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Editorial on the Research Topic

Checkpoint immunotherapy: reshaping the landscape of gastrointestinal
cancer treatment
Immune checkpoint inhibitors (ICIs) targeting PD-1, PD-L1, and CTLA-4 have

become standard treatments for advanced gastric, biliary tract, and colorectal cancers,

significantly extending survival, achieving tumor regression, and enhancing organ

preservation, particularly in dMMR/MSI-H subtypes (1–4). These therapies enable

conversion of unresectable to resectable disease, as seen in gastric and colorectal cancers,

and improve quality of life by reducing recurrence and supporting organ-sparing

approaches. This editorial synthesizes contributions from recent studies in Frontiers in

Immunology, highlighting the clinical utility of ICIs across key GI cancers, including

gastric/gastroesophageal junction (GC/GEJ) cancer, hepatocellular carcinoma (HCC),

biliary tract cancer (BTC), colorectal/rectal cancer (CRC/RC), and esophageal squamous

cell carcinoma (ESCC). This editorial also situates these advancements within the broader

immunotherapy landscape.
Clinical utility of immunotherapy in GI cancers

ICIs have demonstrated robust clinical benefits across GI cancers, transforming

treatment strategies and outcomes.
frontiersin.org015

https://www.frontiersin.org/articles/10.3389/fimmu.2025.1723645/full
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1723645/full
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1723645/full
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1723645/full
https://www.frontiersin.org/research-topics/65146
https://www.frontiersin.org/research-topics/65146
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2025.1723645&domain=pdf&date_stamp=2025-12-08
mailto:stavrospapadakos@gmail.com
https://doi.org/10.3389/fimmu.2025.1723645
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2025.1723645
https://www.frontiersin.org/journals/immunology


Papadakos et al. 10.3389/fimmu.2025.1723645
Gastric/gastroesophageal junction cancer

ICIs significantly enhance outcomes in advanced GC/GEJ. Xu

et al. demonstrated that first-line ICI plus chemotherapy extends

progression-free survival (PFS) to 357 days versus 270 days for

chemotherapy alone, with a disease control rate (DCR) of 38%

versus 14.5% and manageable adverse events (AEs). Neoadjuvant

immunochemotherapy achieves remarkable responses: Sun et al.

reported the first pathological complete response (pCR) in

synchronous multiple gastric cancer (SMGC) using tislelizumab

plus SOX, enabling R0 resection. Similarly, Li et al. documented

tumor regression in hepatoid adenocarcinoma of the stomach

(HAS), reducing serum AFP levels from 52,951.56 ng/mL to

241.04 ng/mL with sintilimab plus SOX, facilitating curative

surgery. Li et al. demonstrated that hyperbaric oxygen therapy

(HBOT) with CAPOX and sintilimab yields a clinical complete

response (cCR) in advanced HAS with peritoneal metastasis,

highlighting a novel approach to overcoming therapeutic

resistance in advanced gastric cancer. Yang et al. identified blood-

based biomarkers (e.g., CA125, CA199, and PLR) that predict ICI

response, improving patient selection. These findings underscore the

role of ICIs in prolonging survival, addressing mechanisms of

therapeutic resistance in GC/GEJ.
Hepatocellular carcinoma

ICIs improve HCC outcomes when combined with targeted

therapies. Liang et al. reported that postoperative hepatic arterial

infusion chemotherapy (HAIC) with lenvatinib and PD-1 inhibitors

significantly enhances disease-free survival (DFS) in solitary, large

HCC, with no increase in hepatic toxicity, leveraging systemic

immune activation to reduce recurrence. Hochnadel et al.

identified novel T-cell inhibitory targets (Ngp, Hba-a1, and S100a8)

via RNAi screening, with S100A8/S100A9 upregulated in humanHCC,

offering new immunotherapeutic possibilities. These studies highlight

ICIs’ ability to extend survival and introduce novel targets in HCC.
Biliary tract cancer

ICIs are a cornerstone of advanced BTC treatment. Zheng et al.

reported a median overall survival (OS) of 15.7 months and a PFS of

8.4 months with first-line ICIs, with an 8.6% incidence of grade 3–4

immune-related AEs, indicating manageable toxicity. Durvalumab

shows numerically superior OS compared to sintilimab, suggesting

subtype-specific efficacy. These results affirm the robust survival

benefits of ICIs in BTC, particularly in first-line settings.
Colorectal/rectal cancer

Immunotherapy excels in dMMR/MSI-H CRC, with Deng et al.

reporting a 75% pCR rate with neoadjuvant ICI therapy,

particularly with dual PD-1/CTLA-4 blockade (nivolumab plus
Frontiers in Immunology 026
ipilimumab), which enables organ preservation. Zhang et al.

extended these benefits to pMMR/MSS rectal cancer, achieving a

37% pCR rate and a 77% anal preservation rate with neoadjuvant

immunotherapy, thus expanding its utility to a resistant subtype.

These findings emphasize the role of ICIs in achieving tumor

regression and supporting organ-sparing strategies in CRC/RC.
Esophageal squamous cell carcinoma

Feng et al. demonstrated that adjuvant immunotherapy after

neoadjuvant immunochemotherapy and esophagectomy improves

DFS (38.5% vs. 23.9%) and OS (61.5% vs. 37.0%) in ypT+N+ ESCC

patients, reducing the risk of recurrence. This sequential approach

highlights the value of ICI in improving long-term outcomes in ESCC.
Key research themes

Combination therapies

Combining ICIs with other modalities enhances efficacy.

Zhang et al. reported a 33.3% tumor regression grade (TRG) 0/1

rate with trastuzumab plus chemoimmunotherapy in HER2-

positive gastric cancer, supporting its neoadjuvant role. Wei et al.

proposed a phase II trial of nab-paclitaxel plus cadonilimab for

second-line GC post-immunochemotherapy failure, exploring

immune rechallenge to restore anti-tumor responses. This trial

investigated potential biomarkers, such as ctDNA and TMB, to

identify responsive patients. Li et al. introduced HBOT as an

immunosensitizing strategy, achieving cCR in HAS by alleviating

tumor hypoxia, which suppresses immune responses in the tumor

microenvironment (TME). These studies demonstrate how

combinations address resistance and improve outcomes.
Biomarker discovery

Biomarker identification is pivotal for precision medicine. Wen

et al. developed a four-gene liquid-liquid phase separation (LLPS)

signature (DACT1, EZH2, PAK2, and PSPC1) for gastric cancer

prognosis, with PSPC1 knockdown inhibiting tumor proliferation,

suggesting it could be a therapeutic target. Hochnadel et al.

identified Ngp, Hba-a1, and S100a8 as T-cell inhibitors in HCC.

These inhibitors were validated in human samples and open new

immunotherapeutic avenues. Yang et al. used peripheral blood

markers (e.g., pre-IBIL, post-CA125, and CA199) to predict ICI

outcomes in GC/GEJ cancer, enhancing patient stratification. These

advances enable tailored treatment by identifying responsive patients.
Cost-effectiveness

Economic analyses address ICI accessibility. Lang et al. found

that cadonilimab plus chemotherapy is cost-effective for GC
frontiersin.org
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patients with PD-L1 CPS ≥5 in China (ICER: $37,499.27/QALY),

but not without price reductions. Zhou et al. reported similar

findings for HER2-negative GC/GEJ cancer, with ICERs

exceeding willingness-to-pay thresholds, highlighting the need for

pricing reforms to ensure equitable access, particularly in resource-

limited settings.
Systematic reviews

Zhang et al. conducted a meta-analysis of neoadjuvant

immunotherapy in pMMR/MSS rectal cancer, reporting a 37%

pCR rate and a 77% anal preservation rate, with short-course

radiotherapy and PD-1 inhibitors outperforming alternative

treatment options. This study supports the broader application of

immunotherapy in challenging subtypes, complementing clinical

findings with robust evidence.
Broader context and future directions

These studies highlight the transformative impact of ICIs on GI

cancer management, achieving prolonged survival, tumor

regression, and organ preservation across diverse malignancies.

Combination therapies, such as ICIs with chemotherapy, targeted

agents, or HBOT, address resistance mechanisms, particularly in

immunologically “cold” tumors, such as HAS, where hypoxia and

immunosuppressive TMEs limit efficacy (Li et al., Li et al.).

Neoadjuvant and adjuvant strategies, as seen in ESCC and CRC,

reduce recurrence rates and enable organ-sparing surgeries,

improving quality of life. Biomarker research, including LLPS

signatures and novel T-cell targets, advances precision medicine,

while real-world studies validate clinical trial findings in

diverse populations.

However, challenges persist, including tumor heterogeneity,

ICI resistance, and high costs. Heterogeneity, as seen in SMGC

and HAS, complicates treatment responses due to interlesional

variability (Sun et al.). Resistance, driven by immunosuppressive

TMEs and low tumor mutational burden, limits efficacy in pMMR/

MSS cancers, necessitating strategies such as HBOT or immune

rechallenge (Wei et al.). High costs, as noted by Lang et al. and

Zhou et al., restrict access, particularly in low-resource settings,

requiring pricing reforms and global health policy initiatives.

Future research should focus on overcoming resistance through

TME modulation. This can be achieved through HBOT, vascular

normalization, or novel immune agonists to enhance ICI

penetration and immune activation. Validating biomarkers such

as TMB, MSI, ctDNA, and peripheral blood markers will improve

patient selection, as emphasized by Yang et al. and Wen et al.,.

Prospective trials, such as those proposed by Wei et al. and Li et al.,

are critical to confirming the efficacy of immune rechallenge and

adjuncts such as HBOT Multi-omics approaches integrating
Frontiers in Immunology 037
genomics, transcriptomics, and proteomics will refine personalized

treatment, while real-world evidence will validate these approaches in

clinical practice.
Conclusion

This Research Topic underscores the profound impact of checkpoint

immunotherapy on GI cancer management, demonstrating significant

clinical benefits, innovative combination strategies, and biomarkers for

personalized care. By addressing efficacy, safety, and accessibility, these

findings pave the way for more effective and equitable treatments,

inspiring continued innovation to improve outcomes for GI cancer

patients worldwide.
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Pathological response following
neoadjuvant immunotherapy
and imaging characteristics
in dMMR/MSI-H locally
advanced colorectal cancer
Zijian Deng1†, Yajun Luo1†, Xiaoli Chen2, Tao Pan1, Yuanyi Rui1,
Hai Hu1, Jin Yan1, Ke Zhang1, Cheng Luo3* and Bo Song1*

1Department of Colorectal Surgery, Sichuan Cancer Hospital & Institute, Sichuan Cancer Center,
Cancer Hospital Affiliated to University of Electronic Science and Technology of China,
Chengdu, China, 2Department of Imaging Department, Sichuan Cancer Hospital & Institute, Sichuan
Cancer Center, Cancer Hospital Affiliated to University of Electronic Science and Technology of
China, Chengdu, China, 3Department of Pharmacy, West China Second University Hospital, Sichuan
University, Chengdu, China
Background: In recent years, there has been significant research interest in

immunotherapy for colorectal cancer (CRC). Specifically, immunotherapy has

emerged as the primary treatment for patients withmismatch repair gene defects

(dMMR) or microsatellite highly unstable (MSI-H) who have colorectal cancer.

Yet, there is currently no data to support the practicality and safety of

neoadjuvant immunotherapy for colorectal cancer with dMMR or MSI-H.

Therefore, a study was conducted to identify the postoperative pathology,

safety profile, and imaging features of patients with dMMR or MSI-H CRC

following neoadjuvant immunotherapy.

Methods: The retrospective study was carried out on patients with locally

advanced or metastatic CRC who received immunotherapy at Sichuan Cancer

Hospital, with approval from the hospital’s ethics committee. The study aimed to

assess the short-term effectiveness of immunotherapy by focusing on

pathological complete response (pCR) as the primary outcome, while also

considering secondary endpoints such as objective response rate, disease-free

survival, and safety profile.

