular carcinoma (uHCC). As 
other therapies have been approved in recent years for hepatocellular carcinoma 
treatment in later lines, it is essential to assess clinical effectiveness of older 
therapies in actual clinical practice to inform healthcare practitioners’ decisions 
for better patient care.

AIM 
To assess patient characteristics/clinical effectiveness of 1L sorafenib in uHCC 
patients treated in United States academic and community practice settings.

METHODS 
A retrospective observational study was conducted among adult patients (≥ 18 
years) in the United States initiating sorafenib monotherapy as 1L systemic 
therapy for uHCC with Eastern Cooperative Oncology Group status of 0 or 1 
between January 2016 and December 2019 at City of Hope and Advent Health. 
Data were extracted by trained abstractionists from individual patients’ electronic 
health records and captured in electronic case report forms. Institutional Review 
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Board approvals were obtained prior to study initiation. Data were captured from the time of sorafenib initiation 
until death or the end of follow-up. All data were de-identified prior to analyses. Clinical outcomes assessed 
included provider-reported best response, progression-free survival (PFS), and overall survival (OS). PFS and OS 
were estimated using Kaplan-Meier methods.

RESULTS 
Among 134 uHCC patients treated with 1L sorafenib, majority were male (75%), and most were Caucasian (62%) or 
Asian (19%). Median patient age was 64 years. The most common etiologies of liver disease were hepatitis C (54%), 
alcohol-related liver disease (16%), and hepatitis B (11%). Most patients were reported to have Barcelona Clinic 
Liver Cancer stage B (19%) or stage C (70%) disease. Of 134 patients, 110 (82%) were reported to have discontinued 
treatment or died during follow-up. Primary reasons for sorafenib discontinuation were reported as progression 
(35%) and toxicity (30%). Best overall response was reported for 124 patients, of which 7.3% reported complete or 
partial response. Median time to treatment discontinuation was 2.3 mo. Overall, 103 patients (77%) had disease 
progression or died during sorafenib therapy. Median PFS was estimated to be 2.9 mo. At the end of follow-up, 82 
patients (61%) were deceased. Median OS was 8.5 mo.

CONCLUSION 
Newer therapeutic options that have reported higher PFS and OS in real-world clinical practice should be 
considered to enhance patient outcomes.

Key Words: Retrospective observational study; Sorafenib; Hepatocellular carcinoma; Clinical effectiveness

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

Core Tip: As treatment options evolve for hepatocellular carcinoma (HCC) it is important to assess and understand the 
clinical outcomes with older treatment options in diverse real-world clinical practice settings to inform clinical decision 
making and identify the right patient for the right drug. The current study aimed to assess the patient characteristics and 
clinical effectiveness of sorafenib as first-line therapy in unresectable HCC patients treated in both academic and community 
practice settings in the United States.

Citation: Li D, Gruber SB, Iyer S, Gupta S, Tejani M. Real-world clinical effectiveness of sorafenib among patients with unresectable 
hepatocellular carcinoma at two centers in the United States. World J Gastrointest Oncol 2023; 15(10): 1796-1806
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INTRODUCTION
Primary liver cancer is the sixth most commonly diagnosed cancer and the third leading cause of cancer death worldwide 
in 2020, with approximately 906000 new cases and 830000 deaths[1]. Hepatocellular carcinoma (HCC) is the most 
common type of liver cancer and accounts for approximately 75% of liver cancer cases in the United States[2]. Systemic 
treatments may benefit patients with advanced-stage HCC. Sorafenib was the first systemic drug approved by the United 
States Food and Drug Administration in 2007 and was considered standard of care until 2018[3].

Sorafenib was approved for the treatment of unresectable HCC (uHCC) after two phase III trials [Sorafenib HCC 
assessment randomized protocol (SHARP) and Asia-Pacific] demonstrated significant improvements in overall survival 
(OS)[4,5]. However, rapid advances during the last four years have led to the approval of other molecular targeted drugs 
and several immune checkpoint inhibitors[3] for first- or second/later-line use. In the first-line (1L) setting, lenvatinib was 
approved in July 2018 for the treatment of advanced uHCC patients[6]. Additional systemic treatment options are 
currently available and approved for use in sorafenib-treated patients (in second or later lines), including the tyrosine 
kinase inhibitors regorafenib and cabozantinib, the vascular endothelial growth factor receptor inhibitor ramucirumab, 
and the programmed cell death protein 1 inhibitor pembrolizumab[7-11].

Though previous retrospective and prospective real-world observational studies have evaluated clinical effectiveness 
of sorafenib[12-17], with the evolving landscape it is important to reassess clinical outcomes like OS in patients treated 
with 1L sorafenib, given there are many more options. Understanding OS with sorafenib becomes more critical given 
sorafenib is now a generic drug in the United States and progression-free survival (PFS)/OS are critical elements in 
assessing cost-benefit ratios of treatments, especially when comparing to novel branded therapeutic options. In our study 
we assess clinical outcomes of uHCC patients treated with 1L sorafenib at an academic cancer center and a community 
cancer practice.

https://www.wjgnet.com/1948-5204/full/v15/i10/1796.htm
https://dx.doi.org/10.4251/wjgo.v15.i10.1796
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Figure 1 Study overview. Flow diagram detailing patient record selection process. ECOG: Eastern Cooperative Oncology Group; EMR: Electronic medical 
record.

MATERIALS AND METHODS
Patient Population
A retrospective observational study was conducted among adult patients (≥ 18 years) in the United States who had 
initiated sorafenib monotherapy as 1L systemic therapy for uHCC with an Eastern Cooperative Oncology Group (ECOG) 
status of 0 or 1 between January 2016 and December 2019 at an academic cancer center (City of Hope) and a community 
cancer practice (Advent Health). City of Hope is an academic and National Cancer Institute-designated Comprehensive 
Cancer Center located in the state of California. Advent Health is a large regional community health system 
headquartered in Florida serving 5 million patients across 9 states (Colorado, Florida, Georgia, Illinois, Kansas, Kentucky, 
North Carolina, Texas, and Wisconsin). Patients were excluded if there was evidence of other malignant neoplasms 
within 3 years prior to initiation of sorafenib, liver transplant recorded at any point in their medical history, or if they had 
received sorafenib as part of a clinical trial. Each collaborating center had the study protocol reviewed and approved by 
their respective Institutional Review Board. All data transmitted from the data collaborators in support of the study were 
de-identified pursuant to Health Insurance Portability and Accountability Act Privacy Rule 164.514 (b) and (c).

Patient medical records were selected randomly in a three-part process as depicted in Figure 1. Each center used a 
database query to identify a superset of patients that contained all eligible patients (and likely some that were ineligible). 
Data were collected using a standard electronic case report form (eCRF) at both centers. Structured data were automat-
ically collected from de-identified electronic medical records (EMR). Data explicitly stated in the EMR and not requiring 
any inference or clinical judgment were entered into the eCRF by expert oncology chart abstractionists trained on the 
study protocol at each center. Data abstracted by the abstractionists were reviewed by the study oncologist for 
completeness and quality assurance. Treating oncologists who were specifically trained on the study protocol also 
captured certain key data that were not expressly stated in the EMR but could be determined through clinical judgment 
from evidence in the patient EMR (including unstructured physician notes e.g., response, progression).

Treatment
Sorafenib monotherapy initiated as 1L systemic therapy for uHCC between January 2016 and December 2019.

Follow-Up
Data on these patients were captured from the time of sorafenib initiation until their death, lost to contact, or the end of 
follow-up.

Study Variables and Endpoints
Patient demographics and clinical history were extracted from the EMR. Demographics of interest included age at 
sorafenib initiation, sex, and race/ethnicity. Clinical history included liver disease etiology (hepatitis B, hepatitis C, 
alcohol-related, and nonalcoholic fatty liver disease), cirrhosis severity (Child-Pugh score), ECOG performance status, 
and Barcelona Clinic Liver Cancer (BCLC) stage. Patients’ treatment characteristics included receipt of treatments or 
procedures prior to and after sorafenib. Information about treatment with sorafenib start and end dates was ascertained. 
The reasons for discontinuation were captured at a category-level only (e.g., toxicity, progression, patient preference, 
death, not reported).

After baseline tumor assessment, subsequent assessments by the treating oncologist recorded the tumor response as 
progressive disease (PD), stable disease (SD), partial response (PR), complete response (CR), not evaluable. When these 
observations were stated explicitly in the patient medical record, they were captured by the abstractionists. When the 
tumor response was not explicitly stated by the treating oncologist in the EMR the abstractionist recorded that an 
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Table 1 Patient demographics

Characteristic Overall (n = 134) Advent Health (n = 62) City of Hope (n = 72)

Age at diagnosis (yr)

Mean 65 64 65

Median (range) 64 (33-90) 63 (44-79) 66 (33-90)

Sex, n (%)

Male 101 (75) 50 (81) 51 (71)

Female 33 (25) 12 (19) 21 (29)

BMI, n (%)

< 18.5 4 (3) 4 (6) -

18.5-24.9 48 (36) 20 (32) 28 (39)

25-29.9 38 (28) 14 (23) 24 (33)

≥ 30 34 (25) 21 (34) 13 (18)

Not reported 10 (8) 3 (5) 7 (10)

Race, n (%)

Asian 25 (19) 3 (5) 22 (31)

African-American 15 (11) 11 (18) 4 (6)

Native Hawaiian or other Pacific Islander 1 (1) - 1 (1)

Caucasian 83 (62) 41 (66) 42 (58)

Not reported 10 (7) 7 (11) 3 (4)

Ethnicity, n (%)

Hispanic or Latino 34 (25) 16 (26) 18 (25)

Non-Hispanic or Non-Latino 94 (70) 45 (73) 49 (68)

Not reported 6 (5) 1 (1) 5 (7)

BMI: Body mass index.

assessment was done but tumor response was “not stated”. The reviewing oncologist recorded the patients’ best overall 
response (BOR) on sorafenib based on the treating oncologists’ explicitly stated assessment or, if that was not available, 
by applying their clinical judgment based on the evidence in the EMR. The physician-reported criteria used to evaluate 
best clinical response [e.g., Response Evaluation Criteria in Solid Tumors (RECIST) 1.1, modified (m) RECIST, or 
physician assessment, if no specific criteria were reported in patient charts] were collected. PFS was defined as time from 
sorafenib initiation to clinical progression or death during sorafenib treatment, and OS was defined as time from 
sorafenib initiation to death. For PFS, patients who did not progress during sorafenib treatment were censored at 
sorafenib treatment stop date; for OS, those who were still alive at the time of data collection were censored at the date of 
their last available medical record.

Statistical Analysis
Our study did not involve formal hypothesis testing or comparative analyses and was primarily descriptive; therefore, 
the sample size was based on available resources rather than a formal statistical power calculation. Descriptive statistics 
were reported for patients’ demographic, clinical, and treatment characteristics as well as for physicians’ characteristics. 
Missing data were not extrapolated or estimated and were calculated as percentage of patients of the total that had a 
particular characteristic as missing or not reported. Clinical outcomes are reported for the overall cohort. Real-world BOR 
(rwBOR) was calculated as percentage of patients who had a real-world best response reported as partial or complete. 
Disease control rate (DCR) was calculated as percentage of patients who had a rwBOR of SD, PR, or CR. Time-to-event 
outcomes (i.e., PFS and OS) were estimated using the Kaplan-Meier method. PFS and OS between subgroups were 
compared using log-rank tests. A P value of P < 0.05 was considered statistically significant. The statistical methods of 
this study were reviewed by Shrividya Iyer from Eisai.
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Figure 2 Therapeutic sequences. Sankey plot detailing subsequent treatments received by patients.

RESULTS
Patient Demographics and Clinical Characteristics
Patient demographics and clinical characteristics of the 134 patients who received 1L sorafenib are shown in Table 1 and 
Table 2, respectively. Patients’ median age was 64 years, and most patients were male (75%) and Caucasian (62%) or 
Asian (19%) (Table 1). Majority of the patients had either Child-Pugh class A cirrhosis (36%) or Child-Pugh class B 
cirrhosis (40%), with 9% showing more severe liver dysfunction with Child-Pugh class C cirrhosis. More than half (54%) 
of patients were diagnosed with hepatitis C and 11% with hepatitis B infection, whereas 16% of patients had alcohol-
related liver disease and 8% had nonalcoholic fatty liver disease. Majority (70%) of patients were BCLC stage C, whereas 
19% were BCLC stage B, and 9% BCLC stage A at initiation of 1L sorafenib (Table 2). Portal vein thrombosis was reported 
in 13% of patients.

