Gastrointestinal Oncology

Baishideng Publishing Group Inc



World Journal of
(]- ¢ Gastrointestinal
Oncology

Jaishideng

Contents Monthly Volume 16 Number 7 July 15, 2024

EDITORIAL

2867  Oncolytic virotherapy for hepatocellular carcinoma: A potent immunotherapeutic landscape
Xiao R, Jin H, Huang F, Huang B, Wang H, Wang YG

2877  Can the preoperative prognostic nutritional index be used as a postoperative predictor of gastric or
gastroesophageal junction adenocarcinoma?
Feng YW, Wang HY, Lin Q

2881  Esophageal cancer: A global challenge requiring tailored strategies
Cheng CY, Hao WR, Cheng TH

2884  Effectiveness of transarterial chemoembolization in combination with lenvatinib and programmed cell
death protein-1 inhibition for unresectable hepatocellular carcinoma
Chisthi MM

2888  Maximizing therapeutic outcomes in hepatocellular carcinoma: Insights into combinatorial strategies
Ilhan Y, Ergun Y

2894  Human p-defensin-1 activates autophagy in human colon cancer cells via regulation of long non-coding
RNA TCONS_00014506
Eid N, Davamani F
REVIEW

2902  Role of molecular biology in the management of pancreatic cancer
Boileve A, Smolenschi C, Lambert A, Boige V, Tarabay A, Valery M, Fuerea A, Pudlarz T, Conroy T, Hollebecque A,
Ducreux M
MINIREVIEWS

2915  Advances in immunotherapy of M2 macrophages and gastrointestinal stromal tumor
Wang XK, Yang X, Yao TH, Tao PX, Jia GJ, Sun DX, Yi L, Gu YH
ORIGINAL ARTICLE
Case Control Study

2925  Disparities in the diagnosis and treatment of colorectal cancer among patients with disabilities
Kim KB, Shin DW, Yeob KE, Kim SY, Han JH, Park SM, Park JH, Park JH
Retrospective Study

2941  Effectiveness and safety of sequential transarterial chemoembolization and microwave ablation for
subphrenic hepatocellular carcinoma: A comprehensive evaluation
Zhu ZY, Qian Z, Qin ZQ, Xie B, Wei JZ, Yang PP, Yuan M

. WIGO | https://www.wjgnet.com I July 15,2024 | Volume16 | Issue7



World Journal of Gastrointestinal Oncology

Contents

Monthly Volume 16 Number 7 July 15, 2024

2952

2960

2971

2988

2999

3011

3032

3055

3069

3082

3097

3118

3158

Combined use of dexmedetomidine and nalbuphine in laparoscopic radical gastrectomy for gastric cancer

Zhao GG, Lou C, Gao RL, Lei FX, Zhao J

Development and validation of a nomogram for predicting lymph node metastasis in early gastric cancer

He JY, Cao MX, Li EZ, Hu C, Zhang YQ, Zhang RL, Cheng XD, Xu ZY

Observational Study

Comprehensive serum proteomics profiles and potential protein biomarkers for the early detection of
advanced adenoma and colorectal cancer

Tan C, Qin G, Wang QQ, Li KM, Zhou YC, Yao SK

Clinical and Translational Research

Network pharmacology- and molecular docking-based exploration of the molecular mechanism
underlying Jianpi Yiwei Recipe treatment of gastric cancer

Chen P, Wu HY

Survival disparities among racial groups with hepatic malignant tumors

Han D, Zhang ZY, Deng JY, Du HB

Adipocytes impact on gastric cancer progression: Prognostic insights and molecular features

Shang JR, Zhu J, Bai L, Kulabiek D, Zhai XX, Zheng X, Qian J

Integrated single-cell and bulk RNA sequencing revealed an epigenetic signature predicts prognosis and
tumor microenvironment colorectal cancer heterogeneity

Liu HX, Feng J, Jiang JJ, Shen WJ, Zheng Y, Liu G, Gao XY

Causal effects of genetic birth weight and gestational age on adult esophageal diseases: Mendelian
randomization study

Ruan LC, Zhang Y, Su L, Zhu LX, Wang SL, Guo Q, Wan BG, Qiu SY, Hu S, Wei YP, Zheng QL

Prognostic significance of exportin-5 in hepatocellular carcinoma

Li H, Li F, Wang BS, Zhu BL

BCAR3 and BCAR3-related competing endogenous RNA expression in hepatocellular carcinoma and their
prognostic value

Shi HQ, Huang S, Ma XY, Tan ZJ, Luo R, Luo B, Zhang W, Shi L, Zhong XL, Lii MH, Chen X, Tang XW

Glycolysis-related five-gene signature correlates with prognosis and immune infiltration in gastric cancer

Meng XY, Yang D, Zhang B, Zhang T, Zheng ZC, Zhao Y

Basic Study

Kombo knife combined with sorafenib in liver cancer treatment: Efficacy and safety under immune
function influence

Cao Y, Li PP, Qiao BL, Li QW

Yiqi Jiedu Huayu decoction inhibits precancerous lesions of chronic atrophic gastritis by inhibiting NLRP3
inflammasome-mediated pyroptosis

Zhou P, Zheng ZH, Wan T, Liao CW, Wu J

Jaishiden,

o WIGO | hittps://www.wijgnet.com 1l July 15,2024 | Volume16 | Issue?