Results: Twenty patients with dMMR/MSI-H CRC who underwent neoadjuvant

immunotherapy as part of the treatment were enrolled between May 2019 and

February 2024 at Sichuan Cancer Hospital. Out of these patients, eight patients

received PD-1 blockade monotherapy as neoadjuvant treatment, while 12 were

administered a combined therapy of anti-CTLA-4 and anti-PD-1. 12 patients

received Nivolumab plus Ipilimumab regimen and 8 patients received PD-1

blockades (2 patients were Pembrolizumab, 2 patients were Sintilimab, 4

patients were Tislelizumab) monotherapy. Additionally, 19 patients underwent

surgery after immunotherapy and of these, 15 (75.0%) achieved complete

pathological response (pCR), 8 (66.7%) achieved the same on Nivolumab plus

Ipilimumab immunotherapy while 7 (87.5%) achieved on PD-1 antibody

monotherapy. The overall response rate (ORR) was 75%, with 45.0% of patients

experiencing grade I/II immunotherapy-related adverse events. The most
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frequent adverse event observed was increased ALT i.e. 20%. Notably, no

postoperative complications were observed.

Conclusion: Based on the findings, neoadjuvant immunotherapy for colorectal

cancer may be both safe and effective in clinical practice. Furthermore, the study

suggested that dual immunotherapy could potentially increase the

immunotherapy cycle and contribute to a superior pCR rate. However, the

conclusion emphasized the need for further prospective clinical trials to

validate these results.
KEYWORDS

colorectal cancer, mismatch repair gene defects, microsatellite highly unstable, PCR,
neoadjuvant immunotherapy, PD-1
1 Introduction

Colorectal cancer (CRC) is the third most common form of

cancer and the second leading cause of cancer-related deaths

worldwide (1). Mismatch repair deficiency (dMMR) occurs in 4–

5% of all metastatic colorectal cancers (mCRC) (2, 3). Patients with

dMMR/MSI-H CRC have certain characteristics such as poor

differentiation, mucinous histology, increased tumor-infiltrating

lymphocytes, and a Crohn’s like lymphocytic reaction (4–6).

Previous studies have shown that neoadjuvant immunotherapy for

CRC is safe and efficacious (7). Neoadjuvant immunotherapy

demonstrated promising outcomes in dMMR or MSI-H CRC,

especially in rectal cancer patients. Neoadjuvant immunotherapy

may lead to a sustained clinical complete response, allowing for

organ preservation and avoiding adverse effects on fertility, sexual

function, bowel and bladder function after surgery and radiotherapy.

These immunogenic traits make dMMR/MSI-H CRC respond

well to treatment with anti-programmed death-1 (PD-1) checkpoint

inhibitors. In 2018, PD-1 blockades gained approval for treating

metastatic dMMR/MSI-H CRC after standard chemotherapy in the

United States (7). The KEYNOTE-016 study showed that dMMR

mCRC might benefit from Pembrolizumab (PD-1 inhibitor)

monotherapy (5). Subsequently, the CheckMate142 study showed

that recurrent dMMR and MSI-H mCRC could benefit from

Nivolumab (a PD-1 inhibitor) and Ipilimumab (a CTLA-4

inhibitor) (8). Based on these studies, the Chinese Society of

Clinical Oncology guidelines recommend an immune checkpoint

inhibitor (ICI) as the second and third-line treatment of dMMR and

MSI-HmCRC (9). Following the results of the KEYNOTE-177 study,

pembrolizumab was proven to be an effective first-line treatment

option in patients with dMMR/MSI-H CRC (10).

Regarding, immunotherapy in perioperative treatment among

dMMR CRC, the results of the NICHE 2 study showed high rates of

pathological response i.e. 95% (105/111), and complete response

68% (75/111) (11). PD-1 blockade for 6 months alone yields durable

recurrence-free responses and provides the potential feasibility for
0210
dMMR colon cancer patients to enter a wait-and-watch strategy

after neoadjuvant immunotherapy, thereby enabling patients to

obtain the benefits of organ function preservation and avoiding

the injury and complications caused by surgery (12).

However, data on neoadjuvant immunotherapy for locally

advanced or metastatic CRC remained limited. The pCR rate in

different clinical trials varied, and whether it was related to the

immunotherapy use cycle is still unknown. Here, we presented a

study reporting subjects of neoadjuvant immunotherapy for

dMMR/MSI-H CRC in our institution. This study was designed

to evaluate the clinical features and short-term efficacy of

neoadjuvant PD-1 blockade therapy in patients with locally

advanced or resectable dMMR/MSI-H CRC. Our study aimed to

elucidate the factors contributing to the discrepancy in pCR rate

between single-agent and two-drug immunotherapy.
2 Methods

2.1 Patient selection

The following study was conducted in accordance with the

STROBE guidelines (13). It retrospectively included patients with

locally advanced or metastatic colorectal cancer (CRC) who

received immunotherapy at Sichuan Cancer Hospital. The study

was approved by the ethical committee of the Sichuan Cancer

Hospital (Ethics Approval Number: SCCHEC-02-2024-069) and

informed patient consent for this retrospective analysis was waived.

The study enrolled 20 patients with dMMR/MSI-H CRC who

underwent neoadjuvant immunotherapy between May 2019 and

February 2024 at Sichuan Cancer Hospital. The main inclusion

criteria included the pathological diagnosis of CRC with dMMR or

MSI-H, clinical stage II~Iva, ECOG performance status of 0 or 1,

and patients at least 18 years of age. The exclusion criteria included

metastatic lesions that could not be resected prior to radiation

therapy, chemotherapy, or surgery for a tumor, and active
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https://doi.org/10.3389/fimmu.2024.1466497
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Deng et al. 10.3389/fimmu.2024.1466497
autoimmune disease requiring systemic treatment or previous

treatment with immune checkpoint inhibitors.
2.2 Data collection

The clinical features of the patients such as gender, age, family and

personal history of malignant tumor, tumor site, degree of

differentiation, clinical stage, pathological stage, MMR/MSI status,

tumor regression grade (TRG), immunotherapy regimen, adverse

events, postoperative complication were collected. All stages were

performed following the eighth edition of the American Joint

Committee on Cancer (AJCC) (14). Tumor specimen demonstrating

mismatch repair deficiency by immunohistochemistry or

microsatellite instability as demonstrated by Next Generation

Sequence (NGS) or PCR (15).
2.3 Outcomes

The primary outcome of the study was pCR, defined as an

absence of vital tumor cells in the sampled specimen after resection

by pathological examination. Secondary endpoints included the

objective response rate by the Response Evaluation Criteria in Solid

Tumors RECIST Version 1.1 (RECIST 1.1), disease free survival,

and adverse effects as per Common Terminology Criteria for

Adverse Events version 5.0 criteria (16).
2.4 Immunotherapy regimen

Nivolumab was administered 3mg/kg for 2 cycles and ipilimab

1mg/kg for 1 cycle according to NICHE-2 study protocol. Patients

using single-agent immunotherapy received 200mg intravenous

infusion every three weeks until the tumor regressed to undergo

radical resection. Surgery was performed within 4-6 weeks after the

end of medication. PD-1 inhibitors were used in this study

including pembrolizumab, sindillizumab and tislelizumab.
2.5 Treatment response

The efficacy of neoadjuvant immunotherapy was assessed by

RECIST 1.1. Endoscopy and selective biopsy were performed to

determine the presence of residual tumor. The pathologic efficacy

indexes were ypTNM and TRG scores after immunotherapy. TRG

pathological diagnostic criteria for rectal cancer were obtained

based on the AJCC system (14). TRG MRI diagnostic criteria for

rectal cancer were obtained based on pathological Mandard

diagnostic criteria (17).
2.6 Statistical analysis

All continuous data was expressed as median with range,

presenting other discrete variables as counts and percentages, and
Frontiers in Immunology 0311
using the software program SPSS version 29 (SPSS Inc., Chicago, IL,

version 26.0 for Mac) for statistical analysis. Student’s t-test was

used to analyze imaging size changes of tumor and lymph nodes

before and after treatment. Univariate analyses were performed to

analyze the relationship between baseline characteristics and pCR

using a logistic regression model. The expected sample size was

calculated according to the alternative hypothesis that the PCR with

neoadjuvant immunotherapy would be 60% or higher (H1 = 60%)

and the null hypothesis that the PCR after nCRT was 25% (H0 =

25%) (18, 19). With a of 5% and power of 90%, 18 cases would be

recruited. A total of 20 patients were recruited with dropout

incidence of 10%. P<0.05 was considered statistically significant.
3 Results

3.1 Characteristics of the patients

A total of 20 patients with dMMR/MSI-H CRC were included in

the study. There was one patient with stage II disease, 16 with stage

III, and 3 with stage IV. 85% of the patients had adenocarcinoma

and 65% had colon cancer. Among the stage IV patients: one had

postoperative recurrence of colon cancer with liver metastasis,

where both the primary lesion and metastasis were resected.

Another presented with isolated retroperitoneal lymph node

metastasis following right hemicolectomy and the third had colon

splenic carcinoma with isolated liver metastasis. 20 patients were

diagnosed with dMMR by IHC and 12 patients were detected as

MSI-H by PCR. Detailed characteristics are outlined in Table 1.

All patients underwent immunohistochemical testing for

dMMR, and some also underwent MSI gene or NGS testing to

confirm MSI-H status. Eight patients received PD-1 blockade

monotherapy as neoadjuvant treatment, while 12 patients

received a combination of anti-PD-1 and anti-CTLA-4 treatment

(Table 2). Patients receiving nivolumab plus ipilimumab underwent

surgery after 2 treatment cycles, whereas median cycle of single-

agent immunotherapy was 5.14 (95%CI, 2.00-8.28). Five patients

underwent preoperative chemotherapy, lasting 1-3 cycles, and three

patients had received chemotherapy at other hospitals before

admission. Additionally, two patients underwent preoperative

chemotherapy while awaiting genetic test results. Multiple organ

resection was performed in two cases. Notably, Patient 1 had

concurrent ascending colon and rectal cancer; pathological and

genetic tests showed pMMR and MSS in a patient with elevated

colon cancer post-surgery.
3.2 Efficacy of neoadjuvant immunotherapy

Out of the 20 patients enrolled, 19 underwent radical surgery.

One patient with anorectal carcinoma achieved imaging PR and

opted for observation due to anal retention issues before proceeding

with surgical treatment. Among the surgical patients, 15 out of 20

achieved a complete pathological response (Figure 1A). Specifically,

7 out of 8 (87.5%) patients who received PD-1 blockades

monotherapy achieved a complete pathological response. The
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radiological and pathological responses of patient 2 in Table 2

following immunotherapy adjuvant therapy are illustrated in

Figure 2. Univariate analyses were performed to analyze the

relationship between baseline characteristics and pCR by using a

logistic regression model, and the results showed no statistical

significance (Table 3). Additionally, 8 out of 12 (66.7%) patients

achieved a complete pathological response with Nivolumab plus

Ipilimumab therapy. Patient 9 in Table 2 attained complete
Frontiers in Immunology 0412
pathological response, and the radiological and pathological

response to nivolumab plus ipilimumab adjuvant therapy were

depicted in Figure 3.
3.3 Imaging response of tumor after
neoadjuvant immunotherapy

The changes in imaging for the maximum length diameter and

thickness of the primary lesion, as well as the short diameter of the

largest lymph node, for the patients before and after treatment are

presented in Table 4 and Figure 4. Out of 20 patients, 18 were

assessable for the efficacy of neoadjuvant immunotherapy, resulting

in an overall response rate (ORR), with 2 complete responses (75%)

and 13 partial responses (65%) (Figure 1B). Imaging data was

unavailable for 2 patients who were examined in other hospitals

before treatment. The imaging evaluation was consistent with the

pathological evaluation. In addition, one case (Patient 12 in Table 2)

showed ineffective neoadjuvant immunotherapy, as indicated by

tumor progression in a patient with mucinous adenocarcinoma,

which was observed in the preoperative MRI. The radiological,

colonoscopic, and pathological manifestations of this patient are

illustrated in Figure 5 and were completely consistent with the

postoperative pathology.
3.4 Safety and feasibility

Details of adverse events are mentioned in Table 5. All adverse

events reported spontaneously by the patients or observed by the

investigator were recorded during the period of study, with assessments

conducted at each treatment cycle, regular follow-up visits, and

through patient self-reports. Imaging and laboratory tests were

conducted as clinically indicated to identify and grade

immunotherapy-related adverse events (irAEs). Among the patients,

45.0% (9/20) experienced grade 1-2 irAEs. The most frequent irAE was

ALT increased (20%). Among patients receiving PD-1 blockade

monotherapy, 1 out of 8 (12.5%) experienced immune-related

adverse reactions, while this rate was 8 out of 12 (66.6%) for patients

receiving anti-PD-1 + anti-CTLA-4 immunotherapy. No perioperative

deaths were reported, and no postoperative complications were found.

