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Abstract

Electrochemical biosensors have emerged as a promising technology for cancer
detection due to their high sensitivity, rapid response, low cost, and capability for
non-invasive detection. Recent advances in nanomaterials like nanoparticles,
graphene, and nanowires have enhanced sensor performance to allow for cancer
biomarker detection, like circulating tumor cells, nucleic acids, proteins and
metabolites, at ultra-low concentrations. However, several challenges need to be
addressed before electrochemical biosensors can be clinically implemented. These
include improving sensor selectivity in complex biological media, device minia-
turization for implantable applications, integration with data analytics, handling
biomarker variability, and navigating regulatory approval. This editorial critically
examines the prospects of electrochemical biosensors for efficient, low-cost and
minimally invasive cancer screening. We discuss recent developments in
nanotechnology, microfabrication, electronics integration, multiplexing, and
machine learning that can help realize the potential of these sensors. However,
significant interdisciplinary efforts among researchers, clinicians, regulators and
the healthcare industry are still needed to tackle limitations in selectivity, size
constraints, data interpretation, biomarker validation, toxicity and commercial
translation. With committed resources and pragmatic strategies, electrochemical
biosensors could enable routine early cancer detection and dramatically reduce
the global cancer burden.

Key Words: Electrochemical sensors; Cancer biomarkers; Nanomaterials; Point-of-care
diagnostics; Microfabrication; Machine learning
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Core Tip: Electrochemical biosensors represent a promising technology for efficient, minimally invasive, and low-cost cancer
screening. Recent advances in nanomaterials, microfabrication, and analytics have enhanced sensor capabilities for detecting
cancer biomarkers at ultra-low concentrations. However, challenges remain including improving selectivity in complex
fluids, device miniaturization, seamless data integration, handling biomarker variability, nanotoxicity, and navigating
regulatory approval. Significant interdisciplinary efforts are needed to address these limitations and facilitate clinical
translation of electrochemical biosensors for transformative point-of-care cancer diagnostics. Managing expectations and
developing pragmatic translational strategies will be imperative to unlock the potential of these sensors for early cancer
detection and timely intervention.
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INTRODUCTION

Cancer remains one of the leading causes of death worldwide, with approximately 10 million deaths attributed to various
forms of cancer in 2020 alone[1]. While cancer research has made tremendous strides over the past several decades in
understanding the molecular basis of cancer and developing targeted therapies, early detection and diagnosis continues
to play a pivotal role in patient survival and recovery. The stark reality is that many cancers have no overt symptoms
until they have progressed to late stages, severely limiting treatment options and prognosis. There is an urgent need for
efficient, affordable and accessible cancer screening techniques that would allow early detection and immediate treatment
[2].

In this context, electrochemical biosensors have emerged as a promising platform technology that could potentially
enable low-cost, point-of-care diagnostic tests for cancer[3-5]. Electrochemical biosensors utilize electrode interfaces to
transduce molecular recognition events into readable electrical signals. They offer a number of advantageous features
including rapid response times, high sensitivity, low sample volume requirements, and low cost. In recent years, there
has been burgeoning interest in leveraging electrochemical biosensors for detecting cancer biomarkers-signature
biomolecules that can indicate the presence of cancerous cells and tissues. Cancer biomarkers such as circulating tumor
cells[6], cell-free nucleic acids[7], exosomes[8], proteins[9] and metabolites[10] can act as analyte targets for electro-
chemical biosensors.

A wide array of electrochemical transduction platforms have been explored for cancer biosensing, including
amperometry, potentiometry, voltammetry and impedimetry[11]. Nanotechnology has unlocked further improvements
in sensor performance by allowing nanoscale tailoring of electrode interfaces. For instance, nanomaterials like graphene
[12,13], carbon nanotubes[14] and metal nanoparticles[15] can facilitate enhanced electron transfer kinetics and provide
larger surface area for capture molecule immobilization. Electrochemical sensors have been designed to detect general
cancer biomarkers such as prostate-specific antigens[16] as well as biomarkers specific to cancers such as lung[17], breast
[18], ovarian[19] and colon[20].

While electrochemical biosensors represent a disruptive approach for cancer screening, several challenges need to be
addressed before they can be clinically implemented. These include improving sensor selectivity in complex biological
media, device miniaturization for possible implantable applications, seamless integration with data analytics, handling
inter- and intra-tumor biomarker expression variability, and navigating regulatory approval pathways. That said, the
field has been buoyed by exciting developments on multiple fronts: new nanomaterials to improve sensor performance,
microfabrication techniques to enable miniaturization, multiplexing and array capabilities, machine learning for robust
data analysis, and public-private efforts to facilitate technology translation.

In this editorial, we critically examine the prospects of electrochemical biosensors as a transformative platform for
efficient, low-cost and minimally invasive cancer detection. We discuss recent technology advancements that poise these
sensors on the cusp of making a tangible clinical impact. However, we also highlight lingering challenges that need to be
addressed through committed interdisciplinary efforts among researchers, clinicians, regulators and the healthcare
industry. Wider deployment of electrochemical biosensors could allow routine screening for early cancer detection,
provide diagnostic decision support to physicians, enable therapeutic drug monitoring, and reduce the global cancer
burden through timely intervention. Realizing this potential would require sustained investments, managing expect-
ations, and pragmatic translational strategies.

ELECTROCHEMICAL SENSORS OFFER ADVANTAGES FOR CANCER DETECTION

Electrochemical sensors offer a number of compelling advantages that make them well-suited for cancer detection applic-

gﬁ;@ WJCO | https://www.wjgnet.com 361 March 24,2024 | Volume15 | Issue3 |


https://www.wjgnet.com/2218-4333/full/v15/i3/360.htm
https://dx.doi.org/10.5306/wjco.v15.i3.360

Fu L et al. Electrochemical sensors for cancer detection

ations. First and foremost is their ability to provide sensitive and quantitative detection of cancer biomarkers, even at
extremely low concentrations[21]. The fundamental principle behind electrochemical biosensing is the specific binding of
target analytes to receptor molecules immobilized on the sensor surface, which generates detectable electrical signals.
Carefully tailored electrode interfaces allow achieving detection limits as low as femto- or picomolar levels for cancer
biomarkers. This is particularly important for early detection since cancer markers are typically present at very low
abundances during initial stages.

Recent research has leveraged novel nanomaterials to further improve sensor performance. Nanoparticles[22],
nanotubes[14], nanowires[23], graphene[12] and other nanostructures can be integrated with sensor electrodes to enhance
electron transfer, provide higher surface area, and incorporate catalytic properties. For instance, gold nanoparticles have
been functionalized with aptamers for electrochemical detection of exosomes[24], which are emerging biomarkers for
non-invasive cancer diagnosis. The high surface area of nanoparticles increases aptamer loading, allowing ultrasensitive
exosome detection down to a few hundred particles per micro liter. Creative combinations of nanomaterials have enabled
detection limits that surpass conventional diagnostic modalities for cancer biomarkers by several orders of magnitude.

Apart from high sensitivity, electrochemical sensors also offer rapid response times[25]. Electron transfer reactions
occur over milliseconds or shorter timescales. This allows real-time monitoring of interactions enabling quick
measurements. For cancer screening applications, rapid results are indispensable to facilitate prompt confirmatory tests
and immediate treatment. Lengthy assay times are unsuitable for point-of-care testing scenarios. The fast response
kinetics of electrochemical sensors align well with the need for rapid cancer detection. Miniaturized designs also enable
multiplexing capabilities for parallel detection of different cancer biomarkers[26].

Low cost and portability represent other major attractions of electrochemical sensors. The electrodes and measurement
systems are based on relatively inexpensive materials and fabrication methods, especially compared to advanced imaging
modalities used clinically for cancer detection[27]. This becomes particularly important for resource-limited settings and
underserved communities. The sensing devices can be designed as portable, handheld gadgets operated with
smartphones or miniaturized electronics. Such point-of-care analyzers can perform testing at the convenience of the
patient’s home or physician’s office without needing dedicated laboratory infrastructure.

Importantly, electrochemical techniques allow non-invasive detection using easily accessible body fluids like blood,
urine or saliva[28]. Cancer biomarkers shed by tumor cells circulate through the body and can be measured in these
biofluids. Blood draws or urine samples present a far less invasive approach compared to tissue biopsies which are
painful and have potential complications. Patient compliance is also improved with non-invasive tests. Furthermore,
longitudinal monitoring can be easily performed to track biomarker trends or response to therapy.

However, realizing these advantages would require thoughtful sensor engineering and data interpretation. A
persistent challenge is the variability in expression levels of cancer biomarkers between different malignancies and across
patients with the same cancer type. This necessitates measuring biomarker panels rather than individual markers[29].
However, multiplexing capabilities of electrochemical sensors are still limited and need enhancement. The relevance of
circulating biomarkers to primary tumors also remains unclear[30]. Meticulous clinical studies are therefore needed to
correlate measurements with cancer onset and progression.

Preventing sensor fouling and degradation during use remains an engineering challenge. Electrochemical
measurements in complex media like blood is fraught with artifacts. Sophisticated surface chemistries are necessary to
impart specificity and prevent non-specific fouling[31]. The receptor molecules also need optimal orientation and
retention of bioactivity upon immobilization. Furthermore, minimizing electrical noise, drift, and variability across
fabrication batches is critical for reliable quantification[32]. There are open questions on device packaging for real-world
point-of-care applications.

While nanomaterials boost sensor performance, their biocompatibility, toxicity and stability need deliberation[33].
Range of motion limitations and sizing constraints for implantable sensors also exist. Additionally, the lack of established
regulatory guidelines is an impediment for commercial translation. Companies need to navigate approval pathways for
screening non-Food and Drug Administration approved cancer biomarkers. Reimbursement mechanisms for new
diagnostic technologies are uncertain. Hence, despite strong enthusiasm around electrochemical sensors, the path to
actual clinical adoption remains strewn with major challenges.

CHALLENGES AND LIMITATIONS MUST BE ADDRESSED

While electrochemical biosensors hold promise for advancing cancer diagnostics, there are salient challenges and
limitations that still need to be tackled before effective translation can occur.

One of the most pressing issues is enhancing the selectivity of electrochemical sensors. Biological fluids contain a
multitude of components including proteins, metabolites, salts and cells[34]. Distinguishing the targeted cancer
biomarkers from this complex milieu is extremely difficult. Non-specific adsorption and matrix effects often produce false
signals leading to inaccurate results[35]. Novel surface chemistries, nanostructured coatings and creative receptor
scaffolds are being explored to impart sensor selectivity[36]. But extensive optimization across diverse cancer biomarker
panels will be necessary. Lack of adequate selectivity can preclude regulatory approval and clinical adoption due to
concerns over false positives.

Sensor miniaturization is another aspect requiring innovation. Microfabrication and nanotechnology can enable
miniaturization but biocompatibility, calibration and wireless communication become challenges at smaller dimensions
[37]. Implantable sensors also require optimization of sensor surface area to avoid biofouling from nonspecific protein
adsorption and immune reactions[38].
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A major limitation Is the disconnect between cancer detection and data interpretation for decision making. Sensor
development has outpaced diagnostics with most reports demonstrating cancer biomarker detection as a proof-of-
concept. The next imperative step is rigorous analytical and clinical validation to generate actionable information. Large-
scale studies are needed to understand intra- and inter-patient biomarker variability, correlate this variability with cancer
risk, and set appropriate thresholds for screening. User-friendly data analytics need integration within point-of-care
devices. Until statistical validation and clinical translation occurs, the true diagnostic utility of electrochemical sensors
will remain uncertain regardless of their technical capabilities.

There are inherent biological complexities that electrochemical sensors need to address. Cancers are highly hetero-
geneous, even within the same organ. Relying on single biomarkers is unlikely to be sufficient, necessitating multiplexing
capabilities. Furthermore, the relevance of circulating biomarkers vs primary tumor characteristics remains ambiguous.
Differences between early stage, metastasized and treated cancers also need elucidation. Soluble biomarkers being shed
into fluids may not comprehensively capture the tumor microenvironment. Implantable or minimally invasive sensors
allowing in situ tumor analyses could be impactful.

In summary, while electrochemical biosensors enjoy tremendous advantages over conventional cancer diagnostics,
their clinical translation and impact face multiple barriers. Key challenges remain in enhancing sensor specificity,
enabling multiplexing, facilitating data interpretation, validating real-world performance, and easing product
development. Addressing these limitations will require extensive interdisciplinary collaboration engaging scientists,
engineers, clinicians, regulators, and the healthcare industry. With commitment and resources, the field can aspire to
reach the lofty goal of deploying electrochemical devices for routine, non-invasive cancer screening. But expectations
need calibration, and timelines should consider the arduous process of analytical validation, statistical correlation studies,
and clinical trials prior to market approval.

THE PATH FORWARD

Despite existing challenges, there are promising developments across academic labs and startups to unlock the true
potential of electrochemical sensors for efficient, low-cost cancer detection.

Novel nanomaterials are emerging as a tool to enhance the selectivity of electrochemical cancer biosensing. Two-
dimensional nanosheets, nanoparticles, nanocomposites and other nanostructures can provide higher surface area for
capture molecule loading while controlling orientation and spacing to minimize non-specific binding|[8,18,20,30,39,40].
Combining synthetic receptors like aptamers with nanomaterials can further boost selectivity. Additionally,
nanostructured coatings and membranes on sensor surfaces allow selectivity based on analyte size. Advancements in
nanotechnology will be crucial to impart the requisite specificity.

Another area gaining traction is micro- and nanofabrication for sensor miniaturization. Techniques like microma-
chining, photolithography, 3D printing and etching can craft sensor components at the microscale[41-44]. Further
miniaturization to the nanoscale may be possible with technologies like two-photon polymerization. Microfluidic
integration would enable analysis from miniscule sample volumes. Miniaturized sensors could pave the way for
implantable or ingestible devices for surgical and gastrointestinal applications.

Given the complexity of cancer, measuring panels of biomarkers rather than individual markers is imperative.
Multiplexing and arrayed platforms allow concurrent analysis of different analytes using several individually
addressable electrodes on the same chip. Companies are developing high-density sensor arrays with thousands of
electrodes for massively parallel measurements[45]. Multiplexed data provides better predictive power but also
necessitates advanced analytics. Towards this, data science approaches like machine learning and artificial intelligence
are gaining importance to make sense of multifaceted sensor data[46-48]. Pattern recognition and multivariate models
that can assimilate diverse datasets would aid in identifying correlations. Cloud analytics can enable decentralized testing
at point-of-care with centralized data storage and analysis. Wider data sharing and open-access data repositories will
facilitate large-scale validation studies.

CONCLUSION

In conclusion, the exploration of electrochemical biosensors in the field of cancer screening presents a pathway filled with
both promise and challenges. These sensors, characterized by their high sensitivity, cost-effectiveness, and non-invasive
nature, hold the potential to revolutionize early cancer detection. However, the journey from laboratory innovation to
clinical application is not without obstacles. Critical areas requiring attention include enhancing sensor selectivity amidst
complex biological fluids, developing multiplexed systems for comprehensive biomarker analysis, miniaturizing devices
for wider applicability, and ensuring the safe integration of nanomaterials. Moreover, the interpretation of data generated
by these sensors necessitates advanced analytical tools, and the entire process must navigate through the intricate
labyrinth of regulatory approvals.

The future of electrochemical biosensors in cancer diagnostics hinges on the successful amalgamation of advancements
in nanotechnology, microfabrication, and data science. This will demand sustained collaborative efforts across various
domains of science and medicine. Investments in translational research and the formulation of pragmatic strategies are
essential for transforming these innovative concepts into viable clinical tools. As we move forward, it is crucial to manage
expectations realistically and acknowledge the timelines necessary for rigorous validation and clinical trials. With a
balanced approach and dedicated resources, electrochemical biosensors could significantly impact cancer care, facilitating
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early detection and potentially reducing the global burden of this disease.
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Abstract

The COP9 signalosome subunit 6 (COPS6) is abnormally overexpressed in many
malignancies, yet its precise role in carcinogenesis is unknown. To gain a better
understanding of COPS6's role, the authors conducted a pan-cancer analysis using
various bioinformatics techniques such as differential expression patterns,
prognostic value, gene mutations, immune infiltration, correlation analysis, and
functional enrichment assessment. Results showed that COPS6 was highly
correlated with prognosis, immune cell infiltration level, tumor mutation burden,
and microsatellite instability in patients with a range of tumor types. This sug-
gests that COPS6 may be a potential target for cancer treatment. Overall, this
research provides insight into COPS6's role in cancer development and its
potential therapeutic applications.

Key Words: COPS6; Biomarker; Tumor mutational burden; Immune infiltration;
Prognostic analysis
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Core Tip: COPS6 expression is often increased in malignancies, and this is associated
with a poor prognosis, suggesting that it could be a potential biomarker for tumors.
However, the exact role of COPS6 in different types of tumors is still unknown. This
research seeks to investigate the expression of COPS6 in various tumor tissues, its
prognostic value, mutations in the gene, and the correlation between expression levels
and immune infiltration with different types of immune cells.
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INTRODUCTION

According to World Health Organization, cancer is the second biggest killer of people all around the world. While
mortality due to cancer has been on a decreasing trend in recent times, the mortality rates for lung, colorectal, and female
breast cancer are still increasing, proving to be an immense challenge for medical professionals attempting to treat it[1,2].
With the increasing number of cancer treatments, including chemo, radiation, surgery, and immunotherapy, many cancer
patients still have a poor prognosis or treatment outcome. This makes it imperative to look for new targets for early
diagnosis and tailored treatment. COP9 signalosome (CSN) has been found to be involved in a range of processes, such as
protein degradation, DNA repair, cell cycle control, signal transduction, transcriptional activation, and tumorigenesis[3].
COPS6 is responsible for maintaining the structural integrity and function of the CSN complex in an MPN domain-
dependent manner[4,5].Recently, COPS6 has been a subject of intense research as it has been observed to facilitate the
growth of various types of cancers. In mouse experiments, COPS6 was determined to increase tumor growth by
decreasing the ubiquitination of Myc and enhancing the degradation of Fbxw?7. Additionally, it was seen to inhibit the
P53-mediated tumor suppression by stabilizing MDM2 protein[6,7]. COPS6 has been identified to be involved in the
epithelial-mesenchymal transition process in various tumors, which can lead to invasion and metastasis. For instance, the
COPS6-UBR5-CDK9 axis has been found to regulate melanoma proliferation and metastasis[8]. COPS6 regulates tissue
protease L expression levels through the autophagy-lysosome system, thereby promoting cervical cancer cell migration
and invasion[9].

The use of multi-omics analysis has been a hot topic in tumor research in recent years. In our recently accepted paper,
the authors used publicly available databases to investigate the role of COPS6 in various types of cancers, such as cervical
cancer, papillary thyroid cancer, colorectal cancer, breast cancer, lung adenocarcinoma (LUAD), and glioblastoma. Our
analysis included an examination of the differential expression patterns, prognostic value, gene mutations, immune
penetration, correlation analyses, and functionally rich assessments of COPS6. Our findings provide initial evidence of
the potential of COPS6 in cancer treatment. Several studies have used multi-omics analysis to identify targets for the
treatment of LUAD in addition to anti-programmed cell death protein 1/programmed cell death ligand-1 immune
checkpoints. For example, using multi-omics analysis, it was found that the catalytically active gene immunomodulatory
factor TIM3, selective polyadenylation associated with mRNA maturation has a risk correlation to the immune microen-
vironment, biological transcription, and tumor cell resistance in lung adenocarcinoma, which affects the survival and
prognosis of lung adenocarcinoma patients[10,11]. The multi-omics analysis of COPS6 and lung adenocarcinoma
deserves to be investigated in depth.

The authors used R programming to analyze The Cancer Genome Atlas data and found that COPS6 expression levels
were higher in hepatocellular carcinoma and renal clear cell carcinoma tissues. Further analysis of the Clinical Proteomic
Tumor Analysis Consortium database, GEPIA2 website, and other websites revealed that COPS6 expression was
correlated with the clinical stage of LUAD, KICH, KRIP, and LIHC. Prognostic analysis showed that, while high COPS6
expression usually indicated a poor prognosis in most tumors, it was associated with a good prognosis in KRIP, BRCA,
LUSC, and PCPG.

Genetic mutations are known to be a major contributor to tumor growth. Studies of related websites and databases
have revealed that missense mutations are the most common type of COPS6 mutations, with the highest frequency being
found in esophageal adenocarcinoma, although they do not significantly influence the prognosis of the tumor. The
progression and prognosis of esophageal adenocarcinoma and bladder cancer correlate with IncRNAs, and whether
cops6 can improve the prognosis of esophageal and bladder cancers by affecting IncRNAs needs to be further invest-
igated[12,13]. Tumor mutational load (TMB) has become a popular biomarker for immunotherapy, which is the total
number of mutations present in a tumor sample. The higher the TMB, the more neoantigens are present, increasing the
chances that some of the neoantigens presented by MHC proteins will be immunogenic, thus triggering a T-cell response
and eliminating the cancer cells[14]. COPS6 expression levels have been seen to be linked to an increase in TMB and
microsatellite instability in different types of tumors. The tumor microenvironment is composed of immune cells like T
and B lymphocytes, natural killer cells, and tumor-associated macrophages, which are essential in determining the
abnormal functioning of the tissue and in the progression of malignant tumors[15]. COPS6 expression has been found to
affect the immune microenvironment in various types of tumors, particularly in breast cancer. It has been observed that
COPS6 is a mediator of IL-6 production in the tumor microenvironment and a suppressor of CD8+ T cell tumor infilt-
ration[16]. Research in the given paper found that the expression levels of COPS6 had a negative correlation with infilt-
ration of CD8+ T-cells, a weak correlation with natural killer-cell infiltration, and a varying relationship with macrophage
infiltration, depending on the subtype. Furthermore, correlation and enrichment analysis of COPS6 revealed that GPS1
and TCEB2 had the strongest correlation with it, implying that it could serve as a cancer biomarker and provide new
insight into its molecular mechanism and potential targeted treatments. Additionally, as there is a lack of research on the
role of COPS6 beyond pan-cancer, the value of lopinavir/ritonavir (LPV/r) in the treatment of SARS, MERS, and COVID-
19 is instructive for a broad exploration of the role of COPS6[17].
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This research provides a comprehensive analysis of COPS6 in a variety of cancers using R software and online
analytical databases. The results showed that COPS6 is highly expressed in most cancers and linked to high-risk features,
suggesting that it could be a potential cancer biomarker. Additionally, correlation and enrichment analyses identified two
genes, GPS1 and TCEB2, associated with COPS6, which could be further explored to understand its mechanisms.
Furthermore, the study revealed the effect of COPS6 on the infiltration of immune cells in different tumors, providing
new insights for potential immunotherapy applications. However, further experiments are needed to validate the
findings of this study.

CONCLUSION

This study is the first to investigate the role of COPS6 in pan-cancer. Results showed that COPS6 is highly expressed in
many cancer types and is usually associated with a worse prognosis. Additionally, there was variability in the correlation
between COPS6 expression and cancer-associated fibroblast infiltration. Furthermore, COPS6 was found to inhibit CD8+
T-cell infiltration in the tumor microenvironment, which facilitates tumor immune escape. In terms of gene expression,
GPS1 and TCEB2 were significantly linked to COPS6. However, further research is needed to validate these findings as
this study only used bioinformatics analysis. In conclusion, this paper provides a theoretical basis for the potential use of
COPS6 as a biomarker in cancer research.
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Abstract

In this editorial I comment on the article, published in the current issue of the
World Journal of Clinical Oncology. Primary central nervous system lymphoma
(PCNSL) is a disease of elderly and immunocompromised patients. The authors
reported clinical results of 19 patients with PCNSL treated with zanubruti-
nib/high dose methotrexate (HD-MTX) until disease progression. They
demonstrated that the combination of zanubrutinib with HD-MTX led to a
marked clinical response and tolerability among these patients. They also
observed that cerebrospinal fluid liquid biopsy to detect circulating tumor DNA
may be a good option for evaluating treatment response and tumor burden in
patients with PCNSL. PCNSL is a challenging disease for treatment as these
patients present with different neurological states and comorbidities. Treatment
has evolved over the years from whole brain radiotherapy to HD-MTX followed
by autologous stem cell transplant. Gradually, treatment of patients with PCNSL
is going to become individualized.

Key Words: Primary central nervous system lymphoma; High dose methotrexate;
Zanubrutinib; Whole brain radiotherapy; Liquid biopsy

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

Core Tip: Primary central nervous system lymphoma is treated with high dose
methotrexate induction followed by consolidation with whole-brain radiotherapy or
autologous stem cell transplant. Depending on the general condition and disease status
of these patients they can be offered maintenance therapy. Zanbrutinib may be offered
to these patients for maintaining the response to primary treatment.
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INTRODUCTION

This editorial is for the article “Clinical outcomes of newly diagnosed primary central nervous system lymphoma treated
with zanubrutinib-based combination therapy” by Wang ef al[1] in the current issue of World Journal of Clinical Oncology.
In this study, the authors treated 19 patients with primary central nervous system lymphoma (PCNSL) with
zanubrutinib/high dose methotrexate (HD-MTX) until disease progression. They concluded that zanubrutinib in addition
with HD-MTX showed a noticeable disease response with a good toxicity profile in these patients. At a median follow-up
of 14.7 months (range, 3.9-30 months), the overall response rate (ORR) was 84.2%, and progression-free survival (PFS)
and overall survival (OS) rates at 2-year were 75.6% and 94.1%, respectively. They also observed that cerebrospinal fluid
(CSF) liquid biopsy to detect circulating tumor DNA (ctDNA) may be a good option for evaluating treatment response
and tumor burden in PCNSL. However, considering the limitations of the study such as small sample size, single institu-
tional and retrospective by nature, it may be difficult to draw concrete conclusions from this study.

PCNSL is a relatively rare extranodal non-Hodgkin lymphoma which can manifest in the brain, leptomeninges, spinal
cord or eyes. It comprises 3% of all brain malignancies[2]. PCNSL, being a disease of elderly and immunocompromised
patients, poses a treatment challenge[3,4]. A few cases have also been reported in immunocompetent patients[5,6]. Age
and performance status (PS) are two important prognostic factors which help in deciding the treatment strategy for these
patients. Other factors such as comorbidity and organ functions also affect treatment decisions. Usually, 60 years is
considered as a cutoff for young vs elderly patients; however, this cutoff has fluctuated between 60 to 75 years.

Conventional treatment has not improved survival in these patients[7]. In a randomized trial where whole brain
radiotherapy (WBRT) was compared to chemotherapy, median PFS in the WBRT arm and the chemotherapy-only arm
was 18 and 12 months, respectively (P = 0.14) and median OS was 32 months (95%CI, 26 to 39 months) vs 37 months
(95%CI, 28 to 47 months), respectively (P = 0.71)[8]. The standard treatment for PCNSL consists of induction with
combination chemotherapy followed by consolidation with WBRT or autologous stem cell transplant (ASCT). As
treatment options for PCNSL have increased, OS has improved in these patients. Ferreri et al[8] concluded that WBRT and
ASCT were both viable and effective options as consolidation therapies after HD-MTX chemotherapy for patients with
PCNSL aged < 70 years. A landmark multicenter trial by DeAngelis et al[9] demonstrated that combination chemotherapy
and radiotherapy improved survival as compared to historical reports of radiotherapy alone in patients with PCNSL.
They used a higher dose of radiotherapy, 45 Gy/25#/5 wk, which may lead to increased neurotoxicity in these patients.
In another multicentre study, Morris et al[10] used rituximab, methotrexate, procarbazine, and vincristine in sequence
with consolidation reduced-dose WBRT and cytarabine in PCNSL. They demonstrated that this treatment led to high
response rates, long-term disease control with minimal neurotoxicity.