World Journal of Gastrointestinal Oncology
Contents
Monthly Volume 16 Number 7 July 15, 2024
3169  Multi-Omics analysis elucidates tumor microenvironment and intratumor microbes of angiogenesis
subtypes in colon cancer
Yang Y, Qiu YT, Li WK, Cui ZL, Teng S, Wang YD, Wu J
3193  Baitouweng decoction suppresses growth of esophageal carcinoma cells through miR-495-
3p/BUB1/STAT3 axis
Yang H, Chen XW, Song XJ, Du HY, Si FC
3211  Weiwei Decoction alleviates gastric intestinal metaplasia through the olfactomedin 4/nucleotide-binding
oligomerization domain 1/caudal-type homeobox gene 2 signaling pathway
Zhou DS, Zhang WJ, Song SY, Hong XX, Yang WQ, Li JJ, Xu JQO, Kang JY, Cai TT, Xu YF, Guo SJ, Pan HF, Li HW
3230  Aldehyde dehydrogenase 2 family member repression promotes colorectal cancer progression by
JNK/p38 MAPK pathways-mediated apoptosis and DNA damage
Yu M, Chen Q, Lu YP
3241  RBMb) suppresses proliferation, metastasis and glycolysis of colorectal cancer cells via stabilizing
phosphatase and tensin homolog mRNA
Wang CX, Liu F, Wang Y
3256  Immune effect and prognosis of transcatheter arterial chemoembolization and tyrosine kinase inhibitors
therapy in patients with hepatocellular carcinoma
Guo Y, Li RC, Xia WL, Yang X, Zhu WB, Li FT, Hu HT, Li HL
3270 N6-methyladenosine modification of hypoxia-inducible factor-1a regulates Helicobacter pylori-associated
gastric cancer via the PI3K/AKT pathway
An TY, Hu QM, Ni P, Hua YQ, Wang D, Duan GC, Chen SY, Jia B
3284  Canopy FGF signaling regulator 3 affects prognosis, immune infiltration, and PI3K/AKT pathway in colon
adenocarcinoma
Gao XC, Zhou BH, Ji ZX, Li Q, Liu HN
META-ANALYSIS
3299  Clinical and pathological features of advanced rectal cancer with submesenteric root lymph node
metastasis: Meta-analysis
Wang Q, Zhu FX, Shi M
3308  Clinical benefits of transarterial chemoembolization combined with tyrosine kinase and immune
checkpoint inhibitors for unresectable hepatocellular carcinoma
Han F, Wang XH, Xu CZ
SCIENTOMETRICS
3321  Research trends and hotspots in the immune microenvironment related to hepatocellular carcinoma: A
bibliometric and visualization study
Zhang DY, Bai FH
Guieidenge  VVIGO | hittps://www.wijgnet.com 11 July 15,2024 | Volume16 | Issue7 |



World Journal of Gastrointestinal Oncology

Contents

Monthly Volume 16 Number 7 July 15, 2024

3331

3341

3350

3357

CASE REPORT
Gastric cancer metastatic to the breast: A case report

Liu JH, Dhamija G, Jiang Y, He D, Zhou XC

Rare infiltrative primary hepatic angiosarcoma: A case report and review of literature

Lin XJ, Luo HC

Metachronous multifocal carcinoma: A case report

Wan DD, Li XJ, Wang XR, Liu TX

BRAF K601E-mutated metastatic colorectal cancer in response to combination therapy with encorafenib,
binimetinib, and cetuximab: A case report

Sasaki M, Shimura T, Nishie H, Kuroyanagi K, Kanno T, Fukusada S, Sugimura N, Mizuno Y, Nukui T, Uno K, Kojima Y,
Nishigaki R, Tanaka M, Ozeki K, Kubota E, Kataoka H

3364

LETTER TO THE EDITOR
Challenges in early detection and endoscopic resection of esophageal cancer: There is a long way to go

Liu S, Chen LX, Ye LS, Hu B

Jaishiden,

o VGO | https://www.wjgnet.com IX July 15,2024 | Volume16 | Issue?



World Journal of Gastrointestinal Oncology

Contents

Monthly Volume 16 Number 7 July 15, 2024

ABOUT COVER

Editorial Board Member of World Journal of Gastrointestinal Oncology, Meysam Ebrahimifar, MSc, PhD, Research
Assistant Professor, Department of Toxicology, Islamic Azad University, Isfahan 1477893855, Iran.
ebrahimifar67@gmail.com

AIMS AND SCOPE

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

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

INDEXING/ABSTRACTING

The WJGO is now 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
Science and Technology Journal Database, and Superstar Journals Database. The 2024 edition of Journal Citation
Reports® cites the 2023 journal impact factor (JIF) for W]GO as 2.5; JIF without journal self cites: 2.5; 5-year JIF: 2.8;
JIF Rank: 71/143 in gastroenterology and hepatology; JIF Quartile: Q2; and 5-year JIF Quartile: Q2. The WJGO’s
CiteScore for 2023 is 4.2 and Scopus CiteScore rank 2023: Gastroenterology is 80/167; Oncology is 196/404.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: S7 Zhao; Production Department Director: Xiang I; Cover Editor: Jia-Ru Fan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