4 Discussion

The study examined colorectal cancer (CRC) patients with

dMMR/MSI-H who received preoperative neoadjuvant

immunotherapy at a single center through retrospective analysis.

Among the 12 patients treated with dual immunotherapy, the rate

of pathological complete response (pCR) was 66.7%, which is

consistent with findings from the NICHE-2 study and prior

research (11, 20, 21). Notably, the pCR rate was significantly high

in patients receiving single-agent immunotherapy (87.5%). The

adverse events were generally acceptable (Grade 1-2) and

predominantly related to thyroid dysfunction. Thus, preoperative

neoadjuvant immunotherapy seemed to be a beneficial and

promising strategy.
TABLE 1 Baseline clinicapathological characteristic of total patients.

Characteristic NO. (%)

Age (year) 56 (27–71)

Sex

Male 11 (55)

Female 9 (45)

Tumor site

Colon 13 (65)

Rectum 5 (25)

Multiple primary colorectal cancer 2 (10)

Histological Grade

Medium or Well-differentiated NA

Poor differentiated 6 (30)

Pathological type

Adenocarcinoma 17 (85)

Mucinous adenocarcinoma 3 (15)

Drug of ICB

Single-agent 8 (40)

Two-drug 12 (60)

Loss of expression of MMR proteins

MSH2 only 4 (20)

PMS2 only 2 (10)

MLH1 and PMS2 7 (35)

MSH2 and MSH6 4 (20)

MSH1, MSH2 and PMS2 2 (10)

MSI status

MSI-H 12 (60)

Not tested 8 (40)

Pathological TNM Stage

II 1 (5)

III 16 (80)

IVa 3 (15)

Liver only 2

Distant Lymph Node only 1
NA, not avaliable.
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TABLE 2 Details of the 20 patients with neoadjuvant ICB therapy.

Patient Age Gender
MSI

context

RAS/
RAF

Mutation
Clinic TNM

Drug
of ICB

Dose of
ICB(mg)

Neoadjuvant
Chemotheropy

Surgery

1 56 male
Lynch
syndrome,
dMMR

NA
cT3N0M0
and cT4aN1M0

Pembrolizumab 200 q3w*3
XELOX
+Rectal radiotherapy

Anterior resection +
Right hemicolectomy

2 53 female

Lynch
syndrome,
dMMR,
MSI-H

NA cT4aN2M0 Pembrolizumab 200 q3w*8 NO
Anterior resection +
Hysterectomy and
double adnexectomy

3 46 male
Sporadic,
dMMR,

NA cT4NxM1 Sintilimab 200 q3w*10 NO Left hemicolectomy

4 37 male
Sporadic,
dMMR,

NA cT4bN1M1 Sintilimab 200 q3w NO Left hemicolectomy

5 50 female
Sporadic,
dMMR,

NA cT3-4aN1M0 Tislelizumab 200 q3w*2 XELOX*1 Right hemicolectomy

6 68 female
Sporadic,
dMMR,
MSI-H

KRAS
Retroperitoneal
lymph
node metastasis

Tislelizumab 200 q3w*2 FOLFIRI*1
Retroperitoneal
lymphadenectomy

7 48 male
Sporadic,
dMMR,
MSI-H

NA cT4bN1M0 Tislelizumab 200 q3w*8 XELOX*3
Radical resection of
sigmoid carcinoma +
partial cystectomy

8 27 female
Lynch
syndrome,
dMMR,

NA cT3N1M0 Tislelizumab 200 q3w*3 NO Watch and wait

9 71 male
Sporadic,
dMMR,
MSI-H

KRAS cT3N1M0
Nivolumab
plus
ipilimumab

200 + 50 NO
Laparoscopic robot-
assisted anterior
rectal resection

10 59 male

Lynch
syndrome,
dMMR,
MSI-H

NA cT4aN1M0
Nivolumab
plus
ipilimumab

240 + 80 NO Right hemicolectomy

11 35 male

Lynch
syndrome,
dMMR,
MSI-H

NA cT3N1M0
Nivolumab
plus
ipilimumab

240 + 50 NO Right hemicolectomy

12 67 male

Lynch
syndrome,
dMMR,
MSI-H

KRAS cT4N1M0
Nivolumab
plus
ipilimumab

200 + 50 NO Anterior resection

13 50 female
Sporadic,
dMMR,
MSI-H

NO cT3N2M0
Nivolumab
plus
ipilimumab

200 + 50
FOLFOX*1
Before
immunotherapy

Laparoscopic
left hemicolectomy

14 34 female
Sporadic,
dMMR,
MSI-H

NA cT3N1M0
Nivolumab
plus
ipilimumab

200 + 64 NO
Laparoscopic
right hemicolectomy

15 47 male
Sporadic,
dMMR,
MSI-H

NA cT4aN1M0
Nivolumab
plus
ipilimumab

200 + 65 NO
Laparoscopic
left hemicolectomy

16 53 male
Sporadic,
dMMR,
MSI-H

KRAS cT4aN1M0
Nivolumab
plus
ipilimumab

240 + 74 NO
Laparoscopic
left hemicolectomy

17 57 female
Sporadic,
dMMR,
MSI-H

NA cT4aN1M0
Nivolumab
plus
ipilimumab

150 + 50 NO
Laparoscopic
left hemicolectomy

(Continued)
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In a recent study, 16 dMMR patients with locally advanced

rectal cancer were treated with dostarlimab (a PD-1 inhibitor)

monotherapy for six months (22). All twelve patients who

completed the entire treatment regimen achieved complete

clinical response (cCR) without requiring chemoradiotherapy or

surgery, and there was no reported progression or recurrence

during 6-25 months of follow-up (22). Another study enrolled 34

patients with dMMR or MSI-H locally advanced CRC, and they

were randomized to receive either Toripalimab (a PD-1 inhibitor)

monotherapy (17 cases) or triplimumab combined with Celecoxib
Frontiers in Immunology 0614
(a COX-2 inhibitor) (17 cases) (23). The pCR was notably high at

88% in the triplimumab combined with the Celecoxib group and

65% in the triplimumab monotherapy group (23). Our study

demonstrated a pCR of 75.0% among 19 patients who underwent

surgery. These findings suggested that neoadjuvant immunotherapy

plus COX-2 inhibitors might be a promising option for CRC

patients, particularly those for whom anus preservation is

challenging. Notably, a female patient, aged 27, with anorectal

carcinoma is currently undergoing treatment, and the possibility

of adding COX-2 inhibitors to neoadjuvant immunotherapy is
TABLE 2 Continued

Patient Age Gender
MSI

context

RAS/
RAF

Mutation
Clinic TNM

Drug
of ICB

Dose of
ICB(mg)

Neoadjuvant
Chemotheropy

Surgery

18 42 male
Sporadic,
dMMR,
MSI-H

NA cT3N1M0
Nivolumab
plus
ipilimumab

200 + 50 NO
Laparoscopic anterior
rectal resection

19 34 male
Sporadic,
dMMR,
MSI-H

NA cT3N1M0
Nivolumab
plus
ipilimumab

195 + 50 NO
Laparoscopic
right hemicolectomy

20 37 female
Sporadic,
dMMR,
MSI-H

NA cT4aN1M0
Nivolumab
plus
ipilimumab

200 + 44 NO
Laparoscopic
right hemicolectomy
ICB, Immune Checkpoint Block; pCR, pathological complete response; PR, partial response; TRG, tumor regression grade; MSI, microsatellite instability; dMMR, mismatch repair-deficient.
NA, not avaliable.
FIGURE 1

Waterfall plot of efficacy evaluation of neoadjuvant immunotherapy in dMMR/MSI-H CRC. (A) Pathological responses(n=20); (B) Radiographic
responses (n=18).
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under consideration pending further discussions by our

multidisciplinary team, as 4 patients in our study did not achieve

a complete pathological response despite multidisciplinary

team deliberations.

Moreover, none of these patients achieved cCR based on

imaging evaluations, and two patients showed disease progression

according to imaging assessments. This underscores the importance

of comprehensive pre-treatment evaluations, especially in

genetically confirmed MSI-H patients. For patients with
Frontiers in Immunology 0715
radiographically evident mucinous adenocarcinoma, the

likelihood of poor treatment response should be anticipated. In

such cases, adding chemotherapy during immunotherapy or

expediting surgery might be warranted.

Interestingly, the pCR among CRC patients treated with

nivolumab plus ipilimumab was lower compared to single-drug

immunotherapy. Patients receiving nivolumab plus ipilimumab

underwent surgery after 2 treatment cycles, whereas median cycle of

single-agent immunotherapy was 5.14, potentially reflects insufficient

treatment duration with nivolumab plus ipilimumab. Our study results

aligned with the NICHE-2 study, showing a 66.7% pathological

response rate with ipilimumab plus nivolumab (The NICHE-2 study

reported 68% (11, 20)). Currently, there is no consensus regarding the

optimal neoadjuvant immunotherapy duration.

In this study, 7 out of 8 (87.5%) patients achieved complete

pathological response with -PD-1 blockades monotherapy

(including two patients receiving Pembrolizumab, two receiving

Sintilimab, and four receiving Tislelizumab). Notably, all 7 patients

who received monotherapy achieved complete pathological

response. As one patient had not undergone surgery yet, the

possibility of a complete pathological response cannot be ruled

out. Among patients receiving nivolumab plus ipilimumab, surgery

was performed after 2 treatment cycles, with the longest treatment

duration reaching 10 cycles. Tailoring treatment cycles according to

individual patient characteristics might enhance the pCR rate and

implementation of a wait-and-watch strategy is deemed acceptable

subsequent to neoadjuvant immunotherapy. Neoadjuvant

immunotherapy for patients with early-stage dMMR CRC

exhibited a high response rate and low recurrence rate in

previous studies (24), but randomized phase III trial with a larger

sample size and longer follow-up is warranted to observe the

duration of response. The lack of CR detected by imaging in our
FIGURE 2

Radiological and pathological responses of 1 pCR patient to monotherapy immunotherapy neoadjuvant therapy (Patient 2 in Table 2). (A) Sagittal MR
View of the pelvis: before immunotherapy VS after immunotherapy; (B) MR View of the axial plane of the pelvis: before immunotherapy VS after
immunotherapy; (C) Pre-biopsy (HE) VS post-biopsy (HE): pre-immunotherapy vs post-immunotherapy. pCR, pathological complete response; MR,
magnetic resonance; HE, hematoxylin-eosin.
TABLE 3 Univariate analysis of clinical variables for the prediction
of pCR.