Treatment Characteristics
Of the 134 patients treated with 1L sorafenib, 110 were known to have discontinued treatment or died during the 
observation period. Median real-world time to treatment discontinuation (rwTTD) was 69 d (2.3 mo) from initiation of 1L 
sorafenib. Among patients with Child-Pugh class A cirrhosis, median rwTTD was 2.4 mo; among patients with Child-
Pugh class B cirrhosis, median rwTTD was 1.9 mo, while patients with Child-Pugh class C cirrhosis had a median rwTTD 
of 1 mo.

Reason for discontinuation of 1L sorafenib was available for 102 patients. For majority of patients, sorafenib was 
discontinued due to progression (35%) and toxicity (30%). Death (5%), patient preference (3%), and hospice or palliative 
care (2%) were other reasons listed as a reason for discontinuation.

Majority of the patients (69%) received only one line of therapy. Of those who went on to receive subsequent lines of 
therapy, 17 (40%) received second-line nivolumab and 9 (21%) received second-line pembrolizumab. Figure 2 shows the 
therapeutic sequences observed.

RWBOR and DCR
Of the 134 patients that received 1L sorafenib, 124 patients had response information captured from the EMR. The 
response findings were based on the treating physicians’ assessment. Overall, 9 patients (7.3%) had best response 
reported as CR or PR on 1L sorafenib; 55 patients reported a best response as CR, PR, or SD with a DCR of 44.4%. BOR for 
subgroups are presented in Table 3.

Real-World PFS (rwPFS)
Overall, 103 of 134 patients had disease progression or died during sorafenib therapy. Median rwPFS was 88 d (2.9 mo) 
from initiation of 1L sorafenib (Figure 3A). Median rwPFS was estimated to be 3.1 mo among patients with Child-Pugh 
class A cirrhosis, 2.6 mo among patients with Child-Pugh class B cirrhosis, and 1.4 mo among patients with Child-Pugh 
class C cirrhosis. RwPFS was observed to be significantly lower in Child-Pugh C patients compared to Child-Pugh A 
patients [hazard ratio (HR) = 3.27, 95% confidence interval (CI): 1.57-6.79, P < 0.05] and in patients with an ECOG status 
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Figure 3 Real-world progression-free survival and overall survival. A: Kaplan-Meier plot of Real-world progression-free survival (rwPFS), median rwPFS 
(88 d) is shown as a dashed line; B: Kaplan-Meier plot of overall survival (OS), median OS (258 d) is shown as a dashed line.

of 1 compared to patients with an ECOG status of 0 (HR = 1.70, 95% CI: 1.03-2.83, P < 0.05) (Table 3).

OS
At the end of the observation period, 82 patients (61%) were deceased. Median OS was 258 d (8.5 mo) from initiation of 1L 
sorafenib (Figure 3B). Median OS was 10.6 mo among patients with Child-Pugh class A cirrhosis, 6.3 mo among patients 
with Child-Pugh class B cirrhosis, and 3 mo among patients with Child-Pugh class C cirrhosis. Median OS was 
significantly lower in Child-Pugh C patients compared to Child-Pugh A patients (HR = 4.49, 95% CI: 1.87-10.8, P < 0.05). 
No statistically significant differences in OS were observed between other subgroups (Table 3).

DISCUSSION
Our retrospective real-world study evaluated clinical outcomes among a demographically and clinically diverse adult 
uHCC patient population treated at an academic cancer center and a community health care system, thus including 
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Table 2 Patient clinical characteristics

Overall (n = 134) Advent Health (n = 62)1 City of Hope (n = 72)

Child-Pugh class, n (%)

A 48 (36) 26 (42) 22 (31)

B 54 (40) 25 (40) 29 (40)

C 12 (9) 7 (11) 5 (7)

Not reported 20 (15) 4 (6) 16 (22)

BCLC stage, n (%)

0 1 (1) 1 (2) -

A 12 (9) 2 (3) 10 (14)

B 25 (19) 22 (35) 3 (4)

C 94 (70) 36 (58) 58 (81)

D 1 (1) - 1 (1)

Not reported 1 (1) 1 (2) 0

ECOG, n (%)

0 28 (21) 10 (16) 18 (25)

1 103 (77) 49 (79) 54 (75)

Not reported 3 (2) 3 (5) 0

Etiology, n (%)

Hepatitis B 15 (11) 5 (8) 10 (14)

Hepatitis C 72 (54) 35 (56) 37 (51)

Alcohol-related liver disease 21 (16) 10 (16) 11 (15)

Nonalcoholic fatty liver disease 11 (8) 4 (6) 7 (10)

Not reported/none of the above 15 (11) 8 (13) 7 (10)

1Due to rounding, percentages may not add to 100%.
BCLC: Barcelona Clinic Liver Cancer; ECOG: Eastern Cooperative Oncology Group.

uHCC patients treated with 1L sorafenib in diverse health care settings from multiple states in the United States.
The clinical outcomes observed in our study were similar to previously published real-world data studies as well as the 

sorafenib arm clinical outcomes in major clinical trials. The results of the SHARP study demonstrated the clinical effect-
iveness of sorafenib in the treatment of uHCC. Compared to the placebo group, the sorafenib treatment group had 
significantly prolonged median OS (10.7 vs 7.9 mo)[4,5]. In the Asia-Pacific study, patients treated with sorafenib had a 
longer median OS (6.4 vs 4.2 mo) and median time to progression (2.8 vs 1.4 mo) compared to placebo[5]. Notably, the 
patient population in our real-world study had Child-Pugh scores ranging from A to C, while the majority (> 95%) of 
patients in SHARP had Child-Pugh A scores[4].

In line with previous clinical and prospective real-world data studies, median PFS and median OS in patients treated 
with sorafenib in our study were shorter in Child-Pugh B patients compared with Child-Pugh A patients[13,14]. In a 
multi-center phase 2 trial, the median PFS (range) for the total patient population was 3.9 (0.1-35.3) mo; median PFS 
(range) for patients with Child-Pugh A or B cirrhosis was 4.3 (0.1-35.3) mo and 2.1 (0.3-27.3) mo, respectively (log-rank P 
< 0.001). In the multivariate analysis in the same trial, Child-Pugh B patients had a greater risk of disease progression or 
death compared to Child-Pugh A patients (HR 1.87, 95%CI: 1.41-2.48, P < 0.001)[14].

The global investigation of therapeutic decisions in HCC and of its treatment with sorafenib trial was a large 
prospective, observational cross-regional registry study undertaken to evaluate the real-life use, safety, and effectiveness 
of sorafenib in HCC patients; it included patients with baseline Child-Pugh B (21%) and C (2%) liver function[13]. Median 
OS was longer in Child-Pugh A patients (13.6 mo) than in Child-Pugh B patients (5.2 mo) and Child-Pugh C patients (2.6 
mo)[13]. In a smaller retrospective real-world study of patients treated with sorafenib in Portugal (n = 36), median OS was 
reported to be 6.8 mo (95%CI: 3-10.6). Median OS differed according to Child-Pugh class [Child-Pugh A: 17.3 mo (95%CI: 
5.3-29.4) vs Child-Pugh B: 3.2 mo (95%CI: 0.9-5.5); P = 0.001][17]. In the same study by Cardoso et al[17], two patients (6%) 
had PR, nine patients (25%) were classified as SD, and seven patients (19%) reported PD. Sixteen patients were also 
evaluated according to mRECIST criteria; one patient reached CR, four patients (11%) had PR, three patients (8%) had SD, 
and eight patients (22%) reported PD.
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Table 3 Clinical outcomes by subgroup

Cohort/subgroup
Best overall 
response, % (CR + 
PR)

N (PFS) Median PFS (Q1, 
Q3), months HR (95%CI) N (OS) Median OS (Q1, 

Q3), months HR (95%CI)

Overall 7.3 121 2.9 (1.5, 5.6) 134 8.5 (3.6, 24.6)

Age group (yr)

< 651 7.7 61 3.5 (1.8, 7.1) 69 8.5 (3.6, 23.4)

65-75 9.8 42 2.3 (1, 10.3) 1.40 (0.90-
2.15)

45 10.6 (4, 29.7) 0.87 (0.53-
1.44)

> 75 0 18 3.8 (1.5, 7.9) 0.85 (0.48-
1.52)

18 6 (3.1, 31.6) 1.09 (0.58-
2.02)

Sex

Male1 7.4 91 2.8 (1.6, 5.4) 92 7.1 (3.6, 21.8)

Female 6.9 30 3.6 (1.3, 7.9) 0.84 (0.53-
1.32)

31 14.2 (3.7, 30.3) 0.68 (0.41-
1.15)

Race

Asian1 12.0 25 3 (1.5, 5.4) 25 10.6 (5.4, 23.4)

African-American 7.7 12 4.5 (1.9, 6.7) 0.90 (0.43-
1.89)

15 13.7 (1.8, 36.2) 1.03 (0.47-
2.27)

Native Hawaiian or other 
Pacific Islander

0 1 2.8 (2.8, 2.8) 1.37 (0.18-
10.3)

1 2.8 (2.8, 2.8) 6.52 (0.82-
51.7)

Caucasian 6.4 77 2.6 (1.5, 6.4) 0.89 (0.54-
1.47)

82 9.3 (4, 29.7) 1.05 (0.59-
1.84)

Child-Pugh Class

A1 9.1 43 3.1 (1.9, 5.4) 47 10.6 (5.2, 24.6)

B 10.2 50 2.6 (1.5, 5.6) 1.23 (0.79-
1.93)

54 6.3 (2.8, 14.2) 1.36 (0.84-
2.19)

C 0 11 1.4 (0.7, 2.5) 3.27 (1.57-
6.79)a

12 3 (1.7, 4.2) 4.49 (1.87-
10.8)a

BCLC stage

0 0 1 1 (1, 1) NA 1 Not reached NA

A1 9.1 10 10.8 (1, 14.8) 12 23.4 (23.4, -)

B 21.7 23 2.9 (1.5, 9.8) 1.64 (0.68-
3.96)

24 9 (3.1, 22.6) 4.67 (1.08-
20.1)

C 3.4 85 3 (1.6, 5.3) 1.79 (0.80-
3.98)

93 7.1 (3.6, 24.6) 4.35 (1.06-
17.8)

D 0 1 2.1 (2.1, 2.1) NA 1 5.4 (5.4, 5.4) NA

ECOG

01 12.5 25 5.1 (3, 10.5) 27 29.1 (6, 30.3)

1 6.2 94 2.4 (1.4, 5.2) 1.70 (1.03-
2.83)a

102 6.3 (3.1, 14.2) 2.02 (1.13-
3.60)

Hepatitis B

No1 6.5 106 3 (1.5, 6) 116 7.9 (3.6, 29.7)

Yes 13.3 14 3 (1.9, 7.3) 0.90 (0.48-
1.70)

15 9 (5.4, 21.8) 1.31 (0.70-
2.42)

Hepatitis C

No1 5.5 54 2.8 (1.5, 5.4) 60 7.9 (5, 21.8)

Yes 8.8 66 3 (1.5, 7.1) 0.94 (0.63-
1.39)

71 9.3 (3.6, 29.1) 0.85 (0.54-
1.32)
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Alcohol-related liver disease

No1 7.8 102 3 (1.5, 6.4) 110 9 (3.7, 29.1)

Yes 4.8 18 2.6 (2.1, 4.1) 1.17 (0.68-
2.00)

21 7.1 (3.1, 13.4) 1.46 (0.81-
2.61)

Nonalcoholic fatty liver 
disease

No1 7.1 110 3 (1.6, 5.6) 120 7.9 (3.7, 23.4)

Yes 10.0 10 2.8 (1.4, 10.6) 0.79 (0.38-
1.63)

11 10.6 (3.1, 29.7) 0.71 (0.31-
1.64)

1Reference. The subgroup within a categorical variable (e.g. age) that the other subgroup/s (within the same variable) are compared to for calculation of the 
Hazard Ratios reported.
aP < 0.05. BCLC: Barcelona Clinic Liver Cancer; CI: Confidence interval; CR: Complete response; ECOG: Eastern Cooperative Oncology Group; HR: Hazard 
ratio; NA: Not applicable; OS: Overall survival; PFS: Progression-free survival; PR: Partial response; Q1: Quartile 1; Q3: Quartile 3.