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

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

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

Monjur Ahmed, Florin Burada https:/ /www.wjgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wignet.com/1948-5204/ editorialboard.htm https:/ /www.wignet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
July 15, 2024 https:/ /www.wijgnet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2024 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2024 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: office@baishideng.com https://www.wjgnet.com

63%9@ WJGO | https://www.wjgnet.com X July 15,2024 | Volume16 | Issue7


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:office@baishideng.com
https://www.wjgnet.com

i

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

DOI: 10.4251/ wjgo.v16.i7.2941

World Journal of
Gastrointestinal
Oncology

World | Gastrointest Oncol 2024 July 15; 16(7): 2941-2951

ISSN 1948-5204 (online)

Retrospective Study

ORIGINAL ARTICLE

Effectiveness and safety of sequential transarterial
chemoembolization and microwave ablation for subphrenic
hepatocellular carcinoma: A comprehensive evaluation

Zi-Yi Zhu, Zhen Qian, Zhong-Qiang Qin, Bo Xie, Jian-Zhu Wei, Pei-Pei Yang, Mu Yuan

Specialty type: Oncology

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

Peer-review model: Single blind

Peer-review report’s classification
Scientific Quality: Grade C, Grade
C

Novelty: Grade B, Grade B
Creativity or Innovation: Grade B,
Grade B

Scientific Significance: Grade B,
Grade B

P-Reviewer: Nagaya M, Japan

Received: January 1, 2024
Revised: April 11, 2024

Accepted: May 27, 2024
Published online: July 15, 2024
Processing time: 193 Days and 2.3
Hours

Jaishideng®

WJGO | https://www.wjgnet.com

Zi-Yi Zhu, Zhen Qian, Zhong-Qiang Qin, Bo Xie, Jian-Zhu Wei, Pei-Pei Yang, Mu Yuan, Department
of Interventional Radiology, The First Affiliated Hospital of Bengbu Medical University,
Bengbu 233004, Anhui Province, China

Corresponding author: Mu Yuan, MD, Associate Chief Physician, Department of Interventional
Radiology, The First Affiliated Hospital of Bengbu Medical University, No. 287 Changhuai
Road, Longzihu District, Bengbu 233004, Anhui Province, China. yuanmu2008(@163.com

Abstract

BACKGROUND

Subphrenic carcinoma has been identified as a significant risk factor for the
thermal ablation of intrahepatic tumors, resulting in a high rate of residual tumor
recurrence. Some studies have proposed that combination treatment with transar-
terial chemoembolization (TACE) followed by radiofrequency ablation is both
feasible and safe for tumors in the subphrenic region. However, research
specifically examining the therapeutic outcomes of combination therapy using
TACE and microwave ablation (TACE-MWA) in subphrenic tumors is lacking.

AIM
To evaluate the efficacy and safety of TACE-MWA in patients with subphrenic
hepatocellular carcinoma (HCC).

METHODS

Between December 2017 and December 2021, 49 patients diagnosed with HCC <6
cm, who received TACE-MWA, were included in this retrospective cohort study.
These patients were classified into subphrenic and non-subphrenic groups based
on the distance between the diaphragm and the tumor margin. The rates of local
tumor progression (LTP), progression-free survival (PFS), and overall survival
(OS) were compared between the two groups. Complications were evaluated by
using a grading system developed by the Society of Interventional Radiology.

RESULTS

After a median follow-up time of 38 mo, there were no significant differences in
LTP between the subphrenic and non-subphrenic groups (27.3% and 22.2% at 5
years, respectively; P = 0.66), PFS (55.5% at 5 years in both groups; P = 0.91), and
OS (85.0% and 90.9% in the subphrenic and non-subphrenic groups at 5 years; P =
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0.57). However, a significantly higher rate of LTP was observed in subphrenic HCC > 3 cm compared to those <3
cm (P = 0.085). The dosage of iodized oil [hazard ratio (HR): 1.52; 95% confidence interval (CI): 1.11-2.08; P = 0.009]
and multiple tumors (HR: 13.22; 95%ClI: 1.62-107.51; P = 0.016) were independent prognostic factors for LTP. There
were no significant differences in complication rates between the two groups (P = 0.549).

CONCLUSION
Combined TACE and MWA was practical and safe for managing subphrenic HCC. The efficacy and safety levels
did not vary significantly when tumors outside the subphrenic region were treated.

Key Words: Hepatocellular carcinoma; Transarterial chemoembolization; Microwave ablation; Prognosis; Subphrenic

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Tumors located under the diaphragm present a challenge when it comes to percutaneous thermal ablation of liver
tumors, as they have a higher likelihood of recurrence compared to resection and laparoscopic ablation. There is a solution
that can enhance the accuracy of localization and increase the coverage of ablation: the combination of transarterial
chemoembolization and percutaneous thermal ablation. In addition, the concurrent application of multiple antennas to create
a confluent ablation zone has been successfully employed in recent years. Thus, we aim to investigate the effectiveness and
safety of the combination therapy for tumors located under the diaphragm.

Citation: Zhu ZY, Qian Z, Qin ZQ, Xie B, Wei JZ, Yang PP, Yuan M. Effectiveness and safety of sequential transarterial chemoem-
bolization and microwave ablation for subphrenic hepatocellular carcinoma: A comprehensive evaluation. World J Gastrointest Oncol
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most common cancer worldwide and the leading cause of death in patients
with cirrhosis[1,2]. However, in clinical practice, only 20%-30% of patients diagnosed with HCC are considered ideal
candidates for surgical treatment[3]. Among the various thermal ablation techniques, radiofrequency ablation (RFA) is
the most well-studied, utilizing high-frequency alternating electric current to heat tissue[1,4].