Characteristic pCR Non-pCR P value

Age (year) 0.157

Sex

Male 9 3 0.422

Female 6 2

Tumor site

Colon 10 3 0.999

Rectum 4 1

Pathological type

Adenocarcinoma 13 4 0.998

Mucinous adenocarcinoma 2 1

TNM Stage

III 12 5 0.998

IVa 3 0
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FIGURE 3

Radiology, colonoscopy, pathological reactions, and postoperative specimens of 1 pCR patient to dual drug immunotherapy and neoadjuvant
therapy (Patient 9 in Table 2). (A) CT view of sagittal tumor: pre-immunotherapy VS post-immunotherapy; (B) CT view of lymph nodes around
sagittal tumor: before immunotherapy VS after immunotherapy; (C) Colonoscopy: pre-immunotherapy VS post-immunotherapy; (D) Pre-biopsy (HE)
and post-biopsy (HE): pre-immunotherapy VS post-immunotherapy.
TABLE 4 Imaging size changes of tumor and lymph nodes before and after treatment.

patient

Tumor
maximum
diameter
before
treatment
(cm)

Tumor
thickness
before
treatment
(cm)

Tumor
maximum
diameter
after
treatment
(cm)

Tumor
thickness
after
treatment
(cm)

Lymph node
maximum
diameter (short
diameter)
before treat-
ment(cm)

Lymph node
maximum
diameter
(short diame-
ter) after
treatment(cm)

clinical
Response

Tumor
Response

1 7.2 2.4 1.5 0.5 0 0 1* rectum PCR

2 6.3 2.9 2.5 0.4 2.4 1.2 1* PCR

3 NA NA 5.2 2 NA NA NA PCR

4 9.3 3.6 1 0.5 0.8 0.4 PR PCR

5 4.1 2.2 1.5 0.2 0.7 0.5 PR PCR

6 2.8 2.4 1.8 1.7 NA NA PR PCR

7 NA NA 5 0.7 NA NA NA PCR

8 6 1.8 NE 1.2 0.5 0.5 2* PR

9 3.1 1.2 2 0.7 1.1 0.5 1* PCR

10 6.7 3.5 2.8 2.1 1 0.4 PR PCR

11 5 2.3 4 0.8 0.7 0.5 SD PR

12 7.3 5.5 8.7 4.6 0.6 0.6 PD PD

13 5.9 1.9 1.5 0.9 0.5 0.4 cCR PCR

14 5.8 2.3 2.5 0.4 1.3 1.0 PR PCR

15 7.6 2.9 2.3 2 0.8 0.6 PR PCR

16 7.7 2.7 3 0.6 0.6 0.4 PR PCR

17 11 2.1 5 1.5 0.7 0.5 PR PCR

18 5.9 2.5 2 1.5 0.7 0.5 1* PCR

19 7.6 3.2 4 1.5 1.3 2 PR PR

20 4 1.5 5 1.5 1.8 1.3 PD PD
F
rontiers in Im
munology
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PR, partial response; SD, stable disease; PD, progressive disease; cCR, clinical complete response; *TRG, tumor regression grade; NA, not available; NE, not evaluable.
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study, compared to previous studies, may be attributed to several

factors, including patient heterogeneity, variability in immunotherapy

regimens, differences in imaging and response assessment criteria, and

the timing of response evaluations. These factors highlight the

complexity of assessing response rates in real-world settings and
Frontiers in Immunology 0917
underscore the need for prospective studies to better characterize

CR in diverse patient populations.

The findings of the CheckMate 8HW Phase 3 study

(NCT04008030), presented at the 2024 American Society of

Clinical Oncology Digestive Oncology Symposium, demonstrated

a 79% reduction in disease progression or mortality risk following

four to six doses of dual-agent immunotherapy (25). For instance, a

patient with mucinous adenocarcinoma progressed despite dual

immunotherapy following 2 years of pembrolizumab treatment,

indicating the need for individualized immunotherapy strategies.

Immunotherapy has shown promising results in clinical practice

but requires careful safety monitoring. A particular concern is

immune-related adverse events (irAE), whose mechanisms remain

unclear and which commonly affect the lungs, skin, endocrine glands

and liver. irAE could manifest with delayed onset, even occurring up

to a year after treatment cessation (26). The KEYNOTE-177 study

reported a 9% irAE incidence, compared to 13% in the conventional

chemotherapy group (10, 27). Timely prediction, identification, and

management of irAEs are crucial, with guidelines issued by ASCO,

ESMO, and NCCN to assist clinicians in irAE management.

Although our study observed immune-related adverse reactions in

12.5% of PD-1 monotherapy patients and 6.6% of anti-PD-1 + anti-

CTLA-4 immunotherapy patients, further research is needed to fully

understand these outcomes.

Our study has limitations due to its retrospective nature and small

sample size, whichmay result in biases. The diversity of immunotherapy

regimens among patients complicates our findings’ interpretation.

Therefore, caution is necessary when applying these findings to

broader populations. We found no specific clinical variable related to

the prediction of pCR, possibly due to the total number of events and

sample size, affecting the validity of our logistic model (28). Large studies

with extended follow-up durations are needed to understand the

correlation between pathological responses and survival rates. While
FIGURE 4

Imaging size changes of tumor and lymph nodes before and
after treatment.
FIGURE 5

Radiological and pathological reactions of one patient who progressed after receiving dual-drug immunoneoadjuvant therapy (patient 12 in Table 2).
(A) Sagittal MR View of the pelvis: before immunotherapy VS after immunotherapy; (B) MR View of the axial plane of the pelvis: before
immunotherapy VS after immunotherapy; (C) Colonoscopy: pre-immunotherapy VS post-immunotherapy; (D)Pre-biopsy (HE) VS post-biopsy (HE):
pre-immunotherapy vs post-immunotherapy. MR, magnetic resonance; HE, hematoxylin-eosin.
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our study highlighted the significance of achieving complete or near-

complete pathological responses with neoadjuvant immunotherapy,

prospective studies are needed to validate the findings. Some dMMR

tumors exhibit resistance to immune checkpoint blockade (ICB) due to

various mechanisms, such as an immunosuppressive tumor

microenvironment and alterations in antigen presentation pathways.

Additionally, genetic alterations beyond dMMR, such as mutations in

interferon signaling pathways, and activation of intrinsic tumor cell

pathways like WNT/b-catenin, can further contribute to immune

evasion. Understanding these resistance mechanisms is crucial for

developing combination strategies to overcome resistance and

improve the therapeutic outcomes of dMMR tumors. Although our

study aimed to replicate existing findings in the context of ICB therapy,

we also recognize the importance of providing new insights into the

immune dynamics during treatment. Although we did not conduct

sequencing of tumor biopsies to assess neoantigen immunoediting

directly, immunohistochemistry analysis of pre- and post-treatment

samples could indicate trends in immune cell infiltration that correlate

with treatment response. Future studies in our cohort will include

comprehensive genomic and immune profiling techniques, such as

neoantigen sequencing, flow cytometry, and spatial transcriptomics, to

better characterize the evolution of immune responses during ICB

therapy and identify novel mechanisms of resistance.

In summary, neoadjuvant immunotherapy might be safe and

efficacious, but individualized treatment approaches are crucial. For

patients exhibiting suboptimal treatment responses, prompt

identification and modification of treatment plans were

imperative. Ongoing research endeavors are expected to further

advance the field of neoadjuvant immunotherapy.
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TABLE 5 Adverse events.

Adverse Events Grade 1-2 (%) Grade 3-4 (%)

Any 9 (45) 1 (5)

ALT increased 4 (20) 1 (5)

Rash 2 (10) 0 (0)

Thyroid dysfunction 3 (15) 0 (0)

autoimmune myocarditis 1 (5) 0 (0)

gastrointestinal reaction 1 (5) 0 (0)

surgery-related 0 (0) 0 (0)

Anastomotic leak 0 (0) 0 (0)

Obstruction/Ileus 0 (0) 0 (0)

Surgical Site infection 0 (0) 0 (0)

Urinary Retention 0 (0) 0 (0)

Chylous Ascites 0 (0) 0 (0)
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Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College,
Beijing, China, 2Department of Oncology, The First Affiliated Hospital of Zhengzhou University,
Zhengzhou, China, 3Department of Clinical Medicine, The First Clinical Medical College, Zhengzhou
University, Zhengzhou, China, 4Henan Key Laboratory of Chronic Disease Prevention and Therapy &
Intelligent Health Management, Zhengzhou, China
Introduction: Immune checkpoint inhibitors (ICIs) have transformed advanced

gastric cancer treatment, yet patient responses vary, highlighting the need for

effective biomarkers. Commonmarkers, such as programmed cell death ligand-1

(PD-L1), microsatellite instability/mismatch repair (MSI/MMR), tumor mutational

burden, tumor-infiltrating lymphocytes, and Epstein–Barr virus, face sampling

challenges and high costs. This study seeks practical, minimally invasive

biomarkers to enhance patient selection and improve outcomes.

Methods: This multicenter retrospective study analyzed 617 patients with

advanced gastric or gastroesophageal junction cancer treated with

programmed cell death protein-1 (PD-1)/PD-L1 inhibitors from January 2019

to March 2023. Clinical data and peripheral blood marker data were collected

before and after treatment. The primary endpoints were overall survival (OS) and

progression-free survival (PFS); the secondary endpoints included the objective

response rate (ORR) and disease control rate (DCR). Least absolute shrinkage and

selection operator (LASSO)-Cox and LASSO logistic regression analyses

identified independent factors for OS, PFS, and ORR. Predictive nomograms

were validated using receiver operating characteristic (ROC) curves, areas under

the curve (AUCs), C-indices, and calibration curves, with clinical utility assessed

via decision curve analysis (DCA), net reclassification improvement (NRI), and

integrated discrimination improvement (IDI).

Results: OS-related factors included treatment line, T stage, ascites, pretreatment

indirect bilirubin (pre-IBIL), posttreatment CA125, CA199, CA724, and the PLR. PFS-

related factors included treatment lines, T stage, metastatic sites, pre-IBIL,

posttreatment globulin (GLOB), CA125, and CA199 changes. ORR-related factors

included treatment line, T stage, N stage, liver metastasis, pretreatment red cell

distribution width-to-platelet ratio (RPR), CA125, and CA724 changes. The

nomograms showed strong predictive performance and clinical utility.
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Conclusions: Early treatment, lower T stage, the absence of ascites, and lower

pre-IBIL, post-CA125, CA199, CA724, and PLR correlate with better OS. Factors

for improved PFS include early treatment, lower T stage, fewer metastatic sites,

and lower pre-IBIL, post-GLOB, and post-CA125 levels. Nomogram models can

help identify patients who may benefit from immunotherapy, providing valuable

clinical guidance.
KEYWORDS

PD-1/PD-L1 inhibitors, gastric or gastroesophageal junction cancer, predictive
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1 Introduction

Gastric cancer is one of the most common malignancies,

ranking fifth in incidence and fourth in mortality globally in 2020

(1). It has a poor prognosis, with a global five-year survival rate

between 20% and 40% (2). During the chemotherapy era,

treatments for advanced gastric cancer include fluoropyrimidines

and platinum or paclitaxel-based regimens, resulting in a survival

time of approximately one year (3, 4). Immune checkpoint

inhibitors (ICIs) have significantly improved survival in advanced

gastric cancer patients, as shown in large phase III trials, such as the

CheckMate 649, ATTRACTION-4, KEYNOTE-859, and

KEYNOTE-811 studies. However, responses to ICIs vary, even

among patients with programmed cell death ligand-1 (PD-L1)

positivity or microsatellite instability (MSI-H) status. Some PD-

L1-negative or microsatellite-stable patients may benefit from ICIs

(5–7). Therefore, it is crucial to identify simple, accurate, and

accessible biomarkers to predict which gastric cancer patients

might benefit from immunotherapy.

Current clinical prognostic assessments, including assessments

of tumor infiltration depth, lymph node metastasis, hematogenous

metastasis, tumor location, histological grade, and lymphovascular

invasion, are based on the American Joint Committee on Cancer

(AJCC) staging system (8, 9). However, factors such as age, sex,

tumor differentiation, and immunotherapy cycles, which may be

significant for individual survival prediction, were not fully

accounted for. Common biomarkers include PD-L1 expression,

MSI/mismatch repair status, tumor mutational burden, and

circulating tumor DNA, but some potential biomarkers, such as

peripheral blood inflammation markers, tumor markers, and

nutritional status, remain controversial.