Our real-world study has a few limitations. Clinical data were entered directly into the eCRFs by data abstractionists 
based on medical records available at the time of data entry; therefore, the data are potentially subject to inadvertent 
entry, keying errors, or missing data. Review of the eCRFs by treating oncologists was enforced to minimize these errors. 
Frequency of scans in clinical practice might vary between patients and could be less frequent than commonly mandated 
in clinical trials. While published response criteria were provided as guidance in eCRFs, clinical responses were based on 
physician assessment and a criterion (if used) was asked to be reported. No safety data were collected. Our study may 
have also missed ascertainment of care received outside of the study clinics, and the convenience sample of United States-
based centers likely limits the generalizability of our findings to other countries. Despite these limitations, our study 
provides useful information on the use and outcomes of sorafenib in real-world clinical practice in the United States.

CONCLUSION
To our knowledge, no other retrospective study has evaluated real-world outcomes of sorafenib in the United States 
combining data from an established academic cancer center and a multi-state community health care system. Real-world 
median PFS and OS of sorafenib in 1L uHCC were < 3 mo and < 9 mo, respectively. Newer therapeutic options that have 
reported higher PFS and OS in real-world clinical practice should be considered as 1L treatment choices to enhance 
uHCC patient outcomes.

ARTICLE HIGHLIGHTS
Research background
Sorafenib has been approved for use in unresectable hepatocellular carcinoma (uHCC) patients for more than a decade. 
As other therapies have been approved in recent years for uHCC treatment in later lines, it is essential to assess clinical 
effectiveness of older therapies in actual clinical practice to inform healthcare practitioners’ decisions for better patient 
care.

Research motivation
Limited recent data on real-world clinical effectiveness of sorafenib in diverse clinical practice settings in the United 
States.

Research objectives
To assess clinical effectiveness of sorafenib as first-line (1L) therapy in uHCC patients treated in both academic and 
community practice settings in the United States.

Research methods
In a retrospective observational study we assessed clinical outcomes including best response, progression-free survival 
(PFS), and overall survival (OS) among adult uHCC patients (≥ 18 years) in the United States initiating 1L sorafenib 
monotherapy at City of Hope (academic) and Advent Health (community practice) between January 2016 and December 
2019.

Research results
Median time to treatment discontinuation was 2.3 mo. Overall, 103 patients (77%) had disease progression or died during 
sorafenib therapy. Median PFS was 2.9 mo and median OS was 8.5 mo.
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Research conclusions
Median PFS and OS of sorafenib in 1L uHCC were < 3 mo and < 9 mo, respectively.

Research perspectives
Newer therapeutic options that have reported higher PFS and OS in real-world clinical practice should be considered to 
enhance patient outcomes.
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Abstract
BACKGROUND 
To evaluate the clinicopathological features and prognosis of gastric cancer (GC) 
occurring synchronously with gastrointestinal stromal tumor (GIST).

CASE SUMMARY 
We report 19 patients with concurrent GC and GIST (17 male and 2 female, 
median age 62 years). GC was most often located in the lower third of the 
stomach. GIST was diagnosed preoperatively in four patients. GIST was most 
often located in the gastric body (n = 8, 42%). The most common growth pattern in 
GIST was extraluminal (n = 12, 63%). The positive expression rates of CD117 and 
CD34 in GIST were 100% and 95%, respectively. Most patients with GIST (n = 17, 
89%) were very low or low risk. There was no recurrence of GIST during follow-
up. The 3-year cumulative survival rate was 73.9%, and the 5-year cumulative 
survival rate was 59.2%. The combined analysis of this study and literature 
reports (47 reports, 157 patients) found that GC and GIST were usually located in 
the lower third (42%) and middle third (51%) of the stomach. GC was usually 
early (stage I: 42%), poorly differentiated (42%) intestinal-type adenocarcinoma 
(51%). GISTs were primarily small in diameter (median: 1.2 cm) and very low or 
low risk (89%).

CONCLUSION 
Synchronous GC and GIST may not be rare. They have specific clinicopathological 
characteristics, and may have mutual inhibition in pathogenesis and progression.

Key Words: Gastric cancer; Gastrointestinal stromal tumor; Synchronous occurrence; 
Diagnosis; Prognosis; Case report
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Core Tip: We conclude that there are specific clinicopathological features in gastric cancer (GC) and gastrointestinal stromal 
tumor (GIST), as is often seen in older men; GC is usually a poorly differentiated enterotype early adenocarcinoma located 
in the lower third of the stomach. GIST is usually small in diameter, low or very low risk, and located in the body of the 
stomach. We hypothesized that GC and GIST might be affected by the same unknown carcinogen, leading to the 
simultaneous proliferation of epithelial and mesenchymal cells. GC and GIST may inhibit each other in the occurrence and 
development of the disease.

Citation: Liu J, Huang BJ, Ding FF, Tang FT, Li YM. Synchronous occurrence of gastric cancer and gastrointestinal stromal tumor: A 
case report and review of the literature. World J Gastrointest Oncol 2023; 15(10): 1807-1822
URL: https://www.wjgnet.com/1948-5204/full/v15/i10/1807.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i10.1807

INTRODUCTION
Gastric cancer (GC) is a common malignant tumor originating from epithelial tissue. Gastrointestinal stromal tumor 
(GIST) accounts for 1%-2% of gastrointestinal tumors[1,2]. The prevalence of GC varies widely between western and 
eastern countries. However, there is no significant difference in GIST[3,4]. GIST is most common in the stomach (60%-
70%) and small intestine (20%-30%)[5]. Nevertheless, it is rare for GIST and gastric epithelial tumors to co-occur in the 
stomach. Maiorana et al[6] first reported the synchronous occurrence of gastric epithelial and stromal tumors in 2000. 
Globally, most studies on concurrent GC and GIST are case reports[7-41]. Collision tumor formed by combined GC and 
GIST is also rare, a particular case of GC and GIST occurring synchronously[2,32,37-44]. At present, the etiology of GC 
occurring simultaneously with GIST is unclear. Several studies have reported the synchronous occurrence of GC and 
GIST with specific pathological features[45]. Some researchers believe that it is an accidental phenomenon[6,11]. Other 
researchers believe that several unknown carcinogens induce simultaneous proliferation and tumorigenesis of epithelial 
and stromal cells, such as gene mutation, nitrite, and Helicobacter pylori[6,7,9-11,18,30,34,37,38,46-49]. In addition, the 
impact of co-occurrence of GC and GIST on treatment options and prognosis is controversial.

From December 1, 2011 to December 31, 2021, 5408 GC patients were treated at the Lanzhou University Second 
Hospital, China. We analyzed 19 patients with synchronously occurring GC and GIST in our institution and reviewed 
previous studies. The Ethics Committee of Lanzhou University Second Hospital approved this retrospective study 
(2021A-585). This study aimed to provide some auxiliary data for deepening the understanding of concurrent GC and 
GIST.

CASE PRESENTATION
Chief complaints
The chief complaints at initial admission were upper abdominal pain (n = 8, 42%), epigastric discomfort (n = 6, 32%), 
abdominal distension (n = 4), black stools (n = 3), acid reflux (n = 2) and progressive dysphagia (n = 2). Among them, two 
patients with the chief complaint of “acid reflux” had symptoms of heartburn and eructation. Some patients had more 
than one of these symptoms.

History of present illness
The disease duration ranged from 15 d to 4 years (median, 4 mo). The outpatients were admitted to the hospital for 
gastric malignant tumors.

History of past illness
Eight patients (42%) had weight loss (range: 1-20 kg) within the last year. Six patients (32%) had prior surgical history, 
including three cases of cholecystectomy, one of appendectomy, two of fracture surgery and one of cataract surgery. Six 
patients (32%) had comorbidities, including three with hypertension, two with type 2 diabetes, and one with both.

Personal and family history
None of the patients had a family history of GC or GIST.

Physical examination
Specialist physical examination showed eight cases (42%) with positive signs; all of which were mild tenderness under 
the xiphoid process. The median body mass index was 22.8 kg/m2 (range: 13.1-27.9 kg/m2).

https://www.wjgnet.com/1948-5204/full/v15/i10/1807.htm
https://dx.doi.org/10.4251/wjgo.v15.i10.1807
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Laboratory examinations
Preoperative laboratory tests showed six (32%) patients with elevated tumor markers. The most frequently observed 
tumor markers with elevated reference values were CEA and CA72-4, followed by CA125 and CA199 (Table 1). Six 
patients (32%) with anemia (hemoglobin: No. 1 = 108 g/L; No. 7 = 102 g/L; No. 8 = 124 g/L; No. 10 = 129 g/L; No. 11 = 
119 g/L; and No. 17 = 88 g/L). Four patients (21%) had positive occult blood tests.

Imaging examinations
The results of preoperative abdominal contrast-enhanced computed tomography (CT) and esophagogastroduodenoscopy 
(EGD) suggested that GC was most commonly located in the lower third of the stomach (n = 7, 37%), followed by the 
middle third (n = 6, 31%), upper third (n = 5, 26%) and multiple distributions in the stomach (n = 1, 5%). The median 
maximum diameter was 3.5 cm (range, 1.5-10.0 cm). The most common gross appearances were ulcerative type 
(Figure 1A) (n = 10, 53%) and ulcerative infiltrative type (n = 4). The detailed clinicopathological data of all GC patients 
are shown in Table 1. Preoperative CT found suspected GIST in three cases (15%) (Figure 1B and C). All 19 patients 
underwent EGD, and four (21%) were found to be suspicious of GIST (Figure 1D); of whom, three were diagnosed by 
endoscopic ultrasonography (Figure 1E). The clinicopathological data of GIST are shown in Table 2.

For the histological subtype, 18 cases were adenocarcinoma (Figure 2A) and one was high-grade intraepithelial 
neoplasia. Seven cases (39%) were classified as moderately to poorly differentiated, five were moderately differentiated, 
five were poorly differentiated, and one was well differentiated. For the Lauren classification, six patients (32%) were 
classified as diffuse type, five as intestinal type and three as mixed type. In pTNM staging, there was one stage 0, three 
stage IA, three stage IB, three stage IIA, three stage IIB, four stage IIIA, and two stage IIIC.

Intraoperative exploration revealed suspicious GIST in 12 cases (63%). The location of GIST was most commonly in the 
gastric body (n = 8, 42%), followed by gastric fundus (n = 3, 15%), gastric antrum (n = 2), gastric cardia (n = 2), duodenum 
(n = 2), and jejunum (n = 2). The median maximum diameter of GIST was 1.4 cm (range: 0.2-12.0 cm), and the diameters of 
two were 9 cm (Figure 1B) and 12 cm (Figure 1C), respectively. Seven cases (50%) of GIST were subserosal, five were 
muscular, and two were submucosal. For the growth pattern of GIST, 12 (63%) were extraluminal, two were intraluminal, 
of which one caused pyloric obstruction (Figure 1B), four were intramural, and one was both intraluminal and 
extraluminal, with compression of the spleen and left kidney (Figure 1C). Eighteen GISTs had a mitotic index < 5/50 
HPF. According to the risk category for malignant behavior of GIST, 17 (89%) patients were classified as low or very low 
risk, and two as high risk. Sixteen GISTs were composed of spindle cells (Figure 2B), and one of spindle and epithelial 
cells. All GISTs were positive for CD117 (Figure 2C), 18 were positive for CD34 (Figure 2D), 18 for Dog-1 (Figure 2E), and 
nine for vimentin. S-100 protein was negative in 17 cases, and SMA protein was negative in 15 cases.

MULTIDISCIPLINARY EXPERT CONSULTATION
Xiao Chen, Professor, Chief of Gastroenterology; Ai-Lin Song, Professor, Chief of Gastroenterology; Ying-Xin Kang, 
Professor, Chief of Gastroenterology.

FINAL DIAGNOSIS
Synchronous occurrence of GC and GIST.

TREATMENT
According to the Japanese Classification of Gastric Cancer, all GC patients underwent D2 Lymphadenectomy and 
postoperative chemotherapy. Complete resection or local resection with adequate margins was performed for all GIST, 
and oral imatinib mesylate (IM) was administered postoperatively for medium- or high-risk GIST. All 19 patients 
received radical gastrectomy combined with complete stromal tumor resection, including four (21%) with laparotomy 
and 15 cases (79%) with laparoscopy. For GC, total gastrectomy was performed in six cases (31%), distal gastrectomy in 11 
(58%) and proximal gastrectomy in two (11%). For postoperative treatment of GIST, two patients were given oral IM 
because GIST was classified as high risk, but the rest were not treated.