HD-MTX has been the backbone of PCNSL treatment. The role of rituximab in PCNSL is controversial because of its
poor CSF penetration. Multiple options are being explored to improve outcomes in these patients. Elderly patients with
comorbidity are usually treated with HD-MTX and an alkylating agent. In good responders, it has been consolidated with
23.4 Gy in 13 fractions over 2.5 wk. Few elderly patients with good PS and organ functions have an option of high dose
therapy followed by ASCT. Unfit patients not suitable for HD-MTX may be candidates for WBRT, which resulted in 2-
year PFS of 30%, as reported by Thiel ef al[7].

Zanubritinib is a second-generation oral Bruton tyrosin kinase (BTK) inhibitor. It has greater tyrosine kinase selectivity
than ibrutinib. A twice-daily dose of 160 mg has been shown to completely occupy BTK receptors[11,12]. In patients with
relapsed or refractory chronic lymphocytic leukemia or small lymphocytic lymphoma, zanubrutinib was associated with
significantly better PFS and toxicity profile as compared to ibrutinib[13].

Wang et al[1] explored zanubrutinib with HD-MTX in newly diagnosed PCNSL patients. The ORR and PFS were
comparable to those reported by Morris ef al[10] (ORR = 84.2% vs 95%, respectively; 2-year PFS = 75.6% vs 77%,
respectively). Patients in the trial by Wang et al[1] were younger as compared to that of by Morris ef al[10] (median age 50
vs 60 years). There were no treatment-related deaths which indicates a moderate safety profile for zanubrutinib in
combination with HD-MTX for patients with PCNSL.

ctDNA can be detected in CSF. It can provide diagnostic and prognostic information. It can identify potential
therapeutic targets, monitor the tumour response to treatment and identify residual disease. Its level can predict
resistance to treatment and help to identify tumour relapse[14]. Wang et al[1] demonstrated an ORR of 50%-60% by
identifying different gene mutations in PCNL patients. This kind of intervention will help in providing personalized care
to these patients. Although CSF analysis is less invasive than surgery, it may not be possible to do lumbar puncture in all
the patients because of different medical conditions.

The tumor microenvironment in the PCNSL is different from the extra central nervous system lymphoma which makes
it a difficult disease to treat. There are many target receptors in PCNSL apart from B-cell antigen receptor and Toll-like
receptor signaling, such as programmed cell death-1 (PD-1)/PD-1 Ligand and immune activation shown by presence of
tumor infiltrating lymphocytes. So, targeting one pathway may not be sufficient to treat such a debilitating disease[15,
16]. CSF analysis may not provide information about the tumor microenvironment.
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CONCLUSION

Zanubrutinib combined with HD-MTX might be an option for patients with PCNSL. However, cost of the treatment
remains a concern with this therapy. Other concerns are that it needs to be tested in a large cohort from multiple centers
to see whether these results are reproducible.
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Abstract

Colorectal cancer (CRC) is a form of cancer that is often resistant to chemotherapy,
targeted therapy, radiotherapy, and immunotherapy due to its genomic instability
and inflammatory tumor microenvironment. Ferroptosis, a type of non-apoptotic
cell death, is characterized by the accumulation of iron and the oxidation of lipids.
Studies have revealed that the levels of reactive oxygen species and glutathione in
CRC cells are significantly lower than those in healthy colon cells. Erastin has
emerged as a promising candidate for CRC treatment by diminishing stemness
and chemoresistance. Moreover, the gut, responsible for regulating iron
absorption and release, could influence CRC susceptibility through iron
metabolism modulation. Investigation into ferroptosis offers new insights into
CRC pathogenesis and clinical management, potentially revolutionizing treatment
approaches for therapy-resistant cancers.
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Core Tip: Drug resistance poses a challenge to the treatment of colorectal cancer (CRC).
In this paper, we offer novel perspectives on tackling this issue by focusing on
ferroptosis in CRC cells. This approach holds promise in overcoming tumor cell
resistance caused by CRC genome instability and changes in the tumor microenvir-
onment, thereby providing innovative therapeutic strategies to break through the clinical
drug resistance in CRC.
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INTRODUCTION

Colorectal cancer (CRC) is a serious and aggressive form of cancer. Unfortunately, the majority of patients are diagnosed
at advanced stages, with 50% of cases being prone to liver metastasis, leading to a poor prognosis and high mortality rate.
The inflammatory tumor microenvironment (TME) and genomic instability in CRC make it resistant to existing
treatments such as chemotherapy, targeted therapy, and immunotherapy. Ferroptosis emerges as a novel type of
programmed cell death that is dependent on iron-induced lipid peroxidation. Cancer cells can evade ferroptosis signaling
pathways, resulting in uncontrolled disease progression and drug resistance. Recently, ferroptosis has been proposed as a
potential solution to the issue of cancer cells bypassing apoptosis and anti-apoptosis-induced drug resistance and
metastasis[1].

The adenomatous polyposis coli (APC) tumor suppressor protein, forming a complex with GSK-3f and AXIN1, plays a
significant role in the frequent mutation occurrence in CRC. Deactivation of this protein stands as a common CRC trigger.
Studies indicate that pretreating HeLa cells with a GSK-3f inhibitor can thwart erastin-induced ferroptosis[2]. AMERT1 is
recognized as part of a complex that recruits AXIN1, B-TrCP, and APC to facilitate p-catenin ubiquitination and
degradation. In CRC cells with wild-type status, AMER1 binds to SLC7A11 or FTL, recruiting p-TrCP1/2 to expedite FTL
and SLC7A11 ubiquitination and degradation. This leads to an escalation in the labile free iron pool and a decline in
cystine uptake, causing reactive oxygen species (ROS) overload and ferroptosis induction. However, AMER1 absence in
vivo shields metastatic CRC cells from ferroptosis triggered by elevated blood oxygen levels, fostering CRC cell
metastasis. This underscores a correlation between AMER1 mutations and CRC metastasis[3]. Studies have showed that
KRAS mutations are one of the most common mutations in CRC. A recent study found that in male CRC patients,
untargeted metabolomics data revealed that tumors with KRAS mutations have several pathways that inhibit ferroptosis.
Furthermore, targeted metabonomics of RSL3 MC38 cells harboring KRAS mutations confirmed this finding by
identifying iron metabolite precipitation. Inadequate administration of cetuximab to KRAS mutant cell lines can increase
lipid peroxides or induce ferroptosis. Additionally, when used in combination with cetuximab and RSL3, cetuximab
increases ROS production and the malondialdehyde enhanced RSL3 cytotoxic effect[4]. This suggests the clinical potential
of ferroptosis inducers as a component of combination therapies to target tumor antioxidant status and treat CRC.

Chemotherapy is widely used in the clinical treatment of CRC. Oxaliplatin (OXA), as a chemotherapeutic drug, is
frequently used in the treatment of CRC, but patients frequently develop drug resistance, which limits its therapeutic
effect. Some studies have found that cyclin dependent kinase 1 (CDK1) may be a key factor in OXA resistance. The
mRNA and protein levels of CDK1 were significantly up-regulated in OXA-resistant CRC tissues, while the number of
clones formed by CDK1 knockout cells treated with OXA was decreased, indicating that the depletion of CDK1 could
overcome OXA resistance in CRC patients. Moreover, the physical interaction of CDK1 with ACSL4 led to ACSL4
degradation in OXA-resistant CRC cells, thwarting tumor cell ferroptosis. Thus, inhibiting ACSL4 lipid peroxidation and
promoting ferroptosis through CDK1 inhibition create essential conditions for managing OXA-resistant CRC patients.
CDK1 inhibitors synergistically enhance the anti-tumor effect of OXA in OXA-resistant CRC[5]. Additionally, research
has unveiled that the ferrophilic short-chain fatty acid butyrate can enhance the ferrophilic ability of OXA and induce
ferroptosis in CRC. Butyrate can also inhibit xCT mediated ferroptosis resistance by inducing c-Fos expression, reverse
the resistance of cancer stem cells to ferroptosis, and promote the occurrence of ferroptosis[6].

The conventional treatment of metastatic CRC, however, is still limited by the adverse reactions associated with
chemotherapy drugs and the biological characteristics of tumors. Immune checkpoint blockade holds considerable
promise in malignancy treatment. Regrettably, immunotherapy achieves notable curative outcomes only in a minority of
patients with high microsatellite instability, with most patients displaying a certain level of resistance. Research indicates
that CYP1B1 enhances tumor cell resistance to ferroptosis by increasing ACSL4 ubiquitination and promoting its
degradation, and the therapeutic effect of anti-PD-1 therapy may be enhanced by inhibiting CYP1B1[7]. Moreover,
through in vivo analysis, some researchers have identified the role of the APOL3-LDHA axis in promoting CRC cell
ferroptosis and enhancing CD8+ T cell cytotoxicity by increasing IFNy levels and reducing lactate concentration in the
TMEJ8]. These findings suggest that targeting ferroptosis in CRC cells might effectively combat immune checkpoint
blockade resistance.

Because targeting ferroptosis has shown great potential in CRC treatment, enhancing the selectivity of ferroptosis
inducers and mitigating unnecessary side effects emerge as pressing concerns in clinical transformation. In this regard,
the development of nanotechnology provides new possibilities for ferroptosis induction in cancer treatment. Nanodrug
delivery systems (nano-DDSs) leverage the unique physical and chemical properties of nanomaterials for efficient
targeted drug delivery to achieve more precise therapeutic effects[9]. Zhang et al[10] coordinated and assembled ions
with 6-[2-(3-methyl)-naphthoquinyl]-hexanoic acid (NQA), a derivative of vitamin K3, to obtain multifunctional Fe-NQA
nanopolymer particles, which reduced Fe** to Fe** while producing a large amount of ROS. In addition, the Fenton
reaction occurred and ferroptosis was induced. The nano-DDS exhibited remarkable tumor inhibitory effect and inhibited
tumor metastasis in the CT26 mouse tumor model. Most importantly, some studies have suggested that nano-DDSs may
improve the multidrug resistance of CRC cells and the treatment effect in CRC patients[11]. These findings proved that
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nano-therapy has great potential in targeting ferroptosis in CRC cells. However, since nano-DDSs are still in the emerging
stage of research, more clinical studies are needed to further explore their efficacy.

CONCLUSION

This editorial emphasizes the potential of targeting ferroptosis in CRC cells to reduce the drug resistance of tumor cells
due to CRC genomic instability and inflammatory TME, and presents a potential new approach for the treatment of this
malignancy by combining ferroptosis targeting with chemotherapy, targeted therapy, radiotherapy, and immunotherapy.
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Abstract

Cancer immunotherapy is an effective with critical approaches in the treatment of
oncological patients. Whilst numerous research and clinical trials are underway to
develop endogenous immunotherapy approaches, it is necessary to focus on
fundamental issues and identify barriers to basic clinical progress. Addressing
these challenges and the new pathways will require researchers and clinicians to
join forces to accelerate the understanding of the complex interactions between
cancer and the immune system and focus resources on developing better
treatments for patients.

Key Words: Immunotherapy; Oncological patients; Immune response; Target therapies;
Cancer vaccinations
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Core Tip: Immunotherapy has emerged as a potent treatment for specific cancer types,
which evokes enduring reactions and sometimes even induces remission. Nevertheless,
the efficiency of this method relies both on the type of malignancy involved and
individual patient traits. Additionally, it is administered in tandem with surgical
interventions or chemotherapy/radiation regimens. It holds promise but could not act as
a panacea; ongoing studies focus on enhancing its efficacy levels while comprehending
underlying mechanisms more precisely.
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INTRODUCTION

Currently, among available cancer treatment methods, including traditional chemotherapy, radiation therapy, and
surgery, immunotherapy is regarded as the fourth option. Over the last decade, immunotherapy has received significant
attention due to its ability to enhance overall survival rates in a subset of patients considered untreatable. The recent
advances made by biotechnology have led to several developments in cancer treatment and care, such as immune
checkpoint inhibition (ICI), chimeric antigen receptor T cell therapy (CAR-T), and various forms of vaccination for cancer
[1].

Although these methods are frequently successful, with most cases claiming defeat against specific tumor subtypes,
some treatments, such as ipilimumab, a melanoma anti-CTLA4 antibody, show remarkable improvement beyond other
therapies in squamous cell carcinoma of the head and neck management. Thus, although immunotherapeutics, such as
anti-PD1 nivolumab, have gained aberrant FDA approval status designations, they still encounter unignorable financial
challenges called impediments. Hence, facing countless issues without a complete understanding of how reversal
treatment works requires experts to work even harder to design innovative, effective, evidence-based approaches.
Therefore, new insights are needed. Although scientists broadly understand host-tumor interactions, they continue
finding new data through well-articulated, detailed reviews and studying ICI-adoptive CAR T cell treatment and
vaccines at a broad scope. Thus, they guide the prioritized simultaneous implementation of tools used in various fields,
thereby providing future chances of success based on accurate, evidence-based updates[2,3].

Further research into checkpoint inhibitory pathways could aid ICI treatment and help combat tumor escape
mechanisms alongside the suppressive effects of tumor microenvironment on the immune response. CAR-T yields good
outcomes only in certain hematological malignancies, requiring an enhancement of its effectiveness by countering tumor-
associated macrophages as an immunosuppressive component. Trials combining all these treatment modalities might be
beneficial, given an improved response in terms of targeting alternative pathways through ICIs[4].

Tumor mutation burden plays an important role as a target for treatment to impair tumor immunity, inhibit tumor
growth, and restore therapeutic efficacy. However, personalized differences influence drug reactions, making predictions
uncertain despite notable success rates of PD-1/PDL1 or anti-CTLA4 therapy above 15%-25%, ensuring patient variability
[3,4].

Biotherapy options include inducing immunologic responses that engage checkpoint inhibitors and improve targeted
antibodies. Hence, adoptive cell transplants allow for controlled cancer management tactics against various malignancies
without suffering radiation or chemotherapy side effects due to the accurate selection process. This development relies
heavily on immuno-oncology studies fundamental to current achievements in this field, inspiring further global progress
in combating cancer through biotherapy innovations, starting with novel immune-based approaches stemming from new
technologies. Moreover, experimental neogenic vaccines focused primarily on pinpointing tumor mutation burden can
lead to discoveries, significantly improving patient outcomes and, ultimately, accelerating research progression.
Consequently, considering basic knowledge of therapeutically applied oncology, advancements in continuously updating
areas aimed at better cancer control will ensure the constant development of oncology in the future[5].

Despite new approaches to boost immune cell sensitivity and activity against tumor cells, such as cancer vaccines and
chemokine treatment, immunotherapy has presented major challenges. First, some oncological patients have experienced
a dramatic response. Unfortunately, while scientists hope to develop an effective therapy for various patients, immuno-
therapy has proven successful for only a small proportion of malignancies. Furthermore, these successful cases are often
the minority. Second, discovering biomarkers and cancer pathways is important for immunotherapy success. Moreover,
chemotherapy and radiotherapy are performed before immunotherapy, possibly impeding the improvement in cancer
immunotherapy efficacy. Therefore, cancer immunotherapy is currently not generally recommended as a first-line
therapy and is typically given to patients whose immune system is already weakened due to advanced disease or
previous treatment[6].

CONCLUSION

Over the last decade, cancer immunotherapy has transformed how physicians treat cancer patients. There is an
impressive potential for immunotherapeutic methods in various clinical contexts —even those who previously developed
resistance to treatment show promising results after such novel therapy.
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Abstract

Primary biliary tract tumors are malignancies that originate in the liver, bile ducts,
or gallbladder. These tumors often present with jaundice of unknown etiology,
leading to delayed diagnosis and advanced disease. Currently, several palliative
treatment options are available for primary biliary tract tumors. They include
percutaneous transhepatic biliary drainage (PTBD), biliary stenting, and surgical
interventions such as biliary diversion. Systemic therapy is also commonly used
for the palliative treatment of primary biliary tract tumors. It involves the
administration of chemotherapy drugs, such as gemcitabine and cisplatin, which
have shown promising results in improving overall survival in patients with
advanced biliary tract tumors. PTBD is another palliative treatment option for
patients with unresectable or inoperable malignant biliary obstruction. Biliary
stenting can also be used as a palliative treatment option to alleviate symptoms in
patients with unresectable or inoperable malignant biliary obstruction. Surgical
interventions, such as biliary diversion, have traditionally been used as palliative
options for primary biliary tract tumors. However, biliary diversion only provides
temporary relief and does not remove the tumor. Primary biliary tract tumors
often present in advanced stages, making palliative treatment the primary option
for improving the quality of life of patients.
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Core Tip: Nowadays, we still see a high incidence of primary biliary tract tumors arriving at emergency departments with a
clinical picture of jaundice of unknown etiology. Unfortunately, when jaundice is diagnosed, most patients already show
signs of advanced disease. It is up to the attending physician to offer the best alternatives for palliative treatment for a better
quality of life of patients. The aim of this study is to evaluate the interventional palliative treatment options currently used to
clinically improve symptoms and their results and related complications.
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INTRODUCTION

Cholangiocarcinoma (CCA) is a malignant tumor of the epithelial cells of the biliary tract[1]. CCAs can be divided into
three forms: intrahepatic CCA (iCCA), distal extrahepatic CCA (eCCA), and perihilar pCCA[2,3]. Similarities exist among
these three forms, but key differences lead to distinct outcomes[3]. CCA is considered a very aggressive tumor that
presents with a poor prognosis by the time it is diagnosed[4]. Surgical resection is the only meaningful option for the
possible treatment of CCA. Patients who are not candidates for surgery are considered for palliative care treatment[4].

The main goal of palliative care is to enhance the quality of life of patients[5]. Only a few patients who present with
CCA are candidates for surgical treatment[6]. It has been reported that less than 20% of patients diagnosed with iCCA are
eligible for surgical resection[7]. Appropriate palliative care treatments in CCA are influenced by the classification of the
tumor[8]. Current palliative options include biliary stenting, chemotherapy, radiofrequency ablation, and photodynamic
therapy[8]. Adverse effects are associated with some of these palliative treatments[8], and a full comprehensive
understanding of the benefits and risks of current palliative treatment options will help clinicians determine the most
appropriate course of action.

RISK FACTORS

The risk factors for the incidence of CCA include primary sclerosing cholangitis, parasitic infections, toxins, bile duct
cysts, hepatolithiasis, hepatic cirrhosis, and viral hepatitis[9,10]. In addition, there may be evidence that certain genetic
polymorphisms regulate the risk of CCA[10]. Diabetes and heavy alcohol ingestion may increase the risk of CCA[9]. CCA
in Asian countries is significantly associated with the liver flukes Clonorchis sinensis and Opisthorchis viverrini[11]. The
effects of hepatitis B and hepatitis C on the incidence of CCA have not been completely studied[11]. Surveillance of risk
factors for CCA needs to be established as it may facilitate better prognosis for patients.

EPIDEMIOLOGY

The epidemiology of CCA differs depending on factors such as geography, risk factors, and age. The largest incidence of
CCA is in Asia, with the highest occurring in parts of Thailand[12]. The incidence rates in Western countries are lower
than those in Asian countries|[12].

The prognosis of CCA is poor, with the only curative option being surgical resection in early-stage tumors[13]. The
mortality rate of CCA has increased significantly in recent years, up to a 36% increase in mortality from 1999 to 2014 in a
United States-based study[14]. The 5-year survival rates for certain CCAs range from 5% to 10%[15]. Some studies have
described the percentage of resectable CCAs. In a cohort study describing hilar CCAs, research has shown that only 26%
of hilar CCAs are resectable[16]. It has also been reported that only 15% of patients with iCCA present with a resectable
tumor at the time of diagnosis[17]. Therefore, the importance of palliative care in CCA cannot be understated and must be
fully explored and understood to deliver the most appropriate individualized care for each patient.

CLINICAL PRESENTATION

The clinical presentation of CCA depends on the type, stage, and location of the tumor. The most common presentation of
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CCA is jaundice, which manifests as a yellowish pigmentation of the skin and mucous membranes[18]. However, in
iCCA, because tumor growth is intrahepatic, patients are usually asymptomatic and jaundice only manifests at later
stages because obstruction is less frequent[19]. Studies have shown that jaundice is reported as an initial symptom of
iCCA in only 10%-15%[18] of cases and that the diagnosis of early-stage iCCA represents an incidental finding in almost
25% of cases[20]. Other clinical symptoms associated with the onset of iCCA are nonspecific and include the following:
Malaise, cachexia, dull right upper quadrant abdominal pain, and night sweats[20]. Conversely, most eCCAs and pCCAs
are associated with biliary obstruction. It has been estimated that 90% of eCCA cases present with symptoms of
obstructive jaundice[21], which include jaundice, pale stools, dark urine, and pruritis. A cohort study demonstrated that
bilirubin levels are significantly more elevated in eCCA and pCCAs than in iCCA because of the larger frequency of
biliary obstruction[22]. During the course of the disease, patients with eCCA present with nonspecific symptoms similar
to iCCA, such as weight loss, abdominal pain, night sweats, fatigue, emesis, vomiting, and loss of appetite, in addition to
an increase in cholestasis laboratory findings[23].

On physical examination, eCCA is characterized by jaundice, hepatomegaly, and a palpable gallbladder (Courvoisier
sign) whereas iCCA usually presents mainly with right upper quadrant tenderness[24]. CCA has also been associated
with rare cutaneous manifestations, including sweet syndrome, erythema multiforme, and porphyria cutanea tarda[24].
However, these findings are nonspecific and can be found in other pathologies. Therefore, a definitive diagnosis of CCA
requires further laboratory and imaging investigations.

DIAGNOSIS

The diagnosis and early detection of CCA remain challenging. It is important to check bilirubin, alkaline phosphatase
(ALP), gamma-glutamyl transpeptidase (GGT), alanine transaminase (ALT), and aspartate aminotransferase (AST) levels
in all suspected patients. In patients with eCCA, bilirubin, ALP, and GGT levels are elevated, whereas in patients with
iCCA, ALP level is atypical, but the other values are within normal ranges[24]. In the early stages of CCA, ALT and AST
levels are normal, but as the disease progresses, they increase because of the hepatocellular damage caused by cholestasis
[24]. Blood biomarkers are also useful for detecting CCA. Cancer antigen 19-9 (CA 19-9) is an important prognostic factor
at presentation and has been associated with poor prognosis[22]. However, the use of CA 19-9 is limited as it has low
specificity in distinguishing malignant from benign pathologies, and it is absent in patients with deficient Lewis antigen
[24]. Carcinoembryonic antigen and alpha fetoprotein can also be used, but both have shown limited specificity and
sensitivity.

The diagnosis of CCA relies heavily on imaging modalities. Transabdominal ultrasound is often employed as an initial
imaging modality for CCA diagnosis in patients with obstructive jaundice because it is beneficial for examining the
origins of bile duct obstruction and characterizing liver lesions[25]. In addition to detecting CCA, this allows the
exclusion of more common etiologies for obstruction jaundice such as choledocholithiasis. With new advancements in
technology, the use of contrast-enhanced ultrasound has demonstrated significant potential in assessing both luminal and
extraluminal masses in the diagnosis of CCA[25]. Computed tomography (CT) is conducted in 90% of cases with possible
CCA diagnosis[25]. CT plays an important role during the initial evaluation of CCA: It demonstrates features such as the
extent of the tumor, it ascertains the potential of surgical resectability, and it allows the estimation of prognostic
pathological factors, including vascular infiltration and the presence of lymph node metastasis[25]. The two most
commonly used imaging techniques after the identification of the tumor are endoscopic retrograde cholangiopancreato-
graphy (ERCP) and magnetic resonance cholangiopancreatography (MRCP)[21]. MRCP is the preferred modality because
it allows the accurate assessment of tumor resectability[26]. Endoscopic ultrasound (EUS) and fine needle aspiration
guided by EUS have also been reported to help with the diagnosis and staging of CCA[26]. ERCP is still widely used and
preferred by some physicians and surgeons because it allows cytological sampling and histological confirmation of the
malignancy[21,24].

PALLIATIVE TREATMENT DEFINITION

Palliative care is a medical holistic approach that aims to enhance the well-being of patients who are confronting
challenges related to incurable life-threatening illnesses by preventing and alleviating physical, psychological, and
spiritual suffering[27]. Palliative care should involve interdisciplinary teams with excellent communication skills to
support patients and their families[27]. In patients with CCA with a locally advanced, unresectable, or recurrent tumor,
palliative care goals are to relieve symptoms of obstructive jaundice, pain, and pruritis[26].

In this review, we summarize recent findings on interventional procedures for the palliative care management of CCA.
Different interventional options that are currently available and their benefits and complications are discussed. Systemic
treatment, although available, is beyond the scope of this review.

MANAGEMENT

Palliative biliary drainage is used in advanced-stage CCA to alleviate symptoms such as pain, severe pruritus, and
cholangitis. Patients with jaundice who are asymptomatic and have a life expectancy of less than 3 months are generally
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Table 1 Palliative treatment options for cholangiocarcinoma and their associated techniques, indications, and complications

Type Technique Indication Complications
Percutaneous drainage PTBD Proximal malignant biliary obstructions  Catheter-related complications: wound care,
(particularly Bismuth type IIT and IV peri- hygiene maintenance, catheter dislodgement,
hilar CCA patients) and PTBD blockages
Acute cholangitis, bleeding, and peri catheter
leakage
PTBS Specific patients with malignant biliary No catheter-related complications (due to no
obstruction external drainage)
Cholangitis, pancreatitis, bleeding, stent
dysfunction, cholecystitis, duodenal
perforation, stent obstruction (due to tumor
overgrowth)
Endoscopic drainage ERCP with biliary Patients with incurable conditions (e.g. Stent occlusion or dysfunction (mainly due to
stenting Unresectable tumors, malignant hilar tumor ingrowth)
obstruction)
EUS-EBD Cases where ERCP may be difficult due ~ Minimal complications including pancreatitis

to anatomical variations, altered anatomy
from prior surgeries or tumor infiltration

and cholecystitis

Surgical Drainage (only Choledochojejunostomy  Distal CCA High perioperative morbidity and mortality
considered as a final option
after failure of other Intrahepatic bile duct Peri hilar CCA
approaches) bypass
Extrahepatic bile duct Distal obstruction or Bismuth type I
bypass
Left hepaticojejunostomy  Bismuth type Illa
Right hepaticojejun- Bismuth type IIIb
ostomy
Right or left sectoral duct ~ Bismuth type IV High perioperative morbidity and mortality

bypass
Frequently ineffective due to inadequacy of a
single anastomosis to drain a sufficient volume
of functioning liver

PTBD: Percutaneous transhepatic biliary drainage; PTBS: Percutaneous transhepatic biliary stenting; ERCP: Endoscopic retrograde cholangio-
pancreatography; EUS-EBD: Endoscopic ultrasound guided endoscopic biliary drainage; CCA: Cholangiocarcinoma.

not candidates for biliary drainage procedures. Other purposes of palliative biliary drainage include improving
functional status and liver function to enable subsequent systemic chemotherapy. This procedure encompasses three
methods: percutaneous, endoscopic, and surgical bypass (Table 1).

PERCUTANEOUS PALLIATIVE BILIARY DRAINAGE

The percutaneous method for palliative biliary drainage involves a guided puncture using ultrasonography aiming to
place a catheter into the dilated bile ducts. This approach includes two techniques: percutaneous transhepatic biliary
drainage (PTBD) and percutaneous transhepatic biliary stenting (PTBS). Palliative PTBD plays a crucial role in
decompressing the biliary system specially in proximal obstructions, particularly in cases of Bismuth type III and IV
perihilar CCA. Research suggests that PTBD has a higher success rate in therapy with fewer complications related to
cholangitis compared with the endoscopic approach[28]. However, wound care, catheter displacement, blockages, and
even hygiene maintenance may represent a challenge for some patients. To address these challenges, patients receive
catheter care training before hospital discharge[28,29]. Complications may include acute cholangitis, bleeding, and
pericatheter leakage.