The inflammatory response in the tumor microenvironment is

closely related to tumor occurrence, progression, invasion, and

metastasis (10). Peripheral blood inflammatory markers can not only

predict gastric cancer prognosis (11–17) but are also linked to

immunotherapy responses (18–21). Baseline serum tumor marker

concentrations and their dynamic changes can also predict ICI

outcomes (22–25). Huang J et al. reported that the serum levels of
0221
carcinoembryonic antigen (CEA) and CA125 predict progression-free

survival (PFS) and overall survival (OS) in patients with non-small cell

lung cancer (NSCLC) receiving first-line immunotherapy (26).

Additionally, nutritional status is important for gastric cancer

patients due to the anatomical features of the stomach (27–30).

Albumin, prealbumin, and body mass index (BMI) are independent

prognostic factors for gastric cancer (31). A low prognostic nutritional

index (PNI) score before treatment was proven to be an independent

risk factor for survival in advanced NSCLC patients receiving

programmed cell death protein-1 (PD-1) inhibitors (32–34).

This study aimed to evaluate comprehensive clinical and

pathological data, including peripheral blood inflammatory

markers, tumor markers, and nutritional indices, to identify

predictive biomarkers for advanced gastric cancer patients treated

with PD-1/PD-L1 inhibitors. We hope to develop a robust

prognostic model that enhances treatment precision and offers

personalized clinical guidance. By integrating diverse biomarkers,

we aim to improve patient outcomes and optimize the use of

immunotherapy, ultimately refining therapeutic decision-making

in advanced gastric cancer patients.
2 Methods

2.1 Study population

This retrospective study included 617 patients with advanced

gastric or gastroesophageal junction cancer who received ICI

treatment from January 2019 to March 2023 at The First

Affiliated Hospital of Zhengzhou University, Henan Cancer

Hospital, and Anyang Cancer Hospital.

The inclusion criteria for patients were as follows: (1) were over

18 years of age with histologically or cytologically confirmed gastric

or gastroesophageal junction cancer; (2) had locally advanced

unresectable, recurrent, or metastatic disease; (3) had undergone

at least two cycles of systemic treatment based on PD-1/PD-L1

inhibitors; (4) had an Eastern Cooperative Oncology Group

performance status of 0-2; (5) had at least one measurable target
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lesion that could be monitored by computed tomography or

magnetic resonance imaging; (6) had normal vital organ function;

(7) had complete clinical data, including routine blood, liver and

kidney function data and tumor marker data, one week before

treatment and after two treatment cycles, before PD-1/PD-L1

inhibitor treatment; and (8) had regularly scheduled follow-up

data available.

The exclusion criteria were as follows: (1) patients with other

primary malignancies; (2) patients without assessable lesions or

who did not undergo regular efficacy evaluations; (3) patients who

experienced relapse within six months after neoadjuvant or

adjuvant therapy; (4) patients with a history of surgery within the

last month; (5) patients with severe infections or inflammatory

diseases prior to immunotherapy; (6) patients with serious heart,

cerebrovascular, lung, liver, or kidney diseases or other major

illnesses that would prevent tolerance to treatment; (7) patients

with autoimmune diseases or other immune system deficiencies; (8)

patients who were using or had a long-term history of using

hematopoietic factors, hormones, or immunosuppressive drugs;

(9) patients allergic to PD-1/PD-L1 inhibitors or those with

metabolic disorders; (10) patients with psychiatric disorders, a

history of substance abuse, or who could not discontinue such

substances; and (11) pregnant or breastfeeding women.

The primary endpoints were OS and PFS, while the secondary

endpoints included the objective response rate (ORR) and disease

control rate (DCR). OS was defined as the time from the start of

PD-1/PD-L1 inhibitor treatment to death from any cause or the last

follow-up, and PFS was defined as the time from the start of

treatment to the first occurrence of disease progression, death, or

last follow-up. The ORR was defined as the proportion of patients

who achieved complete response (CR) or partial response (PR), and

the DCR was defined as the proportion of patients who achieved

CR, PR, or stable disease (SD). Patient efficacy was evaluated

according to the Response Evaluation Criteria in Solid Tumors

version 1.1. All patients were followed up regularly after the

initiation of treatment to monitor disease recurrence or

progression. The final follow-up date was August 31, 2023.

This study complied with the principles of the Helsinki

Declaration and relevant ethical requirements and was approved

by the Ethics Committee of Scientific Research and Clinical Trials of

the First Affiliated Hospital of Zhengzhou University (Approval

Identifier: 2023-KY-1308-002).
2.2 Study variables

We collected the pretreatment indicators of gastric cancer

patients who met the inclusion criteria as follows. The patients’

clinicopathological characteristics included sex, age, smoking

history, alcohol consumption history, BMI, PD-L1 combined

positive score (CPS), human epidermal growth factor receptor 2

(Her-2) expression, Ki-67 expression, pathological type,

differentiation degree, and Lauren classification.
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The tumor characteristics included the primary tumor location,

TNM stage, sites of metastasis (e.g., liver, bone, lymph nodes, lung,

peritoneum, malignant ascites), and number of metastatic sites.

Treatment details included drug names, treatment regimens,

treatment lines, presence of radical surgery, radiotherapy, start

time of treatment, and progression time.

Hematological data included hemoglobin (Hb), platelet (PLT)

count, neutrophil (Neut) count, lymphocyte (Lym) count,

monocyte (Mono) count, red cell distribution width (RDW), total

protein (TP), albumin (ALB), globulin (GLOB), total bilirubin

(TBIL), direct bilirubin (DBIL), IBIL, CA125, CA199, CA724, and

CEA. Moreover, hematological indicators were collected not only at

baseline but also after two cycles of treatment.

Additionally, we calculated comprehensive indices before the

first treatment and after two treatment cycles: PNI = ALB + 5 × Lym,

the neutrophil-to-Lym ratio (NLR) = Neut/Lym, the platelet-to-

lymphocyte ratio (PLR) = PLT/Lym, the monocyte-to-lymphocyte

ratio (MLR) = Mono/Lym, the neutrophil-to-monocyte ratio

(NMR) = Neut/Mono, the systemic immune-inflammation index

(SII) = PLT× Neut/Lym, the neutrophil-to-lymphocyte ratio

(NLPR) = Neut/Lym×PLT, the aggregate index of systemic

inflammation (AISI) = Neut×PLT×Mono/Lym, the systemic

inflammation response index (SIRI)= Neut×Mono/Lym, the red

cell distribution width-to-albumin ratio (RAR)=RDW/ALB, the

red cell distribution width-to-platelet ratio (RPR) = RDW/PLT, the

red cell distribution width-to-lymphocyte ratio (RLR) = RDW/Lym,

and the hemoglobin-to-platelet ratio (HPR) = Hb/PLT. Changes

in tumor markers and comprehensive indices were calculated by

subtracting pretreatment values from posttreatment values.
2.3 Study design and statistical analysis

The study design is shown in Figure 1. This study focused on

patient survival status as the outcome variable. Receiver operating

characteristic (ROC) curves were used to calculate the Youden

index, and the corresponding level of each indicator at which the

Youden index was maximized was taken as the optimal cutoff value.

If the Youden index was not available or there was a significant

difference in group size, the median was used as the cutoff. The

upper limit of normal values was used as the cutoff of tumor

markers. Patients were divided into high and low groups based

on these values, and changes in indicators were categorized by

whether values increased or decreased after immunotherapy.

All patients were randomly assigned to training and validation

cohorts at a 7:3 ratio, and the c2 test was applied to compare the

intergroup differences. LASSO-Cox regression identified independent

predictors for OS and PFS, while LASSO logistic regression identified

predictors for ORR. These predictors were used to construct nomogram

models for OS, PFS, and ORR. The model’s discriminative ability was

assessed using ROC curves and area under the curve (AUC), and the

C-index and calibration ability were evaluated using calibration plots.

The net benefit of the nomogram in a clinical setting was assessed by
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decision curve analysis (DCA). To further evaluate the clinical benefit

and utility of the nomogram model compared to the AJCC staging

system, we applied the net reclassification improvement (NRI) and the

integrated discrimination improvement (IDI). A positive NRI and IDI

indicated improved predictive ability, while negative values indicated

a decrease.

Kaplan-Meier (K-M) analysis was used for time-dependent

variables to calculate median survival times and plot OS and PFS

curves, with group differences compared using the log-rank test.

Hazard ratios (HRs) and 95% confidence intervals (CIs) were used

to quantify relative risks. All the statistical analyses were performed

using R 4.3.2 software. P values less than 0.05 were considered to

indicate statistical significance.
Frontiers in Immunology 0423
3 Results

3.1 Patient characteristics

A total of 91 variables were included in this study, and the primary

patient characteristics are summarized in Table 1. The majority of

patients were male; aged between 50 and 69 years; had advanced T3-4

and N2-3 stages; had M1 status; had not undergone radical surgery or

radiotherapy; and had received first-line treatment. Tumor

characteristics predominantly included Her-2-negative status, poor

differentiation, adenocarcinoma type, and tumors located in the

upper stomach. The majority of treatment drugs used were

sintilimab and camrelizumab, with combination therapy mainly
FIGURE 1

Flow chart of the study design.
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TABLE 1 Clinicopathological characteristics of the patients.

Characteristic
Training cohort [cases (%)]
(n = 433)

Validation cohort [cases (%)]
(n = 184)

Total population [cases (%)]
(n = 617)

Р
value

Gender 0.272

Male 308 (71.1%) 122 (66.3%) 430 (69.7%)

Female 125 (28.9%) 62 (33.7%) 187 (30.3%)

Age (years) 0.258

<50 63 (14.5%) 23 (12.5%) 86 (13.9%)

50-59 133 (30.7%) 71 (38.6%) 204 (33.1%)

60-69 141 (32.6%) 50 (27.2%) 191 (31.0%)

≥70 96 (22.2%) 40 (21.7%) 136 (22.0%)

Smoking history 0.265

No 277 (64%) 127 (69%) 404 (65.5%)

Yes 156 (36%) 57 (31%) 213 (34.5%)

Alcohol history 1.000

No 330 (76.2%) 140 (76.1%) 470 (76.2%)

Yes 103 (23.8%) 44 (23.9%) 147 (23.8%)

Agent 0.901

Sintilimab 221 (51%) 88 (47.8%) 309 (50.1%)

Camrelizumab 127 (29.3%) 57 (31%) 184 (29.8%)

Tislelizumab 29 (6.7%) 15 (8.2%) 44 (7.1%)

Toripalimab 15 (3.5%) 8 (4.3%) 23 (3.7%)

Penpulimab 17 (3.9%) 5 (2.7%) 22 (3.6%)

Nivolumab 12 (2.8%) 7 (3.8%) 19 (3.1%)

Pembrolizumab 12 (2.8%) 4 (2.2%) 16 (2.6%)

Combination 0.287

Chemotherapy 307 (70.9%) 133 (72.3%) 440 (71.3%)

Targeted therapy 30 (6.9%) 18 (9.8%) 48 (7.8%)

Chemotherapy +
Targeted therapy

96 (22.2%) 33 (17.9%) 129 (20.9%)

Treatment line 0.842

First line 313 (72.3%) 135 (73.4%) 448 (72.6%)

Second line 95 (21.9%) 37 (20.1%) 132 (21.4%)

Third or later 25 (5.8%) 12 (6.5%) 37 (6.0%)

Radical surgery 0.776

No 338 (78.1%) 141 (76.6%) 479 (77.6%)

Yes 95 (21.9%) 43 (23.4%) 138 (22.4%)

Radiotherapy 0.051

No 425 (98.2%) 174 (94.6%) 599 (97.1%)

Yes 8 (1.8%) 10 (5.4%) 18 (2.9%)