OUTCOME AND FOLLOW-UP
Patients were followed up by outpatient review or telephone; the primary event was death, and the last follow-up date 
was March 2022. During follow-up, two patients were lost, 12 survived, and five died of GC recurrence or distant 
metastasis (Table 1). No recurrence of GIST was found in 17 patients who were successfully followed up. The 3-year 
cumulative survival rate of 19 patients with synchronously occurring GC and GIST was 73.9%, and the 5-year cumulative 
survival rate was 59.2% (Figure 3A).
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Table 1 Clinicopathological features, treatment and outcome of gastric cancer in 19 patients

No. Age in 
yr Sex BMI Chief complaint

Disease 
duration 
(mo)

Comorbidities in 
yr

Tumor 
marker Primary site Size 

(cm) pTNM Gross appearance Differentiation Lauren 
type Outcome

1 66 M 17.9 Epigastric discomfort 12.0 HBP/20 (-) Pylorus 1.5 T3N0M0/IIA Ulcerativeinfiltrative M-P Mixed 38 m, PFS

2 56 M 24.2 CT found by accident 2.0 No (-) Cardia, body, 
antrum

10.0 T3N1M0/IIB Diffuse infiltrative P, SRCC Diffuse NA

3 53 M 19.5 Upper abdominal 
pain

0.5 No CA72-4↑ Body 4.5 T3N0M0/IIA Ulcerative infiltrative P, SRCC NA 48 m, PFS

4 71 M 21.5 Epigastric discomfort 6.0 No (-) Body 2.0 T2N0M0/IB NA M-P Mixed 53 m, PFS

5 45 M 21.8 Bloating, acid reflux 6.0 No (-) Pylorus 3.5 T3N2M0/IIIA Ulcerative M-P, SRCC Diffuse 48 m, DOD

6 55 M 25.5 Epigastric discomfort 2.0 No (-) Antrum 4.0 T1bN0M0/IA Ulcerative M-P, SRCC Intestinal 6 m, PFS

7 79 F 22.2 Heartburn, 
abdominal pain, 
black stools

2.0 HBP/10, DM/10 (-) Antrum 3.0 TisN0M0/0 NA HGIEN NA 27 m, PFS

8 58 M 27.9 Upper abdominal 
pain

4.0 No (-) Antrum 5.0 T4aN0M0/IIB Ulcerative P Diffuse 26 m, PFS

9 71 M 23.8 Epigastric pain, acid 
reflux

1.0 HBP/10 (-) Antrum 3.5 T1bN0M0/IA NA M Intestinal 23 m, PFS

10 56 M 23.2 Upper abdominal 
pain, choking eating, 
black stools

1.0 No (-) Cardia 1.5 T2N0M0/IB Ulcerative infiltrative M Intestinal NA

11 55 M 23.7 Abdominal 
distension

9.0 No CEA↑ Fundus 3.0 T4aN3bM0/IIIC Ulcerative M Intestinal 10 m, DOD

12 59 M 23.1 Abdominal 
distension, black 
stools

1.0 DM/6 (-) Body 5.0 T2N0M0/IB Ulcerative P Diffuse 20 m, PFS

13 62 M 22.9 Upper abdominal 
pain

12.0 No CEA↑, 
CA724↑

Body 2.0 T3N0M0/IIA Ulcerative P, SRCC Diffuse 9 m, PFS

14 49 M 13.1 Epigastric discomfort 12.0 No (-) Cardia, 
fundus

5.0 T4bN0M0/IIIA Ulcerative M-P Mixed 45 m, PFS

15 65 F 23.6 Epigastric discomfort, 
abdominal distension

12.0 No (-) Cardia, body 2.5 T4aN1M0/IIIA Ulcerative M NA 5 m, DOD

16 73 M 21.3 Epigastric discomfort 48.0 No CA724↑ Body 5.0 T4aN3bM0/IIIC Ulcerative M-P Diffuse 12 m, DOD

Upper abdominal CEA↑, 17 62 M 22.8 6.0 DM/6 Antrum 3.5 T4aN0M0/IIB Ulcerative infiltrative M Intestinal 70 m, PFS



Liu J et al. Gastric cancer concomitant with GIST

WJGO https://www.wjgnet.com 1811 October 15, 2023 Volume 15 Issue 10

pain CA125↑

18 62 M 21.2 Progressive 
dysphagia

3.0 HBP/30 CA199↑ Cardia 4.5 T4aN2M0/IIIA Ulcerative M-P Mixed 12 m, DOD

19 72 M 22.4 Upper abdominal 
pain

0.5 No (-) Body 1.5 T1bN0M0/IA NA W NA 63 m, PFS

M: Male; F: Female; HBP: High blood pressure; DM: Diabetes Mellitus (Type 2); TG: Total gastrectomy; DG: Distal gastrectomy; PG: Proximal gastrectomy; pTNM: Pathological tumor-node-metastasis; SRCC: Signet-ring cell carcinoma; 
HGIEN: High-grade intraepithelial neoplasia; NA: Not assessed; PFS: Progression-free survival; DOD: Dead of disease; M-P: Moderately to poorly differentiated; M: Moderately differentiated; P: Poorly differentiated; W: Well 
differentiated.

DISCUSSION
It has been reported that the incidence of GC accompanied by GIST is 0.29%-0.53%[6,30,52]. As the diagnostic criteria for 
GIST have changed and awareness has increased, data surveys in the United States and the Netherlands showed that the 
incidence of GIST has increased year by year[4,53]. Kawanowa et al[54] found that microscopic GIST was found in 35% of 
GC patients undergoing resection. In our series, the incidence of synchronous GC and GIST was 0.35% (19/5408). It is 
possible that the incidence of GC simultaneously occurring with GIST is higher because most GISTs are small (68% ≤ 2 
cm, Table 3) and it is easy to miss diagnosis[7-41]. In addition to the small size of GIST, there are other factors 
contributing to the low preoperative diagnosis rate: (1) EUS demonstrates superior diagnostic capability for mesenchymal 
tissue GIST compared to conventional gastroscopy; however, most patients still opt for conventional gastroscopy; (2) 
Patients with concurrent GC and GIST primarily seek medical attention due to symptoms related to GC, resulting in a 
rarity of clinical recognition. Consequently, some clinicians may prioritize the diagnosis of GC while overlooking the 
presence of GIST; and (3) Some GISTs are extraluminal. Studies have shown that epigastric discomfort, dull pain, upper 
gastrointestinal bleeding, or melena may occur when the diameter of GIST is > 5 cm, and bleeding is the first symptom in 
most patients[55]. The clinical signs of synchronous GC and GIST lack specificity, and the symptoms of GIST are often 
masked by GC[45], probably because most GISTs are small in diameter (68% ≤ 2 cm).

In this study, the median age of concurrent GC and GIST was 62 years and combined with the literature review[7-41], 
the median age was 70 years (range: 45-93 years, 47 reports, 157 patients) (Table 3), which is similar to the median age at 
diagnosis for GIST (range: 66-69 years)[55]. Older people may have specific changes in gene expression profiles, lower 
immunity, and greater susceptibility to synchronous tumors[45]. The male to female ratio in this study was 8.5:1.0, and 
combined with other studies[7-41], the ratio was 3.4:1.0 (Table 3). The latest statistics report that GC incidence is two 
times higher in males than in females[56], while GIST has almost equal gender distribution[55].

The preoperative diagnosis rate of synchronous GIST and GC is low, and diagnosis is usually made during intraop-
erative exploration or postoperative pathological examination[6,30,45]. GIST is often misdiagnosed as metastatic lymph 
nodes from epithelial-mesenchymal transition or GC recurrence and metastasis. In our study, the preoperative diagnostic 
rate of suspicious GIST was 15% with CT, 21% with gastroscopy, and 63% with intraoperative exploration. Lin et al[45] 
found that among 42 patients with synchronous GC and GIST, only one (2.4%) was diagnosed preoperatively. Therefore, 
it is necessary for clinicians to carefully improve imaging examinations such as endoscopy and CT before surgery, and 
conduct comprehensive and meticulous exploration during surgery. If suspicious lesions are found, a routine biopsy or 
intraoperative frozen examination is performed to confirm the diagnosis, and a detailed analysis of specimens after 
surgery is required.
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Table 2 The clinical, histological and immunohistochemical characteristics of gastrointestinal stromal tumor in 19 patients

No. CT EGD Location Origin Size (cm) Type Growth pattern Mitotic index (HPF) Risk category CD117 CD34 Dog-1 S-100 SMA VIM IM

1 GIST GIST Antrum Submucosal 9.0 Spindle, epithelioid Intraluminal < 5/50 High + + + - - NA Yes

2 (-) (-) Body Muscularis 0.4 NA Intramural < 5/50 Very low ++ +++ +++ - - NA No

3 (-) (-) Body Subserous 1.0 Spindle Extraluminal < 5/50 Low + + + - - + No

4 Mass (-) Duodenum NA 2.0 Spindle Extraluminal < 5/50 Low + + + - - + No

5 (-) (-) Jejunum NA 1.5 Spindle Extraluminal < 5/50 Low ++ + +++ - NA No

6 (-) GIST Fundus Muscularis 1.5 Spindle Extraluminal < 5/50 Low + + + - - + No

7 GIST GIST Body NA 5.0 Spindle Extraluminal < 5/50 Low + + + - - + No

8 Mass Mass Fundus Subserous 1.0 Spindle Intraluminal < 5/50 Low + + + - NA NA No

9 (-) Mass Duodenum NA 4.0 Spindle Extraluminal < 5/50 Low + + + - - + No

10 (-) (-) Cardia Subserous 0.2 Spindle Extraluminal < 5/50 Very low + + + - - NA No

11 GIST GIST Body Muscularis 12.0 Spindle Extraluminal, intraluminal 6-10/50 High + + + - - + Yes

12 (-) (-) Jejunum NA 4.0 Spindle Extraluminal < 5/50 Low + - + - - + No

13 (-) (-) Body Muscularis 0.4 Spindle Intramural < 5/50 Very low + + + - - NA No

14 (-) (-) Fundus Subserous 0.4 Spindle Extraluminal < 5/50 Very low ++ +++ +++ - NA NA No

15 (-) (-) Body Submucosal 0.6 Spindle Intramural < 5/50 Very low + + + - - NA No

16 (-) (-) Body Subserous 3.0. Spindle Extraluminal < 5/50 Low + + + - - + No

17 (-) (-) Antrum Muscularis < 1.0 NA Intramural < 5/50 Very low + + NA NA NA NA No

18 (-) (-) Cardia, fundus Subserous 0.4 Spindle Extraluminal < 5/50 Low + + + NA - NA No

19 (-) (-) Body Subserous 1.3 Spindle Extraluminal < 5/50 Very low + + - - NA + No

NA: Not assessed; CT: Computed tomography; EGD: Esophagogastroduodenoscopy; V-L: Very low; L: Low; IN: Intermediate; H: High; IM: Imatinib mesylate; GC: Gastric cancer; GIST: Gastrointestinal stromal tumor.