Palliative PTBS is a procedure aimed at managing jaundice and serves as an optional treatment for specific patients
with malignant biliary obstruction. The main advantage of this procedure is to restore the physiological pathway to the
biliary drainage to the duodenum and minimize the loss of bile salts and electrolytes. This is achieved using either plastic
or metallic stents. Studies have indicated that PTBS, particularly with the implantation of self-expandable metallic stents
(SEMS), has better efficacy than catheter drainage. PTBS can effectively reduce complications associated with catheter
usage and can improve the overall quality of life of patients by eliminating the need for external drainage. Metal stents
have a larger diameter, present a better long-term patency, and are more cost-effective compared with plastic ones. In the

palliative care of advanced hilar CCA (Bismuth III and IV), percutaneous stenting outcomes exceed those by endoscopy
[30-33].
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The PTBS procedure is performed under local anesthesia and moderate sedation. This procedure involves inserting a
0.035 in guidewire into the previously placed PTBD and then replacing the PTBD catheter with 5 French diagnostic
catheters (specifically Cobra catheters). The tract passing through the obstructed region into the duodenum is cannulated
using a 0.035 in guidewire, followed by the introduction of a metallic stent. Typically, pre stent dilation of malignant
biliary strictures is avoided to prevent tumoral bleeding that might result in early stent blockage[34]. After stent
placement, an internal-external drainage catheter (temporary close catheter hub) is inserted as a precautionary measure in
case of stent malfunction. Follow-up after biliary stenting includes clinical assessment and laboratory investigations at the
two-week mark. A cholangiogram through the internal-external drainage catheter is performed after two weeks to assess
stent patency, followed by the removal of the internal-external drainage catheter.

The most frequent early complications after percutaneous procedures are cholangitis, pancreatitis, and bleeding. Stent
dysfunction, bleeding, cholecystitis, and less frequently, duodenal perforation are usually the most frequent late ones.
The major complication of biliary stenting is recurrent jaundice or cholangitis resulting from stent obstruction. Biliary
sludge and tumor ingrowth through the stent are the primary causes of obstruction[35].

ENDOSCOPIC APPROACH

Selecting the type of stent for palliative drainage involves different factors to be considered, like the location of the
obstruction, the patient’s prognosis, the risk of potential stent complications such as blockage or movement, the
preference of the endoscopist, and the availability of different stent types. In cases where hilar obstruction is presented
like in hilar tumors, multidisciplinary teamwork is a must for its management. Relieve the obstruction of the bile ducts in
advanced unresectable hilar tumors may be challenge and usually requires multiple endoscopic and/or percutaneous
procedures[36,37].

Typically for the cases with hilar obstruction ERCP with uncovered SEMS represents the standard of care to prevent
drainage blockage from the opposite biliary system. Similarly, in the treatment of hilar obstruction, the use of uncovered
SEMS is recommended to prevent blockage of the left or right hepatic duct[37].

Uncovered SEMS offer notable advantages over plastic stents, primarily due to their wire mesh design that remains
open and does not obstruct the side branches of the intrahepatic bile duct. They also feature a delivery system that allows
passage through tight biliary strictures, such as a sharp tip, enabling the use of stents with reduced diameter sizes, which
is particularly beneficial for lesions located proximally[37,38].

Several studies demonstrated that for patients with hilar obstructions SEMS provides higher clinical success rates as
well as less need for reinterventions when compared to plastic stents[31,38-42]. In one trial involving 188 patients
diagnosed with unresectable hilar CCA, the rates of success using SEMS comparing with plastic stents regarding
drainage was 70% vs 46% and the authors also observed a prolonged overall survival (median 126 vs 49 d)[42]. Another
study with 60 patients demonstrated that SEMS had superior patency rates at six months (81% vs 20%) and required
fewer reinterventions (0.63 vs 1.80 interventions per patient)[39].

In cases of unresectable cancer with obstructed hilar regions, the placement of bilateral SEMS represents the standard
approach when technically feasible to optimize biliary drainage, particularly when both liver lobes are affected by
obstruction. Before the ERCP procedure, imaging techniques such as CT or MRCP must be available to identify the
dominant biliary system, allowing the endoscopy team to plan, in case the bilateral stenting is not possible, to which of
the ducts the stent should place to provide adequate bile drainage.

The efficacy of drainage is affected by the amount of drained liver volume[33,43,44]. Previously, it was commonly
accepted that draining a minimum of 25% of the liver volume was required to relieve jaundice. However, recent research
suggests that draining more than 50% of the total liver volume (assessed via CT) is associated with enhanced overall
survival. If a single stent fails to alleviate symptoms by draining more than 50% of the total liver volume, the consid-
eration of ERCP-guided bilateral stenting and/or percutaneous drainage may be warranted[44].

For certain patients, the placement of a single, unilateral stent provides adequate drainage and relief from symptoms.
However, it remains uncertain whether bilateral drainage offers superior outcomes compared with unilateral placement
[45-47]. A meta-analysis of seven studies involving more than 600 patients diagnosed with tumoral hilar obstruction
suggested that bilateral stenting did not significantly differ from unilateral stenting in terms of clinical response rates,
stent occlusion, cholangitis, or patient mortality[45]. Nevertheless, another study involving 133 patients that were treated
with SEMS revealed that patients that had bilateral stents had a lower chance of failure when compared to unilateral
ones. (hazard ratio, 0.30; 95%ClI, 0.17-0.52)[46].

The primary long-term complication encountered after placing SEMS for malignant biliary obstruction is stent
occlusion. The diagnosis of stent dysfunction typically involves the presence of two of the following three specified
criteria:

Dilatation of the bile duct system demonstrated by ultrasound.

Abnormal elevation of serum bilirubin levels (= 2 mg/dL) with an increase of 2 1 mg/dL compared with the value
following the initial successful drainage.

Increase in ALP/gamma-glutamyl transferase to more than double the upper limit of normal values with an increase of
atleast30 U/L.

Manifestations of cholangitis[47]
Tumor ingrowth represents the main reason for stent occlusion and it is more related to uncovered SEMS[42].
Furthermore, this overgrowth, will involves the blockage of the stent’s proximal or distal ends, contributes to long-term
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stent occlusion. Occasionally, obstruction due to sludge, mucus, or debris may occur, but it typically occurs together with
the progression of the tumor itself.

The average functional duration of this prothesis ranges between 5 and 6 months[48,49] before obstruction occurs.
Managing occluded stents involves various methods such as balloon mechanical cleaning, placement of plastic or metallic
stents, and endobiliary radiofrequency ablation. Mechanical cleaning is suitable for debris occlusion but should be
combined with other procedures when tumor ingrowth is present. Placement of a second plastic stent has a shorter
patency period, typically lasting 60-90 d, compared with the patency period of 100 d for second SEMS placements[42].
Endobiliary radiofrequency ablation is an innovative intervention used to safely ablate ingrown tumors within the stent
lumen, leading to long-term patency comparable to SEMS placement[49]. The advantage of this procedure is to not
compromise the stent lumen and represents a benefit comparing to the placement of a second stent that may decrease its
diameter.

Retrospective studies that compare the safety and effectiveness of percutaneous treatment vs endoscopic treatment for
obstructed hilar bile ducts have shown that percutaneous interventions lead to a faster therapeutic decrease in bilirubin
levels, fewer instances of infections, and reduced need for repeated drainage procedures[50-53]. Among patients with
tumors in the hilar region who undergo endoscopic treatment, those who receive a unilateral stent-particularly when
both sides of the liver’s bile ducts have been visualized with contrast-experience notably poorer survival rates compared
to patients with bilateral stents[54]. Furthermore, the risk of post endoscopy cholangitis increases with the extent of
isolation caused by the hilar tumor, with Bismuth I patients having only a 4% risk and Bismuth III and IV patients having
a nearly 60% risk[55]. Another study comparing the outcome of endoscopic vs percutaneous drainage in patients with
advanced type III or IV hilar CCA concluded that the percutaneous SEMS group exhibited a notably higher success rate
in biliary decompression compared to the endoscopic SEMS group (92.7% vs 77.3%, respectively, P = 0.049). Although the
overall occurrence of procedure-related complications was comparable between both groups, one fatality resulting from
biliary sepsis was recorded in the endoscopic SEMS group. Patients who initially achieved successful biliary drainage,
regardless of the procedure used, experienced substantially longer median survival than those for whom biliary drainage
failed (8.7 vs 1.8 months, respectively, P < 0.001). Once successful biliary decompression was attained, and the median
survival and duration of stent patency were similar in both study groups[52].

In cases of advanced malignant hilar strictures (Bismuth III and IV), the percutaneous method for biliary drainage is
favored over the endoscopic approach because of its notably higher success rate (93% compared to 77%, with a P value of
0.049) and reduced incidence of cholangitis related to the procedure. In addition, the percutaneous approach enables the
precise selection of the affected lobe for drainage[52].

EUS GUIDED ENDOSCOPIC BILIARY DRAINAGE

EUS provides real-time imaging with high resolution and has the ability to visualize the bile ducts and adjacent structures
in great detail. EUS guided endoscopic biliary drainage (EUS-EBD) combines the advantages of EUS and biliary drainage,
allowing the accurate placement of stents or drainage catheter under direct visualization. This technique is valuable in
cases where conventional ERCP may be challenging because of anatomical variations, altered anatomy from prior
surgeries, or tumor infiltration.

The EUS-EBD procedure involves passing an echoendoscope through the gastrointestinal tract to access the duodenum
and visualize the biliary tree using ultrasound. Once the target area is identified, a guidewire is advanced through the
obstructed bile duct under EUS guidance. Following successful guidewire placement, a biliary stent or drainage catheter
is deployed to relieve the obstruction and alleviate symptoms such as jaundice and pruritus. The main benefits of EUS-
EBD are improved visualization, precise guidance, real-time ultrasound guidance, enhanced precision of wire placement,
reduced risk of complications, overcoming anatomical challenges, and permitting navigation through anatomical
variations or distorted anatomy caused by the tumor, making it a valuable option in complex cases.

Several studies have demonstrated the efficacy and safety of EUS-EBD in the palliative care of patients with advanced
CCA. Notable outcomes include successful drainage, symptom relief, and improved quality of life. Comparative studies
have shown that EUS-EBD can be as effective as or even superior to traditional ERCP in certain cases[56,57].

Surgical approach
Surgical bypass procedures have demonstrated a significant increase in perioperative mortality, ranging from 0% to 17%,
and morbidity, with rates between 17% and 55%[58]. Nowadays the surgical approach will only be considered if other
options like percutaneous and/or endoscopic treatments are not available or fail. In instances where laparotomy reveals
distant metastases, surgical bypass may be considered. Choledochojejunostomy is a feasible surgical bypass procedure for
distal obstructions, whereas intrahepatic bile duct bypass is appropriate for perihilar CCA. Extrahepatic bile duct bypass,
although technically less challenging, is associated with lower morbidity and is suitable for distal obstructions or Bismuth
type I in the perihilar region. Palliative surgical bypass for perihilar CCA involves intricate surgeries tailored to each
tumor type. According to the location of the tumoral obstruction, left or right main ducts, the surgeon will proceed with
either a left of right hepaticojejunostomy. Bismuth type IV may requires right or left sectoral duct bypass. However,
surgical bypass for this type of tumors are often ineffective because of the inadequacy of a single anastomosis to drain a
sufficient volume of functioning liver. Therefore, in cases of Bismuth IV, a bilateral hepaticojejunostomy bypass should be
considered with exceptional selectivity[58].

Three randomized trials[59-61] that compared surgical bypass to endoscopic drainage demonstrated similar effect-
iveness in alleviating symptoms. However, endoscopic drainage exhibited fewer early complications, whereas surgical
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Figure 1 Current management options for palliative care of advanced cholangiocarcinoma. PTBD: Percutaneous transhepatic biliary drainage;
PTBS: Percutaneous transhepatic biliary stenting; ERCP: Endoscopic retrograde cholangiopancreatography; EUS-EBD: Endoscopic ultrasound guided endoscopic
biliary drainage; CCA: Cholangiocarcinoma.

bypass presented fewer late complications. It is important to note that these trials focused on patients with a lower end
block caused by pancreatic and periampullary carcinoma, which limits the direct extrapolation of these findings to
patients with a hilar block. In the case of locally advanced gallbladder cancer with an average survival of 3-6 months,
nonoperative methods might be more effective in alleviating symptoms[62]. Two randomized trials evaluated endoscopic
and percutaneous drainage methods for malignant biliary obstruction[62,63]. Speer et al[63] demonstrated that
endoscopic drainage surpassed percutaneous drainage in terms of successful drainage (81% vs 61%) and lower 30-d
mortality (15% vs 33%). This trial included 75 patients, but only 29 had a hilar block. However, the less favorable
outcomes associated with percutaneous stenting might be attributed to the use of a rigid external percutaneous
transhepatic catheter for drainage, leading to increased morbidity and mortality. By contrast, Pifiol ef al[64] showed
different results with higher successful drainage (71% vs 42%, P = 0.03) but more complications (61% vs 35%) with PTBD
compared to endoscopic drainage. The median survival time significantly favored the PTBD group (3.7 vs 2 months, P =

0.02). In addition, they compared a metal stent placed percutaneously with a plastic stent placed endoscopically
(Figure 1).

CONCLUSION

The basis for the palliative treatment of advanced CCA relies on the alleviation of the obstructive symptoms related to the
drainage of the biliary tract. Proper management must be defined by a multidisciplinary team that considers the
radiological features of the tumor and the resources available in the institution. The results of systemic treatment for
palliative care can be improved if the patient’s biliary tract has been properly drained using one of the presented
techniques.
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Abstract

BACKGROUND

Ferroptosis has recently been associated with multiple degenerative diseases.
Ferroptosis induction in cancer cells is a feasible method for treating neoplastic
diseases. However, the association of iron proliferation-related genes with
prognosis in HER2+ breast cancer (BC) patients is unclear.

AIM
To identify and evaluate fresh ferroptosis-related biomarkers for HER2+ BC.

METHODS
First, we obtained the mRNA expression profiles and clinical information of
HER2+ BC patients from the TCGA and METABRIC public databases. A four-
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gene prediction model comprising PROM2, SLC7A11, FANCD2, and FH was subsequently developed in the TCGA
cohort and confirmed in the METABRIC cohort. Patients were stratified into high-risk and low-risk groups based
on their median risk score, an independent predictor of overall survival (OS). Based on these findings, immune
infiltration, mutations, and medication sensitivity were analyzed in various risk groupings. Additionally, we
assessed patient prognosis by combining the tumor mutation burden (TMB) with risk score. Finally, we evaluated
the expression of critical genes by analyzing single-cell RNA sequencing (scRNA-seq) data from malignant vs
normal epithelial cells.

RESULTS

We found that the higher the risk score was, the worse the prognosis was (P < 0.05). We also found that the
immune cell infiltration, mutation, and drug sensitivity were different between the different risk groups. The high-
risk subgroup was associated with lower immune scores and high TMB. Moreover, we found that the combination
of the TMB and risk score could stratify patients into three groups with distinct prognoses. HRisk-HTMB patients
had the worst prognosis, whereas LRisk-LTMB patients had the best prognosis (P < 0.0001). Analysis of the scRNA-
seq data showed that PROM2, SLC7A11, and FANCD2 were significantly differentially expressed, whereas FH was
not, suggesting that these genes are expressed mainly in cancer epithelial cells (P < 0.01).

CONCLUSION
Our model helps guide the prognosis of HER2+ breast cancer patients, and its combination with the TMB can aid in
more accurate assessment of patient prognosis and provide new ideas for further diagnosis and treatment.

Key Words: HER2+ breast cancer; Ferroptosis; Tumor mutation burden; Single-cell RNA sequencing; Prognosis
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Core Tip: A prognostic model constructed with four ferroptosis-related genes (PROM2, SLC7A11, FANCD2, and FH)
combined with tumor mutation burden can be used to evaluate the prognosis of patients with HER2-positive breast cancer
more accurately.
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INTRODUCTION

Breast cancer (BC) is the most prevalent malignancy in the world and the primary cause of cancer-related deaths in
women[1]. As a highly heterogeneous disease, BC has four molecular subtypes: Basal/triple-negative, luminal A, luminal
B, and HER2-positive[2]. HER2 is an orphan tyrosine kinase receptor that regulates cell proliferation and survival when
activated. Located at chromosome 17q12, the HER2 oncogene is amplified in 15-20% of all BCs[3]. The primary and
essential mechanism of HER?2 receptor overexpression is amplification[4,5]. Due to its role in cell proliferation, invasion,
and survival, this mechanism confers a poor prognosis. Standard treatment modalities include surgery combined with
chemotherapy, radiotherapy, endocrine therapy, and HER2-targeted therapy which are widely used in clinical practice
[5]. For the HER2-positive subtype, HER2-targeted treatments, such as trastuzumab, pertuzumab, T-DM1, DS8201, and
tyrosine kinase inhibitors (TKIs), can significantly improve disease-free survival and overall survival (OS)[6,7]. Notably,
not all patients derive equal benefits from existing anti-HER2 therapies, and HER2-positive BC is inherently hetero-
geneous. Although numerous studies have focused on investigating the prognostic significance of ferroptosis-related
genes in BC[8-10], analyses specific to BC subtypes are lacking. A more comprehensive understanding of tumor biology
and the HER? signaling pathway is essential for advancing novel strategies to improve patient outcomes.

A new type of controlled cell death known as ferroptosis differs from apoptosis, necrosis, and autophagy in
morphology, biochemistry, and genetics[11]. It is characterized by disruption of the intracellular redox balance and
nonapoptotic cell death. Previous studies revealed that the NAD (P)H/FSP1/CoQ10 and cyst (e)ine/ GSH/ glutathione
peroxidase 4 (GPX4) signaling pathways control ferroptosis. Ferroptosis is caused by the buildup of lipid peroxidation
products and reactive oxygen species generated from iron metabolism. Increasing evidence suggests that ferroptosis is
closely related to many diseases, especially HER2+ BC[12]. Thus, ferroptosis has gained popularity as a potential
therapeutic strategy to promote cancer cell death. Various studies have reported ferroptosis induction by afatinib and
lapatinib[13]. However, the association between iron proliferation-related genes and prognosis in HER2+ BC patients has
yet to be determined, hindering practical clinical assessment before treatment.
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This research systematically analyzed HER2+ BC expression data and clinical information from the TCGA and
METABRIC cohorts. Furthermore, we identified genes associated with ferroptosis that were differentially expressed in
patient tissues compared with normal tissues, screened four signatures related to survival, and constructed a consistent
prediction model. We also explored the associations of ferroptosis with immune cell infiltration, mutations, and immune
checkpoints in HER2+ BC patients. These results provide a foundation for developing comprehensive therapeutic
strategies for HER2+ BC patients.

MATERIALS AND METHODS

Data collection

We used HER2+ BC datasets downloaded from the TCGA (https://protal.gdc.cancer.gov/repository) and the
METABRIC databases (www.cbioportal.org/). The downloaded data were filtered using the following criteria: (1)
Histologically diagnosed with malignant BC; (2) complete corresponding clinical data; and (3) available OS data for more
than 90 d. Additional average breast tissue mRNA expression data (n = 91) were obtained from GTEx (https:/ /gtexportal.
org/home/datasets). The final sample included 168 patients from the TCGA cohort and 126 patients from the
METABRIC cohort with complete follow-up information. A total of 259 genes associated with ferroptosis were retrieved
from the FerrDb website (http://www.zhounan.org/ferrdb/current/) and are reported in Supplementary Table 1
(marker: 111; Driver: 108; suppressor: 69). The single-cell RNA sequencing (scRNA-seq) dataset was assessed from the
Gene Expression Omnibus (GEO) database (http://www.ncbinlm.nih.gov/geo).

Construction of a prognostic ferroptosis-related gene signature

The TCGA and METABRIC cohorts were selected as training and validation sets, respectively. First, the log2
transformation approach was used after the raw count data had been normalized using the transcripts per million
method. The number of DEGs was calculated using the “DESeq2” package (P < 0.05) in R. Venn was used to identify
DEGs associated with ferroptosis. Univariate Cox regression analysis was performed to identify ferroptosis-related
prognostic genes, and relevant genes were selected using a cutoff of P < 0.05. In total, 18 genes were chosen for the minor
absolute shrinkage and selection operator (LASSO) Cox regression. Multivariate Cox regression analysis was
subsequently applied to further assess the significant factors. We used lasso-penalized Cox regression analysis with the
"glmnet" package in R to choose prognostic ferroptosis-related genes and construct a predictive model. The following
formula was used to generate the risk score: Risk score = sum (corresponding coefficient x expression level of the gene).
The expression levels of the genes were normalized, and the regression coefficients were calculated from the training set.
Patients were then categorized into high- or low-risk groups according to the median risk score. The "Rtsne" package was
used to run t-SNE to investigate the distribution of various groups. Using the "survminer" package in R, Kaplan-Meier (K-
M) curves were created to predict OS. The "survival receiver operating characteristic (ROC)" package in R was used to
run a time-dependent ROC curve analysis to evaluate the ability of the signature genes to predict survival.

Integrated analysis of combined clinical and multiomics data from the risk-scoring model

To determine the relevant immune cell infiltration patterns and immunological characteristics, the CIBERSORT algorithm
was used. The "ESTIMATE" program was applied to estimate the tumor purity scores. We examined the expression of
immune-related signal transduction pathway components in various risk groups. We compared the estimated immune
and stromal scores between the high- and low-risk groups. We also examined the underlying mechanisms in two risk
subgroups using TCGA gene mutation data. The "M AFtools" package of R was used to evaluate SNP mutations and
visualize the results. The tumor mutation burden (TMB) was subsequently determined. Patients were separated into two
groups based on the median TMB value: The high TMB group and the low TMB group. Subsequently, the TMB score was
combined with the risk score to form a new subgroup.

Our study included specific well-known immune checkpoint genes to evaluate gene expression levels across various
risk score groups. Drug susceptibility was predicted using information from the GDSC database (https://www.cancer-
rxgene.org/celllines). The half-maximal inhibitory concentration (IC,)) indicated the patient’s drug response and was
calculated using the "pRRophetic" package.

Hub gene mRNA expression validation in the scRNA-seq data

scRNA-seq data (GSE161529) from 6 HER2-positive BC patients and 13 healthy controls were obtained from the GEO
database (https://www.ncbi.nlm.nih.gov/geo/). Subsequently, low-quality cells were removed using the following
criteria: (1) Had a number of expressed genes lower than 500; (2) Had a number of expressed genes higher than 2500; or
(3) Had a proportion of mitochondria larger than 10%. The R "Seurat" package was used for cell cluster analysis. Cellular
regions were manually annotated based on marker gene expression patterns and cell subset grouping patterns. The
expression levels of the hub genes were subsequently displayed in each cell subset. Additionally, we validated the differ-
ential expression profiles of prognostic genes in the epithelial cells of patients and healthy controls using the tool
“FindMarkers.”

Statistical analysis
R 4.1.0 was used to perform all the statistical analyses. A log-rank test and K-M analysis were used to compare OS among
various risk subgroups. The primary prognostic variables connected to OS were identified using univariate and
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Figure 1 Flowchart for collecting and analyzing data from TCGA and METABRIC databases. scRNA-seq: Single-cell RNA sequencing; TMB: Tumor
mutation burden.

multivariate Cox regression analyses. Continuous and categorical variables were compared in the training and
verification sets using Spearman correlation analysis. Unless otherwise stated, all the statistical tests were two-sided, and
values with P < 0.05 were considered to indicate statistical significance.

RESULTS

A flowchart of our research is shown below (Figure 1). In this study, 168 patients with the HER2+ subtype of BC from the
TCGA database served as the training cohort, whereas 126 patients from the METABRIC cohort were enrolled as the
validation cohort. Supplementary Table 2 summarizes the clinical features of the two cohorts.

Characterization of the ability of the ferroptosis risk score to predict HER2+ BC prognosis

The ferroptosis-related gene expression profiles of the patients in the high- and low-risk groups are displayed in a
heatmap (Figure 2A). In addition, the volcano plot showed 5481 upregulated genes and 3766 downregulated genes in
tumor tissues (Figure 2B; P < 0.05). A total of 128 genes were differentially expressed in ferroptosis and tumor tissues
(Figure 2C). Of the 128 ferroptosis-related genes, 18 were identified using the univariate Cox regression model as
significantly associated with patient OS (P < 0.05). The results are shown as forest plots (Figure 2D). Lasso-penalized Cox
regression analysis was further conducted to limit the scope of the gene screening (Figure 3A). The nine candidate gene
markers had the best lambda values (Figure 3B). Finally, multivariate regression analysis revealed that four DEGs were
significantly correlated with OS.

With respect to the TCGA cohort, a risk score was developed to determine the predictive power of the 4 genes
associated with ferroptosis. The risk score was calculated using the formula below: Risk score = 1.05 x expression level of
PROM?2 + 0.532 x SLC7A11 + 0.447 x FANCD?2 + 0.453 x FH. Patients were classified into high-risk (n = 84) and low-risk (n
= 84) groups based on the median risk score cutoff (Figure 3C; Table 1).
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Table 1 Clinical characteristics of patients in different risk groups in TCGA and METABRIC cohorts, n (%)

TCGA Metabric

High risk group, n=84 Low risk group, n=84 Pvalue Highrisk group, n=54 Lowrisk group, n=72 P value

Age
<60 38 (0.45) 40 (0.48) 0.003 34 (0.63) 41 (0.57) 0.606
260 46 (0.55) 44 (0.52) 20 (0.37) 31 (0.43)

Stage
/1 59 (0.70) 58 (0.69) 0.033 40 (0.74) 60 (0.83) 0.101
/v 25 (0.30) 26 (0.31) 14 (0.26) 12 (0.17)

Radio therapy
Yes 3 (0.04) 5 (0.06) 0.293 41 (0.76) 49 (0.68) 0.548
No 7 (0.08) 6 (0.07) 13 (0.24) 23 (0.32)
Unknown 74 (0.88) 73 (0.87) 0 0

According to K-M curves, patients in the TCGA cohort with lower risk scores had better prognoses (Figure 3D; P <
0.05). Using time-dependent ROC curve analysis, the area under the curve (AUC) was evaluated. The AUCs of the four
ferroptosis-related genes at 3, 5, and 8 years were 0.797, 0.770, and 0.664, respectively (Figure 3E), with the third year
having the most significant AUC. These four genes are anticipated to be associated with OS. Patients in different risk

groups were dispersed in both directions according to the t-distributed stochastic neighbor embedding (t-SNE) analysis
(Figure 3F).

External validation of the prognostic gene signature

We chose the independent database METABRIC for validation to confirm the ability of the four-gene signature to predict
survival. The patients were divided into high-risk and low-risk groups using the same algorithm used for the TCGA
cohort (Table 1, Supplementary Figure 1A). Those in the high-risk group demonstrated significantly worse OS than did
those in the low-risk group (Supplementary Figure 1B, P < 0.05), consistent with the findings in the TCGA cohort. The
AUC for 3-, 5-, and 8-year OS were 0.653, 0.648, and 0.560, respectively (Supplementary Figure 1C). Additionally, T-SNE
analysis verified that the two patient subgroups spread in opposite directions (Supplementary Figure 1D). These findings
showed that the four-gene signature could accurately predict OS in patients with the HER2+ subtype of BC.

Independent prognostic role of the gene signature

Patients with complete data, including age, stage, radiation therapy, and risk score, were enrolled for additional analysis.
The risk score was identified as a significant prognostic risk factor in the TCGA cohort [P < 0.001, hazard ratio (HR) =
2.72, 95%CI = 1.889-3.912] and in the METABRIC cohort (P < 0.001, HR = 1.17, 95%CI = 1.024-1.337) by univariate Cox
analysis (Figure 4A). The risk score was also found to be an independent predictive factor for OS in the TCGA cohort (P <
0.001, HR =2.62, 95%CI = 1.815-3.785) and the METABRIC cohort (P < 0.001, HR = 1.16, 95%CI = 1.011-1.322) according to
multivariate Cox regression analysis (Figure 4B). Consequently, the risk score derived from the four-gene profile was an
independent prognostic factor.