Microwave ablation (MWA) is a recently widely used thermal ablation treatment that induces tissue coagulation using
electromagnetic waves around a monopolar antenna. It offers several advantages over RFA, including higher
temperature, shorter time, a more predictable ablation zone, and less susceptibility to heat sinks[5-7]. Many preclinical
and clinical studies have shown that MWA is more suitable than RFA for treating high-risk tumors (adjacent to a large
vessel, gallbladder, subcapsular, gastrointestinal tract, or subphrenic) or tumors > 3 cm[8-10].

Subphrenic tumors are commonly considered independent risk factors for incomplete ablation[11]. Ultrasound images
often do not clearly show tumors near the diaphragm because the view is obscured by the lung and ribs[12]. Similarly,
computed tomography (CT) images may not be able to visualize tumors after antenna placement because of overlapping
metallic artifacts. Additionally, there are concerns about potential thermal injury to the adjacent diaphragm, leading to
lower-power protocols for treating these tumors compared with those in non-subphrenic areas[13]. As a solution,
artificial ascites has been used to decrease the temperature of the diaphragm near the ablation area and allow for more
power to be applied to the target lesion by altering the relative distance between the cancer and the hepatic dome[14].
However, it is important to note that artificial ascites may not be successful in certain patients with abdominal adhesions,
and there is an ongoing debate regarding its utilization, given the comparable technical success and complication rates
observed in combined therapy in which artificial ascites has not been applied[15-17].

Previous studies have demonstrated that transarterial chemoembolization (TACE) combined with ablation therapy
improves the accuracy of antenna placement and enlarges the ablation zone[18,19]. Yamakado et al[17] indicated that
there was no difference between subphrenic and non-subphrenic tumors in terms of local tumor control and treatment
safety using TACE followed by RFA without artificial ascites. However, there is a lack of literature that separately
describes TACE followed by MWA for the treatment of subphrenic tumors. Additionally, with advancements in
technology and protocols, the concurrent application of multiple antennae to create a confluent ablation zone has been
successfully employed for medium-sized tumors in recent years[20]. Therefore, we aimed to explore the efficacy and
safety of the combination of TACE and MWA in subphrenic HCC.
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MATERIALS AND METHODS

Patient population

This retrospective study was approved by our institutional review board and conducted in accordance with the
Declaration of Helsinki. A waiver of informed consent was granted. We examined the clinical records of 412 consecutive
patients who received TACE-MWA treatment (TACE followed by MWA) between December 2017 and December 2021.
HCC was diagnosed based on the American Association for Liver Disease guidelines, and a liver biopsy was performed if
deemed necessary[21]. All patients who underwent TACE-MWA had been deemed ineligible for, or refused, surgical
resection (SR) or liver transplantation (LT) after consultation with a multidisciplinary team (including hepatologists,
radiologists, oncologists, and anesthesiologists) and were fully informed about the benefits and drawbacks of each
approach. CT-guided MWA was performed 4-6 weeks after TACE, depending on the embolization syndrome and the
recovery time of liver function.

All patients who received TACE-MWA and met the inclusion criteria were enrolled in this study (Table 1). Based on
the tumor's location on axial or coronal images of preoperative enhanced CT or magnetic resonance imaging (MRI), 27
patients were assigned to the subphrenic group when the cancer was abutting the diaphragm (maximum distance from
the tumor to the diaphragm < 5 mm). Twenty-two patients were assigned to the non-subphrenic group when the cancer
was distinct from that of the diaphragm (Figure 1).

TACE

TACE was performed 4-6 weeks before MWA, as reported in our previous study[22]. Briefly, a 5F RH catheter (Terumo,
Tokyo, Japan) was introduced over a 0.035-inch hydrophilic guidewire (Terumo) to catheterize the celiac, superior
mesenteric artery, and any suspected artery feeding the tumor. Digital subtraction angiography was performed to
accurately determine the tumor location and size. After superselective catheterization of the distal target artery,
chemoembolization was performed using a combination of epirubicin (20-40 mg; Pharmorubicin; Pfizer, Wuxi, China)
and iodized oil (1-10 mL; Lipiodol Ultra Fluid; Hengrui, Jiangsu Province, China), depending on liver function, tumor
size, and vascular supply. To achieve arterial flow stasis and prevent tumor staining, further embolization with precision-
administered gelatin sponge particles (Hangzhou Alc, Hangzhou, Zhejiang Province, China) was performed until
satisfactory results were obtained as evaluated by repeat angiography.