BMI 0.088

Underweight (<18.5) 45 (10.4%) 27 (14.7%) 72 (11.7%)

(Continued)
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TABLE 1 Continued

Characteristic
Training cohort [cases (%)]
(n = 433)

Validation cohort [cases (%)]
(n = 184)

Total population [cases (%)]
(n = 617)

Р
value

Normal (18.5-23.9) 259 (59.8%) 90 (48.9%) 349 (56.6%)

Overweight (24-27.9) 99 (22.9%) 51 (27.7%) 150 (24.3%)

Obese (≥28) 30 (6.9%) 16 (8.7%) 46 (7.5%)

PD-L1 CPS 0.760

CPS < 1 96 (22.2%) 44 (23.9%) 140 (22.7%)

CPS ≥ 1 154 (35.6%) 68 (37%) 222 (36.0%)

Unknown 183 (42.3%) 72 (39.1%) 255 (41.3%)

Her-2 0.068

Negative 291 (67.2%) 138 (75%) 429 (69.5%)

Positive 69 (15.9%) 17 (9.2%) 86 (13.9%)

Unknown 73 (16.9%) 29 (15.8%) 102 (16.5%)

ki-67 0.853

<70% 108 (24.9%) 42 (22.8%) 150 (24.3%)

≥70% 166 (38.3%) 73 (39.7%) 239 (38.7%)

Unknown 159 (36.7%) 69 (37.5%) 228 (37.0%)

Pathological type 1.000

Adenocarcinoma 406 (93.8%) 172 (93.5%) 578 (93.7%)

Others 27 (6.2%) 12 (6.5%) 39 (6.3%)

Differentiation degree 0.394

Poorly 262 (60.5%) 101 (54.9%) 363 (58.8%)

Moderately and well 58 (13.4%) 26 (14.1%) 84 (13.6%)

Unknown 113 (26.1%) 57 (31%) 170 (27.6%)

Lauren classification 0.909

Intestinal type 57 (13.2%) 24 (13%) 81 (13.1%)

Diffuse type 56 (12.9%) 24 (13%) 80 (13.0%)

Mixed type 51 (11.8%) 18 (9.8%) 69 (11.2%)

Unknown 269 (62.1%) 118 (64.1%) 387 (62.7%)

Primary tumor site 0.446

Upper 235 (54.3%) 91 (49.5%) 326 (52.8%)

Middle 96 (22.2%) 48 (26.1%) 144 (23.3%)

Lower 89 (20.6%) 42 (22.8%) 131 (21.2%)

Other 13 (3%) 3 (1.6%) 16 (2.6%)

T stage 0.550

T1-T2 27 (6.2%) 11 (6%) 38 (6.2%)

T3 141 (32.6%) 50 (27.2%) 191 (31.0%)

T4 190 (43.9%) 91 (49.5%) 281 (45.5%)

TX 75 (17.3%) 32 (17.4%) 107 (17.3%)

N stage 0.219

(Continued)
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involving immunotherapy combined with chemotherapy. There were

no significant differences in any of the indices between the training and

validation cohorts. Supplementary Figure 1 presents the correlation

heatmap of clinicopathological features and peripheral blood indices

before and after immunotherapy for the 617 patients with advanced

gastric/gastroesophageal junction cancer. Notably, a strong positive

correlation was observed between pre-CA199 and post-CA199, as well

as between pre-SIRI and pre-NLR.
Frontiers in Immunology 0726
3.2 Survival outcomes and
efficacy evaluation

In the total study population, the median overall survival (mOS)

was 18.37 months (95% CI: 16.47 - 20.27) (Figure 2A), and the

median progression-free survival (mPFS) was 7.20 months (95% CI:

6.58 - 7.83) (Figure 2B). The ORR was 31.12%, and the DCR was

90.1%. Among the patients, 1 achieved CR, 191 achieved PR, 364
TABLE 1 Continued

Characteristic
Training cohort [cases (%)]
(n = 433)

Validation cohort [cases (%)]
(n = 184)

Total population [cases (%)]
(n = 617)

Р
value

N0 106 (24.5%) 52 (28.3%) 158 (25.6%)

N1 34 (7.9%) 20 (10.9%) 54 (8.8%)

N2 143 (33%) 47 (25.5%) 190 (30.8%)

N3 150 (34.6%) 65 (35.3%) 215 (34.8%)

M stage 0.816

M0 45 (10.4%) 21 (11.4%) 66 (10.7%)

M1 388 (89.6%) 163 (88.6%) 551 (89.3%)

Liver metastasis 0.171

No 281 (64.9%) 108 (58.7%) 389 (63.0%)

Yes 152 (35.1%) 76 (41.3%) 228 (37.0%)

Bone metastasis 0.416

No 405 (93.5%) 168 (91.3%) 573 (92.9%)

Yes 28 (6.5%) 16 (8.7%) 44 (7.1%)

Lymph node metastasis 0.475

No 66 (15.2%) 33 (17.9%) 99 (16.0%)

Yes 367 (84.8%) 151 (82.1%) 518 (84.0%)

Lung metastasis 0.851

No 394 (91%) 169 (91.8%) 563 (91.2%)

Yes 39 (9%) 15 (8.2%) 54 (8.8%)

Peritoneal metastasis 0.601

No 344 (79.4%) 142 (77.2%) 486 (78.8%)

Yes 89 (20.6%) 42 (22.8%) 131 (21.2%)

Ascites 0.327

No 364 (84.1%) 148 (80.4%) 512 (83.0%)

Yes 69 (15.9%) 36 (19.6%) 105 (17.0%)

Other metastases 0.855

No 355 (82%) 149 (81%) 504 (81.7%)

Yes 78 (18%) 35 (19%) 113 (18.3%)

Number of
metastatic sites

0.584

0-1 167 (38.6%) 66 (35.9%) 233 (37.8%)

2 165 (38.1%) 68 (37%) 233 (37.8%)

≥3 101 (23.3%) 50 (27.2%) 151 (24.5%)
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had SD, and 61 experienced progressive disease (PD). The clinical

and peripheral blood characteristics of the patients in the CR+PR,

SD, and PD groups are detailed in Supplementary Table 1.

Significant differences were observed among these groups in

terms of combined treatment regimens, treatment lines, PD-L1

expression, Her-2 expression, TNM stage, metastasis status, tumor

markers, nutritional indices, inflammation indices, and so on.

Notably, a greater proportion of patients in the CR+PR group

than in the SD and PD groups received first-line treatment.

Furthermore, we investigated the correlation between early

treatment response and long-term survival. The CR+PR, SD, and

PD groups showed significant differences in survival, with patients

who achieved CR or PR having the best OS and PFS, while those

with PD had the worst outcomes (Figures 2C, D). This indicated

that patients with better early treatment responses were more likely

to have improved long-term survival.
3.3 Subgroup analysis based on PD-L1
expression, Her-2 status, and
treatment lines

Among the 362 patients with available PD-L1 expression data,

the PD-L1 CPS ≥1 group exhibited a trend toward improved survival

compared to the PD-L1 CPS <1 group, although no significant

differences were observed in OS or PFS (Supplementary Table 2;

Figures 3A, B).
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Among the 515 patients with available Her-2 expression data,

Her-2-positive patients had significantly better OS and PFS than

Her-2-negative patients (Supplementary Table 3; Figures 3C, D).

When comparing first-line, second-line, and third-line or later

treatments, first-line treatment was associated with significantly better

OS and PFS than second-line and third-line treatments (Supplementary

Table 4; Figures 3E, F).Given the widespread use of first-line anti-PD-1/

PD-L1 treatment, we analyzed the first-line treatment group. Among the

448 patients, those in the PD-L1 CPS ≥1 group had significantly better

OS than did those in the CPS <1 group, but there was no difference in

PFS. Her-2-positive patients had better OS and PFS than Her-2-negative

patients. No significant differences in OS or PFS were found among

patients receiving different combinations of immunotherapy,

chemotherapy, or targeted therapy. The detailed data are shown in

Figures 3G-L and Supplementary Table 5.

For the 283 Her-2-negative patients who received first-line

immunotherapy combined with chemotherapy, the mOS was

18.77 months (95% CI: 15.59–21.95) (Figure 3M), the mPFS was

7.77 months (95% CI: 6.79–8.75) (Figure 3N), the ORR was 34.63%

(98/283), and the DCR was 95.76% (271/283). Further subgroup

analysis based on the PD-L1 CPS is detailed in Supplementary

Table 6 (Figures 3O-R). Among the 45 Her-2-positive patients who

received first-line immunotherapy combined with chemotherapy

and targeted therapy, the mOS was 28.13 months (95% CI: 22.60-

NA) (Figure 3S), the mPFS was 12.17 months (95% CI: 10.25-14.10)

(Figure 3T), the ORR was 62.22% (28/45), and the DCR was 100%

(45/45).
FIGURE 2

Survival outcomes in the total population (A, B) OS (A) and PFS (B) curves for the entire study population. (C, D) OS (C) and PFS (D) curves for
different response groups: CR + PR, SD, and PD.
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3.4 OS nomogram construction
and validation

Through LASSO-Cox regression analysis (Figures 4A, B), 8

independent factors associated with OS in patients receiving

immunotherapy for advanced gastric cancer were identified,

including treatment line, T stage, ascites, pretreatment indirect

bilirubin (pre-IBIL), post-CA125, post-CA199, post-CA724, and

post-PLR (Table 2). The multivariate Cox regression analysis results

are presented in a forest plot (Figure 4C). Based on these eight
Frontiers in Immunology 0928
factors, a nomogram was constructed to evaluate the 12-month, 18-

month, and 24-month OS rates (Figure 4D). Each predictor has a

corresponding risk score, and the total score estimates the patient’s

survival probability. T stage was the primary factor affecting OS.

To validate the model’s predictive accuracy, ROC curves,

calibration curves, and the C-index were used. ROC curves

showed AUCs for 12-month, 18-month, and 24-month OS rates

of 0.759, 0.752, and 0.750, respectively, in the training cohort

(Supplementary Figure 2A) and 0.749, 0.703, and 0.795,

respectively, in the validation cohort (Supplementary Figure 2B),
FIGURE 3

K-M curves related to PD-L1 expression, Her-2 expression, treatment lines, and treatment subgroups. (A, B) OS (A) and PFS (B) for patients with a PD-L1
CPS ≥1 vs. those with a CPS <1. (C, D) OS (C) and PFS (D) for Her-2-positive patients vs. Her-2-negative patients. (E, F) OS (E) and PFS (F) for patients
receiving first-line vs. second-line vs. third-line or later treatments. (G, H) OS (G) and PFS (H) for first-line treatment subgroups of patients with a PD-L1
CPS ≥1 vs. those with a CPS <1. (I, J) OS (I) and PFS (J) for first-line treatment subgroups of Her-2-positive vs. Her-2-negative patients. (K, L) OS (K) and
PFS (L) for first-line treatment subgroups receiving three different combined regimens. (M, N) OS (M) and PFS (N) for Her-2-negative patients receiving
different first-line treatment regimens. (O, P) OS (O) and PFS (P) for Her-2-negative patients with a PD-L1 CPS ≥1 receiving different first-line treatment
regimens. (Q, R) OS (Q) and PFS (R) for Her-2-negative patients with a PD-L1 CPS <1 receiving different first-line treatment regimens. (S, T) OS (S) and
PFS (T) for Her-2-positive patients receiving different first-line treatment regimens.
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indicating excellent discriminative ability. Calibration curves

confirmed that the predicted OS rates at 12, 18, and 24 months

were consistent with the actual outcomes in both cohorts

(Supplementary Figures 2C-H). The C-indices for the training

and validation cohorts were 0.728 and 0.742, respectively,

suggesting good model accuracy and precision. When the model

was compared with the AJCC tumor staging system, DCA showed

greater net benefit for the nomogram in both cohorts

(Supplementary Figure 3). The C-index, NRI, and IDI results

indicated a statistically superior ability to predict OS compared to

that of the AJCC staging system (Supplementary Table 7).