Constructing and validating a predictive nomogram

We subsequently developed a nomogram employing three independent prognostic parameters, cancer stage, age, and
risk score, to predict 3-, 5-, and 8-year OS in 168 HER2+ BC patients (Figure 5A). The calibration plot showed that the
nomogram might under- or overestimate mortality (Figure 5B). The C-index of the model, which considered risk score,
age, and stage, was 0.87 (Figure 5C). In addition, we repeated these steps in the METABRIC cohort to validate the efficacy
of the training cohort. It is important to note that there was significant agreement between the predicted and observed
survival rates, suggesting that the nomogram has excellent predictive value (Supple-mentary Figure 2).

Immune-related characteristics in the low- and high-risk score groups

The four-gene signature may be correlated with the immunological characteristics of cancer patients, providing future
guidance for immunotherapy for HER2+ BC patients. A significant association between the risk score and essential
immune cell infiltration or immunological aspects was assessed using the CIBERSORT algorithm. We discovered that the
high- and low-risk groups had distinct immune cell infiltration rates. The infiltration of M2-type macrophages, activated
dendritic cells, and eosinophils was greater than that of CD8+ T cells and resting mast cells in the high-risk group
(Figure 6A). We also constructed heatmaps to evaluate the correlation between immune cells and prognostic genes
(Figure 6B). In the present analysis, the ESTIMATE score also revealed higher immune, stromal, and ESTIMATE scores in
the low-risk subgroup than in the high-risk subgroup (Figure 6C-E). In addition, the distribution of immune-related
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between tumor and normal tissues; B: Volcano map showing up-regulated and down-regulated genes; C: A Venn diagram to identify differentially expressed genes
associated with ferroptosis between tumor and normal tissues; D: Forest plot showing univariate Cox regression analysis results of correlation between candidate
gene expression and overall survival.

signal transduction pathways was significantly different between the two risk subgroups, with lower infiltration of
cytokine receptors, cytokines, the BCR signaling pathway, interleukin receptors, antimicrobials, chemokines, interleukins,
T cell receptor signal transduction pathways and tumor necrosis factor receptors in the high-risk subgroup(Figure 6F).

Our analysis also included genes related to immune checkpoints, PD-1 (PDCD1), BTLA, TIGIT, GZMA, HLA-DRA,
HLA-DPB1, and CD40. The expression of these seven well-known immune checkpoint genes varied between the low- and
high-risk groups. Figure 6G indicates that immune checkpoint mRNA expression was decreased in HER2+ BC patients
with higher risk scores. In addition, there was a significant positive correlation between the mRNA levels of the seven
immune checkpoint receptors (Figure 6H).

Relationships between risk groups and mutation profiles

SNP analysis was performed on 155 samples comprising 80 samples in the high-risk group and 75 samples in the low-risk
group, with significant mutation frequency genes screened out using the “MAFtools” package. Supplementary Figure 3A
and B lists the top 10 mutated genes in samples from the high- and low-risk groups, with TTN and TP53 mutations being
the most frequent in the two groups. Supplementary Figure 3C and D lists the top 20 genes in the sample, revealing that
the most significant mutation types were missense, nonsense, missense, and multihit mutations. In patients, TP53,
PIK3CA, and TTN were strongly associated with the development of HER2+ BC.

We also extracted the TMB subgroups in the high-risk and low-risk groups. We found a positive correlation between
risk score and TMB (P < 0.01; Figure 7A and B). However, there was no significant difference in the TMB between the two
risk groups (Figure 7C). Therefore, to explore whether combining the TMB and risk score provides better predictive
ability, we combined the TMB and risk score to form a new subgroup. Kaplan-Meier survival curves for the new subset
revealed significant differences in survival outcomes. The prognosis was worst for patients with HRisk-HTMB but best
for those with LRisk-LTMB (P < 0.0001; Figure 7D).

Drug sensitivity analysis

We then extracted data on 138 drugs from the GDSC database and analyzed patient sensitivities to 138 medications
between the high- and low-risk cancer groups. We found 13 drugs with significantly different sensitivities between the
two risk groups (Supplementary Figure 4; P < 0.05).

Hub gene mRNA expression validation via scRNA-seq

The scRNA-seq dataset (GSE161529) was used to characterize HER2+ BC heterogeneity from the GEO database. After
gene filtering and normalization, the “Seurat” package of the FindCluster function was used to cluster cells into 42
clusters (Figure 8A and B). The identified clusters were labeled as cell types using marker genes (Supplementary Table 3).
We ultimately annotated these clusters into three main clusters (Figure 8C, Supplementary Table 4), and Figure 8D shows
the proportions of cell types in patients and healthy individuals. According to the scRNA-seq analysis, Figure 8E-I1
demonstrates that the identified prognostic genes were primarily expressed in epithelial cells. Differences in the
expression of the four marker genes between healthy controls and patients were further verified in epithelial cells.
Specifically, PROM2, SLC7A11, and FANCD?2 but not FH were significantly differentially expressed, indicating that these
genes were expressed in cancer epithelial cells (Table 2). However, the SLC7A11 results did not correspond to the trend
observed via Bulk RNA-seq. This difference is most likely related to the somewhat small sample size.

Table 2 Hub gene differentially expressed between normal and cancer epithelial cells

Gene P value Avg_log2FC Pct.1 Pct.2 P value adjustment

PROM? 9.48E-134 0.115125977 0.096 0.017 1.98E-129

SLC7A11 2.96E-77 -0.101678852 0.016 0.08 6.18E-73

FANCD?2 4.01E-27 0.028728862 0.025 0.006 8.38E-23
DISCUSSION

Ferroptosis is a type of cell death distinguished by iron-dependent lipid peroxidation. It interferes with the progression of
tumors, neurological diseases, and chronic inflammatory diseases. There has been much research recently on the role and
mechanisms of ferroptosis under various conditions, particularly in the tumor research and treatment domains.
Ferroptosis pathway activation increases the susceptibility of cancer cells to chemotherapy. One study demonstrated the
importance of ferroptosis in tumor therapy by showing that combining the ferroptosis inducer erastin with cisplatin can
significantly boost antitumor efficacy[14]. Using ferrostatin-1 (a ferroptosis inhibitor) knockdown, Chen et al[15] reported
that cystine (Cys) starvation induces ferroptosis in TNBC cells[15]. Therefore, ferroptosis could advance our under-
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Figure 3 Prognostic analysis of four ferroptosis-related gene signature models in the TCGA cohort. A: The optimal lambda resulted in nine
nonzero coefficients; B: The partial likelihood deviation curve was plotted vs lambda; C: Risk curves were plotted in the TCGA cohort; D: Kaplan-Meier curves for the
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overall survival of patients in the high-risk and low-risk groups in the TCGA cohort; E: The area under the curves of time-dependent receiver operating characteristic
curves verified the prognostic performance of the risk score in the TCGA cohort; F: T-SNE analysis of the TCGA cohort. OS: Overall survival.
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Figure 4 Results of univariate and multivariate Cox regression analyses. A: Results of the univariate and multivariate Cox analyses of overall survival
(0S) in the TCGA derivation cohort; B: Results of univariate and multivariate Cox analyses of OS in the METABRIC derivation cohort. 2P < 0.05, °P < 0.01, °P <
0.001. HR: Hazard ratio.

standing of tumor suppressors and reveal new therapeutic targets. From the perspective of different BC subtypes, the
incidence of HER2+ BC varies little among different ethnic groups. Therefore, the results of this study have particular
applicability to various ethnic groups[16]. Systematic and comprehensive analyses of ferroptosis are lacking to support
malignant progression and treatment elucidating strategies for HER2+ BC.

This study systematically investigated the potential mechanisms of action of 259 iron death-associated genes in HER2+
BC patients. Four ferroptosis-related genes were included in the new prognostic model, and the validity of the model was
tested in an external cohort. The association of these genes with OS was also explored. In addition, the immune microen-
vironment and mutations were enriched in our study. Nearly half of the iron apoptosis-related genes (129/259) were
differentially expressed between 91 normal cells and 168 HER2+ cells, 18 of which were associated with OS according to
univariate Cox regression analysis. Finally, a four-gene signature was obtained from the model using LASSO regression
analysis and multivariate Cox regression analysis. These results demonstrated that iron-induced cell death plays a
significant role in HER2+ BC patients, and prognostic features based on iron-induced cell death-related genes could be
constructed.

Four ferroptosis-related genes were included in the prognostic model in this investigation. PROM2, SLC7A11,
FANCD?2, and FH were highly expressed in HER2+ BC patients. The expression levels of these genes were positively
correlated with patient survival risk. Previous studies have shown that iron, lipid, and antioxidative metabolism are the
three key pathways regulating iron-related apoptosis[17]. In addition, energy metabolism is associated with iron-related
apoptosis. Consistent with our four-gene prognostic model, PROM2, SLC7A11, and FANCD?2 were previously reported to
be involved in iron metabolism[18,19]. The PROM2 gene is significantly upregulated in tumor tissues. PROM2
contributes to iron transport and the inhibition of iron death by forming iron-containing multivesicular bodies and
exosomes in BC cells[11,20]. SLC7A11 is an essential component of the glutamate/Cys antiporter (also known as xCT).
SLC7A11 increases glutathione production and Cys absorption, reducing oxidative stress and iron cell death[21].
Depletion of SLC7A11 significantly reduces glutathione concentrations and triggers iron-related apoptosis. In addition,
SLC7A11 is a central target of iron death regulation, and at high concentrations, it downregulates sensitivity to iron death
in cancer cells[22,23]. Both PROM2 and SLC7A11 are regulated by GPX4, which increases the amount of peroxyl radicals
required for lipid peroxidation, causing iron death. The regulation of FANCD2 gene expression helps maintain normal
DNA replication, which prevents cancer progression by influencing the iron-related death process[24,25]. FANCD2
expression correlated with the characteristics of aggressive cancer: HER2 amplification, hormone receptor negativity,
elevated p53 expression, proliferation, and high grade[26]. Several studies have demonstrated the positive association
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Figure 6 The immune-related analysis of the four ferroptosis-related prognostic gene signature models in HER2+ breast cancer. A: The
Immune cells infiltration of differential risk groups in TCGA; B: Heatmaps represent the correlation between immune cells and prognostic genes; C-E: The immune,
stromal, and estimate scores were significantly distinct statistically between low- and high-risk subgroups; F: Expression of immune cell pathways in low- and high-
risk subgroups; G:The seven well-known immune checkpoint genes were differentially expressed between low- and high-risk subgroups; H: Correlation chord
diagram of 7 immune checkpoints. 2P < 0.05, °P < 0.01, °P < 0.001.

between FANCD?2 and Ki-67 expression in BC cells[27]. Furthermore, high FANCD2 expression could independently
predict a poor prognosis in patients in the sporadic BC cohort[28]. The fumarate complex enzyme FH belongs to three
TCA cycle enzyme families. Some studies have indicated that the FH double allele is inactivated in BC patients and that
mutations in the FH gene may affect the progression of BC[29,30]. The role of these genes in inducing iron-related death
in HER2+ BC patients needs further investigation, as few relevant studies have reported the regulatory function of these
genes. Moreover, the patterns of the relationships among TMB, risk score, and the combination of TMB grouping and risk
grouping indicated the synergistic effect of TMB and the risk score in prognostic stratification. These findings may
provide new insight into cancer prognosis.

The treatment landscape for HER2-positive BC has undergone significant advancements in recent years. A compre-
hensive understanding of tumor biology and the intricate signaling pathways associated with HER2 has played a pivotal
role in developing novel therapeutic strategies to improve patient outcomes. Prominent among these emerging
approaches is dual-HER? inhibition utilizing monoclonal antibodies, exemplified by the combination of trastuzumab and
pertuzumab. Additionally, antibody-drug conjugates, including T-DM1 and trastuzumab-deruxtecan[31], and TKIs, such
as tucatinib and neratinib, have emerged as promising therapeutic options[32,33]. In this study, we selected 13 drugs
from a list of 138 drugs by analyzing and visualizing their IC,s in high-risk and low-risk groups; these drugs included
bibw?2992 (afatinib) and ABT.263 (navitoclax), which have been previously reported to be effective treatments for HER2 +
BC[34,35]. Bibw2992 (afatinib) is a tyrosine kinase and an irreversible blocker of the ErbB family[36]. It has been reported
to be necessary for treating HER2+ BC[34,37]. Abt.263 (navitoclax) is a small molecule Bcl-2 inhibitor that induces
apoptosis and treats HER2+ BC by blocking the interaction of Bcl-2 and Bcl XL with apoptotic precursor proteins[35].
Vinorelbine is an antimitotic semisynthetic drug that acts primarily by binding to tubulin, causing cells to become
disorganized within microtubules during mitosis. It has been reported in the relevant literature that this approach is an
effective treatment for metastatic BC. Vinorelbine is commonly used in combination therapy with trastuzumab and
pyrotinib in HER2+ BC[38,39]. A-443654 is a potent pan-Akt inhibitor that has been reported to prolong survival in
patients with HER2+ BC when combined with other medicines[40]. A c-Jun N-terminal kinase inhibitor called
JNK.Inhibitor. VIII (TCS JNK 60) inhibits invasive BC by reducing JNK activity. It can be used in combination with
lapatinib[41].

CONCLUSION

In conclusion, our study developed a novel, previously unreported four-gene signature-associated prognostic model,
which may be a useful prognostic classification tool for HER2+ BC patients. These genes were correlated with OS in the
training cohort, and the association was confirmed in the validation cohort. A nomogram that combined our predictive
signature with traditional clinical factors such as age and clinical stage performed noticeably better. As a result, the
nomogram we developed can successfully direct clinical practice and help build a more individualized clinical follow-up
approach.
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In addition, some limitations relevant to our study should be noted. First, only four prognostic genes from the TCGA
database were used to calculate the prognostic risk score; their somatic mutations or methylation status should have been
considered. Second, the sample size of the single-cell expression data was relatively small; future analyses with larger
sample sizes are needed to validate and explore the present results. Third, the database lacks targeted therapy
information within its clinical data, limiting its contents to radiotherapy and chemotherapy information exclusively.
However, the mechanism underlying the four-gene signature and its therapeutic implications for treating HER2+ BC
require further study.

ARTICLE HIGHLIGHTS

Research background

Our study identified a 4-gene model that, when combined with the tumor mutation burden (TMB) score, may have
critical implications for clinical medical decisions and personalized treatment of patients with HER2-positive breast
cancer.

Research motivation
This study aimed to identify and evaluate fresh ferroptosis-related biomarkers for HER2+ breast cancer (BC).

Research objectives
Identifying reliable prognostic biomarkers can direct clinical practice and help develop a more individualized clinical
follow-up approach.

Research methods

The prediction model was constructed using data from the TCGA and METABRIC databases. Subsequently, patients
were categorized into high-risk and low-risk groups according to their median risk scores, independent predictors for
overall survival (OS). We investigated immune infiltration, mutations, and drug sensitivity across risk groups. Moreover,
we integrated tumor mutational burden (TMB) with risk scores to assess patient prognosis. Finally, we analyzed vital
gene expression through single-cell RNA sequencing (scRNA-seq) in cancerous and normal epithelial cells.

Research results
Our model helps guide the prognosis of HER2+ breast cancer patients, and its combination with the TMB can aid in more
accurate assessment of patient prognosis and provide new ideas for further diagnosis and treatment.

Research conclusions

By analyzing the RNA expression data of HER2-positive breast cancer patients, we constructed a risk score model (
PROM?2, SLC7A11, FANCD?2, and FH) for ferroptosis and evaluated the relationship between the high-risk score and
patient prognosis. We verified that the high-risk group was associated with poorer immune infiltration and a greater
tumor mutation load. By combining the risk score with the TMB, we found that patients with a high TMB-score had the
worst prognosis, while patients with a low TMB-score had the best prognosis.

Research perspectives

The prediction model was constructed using data from the TCGA and METABRIC cohorts. Patients were subsequently
categorized into high-risk and low-risk groups according to their median risk score, an independent predictor of overall
survival. We investigated immune infiltration, mutations, and drug sensitivity across risk groups. Moreover, we
integrated the TMB with risk scores to assess patient prognosis. Finally, we analyzed vital gene expression through
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single-cell RNA sequencing in cancerous and normal epithelial cells.
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Abstract

BACKGROUND

The neuroendoscopic approach has the advantages of a clear operative field,
convenient tumor removal, and less damage, and is the development direction of
modern neurosurgery. At present, transnasal surgery for sphenoidal pituitary
tumor is widely used. But it has been found in clinical practice that some patients
with this type of surgery may experience post-operative nausea and vomiting and
other discomforts.

AIM
To explore the effect of reserved gastric tube application in the neuroendoscopic
endonasal resection of pituitary tumors.

METHODS

A total of 60 patients who underwent pituitary adenoma resection via the
endoscopic endonasal approach were selected and randomly divided into the
experimental and control groups, with 30 in each group. Experimental group:
After anesthesia, a gastric tube was placed through the mouth under direct vision
using a visual laryngoscope, and the fluid accumulated in the oropharynx was
suctioned intermittently with low negative pressure throughout the whole
process after nasal disinfection, during the operation, and when the patient
recovered from anesthesia. Control group: Given the routine intraoperative care,
no gastric tube was left. The number of cases of nausea/vomiting/aspiration
within 24 h post-operation was counted and compared between the two groups;
the scores of pharyngalgia after waking up, 6 h post-operation, and 24 h post-
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operation. The frequency of postoperative cerebrospinal fluid leakage and intracranial infection were compared.
The hospitalization days of the two groups were statistically compared.

RESULTS

The times of postoperative nausea and vomiting in the experimental group were lower than that in the control
group, and the difference in the incidence of nausea was statistically significant (P < 0.05). After the patient woke
up, the scores of sore throat 6 h after the operation and 24 h after operation were lower than those in the control
group, and the difference was statistically significant (P < 0.05). The number of cases of postoperative cerebrospinal
fluid leakage and intracranial infection was higher than that of the control group, but there was no statistically
significant difference from the control group (P > 0.05). The hospitalization days of the experimental group was
lower than that of the control group, and the difference was statistically significant (P < 0.05).

CONCLUSION

Reserving a gastric tube in the endoscopic endonasal resection of pituitary tumors, combined with intraoperative
and postoperative gastrointestinal decompression, can effectively reduce the incidence of nausea, reduce the
number of vomiting and aspiration in patients, and reduce the complications of sore throat The incidence rate
shortened the hospitalization days of the patients.

Key Words: Neuroendoscopy; Endonasal approach; Pituitary tumor; Reserved gastric tube; Nausea; Vomiting; Aspiration;
Complications

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

Core Tip: Pituitary tumors are common primary intracranial tumors in clinical practice, accounting for about 10% of
intracranial tumors, second only to neuroepithelial tumors and meningiomas. Neuroendoscopic approach has the advantages
of clear operative field, convenient tumor removal, and less damage, and is the development direction of modern
neurosurgery. It has been found in clinical practice that some patients with this type of surgery may experience Post-
Operative Nausea and Vomiting and other discomforts. The main consideration is that there is a correlation with the
endonasal approach surgery. Aiming at the above postoperative problems, this study adopted the intervention method of
reserving gastric tube in endoscopic endonasal resection of pituitary tumors to explore the application of reserved gastric
tube in patients, and achieved good results.

Citation: Chen X, Zhang LY, Wang ZF, Zhang Y, Yin YH, Wang XJ. Clinical application of reserved gastric tube in neuroendoscopic
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INTRODUCTION

Pituitary tumors are primary intracranial tumors commonly encountered in clinical practice, accounting for about 10% of
intracranial tumors and second only to neuroepithelial tumors and meningiomas[1,2]. Transsphenoidal pituitary
adenoma resection is a mature technique, and it has the advantages of less surgical trauma, shorter operation time, faster
postoperative recovery, and fewer complications compared to traditional craniotomy[3-5]. The neuroendoscopic
approach has the advantages of a clear operative field, convenient tumor removal, and less damage, and is the
development direction of modern neurosurgery|[6]. It has been found in clinical practice that some patients with this type
of surgery may experience post-operative nausea and vomiting (PONV) and other discomforts[7]. We hypothesize is that
there is a correlation with the endonasal approach surgery. Since intraoperative disinfectant, washing fluid, bleeding, and
postoperative mucosal oozing flow into the stomach through the nasopharynx, it is easy to induce postoperative
vomiting in patients. Additionally, because the vomit contains bloody liquid, patients and their families become
emotionally stressed. At the same time, patients are prone to flatulence due to bilateral nasal congestion prompting them
to open their mouths to breathe, which will also induce and aggravate nausea and vomiting after general anesthesia,
increasing the possibility of aspiration. PONV is one of most frequent side effects after anesthesia[7,8], occurring in 30%
of unselected patients and up to 70% of “high-risk” patients during the 24 h after emergence[9]. In severe cases, surgical
wound bleeding may be induced by increased intracranial pressure and blood pressure, resulting in delayed discharge
[10] and a possible unexpected admission[11,12].

In light of the aforementioned postoperative problems, this study adopted the intervention method of gastric tube
application during the endoscopic endonasal resection of pituitary tumors to explore the application of reserved gastric
tubes in patients, achieving promising results.
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MATERIALS AND METHODS

Ethics approval and consent to participate: This study was reviewed and approved by the Ethics Committee of Affiliated
2 Hospital of Nantong University.

General information

In total, 60 patients with pituitary tumors admitted to the neurosurgery department of our hospital from February 2021 to
February 2023 were selected as the research participants. According to the random number method, the patients were
evenly divided into the experimental group and the control group. The experimental group consisted of 17 males and 13
females aged 39.6 + 14.7 years, and the control group, 18 males and 12 females aged 36.72 + 15.4 years. There was no
statistically significant difference between the two groups in terms of sex, age, condition, course of disease, and other
baseline information (P > 0.05); both groups were comparable.

Inclusion criteria: (1) Adult patients diagnosed with pituitary adenoma who underwent endoscopic transsphenoidal
pituitary tumor surgery for the first time; (2) Pituitary adenoma < 3 cm; (3) No surgical contraindications; (4) Participants
with American Society of Anesthesiologists classification I-III; and (5) Voluntarily signed the patient’s informed consent
form.

Exclusion criteria: (1) Cases of pituitary adenoma combined with cerebral aneurysm and cerebrovascular mal-
formation; (2) Mental disorders; (3) Pregnant patients; (4) Hypertrophy of the tonsils; (5) Patients with chronic
pharyngitis; (6) Patients with severe heart, lung, and/or liver disease; and/or (7) Renal dysfunction.

Research methods

Surgical method: Both groups underwent neuroendoscopic endonasal pituitary tumor resection by the same medical
team. Each patient was placed in the supine position, the trachea was intubated under conventional general anesthesia,
and the nasal cavity and operative field were disinfected with povidone iodine. The nasal cavity was filled with
epinephrine saline cotton pads to shrink the nasal mucosa. The neuroendoscope was inserted; the right middle turbinate
was moved laterally under the endoscope; the pedicled mucosal flap of the right nasal septum was prepared; the back of
the nasal septum and then the nasal passage were opened; the anterior wall of the sphenoid sinus was ground; the inner
septum and the sphenoid sinus mucous membrane were removed; and the sellar floor, sellar tubercle, and sphenoid
plateau bone were ground. The dura mater was cut to expose the tumor, the tumor boundary was separated after intrat-
umoral decompression, and the bleeding was completely stopped after tumor resection. Autologous fat, artificial dura
mater, autologous fascia, and a pedicled nasal septum mucosa flap were used to reconstruct the skull base. Naxi cotton
was used to stuff the nasal cavity for support, and at this time, the lower nasal passage was kept unobstructed as much as
possible[3].

Intervention method of the experimental group: After the anesthesiologist anesthetized and intubated the trachea, while
inserting a No. 14 gastric tube (Fuerkai, China), the anesthesiologist and the nurse were assisted by a video laryngoscope
(Zhejiang Youyi Medical, China) to confirm that the position was below the oropharynx (oropharyngeal tongue root
plane). Low negative pressure control was adopted during the operation; the suction pressure of the low negative
pressure suction device (Simanfeng Company, China) was 100-120 mmHg. After the operation, the esophagus and
oropharynx were sucked out before the stomach tube was removed.

Intervention methods for the control group: Routine care was given, and gastric tubes were blindly inserted through the
nose or through the mouth in patients with disturbance of consciousness after surgery.

Evaluation indicators

PONYV times and aspiration times: The number of patients with PONV; coughing, dyspnea, blood oxygen saturation
below 90%, suffocation, other symptoms during or after vomiting, or food residues that could be seen through mouth and
nose suction were judged as aspiration[13].

Scoring of sore throats after the patient woke up and after the operation: The Visual Analogue Scale (VAS) was used to
score the patients after they woke up as well as the ward nurse at 6 h and 24 h after the operation, respectively. To assess
sore throat, the VAS is used to assess pain and is widely used clinically[14]. The basic method is to use a moving ruler of
about 10 cm long, with 10 scales, on one side, and the two ends are “0” and “10.” And 0 means no pain, and 10 means
difficulty. The most severe pain endured. Specifically, 0 is no pain; 1-3 is mild pain; 4-6 is moderate pain; 7-10 is severe
pain.

Cases of postoperative cerebrospinal fluid leakage and intracranial infection and hospitalization days of patients: The
number of cases of cerebrospinal fluid leakage and intracranial infection, as well as the length of hospitalization of
patients were recorded after the operation.

Statistical methods
SPSS 24.0 statistical software was used for the t and ¥? test and Fisher’s exact test.
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RESULTS

Comparison of PONV times and aspiration times between the two groups

The number of nausea in the test group was less than that in the control group, and the difference was statistically
significant (P < 0.01). The frequency of vomiting in the experimental group was less than that in the control group, but the
difference was not statistically significant (P > 0.05). The number of aspirations in the experimental group was less than
that in the control group, and the difference was not statistically significant (P > 0.05; Table 1).

Scores of sore throat after waking up and postoperatively

The VAS scores of patients in the experimental group after waking up were lower than that in the control group, and the
difference was statistically significant (P < 0.05). The VAS scores of the experimental group were lower than that of the
control group at six hours post-operation, and the difference was statistically significant (P < 0.05). The 24 h postoperative
VAS score of the experimental group was lower than that of the control group, and the difference was statistically
significant (P < 0.05; Table 2).

Comparison of postoperative cerebrospinal fluid leakage, intracranial infection, and hospitalization days between the

two groups

There was one case of cerebrospinal fluid leakage in the experimental group compared to the three in the control group,
though the difference was not statistically significant (P > 0.05). There was one case of intracranial infection in the experi-
mental group compared to the two in the control group; the difference was statistically significant (P > 0.05). The experi-
mental group had 7.91 £ 2.020 days of hospitalization compared to the control group’s 8.94 + 2.503 days; the difference
was statistically significant (P < 0.05; Table 3).

DISCUSSION

At present, the advancement of neuroendoscopic technology has enabled this to be widely used in sellar region lesions,
such as pituitary tumors. Cappabianca et al[15] emphasized that the important feature of endoscopic transsphenoidal
surgery is that it does not use a retractor to dilate the nasal cavity and uses the endoscope as a lighting and observation
device, utilizing the physiological channels of the nasal cavity to gradually shrink the nasal mucosa to expand the
operation path. However, the endoscopic lens is easily covered by blood, water vapor, and other substances, which
interfere with the operative field[3,4]. The surgeon needs to wash the lens and wound surface intermittently to keep the
operative field clear. Therefore, it is inevitable that there will be fluid accumulation in the throat and upper
gastrointestinal tract, mixed with disinfectant iodophor, blood, and other irritating liquids, which will irritate the
digestive tract and cause related complications and discomfort. Therefore, it is necessary to study similar technologies to
reduce related side effects, reduce the occurrence of complications, and improve patient comfort.