CT-guided MWA

The MWA procedure was conducted 4-6 weeks after the TACE. Two clinical MWA systems were used: KY-2000 (Canyou
Medical Inc., Jiangsu Province, China) and ECO-100AI10 (ECO Medical Inc., Jiangsu Province, China). Both systems
contained two autonomous microwave generators operating at a frequency of 2450 MHz and a power output range of 1-
100 W. These systems can simultaneously propel microwave energy into tumor tissue via two water-cooled 15-gauge (1.9
cm) antennas through two flexible coaxial cables. Each CT-guided procedure was performed percutaneously by two
board-certified operators with a minimum of 5 years of experience. Following conscious sedation and local anesthesia, a
single antenna was placed at the tumor center if the diameter was 2 cm or less. In comparison, for tumors larger than 2
cm, two antennas were used and inserted simultaneously at a separation distance of 1.0-1.5 cm in the upper part of the
tumor, with the energy application set at 45-55 W for 5-10 min per session. Subsequently, the antennae were removed and
reinserted into the lower part of the tumor using the same protocol. The antenna inclination angle was considered when
selecting either a transpulmonary or transhepatic route. A minimum of four ablation zones were required to attain an
ablation zone overlap across the entire tumor surface in the 3D space. To reduce residual lesions near the diaphragm from
excessive antenna tilt angles, the ablation antenna was maneuvered as close as possible to the diaphragm, utilizing the
transpulmonary route. This effectively extended the ablation range to the upper part of the lesion. The outpower setting,
ablation duration, and antenna placement were contingent on the tumor dimensions, shape, and location. After
treatment, all patients underwent track ablation to prevent tumor bleeding and seeding.

Outcome assessment and follow-up

Primary technical success was determined by the disappearance of contrast enhancement within or abutting the ablation
zone on imaging examination 1 mo after therapy. The primary outcomes were local tumor progression (LTP),
progression-free survival (PFS), and overall survival (OS). LTP was defined as the recurrence of any tumor adjacent to the
ablation zone that was previously considered completely ablated. PFS was defined as the follow-up time without any
events, such as local tumor progression, intrahepatic distant recurrence, extrahepatic recurrence, or death. OS was
defined as the interval between the first administration of the study treatment and either death or the end of the study,
which in this case was March 2023. Complications were assessed by using the Society of Interventional Radiology grading
system[23]. Enhanced liver CT/MRI scans and laboratory tests were performed to determine treatment outcomes at 1 mo
and 3 mo after treatment. Follow-up scans were conducted at 3-mo intervals during the 1% year, and then at approx-
imately 6-mo intervals. All follow-up images were thoroughly reviewed by two board-certified radiologists, who reached
a consensus. Each radiologist had over 5 years of experience in abdominal imaging and thermal ablation to ensure the
accuracy and reliability of the results.

Statistical analysis

The statistical software packages R (http:/ /www.R-project.org, The R Foundation) and Free Statistics version 1.7 were
used for all analyses, and a two-sided P < 0.05 was considered statistically significant. Categorical variables are presented
as proportions (%), while continuous data are expressed as either the mean * SD or the median and interquartile range
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Table 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Age range 18-75 years Age <18 years or > 75 years
HCC diagnosis according to AASLD guideline No pathology or image evidence
Child-Pugh grade A or B Child-Pugh grade C

BCLC grades A and B BCLC grade C

ECOG score <2 ECOG score > 2

Tumor number <2 Tumor number > 2

Tumor diameter < 6 cm Tumor diameter > 6 cm

The nonsubphrenic tumor diameter <2 cm The nonsubphrenic tumor diameter > 2 cm
No intrahepatic vascular invasion Intrahepatic vascular invasion
PLT > 40 x 10° PLT <40 x 10°

AASLD: American Association for Liver Disease; BCLC: Barcelona Clinic Liver Cancer; ECOG: Eastern Cooperative Oncology Group; PLT: Platelet; HCC:

Hepatocellular carcinoma.

412 patients with HCC treated by TACE-MWA
between December 2017 and December 2021

Age < 18 years or > 75 years (7 = 15)

BCLC grades C (7 = 53)

Tumor number > 2 (7 = 188)

Tumor diameter >5 cm (7 = 62)

The nonsubphrenic tumor diameter > 2 cm (7 = 28)
Lost follow-up (7 =17)

49 patients included in this study

Subphrenic group Nonsubphrenic group
(n=27) (n=22)

Figure 1 Flowchart of patient selection. BCLC: Barcelona Clinic Liver Cancer; HCC: Hepatocellular carcinoma; MWA: Microwave ablation; TACE:
Transarterial chemoembolization.

(IQR), as appropriate. Univariate and multivariate Cox regression analyses were used to predict prognostic factors for
LTP. Survival curves were plotted using Kaplan-Meier and log-rank analyses.

RESULTS

The baseline patient characteristics are presented in Table 2. The transpulmonary approach was more commonly used in
the subphrenic group than in the non-subphrenic group, but the dose of doxorubicin administered per session was
significantly higher in the non-subphrenic group. The two groups showed no significant difference in the number of
patients with multiple tumors or the mean tumor size. Two patients with cirrhosis and subphrenic HCC were treated
with TACE-MWA presented in Figure 2.