In the present study, the median maximum diameter of the GC was 3.5 cm (range: 1.5-10.0 cm), and the most common 
appearance of GC was ulcerative (53%), which was similar to that reported by Maiorana et al[6] (50%) and Cai et al[25] 
(50%). Summarizing this study and literature review[7-41], we found that the median maximum diameter of the GC was 
4 cm (range: 1.0-10.2 cm). GC is usually located in the lower third of the stomach (42%), stage I (42%), poorly differen-
tiated (42%), and intestinal adenocarcinoma (51%) (Table 3). Therefore, we hypothesized that the occurrence of GIST 
might have an inhibitory effect on the progression of GC. This was a finding not encountered before in the literature. 
However, this conjecture is solely based on the findings of pertinent global research due to limited case numbers and a 
dearth of molecular biological mechanism investigations, thereby insufficiently substantiating this conclusion.
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Table 3 Details of the clinical, histological, immunohistochemical, and outcomes of concurrent gastric cancer and gastrointestinal stromal tumor summarized in this study and literature review

GC GIST
Ref. Sex Age in yr

Location Size (cm) TNM status Lauren Differentiation Location Size 
(cm) Risk CD117 CD34

Outcome

F 81 Cardias 4.0 T2bN0M0, IB Intestinal NA Fundus 5.0 L NA 21 m, DOD

F 79 Antrum 2.0 T1bN0M0, IA Diffuse Pylorus 6.0 H + 54 m, PFS

M 75 Antrum 4.0 T2bN1M0, IIA Intestinal Antrum 5.0 L 12 m, PFS

F 79 Pylorus 1.2 T2aN1M0, IIA Intestinal Cardias 5.0 L + 28 m, PFS

Maiorana et al[6], 2000

M 79 Antrum 2.0 T2aN0M0, IB Intestinal Cardias 0.6 V-L + 75 m, PFS

71 Antrum 5.7 T3NxM0 Intestinal P Cardias 0.5 V-L + + NA 71Bircan et al[7], 2004

77 Cardias 7.5 T2N1M0, 
IIA

NA M Cardias 0.6 V-L + + NA 77

Villias et al[8], 2008 M 78 Antrum NA T1N0M0, IA Intestinal M Antrum 0.9 V-L + + NA

Lin et al[9], 2006 F 70 Cardias 1.7 T1N0M0, IA NA P, SRCC Fundus 1.1 V-L + + 14 m, PFS

Liu et al[10], 2018 M 72 Antrum 4.0 T2N1M0, IIA NA M Fundus 2.0 V-L + + 18 m, PFS

F 64 Antrum 5.0 T4N0M0, IIB Diffuse NA Cardias 2.0 L + + NAWronski et al[11], 2006

M 66 Cardias 1.0 T1N0M0, IA Intestinal NA Cardias 1.0 V-L + + NA

Theodosopoulos et al
[63], 2011

M 80 Antrum 6.5 T1N0M0, IA Intestinal W Body 3.0 IN + NA 12 m, PFS

Rauf et al[46], 2006 F 70 Antrum, body 10.0. T4N1M0, IIIA Diffuse P, SRCC Body 2.0 L + + 18 m, DOD

Namikawa et al[14], 
2021

M 74 Body 2.0 T2N0M0, IB NA M Body 2.2 L NA NA 1 m, PFS

Shimodate et al[15], 
2014

M 79 Body 3.0 T1bN0M0, IA NA NA Body 1.3 V-L + + NA

Khoshnevis et al[16], 
2013

F 64 Pylorus 6.0 T4N0M0, IIIA Diffuse P, SRCC Fundus, body 1.0 H + NA 4 m, PFS

Namikawa et al[17], 
2016

M 58 Body 9.0 T2N1M0, IIA Diffuse SRCC Body 21.0 H NA NA 4 m, PFS

Kaffes et al[18], 2002 M 78 Antrum NA T1N0M0, IA Diffuse P Body 1.5 ND NA + 20 m, PFS

Uchiyama et al[19], 
2007

M 74 Antrum 1.5 T1aN0M0, IA Intestinal M-P Body 0.8 L + + NA
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Salemis et al[20], 2008 F 78 Antrum 6.5 T4N2M0, IIIA Diffuse P Body 1.0 L + + 14 m, DOD

Narasimhamurthy et al
[21], 2010

M 65 Cardias 4.0 T4NxM0 Diffuse P Antrum 2.5 L + NA NA

M 52 NA 10.2 T3N1M0, IIB NA NA NA 1.1 V-L + + NAFerreira et al[22], 2010

F 65 NA 4.8 T3N1M0, IIB NA NA NA 0.7 V-L + +

M 74 NA NA NA NA NA NA 1.2 V-L NA NA 5 m, DODGonçalves et al[23], 
2010

M 67 NA NA NA NA NA NA 0.3 V-L NA NA 2 m, DOD

Jeong et al[24], 2011 M 74 Antrum 3.3 T1aN0M0, IA Intestinal M Body 2.0 V-L + + NA

M 47 Cardias 8.0 T3N1M0, IIB NA P Cardias 2.0 V-L + + NA

M 80 Antrum 2.0 T1N0M0, IA P Cardias 1.5 V-L + +

M 60 Antrum 8.0 T3N0M0, IIA Antrum 0.6 V-L + +

F 67 Antrum 4.0 T3N1M0, IIB Body 0.8 V-L + +

M 78 Pylorus 6.0 T4N2M0, IIIA Body 2.5 L + +

M 78 Body 10.0 T3N1M0, IIB Body 1.4 L + +

F 59 Body 4.0 T2N1M0, IIA P Body 0.8 L + +

Cai et al[25], 2013

M 80 Antrum 6.0 T2N0M0, IB P Body 5.0 L + +

M 53 NA NA NA NA NA NA NA V-L + NA NALiszka et al[26], 2007

M 63 NA NA NA NA NA NA NA L + NA

Yamamoto et al[27], 
2012

M 67 Body 3.0 T4N0M0, IIB Diffuse P Body 3.0 L + + NA

Gülpınar et al[28], 2014 M 75 Antrum NA T1N1M0, IB NA M Antrum 1.0 NA NA NA

Trihia et al[29], 2019 M 79 Cardias 8.5 NA Intestinal M-P Body 0.9 L + + Days, DOD

M 53 U NA T4N0M0, IIIA NA P NA 0.4 V-L NA NA

M 51 U NA T4N3M0, IIIB M-P 0.8 V-L +

M 62 U NA T4N2M0, IIIA P 0.8 V-L NA

F 73 L NA T4N3M0, IIIB P, SRCC 0.2 V-L NA

M 68 M NA T1N0M0, IA M 0.8 V-L NA

F 46 L NA T1bN0M0, IA P, SRCCM 2.5 L +

M 78 U NA T4N1M0, IIIA M 1.5 V-L +

Yan et al[30], 2013
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M 66 U NA T4N3M0, IIIB M-P 1.5 V-L +

M 85 U, M NA T4N2M0, IIIA P 1.0 V-L +

M 68 L NA T4N0M0, IIB M 0.8 V-L +

M 69 U NA T4N0M0, IIB P, SRCC 2.0 V-L +

M 77 U NA T2N1M0, IIA M 0.2 V-L +

M 71 L NA T4N3M0, IIIB M-P 0.6 V-L +

F 77 L NA T4N3M0, IIIB M-P 0.5 V-L +

F 70 L NA T1bN0M0, IA 0.6 V-L +

Vogel et al[31], 2011 M 79 Body 6.0 T1N0M0, IA Diffuse P, SRCC Body 0.8 V-L + NA 12 m, PFS

1Ozgun et al[32], 2009 M 78 Body NA NA NA NA Antrum 10.0 H + +

Hsiao et al[33], 2009 M 75 Cardias 1.0 T1N0M0, IA NA W Cardias 3.3 L + + 6 m, DOD

Kountourakis et al[34], 
2008

F 72 NA NA NA Diffuse NA NA 1.8 V-L + + 6 m, PFS

Lee et al[35], 2007 M 82 Body 9.5 T4NxM1, IV NA NA Body 1.5 L + + NA

Chen et al[36], 2001 M 72 Pylorus 1.5 NA NA NA Body 2.5 V-L + + NA

1Katsoulis et al[37], 
2007

F 78 Cardias NA T4N3aM0, IIIB Diffuse P Antrum 0.9 V-L + NA NA

1Liu et al[38], 2002 M 70 Cardia, 
fundus

8.5 T4N0M1, IV Intestinal NA Cardia NA V-L + + 3 m, DOD

1Toyoda et al[39], 2009 F 83 Body 9.0 T4NxM0 Intestinal P Body 4.5 H + + 6 m, DOD

1Matsuno et al[40], 2021 M 68 Body 5.0 T3N0M0, IIA NA M Body 0.5 V-L + NA 2.5 yr, PFS

F 86 Body 6.0 NA Intestinal SRCC Body 6.0 IN + + 11 m, PFS1Kleist et al[41], 2010

M 78 Body 6.0 NA NA SRCC Body 5.5 IN + + 4 m, DOD

1Trabelsi et al[42], 2008 M 54 NA NA NA Diffuse NA NA 1.0 V-L NA NA NA

1Zámecník et al[64], 
2005

F 93 Fundus NA LGIN, 0 NA NA Fundus 4.5 L + + NA

1Idema et al[43], 2008 M 71 Body 5.0 T4N2M0, III A Intestinal SRCC Body 0.6 V-L + + 30 m, DOD

Alkaaki et al[65], 2018 M 55 Cardia 1.7 T1aNxM0 NA NA Antrum 10 H - + NA

1Bi et al[66], 2009 F 73 Fundus, body 4.0 T4N2M0, III A Intestinal W Fundus 4 L + + NA

M 63 Cardia 9.0 T4N3bM0, IIIB Intestinal NA Cardia 0.4 V-L + + 13 m, DOD1Firat et al[44], 2010
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M 60 Body 4.0 T1N0M0, IA Intestinal Body 0.5 V-L + + 12 m, PFS

Telugu et al[67], 2016 M 63 Cardia 4.0 T3N1M0, IIB NA M Fundus 1.0 V-L - + 7 m, PFS

Lin et al[45], 2014 M (32), F 
(10)

> 60 (30), ≤ 
60 (12)

NA NA IA (14), IB (8), IIA (5), 
IIB (1), IIIA (7), IIIB (4), 
III C (3)

NA W (6), M (21), P (10), 
SRCC (5)

U (14), M (20), L 
(8)

≤ 2 (35), 
2-5 (7)

V-L (35), L 
(4), IN (2), 
H (1)

+ (28) + (25) 3-yr (62.6), 5-yr 
(57.8%)

Liu et al[52], 2009 M (19), F 
(3)

64.5, (Med) NA NA NA NA NA Cardias (1), 
fundus (7), body 
(13), antrum (1)

0.8 (Med) < L 5-yr (31.8%)

Present study M (17), F 
(2)

62 (Med) U (5), M (6), L 
(7), W (1)

3.5 (Med) 0 (1), IA (3), IB (3), IIA 
(3), IIB (3), III A (4), 
IIIC (2)

Diffuse (6), 
intestinal (5), 
mixed (3)

M-P (7), M (5), P (5), 
W (1)

Body (8), fundus 
(3), antrum (2), 
Cardia (2)

1.4 (Med) L (10), V-L 
(7), H (2)

+ (19) + (18), - 
(1)

3-yr (73.9%), 5-
yr (59.2%)

All M (122), 
F (35)

70 (Med) U (26), M (23), 
L (35)

4 (Med) 0 (2), IA (33), IB (16), 
IIA (17), IIB (13), IIIA 
(21), IIIB (11), IIIC (5), 
IV (2)

Diffuse (19), 
intestinal (23), 
mixed (3)

M-P (13), M (38), P 
(45), W (10)

U (43), M (66), L 
(20)

1.2 (Med) V-L (84), L 
(35), IN (5), 
H (9)

- (2) - (1) 3-yr (54.5%), 5-
yr (46.7%)

1Collision tumor.
GC: Gastric cancer; GIST: Gastrointestinal stromal tumor; M: Male; F: Female; Med: Median; DOD: Dead of disease; U: Upper one-third of the stomach; M: Middle one-third of the stomach; L: Lower one-third of the stomach; LGIN: 
Low-grade intraepithelial neoplasia; M-P: Moderately to poorly differentiated; M: Moderately differentiated; P: Poorly differentiated; W: Well differentiated; SRCC: Signet-ring cell carcinoma; V-L: Very low; L: Low; IN: Intermediate; H: 
High; SRCC: Signet-ring cell carcinoma; NA: Not assessed; PFS: Progression-free survival; pTNM: Pathological tumor-node-metastasis.