Based on the nomogram scores, the population was stratified

into high-risk and low-risk groups. K-M curves for OS revealed

significantly better survival in the low-risk group in both cohorts,

further confirming the effectiveness of the OS predictive nomogram

(Figures 5A-D).
3.5 PFS nomogram construction
and validation

Using LASSO-Cox regression analysis (Figures 6A, B), seven

independent factors associated with PFS in patients receiving
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immunotherapy for advanced gastric cancer, namely, treatment

line, T stage, number of metastatic sites, pre-IBIL, post-GLOB, post-

CA125, and △CA199, were identified (Table 3). The multivariate

Cox regression analysis results are presented in a forest plot

(Figure 6C). Based on these seven factors, a nomogram was

constructed to evaluate the 6-month, 12-month, and 18-month

PFS rates (Figure 6D). T stage was the primary factor affecting PFS,

followed by treatment line.

ROC curves and calibration curves were used to evaluate the

model’s predictive ability. The ROC curves showed AUCs for 6-

month, 12-month, and 18-month PFS rates of 0.764, 0.705, and

0.730, respectively, in the training cohort (Supplementary Figure 4A)

and 0.730, 0.689, and 0.708, respectively, in the validation cohort

(Supplementary Figure 4B). Calibration curves indicated that the

predicted PFS rates at 6, 12, and 18 months were consistent with the

actual outcomes in both cohorts (Supplementary Figures 4C-H). The

DCA showed greater net benefit for the nomogram than for the

AJCC staging system in both cohorts (Supplementary Figure 5). The

C-index, NRI, and IDI results indicated that the nomogram had

significantly superior clinical utility and effectiveness compared to the

AJCC staging system (Supplementary Table 8).

Based on the nomogram scores, the population was stratified

into high-risk and low-risk groups, with K-M curves for PFS
FIGURE 4

Selection of independent factors for OS and construction of the nomogram model (A) Overview of LASSO coefficients; (B) Selection of optimal
parameters in the LASSO regression model; (C) Forest plot of multivariate Cox regression analysis results for OS; (D) Nomogram for predicting 12-
month, 18-month, and 24-month OS rates.
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showing significantly better survival in the low-risk group in both

cohorts (Figures 5E-H).
3.6 ORR predictive model construction
and evaluation

Using LASSO logistic regression analysis (Figures 7A, B), 7

independent factors associated with the ORR in patients receiving

immunotherapy for advanced gastric cancer were identified,

including treatment line, T stage, N stage, liver metastasis, pre-

RPR, post-CA125, and △CA724 (Table 4). The multivariate

logistic regression analysis results are presented in a forest plot

(Figure 7C). Based on these seven predictors, a nomogram was

constructed to evaluate the probability of achieving CR or PR
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(Figure 7D). N stage, post-CA125, liver metastasis, and △CA724

were the primary factors affecting the ORR. Each variable in the

nomogram has a corresponding score, and the total score, calculated

by summing all predictor scores, indicates a greater probability of

achieving CR or PR with a higher total score. Earlier treatment, earlier

T stage, later N stage, the presence of liver metastasis, lower pre-RPR,

lower post-CA125 and decreased CA724 were associated with a

greater probability of achieving CR or PR.

To better evaluate the nomogram ’s predictive value,

calibration curves, ROC curves, and decision curves were plotted.

Calibration curves showed that the predicted probabilities were

consistent with the actual outcomes in the training and validation

cohorts (Figures 8A, B). The ROC curves showed AUCs of 0.804 in

the training cohort and 0.722 in the validation cohort (Figures 8C,

D), indicating excellent predictive accuracy. Decision curves
TABLE 2 Univariate and multivariate Cox regression analyses for OS.

Variable
Univariate Analysis Multivariate Analysis

HR 95% CI P value HR 95% CI P value

Treatment line 1.45 (1.22 - 1.72) <0.001 1.25 (1.02 - 1.52) 0.028

BMI 0.82 (0.69 - 0.98) 0.026 0.89 (0.74 - 1.06) 0.179

Differentiation degree 0.88 (0.77 - 1.02) 0.091

Lauren classification 0.92 (0.83 - 1.02) 0.099

T stage 1.43 (1.24 - 1.63) <0.001 1.33 (1.14 - 1.55) <0.001

Lymph
node metastasis

0.65 (0.48 - 0.87) 0.004 0.90 (0.65 - 1.24) 0.509

Ascites 2.16 (1.62 - 2.89) <0.001 1.72 (1.24 - 2.38) 0.001

Other metastases 0.98 (0.71 - 1.35) 0.895

pre-GLOB 1.34 (0.95 - 1.90) 0.095

pre-IBIL 1.91 (1.29 - 2.85) 0.001 1.91 (1.24 - 2.93) 0.003

pre-MLR 1.45 (1.14 - 1.84) 0.002 1.17 (0.89 - 1.55) 0.266

pre-AISI 1.59 (1.19 - 2.15) 0.002 1.13 (0.79 - 1.61) 0.513

pre-RAR 1.10 (0.86 - 1.39) 0.453

post-ALB 0.74 (0.58 - 0.94) 0.014 0.80 (0.57 - 1.12) 0.192

post-GLOB 1.29 (1.02 - 1.64) 0.035 1.23 (0.96 - 1.58) 0.104

post-DBIL 1.23 (0.91 - 1.65) 0.178

post-CA125 2.24 (1.70 - 2.94) <0.001 1.46 (1.06 - 2.01) 0.022

post-CA199 1.79 (1.41 - 2.28) <0.001 1.30 (1.00 - 1.68) 0.049

post-CA724 1.85 (1.45 - 2.36) <0.001 1.58 (1.22 - 2.06) 0.001

post-PNI 0.73 (0.57 - 0.92) 0.009 1.00 (0.72 - 1.41) 0.982

post-PLR 1.85 (1.46 - 2.35) <0.001 1.43 (1.09 - 1.88) 0.009

post-RAR 1.30 (1.03 - 1.66) 0.030 1.11 (0.82 - 1.48) 0.501

post-RLR 1.35 (1.05 - 1.73) 0.018 1.21 (0.89 - 1.63) 0.221

△CA199 1.44 (1.13 - 1.82) 0.003 1.25 (0.97 - 1.60) 0.080

△NMR 1.25 (0.97 - 1.60) 0.082

△RPR 0.75 (0.57 - 0.97) 0.031 1.04 (0.76 - 1.43) 0.804
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indicated good clinical utility of the model (Figures 8E, F). These

results confirmed that the nomogram is a simple yet effective model

for predicting therapeutic response in advanced gastric cancer

patients receiving immunotherapy.
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According to the ORR predictive nomogram, a higher N stage

and liver metastasis were paradoxically associated with a greater

probability of achieving CR or PR. K-M analysis revealed no

significant difference in OS among patients with different N
FIGURE 5

K-M curves for OS and PFS risk groups. (A-D) OS K-M curves for risk groups. (A) Risk stratification based on the OS nomogram score in the training
cohort. (B) OS survival curves for high-risk and low-risk groups in the training cohort. (C) Risk stratification based on the OS nomogram score in the
validation cohort. (D) OS survival curves for high-risk and low-risk groups in the validation cohort. (E-H) PFS K-M curves for risk groups. (E) Risk
stratification based on the PFS nomogram score in the training cohort. (F) PFS survival curves for high-risk and low-risk groups in the training cohort.
(G) Risk stratification based on the PFS nomogram score in the validation cohort. (H) PFS survival curves for high-risk and low-risk groups in the
validation cohort.
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stages (Supplementary Figure 8E), but a significant difference in PFS

was observed (Supplementary Figure 9E). No significant difference

in OS was found between patients with and without liver metastasis

(Supplementary Figure 8F), but those without liver metastasis had

significantly better PFS (Supplementary Figure 9F). Further

exploration of potential causes revealed differences in

clinicopathological characteristics between patients with different

N stages (Supplementary Table 9) and between patients with and

without liver metastasis (Supplementary Table 10). The greater
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proportion of patients receiving combined chemotherapy and

targeted therapy due to higher PD-L1 CPS≥1 and Her-2 positivity

rates, along with the greater proportion of first-line treatment in

N2-3 stage patients, might explain the greater probability of

achieving CR or PR in these patients. In addition, N0 patients

had a significantly lower BMI than patients in other N stages,

indicating poorer nutritional status, which may have affected their

treatment outcomes. A greater proportion of patients with liver

metastasis without peritoneal metastasis or ascites than without
FIGURE 6

Selection of independent factors for PFS and construction of the nomogram model (A) Overview of LASSO coefficients; (B) Selection of the optimal
parameters in the LASSO regression model; (C) Forest plot of multivariate Cox regression analysis for PFS; (D) Nomogram for predicting 6-month,
12-month, and 18-month PFS rates.
TABLE 3 Univariate and multivariate Cox regression analyses for PFS.

Variable
Univariate Analysis Multivariate Analysis

HR 95% CI P value HR 95% CI P value

Treatment line 1.53 (1.32 - 1.76) <0.001 1.41 (1.22 - 1.64) <0.001

Differentiation degree 0.88 (0.79 - 0.97) 0.015 0.91 (0.82 - 1.02) 0.094

T stage 1.47 (1.33 - 1.63) <0.001 1.44 (1.29 - 1.60) <0.001

Number of
metastatic sites

1.19 (1.06 - 1.33) 0.004 1.13 (1.00 - 1.27) 0.044

pre-IBIL 1.89 (1.34 - 2.66) <0.001 1.45 (1.01 - 2.06) 0.042

post-GLOB 1.34 (1.12 - 1.60) 0.001 1.29 (1.07 - 1.55) 0.007

post-CA125 1.83 (1.47 - 2.28) <0.001 1.81 (1.44 - 2.28) <0.001

△CA199 1.48 (1.24 - 1.77) <0.001 1.38 (1.14 - 1.68) 0.001

△CEA 1.35 (1.13 - 1.62) <0.001 1.20 (0.99 - 1.46) 0.057
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liver metastasis had liver metastasis, and their BMI was greater.

Additionally, patients with liver metastasis had a greater prevalence

of the intestinal type and a lower prevalence of the diffuse type,

whereas those without liver metastasis had the opposite pattern.

Previous studies have confirmed that the prognosis for diffuse-type

gastric adenocarcinoma is generally worse than that for intestinal-

type gastric adenocarcinoma (35).
3.7 Survival analysis

K-M analysis demonstrated survival differences for OS and PFS.

OS predictors included treatment line (Figures 3E, F), T stage

(Supplementary Figure 6A), ascites (Supplementary Figure 6B),

pre-IBIL (Supplementary Figure 6C), post-CA125 (Supplementary

Figure 6D), post-CA199 (Supplementary Figure 6E), post-CA724

(Supplementary Figure 6F), and post-PLR (Supplementary

Figure 7A). Early treatment, early T stage, no ascites, and lower

levels of pre-IBIL, post-CA125, post-CA199, post-CA724, and post-

PLR were associated with longer OS. PFS predictors included

treatment line (Figure 3), T stage (Supplementary Figure 8A),

metastat ic s i te (Supplementary Figure 9B), pre-IBIL

(Supplementary Figure 9A), post-GLOB (Supplementary

Figure 9C), post-CA125 (Supplementary Figure 8D), and
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△CA199 (Supplementary Figure 9D). Fewer metastatic sites,

lower post-GLOB, and decreased △CA199 were associated with

better PFS.
4 Discussion

Currently, for Her-2-negative, unresectable, advanced or

recurrent gastric or gastroesophageal junction cancer patients, first-

line treatment with a combination of anti-PD-1/PD-L1 therapy and

chemotherapy is recommended. This recommendation is based on

several large phase III clinical trials, including the ATTRACTION-4

study (36), CheckMate 649 study (37), KEYNOTE-859 study (38),

ORIENT-16 study (39), and Rationale 305 study (68). In our study,

for Her-2-negative patients receiving first-line immunotherapy

combined with chemotherapy, the mOS and mPFS were 18.77

months and 7.77 months, respectively, with an ORR of 34.63% and

a DCR of 95.76%. Although our study’s OS and PFS results were

comparable to or even better than those of large phase III trials, the

ORR was not as high. Since this study reflected real-world clinical

practice, a high proportion of patients had distant metastases,

relatively poor baseline conditions, and significant tumor burden,

which may have contributed to the poor ORR observed in this study.