LTP

The median follow-up period for the subphrenic group was 37.5 mo (range: 13.0-64.0 mo) and 38.5 mo (range: 27.0-64.0
mo) for the non-subphrenic group. LTP was observed in six of 27 (22.2%) patients in the subphrenic group and 6 of 22
(27.3%) patients in the non-subphrenic group. The cumulative 1-, 2-, 3-, and 5-year LTP rates were 14.8%, 22.2%, 22.2%,
and 22.2% in the subphrenic group and 18.2%, 27.3%, 27.3%, and 27.3% in the non-subphrenic group, respectively. No
significant intergroup differences were observed (P = 0.66) (Figure 3A). Univariate and multivariate Cox regression
analyses showed that the dose of iodized oil [hazard ratio (HR): 1.52; 95% confidence interval (CI): 1.11-2.08; P = 0.009]
and multiple tumors (HR: 13.22; 95%CI: 1.62-107.51; P = 0.016) were independently associated with poorer LTP (Table 3).
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Table 2 Baseline characteristics of study patients

Variables Total, n=49 Subphrenic HCC, n=27 Nonsubphrenic HCC, n = 22 P value Statistic
Sex 0.646 Fisher
Male 44 (89.8) 25 (92.6) 19 (86.4)

Female 5(10.2) 2(7.4) 3 (13.6)

Age in years 58.0+9.3 58.7+10.1 572+84 0.595 0.287
Etiology 0.608 Fisher
HBV 41 (83.7) 24 (88.9) 17 (77.3)

HCV 5(10.2) 2(7.4) 3 (13.6)

Non-hepatitis virus 3 (6.1) 1(3.7) 2(9.1)

Child-Pugh class 0.388 Fisher
A 43 (87.8) 25 (92.6) 18 (81.8)

B 6(12.2) 2(7.4) 4(18.2)

AFP 0.646 Fisher
<200 ng/mL 44 (89.8) 25 (92.6) 19 (86.4)

2200 ng/mL 5(10.2) 2(7.4) 3 (13.6)

PLT as 10°/L 105.5+70.9 119.1+87.6 88.9+383 0.139 2.264
Undergone hepatectomy 0.146 2.112
No 35 (71.4) 17 (63.0) 18 (81.8)

Yes 14 (28.6) 10 (37.0) 4(18.2)

Amount of iodized oil in mL 4426 46+3.1 42+18 0.597 0.283
Amount of epirubicin in mg 269+7.1 248 +8.0 29.5+49 0.019 5.877
Tumor number 0.617 Fisher
Single 45 (91.8) 24 (88.9) 21 (95.5)

Multiple 4(8.2) 3 (11.1) 1(4.5)

Tumor size in cm 32+12 3411 3.0+1.2 0.255 1.327
Transpulmonary <0.001 19.958
No 25 (51.0) 6(22.2) 19 (86.4)

Yes 24 (49.0) 21 (77.8) 3 (13.6)

Data are 1 (%) or mean * SD. AFP: Alpha-fetoprotein; HBV: Hepatic B virus; HCV: Hepatic C virus; PLT: Platelet; HCC: Hepatocellular carcinoma.

Five patients from the subphrenic and non-subphrenic groups were treated with secondary MWA to manage local
tumor progression. Subsequently, contrast-enhanced CT/MRI was performed, which revealed complete ablation of the
residual tumor. After a multidisciplinary team discussion, one patient in the subphrenic group underwent surgical
resection 3 mo after combination treatment, because MWA was having little effect on the residual tumor.

PFS and OS

The 1-, 3-, and 5-year PFS rates were 85.2%, 55.5%, and 55.5%, respectively, in the subphrenic group and 73.0%, 55.5%,
and 55.5%, respectively, in the non-subphrenic group (P = 0.91) (Figure 3B). Four of 27 patients (14.8%) in the subphrenic
group and two of 22 patients (9.1%) in the non-subphrenic group died. The cumulative OS rates in the subphrenic group
were 100%, 88.8%, and 85.0% at 1-, 3-, and 5-years respectively. In the non-subphrenic group, the corresponding
cumulative survival rates were 100.0%, 95.4%, and 90.9%, respectively. Despite the observed differences, the statistical
analysis did not reveal any significant differences between the two groups (P = 0.57) (Figure 3C).

Subgroup analysis of the subphrenic group

To examine the relationship between tumor diameter and the LTP rate, 27 patients in the subphrenic group were divided
into two groups according to the tumor diameter; < 3 cm and > 3 cm (small and medium groups). The mean maximum
tumor diameter was 2.1 cm * 0.5 cm in the small group and 3.9 cm + 0.9 cm in the medium group. In the medium group,
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Table 3 Univariate and multivariate analysis of local tumor progression using Cox regression model

Local tumor pregression

Variable Univariate analysis Multivariate analysis
HR (95%Cl) Pvalue HR (95%Cl) P value

Female sex 0 (0-Inf) 0.086 ND ND
Age 1.02 (0.96-1.09) 0.487 ND ND
Etiology 0.407 ND ND
HCV Reference ND ND
HBV 1.31 (0.17-10.11) ND ND
Non-viral 0 (0-Inf) ND ND
CPB 0.66 (0.08-5.08) 0.668 ND ND
AFP > 200 ng/mL 2.07 (0.45-9.46) 0.388 ND ND
PLT 1.0031 (0.9966-1.0096) 0.381 ND ND
Non-undergone hepatectomy 0.46 (0.10-2.08) 0.271 ND ND
Amount of iodized oil in mL 1.34 (1.15-1.57) 0.001 1.52 (1.11-2.08) 0.009
Amount of epirubicin in mg 1.07 (0.96-1.19) 0.174 ND ND
Tumor number of 2 3.23 (0.70-14.80) 0.186 13.22 (1.62-107.51) 0.016
Tumor size in cm 2.59 (1.48-4.52) <0.001 ND ND
Transpulmanory: 1 vs 0 1.50 (0.48-4.72) 0.487 ND ND
Nonsubphrenic vs subphrenic 1.29 (0.42-4.00) 0.661 ND ND

AFP: Alpha-fetoprotein; CI: Confidence interval; CP: Child-Pugh classification; HBV: Hepatic B virus; HCV: Hepatic C virus; HR: Hazard ratio; ND: Not
done; PLT: Platelet.

the cumulative 1-, 3-, and 5-year LTP rates were 15.0%, 22.2%, and 22.2%, respectively. However, no LTP was observed in
the small group (P = 0.085). The cumulative LTP rate of patients with medium tumors significantly increased with tumor
diameter.