During endonasal neuroendoscopic surgery, there is fluid accumulation in the surgical area. Although the aspirator
will suck out some bloody fluid (including blood, disinfectant, and flushing fluid), because the patient is in an
unconscious state during general anesthesia, there is no throat reflex[8,9]. Due to the connection between the nasal and
oral cavities through the pharynx and the impact of body position, some liquid will accumulate in the oropharynx and
upper gastrointestinal tract along the posterior pharyngeal wall. During the awakening period of general anesthesia, the
patient’s consciousness gradually recovers, and involuntary swallowing will occur. The mouth is the only channel that
can be used at this time. Postoperative nasal bleeding and frequent swallowing can cause a large amount of gas and blood
to be swallowed into the digestive tract, causing gastric dilation, leading to nausea and vomiting occurrence[16,17].

At present, such factors have not been fully considered clinically, and no pharyngeal or upper gastrointestinal drainage
tube was placed during the operation. In the experimental group of this study, a gastric tube was inserted after
anesthesia, and the fluid was drained during the operation. After the operation, the miscellaneous fluid was sucked out
and then removed. Through the study of this group, we found that intraoperative gastric tube reservation is necessary in
the perioperative process of the neuroendoscopic endonasal resection of pituitary tumors.

Reserving gastric tube during operation can improve postoperative vomiting and aspiration

Postoperative nausea, vomiting and aspiration are common postoperative complications, and the incidence rate of high-
risk patients with major surgery can reach 70% to 80%[7]. In addition to increasing postoperative discomfort, frequent
vomiting can also lead to delayed eating time, increased wound tension, electrolyte imbalance, aspiration, and other
complications, which is an important reason for prolonging the hospital stay and increasing patient satisfaction[10]. The
intranasal resection of pituitary tumors may cause intraoperative bleeding to flow into the stomach through the
nasopharynx, and postoperative nasal bleeding will continue to flow in, making the stomach contain more blood and
irritating the gastrointestinal tract. When the patient vomits, there will be bloody fluid, emotionally aggravating the
patient. These will induce and aggravate postoperative nausea and vomiting in patients and increase the incidence of
aspiration. In this study, the nausea, vomiting, and aspiration in the experimental group improved correspondingly to
those in the control group, and the number of nausea cases in the experimental group was significantly different from
that in the control group, which was statistically significant. This study shows that the intraoperative reserved gastric
tube can improve postoperative nausea symptoms.
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Table 1 Comparison of postoperative nausea and vomiting aspiration between the two groups of patients (mean * SD, n = 30)

Group Number of cases of nausea Number of cases of vomiting Number of cases of aspiration
Experimental group 3 2 1
Control group 7 5 2
ba 13.315 0.6469 0
P value 0.0002 0.421 1

Table 2 Comparison of sore throat scores between the two groups after waking up, 6 hours postoperatively and 24 hours

postoperatively (mean % SD, n = 30)

Group After waking up After postoperativing 6 h After postoperativing 24 h
Experimental group 3.03 £1.02 412+0.83 326+1.13

Control group 4.22+0.93 4.66+1.21 457 +1.11

ba 4723 2.0156 453

P value <0.05 <0.05 <0.05

Table 3 Comparison of postoperative cerebrospinal fluid leakage (cases) and intracranial infection (cases) and hospitalization days

between the two groups (mean * SD, n = 30)

The d f hospitalizati *
Group Cerebrospinal fluid leakage (cases) Intracranial infection (cases) ¢ days of hospitalization (mean

SD)
Experimental group 1 1 7.91+2.020
Control group 3 2 8.94 +2.503
tory? ¥ =0.268 =0 t=1.754
P value 0.605 1 <0.05

Reserving gastric tube during the operation can improve postoperative sore throat

Postoperative sore throat (POST) is one of the most common airway complications after general anesthesia. Studies have
pointed out that the incidence of POST can reach 10% to 60%[18,19]. It is worth noting that severe POST may lead to
dyspnea and dysphagia, reduce patient satisfaction with anesthesia, and may even prolong hospital stay. The site and
position of surgery are important reasons for POST. The incidence of POST in head and neck surgery, especially in
oropharyngeal surgery, is bound to be higher than that of non-neck surgery patients due to reasons such as the
compromised surgical site or the surgeon pulling the airway during the operation[20,21].

For patients undergoing endonasal surgery for pituitary tumors, in addition to the discomfort caused by tracheal
intubation to the throat, due to surgery in the nasopharynx, intraoperative bleeding and other stimuli will cause
postoperative pharyngeal discomfort. In this study, by sucking out the effusion, reducing the stimulation of iodine and
other disinfectants and blood, and other factors, the postoperative pharyngeal discomfort was improved, which had a
good effect on the postoperative comfort of patients. Insertion of a gastric tube can improve postoperative discomfort for
pituitary tumor removal.

Comparison of postoperative cerebrospinal fluid leakage, intracranial infection, and hospitalization days between the

two groups

Since the 1990s, skull base endoscopy has allowed great progress in the clinical application of neurosurgery and has
become a routine operation for pituitary tumor resection. At the same time, serious complications, such as cerebrospinal
fluid leakage and intracranial infection, have gradually attracted attention[4]. Safe and effective intraoperative skull base
reconstruction can reduce postoperative short-term and long-term cerebrospinal fluid leakage, thereby preventing
intracranial infection.

However, postoperative behaviors, such as sneezing, coughing, expectoration, and defecation increase intracranial
pressure, which can damage the sphenoid sinus and cause cerebrospinal fluid leakage[3]. In this study, the number of
cases of cerebrospinal fluid leakage and brain infection in the experimental group was more than those in the control
group. Although there was no statistical significance, the small number of cases may have contributed to this. However,
the hospitalization days of the experimental group were statistically significantly lower than those of the control group,
suggesting that the reserved gastric tube during the operation was beneficial for the patients.
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CONCLUSION

Reserved gastric tube application in the resection of pituitary tumors through the endoscopic approach through the nose
can predictably improve patients” postoperative pharyngeal discomfort and improve the symptoms of postoperative
vomiting and aspiration. It has a high clinical application value and is suitable for all kinds of nerve promotion of the
endoscopic endonasal approach in tumor resection.

ARTICLE HIGHLIGHTS

Research background

The neuroendoscopic approach has the advantages of a clear operative field, convenient tumor removal, and less damage,
and is the development direction of modern neurosurgery. At present, transnasal surgery for sphenoidal pituitary tumor
is widely used. But it has been found in clinical practice that some patients with this type of surgery may experience post-
operative nausea and vomiting (PONV) and other discomforts.

Research motivation

At present, it has been found that some patients after endonasal endosphenoidal neuroendoscopy surgery may
experience PONV and other discomforts. Whether there can be corresponding methods to avoid the occurrence of similar
events is our research motivation.

Research objectives
To explore the effect of reserved gastric tube application in the neuroendoscopic endonasal resection of pituitary tumors.

Research methods

Patients who underwent pituitary adenoma resection via the endoscopic endonasal approach were selected and randomly
divided into the experimental and control groups. Experimental group: After anesthesia, a gastric tube was placed
through the mouth under direct vision using a visual laryngoscope, and the fluid accumulated in the oropharynx was
suctioned intermittently with low negative pressure throughout the whole process after nasal disinfection, during the
operation, and when the patient recovered from anesthesia. Control group: Given the routine intraoperative care, no
gastric tube was left. The number of cases of nausea/vomiting/aspiration within 24 h post-operation was counted and
compared between the two groups; the scores of pharyngalgia after waking up, 6 h post-operation, and 24 h post-
operation. The frequency of postoperative cerebrospinal fluid leakage and intracranial infection were compared. The
hospitalization days of the two groups were statistically compared.

Research results

The times of postoperative nausea and vomiting in the experimental group were lower than that in the control group. The
number of cases of postoperative cerebrospinal fluid leakage and intracranial infection was higher than that of the control
group. The hospitalization days of the experimental group was lower than that of the control group.

Research conclusions

Reserved gastric tube application in the resection of pituitary tumors through the endoscopic approach through the nose
can predictably improve patients” postoperative pharyngeal discomfort and improve the symptoms of postoperative
vomiting and aspiration.

Research perspectives
In the next step, we can further study the pressure attracted by the negative pressure of the reserved gastric tube and the
use time of the reserved gastric tube, so as to better propose the scheme of the reserved gastric tube.
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Abstract

BACKGROUND

Accurate preoperative prediction of lymph node metastasis (LNM) in esophageal
cancer (EC) patients is of crucial clinical significance for treatment planning and
prognosis.

AIM
To develop a clinical radiomics nomogram that can predict the preoperative
lymph node (LN) status in EC patients.

METHODS

A total of 32 EC patients confirmed by clinical pathology (who underwent
surgical treatment) were included. Real-time fluorescent quantitative reverse
transcription-polymerase chain reaction was used to detect the expression of B7-
H3 mRNA in EC tissue obtained during preoperative gastroscopy, and its
correlation with LNM was analyzed. Radiomics features were extracted from
multi-modal magnetic resonance imaging of EC using Pyradiomics in Python.
Feature extraction, data dimensionality reduction, and feature selection were
performed using XGBoost model and leave-one-out cross-validation. Mul-
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tivariable logistic regression analysis was used to establish the prediction model, which included radiomics
features, LN status from computed tomography (CT) reports, and B7-H3 mRNA expression, represented by a
radiomics nomogram. Receiver operating characteristic area under the curve (AUC) and decision curve analysis
(DCA) were used to evaluate the predictive performance and clinical application value of the model.

RESULTS

The relative expression of B7-H3 mRNA in EC patients with LNM was higher than in those without metastasis,
and the difference was statistically significant (P < 0.05). The AUC value in the receiver operating characteristic
(ROC) curve was 0.718 (95%Cl: 0.528-0.907), with a sensitivity of 0.733 and specificity of 0.706, indicating good
diagnostic performance. The individualized clinical prediction nomogram included radiomics features, LN status
from CT reports, and B7-H3 mRNA expression. The ROC curve demonstrated good diagnostic value, with an AUC
value of 0.765 (95%CI: 0.598-0.931), sensitivity of 0.800, and specificity of 0.706. DCA indicated the practical value

of the radiomics nomogram in clinical practice.

CONCLUSION
This study developed a radiomics nomogram that includes radiomics features, LN status from CT reports, and B7-
H3 mRNA expression, enabling convenient preoperative individualized prediction of LNM in EC patients.

Key Words: Esophageal cancer; Radiomics; B7-H3mRNA; Multimodal magnetic resonance imaging; Lymph node metastasis;
Nomogram
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Core Tip: Accurate tumor-node-metastasis staging plays a critical role in devising treatment strategies for esophageal cancer
(EC), particularly in assessing lymph node (LN) metastasis. Nevertheless, existing techniques for diagnosing LN in EC are
currently constrained by limited accuracy. In light of this, our study endeavors to construct a clinical column chart that can
enhance the assessment of LN status, furnishing a valuable point of reference for the diagnosis and treatment of EC.
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INTRODUCTION

According to relevant research statistics, esophageal cancer (EC) is a common malignant tumor in the field of thoracic
surgery, ranking seventh in terms of incidence and sixth in terms of mortality worldwide. In Asia, the main histological
type is squamous cell carcinomal[1-3]. Most EC patients require comprehensive treatment. In the early stage, surgery or
endoscopic resection is the primary approach, while concurrent chemoradiotherapy is preferred for patients in the
middle and late stages. The specific treatment plan should be based on the accurate staging of EC using the tumor-node-
metastasis (TNM) classification system[4].

Simultaneously, in surgical treatment, due to the highly variable lymphatic spread of cancer, suspicious positive lymph
nodes (LN) should be resected together with the tumor to improve patient survival. However, some studies suggest that
expanding the range of LN dissection may increase postoperative complications and worsen prognosis for cancer patients
[5,6]. Therefore, in the formulation of treatment strategies for EC, accurate diagnosis of LN metastasis (LNM) status is
crucial[7,8].

B7-H3, also known as CD276, is a member of the B7 Ligand family and is an attractive target in antibody immuno-
therapy. It is overexpressed on many malignant cells and cancer stem cells but exhibits low-level expression in normal
tissues[9]. Relevant studies have shown that B7-H3 primarily promotes tumor development through immune
mechanisms by inhibiting specific immune responses, leading to a pro-tumoral effect[9]. Research has found associations
between B7-H3 expression and clinical TNM progression and prognosis in diseases such as gastric cancer, pancreatic
cancer, colorectal cancer, lung cancer, and acute myeloid leukemia[10-15]. Additionally, Arigami et al[16] discovered a
strong correlation between B7-H3 expression and sentinel LNM and the number of LNM in their study of breast cancer.
In their multivariate analysis, the mRNA expression of B7-H3 in the primary tumor significantly predicted regional LNM
[16]. Furthermore, Chen et al[17] found a close association between B7-H3 expression in EC and aggressive biology, low
tumor-infiltrating T lymphocyte density, and poor prognosis[17]. However, there is currently no relevant research
proving an association between B7-H3 expression and LNM in EC.
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Currently, computed tomography (CT) is commonly used to determine the preoperative LN status in EC patients,
primarily relying on size-based measurements (e.g., a 10 mm short-axis diameter on CT as the cutoff value for diagnosing
LNM)[18]. However, relevant studies have shown that this method has an accuracy rate of less than 70% in determining
LNM][19]. Positron emission tomography (PET)/CT is a rapidly developing imaging modality that combines positron
emission tomography with X-ray CT. However, its application in LNM diagnosis is limited due to its high cost, low
sensitivity, and high false-positive rate[20]. Meanwhile, research on positive LN detection in certain cancers suggests that
magnetic resonance imaging (MRI) has higher accuracy[21,22]. However, conventional MRI of the chest is prone to
motion artifacts due to respiratory motion, which can affect image quality. With the emergence of multi-sequence MRI
techniques such as StarVIBE and T2TSE-BLADE, respiratory motion artifacts in non-breath-hold patients and
uncooperative patients have been significantly reduced, resulting in clearer visualization of tumors and the surrounding
soft tissue boundaries and improved image quality[23,24]. However, existing imaging modalities primarily rely on LN
anatomy, and their assessment of LNM is based on size measurements, which are insufficient to reveal the internal
structural characteristics of LN and obtain valuable tumor-related information[25].

Radiomics research involves applying computer mathematical tools to image processing, extracting radiological
features such as shape, texture, or waveform, which can provide information about cancer phenotypes and the tumor
microenvironment. This concept was introduced by Lambin et al[26] in 2012. By combining radiomics-derived data with
other relevant data, accurate and reliable Clinical Decision Support Systems (CDSS) can be generated[27]. Currently,
radiomics has made significant progress in the qualitative assessment of tumors, diagnosis of LNM, and prognosis
prediction[28-30]. However, there is currently no research that combines radiomics with expression factors in primary
tumors to elucidate their diagnostic and predictive value in cancer. This integration could contribute to a more compre-
hensive understanding of the biological characteristics and behavior of tumors, providing more accurate predictions for
individualized treatment.

Therefore, the objective of this study is to develop a radiomics nomogram that combines radiomic features, B7-H3
mRNA expression levels, and clinical risk factors for individualized prediction of preoperative LNM in EC patients.

MATERIALS AND METHODS

Patients

Our research institution's ethics review committee (the Medical Ethics Committee of the Sixth Affiliated Hospital of
Nantong University, Yancheng Third People's Hospital) has approved this research project. Considering that the relevant
examinations in this study do not pose significant physical or harm to the patients' interests, the requirement for
obtaining informed consent from the patients has been waived by the committee. Our study included a total of 32 EC
patients (9 females and 23 males) who received treatment at our hospital from March 2022 to July 2023 and met the
inclusion criteria of this study. The patients had an average age of 70.53 + 6.41 years, with an age range of 52-84 years. The
inclusion criteria were as follows: (1) All patients were over 18 years of age; (2) Standard contrast-enhanced CT and MRI
examinations were performed within 10 d before treatment; (3) Patients underwent gastroscopy and pathological biopsy
at our hospital, and the pathological diagnosis was confirmed as esophageal squamous cell carcinoma; (4) The surgical
approach was consistent for all patients, with three-field LN dissection for EC; (5) MRI images had sufficient clarity to
support radiomic feature extraction; (6) Availability of clinical and pathological information; and (7) B7-H3 mRNA
expression was determined by reverse transcription-polymerase chain reaction (RT-PCR) using cancer tissue samples
obtained from preoperative esophagoscopic biopsies. The exclusion criteria were as follows: (1) Patients with significant
surgical contraindications; (2) Patients with concurrent other tumor diseases; and (3) Inability to undergo MRI
examination or presence of contraindications for MRI examination. The patients recruitment and selection process was
showed in Figure 1.

Baseline clinical information and pathological data of the patients in the study, including age, sex, tumor location,
tumor size, and LN status (based on pathological results), were obtained from medical records. In addition, the enhanced
CT reports of the study patients were collected, and LN with a size of > 10.0 mm in the CT reports were considered as
positive for LN involvement.

Image acquisition and segmentation

The patients were scanned using a 3.0T MRI scanner (MAGNETOM Skyra 3.0T, Siemens Healthcare, Germany) and an
18-channel surface phased-array coil. Prior to the examination, patients were instructed to remove any metallic objects
and undergo respiratory training. The patients were positioned in a supine position with the head first, and the scanning
range extended from the bilateral lung apices to 1 cm below the diaphragm. The MRI scanning sequences included T1-
Star-VIBE and T2-TSE-BLADE sequences. The parameters for the T1-Star-VIBE sequence were as follows: TR/TE = 3.98/
1.91 ms; voxel size = 1.0 mm x 1.0 mm x 1.0 mm; FOV = 300 mm x 300 mm; flip angle = 12°; scanning time = 309 s. The
parameters for the T2-TSE-BLADE sequence were as follows: TR/TE = 5000/97 ms; voxel size = 0.9 mm x 0.9 mm % 3.0
mm; FOV = 260 mm % 260 mm; flip angle = 180°; scanning time = 360-600 s.

We retrieved the MRI images of all patients from the hospital's Picture Archiving and Communication System. Prepro-
cessing of the acquired images was performed using Python, which included bias field correction utilizing the N4
correction algorithm and registration alignment. Subsequently, image feature segmentation and analysis were conducted.
These processes aimed to extract meaningful features from the images, facilitating further analysis and the development
of our study's models.
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From March 2022 to July 2023, a total of
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Figure 1 Recruitment and selection process of patients. MRI: Magnetic resonance imaging; PCR: Polymerase chain reaction.

The three-dimensional (3D) semi-automatic segmentation was performed by a single operator, who was a thoracic
surgery graduate student, using the 3D Slicer software. The segmentation process involved the extraction of valuable
regions of interest (ROIs) based on the radiologist's interpretation. The radiologist, with 10 years of experience in the
field, provided the expert assessment of the images, and the operator utilized this information to guide the segmentation
and extraction of the ROIs. The operator carefully followed the radiologist's findings to ensure accurate and reliable
segmentation of the desired regions.

In this study, ROISs referred to the primary lesions of EC. These ROIs were manually delineated on each consecutive
slice of the MRI images along the boundaries of the primary tumor lesions. The delineation process excluded adjacent air,
blood vessels, fat, and normal tissues, focusing solely on the pathological features of the primary tumor. The delineation
was performed by the operator using the 3D Slicer software, guided by the radiologist's interpretation and expertise.

Radiomics feature extraction and selection

We applied the PyRadiomics component in Python (https://pyradiomics.readthedocs.io/en/Latest/) to extract features
from the ROI for each case. Prior to ROI processing, we performed bias field correction (N4 correction) and registration
alignment on every MRI image of all sequences to mitigate the impact of varying grayscale ranges in PyRadiomics. The
extracted feature categories include first-order, shape, gray level co-occurrence matrix, gray level run length matrix, gray
level size zone matrix, gray level dependence matrix, and neighboring gray tone difference matrix.

Due to the limited sample size in this study, we employed the XGBoost model and leave-one-out cross-validation
method to construct the radiomics features. Firstly, a t-test was applied to select the top 30% features that are predictive of
LNM. Secondly, using the leave-one-out cross-validation method, internal cross-validation was performed to further
retain features that improve diagnostic performance. Finally, the radiomics signature and its corresponding weight
values were computed to obtain the consistency features in the model. The specific formula for the established and
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extracted radiomics features is as follows:
Radiomics signature = Intercept + coef 1 x feature 1 + coef 2 x feature 2 + coef 3 x feature 3 + coef 4 x feature 4 + coef 5
x feature 5 + ... + coef n x feature n.

Real-time quantitative RT-PCR

Acquisition of esophageal pathological tissue under esophagoscopy: Patients diagnosed with EC were carefully
screened for inclusion in the study. Under gastroscopy, specialized endoscopic forceps were used to obtain biopsy
specimens from suspected cancerous lesions. Additionally, samples of normal tissue were collected from a location at
least 5 cm away from the suspected cancerous area to serve as adjacent normal tissue. Following the collection of
cancerous and adjacent normal tissue, the specimens were immediately immersed and washed in physiological saline
solution. Subsequently, they were stored at a temperature of -80 °C in a freezer for preservation. To ensure the accuracy
and reliability of the study, specimens that did not meet the predefined inclusion criteria were carefully excluded. This
exclusion process was based on a combination of subsequent patient treatment and pathological diagnosis, which served
as the gold standard.

RNA extraction from specimen tissue: (1) Tissue lysis: The collected specimens of EC and adjacent normal tissue were
removed from the -80 °C freezer and thawed. On a sterile bench, the tissue was finely minced using sterile tissue scissors.
Approximately 0.2 g of the tissue was weighed on an electronic precision balance and transferred into a grinding tube.
The tissue was then washed with PBS buffer (dissolving protective reagent) for 5 min. The grinding tube containing the
tissue was placed on ice.

Next, 500 pL of RNA extraction solution (e.g.,, RNA Extrizol) was added to the grinding tube using a pipette. A
handheld tissue grinder was used, adjusting it to the maximum speed, to grind the tissue in a start-stop manner. Care
was taken to avoid liquid splashing during the grinding process. Grinding was continued until the tissue was completely
lysed and formed a homogenized liquid. Finally, 500 pL of RNA extraction solution was added and mixed well with the
lysate.

Subsequently, 200 pL of chloroform solvent (trichloromethane) was added to the tube. The tube was then placed on a
shaker and shaken for 15 s. After shaking, the tube was left to stand at room temperature for 3 min.

(2) RNA Precipitation and Washing: The pre-cooled centrifuge was set to a temperature of 4 °C. The centrifuge speed
was adjusted to 13000 rpm, and the centrifugation time was set to 15 min. The tubes containing the lysed tissue were
placed in the centrifuge and balanced before initiating centrifugation. After 15 min of centrifugation, the top layer of
liquid (approximately 400 pL) from the tube was carefully extracted using a pipette and transferred to a new tube. It is
important to only aspirate the top layer of liquid, avoiding any other layered liquids to prevent contamination of
chromosomal DNA.

Using a pipette, 500 pL of isopropanol was added to the tube containing the extracted liquid, and the mixture was
thoroughly mixed. The tube was then left to stand at room temperature for 10 min to allow RNA precipitation.

The centrifuge process was repeated as described above (centrifuge temperature set at 4 °C, centrifuge speed at 13000
rpm, and centrifugation time of 15 min). The tube was placed in the centrifuge and balanced before initiating centrifu-
gation. After 15 min of centrifugation, a white, flocculent precipitate could be observed at the bottom of the centrifuge
tube, which represented the RNA after lysis completion. Using a pipette, the entire supernatant, excluding the flocculent
precipitate, was aspirated and discarded, while retaining the RNA pellet.

To wash the RNA pellet, 1 mL of 75% ethanol solvent was added to the centrifuge tube and mixed thoroughly. The
centrifuge parameters were set to a temperature of 4 °C, a speed of 750 g, and a centrifugation time of 5 min. The tube
was placed in the centrifuge, balanced, and then centrifuged.

And (3) RNA resuspension and concentration measurement: Using a pipette, carefully aspirate the upper ethanol
solution from the centrifuge tube, being cautious not to draw up the white precipitate at the bottom. After aspirating the
ethanol solution, let the centrifuge tube air dry at room temperature. Then, add 20 puL of nuclease-free water to the dried
centrifuge tube to fully dissolve the RNA.

Next, measure the concentration and purity of the RNA in the centrifuge tube using a NANODROP 2000 nucleic acid
and protein analyzer. Ensure that the absorbance ratio at 260 nm and 280 nm falls within the range of 1.8-2.0 for the
retained samples to ensure accuracy of the measurement results. If the ratio falls outside this range, discard the sample
and repeat the experiment with a new tissue specimen. Label the centrifuge tube containing the remaining RNA and store
it in a -80 °C freezer for future experiments.

mRNA real-time quantitative polymerase chain reaction experimental steps: (1) cDNA synthesis by reverse trans-
cription: RNA extraction solution was retrieved from a -80 °C freezer and transferred to a new microcentrifuge tube.
Using a pipette, 3 pg of RNA was extracted as a template and mixed with 1 pL of Oligo (dT) primer solution. Then,
nuclease-free water was added to achieve a total volume of 12 pL, and the mixture was gently mixed. The mixture was
centrifuged for 10 s in a microcentrifuge.

Prior to the next step, a constant temperature incubator was pre-set at 70 °C for 5 min. The microcentrifuge tube con-
taining the mixture was heated in the incubator. After heating, the tube was immediately transferred to an icebox for
cooling, followed by a brief centrifugation to collect the precipitate.

Next, the reaction mixture was prepared. Using a pipette, 4 pL of 5 x Reaction Buffer, 1 pL of RNase Inhibitor, 2 pL of
10 mmol/L dNTP Mix, and 1 puL of RevertAid M-MuLV RT were drawn. Each microcentrifuge tube was then added with
8 pL of the reaction mixture, gently mixed, and centrifuged for 5 s in a microcentrifuge.

Prior to performing the reverse transcription reaction, the polymerase chain reaction (PCR) machine was pre-set to a
temperature of 42 °C, and a 6 min wait was observed. Subsequently, the reaction was incubated at 72 °C for 5 min to
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terminate the reverse transcription. The microcentrifuge tubes were placed in ice, and a 1:10 dilution was performed for
storage at -20 °C.

And (2) Real-time quantitative PCR amplification and analysis: Retrieve an equal volume of cDNA template from the -
20 °C freezer and place it in an EP tube. Add the amplification primers to achieve a total volume of 20 pL. Transfer the
mixture to the PCR machine for further reaction.

Data analysis was performed using the 2-ACT relative quantification method, with p-actin as the reference gene for
normalization. Each group included two technical replicates, and the procedure was as follows: Retrieve the standard EP
tube and sequentially add 2 pL of template, 1 pL of upstream primer (concentration of 10 pmol/L), 1 pL of downstream
primer (concentration of 10 pmol/L), 12.5 pL of SYBR Green Master Mix, and 8.5 pL of double distilled water. Gently mix
the solution and centrifuge for 10 s in a microcentrifuge.

Perform amplification using the PCR machine. Each group contains three samples, and the program is set as follows:
Pre-denaturation at 95 °C for 10 min, followed by 40 cycles of denaturation at 95 °C for 30 s, annealing at 60 °C for 30 s,
and extension at 72 °C for 40 s. Finally, terminate the reaction at 72 °C for 10 min.

After the completion of the PCR amplification, data analysis was performed based on the amplification curve and melt
curve. The 2-AACt relative quantification method was used for data analysis in each group, with p-actin as the internal
reference gene for normalization. Each group included four samples, and three experimental replicates were performed.
The final data analysis was conducted using GraphPad Prism 5.0 software.

Model construction

We utilized the R software to perform logistic regression analysis to identify independent predictive factors, including
radiomic features, B7-H3 mRNA expression level, and LN status reported by CT, in our study. A model incorporating
these independent predictors was developed, and its performance was evaluated using the area under the receiver
operating characteristic (ROC) curve.