In the case of GC occurring concomitantly with GIST, we found that GISTs were most frequently located in the gastric 
body (42%), with a maximum diameter of 1.4 cm (68% ≤ 2 cm), most often occurred in the subserosal layer, and the most 
common growth pattern was extraluminal (Table 2). These results were similar to our summary[7-41], with 51% of GISTs 
located in the middle third of the stomach, and the median largest diameter of GISTs was 1.2 cm (78% ≤ 2 cm) (Table 3). 
Yan et al[30] reported that 93% of GISTs simultaneously occurring with GC were < 2 cm in diameter, and Agaimy et al[57] 
found that 73% of GISTs were < 5 cm in diameter. Liu et al[52] found that GISTs that occurred simultaneously with GC 
were small, with a median diameter of 0.8 cm (range: 0.2-2.5 cm), while the median value of pure GIST was 7.5 cm (range: 
1.5-30.0 cm). At present, the most practical value for the diagnosis of GIST is the proto-oncogene c-kit gene expression 
product CD-117 (80%-100%) and CD-34 (56%-83%)[55-57]. In our study, the positive rates of CD117 and CD34 in GIST co-
occurring with GC were 100% and 95%, respectively; similar to the results reported by Liu et al[52] (CD117 92.6%, CD34 
96.3%). Lin et al[45] found that compared with pure GIST, the positive rate of CD117 (66.7%) and CD34 (59.5%) in 
synchronous GC combined with GIST was lower. On the contrary, Liszka et al[26] found that the positive expression rate 
of CD117 in GIST combined with other tumors and GIST alone was 100%, and the positive rate of CD34 was 54.5% and 
56.7%, respectively, with no significant difference. Combined with the literature review[7-41], we found that only two 
cases were negative for CD117 expression and one was negative for CD34 expression (Table 3). Liu et al[52] found that 
most incidental GISTs (90.7%) had low mitotic activity and low risk, while only 1.9% of clinical GIST cases had low risk. 
Cai et al[25] and Liszka et al[26] found that patients with synchronously occurring GIST and other tumors had a lower risk 
of invasion and a smaller tumor diameter than patients with GIST alone. Yan et al[30] reported that almost all GISTs 
occurring concomitantly with GC were stratified as very low or low risk. We found that 89% of GISTs were low or very 
low risk. When combined with other studies[7-41], we found that 89% of GISTs co-occurring with GC were classified as 
low or very low risk (Table 3). Liu et al[58] conducted a retrospective analysis on 24 patients diagnosed with GC 
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Figure 1 Gastroscopic and imaging features of gastric cancer concomitant with gastrointestinal stromal tumor. A: Ulcerative gastric 
adenocarcinoma (patient 6); B: Pyloric adenocarcinoma (thin arrow) and intraluminal gastrointestinal stromal tumor (GIST; thick arrow) leading to pyloric obstruction 
(patient 1); C: Giant GIST (9.5 cm × 10.9 cm × 11.7 cm, arrow) showing intraluminal and extraluminal growth, compressing the spleen and left kidney (patient 11); D: 
Suspicious GIST under gastroscopy (patient 6); E: Suspicious GIST on ultrasound Endoscopy (patient 6).

Figure 2 Pathological and immunohistochemical features of gastric cancer concomitant with gastrointestinal stromal tumor. A: 
Microscopically showing gastric adenocarcinoma (patient 6; HE, 100 ×); B: Microscopically showing gastric stromal tumor (patient 6; HE, 100 ×); C: CD117 positive 
under microscope (patient 6; immunohistochemical staining, 200 ×); D: CD34 positive under microscope (patient 6; immunohistochemical staining, 200 ×); E: Dog-1 
positive under microscope (patient 6; immunohistochemical staining, 200 ×).
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Figure 3 Kaplan-Meier survival curves. A: 19 patients with gastric cancer (GC) accompanying gastrointestinal stromal tumor (GIST) in this study; B: 46 
patients with GC accompanying GIST in this study and the literature reviewed.

combined with GISTs. The findings revealed that the occurrence of GIST combined with GC was more prevalent among 
elderly male patients, while GIST predominantly exhibited low-risk characteristics. Similarly, Liu et al[59] conducted an 
analysis on 26 patients diagnosed with GC and GISTs, revealing that the Fletcher classification typically indicates a very 
low or low risk of invasion in patients with GIST and GC. These findings may be related to the following factors: 
Widespread KIT/PDGFRA mutations in early tumorigenesis. Since additional mutations are required for GIST 
progression, synchronized tumors may influence the environment, release factors that inhibit the acquisition of further 
genetic changes, or inhibit GIST growth[30]. It may also be incidental that GIST develops later than GC.

At present, the etiology of GC co-occurrence with GIST is unclear. Some researchers believe that it is an accidental 
phenomenon[6,11], and others believe that several unknown carcinogens induce simultaneous proliferation and tumori-
genesis of epithelial and stromal cells, such as gene mutation, nitrite, and Helicobacter pylori[6,7,9,11,18,30,34,37,38,46-49]. 
Gene mutations may lead to the interaction of two adjacent tissues, interfering with mesothelial and epithelial cell growth 
regulation, thereby inducing different tumors in two tissues of the same organ. Through next-generation sequencing, Liu 
et al[10] detected that GC and GIST had significantly different gene mutations at the molecular level (TP53 and KIT gene 
mutations, respectively). Some researchers have hypothesized that there might be a field effect, with etiological cofactors 
leading to these two lesions[60]. Based on the high correlation between clinical and microscopic GIST and GC, we believe 
that GC and GIST may be affected by the same unknown carcinogen, resulting in the simultaneous proliferation of 
epithelial and stromal cells.

Synchronous GC and GIST treatment is comprehensive and based on surgery. The surgical method is mainly based on 
GC, and adjuvant IM therapy should be given to patients with intermediate- and high-risk GIST after surgery[55]. In our 
study, all patients were given chemotherapy based on GC after surgery, and imatinib (IM) therapy was also given to 
patients with high-risk GIST. Xu et al[61] demonstrated that apatinib exhibits promising therapeutic potential and 
tolerability in patients with GC complicated by GISTs who have shown resistance to IM in combination with 
chemotherapy. However, there is still no conclusion on whether there is any interaction between chemotherapy for GC 
and IM treatment for GIST and the time sequence of medication.

For patients with synchronously occurring GC and GIST, studies have shown that regardless of the Fletcher grade of 
GIST, GC is the main factor affecting the prognosis[35,45,51]. Liu et al[52] conducted a follow-up study on 22 patients 
with synchronously occurring GC and GIST who underwent surgery and found that the 5-year survival rate after surgery 
was 31.8%, and the average survival time was 3 years. Lin et al[45] found that GIST risk stratification, postoperative oral 
IM, and synchronous GC were independent predictors of survival; the 3-year survival rate was 62.6%, the 5-year survival 
rate was 57.8%, and the 5-year overall survival rate of patients with synchronous GC was lower than that of patients with 
nonsynchronous GC (very low/low: 60.2% vs 98.6%; moderate/high risk: 33.3% vs 98.1%). In our study, the 3-year 
cumulative survival rate of 19 patients with concurrent GC and GIST was 73.9%, and the 5-year cumulative survival rate 
was 59.2%. We analyzed the survival of 46 patients with synchronous GC and GIST by combining the patients in this 
study (n = 17) and those reviewed in the literature (n = 29) (Figure 3B)[6-67]. The 3-year cumulative survival rate was 
54.5%, the 5-year cumulative survival rate was 46.7%, the median survival time was 4 years, and none of the GISTs 
recurred during follow-up. In addition to the report by Liu et al[52], the 5-year survival rate of patients with GC combined 
with GIST in our study and in most studies was higher than that of patients with simple curable GC treated with surgery 
(5-year survival rate: 45%)[62], and similar to that of patients with simple GIST treated with complete resection (5-year 
survival rate: 50%-65%)[55]. To our knowledge, this is a finding that has not been encountered before in the literature. 
The reasons may be as follows: In patients with GC combined with GIST, most GC is early stage (42%), and most GIST is 
very low or low risk (89%). We hypothesize that there may be mutual inhibition between GC and GIST in the 
pathogenesis and progression. It is crucial to emphasize that our conjecture is solely based on a comprehensive analysis 
of current research findings both domestically and internationally. However, in order to validate this hypothesis, 
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extensive medical records and molecular biological investigations are imperative due to the absence of studies elucidating 
the underlying molecular mechanisms. In contrast, distinct findings emerge when comparing and analyzing GC patients 
with GIST and those diagnosed solely with GIST. Liu et al[58] conducted a comparative analysis between GC patients 
with GIST (n = 24) and gastric GIST patients (n = 217), revealing significantly lower 5-year disease-free survival rate and 
disease-specific survival rate in the former group compared to the non-synchronous group (54.9% vs 93.5%, P < 0.001; 
37.9% vs 89.9%, P < 0.001). Similarly, Liu et al[59] conducted an analysis on a cohort of 26 patients with synchronous GC 
(group A) and 96 patients with gastric GIST (group B). The findings revealed that the Fletcher classification (P < 0.05) and 
synchronous GC (P < 0.01) were identified as independent prognostic factors.

LIMITATION
Our study had some limitations. Firstly, the research data quality could be better, with a limited number of cases (19 
cases) and insufficient pathological research data. Additionally, more comprehensive test results and genetic and 
molecular data must be needed to support statistically significant conclusions based on limited information. Methodolo-
gically, this study is a retrospective single-centre investigation lacking prospective and case-control studies (including 
patients with superficial GC and Simple GIST patients) and molecular biological mechanism exploration. Regarding the 
study’s content, an in-depth investigation of H. pylori was not conducted. Consequently, this study remains at a 
preliminary stage of exploration. This study concludes that further investigations are required to validate and 
supplement the conjecture. The future research will require enhancements in data quality, research methods, and a 
deeper exploration of the content.

CONCLUSION
Synchronous of GIST and GC are more common than previously considered. There are specific clinicopathological 
features between GC and GIST, such as those commonly seen in older men, GC is usually poorly differentiated intestinal-
type early adenocarcinoma located in the lower third of the stomach, and GIST is usually small-diameter, low risk or very 
low risk located in the gastric body. We hypothesize that GC and GIST may be affected by the same unknown carcinogen, 
resulting in the simultaneous proliferation of epithelial and stromal cells. GC and GIST may have mutual inhibitory 
effects on the pathogenesis and disease progression. Importantly, a substantial amount of case data and studies on 
molecular biological mechanisms are imperative to validate this hypothesis.
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Abstract
BACKGROUND 
Multiple primary colorectal carcinoma (MPCC) is a rare clinical disease, which is 
challenging to differentiate from metastatic disease using histopathological 
methods. Next-generation sequencing (NGS) has been employed to identify 
multiple primary cancers.

CASE SUMMARY 
This study a rare case of a 63-year-old male patient diagnosed with MPCC by 
targeted NGS, which was initially missed by radiological evaluation. The patient 
was found to have two tumors located on the surface of the colorectum which had 
distinct genomic alterations. Based on wild-type KRAS detected in the unresected 
tumor, the patient benefited from the epidermal growth factor receptor (EGFR) 
inhibitor cetuximab treatment, but developed novel mutations including KIF5B-
RET fusion, which provides a possible resistance mechanism to anti-EGFR 
therapy.

CONCLUSION 
Our case highlights the necessity of using genetic testing for primary tumor 
diagnosis and the application of serial plasma circulating tumor DNA profiling 
for dynamic disease monitoring.

Key Words: Multiple primary colorectal carcinoma; Next-generation sequencing; 
Cetuximab; RET fusion; Case report
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Core Tip: We report a rare case of a 63-year-old male patient diagnosed with multiple primary colorectal carcinomas through 
targeted next-generation sequencing, which was initially missed by diagnostic imaging. The patient was found to have two 
tumors located on the colorectal surface which had different genomic alterations, as evidenced by immunohistochemistry 
staining. The patient benefited from treatment with the epidermal growth factor receptor inhibitor cetuximab due to the wild-
type KRAS detected in the unresected tumor. This case emphasizes the importance of genetic testing for primary tumor 
diagnosis and the need for longitudinal circulating tumor DNA profiling to develop effective therapeutic strategies.

Citation: Qu YJ, Zhang QS, Wang B, Zhang F, Pan E, Zhao CY, Liu SY, Fang LP. Comprehensive next-generation sequencing reveals 
double primary colorectal carcinoma missed by diagnostic imaging: A case report. World J Gastrointest Oncol 2023; 15(10): 1823-
1828
URL: https://www.wjgnet.com/1948-5204/full/v15/i10/1823.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i10.1823

INTRODUCTION
Colorectal cancer (CRC) is one of the most lethal and prevalent malignancies worldwide, with approximately half of CRC 
patients eventually developing metastatic CRC[1]. However, the occurrence of multiple primary colorectal carcinoma 
(MPCC) is rare (between 1.1% and 8.1%)[2]. MPCC is defined as the discovery of two or more primary colorectal 
carcinomas in an individual occurring either synchronously or metachronously[3]. Preoperative detection of multiple 
primary cancers is important when planning treatment. Nevertheless, current diagnostic criteria may not identify all 
MPCC patients, leading to inappropriate treatment and follow-up plans[4]. To reduce the rate of misdiagnosis or missed 
diagnosis, recent studies have proposed the use of molecular testing and genomic profiling[5]. Herein, we report a case of 
MPCC that was initially missed via imaging but was diagnosed using next-generation sequencing (NGS). The patient was 
found to have two tumors on the surface of the colorectum which had completely different mutation patterns. 
Furthermore, a KIF5B-RET fusion was identified following cetuximab resistance, which has not been previously reported 
in CRC.