Complications

No treatment-related mortality was observed in either group. However, one patient (3.7%) in the subphrenic group,
experienced a major Class C complication of pneumonia and received closed thoracic drainage treatment. In contrast, one
patient (4.5%) in the non-subphrenic group experienced a major Class D complication, with a bacterial lung infection that
necessitated anti-infective therapy. Minor complications, such as vomiting, fever, nausea, and puncture point or right
shoulder pain, were observed in 6 of 27 patients (22.2%) in the subphrenic group and 2 of 22 patients (9.1%) in the non-
subphrenic group (P = 0.549). All minor complications were transient and resolved before discharge.

The transpulmonary approach was used in 21 patients in the subphrenic group and 3 from the non-subphrenic group.
Among these patients, pneumothorax occurred in six individuals (28.5%) in the subphrenic group compared to none in
the non-subphrenic group. One patient (4.7%) with a pneumothorax underwent closed chest drainage to alleviate
breathing difficulties. Following a chest CT scan that confirmed the disappearance of the pneumothorax, the drain was
removed the following day.

DISCUSSION

Our study is the first to explore the therapeutic outcomes of the TACE followed by MWA under CT guidance, comparing
subphrenic HCC to non-subphrenic HCC. We observed comparable LTP, PES, and OS outcomes between the subphrenic
and non-subphrenic groups. In addition, no LTP was found in the subphrenic subgroup with small (< 3 cm) tumors.
However, for medium-sized subphrenic HCC (> 3 cm), the 5-year LTP rate was only 22.5%.

Subphrenic or subdiaphragmatic tumor ablation is associated with a high incidence of local tumor progression and
treatment-related complications[11,24,25]. The main challenge for complete ablation may be the accuracy of tumor
targeting due to obscuration by the pulmonary tissue. Although some studies have reported the use of auxiliary
techniques (artificial pleural effusion, artificial ascites, artificial pneumothorax, or artificial ventilation) to improve tumor
visibility, some small nodules in patients with severe cirrhosis may remain undetected. Two recent studies compared
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Figure 2 Two patients with cirrhosis and subphrenic hepatocellular carcinoma were treated with transarterial chemoembolization-

microwave ablation. A-D: 50-year-old female with cirrhosis and subphrenic hepatocellular carcinoma measuring 5.0 cm in maximum diameter in segment 8 of the
liver. Preprocedure axial contrast computed tomography shows a hypervascular tumor in the liver dome (A); coronal enhanced magnetic resonance imaging (MRI)

“ WJGO | https://www.wjgnet.com July 15,2024 | Volume16 | Issue7 |

Jaishideng®




Zhu ZY et al. Combined therapy for subphrenic HCC

showing suspicious residues within the upper part of the tumor after transarterial chemotherapy with a combination of 30 mg of epirubicin and 5 mL iodized oil (B); 1
mo after the combination treatment, coronal contrast MRI showed that the ablation area encompassed the tumor and was close to the diaphragm (C); 4 years after
the combination treatment, coronal contrast MRI showed no residual tumor and significant shrinkage of the ablation area compared with 1-mo postprocedure (D); E-
H: 65-year-male with cirrhosis and subphrenic hepatocellular carcinoma measuring 3.2 cm in maximum diameter in segment 7 of the liver. Preoperative axial and
coronal contrast MRI showing a hypervascular tumor in the liver dome (E and F); 1 mo after combination treatment, axial and coronal contrast MRI showed that the
ablation area encompassed the tumor and was close to the diaphragm and right hepatic vein (G and H).
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Figure 3 Cumulative local tumor progression rate, the cumulative progression-free survival, and the cumulative overall survival were not
significantly different between the subphrenic and non-subphrenic groups. A: Local tumor progression (LTP) rate; B: Cumulative progression-free
survival (PFS); C: Cumulative overall survival (OS).

ultrasonography-guided RFA with laparoscopic RFA or hepatic resection and reported 5-year LTP rates of 23.4% and
46.0%, respectively, in the ultrasonography group[11,26]. Therefore, some interventional radiologists prefer CT guidance
for the treatment of tumors abutting the diaphragm. During TACE followed by thermal ablation, tumor visualization can
be improved by injecting iodized oil into the feeding artery, especially for HCC characterized by vascularity. Kim et al[27]
performed TACE combined with RFA for subphrenic HCC < 3 cm using a transhepatic route and reported a 5-year LTP
rate of 12.1%, similar to our findings. In our center, although the transhepatic route is preferred, the transpulmonary
route is sometimes required to place the antennas parallel to the long axis of the lesion, even at the cost of an increased
incidence of pneumothorax. This study used the transpulmonary route in 21 patients with subphrenic tumors (77.8%). Six
patients (28.5%) had pneumothorax at the end of the session, and one patient (4.7%) required closed chest drainage,
which is inferior to the results of Yamakado et al[17] using TACE-RFA combination treatment for subphrenic HCC of <5
cm.
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Compared to the treatment of HCC of < 2 cm using only one antenna, tumors ranging between 2-5 cm require the
application of multiple antennas to create a nearly spherical ablation zone with a sufficient safety margin[20,28-31]. In our
center, we typically perform TACE before MWA to reduce vascularity in the treated area and increase the size of the
ablation zone. Additionally, the intrahepatic marker induced by iodized oil deposited during TACE assists in calculating
the distance between the tumor margin and the antenna, allowing us to determine whether the tailored ablation zone
adequately covers the tumor with a safe margin. In our subgroup study focusing on tumors > 3 cm in size, the local
tumor control rate was comparable to that reported by Andresciani et al[20] and Cazzato ef al[29], but the 5-year LTP rate
was not as good as that reported by Yamakado et al[17]. However, the mean tumor diameter in our subgroup study was
larger than in the latter study.