Nomogram development and decision curve analysis

Nomogram development and decision curve analysis (DCA) were employed for model visualization and clinical
application. To assess the additional value of radiomic features, B7-H3 mRNA, and CT in individually predicting the
preoperative LN status in EC patients, four decision curves were developed based on CT reports, radiomic features of the
primary lesion, B7-H3 mRNA, and a combined model (including CT reports, B7-H3 mRNA, and radiomic features).
These decision curves were used to further determine the clinical utility of the plotted line chart.

RESULTS

Clinical characteristics

The study included a total of 32 EC patients, as shown in Table 1. There were no significant differences (P > 0.05) between
the LN-positive and LN-negative groups in terms of patient age, sex, preoperative carcinoembryonic antigen (CEA)
levels, preoperative squamous cell carcinoma antigen levels, pathological grade, tumor location, and tumor size.
However, a statistically significant difference was observed in T stage (P < 0.05). In the study cohort, the LNM rate was
46.88% (15/32) based on postoperative pathological diagnosis. Regarding the subjective enhanced CT reports of LN
status, 6 patients were reported as LN-negative but confirmed to have LNM, while 6 patients were reported as LN-
positive but confirmed to be LN-negative. The sensitivity was 60.0%, and the specificity was 64.7% (Table 1).

The relationship between the expression level of B7-H3 mRNA and the clinical characteristics of EC patients

The correlation between B7-H3 mRNA expression levels and age, sex, T stage, and N stage (LNM) in patients with EC
was analyzed separately. The T stage and N stage of EC were determined according to the International 8th edition TNM
staging criteria for EC.

Among the 32 patients with EC, the average B7-H3 mRNA expression level in male patients was 2.47 £ 0.51, while in
female patients, it was 2.52 + 0.40. There was no significant statistical difference between the two groups (P > 0.05). The
results indicate that there is no significant correlation between B7-H3 mRNA expression levels and sex in patients with
EC (P> 0.05).

Among the 32 patients with EC, the average B7-H3 mRNA expression level in T1 stage patients was 2.23 + 0.32, in T2
stage patients it was 2.66 + 0.53, and in T3 stage patients it was 2.59 £ 0.12. There was a significant correlation in the
average B7-H3 mRNA expression levels among the different T stages (P < 0.05). Furthermore, we found that the average
B7-H3 mRNA expression level in the tissues of EC patients with LNM was 2.70 £ 0.53, while in patients without LNV, it
was 2.29 + 0.35. The study revealed a significant increase in B7-H3 mRNA expression levels in the tissues of EC patients
with LNM compared to those without LNM (P < 0.05; Figure 2A).

In conclusion, the expression level of B7-H3 mRNA in EC is not significantly correlated with sex (P > 0.05). However, it
is closely associated with T stage and LNM in EC (P < 0.05). The relative expression level of B7-H3 mRNA is significantly
higher in LN-positive tissues of esophageal squamous cell carcinoma, indicating an upregulation of B7-H3 mRNA
expression in LN-positive tissues of EC (Table 2).

Diagnostic value of B7-H3 mRNA in detecting LNM in EC
We performed quantitative analysis of B7-H3 mRNA expression in 32 EC tissues and generated a ROC curve (Figure 1) to
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Table 1 Characteristics of patients in the cohort, n (%)

Characteristic LN metastasis (+) LN metastasis (-) P value
Age, mean + SD 70.18 £ 6.75 71.92+£7.49 0.39
Tumor size, mean + SD 3.89 +£1.55 318 +1.64 0.24
Sex 0.54
Male 10 (66.67) 13 (76.47)
Female 5/(33.33) 4 (23.53)
CEA 0.99
0-5ng/mL 15 (99.99) 16 (94.12)
>5ng/mL 0(0.01) 1(5.88)
Squamous cell carcinoma antigen 0.61
0-2.7 ng/mL 12 (80.0) 14 (82.35)
>2.7ng/mL 3 (20.00) 3 (17.65)
Location 0.99
Upper mediastinal 2(13.33) 1(5.88)
Middle mediastinal 6 (40.00) 8 (47.06)
Lower mediastinal 6 (40.00) 8 (47.06)
Abdominal 1 (6.67) 0 (0.01)
Histologic grade 0.40
Well differentiated 0(0.01) 2 (11.77)
Moderately differentiated 11 (73.33) 11 (64.71)
Poorly differentiated 4 (26.67) 4 (23.53)
T stage 0.01
1 3 (20.00) 10 (58.82)
2 12 (80.00) 5(29.41)
3 0(0.01) 2(11.77)
CT-reported LN status 0.16
0-10.0 mm 6 (40.00) 11 (64.71)
>10.0 mm 9 (60.00) 6 (35.29)

LN: Lymph node; T: Tumor; CEA: Carcinoembryonic antigen; CT: Computed tomography.

evaluate the diagnostic value of B7-H3 in detecting LNM in EC using clinical pathological examination as the gold
standard. The area under ROC curve (AUC) for B7-H3 in detecting LNM was 0.718, with a sensitivity of 73.3% and
specificity of 70.6%. The optimal diagnostic threshold for B7-H3 in identifying LNM in EC was determined to be 2.56
(Figure 2A).

Feature extraction and model construction

Using the Pyradiomics package in Python, a total of 1169 radiomic features were extracted from MRI images. The feature
selection process was performed using the Leave-one-out method from the XGBoost model, resulting in the reduction of
the feature set to 18 potential predictive factors (Figure 3). In the LASSO regression model, the following features were
identified as having non-zero coefficients:

T1-log-sigma-2-0-mm-3D_glcm_DifferenceAverage, T1-log-sigma-5-0-mm-3D_glszm_SizeZoneNonUniformityNor-
malized, T1l-wavelet-LLH_gldm_LargeDependenceEmphasis, T1-wavelet-LHL_firstorder_Median, T1-wavelet-
LHL_firstorder_RootMeanSquared, T1-wavelet-LHH_glem_Contrast, T1-wavelet-LHH_glem_JointEntropy, T1-wavelet-
LHH_glszm_SmallAreaHighGrayLevelEmphasis, T1-wavelet-HLH_firstorder_MeanAbsoluteDeviation, T1-wavelet-
HLH_glszm_SmallAreaEmphasis, T1l-wavelet-HLH_glszm_SmallAreaHighGrayLevelEmphasis, T1-wavelet-
HHL_glcm_ClusterTendency, T1-wavelet-HHL_glcm_Contrast, T1-wavelet-HHL_glszm_GrayLevelNonUniformity, T1-
wavelet-HHH_firstorder_InterquartileRange, T2-original_gldm_DependenceEntropy, T2-log-sigma-4-0-mm-
3D_glszm_GrayLevelNonUniformity, T2-wavelet-HLH_glem_Idn. Additionally, the optimal weight value feature was
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Table 2 The relationship between B7-H3 expression and clinical characteristics of esophageal cancer patients

Clinical characteristic Number of sample B7-H3mRNA Statistic P value
Sex
Male 23 247 +0.51 0.06 0.80
Female 9 2.52 +0.40
T F statistic
1 13 223 +0.32 3.309 0.05
2 17 2.66 +0.53
3 2 2.59 +0.12
N
0 17 229 +0.35 2,50 0.02
1-3 15 2.70 +0.53

T: Tumor; N: Node.

Table 3 Values of various coefficients in the nomogram

Variables Coef 95%Cl

T1.WM -0.5717 (-2.85,-0.25)
T1-wavelet-LHL_firstorder_Median

T1.W.HSAHGE 0.22695 (-0.21, -2.91)
HLH_glszm_SmallAreaHighGrayLevelEmphasis

T1L.W.CT -2.1616 (-3.72,-0.87)

T1-wavelet-HHL_gicm_ClusterTendency

TL.WR 0.49155 (-1.02, -3.32)
T1l-wavelet

HHH_firstorder_InterquartileRange -4.1807 (-4.97, -0.68)
T2.0.DE

T2-original_gldm_DependenceEntropy 47.4461 (-0.67, -3.38)
T2.W.gl

T2-wavelet-HLH_gicm_Idn 3.69379 (0.18, -4.34)
B7.H3

CT 1.46262 (-1.98, -4.90)

The coefficient values of individual independent factors in the developed column chart are shown in the figure. The selected radiomic features and their
abbreviations in the nomogram are presented in the table. All predictive factors have a P value < 0.05, indicating statistical significance. CT: Computed

tomography.

determined to be T1-wavelet-HLH_glem_InverseVariance through further calculations and analysis.

Subsequently, logistic regression analysis was conducted in R language to further determine the independent
predictive factors among the selected radiomic features, B7-H3 mRNA expression level, T stage, and LN status from CT
reports. During the analysis, the model with the smallest Akaike information criterion (AIC) value was chosen.

The following radiomic features were further selected:

T1-wavelet-LHL_firstorder_Median, T1-wavelet-HLH_glszm_SmallAreaHighGrayLevelEmphasis, T1-wavelet-
HHL_glem_ClusterTendency, T1-wavelet-HHH_ firstorder_InterquartileRange, T2-original_gldm_DependenceEntropy,
T2-wavelet-HLH_glem_Idn (the corresponding coefficient values for each independent predictive factor are detailed in
Table 3).

A mz)del incorporating these independent predictive factors was developed and presented in the form of a column

chart (Figure 4).
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Figure 2 Receiver operating characteristic curve, the area under the receiver operating characteristic curve, and decision curve analysis.
A: Receiver operating characteristic (ROC) curve of B7-H3mRNA in the study queue; B: Model performance in the study cohort. the area under the ROC curve (AUC)
value increases when radiomic features are combined with B7-H3 mRNA expression compared to different feature combinations. Additionally, it can be observed that
as more feature species are used, the AUC value increases, indicating better model performance; C: Decision curve analysis. The y-axis represents net benefit. The
threshold probability refers to the point at which the perceived benefit of treating patients with intermediate to high-risk lymph node metastasis is considered
equivalent to the harm of overtreating low-risk disease, reflecting how patients weigh the benefits and harms associated with decision-making. The higher curve at
any given threshold probability represents the optimal prediction that maximizes net benefit. The decision curve indicates that the combined predictive model used
provides greater net benefit compared to other models. AUC: The area under the receiver operating characteristic curve; CT: Computed tomography.

Clinical use
Using the pathological examination results as the gold standard, we calculated the diagnostic sensitivity and specificity of
LN status from CT reports, B7-H3 mRNA expression, MRI radiomic features, and the combined predictive model for
LNM in EC. The results are shown in Table 4. Furthermore, we plotted ROC curves (Figure 4) to illustrate the diagnostic
performance of LN status from CT reports, B7-H3 mRNA expression, MRI radiomic features, and the established
combined predictive model for preoperative LN diagnosis. Through comparison, we found that the combined predictive
model exhibited the best discriminative power and predictive stability, with the highest AUC value (Table 4, Figure 1B).
The DCA based on combined predictive model is presented in Figure 1C. Compared to DCA using a single radiomic
feature, the combined predictive model incorporating B7-H3 mRNA expression and clinical CT results demonstrates
higher accuracy in predicting preoperative LN status. This indicates that the nomogram based on this predictive model is
a reliable clinical tool for predicting LN status in patients with EC. The DCA suggests that within the probability
threshold range of approximately 0.3 to 0.7, the nomogram based on the combined model provides additional net benefit
to the "treatment" strategy.

DISCUSSION

LN status is one of the most important prognostic factors in EC, especially the number and location of metastatic LN,
which are closely linked to clinical treatment decisions, including the implementation of neoadjuvant therapy, the extent
of surgical LN resection, or the design of radiation therapy fields[25,31,32]. The decision of whether neoadjuvant
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Table 4 Receiver operating characteristic curve of the dataset

Model AUC (95%Cl) Sensitivity Specificity Youden index
Radiomics 0.627 (0.427-0.828) 0.667 0.647 0.314
Nomogram 0.765 (0.598-0.931) 0.800 0.706 0.506
CT 0.624 (0.426-0.821) 0.600 0.647 0.247
B7-H3mRNA 0.718 (0.528-0.907) 0.733 0.706 0.439
CT: Computed tomography; AUC: Area under the curve.
A Errorbar B Ridge coefficients as a function of the regularization
5 | 80
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Figure 3 Texture feature selection using the Least Absolute Shrinkage and Selection Operator binary logistic regression model. A: The
tuning parameter (Lambda) selection in the Least Absolute Shrinkage and Selection Operator (LASSO) model was performed using 10-fold cross-validation with the
minimum criterion. The relationship curve between the mean-square error and Lambda is depicted, with a dashed line indicating the optimal value. The vertical lines
represent the values selected through 10-fold cross-validation, including 18 optimized non-zero coefficients; B: LASSO coefficient profiles of 1169 texture features.
The coefficient profiles were generated based on the sequence of log (Lambda). When using the value selected by 10-fold cross-validation, the optimal Lambda
resulted in 18 non-zero coefficients. MSE: Mean-square error.

chemoradiotherapy is required before surgery primarily depends on the LN status. Furthermore, neoadjuvant chemora-
diotherapy can target micrometastases, including LN metastases, and patients with LNM may benefit from this treatment
[7,33]. However, for patients who refuse or are unable to tolerate surgery, the LN status cannot be diagnosed through
postoperative biopsy. Therefore, accurate preoperative prediction of LN status is necessary and important.

With the advancement of radiomics research, an increasing number of studies are utilizing radiological features
extracted from medical images, such as shape, texture, or waveform, to obtain a range of information about cancer
phenotypes and the tumor microenvironment[27]. This information is distinct and complementary to other relevant data,
including clinical features, treatment-related decision information, or genomic data[34]. When radiomics-derived data is
combined with other relevant data and correlated with clinical disease outcomes, they can generate accurate and reliable
CDSS[35,36]. These CDSS can assist clinicians in making more informed decisions regarding the diagnosis, treatment
planning, and prognosis of cancer patients.

Unlike many previous studies on radiological features, which focused solely on the association of clinical and
radiological features with tumor microenvironment characteristics in LNM, they neglected the impact of various proteins
or tumor factors on promoting LNM[37-42]. In the study by Toiyama et al[43], they observed improved predictive
accuracy when adding serum biomarkers to the predictive model as clinical pathological risk factors for preoperative
detection of LNM in colorectal cancer patients [the area under the curve increased to 0.801 (95%CI: 0.725-0.857) with
modification of the multivariate model]. Similarly, Huang et al[29] provided a radiomics nomogram incorporating
radiomic features, LN status from CT reports, and CEA levels, which demonstrated higher accuracy in the preoperative
individualized prediction of LNM in colorectal cancer patients. These studies may support the notion that considering
tumor diagnostic biomarkers across different aspects is an important research approach to enhance CDSS[44].

In our previous studies, we demonstrated a close association between high expression of B7-H3 and tumor differen-
tiation, TNM staging, and LNM in EC. In this study, we further investigated the correlation between B7-H3 mRNA
expression levels and LNM in EC using the RT-PCR method. Additionally, we developed and validated a diagnostic
nomogram based on radiomic features for individualized preoperative prediction of LNM in patients with EC. The
nomogram incorporates three components: radiomic features, B7-H3 mRNA expression levels, and LN status from CT
reports.
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Figure 4 Developed radiomics nomogram. The radiomics nomogram was developed with the radiomics signature, B7-H3mRNA level, and computed
tomography-reported lymph node status incorporated. CT: Computed tomography.

In this study, we determined the expression levels of B7-H3 mRNA in tumor tissues of EC using preoperative
endoscopic biopsy. We found that the expression levels of B7-H3 mRNA were consistent with previous reports regarding
LNM in EC. Additionally, our research revealed that the relative expression level of B7-H3 mRNA was significantly
higher in LN-positive tissues compared to LN-negative tissues in esophageal squamous cell carcinoma. We performed
ROC curve analysis and found that B7-H3 mRNA had good accuracy in predicting LNM (AUC = 0.718; 95%CI: 0.528-
0.907; sensitivity: 70.3%; specificity: 70.6%). Some studies on diagnostic models have shown that relying solely on certain
factors with univariate associations may not provide sufficient predictive strength[45]. However, if a factor has statistical
significance, it should not be excluded from the model[46]. Therefore, in our study, we found a close association between
B7-H3 and LNV, indicating the importance of B7-H3 mRNA expression in preoperative LN diagnosis.

We performed MRI image acquisition in EC patients using T2-TSE-BLADE and T1-Star VIBE sequences, which provide
high image quality and anatomical details in EC and accurately depict different layers of the esophageal wall. Therefore,
both T2-TSE-BLADE and T1-StarVIBE sequences are feasible for texture analysis[41]. In Python, we used the XGBoost
model from the Pyradiomics package and employed leave-one-out cross-validation to extract radiomic features from the
ROI in MRI. Subsequently, logistic regression analysis was conducted in R language, and based on the AIC criterion, we
selected the model with the lowest entropy value. We chose six radiomic features from the extracted features, which
primarily represented the tumor's texture complexity and were highly correlated with tumor heterogeneity and prognosis
[47].

These extracted radiomic features, along with the B7-H3 mRNA expression and LN status from CT reports, were
considered as three independent predictive factors. Subsequently, we constructed a combined prediction model using
these independent risk factors. Through ROC curve analysis, our constructed combined prediction model demonstrated
the highest diagnostic value in predicting LNM (AUC = 0.765; 95%CI: 0.598-0.931; sensitivity: 80.0%; specificity: 70.6%).

We applied DCA to evaluate whether the nomogram of the combined model would improve patient outcomes and
thus demonstrate the clinical utility of the nomogram. DCA curves provide insights into clinical consequences based on
threshold probabilities and can yield net benefits (defined as the proportion of true positives minus the proportion of
false positives)[48]. Analysis of the DCA curves revealed that the combined model had higher net benefits at most
threshold probabilities, suggesting that the model could be an effective approach to guide clinical decision-making and
provide an accurate and reliable CDSS.

Buissidengs WICO | https:/ /www.wjgnet.com 429 March 24,2024 | Volume15 | Issue3 |



Xu YH et al. Nomogram for prediction in esophagus cancer

For ease of clinical application, based on the three independent risk factors from the aforementioned study, we
constructed a clinical radiomic nomogram combining radiomic features, B7-H3 mRNA expression, and LN status from
CT reports. This nomogram scoring system can generate the preoperative probability of LNM, enabling individualized
preoperative prediction of LNM risk. Both physicians and patients can utilize the nomogram to make personalized
preoperative predictions of LNM risk, aligning with the current trend of personalized medicine[49].

Certainly, this study has some limitations. Firstly, the MRI image acquisition did not include the diffusion weighted
imaging (DWI) sequence, which could enrich the extracted radiomic feature library and potentially reveal more valuable
radiomic features. Although DWI has demonstrated strong capabilities in distinguishing benign and malignant LN in
certain cancers, the respiratory motion specific to the chest can introduce significant artifacts and affect image quality in
3.0T DWI[50]. Secondly, our study only used quantitative RT-PCR to demonstrate the mRNA expression level of B7-H3
and did not further investigate corresponding genomic features to analyze the differences between genomic and radiomic
features[51]. Thirdly, although the predictive model designed in this study showed good accuracy, our sample size was
relatively small, and a larger sample size would improve the confidence and performance of the LNM prediction model
in EC. Fourthly, we analyzed the ROIs mainly focusing on the primary tumor and did not obtain information from the
surrounding tumor-free regions, which may also contain important information. Further research is needed to address
these issues.

In conclusion, a correlation was observed between B7-H3 mRNA expression levels and LNM in EC patients based on
preoperative gastric endoscopic specimens. Moreover, a clinical radiomic nomogram incorporating radiomic features, B7-
H3 mRNA expression levels, and LN status from CT reports was developed, enabling convenient identification of EC
patients with LNM. This nomogram facilitates individualized preoperative prediction of LNM in EC patients, thereby
providing guidance for the formulation of clinical treatment decisions and facilitating the selection of more rational and
effective therapeutic strategies to prevent adverse patient outcomes.

CONCLUSION

This study developed a radiomics nomogram that includes radiomics features, LN status from CT reports, and B7-H3
mRNA expression, enabling convenient preoperative individualized prediction of LNM in EC patients.

ARTICLE HIGHLIGHTS

Research background

Currently, the main treatment method for esophageal cancer is surgical intervention. However, for patients with lymph
node metastasis (LNM), further adjuvant chemotherapy and radiotherapy are required to support the surgical treatment.
Therefore, preoperative assessment of lymph node (LN) status in esophageal cancer is of paramount importance.
Currently, the preoperative diagnosis of LN status in esophageal cancer mainly relies on imaging examinations such as
chest computed tomography (CT), which is limited in its diagnostic value and lacks diversity in methodology. To
enhance the accurate diagnosis of preoperative LN status in esophageal cancer patients, we intend to design a clinical
radiomics nomogram specifically for the diagnosis of LNM in esophageal cancer patients.

Research motivation

By developing a clinical radiomics nomogram, the preoperative LN diagnostic rate in esophageal cancer patients can be
improved. This will enable a clear determination of LNM, thereby providing valuable guidance for the formulation of
clinical treatment decisions. This approach aligns with the current trend in healthcare, which emphasizes the
development of personalized medical treatment plans.

Research objectives

The clinical radiomics nomogram we have designed encompasses imaging radiomic features from chest magnetic
resonance imaging (MRI), clinical characteristics of the patients, and the expression level of B7-H3 mRNA obtained
through gastric endoscopy. All the indicators in the nomogram can be easily obtained in a clinical setting. In our study,
we found that this nomogram significantly improves the diagnostic value of preoperative LN status in esophageal cancer
patients compared to traditional imaging examination methods. If applied in a clinical setting in the future, it has the
potential to provide valuable guidance for the formulation of clinical treatment decisions.

Research methods

In our study, we obtained esophageal cancer tissue during gastric endoscopy and used real-time quantitative polymerase
chain reaction to amplify and analyze the expression level of B7-H3 mRNA. All patients underwent chest MRI examin-
ations, and Python software packages were used to extract imaging radiomic features. Subsequently, in R language, B7-
H3 mRNA, MRI radiomic features, and clinical characteristics of the patients were selected and used to construct the
clinical radiomics nomogram. We further analyzed the clinical value of the nomogram using receiver operating charac-
teristic (ROC) and decision curve analysis (DCA) curves. The results showed that the nomogram had a higher diagnostic
value for preoperative LN assessment compared to traditional imaging diagnostic methods.
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Research results

By quantitatively analyzing the expression of B7-H3 mRNA in 32 esophageal cancer tissues, with clinical pathological
examination results as the gold standard, we plotted the ROC curve to evaluate the diagnostic value of B7-H3 for LNM in
esophageal cancer. The area under the ROC curve (AUC) for B7-H3 in detecting LNM in esophageal cancer was 0.718,
with a sensitivity of 73.3% and specificity of 70.6%. The optimal diagnostic threshold for B7-H3 in detecting LNM in
esophageal cancer was determined to be 2.56. Using the pathological examination results as the gold standard, we
calculated the LN status from CT reports, B7-H3 mRNA expression, MRI radiomic features, and a combined predictive
model. Furthermore, we used ROC curves to display the diagnostic performance of CT reports, B7-H3 mRNA expression,
MRI radiomic features, and the created combined predictive model for preoperative LN status. Through comparison, we
found that the combined predictive model showed the best discriminative ability and predictive stability, with the
highest AUC value. Based on the DCA of the combined predictive model, compared to DCA using a single radiomic
feature, the addition of B7-H3 mRNA expression and clinical CT results in the combined predictive model demonstrated
higher accuracy in predicting preoperative LN status. This suggests that the DCA based on this predictive model is a
reliable clinical tool for predicting preoperative LN status in esophageal cancer patients. DCA indicates that the decision
curve based on the combined model adds more net benefit to the "treatment" strategy when the threshold probability for
patients is within the range of approximately 0.3 to 0.7.

Research conclusions

Our study has developed a clinical radiomics nomogram based on multimodal MRI, B7-H3 mRNA expression, and
clinical characteristics of patients, which can be applied for preoperative LN status diagnosis in esophageal cancer
patients. Compared to conventional imaging examinations, this clinical radiomics nomogram improves the accuracy of
preoperative LN status diagnosis. This innovation addresses the challenge of accurately determining LN status before
surgery and further facilitates optimal decision-making for the diagnosis and treatment of esophageal cancer patients.
The ROC and DCA curves based on this nomogram demonstrate its significant research value in the diagnostic
performance of esophageal cancer.

Research perspectives

Although the nomogram demonstrates promising diagnostic value and clinical applicability, it is important to
acknowledge that the sample size in this study is relatively small. Furthermore, there was a lack of further validation
cohorts to validate the nomogram. In the future, a multi-center collaborative study should be conducted to increase the
sample size and design validation cohorts to confirm the effectiveness of the nomogram. Additionally, with the rapid
development of genomics, integrating genomic data with radiomics may further enhance the clinical decision-making
value of the designed nomogram.
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Abstract

BACKGROUND

The ubiquitin-proteasome pathway (UPP) has been proven to play important
roles in cancer.

AIM

To investigate the prognostic significance of genes involved in the UPP and
develop a predictive model for liver cancer based on the expression of these
genes.

METHODS

In this study, UPP-related E1, E2, E3, deubiquitylating enzyme, and proteasome
gene sets were obtained from the Kyoto Encyclopedia of Genes and Genomes
(KEGG) database, aiming to screen the prognostic genes using univariate and
multivariate regression analysis and develop a prognosis predictive model based
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on the Cancer Genome Atlas liver cancer cases.

RESULTS

Five genes (including autophagy related 10, proteasome 20S subunit alpha 8, proteasome 20S subunit beta 2,
ubiquitin specific peptidase 17 like family member 2, and ubiquitin specific peptidase 8) were proven significantly
correlated with prognosis and used to develop a prognosis predictive model for liver cancer. Among training,
validation, and Gene Expression Omnibus sets, the overall survival differed significantly between the high-risk and
low-risk groups. The expression of the five genes was significantly associated with immunocyte infiltration, tumor
stage, and postoperative recurrence. A total of 111 differentially expressed genes (DEGs) were identified between
the high-risk and low-risk groups and they were enriched in 20 and 5 gene ontology and KEGG pathways. Cell
division cycle 20, Kelch repeat and BTB domain containing 11, and DDB1 and CUL4 associated factor 4 like 2 were
the DEGs in the E3 gene set that correlated with survival.

CONCLUSION
We have constructed a prognosis predictive model in patients with liver cancer, which contains five genes that
associate with immunocyte infiltration, tumor stage, and postoperative recurrence.

Key Words: Liver cancer; Ubiquitin-proteasome pathway; Prognosis prediction; Gene expression; Immune infiltration

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

Core Tip: This study unveils the crucial role of the ubiquitin-proteasome pathway (UPP) in liver cancer prognosis. Five key
genes (autophagy related 10, proteasome 20S subunit alpha 8, proteasome 20S subunit beta 2, ubiquitin specific peptidase 17
like family member 2, and ubiquitin specific peptidase 8) identified from The Cancer Genome Atlas datasets constitute a
robust prognostic model, accurately predicting liver cancer outcomes. Immunocyte infiltration analysis highlights associ-
ations of these genes with immune cell abundance, while clinical correlations link them to tumor stage and recurrence.
Differential gene expression and pathway enrichment elucidate underlying biological processes. E3 analysis identifies
specific ligases (cell division cycle 20, Kelch repeat and BTB domain containing 11, and DCAF4L2) with significant
expression differences, further emphasizing the integral role of the UPP in liver cancer development and providing valuable
insights for precision medicine and prognosis prediction.

Citation: Li H, Ma YP, Wang HL, Tian CJ, Guo YX, Zhang HB, Liu XM, Liu PF. Establishment of a prognosis predictive model for
liver cancer based on expression of genes involved in the ubiquitin-proteasome pathway. World J Clin Oncol 2024; 15(3): 434-446
URL: https://www.wjgnet.com/2218-4333/full/v15/i3/434 . htm

DOI: https://dx.doi.org/10.5306/wjco.v15.i3.434

INTRODUCTION

The prevalence of liver cancer has been increasing, with an annual growth rate of up to 2%-3%[1] and survival rate of 18%
in 2020[2]. A total of 336400 new liver cancer cases were detected in China in 2016[3], and the sharply elevated incidence
(18.0 per 100000) of liver cancer caused by sugar-sweetened food must be given extra attention[4].