CASE PRESENTATION
Chief complaints
A 63-year-old man presented with hematochezia and abdominal pain in June 2020.

History of present illness
He was diagnosed with colorectal carcinoma initially.

History of past illness
He had no major illnesses in the past.

Personal and family history
He and his family both had no history of cancer.

Physical examination
The patient's vital signs were normal.

Laboratory examinations
To search for an efficient therapeutic strategy, genomic DNA from the formalin-fixed paraffin-embedded sample of lesion 
A and circulating tumor DNA (ctDNA) from plasma were subjected to targeted NGS of 425 cancer-related genes (Nanjing 
Geneseeq Technology Inc.) (Figure 1A). A comparison of the genetic alterations in lesion A and B can be found in 
Supplementary Table 1.

Imaging examinations
The computed tomography (CT) scan showed two lesions (defined as A and B) on the liver. Endoscopic resection 
revealed that the two lesions were located on the surface of the colon, and only lesion A was removed (Figure 2).

https://www.wjgnet.com/1948-5204/full/v15/i10/1823.htm
https://dx.doi.org/10.4251/wjgo.v15.i10.1823
https://f6publishing.blob.core.windows.net/1990b0b8-54dc-41cf-80ee-be1735abf60a/WJGO-15-1823-supplementary-material.pdf
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Figure 1 Sequence of the patient’s multiline treatments and computed tomography images, the levels of colorectal cancer biomarkers, 
and allele frequencies of circulating tumor DNA alterations during treatments. A: Timeline of multiline therapies received by the patient; B: Computed 
tomography images of liver metastases during treatment. Lesions are indicated by the red circles. The number represents the change in the size of liver metastases 
compared with the previous image; C: The levels of the colorectal cancer biomarkers carcinoembryonic antigen and carbohydrate antigen 19-9 are shown by the blue 
and black lines, respectively. The four background colors represent each treatment line; D: The allele frequencies of circulating tumor DNA alterations are shown 
during cetuximab treatment. CEA: Carcinoembryonic antigen; CA19-9: Carbohydrate antigen 19-9; PR: Partial response; PD: Progressive disease.

FINAL DIAGNOSIS
He was diagnosed with stage Ⅳ (pT3N1M1) colorectal carcinoma with liver metastases in June 2020.
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Figure 2 Schematic diagram of the use of targeted next-generation sequencing for the diagnosis of two primary colorectal tumors, and 
the corresponding treatment and efficacy. NGS: Next-generation sequencing; FFPE: Formalin-fixed paraffin-embedded; CRC: Colorectal cancer.

TREATMENT
As the patient presented with intestinal bleeding, endoscopic resection was performed to alleviate his symptoms. Based 
on the identification of KRAS G12D with a mutation allelic frequency (MAF) of 41.9% identified in lesion A, the patient 
was administered XELOX plus bevacizumab (oxaliplatin 130 mg/m2 on day 1, capecitabine 1500 mg/m2 twice daily for 
14 d, bevacizumab 7.5 mg/kg day 1) every 3 wk as first-line treatment. The patient achieved an initial partial response 
(PR) with sustained response ongoing for 11 mo. In January 2021, the tumor was evaluated as progressive disease (PD), 
and second-line chemotherapy was initiated with irinotecan (180 mg/m2 day 1), raltitrexed (3 mg/m2 day 1) and 
bevacizumab (5 mg/kg day 1) every 2 wk. Unfortunately, the liver lesion size increased by 35% compared to baseline, 
indicating a PD (Figure 1B). In April 2021, both plasma and lesion B were subjected to NGS and four identical mutation 
types were identified, with no KRAS mutations (Supplementary Table 1). A comparison of genomic alterations between 
lesion A and B revealed completely different mutation landscapes. Furthermore, immunohistochemistry illustrated 
significant differences between the two lesions (Supplementary Figure 1), which confirmed the diagnosis of MPCC. As 
the patient had wild-type KRAS, he was treated with irinotecan (180 mg/m2 day 1), raltitrexed (3 mg/m2 day 1), plus 
cetuximab (500 mg/m2 day 1), a monoclonal antibody that blocks the epidermal growth factor receptor (EGFR), every 2 
wk in April 2021. Plasma ctDNA sequencing and CT scans were conducted every 2 wk and 2 mo, respectively (Figure 1B 
and C). Two months later, it was observed that the size of liver metastases had decreased by 75% compared to the 
previous examination and ctDNA had rapidly decreased to less than 1% (Figure 1B and D). Moreover, the tumor markers 
for CRC, carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA19-9) also significantly decreased to normal 
levels (Figure 1C), indicating a PR.

OUTCOME AND FOLLOW-UP
In August 2021, stable disease was observed with a 4% decrease in liver metastasis size compared to the previous 
examination, and no significant increase in CEA and CA19-9 Levels was observed (Figure1B and C). However, the allele 
frequencies (AFs) of ctDNA alterations in plasma samples were considerably elevated (Figure 1D and Supple-
mentary Table 1). One month later, the tumor size had increased by 30% compared to the previous month, with a 
significant increase in CEA and CA19-9 levels (Figure 1B and C), indicating a PD. Due to the occurrence of KIF5B-RET 
fusion (MAF = 18.5%), we recommended the use of pralsetinib, a selective RET inhibitor, but the patient refused. 
Consequently, the fourth-line chemotherapy with XELOX and bevacizumab was administered. Two months later, the 
tumor size had increased by 21% (Figure 1B). Unfortunately, the patient later passed away due to hepatic failure in 
November 2021.

https://f6publishing.blob.core.windows.net/1990b0b8-54dc-41cf-80ee-be1735abf60a/WJGO-15-1823-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/1990b0b8-54dc-41cf-80ee-be1735abf60a/WJGO-15-1823-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/1990b0b8-54dc-41cf-80ee-be1735abf60a/WJGO-15-1823-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/1990b0b8-54dc-41cf-80ee-be1735abf60a/WJGO-15-1823-supplementary-material.pdf
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DISCUSSION
MPCC was initially discovered by Warren and Gates in 1941[6]. Despite its rarity, the occurrence of MPCC is showing an 
upward trend[2]. Due to a lack of understanding regarding MPCC and limited diagnostic techniques, it is always 
challenging to distinguish between multiple primary cancers and tumor metastasis. The emergence of NGS has already 
changed the landscape of cancer studies and is now widely used in the diagnosis of multiple primary cancers[7,8]. In our 
case, lesions A and B, were initially misdiagnosed as a primary lesion with metastasis due to their similar features. Thus, 
only tumor A and plasma samples were subjected to targeted NGS, revealing a completely different mutation pattern. 
Further targeted NGS on lesion B showed that these two tumor lesions, A and B, did not share any mutations. Through 
genetic profiling, it was confirmed that lesions A and B were independent primary lesions. Of note, the molecular 
variations identified by NGS aided in the diagnosis of both primary tumors. It was also hypothesized that tumor B may 
have played a role in the development of liver metastases, but the patient declined a liver biopsy. Subsequent NGS 
supported this hypothesis, as there was a strong correlation between tumor B and plasma ctDNA.

Surgical intervention has long been the ideal choice for cancer patients[9], but not for patients with metastatic lesions. 
Our patient presented with intestinal bleeding, and we opted for surgery to ease his symptoms. For those patients who 
cannot undergo surgery, radiotherapy and chemotherapy are the primary methods for disease control[10]. In addition, 
targeted therapy is an alternative approach that has proven to be effective in prolonging the overall survival rate of CRC 
patients[1]. The first targeted agent for CRC approved by the Food and Drug Administration was cetuximab, a 
monoclonal antibody that blocks EGFR, in 2004[11]. The efficacy of anti-EGFR therapy is dependent on the mutational 
status of downstream signaling molecules of the EGFR pathway, such as KRAS, NRAS, PIK3CA, and BRAF. Patients with 
a KRAS wild-type tumor are more likely to respond to this therapy[12]. In our patient, lesion B and ctDNA showed wild-
type KRAS, while lesion A, which was removed, had a KRAS G12D mutation. Therefore, cetuximab was administered 
and the patient benefited from this treatment, with a decrease in liver tumor size, a reduction in AF of ctDNA, and lower 
serum tumor markers (CEA and CA19-9). Initially, the patient was found to have drug resistance by NGS, followed by 
serum tumor markers and a CT scan. Previous reports indicate that serial ctDNA profiling can detect disease progression 
earlier than CT scans[13]. Additionally, continuous monitoring of ctDNA can provide a more accurate understanding of 
the tumor, which can improve personalized treatment decisions[14]. To the best of our knowledge, this is the first time 
KIF5B-RET fusion has been discovered in a CRC patient with resistance to cetuximab. The emerging RET fusion variant is 
a significant driver gene for drug resistance in multiple progressive cancers, such as non-small cell lung cancer. Zhu et al
[15] reported that the emergence of the KIF5B-RET fusion gene may cause acquired resistance to EGFR-tyrosine kinase 
inhibitors in EGFR-mutant lung adenocarcinomas[15]. Hence, we propose that this KIF5B-RET fusion gene may be a 
novel factor contributing to acquired resistance to cetuximab in KRAS wild-type CRCs. Nevertheless, the patient declined 
treatment with pralsetinib, a targeted RET inhibitor.

The limitations of the single case presentation in this study should be noted. While the KIF5B-RET fusion is a possible 
resistance mechanism to cetuximab, more pre-clinical research and clinical data are required to confirm its potential. NGS 
is a powerful tool that can provide valuable insights into an individual's genetic composition[16]. It can help identify 
genomic variations potentially linked to certain diseases or conditions, allowing for earlier diagnosis and selection of 
more effective treatment[17]. In this particular case, NGS played a pivotal role in diagnosing MPCC and offered direction 
for its treatment.

CONCLUSION
In summary, we report the rare case of a 63-year-old male patient with MPCC diagnosed through genetic profiling. The 
patient was treated with cetuximab based on wild-type KRAS identified on the lesion and later developed novel 
mutations including KIF5B-RET fusion, which provides a possible resistance mechanism to anti-EGFR therapy. This case 
highlights the necessity of using genetic testing for identifying primary tumors and the importance of longitudinal 
ctDNA profiling, which may trigger the development of effective therapeutic strategies.
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Abstract
BACKGROUND 
Although common in lung cancer, somatic epidermal growth factor receptor 
(EGFR) mutations are rarely found in colorectal cancer, occurring in approx-
imately 3% of cases. Treatment with anti-EGFR antibodies is commonplace, but 
EGFR tyrosine kinase inhibitors are not standard treatments in colorectal cancer. 
Here we report a case of sustained response to osimertinib in a colorectal cancer 
patient with an EGFR T790M mutation on cell-free DNA analysis.

CASE SUMMARY 
A 72-year old woman with a past medical history of post-polio syndrome 
confined to a wheelchair, scoliosis and hypothyroidism presented with metastatic 
sigmoid colon adenocarcinoma with hepatic metastases. Next generation sequ-
encing revealed a RAS/RAF wild-type, microsatellite stable, PD-L1 negative 
malignancy. Mutations in TP3 and APC were also identified, as well as EGFR 
amplification. Cell-free DNA analysis revealed an EGFR T790M mutation. She 
was unable to tolerate first-line treatment with panitumumab, 5-fluorouracil and 
leucovorin, progressed on second-line treatment with trifluridine/tipiracil plus 
bevacizumab, and was unable to tolerate third-line treatment with regorafenib. 
She was started on fourth-line treatment with off-label osimertinib, with clinical 
response – decrease in size of hepatic metastases and a pericardial effusion. She 
remained on treatment with osimertinib for seven months.