The occurrence of diaphragmatic hernias during thermal ablation has been documented in literature, with most studies
focusing on the use of deployable radiofrequency electrodes[13,26,32,33]. Only one study utilized MWA[34]. In the
absence of large-scale prospective randomized controlled studies, it is difficult to definitively conclude that MWA is safer
than RFA for subphrenic tumor ablation. However, MWA has inherent advantages over RFA. This technique employs
electromagnetic waves to generate heat and does not require close contact with the diaphragm. Furthermore, the
diameter of the charred ablation zone around the antenna, which has the potential to cause diaphragmatic hernias,
remains relatively constant. Therefore, maintaining a consistent distance between the diaphragm and the microwave
antenna could theoretically reduce the occurrence of diaphragmatic hernias[17,33].

Artificial pleural fluid, or ascites, is another auxiliary technique that protects the diaphragm from thermal injury.
However, there is ongoing debate regarding the success rate of this technique and its associated complications[32]. While
artificial pleural fluid and ascites can enhance tumor visibility under ultrasound guidance and reduce thermal injury to
the diaphragm, our study found no significant differences in effectiveness and safety compared to previous studies, even
without artificial ascites[9,25-27,29]. This finding aligns with that of Yamakado et al[17]. We hypothesized that although
combination therapy might increase the extent of ablation, it primarily extends the non-charred area at the periphery.
Consequently, the temperature in these areas could potentially cause discomfort to the patient but is unlikely to result in
perforation. When ablating subphrenic tumors at our center, the antennas were parallel to the diaphragm, and placed at
least 1 cm away from the diaphragm. We carefully monitored for right shoulder pain syndrome during the session and
maintained a low power for a long time. In this study, only a few patients experienced right shoulder pain that resolved
within a few days.

Several studies have highlighted the benefits of combination treatments. However, little research has been conducted
on the ideal time interval between TACE and thermal ablation. The main advantage of the combination treatment lies in
its ability to expand the ablation zone, which is influenced by the level of blockage of the tumor feeder artery through
TACE. However, the feeder artery tends to recanalize shortly after embolization. As a result, a shorter interval between
TACE and ablation leads to a larger ablation zone in combination treatment. Several studies have demonstrated that
shorter intervals can improve the local tumor control rate by enlarging the ablation zone. However, it is essential to note
that shorter time intervals may also cause acute liver function deterioration and complications due to excessive tissue
heating. In an animal study by Lee et al[35], RFA performed immediately after TACE resulted in severe acute hepatic
damage compared to RFA performed five days after TACE. Similarly, in a retrospective study by Kim et al[27], five
patients experienced subsegmental hepatic infarction after RFA immediately following TACE treatment. Another
retrospective study, by Feng et al[36], investigated the impact of varying time intervals on treatment outcomes and found
that a time interval of 3-5 weeks was optimal, providing the longest survival time and minimal effect on liver function
when compared with intervals of 1-2 weeks or 6-7 weeks. In this study, MWA was performed 4-6 weeks after TACE. Of
all the patients, only six (12.2%) had a Child-Pugh score of B, and none experienced an upgrade in their Child-Pugh score
due to chemoembolization. This can possibly be attributed to better liver function reserve, which may explain why the
study did not show significant superiority in local tumor control rate but did observe a comparable 5-year survival rate.

Our study has several limitations. Owing to its retrospective design and relatively small sample size, the scope of this
study was limited. Additionally, a significant proportion of patients in our study were postoperative and infected with
hepatitis B virus, both of which are known to increase recurrence and decrease survival rates[37]. Therefore, the
therapeutic outcomes may not be generalizable to other populations. Two different microwave devices were used in this
study, and the primary parameters were similar to those in the manufacturer's protocol. However, there is the possibility
of potential confounding factors affecting the results. Our multivariate analysis suggested that the dose of iodized oil
used in TACE may be positively associated with local tumor progression. However, the amount of iodized oil utilized
intraoperatively may not equate to the amount deposited in the tumor. There is no precise method for measuring the
amount of iodized oil deposited in tumors. Therefore, animal experiments are necessary to determine the relationship
between the amount of iodized oil deposited in the tumor and size of the ablation area.

CONCLUSION

In conclusion, our study demonstrates that the combination of TACE and MWA is an effective and safe method for
treating subphrenic HCC. Furthermore, the therapeutic outcomes were comparable to those observed in non-subphrenic
HCC.
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