Hepatitis B/ C virus (HBV or HCV) infection, addiction to alcohol, liver cirrhosis, fatty hepatitis, and eating aflatoxin
contaminated food are the risk factors for liver cancer[5]. Imaging examinations for liver cancer include ultrasonography,
dynamic contrast-enhanced computed tomography (CT), multimodal magnetic resonance imaging, 18F-fluorodeoxy-
glucose positron emission tomography/CT, and so on. Virtual liver biopsy sampling pipeline for eliminating sampling
bias may be the potential diagnostic method to investigate the nature of the lesions and etiology[6]. In recent years, using
statistical models combined with machine learning techniques to elevate the diagnostic accuracy of serum biomarkers
such as o-fetoprotein and cell-free DNA or RNA has been widely applied to the early diagnosis of hepatocellular
carcinoma[7]. Additionally, surgical resection, transplantation, ablation, chemotherapy, and immunotherapy are common
treatment options for liver cancer patients[3]. However, effective surveillance and prediction of the prognosis of liver
cancer still face multiple challenges due to the high heterogeneity of this malignancy.

The ubiquitin-proteasome pathway (UPP) is one of the key pathways of protein selective degradation in organisms[9],
which is related to cell cycle, proliferation, differentiation, apoptosis, transcription, signal transduction, immune
response, stress response, and extracellular effectors[10]. The malfunction of the UPP is linked to various diseases, such as
carcinogenesis, infection, autoimmunity, and inflammation. Based on The Cancer Genome Atlas (TCGA) datasets and 961
ubiquitin-proteasome system genes (UPSGs), Liu et al[11] found that DDB1 and CUL4 associated factor 13 (DCAF13), cell
division cycle 20 (CDC20), and proteasome 20S subunit beta 5 (PSMB5) have excellent performance to predict the survival
of liver cancer patients. Zhang et al[12] identified a seven-UPSG prognostic signature, of which autophagy related 10
(ATG10) was found to participate in liver cancer development and prognosis through autophagy, immune response, and
tumor metastasis. Therefore, proteasome inhibitors, as a class of potential and effective anti-tumor drugs, have attracted a
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growing body of attention from researchers. In this study, we examined the correlation of the expression of genes
involved in the UPP with the prognosis of liver cancer, to screen out some key genes and construct a prognosis predictive
model, in order to provide a new horizon for the role and potential mechanism of the UPP in the development of liver
cancer.

MATERIALS AND METHODS

Gene sets and data collection

The UPP-related gene set included 857 genes from the UPP-related Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathways[13], among which 10 was related to E1, 38 related to E2, 651 to E3, 112 to deubiquitylating enzyme (DUB), and
46 to the proteasome.

The expression data of 424 samples related to liver cancer were downloaded from The Cancer Genome Atlas (TCGA)
database (https://portal.gdc.cancer.gov/). Three recurrent samples, 50 normal tissue samples, and one sample without
overall survival (OS) data were deleted and the remaining 370 samples were randomly divided into a training group (n =
296) and a validation group (n = 74) in a ratio of 4:1. Another validation set (GSE54236) was downloaded from the Gene
Expression Omnibus (GEO) database (http://www.ncbi.nlm.nih.gov/geo/). This data set included 162 samples,
including 81 tumor samples.

Construction and validation of a prognosis predictive model

Univariate and multivariate regression analyses were performed to screen the prognostic genes in the E1, E2, DUB, and
proteasome gene sets using the Survival (version 3.2-3) and Glmnet (version 4.0-2) packages in R. The threshold of
univariate analysis was P < 0.1, and stepwise multivariate regression analysis was used to screen genes associated with
OS. The risk score of the screened genes was calculated to construct a prognosis predictive model, and the prognostic
ability was assessed using the receiver operating characteristic (ROC) curve drawn with Proc (version 1.16.2) package.
According to the risk score, the patients were divided into either a high-risk or a low-risk group. The Maxstat (version
0.7-25) package in R was used to calculate the optimal cut-off value. The log-rank method was used to compare the
difference in OS between the two groups, and the Survival (version 3.2-3) and Survminer (version 0.4.8) packages in R
were used to draw the survival curve. In the validation group, the same method was used to verify the model.

Immunocyte infiltration

The abundance of 40 types of immune cells in each sample was analyzed using GVSA (version 1.32.0). The correlation
analysis between the screened genes and immune-related indicators was performed using the Psych (version 2.0.8) and
Corrplot (version 0.84) packages in R.

Analysis of correlation between clinical parameters and gene expression

The clinical parameters were compared between the high-risk and the low-risk groups using an independent sample t-
test or two-sample Wilcoxon test, and Spearman correlation analysis was used to determine whether the gene expression
and risk scores were statistically related to clinical parameters. The Psych (version 2.0.8) and Corrplot (version 0.84)
packages in R were used for plotting. Univariate Cox regression analysis was used to determine the relationship between
OS and clinical parameters, as well as the relationship between the gene expression and postoperative recurrence.

Identification of differentially expressed genes and enrichment analysis

The Limma package (version 3.40.2) was used to screen DEGs between the high-risk and low-risk groups, with the
threshold set at P < 0.05 and |log2FC| > 1. Then the functional enrichment analysis was carried out using the database
for annotation, visualization, and integrated discovery (DAVID, https://david.ncifcrf.gov/) to identify the enriched gene
ontology (GO) terms and KEGG pathways of the DEGs.

Core DEGs in E3 gene set

As a specific substrate recognition element, E3 plays an important role in the ubiquitin-mediated proteolytic cascade[14].
Because of its specificity, the relationship between the expression of genes in the E3 set and prognostic risk was analyzed
separately. Similar to the screening method for DEGs, the Limma package was used to screen the DEGs in the E3 gene set
between the high-risk and low-risk groups, and the screening threshold was P < 0.05 and |log2FC| > 1.

Statistical analysis

IBM SPSS Statistics 21 and R (version 3.6.2) were used for statistical analyses. The Shapiro-Wilk test was used for
normality test, and the independent sample ¢ test or the two-sample Wilcoxon test were used to analyze the differences in
variables between two groups. The chi-square test or Fisher's test was used for analysis of categorical variables. The log-
rank method was used to test the significance of survival data.
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Table 1 Clinical parameters of the whole samples, cases in training group, and those in validation group, n (%)

Parameter Category TCGA (n=370) Training group (n = 296) Validation group (n = 74)
Age 59.441 +13.517 59.53 £13.71 59.081 +12.796
P value 0.799
Gender Female 121 (32.7) 101 (34.1) 20 (27)
Male 249 (67.3) 195 (65.9) 54 (73)
P value 0.27
Height 167.34 +10.7 167.32 +11.368 167.43 +7.622
P value 0.92
Weight 72.85+19.468 73.05 +20.571 72.07 +14.478
P value 0.646
BMI 26.13 + 8.453 26.25 £9.145 25.66 £ 4.909
P value 0.609
Histological type FLC 3(0.8) 2(0.7) 1(14)
HCC 360 (97.3) 287 (97) 73 (98.6)
FLHCC 7(1.9) 7 (2.4) 0 (0)
P value 0.35
Stage 1/1I 256 (69.2) 209 (69.6) 47 (63.5)
Y 90 (24.4) 69 (23.3) 21 (28.4)
Not available 24 (6.5) 18 (6.1) 6 (8.1)
P value 0.454
Grade G1/G2 232 (62.7) 180 (60.8) 52 (70.3)
G3/G4 133 (35.9) 112 (37.9) 21 (28.4)
Not available 5(14) 4(14) 1(1.4)
P value 0.241

P values refer to statistical results between training and validation groups. BMI: Body mass index; FLC: Fibrolamellar carcinoma; HCC: Hepatocellular
carcinoma; FLHCC: Hepatocholangio carcinoma (mixed).

Table 2 The five genes significantly correlate with the prognosis of patients with liver cancer

Gene Gene set Coef Hazard ratio z P value
ATGI10 Ubiquitin-conjugating enzyme (E2) 0.48387 1.62234 2.364 0.0181
PSMAS8 Proteasome 0.20721 1.23024 1.962 0.0497
PSMB?2 Proteasome 0.66763 1.94962 2483 0.013
USP17L2 Deubiquitinating enzyme (DUB) -2.8057 0.06046 -3.048 0.0023
UusP8 Deubiquitinating enzyme (DUB) -0.46594 0.62755 -1.701 0.0889

ATG10: Autophagy related 10; PSMAS: Proteasome 20S subunit alpha 8; PSMB2: Proteasome 20S subunit beta 2; USP17L2: Ubiquitin specific peptidase 17
like family member 2; USP8: Ubiquitin specific peptidase 8.

RESULTS

Construction of a prognosis-predicted model for liver cancer based on five genes

The clinical parameters of the whole samples, cases in the training group, and those in the validation group are listed in
Table 1, with P value referring to the statistical results between the training group and the validation group. A total of
five genes significantly related to prognosis were screened to construct a prognosis predictive model, including ATG10,
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Figure 1 Prognosis predictive model for liver cancer. A: Receiver operating characteristic (ROC) curve of the model in training group; B: Survival curve of
high- and low-risk patients with liver cancer in training group; C: ROC curve of the model in The Cancer Genome Atlas (TCGA) validation group; D: Survival curve of
high- and low-risk patients with liver cancer in TCGA validation group; E: ROC curve of the model in gene expression comprehensive (GEO) validation group; F:
Survival curve of high- and low-risk patients with liver cancer in GEO validation group. AUC: Area under the curve; OS: Overall survival.
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Figure 2 Immunocyte infiltration between cases with high and low expression levels of ATG10, PSMA8, PSMB2, USP17L2, and USPS.

proteasome 20S subunit alpha 8 (PSMAS), proteasome 20S subunit beta 2 (PSMB2), ubiquitin specific peptidase 17 like
family member 2 (USP17L2), and ubiquitin specific peptidase 8 (USP8) (Table 2). In the training group, the area under the
curve (AUC) values of the model for predicting 1-, 3-, 5-, and 10-year survival were 0.724, 0.659, 0.643, and 0.624,
respectively (Figure 1A). All patients were classified into either a high-risk or low-risk group according to the score of
risk. There was a significant difference in survival time between the high-risk and low-risk groups (P < 0.001, Figure 1B).
In the validation group, the AUC values of the model for predicting 1-, 3-, 5-, and 10-year survival were 0.614, 0.66, 0.64,
and 0.649, respectively, and the low-risk group exhibited a higher survival probability than the high-risk group (P =
0.012, Figure 1C and D), suggesting that the model can well predict the prognosis in liver cancer patients. In the GSE54236
data set, the AUC values of the model for predicting 1- and 3-year survival were 0.563 and 0.678, respectively, and the
cases could be divided into a high-risk group and low-risk group by the risk score. There was a significantly difference in
survival time between the high-risk group and low-risk group (P = 0.014, Figure 1E and F).

Significance of expression of the five genes in immunocyte infiltration

Through the above analysis, we found that the expression levels of the five genes can predict the prognosis of liver
cancer. Because immunocyte infiltration is commonly affected by gene expression, we then studied the correlation of the
expression levels of the five genes with the abundance of 40 types of immune cells. PSMAS8 was associated with the
abundance of the most immune cells, and the abundance of 28 immune cell types was significantly correlated with
PSMAS expression levels. This was followed by USP17L2, ATG10, USP8, and PSMB2, with 25, 23, 18, and 13 types of
immune cells that were related to the expression levels of these genes, respectively (Figure 2). The abundance of most
cells was negatively correlated with the expression levels of ATG10, USP17L2, and USP8, while PSMAS and PSMB2
expression levels were positively correlated with the abundance of most cell types (Figure 2).

The five genes are associated with tumor stages and postoperative recurrence

PSMAS8 and PSMB2 expression and the risk score were significantly different between males and females (Figure 3A-C).
For pathological and clinical stages, ATG10 expression and the risk score were significantly different between T2 and T3
stages, PSMB2 and USP17L2 expression was significantly different between T1 and T3 stages (Figure 3D-G), the risk score
was statistically lower in NO stage than in NX stage (Figure 3H), and the expression levels of ATG10, PSMB2, and
USP17L2 and the risk score were significantly different between stage I and stage II (Figure 31-L). Moreover, PSMAS,
PSMB2, USP17L2, and USP8 expression was all correlated with the upper limit of albumin results, among which PSMAS8
and USP17L2 were positively correlated, and PSMB2 and USP8 were negatively correlated with albumin results
(Figure 3M). There was also a negative correlation between the risk score and the upper limit of albumin results,
indicating that as the risk value increased, the albumin levels decreased, leading to an elevated prognosis risk for patients
Figure 3M).

( Iéostoper)ative recurrence included extrahepatic recurrence, local recurrence, intrahepatic recurrence, and new primary
tumor. After univariate Cox analysis, ATG10, PSMAS8, and USPS, as well as the risk score, were found significantly
correlated with postoperative recurrence (P < 0.05, Figure 3N).

DEGs between high- and low-risk groups and their enriched pathways

A total of 111 DEGs were screened out between the high-risk group and low-risk group, among which 27 were up-
regulated and 84 down-regulated (Figure 4A). These DEGs were associated with 20 GO terms, comprising 9 biological
processes, 6 cellular components, and 5 molecular functions (Figure 4B). Five KEGG pathways enriched were GABAergic
synapse, morphine addiction, neuroactive ligand-receptor interaction, retrograde endocannabinoid signaling, and cell
cycle (Figure 4C).

DEGs in the E3 gene set between the high- and low-risk groups

Between the high-risk and low-risk groups, significant differences were observed in three genes within the E3 gene set:
CDC20, Kelch repeat and BTB domain containing 11 (KBTBD11), and DDB1 and CUL4 associated factor 4 like 2 (
DCAF4L2). In the high-risk group, CDC20 and DCAF4L2 exhibited elevated expression levels, whereas KBTBD11 showed
higher expression in the low-risk group. This suggested a negative correlation between the expression of CDC20 and
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Figure 3 Correlation of expression levels of ATG10, PSMA8, PSMB2, USP17L2, and USP8 and risk score with clinical parameters. A-C:
Gene expression and risk score between genders; D-G: Gene expression and risk score among T stages; H: Risk score among N stages; I-L: Gene expression and
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DCAF4L2 and survival, while KBTBD11 displayed a positive correlation with the prognosis of liver cancer (Figure 5).

DISCUSSION

The key factor to cell survival lies in the balance of protein synthesis and decomposition. The UPP is an ATP-dependent
non-lysosomal protein degradation pathway, which is important for the body to regulate the level and function of
intracellular proteins, thus efficiently and selectively degrading intracellular proteins. This study showed that the
expression of the UPP genes ATG10, PSMAS, PSMB2, USP17L2, and USP8 was significantly correlated with the prognosis
of liver cancer. The prognosis model constructed based on these five genes could accurately predict the prognosis of
patients (P < 0.001 and P = 0.012 in training and validation groups, respectively, Figure 1). These genes were statistically
correlated with different clinical parameters and immune cell abundance (Figures 2 and 3). The model categorized all
patients into either a high-risk group or a low-risk group, and a total of 111 DEGs were screened between the two groups,
which were enriched in GO terms related to protein binding, GABA-A receptor, synapse, ¢etc., and KEGG pathways of
retrograde endocannabinoid signaling, neuroactive ligand-receptor interaction, morphine addiction, GABAergic synapse,
and cell cycle (Figure 4).

Those five genes were found to promote the development of many malignant tumors, including liver cancer[15-22].
Our results showed that the increased expression of ATG10, PSMAS, and PSMB2 increased the risk of death (P = 0.018,
0.049, and 0.013, respectively), while the increased expression of USP17L2 and USP8 decreased the risk of death (P =
0.002 and 0.089, respectively). According to previous studies, the overexpression of ATG10 and PSMB2 in tumors
promoted the invasion or metastasis of tumor cells[16,18], and USP8 showed the opposite effect[21,22]. Besides, PSMAS8
could affect the progression and prognosis of colorectal cancer due to its strong association with PSMB2[23]. Interestingly,
higher PSMAS8 expression levels were correlated with good prognoses for breast cancer through epigenetic regulation
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Figure 4 Enrichment analysis of differentially expressed genes between liver cancer and normal samples. A: Volcano plot of differentially
expressed genes (DEGs); B: Gene ontology terms enriched by DEGs; C: Kyoto Encyclopedia of Genes and Genomes pathways enriched by DEGs. GO: Gene
ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes; DEGs: Differentially expressed genes.

[24]. In our study, it was found that PSMAS was positively correlated with the prognosis of patients with liver cancer. On
the contrary, USP17L2 has been found to be overexpressed in a variety of tumors[19,20], which is similar to our results.
However, recent studies have found that up-regulation of USP17L2 causes chemotherapy resistance in colorectal cancer,
and knockdown of USP1712 could overcome bromodomain and extra-terminal domain inhibitor resistance in prostate
cancer cells[25,26]. Hence, the role of USP17L2 in liver cancer still requires further exploration.

The global immune system functions pose great technical challenges to the research of tumor-immune interaction[27,
28]. Because immune infiltration plays a key role in the development of liver cancer[27], we conducted a thorough
correlation analysis to identify the immune cell types associated with the prognosis model. Minor alterations in the distri-
bution of immune cells could potentially exert diverse impacts on the progression of tumors[29]. In this study, myeloid
dendritic cells were the immune cell type with a significant difference in abundance only between groups with high and
low expression of the PSMB2 gene, as well as neutrophils and Th17 cells between groups with different expression of the
USP17L2 gene (Figure 2). However, no significant correlation was found between tumor-infiltrating immune cells and
gene expression, and it is imperative to conduct additional confirmation and validation in an independent cohort.
Furthermore, exploring the connection between the expression levels of some checkpoints and immune infiltration, as
well as the tumor microenvironment, will be a hotspot for future research.

Moreover, the expression of one or more of the five genes and the risk score were different among different T, N, and
clinical stages (Figure 3). It is widely known that tumor stage is a key prognostic factor for malignant tumors[30]. In
addition, all genes except ATG10 and the risk score were correlated with the upper limit of albumin results (Figure 3). The
risk score was not only statistically significant in different stages, but also negatively correlated with the upper limit of
albumin results and postoperative recurrence, which proves that the model developed in this study has appreciated value
in clinical prediction of recurrence and prognosis.
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Figure 5 Differentially expressed genes in E3 gene set between high- and low-risk groups. A-C: CDC20 (A), KBTBD11 (B), and DCAF4L2 (C) in E3
gene sets were significantly different between high- and low-risk groups.

E3 is the key factor in the UPP, which can specifically recognize different substrates and show high selectivity in
protein degradation. Therefore, we analyzed the E3 gene set independently of E1, E2, DUB, and proteasome-related
genes. Finally, the expression levels of CDC20, KBTBD11, and DCAF4L2 were identified as significantly different between
the high-risk and low-risk groups, which were also included in the above 111 DEGs. CDC20 plays a vital role in
chromosome segregation and mitosis[31]. It regulates the stability of phosphorylated mitotic centromere-associated
kinesin in metaphase-anaphase transition[32], which may play a role as a cancer protein to promote the development and
progression of liver cancer. In the study of Zheng et al[33], CDC20, proliferating cell nuclear antigen, and minichro-
mosome maintenance complex component 6 synergistically affect the regulation of the cell cycle and may be potential
prognostic factors for liver cancer. Shi et al[34] found that CDC20 serves as a crucial factor in the development of hepato-
cellular carcinoma (HCC) by controlling the prolyl-4-hydroxylase domain 3 protein. By analyzing four expression profiles
from the GEO database, it was found that the up-regulation of CDC20 in HCC tissues indicates poor OS and disease-free
survival[35]. Recently, KBTBD11 was identified as a newly discovered adipogenesis-related gene[36]. In diverse cancer
types, such as colorectal cancer, HCC, and head and neck squamous cell carcinoma, the expression of KBTBD11 was
significantly decreased in tumor tissues as compared to normal tissues[37]. This is consistent with our result that patients
in the high-risk group had lower KBTBD11 gene expression levels. DCAF4L2 is a member of the E3 complex, which is
usually used as a mediator of protein-protein interaction and negatively regulates NF-«B signal transduction. Overex-
pression of DCAF4L2 has been observed in human colon cancer[38]. In a study of HCC, overexpression of DCAF4L2 is a
common feature of nonalcoholic steatohepatitis-associated HCC and viral hepatitis-associated HCC, which can be used as
a candidate therapeutic target for HCC[39]. We also found overexpression of DCAF4L2 in high-risk patients, which
suggested a poor prognosis in patients with liver cancer.

One of the main shortcomings of this study is the lack of clinical cases. All the data were from TCGA and GEO,
resulting in the lack of clinical data for some patients, and it was unable to validate the expression of the five genes and
comprehensively analyze their correlation with clinical and prognostic indicators. This is a preliminary study, and the
results reported are exploratory. We intend to validate these results and the detailed mechanisms in future studies.

CONCLUSION

In conclusion, we have used gene expression data in TCGA to screen genes involved in the UPP pathway that
significantly correlate with the prognosis of liver cancer. Our findings indicate that the UPP plays an important role in the
development of liver cancer, which provides new insights into the early prediction of prognosis and precision medicine
in liver cancer.

ARTICLE HIGHLIGHTS

Research background

The ubiquitin-proteasome pathway (UPP) is crucial for selective protein degradation, and its dysfunction is linked to
various diseases, including cancer. Proteasome inhibitors are emerging as potential anti-tumor drugs. This study
explored the association between UPP gene expression and liver cancer prognosis, aiming to identify key genes and
develop a predictive model. By doing so, the research seeks to offer novel insights into the role and potential mechanisms
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of the UPP in liver cancer development, contributing to the ongoing exploration of effective therapeutic strategies for
liver cancer.

Research motivation

Due to the high tumor heterogeneity, effective surveillance and predication of the prognosis of liver cancer still face
multiple challenges. This study was performed to analyze the relationship between the expression of genes in the UPP
and the prognosis of liver cancer and construct a prognosis predictive model for this malignancy.

Research objectives

The study aimed to investigate the prognostic significance of genes in the UPP in liver cancer. Using gene expression data
from The Cancer Genome Atlas (TCGA) and gene expression comprehensive (GEO) databases, the study identified key
genes involved in the UPP, constructed a prognostic predictive model for liver cancer, and explored the associations of
the model with immune cell infiltration and clinical parameters, in order to enhance liver cancer prognosis prediction and
provide insights into the role and potential mechanisms of the UPP in liver cancer development, contributing valuable
information for precision medicine in the context of liver cancer management.

Research methods

The research employed diverse methodologies, utilizing UPP-related gene sets and patient data from TCGA and GEO
databases. A prognostic model was constructed using univariate and multivariate regression analyses, involving five key
genes (ATG10, PSMAS8, PSMB2, USP17L2, and USP8). The model demonstrated robust predictive abilities for liver cancer
prognosis. Immunocyte infiltration analysis and correlation studies with clinical parameters provided additional insights.
Differentially expressed genes and enrichment analyses shed light on relevant pathways. The study's comprehensive
approach contributes a nuanced understanding of UPP gene implications in liver cancer prognosis.

Research results

This study investigated the role of the UPP in liver cancer, identifying five key genes (ATG10, PSMAS, PSMB2, USP17L2,
and USP8) associated with prognosis. A predictive model was constructed and validated using TCGA and GEO datasets.
The study highlighted differential gene expression between the high- and low-risk groups and enriched relevant
pathways. Additionally, differentially expressed genes in the E3 gene set (CDC20, KBTBD11, and DCAF4L2) were
identified as significant. The findings provide valuable insights into liver cancer prognosis, immunology, and potential
therapeutic targets.

Research conclusions

We have used gene expression data in TCGA to screen genes in the UPP that significantly correlated with the prognosis
of liver cancer. Our findings indicate that the UPP plays an important role in the development of liver cancer, which
provides new insights into the early prediction of prognosis and precision medicine in liver cancer.

Research perspectives

This is a preliminary study, and the results reported are exploratory. We intend to validate these results and the detailed
mechanisms in future studies.
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Abstract

BACKGROUND

Portal vein tumor thrombus is an important indicator of poor prognosis in
patients with hepatocellular carcinoma. Transarterial chemoembolization is
recommended as the standard first-line therapy for unresectable hepatocellular
carcinoma. Portal vein stent placement is a safe and effective therapy for promptly
restoring flow and relieving portal hypertension caused by tumor thrombus.

AIM

To assess the clinical significance of transarterial chemoembolization plus stent
placement for the treatment of hepatocellular carcinoma with main portal vein
tumor thrombosis.

METHODS

We searched English and Chinese databases, assessed the quality of the included
studies, analyzed the characteristic data, tested heterogeneity, explored hetero-
geneity, and tested publication bias.

RESULTS

In total, eight clinical controlled trials were included. The results showed that the
pressure in the main portal vein after stent placement was significantly lower than
that with no stent placement. The cumulative stent patency and survival rates at 6
and 12 months were lower in the transarterial chemoembolization + stent
placement group than in the transarterial chemoembolization + stent placement +
brachytherapy/radiotherapy group. The survival rates of patients treated with
transarterial chemoembolization + stent placement for 6 and 12 months were
higher than those of patients treated with transarterial chemoembolization alone.

CONCLUSION
For Chinese patients with hepatocellular carcinoma with main portal vein tumor
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thrombosis, transarterial chemoembolization plus stenting is effective. Transarterial chemoembolization + stent
placement is more effective than transarterial chemoembolization alone. Transarterial chemoembolization + stent
placement + brachytherapy/radiotherapy is more effective than transarterial chemoembolization + stenting.
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Core Tip: Portal vein tumor thrombus (PVTT) as an important indicator of poor prognosis existed in 44% of patients with
hepatocellular carcinoma (HCC). Transarterial chemoembolization (TACE) is recommended as the standard first-line
therapy in unresectable hepatocellular carcinoma. Some Chinese scholars have found that TACE combined with portal vein
stent placement is safe and could prolong the survival time in HCC patients with PVTT.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common malignancies worldwide[1]. It is the fourth most common
malignant tumor and the third most common cause of cancer-related death in China[2]. Portal vein tumor thrombus
(PVTT), an important indicator of poor prognosis, occurs in 44% of patients with HCC[3]. PVTT decreases the blood
supply to the normal liver and cause deterioration of liver function, gastrointestinal bleeding, and tumor recurrence[4].
HCC with PVTT is regarded as technically unresectable.

Transarterial chemoembolization (TACE) is recommended as the standard first-line therapy for unresectable HCC[5].
However, PVTT limits the effect of TACE and leads to liver failure because of portal vein obstruction. Three-dimensional
conformal radiotherapy (3-DCRT) and I'* seeds have been shown to improve survival in HCC patients with main PVTT
but not in those with worsened liver function[6,7]. However, the obstruction of the portal vein cannot be relieved
immediately by 3-DCRT or I'® seeds alone.

Portal vein stent placement is a safe and effective therapy for promptly restoring flow and relieving portal
hypertension caused by tumor thrombus. It prolonged survival in patients with HCC and main PVTT[8]. Several Chinese
scholars have shown that TACE combined with portal vein stent placement is safe and can prolong the survival time of
HCC patients with main PVTT[9,10]. However, clinical trials with large samples for demonstrating the clinical
significance of TACE plus stent placement for HCC patients with main PVTT are currently lacking, and no systematic
analysis on the clinical significance of TACE plus stent placement for HCC patients with main PVTT in the Chinese
population has been performed. Hence, this study aimed to carry out a meta-analysis to assess the clinical significance of
TACE plus stent placement for Chinese patients with HCC and main PVTT.