CONCLUSION 
This case shows the benefit of multi-gene sequencing assays to identify potential 
therapeutic options in patients with refractory disease.

https://www.f6publishing.com
https://dx.doi.org/10.4251/wjgo.v15.i10.1829
mailto:kujtanl@umsystem.edu


Buzard B et al. Osimertinib in colorectal cancer

WJGO https://www.wjgnet.com 1830 October 15, 2023 Volume 15 Issue 10

Key Words: Colorectal cancer; Osimertinib; Epidermal growth factor receptor T790M; Precision oncology; Tyrosine kinase 
inhibitor; Case report

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

Core Tip: Somatic epidermal growth factor receptor (EGFR) mutations are rarely found in colorectal cancer. Treatment with 
anti-EGFR antibodies is commonplace, but EGFR tyrosine kinase inhibitors are not standard in colorectal cancer. Here we 
report a case of sustained response to osimertinib in a metastatic colorectal cancer patient with an EGFR T790M mutation 
detected with cell-free DNA. She progressed on three lines of treatment, and received fourth-line treatment with off-label 
osimertinib, with clinical response. She received treatment with osimertinib for seven months. This case shows the benefit of 
multi-gene sequencing assays to identify potential therapeutic options in patients with refractory disease.

Citation: Buzard B, Douglass L, Gustafson B, Buckley J, Roth M, Kujtan L, Bansal D. Response to osimertinib in a colorectal cancer 
patient with an EGFR T790M mutation: A case report. World J Gastrointest Oncol 2023; 15(10): 1829-1834
URL: https://www.wjgnet.com/1948-5204/full/v15/i10/1829.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i10.1829

INTRODUCTION
Although common in lung cancer, somatic epidermal growth factor receptor (EGFR) mutations are rarely found in 
colorectal cancer, occurring in approximately 3% of cases[1]. Treatment with anti-EGFR antibodies is commonplace, but 
EGFR tyrosine kinase (TK) inhibitors (TKIs) are not standard treatments in colorectal cancer. Here we report a case of 
sustained response to osimertinib in a colorectal cancer patient with an EGFR T790M mutation on cell-free DNA analysis.

CASE PRESENTATION
Chief complaints
Our patient is a 72-year-old white female who presented with a chief complaint of right upper quadrant pain.

History of present illness
She was diagnosed with metastatic sigmoid colon adenocarcinoma with liver involvement in November 2020 (Table 1).

History of past illness
She was a former light smoker who quit 10 years before the diagnosis of colon cancer.

Personal and family history
The patient had a past medical history of post-polio syndrome confined to a wheelchair, scoliosis, and hypothyroidism.

Physical examination
Physical examination findings were significant for mild tenderness to palpation in the right upper quadrant without 
abdominal distention as well as chronic muscle wasting and decreased muscle tone secondary to post-polio syndrome. 
Her Eastern Cooperative Oncology Group (ECOG) performance status was 3.

Laboratory examinations
Next-generation sequencing (NGS) covering over 600 genes was performed on the liver biopsy and revealed a RAS/RAF 
wild-type, microsatellite stable, PD-L1 negative malignancy. In addition, TP53 and APC mutations and EGFR 
amplification with C-terminal deletion in exons 27-28 were discovered. Cell-free DNA analysis revealed an EGFR 
p.T790M exon 20 somatic mutation with a variant allele frequency (VAF) of 12.3%.

Imaging examinations
Computed tomography (CT) imaging revealed hepatic metastases at diagnosis.

FINAL DIAGNOSIS
She was diagnosed with metastatic sigmoid colon adenocarcinoma with liver involvement in November 2020 (Table 1).

https://www.wjgnet.com/1948-5204/full/v15/i10/1829.htm
https://dx.doi.org/10.4251/wjgo.v15.i10.1829
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Table 1 Timeline of events

Date Event

November 2020 Diagnosed with metastatic colon adenocarcinoma and started on panitumumab, 5-fluorouracil and leucovorin

January 2021 Switched to trifluridine/tipiracil

November 2021 Disease progression on CT imaging

December 2021 Switched to regorafenib

February 2022 Switched to osimertinib

November 2023 Died

TREATMENT
She desired to preserve her quality of life and minimize side effects and trips to the cancer center. With these goals in 
mind, she declined standard frontline treatment options, including FOLFOX and FOLFIRI. This patient was discussed at 
our molecular tumor board in December 2020. At that time, anti-EGFR antibody therapy was recommended as EGFR 
amplification was thought to be secondary to the EGFR exon 27-28 deletion and truncation of the C-terminal domain 
leading to a paradoxical, ligand-independent downstream activation of the MAPK pathway[2]. She initially received 
panitumumab, 5-fluorouracil, and leucovorin. However, shortly after receiving panitumumab, the patient complained of 
post-nasal drainage and difficulty swallowing. She declined further treatment with this regimen. Pursuant to her goals of 
minimizing time spent at the cancer center and using the least toxic regimen, she was transitioned to treatment with 
trifluridine/tipiracil plus bevacizumab in January 2021[3]. Imaging revealed treatment response with subsequent 
progression in November 2021, eleven months after initiation of treatment.

Subsequently, she was initiated on third-line treatment with regorafenib in December 2021. The patient experienced 
multiple treatment interruptions due to poor tolerability (primarily grade 3 hypertension), and the decision was made to 
stop regorafenib. Her case was re-presented at the molecular tumor board in January 2022. Recommendations at that time 
were to pursue clinical trial options for anti-EGFR therapy or off-label EGFR TKI therapy. An ECOG performance status 
of 3 precluded enrollment in local therapeutic clinical trials, and the patient expressed that she did not wish to travel. The 
decision was made to initiate off-label osimertinib.

She started osimertinib 80 mg daily in February 2022. The VAF of the EGFR T790M mutation was 13.3%. Two weeks 
after initiating osimertinib, the patient developed an acneiform rash on both cheeks. Oral minocycline was prescribed, 
and the rash improved within two weeks. Worsening fatigue and an elevated total bilirubin of 2.1 mg/dL were noted 
within the first month of therapy. Her fatigue improved, and bilirubin normalized by the start of cycle two without dose 
modifications. Between March and April of 2022, the patient developed grade 2 anemia and grade 2 thrombocytopenia, 
both of which were monitored. A CT chest, abdomen, and pelvis with contrast was obtained five weeks after initiating 
osimertinib and revealed a decrease in the size of liver metastases and an unchanged appearance of the primary sigmoid 
colon malignancy. The VAF of the EGFR T790M mutation was then 2.1%, which correlated with the response seen on 
imaging (Figure 1).

OUTCOME AND FOLLOW-UP
In June 2022, a CT scan revealed portal vein thrombosis, and apixaban was initiated. In addition, the osimertinib dose was 
reduced from 80 mg to 40 mg daily due to the aforementioned hematologic toxicities.

This same CT scan obtained five months after the initiation of osimertinib revealed further improvement in hepatic 
metastases with a decrease in the size of the dominant hepatic mass from 11.9 cm at the time of initiation of therapy to 8.4 
cm (Figure 2). An echocardiogram revealed a decrease in the size of a pericardial effusion, which was present at the time 
of initiation of osimertinib. Subsequent imaging seven months after initiation of treatment revealed progression of hepatic 
metastases and new onset large volume ascites and peritoneal carcinomatosis. She decided to pursue hospice at this 
juncture and passed away two weeks later.

DISCUSSION
Our patient presented with metastatic colorectal cancer, which became refractory to treatment with trifluridine/tipiracil 
and bevacizumab. In addition, as described above, she had an intolerance to panitumumab and regorafenib. Cell-free 
DNA analysis revealed an EGFR T790M mutation. The patient's case was referred to our molecular tumor board, and the 
recommendation was to consider a trial of osimertinib. The patient had a response for over six months. While there is 
preclinical evidence for utilizing osimertinib in colon cancer, we could find only one clinical case report of using 
osimertinib in colon cancer[4,5].
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Figure 1 Serial cell-free DNA analyses and carcinoembryonic antigen levels over time. Osimertinib was initiated in February 2022, and imaging in 
April 2022 confirmed treatment response with a decrease in size of the hepatic metastases. CEA: Carcinoembryonic antigen; CEGFR: Epidermal growth factor 
receptor; VAF: Variant allele frequency.

The EGFR gene is located on chromosome 7p12-13 and encodes a transmembrane receptor composed of extracellular 
ligand binding and intracellular TK domains[6]. EGFR regulation is tightly controlled, and variations within the EGFR 
signaling pathway play a key role in solid tumor oncogenesis. Commercially available EGFR antagonists include the 
monoclonal antibodies (mAbs) panitumumab and cetuximab and act by preventing epidermal growth factor ligand 
binding to the external EGFR domain. EGFR mAbs are considered a standard of care in treating patients with metastatic 
colorectal cancer lacking activating mutations in KRAS/NRAS downstream of EGFR[7].

In contrast to these mAbs, EGFR TKIs block intracellular signaling cascades through competition with adenine 
triphosphate. While both approaches lead to the inhibition of EGFR autophosphorylation, TKI efficacy is restricted to 
cancers that carry EGFR mutations in the TK domain (exons 18-21). Still, these mutations are rarely seen in colorectal 
cancer[8]. Available TKIs against EGFR TK mutations are approved for non-small cell lung cancer and include first-
generation agents gefitinib and erlotinib and second-generation agents afatinib and dacomitinib[9]. Osimertinib is the 
only approved third-generation EGFR TKI and has efficacy against EGFR T790M, a mutation resistant to first- and 
second-generation EGFR TKIs[10].

There are currently no guidelines to direct therapy selection in EGFR-mutated colorectal cancer. However, case reports 
exist describing the efficacy of erlotinib in EGFR mutant colorectal cancer[11,12]. More recently, a 50-year-old Japanese 
woman with an EGFR T790M lung lesion from a colorectal primary responded to osimertinib for 95 days[5]. The patient 
was noted positive for RAS mutant G13D at diagnosis, which is downstream of EGFR. Mutations of this pathway are 
established as strong negative predictive markers, and may preclude efficacy of these therapies. This patient also had an 
uncommon EGFR L861Q mutation compounded with the EGFR T790M at the time of osimertinib initiation. It is 
speculated by the authors the patient originally only had the EGFR L861Q mutation and the T790M was acquired during 
the clinical course prior to starting osimertinib. With one mutation acquired during the clinical course, it is possible 
another resistance mechanism was acquired after starting osimertinib. This hypothesis along with the RAS mutation are 
potential explanations for the short response time noted compared to our patient. However, such cases highlight the 
additional options afforded to these patients by utilizing multi-gene sequencing panels.

The use of NGS in metastatic colorectal cancers is becoming standard in an effort to identify additional therapeutic 
options in the refractory setting. However, guidelines currently recommend testing for only a limited set of genes, 
including NRAS, KRAS, BRAF V600E, and mismatch repair/ microsatellite instability, with consideration to test for HER2 
amplifications and NTRK fusions in the refractory disease setting[9]. A retrospective review of 23 US-based oncology 
practices demonstrates that even these limited gene panels are underutilized; only 40% of patients underwent guideline-
recommended genomic testing for any of these genomic markers, a rate that has not increased since 2013[13,14].

Cell-free DNA plays an increasingly pivotal role in minimal residual disease monitoring for individuals with colon 
cancer[15]. Both tumor-informed and tumor-agnostic approaches are being investigated[16]. The clinical case described in 
this paper demonstrates the prospect of using cell-free DNA for response assessment, in addition to standard tumor 
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markers such as carcinoembryonic antigen, as illustrated in Figure 1.
Our patient had a response to osimertinib for over six months of therapy. The previously under-recognized factor of 

the time-related burden that patients undergoing oncologic treatments experience is coming to the forefront with recent 
research[17]. We customized her treatment to meet her goals of minimizing toxicity and time spent traveling to the cancer 
center. In alignment with these goals, most of her visits were performed virtually.

This case shows the benefit of large panel multi-gene sequencing assays to identify potential therapeutic options in 
patients with refractory disease. Molecular tumor boards are integral in identifying patients appropriate for a targeted 
therapy approach and procuring these much-needed therapies. As demonstrated in this case, precision medicine holds 
promise to tailor patient treatments to align with their goals and expectations.

CONCLUSION
This case shows the benefit of large panel multi-gene sequencing assays to identify potential therapeutic options in 
patients with refractory disease. Molecular tumor boards are integral in identifying patients appropriate for a targeted 
therapy approach and procuring these much-needed therapies. As demonstrated in this case, precision medicine holds 
promise to tailor patient treatments to align with their goals and expectations.
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