MATERIALS AND METHODS
Search strategy

We performed a comprehensive literature search by using English-language databases, including PubMed, the Cochrane
Library, and Excerpt Medica Database, and Chinese databases, including the Chinese National Knowledge Infrastructure
(CNKI), Wanfang Data, and CQVIP, up to 2019.

We used the following search terms in the field for title/abstract and/or keywords: “Hepatocellular carcinoma”,

“transarterial chemoembolization” or “TACE"” or “chemoembolization”, “portal vein tumor thrombus”, and “stent”. All
the data were available from published papers.

Study selection

The studies selected met the following inclusion criteria: (1) Original research; (2) human participants; (3) the study had
clinical results, such as stent patency rates and survival rates; and (4) the study showed the clinical value of TACE plus
stent placement for HCC patients with main PVTT.

Data extraction and study quality assessment

Two authors screened the titles and abstracts of potentially eligible studies independently and examined the full-text
articles to determine whether they could be included. One author independently extracted the data, including author,
country, publication year, design, treatment, and patient number. All the included studies were assessed for quality
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Figure 1 Flowchart of the meta-analysis.

through the Cochrane Collaboration tool[11].

Data analysis
Review Manager 5.3 was used to analyze the data. For all analyses, P < 0.05 was considered to indicate statistical
significance. Heterogeneity was assessed by using the chi-square test and I2 statistic[12,13]. The I? statistic was applied to
further assess heterogeneity (25% < I?> < 50% indicated low heterogeneity; 50% < I> < 75% indicated moderate hetero-
geneity). An I> 2 75% indicated significant heterogeneity.

Subgroup analysis was performed to explore the source of heterogeneity.

Publication bias was evaluated using funnel plots[13]. When a funnel plot was asymmetrical, interpretation of the
results was assessed critically. Otherwise, no publication bias existed.

RESULTS

Search strategy
We included eight studies in this meta-analysis. Two studies were published in English[14,15]. Six studies were of
Chinese descent[9,10,16-19] (Figure 1).

Data extraction and study quality assessment
The extracted data included author, publication year, nation, study design, number of patients, and therapies used in the
experimental and control groups (Table 1).

The quality of the included studies was assessed. The tool included seven bias metrics, namely, random sequence
generation (selection bias), allocation concealment (selection bias), blinding of participants and personnel (performance
bias), blinding of outcome assessment (detection bias), incomplete outcome data (attrition bias), selective reporting
(reporting bias), and other bias. A summary and graphs of the risk of bias were constructed based on the investigators’
judgments about each risk of bias item for each included study and are presented as percentages (Figure 2).

Data analysis

We compared the changes in main portal vein pressure before and after the operation (Figure 3). The pressure in the main
portal vein after stent placement was significantly lower than that before stent placement (P < 0.00001), suggesting that
stent placement decreased the main portal vein pressure. Heterogeneity existed in these results (I* = 63%).

We compared the cumulative stent patency rates at 6 and 12 months (Figure 4). The cumulative stent patency rates at 6
and 12 months were lower in the TACE + stent placement group than in the TACE + stent placement + brachytherapy/
radiotherapy group (P < 0.00001), suggesting that stents without brachytherapy/radiotherapy were more obstructed by
main PVTT. Heterogeneity did not exist in these results (> = 0%).

We also compared the survival rates at 6 and 12 months (Figure 5). The overall survival (OS) rates at 6 and 12 months
were lower in the TACE + stent placement group than in the TACE + stent placement + brachytherapy/radiotherapy
group (P < 0.00001), suggesting that TACE + stent placement + brachytherapy/radiotherapy could prolong overall
survival better than TACE + stent placement. Heterogeneity existed in these results (I> = 85%, 27%).

To explore the source of heterogeneity, we performed a subgroup analysis of the overall survival rates at 6 and 12
months (Figure 6). The results showed that the source of heterogeneity was the different therapies: TACE + stent
placement + brachytherapy/radiotherapy could prolong overall survival better than TACE + stent therapy, and TACE +
stent placement could prolong overall survival better than TACE alone (P < 0.00001).
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Figure 3 Forest plot of changes of main portal vein pressure.

To assess publication bias, funnel plots were generated, and no publication bias was found (Figure 7).

DISCUSSION

PVTT is recognized as one of the most significant causes of recurrence and metastasis in HCC patients. The prognosis of
HCC patients with PVTT is poor. The portal vein is the main nutrient vessel for the liver. It can be invaded by a tumor
thrombus, which causes extensive intrahepatic metastases. When portal vein occlusion is accompanied by tumor
thrombus, liver function fails, and the possibility of esophageal gastrointestinal bleeding increases, which is lethal for
HCC patients.

Surgical resection can cure PVTT, but the high rate of recurrence after surgery and the high surgical requirements limit
its use[20]. 3-DCRT was also used for PVTT. The liver is sensitive to radiation and can tolerate 30 Gy/3-4 wk. However, to
cure PVTT, the radiation dose must be above 40 Gy, which can cause external radiation to the liver and body[21]. Because
of the tumor thrombus in the hepatic artery, TACE can lead to necrosis of the tumor and tumor thrombus. However, the
effect of TACE on tumor thrombi is less than that on tumors because TACE indirectly affects tumor thrombi.
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Figure 4 Forest plots of cumulative stent patency rates at 6 and 12 months. A: 6 months; B: 12 months.
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Figure 5 Forest plots of survival rates at 6 and 12 months. A: 6 months; B: 12 months.

According to our meta-analysis, TACE plus a main portal vein stent decreased the pressure in the main portal vein.
Furthermore, for HCC patients with main PVTT, TACE plus portal vein stenting improved the survival rate compared
with TACE alone. TACE + stent placement + brachytherapy/radiotherapy could improve the stent patency and survival
rates better than TACE + stenting. Several studies have shown that portal vein stents serve as palliative remedies for
malignant portal vein obstructions and could interrupt the infiltration and ingrowth of tumor thrombi in the portal vein
to some degree[8,22], which is consistent with our meta-analysis. However, within a short period, owing to the mesh of
the stent, the tumor thrombus might regrow into the stent, leading to reoccurrence and restenosis of the portal vein.
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Figure 6 Forest plots of subgroup analysis. A: 6 months; B: 12 months.

Fortunately, TACE + stent placement + brachytherapy/radiotherapy is a practical superior treatment for HCC with main
PVTT[14,23]. Because the stent pressed the tumor thrombus, 3-DCRT minimized the likelihood of treating PVTT exactly,
which reduced the damage to the normal liver and benefited liver function. I'* seeds were close to the tumor tissue to
deliver continuous irradiation, which restrained the ability of the tumor thrombus to proliferate by damaging the DNA
tumor cells. Consequently, the efficiency of TACE + stent placement + brachytherapy/radiotherapy may be better than
TACE + stenting and TACE alone for HCC patients with main PVTT. In the future, we can pay more attention to
comparing the efficiency of TACE + stent placement + brachytherapy/radiotherapy and TACE + stent placement +
radiotherapy for HCC patients with main PVTT.

There were several limitations in our meta-analysis: (1) Fifty randomized controlled trials were not included in the
selected studies, which may have induced bias and affected our assessment of the management of HCC patients with
main PVTT; (2) there was a lack of sufficient statistical data from multiple medical centers available to evaluate the
efficacy of different therapies for patients with HCC and main PVTT; and (3) potential publication bias cannot be ignored,
although our results showed no significant publication bias.
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Table 1 Characteristics of included studies

Number of patients (M/F) Therapy
Ref. Nation Design

Experimental group  Control group Experimental group Control group
Li et al[14], 2011 China NG 23/7 17/9 TACE + stenting TACE + stenting + I'®
Wang et al[16],2009  China  Retrospective study 12/0 9/1 TACE + stenting TACE + 3-DCRT
Wu et al[17], 2012 China  Retrospective study 43/7 51/5 TACE + stenting TACE + stenting + I'®
Xiang et al[9], 2017 China  Prospective study 9/6 8/7 TACE + stenting TACE
Zhang et al[18],2008 China  Retrospective study 28/1 15/1 TACE + stenting TACE + stenting + 3-DCRT
Zhang et al[15],2009 China  Retrospective study 28/1 15/1 TACE + stenting TACE + stenting + 3-DCRT
Zhanget al[10],2011 China  Retrospective study 23/7 22/8 TACE + stenting TACE
Zhang et al[19],2016 ~China  Retrospective study — 83/12 178/16 TACE + stenting TACE + stenting + ['®
NG: Not given.
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Figure 7 Funnel plot of included studies.

CONCLUSION

In summary, for HCC patients with main PVTT in the Chinese population, TACE + stent surgery is effective. The
therapeutic benefits of TACE + stent placement are better than those of TACE alone. TACE + stent placement + brachy-
therapy/radiotherapy is more effective than TACE + stent placement.

ARTICLE HIGHLIGHTS

Research background
Portal vein tumor thrombus (PVTT) has been recognized as an important indicator of poor prognosis for hepatocellular
carcinoma (HCC) patients. HCC with main PVTT limits the effect of transarterial chemoembolization (TACE).

Research motivation

Portal vein stent placement is a safe and effective therapy for promptly restoring flow and relieving portal hypertension
caused by tumor thrombus. The efficacy and safety of TACE combined with portal vein stent placement have been
proved by some Chinese scholars. No meta-analysis on the clinical significance of TACE plus stent placement for HCC
with main PVTT was performed.

Research objectives

This study aimed to carry out a meta-analysis to assess the clinical significance of TACE plus stent placement for HCC
with main PVTT.
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Research methods
We searched English and Chinese databases, assessed the quality of the included studies, analyzed the characteristic data,
explored heterogeneity, and tested publication bias.

Research results

The results showed that the pressure in the main portal vein after stent placement was significantly lower than that with
no stent placement. The cumulative stent patency and survival rates at 6 and 12 months were lower in the transarterial
chemoembolization + stent placement group than in the transarterial chemoembolization + stent placement + brachy-
therapy/radiotherapy group. The survival rates of patients treated with transarterial chemoembolization + stent
placement for 6 and 12 months were greater than those of patients treated with transarterial chemoembolization alone.

Research conclusions

Transarterial chemoembolization + stenting is safe. Transarterial chemoembolization + stent placement is more effective
than transarterial chemoembolization alone. Transarterial chemoembolization + stent placement + brachytherapy/
radiotherapy is more effective than transarterial chemoembolization + stenting.

Research perspectives
Tyrosine kinase inhibitors and immune therapies have been proved safe and effective. Adding tyrosine kinase inhibitors
and immune therapies will improve the value of this study.
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Abstract

BACKGROUND

SMARCAA4 is a component of chromatin remodeling of SWItch/sucrose-nonfer-
menting (SWI/SNF) complexes and plays an essential role in oncogenesis.
SMARCAA4-deficient malignancies arising from the gastrointestinal tract are rare
and have a poor prognosis. There is no standard treatment for advanced and
undifferentiated SMARCAA4-deficient duodenal malignancies. Programmed death
1 (PD-1) antibodies, known as immune checkpoint inhibitor antibodies,
potentially play a role in treating gastrointestinal tract malignancies.

CASE SUMMARY

We present two patients with SMARCA4 deficiency and TP53 gene mutation in
advanced undifferentiated carcinomas of the duodenum. For both patients,
SMARCA4 deficiency was confirmed by immunohistochemical staining for the
BRG1 protein, while TP53 gene mutations were observed via next-generation
sequencing. Both patients were administered chemotherapy in combination with
an anti-PD-1 antibody. The two patients exhibited completely different responses
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to treatment and had different prognoses. Case 1 experienced rapid progression after PD-1 infusion and
chemotherapy, case 2 experienced a remarkable response after treatment, and the progression-free survival was
more than 6 months.

CONCLUSION

This study described our clinical and pathological observations of SMARCA4-deficient advanced undifferentiated
carcinoma of the duodenum. PD-1 combined with chemotherapy showed a certain efficacy in select patients,
providing options for treating these highly malignant tumors. Patients with liver metastases had a worse prognosis
than did those with only lymph node metastasis.

Key Words: SMARCAA4 deficiency; Undifferentiated carcinomas; Chemotherapy; Programmed death 1; Immune checkpoint
inhibitors; Case report

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

Core Tip: SMARCAA4-deficient malignancies arising from the gastrointestinal tract are rare and have a poor prognosis. We
present two patients diagnosed with advanced duodenal undifferentiated carcinoma by immunohistochemical staining for
SMARCA4 deficiency and TP53 gene mutations. Patients with high tumor mutational burden responded well to
programmed death 1 antibodies in combination with chemotherapy, and those with liver metastases had a worse prognosis.
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INTRODUCTION

The small intestine accounts for only 1%-1.4% of all gastrointestinal (GI) malignancies. The most common primary
malignancy in the small bowel is adenocarcinoma, with the duodenum being the most frequently affected site. Various
histological subtypes of duodenal malignancies, including adenocarcinoma, sarcoma, lymphoma, and neuroendocrine
tumors, have been identified. Undifferentiated carcinoma of the duodenum, characterized by rhabdoid features, is a rare
form of malignancy. A previous study revealed that, in most cases, patients with undifferentiated/rhabdoid carcinoma in
the gastrointestinal tract lacked expression of at least one of the four SWItch/sucrose-nonfermenting (SWI/SNF) complex
subunits, namely, SMARCB1, SMARCA2, SMARCA4, and ARID1A[1,2]. The SWI/SNF complex is an ATP-consuming
multisubunit cellular machine that modulates chromatin compaction, thereby regulating DN A-related processes such as
transcription, replication, and DNA repair and oncogenesis[3,4]. The absence of the key proteins INI1 and BRG1, which
are encoded by SMARCB1 and SMARCA4, respectively, is commonly observed in various malignancies, including
atypical teratoid/rhabdoid tumors, epithelioid sarcoma, and ovarian small-cell carcinomas of the hypercalcemic type[3,

Recently, investigations into SMARCA4 inactivation as a driver event in malignancies have been performed. Mutations
leading to the loss of expression of these protein components have also been identified in a subset of poorly differentiated
or undifferentiated carcinomas at many sites throughout the body. These include the sinonasal tract[4], lung[5],
gastrointestinal tract[6,7], and uterus[8].

In this case report, we documented two patients diagnosed with duodenal SMARCA4-deficient undifferentiated
carcinoma who underwent immunohistopathological tests combined with next-generation sequencing and multiplex
immunofluorescence analysis. There is no current standard treatment for advanced and undifferentiated SMARCA4-
deficient duodenal malignancies. Both patients were administered chemotherapy in combination with programmed
death 1 (PD-1) antibody, known as immune checkpoint inhibitor (ICI). Patients with high tumor mutational burden
(TMB) responded well to PD-1 antibodies in combination with chemotherapy, and those with liver metastases had a
worse prognosis.

CASE PRESENTATION

Chief complaints
Case 1: A 51-year-old male patient presented to our hospital with increasing upper abdominal pain for more than one
month.
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Case 2: A 43-year-old female complained of intermittent upper abdominal pain for 4 months and enlargement of the left
supraclavicular lymph nodes.

History of present illness

Case 1: The patient’s premorbidity was good, with an Eastern Cooperative Oncology Group performance status score of
0. Gastroscopy revealed an ulcer in the descending part of the duodenum, approximately 3 cm x 3.5 cm, with irregular
protrusions around the perimeter. A biopsy from the descending part of the duodenum was performed by endoscopy,
and an ulcerative mass was found.

Case 2: Gastroenteroscopy was also conducted, and an ulcer in the duodenal papilla was found. Biopsy revealed
undifferentiated carcinoma of the duodenum, and contrast-enhanced computed tomography (CT) indicated multiple
lymph node metastases involving the retroperitoneal lymph nodes.

History of past illness

Case 1: He had no history of smoking or drinking or a significant medical history.

Case 2: She had no history of smoking or drinking or a significant medical history.

Personal and family history
Case 1: The patient had no personal or family history.

Case 2: The patient had no personal or family history.

Physical examination
Case 1: The patient had mild upper abdominal tenderness.

Case 2: A mass in the left neck was palpated.

Laboratory examinations
Case 1: All of the tumor marker results in the blood sample were negative.

Case 2: An elevated CEA level of 5.14 ng/L was observed. CA199, CA242, and CA724 were all negative.

Imaging examinations

Case 1: An initial CT scan and magnetic resonance imaging (MRI) with enhanced contrast agent injection showed
abnormal wall thickening in the duodenal ampulla and multiple liver nodular masses revealing malignant metastases.
Retroperitoneal lymphadenopathy was also considered (Figure 1A and B).

Case 2: Gastroenteroscopy was also conducted, and an ulcer in the duodenal papilla was found. Biopsy revealed
undifferentiated carcinoma of the duodenum. Contrast-enhanced CT indicated multiple lymph node metastases
involving the retroperitoneal lymph nodes (Figure 2A and B).

Further diagnostic work-up
Case 1: Histology was performed, and the epithelioid or undifferentiated tumor cells grew in cords or nests. hematoxylin-
eosin staining is shown in Figure 1E. Extensive areas of necrosis were observed within the tumor. The immunohisto-
logical analysis revealed the following results: Ki-67 (approximately more than 90% positive), CK7 (-), SMARCA4 (-), and
INSML1 (-) (Figure 1F). Multiplex immunofluorescence staining was also analyzed. PD-L1 expression was positive, with a
CPS of 5, and microsatellite stabilization (MSS) was observed. The tumor immune microenvironment was classified as an
acquired immune tolerance type according to the presence of both CD8+ tumor-infiltrated lymphocytes TILs and PD-L1-
expressing cells. Notably, tertiary lymphoid structures were not found in the tumor area (Figure 1G and H). Next-
generation sequencing of biopsy tissue was subsequently performed. The results revealed TP53 and CTNNB1 mutations
(Table 1). However, the SMARCA4 mutation variant was not observed in this patient.

The final pathological diagnosis was duodenal SMARCA4-deficient undifferentiated carcinoma, clinical stage IV with
multiple liver metastases and retroperitoneal lymph node metastases.

Case 2: Immunohistopathological staining revealed the following results: Ki-67 (90%+) and SMARCAA4 (-) (Figure 2E and
F). Next-generation sequencing revealed TP53, NCOR1, MYHY, ERBB3, RAD52 and CTNNB1 mutations (Table 1), and the
TMB increased to 10.56/Mb, with a score of 6 for PD-L1 expression. MSS was observed. However, the SMARCA4
mutation variant was not observed in this patient.

FINAL DIAGNOSIS

The final pathological diagnosis was duodenal SMARCA4-deficient undifferentiated carcinoma, clinical stage IV with
multiple lymph node metastases.
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Table 1 Genomic profile of somatic alterations for the patients

Gene Transcript description Mutant allele frequency
Case 1 TP53 NM_000546.5:¢.742C>T(p.Arg 248Trp) 20.9%

CTNNB1 NM_001098209.1:c.134C>T(p.Ser45Phe) 23.4%
Case 2 TP53 NM_000546.5: ¢.1024C>T(p.R342) 23.2%

NCOR1 NM_006311.3 :c.5689T>G (p.S1897A) 18.7%

MYH9 NM_002473.4 : ¢.1560C[6>7] (p.I524Hfs*44) 15.9%

ERBB3 NM_001982.3 : c.850G>C (p.G284R) 15.0%

RADS52 NM_134424.2 : ¢.779G>A (p.R260Q) 14.8%

CTNNB1 NM_001904.3 :c.133T>C (p.S45P) 14.2%
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Figure 1 No response to immunochemotherapy or disease progression was confirmed by contrast computed tomography in case 1. A and
B: A mass in the descending part of the duodenum and multiple liver metastases at the end of 1st-line chemotherapy; C and D: Disease progression was confirmed
by enlargement of liver metastases and infusions and impaired liver function with persisting mixed jaundice even after percutaneous transhepatic cholangial drainage;
E: H&E: The undifferentiated tumor cells grew in cords, nests, and diffuse sheets, and the nucleus of the tumor was vacuolated with obvious nucleoli. Mitotic images
and scattered multinucleated giant cells were also observed. Extensive areas of necrosis were observed within the tumor; F: The SMARCA4 protein was negative for
BRG1 according to immunohistology; G: CD8+ T-cell infiltration was assessed by multiple inmunofluorescence assays; H: Tertiary lymphoid structures were not
intact, and case 1 was classified as an acquired immune tolerance type by microenvironment analysis.

TREATMENT

Case 1

First, two cycles of bevacizumab in combination with the XELOX regimen were initiated on March 10, 2023
(bevacizumab, 7.5 mg/kg D1 + oxaliplatin, 130 mg/m? D1 + capecitabine, 1250 mg/m? D1-14; Q21D). However, an
enlargement of liver metastases was detected, and disease progression was considered. Given the positive expression of
PD-L1 and the acquired immune tolerance environment, we introduced a second-line combination therapy comprising a
PD-1 antibody, nab-paclitaxel and gemcitabine (nab-paclitaxel 220 mg/m? D1 + gemcitabine 1000 mg/m? D1 and DS§;
Q21D), and the patient initially exhibited good tolerance. After two cycles of second-line immunotherapy-chemotherapy
combination therapy, progressive disease was observed as liver-targeted lesions increased significantly after infusion
(Figure 1C and D). Disease progression was considered. However, the patient refused subsequent immunochemotherapy.
The timeline of the summarizing events is shown in Figure 3A.

Case 2

This patient received PD-1 antibody in combination with chemotherapy comprising nab-paclitaxel and cisplatin for six
cycles (nab-paclitaxel 220 mg/m? D1 + cisplatin 80 mg/m? D1; Q21D). The patient responded positively to this
combination therapy. Disease regression with extensively shrunken retroperitoneal lymph nodes was observed
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Figure 2 Major response to immunochemotherapy and disease regression in case 2. A and B: A mass in the descending part of the duodenum and
multiple retroperitoneal lymph node metastases initially observed; C and D: Significant disease regression after the administration of inmunochemotherapy; E: H&E:
The undifferentiated tumor cells were diffusely distributed, and patchy necrosis was observed; F: The SMARCA4 protein was negative for BRG1 according to
immunohistology.

(Figure 2C and D), with an improvement in the general condition of the patient. After six cycles of combination therapy,
the patient started PD-1 antibody maintenance treatment, and the disease was in remission. Patients showed disease
progression with liver metastases at 6 months after diagnosis, and second-line therapy was administered. The second-line
therapy consisted of the XELIRI regimen and bevacizumab (bevacizumab, 7.5 mg/kg D1 + irinotecan, 180 mg/m? D1 +
capecitabine, 1250 mg/m? D1-14; Q21D). The patient was administered two cycles of second-line treatment and started
receiving the best supportive care for cachexia and obvious weight loss. The timeline of the summarizing events is shown
in Figure 3B.

OUTCOME AND FOLLOW-UP

Case 1

The patient suffered from significant mixed jaundice and showed no improvement after supportive care. Finally, the
patient died from liver failure on September 15, 2023, with an overall survival period of 6 months. The progression-free
survival (PFS) times for first-line and second-line therapy were both 8 wk.

Case 2
The patient died from this malignancy on January 4, 2024.

DISCUSSION

Duodenal malignancies are uncommon but highly fatal, and undifferentiated duodenal malignancies are extremely rare.
As extensive immunohistochemical profiling has been performed for malignancies such as atypical rhabdoid tumors or
epithelioid sarcomas, SMARCA4-deficient malignancies are frequently observed and can be identified[1,9]. Undifferen-
tiated carcinomas with rhabdoid cells are characteristic diagnostic clues, and SWI/SNF complex deficiencies are complex
molecular events of undifferentiated carcinoma. It is highly malignant and has a short survival time, with no standard
treatment at present. Several case reports and retrospective studies have analyzed SMARCA4-deficient malignancies
arising from the gastrointestinal tract[1,6,7,9]. A previous study demonstrated that a small proportion of gastroeso-
phageal carcinomas exhibit loss of SMARCA4 expression separately or with coinactivation of other subunits of SWI/SNF
complexes[1]. Among the two patients, not all SMARCA4-deficient tumors harbored SMARCA4 pathological genomic
variants. Although these tumors exhibit poorly differentiated and undifferentiated morphologies, they exhibit a broad
range of genomic variant features[7,9,10]. First, compared with gastroesophageal adenocarcinomas, SMARCA4-deficient
gastroesophageal carcinomas exhibit a similar range of somatic mutations, including enrichment of TP53, KRAS,
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Figure 3 Timeline summarizing. A: Case 1; B: Case 2. PFS: Progression-free survival; PFS1: PFS time during first-line therapy; PFS2: PFS time during second-
line therapy.

ARID1A, and APC mutations. The most common cooccurring mutations in pathogenic SMARCA4 were identified in
TP53, APC, ARID1A, CDKN2A, and CTNNB1[7]. On the one hand, this difference may be attributed to the limitations of
NGS in accurately detecting large deletions. Additionally, epigenetic modifications, including DNA methylation, histone
modifications, and noncoding RNAs, may also contribute to deficiencies in gene expression. Therefore, some invest-
igators have proposed that most SMARCAA4-deficient gastroesophageal carcinomas are considered undifferentiated or
dedifferentiated gastroesophageal adenocarcinomas rather than distinct biological entities[9,10].

Several factors, such as PD-L1 expression, tumor mutational burden, body mass index, and laboratory parameters
(including the neutrophil-to-lymphocyte ratio), may predict the response to immunotherapy as well as immune
chemotherapy.

As somatic mutations generate neoantigens, a high TMB is expected to induce a positive antitumor response. However,
it can serve as a biomarker for predicting favorable responses to IClIs. The ability of high TMB to predict the efficacy of
immunotherapy was not affected by the expression of PD-L1. Hence, some patients benefit from immunotherapy and
have prolonged survival[10,11]. The infiltration of CD8+ lymphocytes and positive PD-L1 expression are also considered
potential predictive biomarkers of immunotherapy response[12].

In previous studies, immunochemotherapy has been shown to have various anticancer effects, including immunogenic
cell death and a reduction in the number of tumor cells that are engaged in the production of immunosuppressive
substances[13,14]. Furthermore, the combination of chemotherapy and immunotherapy results in the depletion of
myeloid-derived suppressor cells and regulatory T cells. Building upon these principles, the use of chemotherapy
combined with immune checkpoint inhibitors (ICIs) has demonstrated synergistic effects. Over the past few years, several
trials investigating combination strategies of chemotherapy and ICIs have been presented and published, leading to their
approval for diverse solid tumors. Examples of these approved combinations can be found in non-small cell lung cancer,
gastric cancer and urothelial carcinoma[15]. As mentioned above, in our second patient, a high TMB was associated with
a major partial response to PD-1 antibodies during first-line therapy.

The clinical significance of recognizing SWI/SNF complex-deficient undifferentiated carcinoma/rhabdoid carcinoma
lies in its aggressive clinical behavior and poor response to traditional chemotherapy. SMARCAA4-deficient undifferen-
tiated tumors originating from the gastrointestinal tract might have a worse prognosis than those originating from the
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thorax[11,16]. Adding immunotherapy to conventional chemotherapy may improve the treatment efficacy and increase
the response rate. This study was the first to describe the response of SMARCA4-deficient undifferentiated duodenal
tumors to immunochemotherapy. According to our observations, case 1 did not benefit from immunotherapy as a
second-line chemotherapy, while case 2 benefited from immunochemotherapy combination therapy. The differences in
the response of the two patients were partially due to differences in metastatic target organs, differences in mutation
genes and differences in the tumor microenvironment, which resulted in differences in tumor mutation burdens. A study
reported a median progression-free survival time of 7.2 months in patients who initially presented with metastatic
disease, whereas the median overall survival was 13.6 months in patients with malignancies involving the esophago-
gastric junction and stomach[9].

CONCLUSION

In brief, this case report presented the histopathological and clinical responses of two patients with SMARCA4-deficient
advanced undifferentiated carcinoma of the duodenum. PD-1 combined with chemotherapy showed a certain efficacy in
select patients, providing options for treating these highly malignant tumors. Patients with liver metastases had a worse
prognosis than did those with only lymph node metastasis. Potential molecular mechanisms need to be further studied to
elucidate this phenomenon.
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