Additionally, the superior OS results in this study may be partly
FIGURE 7

Selection of independent factors for ORR and construction of the nomogram model (A) Overview of LASSO coefficients; (B) Selection of optimal
parameters in the LASSO regression model; (C) Forest plot of multivariate logistic regression analysis results for ORR; (D) Nomogram model
predicting the probability of achieving CR or PR.
frontiersin.org

https://doi.org/10.3389/fimmu.2024.1468342
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Yang et al. 10.3389/fimmu.2024.1468342
explained by the fact that patients often adjust their treatment

regimens and continue comprehensive therapy after the failure of

first-line immunotherapy.

We also analyzed PD-L1 expression in Her-2-negative patients

receiving first-line immunotherapy combined with chemotherapy.

For patients with a PD-L1 CPS ≥1, the mOS was 20.87 months, the

mPFS was 7.97 months, the ORR was 42.75%, and the DCR was

95.42%, outperforming the results from the CheckMate 649 and

KEYNOTE-859 studies (37, 38). Currently, the role of PD-L1

expression in predicting the efficacy of immunotherapy is

inconsistent. Although this study did not observe significant

differences in OS or PFS between the PD-L1 CPS ≥1 and CPS <1

groups, the survival curves of the CPS ≥1 group showed a trend

toward better outcomes than did those of the CPS <1 group. The

CheckMate 649, KEYNOTE-859, ORIENT-16, and RATIONALE 305

studies demonstrated that nivolumab, pembrolizumab, sintilimab,

and tislelizumab combined with chemotherapy provided survival

benefits regardless of PD-L1 expression in the overall population.

However, the ATTRACTION-4 study showed that patients with

tumor cell PD-L1 expression ≥1% had shorter OS and PFS than did

those with undefined or <1% PD-L1 expression. Therefore, it is still

unclear whether the efficacy and survival advantage of gastric cancer

immunotherapy increase with increasing PD-L1 expression levels, and

the use of PD-L1 alone as a biomarker to predict immunotherapy

efficacy is not accurate. A meta-analysis suggested that a PD-L1 CPS

≥1 was a critical threshold for survival benefit with immunotherapy
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alone, while immunotherapy combined with other therapies extended

PFS and OS in all populations. In addition, the ORR was not affected

by the PD-L1 CPS (40).

According to the analysis of Her-2 expression, Her-2-positive

patients had significantly better OS and PFS than Her-2-negative

patients, suggesting a potential benefit from combining

immunotherapy with anti-Her-2 targeted therapy and

chemotherapy. This hypothesis is supported by the KEYNOTE-

811 study, which demonstrated that pembrolizumab combined with

trastuzumab and chemotherapy significantly improved survival in

advanced HER-2-positive gastric or gastroesophageal junction

adenocarcinoma patients (41).

Additionally, we explored the relationship between recent

treatment response and long-term survival. Patients who achieved

CR or PR had significantly extended OS and PFS. The CheckMate

649 study explored the survival of patients with different response

levels in the field of first-line immunotherapy for gastric cancer and

revealed that Chinese patients (PD-L1 CPS ≥5) who achieved CR or

PR at 18 weeks with nivolumab combined with chemotherapy had a

3-year OS rate of 37% and an mOS of 21.5 months (42). This

indicated that achieving tumor shrinkage with immunotherapy likely

led to longer survival. However, ORR and OS are not absolutely

correlated. For example, several phase III studies in the field of gastric

cancer immunotherapy have not achieved statistically significant OS

benefits despite significant ORR benefits (41, 43). Additionally, the

ability of different therapies to translate ORR benefits into long-term
TABLE 4 Univariate and multivariate analysis of ORR.

Variable
Univariate Analysis Multivariate Analysis

HR 95% CI P value HR 95% CI P value

Treatment line 0.40 (0.27 - 0.59) <0.001 0.54 (0.34 - 0.86) 0.008

BMI 1.44 (1.15 - 1.80) 0.002 1.23 (0.94 - 1.59) 0.127

T stage 0.57 (0.46 - 0.71) <0.001 0.75 (0.57 - 0.97) 0.028

N stage 1.46 (1.25 - 1.71) <0.001 1.38 (1.09 - 1.75) 0.007

Liver metastasis 2.15 (1.52 - 3.05) <0.001 2.55 (1.67 - 3.91) <0.001

Lymph
node metastasis

3.86 (2.06 - 7.25) <0.001 1.24 (0.53 - 2.89) 0.627

Lung metastasis 1.73 (0.98 - 3.05) 0.059

Ascites 0.40 (0.23 - 0.69) <0.001 0.59 (0.32 - 1.11) 0.103

pre-RPR 0.42 (0.30 - 0.59) <0.001 0.64 (0.42 - 0.98) 0.040

post-CA125 0.42 (0.25 - 0.70) <0.001 0.39 (0.21 - 0.71) 0.002

post-CA199 0.64 (0.44 - 0.91) 0.014 0.68 (0.45 - 1.04) 0.074

△CA199 0.54 (0.38 - 0.78) <0.001 0.72 (0.47 - 1.10) 0.131

△CA724 0.45 (0.31 - 0.66) <0.001 0.50 (0.32 - 0.78) 0.002

△CEA 0.48 (0.34 - 0.68) <0.001 0.73 (0.48 - 1.13) 0.162

△NLR 0.37 (0.24 - 0.57) <0.001 0.61 (0.35 - 1.04) 0.070

△NMR 0.43 (0.28 - 0.65) <0.001 0.73 (0.42 - 1.27) 0.264

△RAR 2.04 (1.32 - 3.14) 0.001 1.44 (0.85 - 2.45) 0.180
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survival varies. For example, in the CheckMate 649 study, patients

who achieved CR or PR in the chemotherapy group (PD-L1 CPS ≥5)

had a 3-year OS rate of only 14% (44).

We observed that treatment line and T stage were independent

predictors of OS, PFS, and ORR, which has been preliminarily

confirmed in previous studies (45, 46). Since immunotherapy

primarily enhances the antitumor immune response to kill tumor

cells, theoretically, the earlier immunotherapy is applied, the better

the effect. A meta-analysis of 25 clinical trials involving 20,013

patients with NSCLC also confirmed this hypothesis, showing that

patients who received immunotherapy first and other treatments

after failure had significantly longer OS than did those who received

other treatments first and immunotherapy after failure, with a

greater than 30% reduction in the risk of death (47). Our study

also revealed that ascites and multiple organ metastases were

associated with poor prognosis, consistent with previous studies

(48). According to a Chinese subgroup analysis of the CheckMate
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649 study, immunotherapy showed great therapeutic advantages for

patients with peritoneal and liver metastases (42). Data from the

PD-L1 CPS ≥5 subgroup showed that in the peritoneal metastasis

group, nivolumab combined with chemotherapy achieved an mOS

of 14.8 months, nearly three times that of the chemotherapy group;

in the liver metastasis group, nivolumab combined with

chemotherapy achieved an mOS of 14.3 months, nearly double

that of the chemotherapy group.

In this study, several tumor markers exhibited strong predictive

capabilities. Numerous studies have reported associations between

baseline or dynamic serum tumor marker levels and

immunotherapy efficacy (23–25, 49). Combining multiple tumor

markers can increase the diagnostic sensitivity for gastric cancer

and better predict its prognosis (50, 51). In a study of 146 patients

with gastric cancer receiving chemotherapy or immunotherapy,

CA724 was confirmed to be an independent prognostic factor for

PFS and OS. The role of tumor markers in gastric cancer
FIGURE 8

Validation of the ORR predictive nomogram model (A, B) Calibration curves for the CR+PR rate in the training (A) and validation (B) cohorts; (C, D) ROC
curves of the treatment response nomogram in the training (C) and validation (D) cohorts; (E, F) DCA curve in the training (E) and validation (F) cohorts.
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immunotherapy may be underreported, possibly because most

studies have focused on baseline tumor marker data. In our

study, meaningful data included tumor marker indices after two

cycles of immunotherapy and changes before and after treatment.

We found that if tumor marker levels decrease from baseline after

immunotherapy, patients might achieve better treatment efficacy

and survival, providing new insights for subsequent research.

Our study revealed that pre-IBIL was an independent predictor

of OS and PFS. The baseline IBIL concentration has been confirmed

to be an independent prognostic factor for OS in gastric cancer

patients receiving ICIs or chemotherapy but has not been studied in

a cohort of patients exclusively receiving immunotherapy for gastric

cancer (46). This finding fills that gap. Additionally, low levels of

ALB or high levels of GLOB in many types of cancer are often

associated with high mortality and recurrence rates (52–55). High

levels of globulin are caused by an increase in acute phase proteins

and immunoglobulins and are believed to be associated with tumor

proliferation, immune evasion, and distant metastasis (56). Some

studies have shown that baseline GLOB is a predictor of tumor-

specific survival in gastric cancer patients, but multivariate analysis

did not reveal an association between globulin levels and prognosis

(57). In our study, post-GLOB was an independent predictor of PFS

in advanced gastric cancer patients receiving immunotherapy.

Several retrospective studies and meta-analyses have suggested

that a low pretreatment PLR may be a potential favorable prognostic

biomarker for the survival of patients with various cancers, including

gastric cancer (49, 58–61). In patients with advanced and metastatic

gastric cancer receiving immunotherapy, pretreatment PLR was

significantly associated with PFS and OS (62, 63). This study

revealed that the posttreatment PLR might be an independent

predictor of OS, providing new ideas for future research. We

speculate that a high PLR is associated with poor OS because

platelet activation is present at all stages of tumor development,

spread, and metastasis (64). When tumor cells enter the bloodstream,

platelets aggregate on their surface, protecting tumor cells from attack

by immune cells. Platelets also promote tumor metastasis and

angiogenesis by releasing various growth factors, such as vascular

endothelial growth factor-A, and can promote immune evasion and

chemoresistance in tumor cells (17). On the other hand, an increase

in lymphocytes is also associated with increased sensitivity to ICIs

(65). Therefore, an elevated PLR indicates a cellular environment

highly conducive to tumor growth and a poor response to

immunotherapy. Notably, other inflammatory composite indices,

such as the NLR, MLR, NMR, SII, NLPR, AISI, and SIRI, did not

show potential for predicting treatment efficacy or survival in this

study. Therefore, the practical application of inflammatory markers

in the clinic should still be approached with caution.

PLT and RDW have been confirmed to be associated with the

prognosis of cancer patients, but both indicators are easily affected

by diseases other than tumors (66). In contrast, the RPR may be a

more reliable indicator of treatment efficacy and patient prognosis

and has been confirmed to reflect the severity of tumors (67). In this

study, the pre-RPR was found to be an independent predictor of the

ORR in patients receiving advanced gastric cancer immunotherapy,
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demonstrating the potential of the RPR, which is distinct from the

findings of previous studies.

By collecting a large sample of real-world patient data, which

includes comprehensive clinicopathological characteristics and

peripheral blood indicators, our study has constructed a robust

and practical model for predicting the efficacy and survival of

gastric cancer patients receiving immunotherapy. We integrated

both baseline and post-treatment peripheral blood data, assessing

changes after two treatment cycles. This dynamic analysis provides

valuable insights into the potential of blood-based biomarkers for

guiding immunotherapy in gastric cancer patients. Moreover, while

prior studies have predominantly focused on PFS and OS, our

research uniquely addresses the ORR, offering the first nomogram

prediction models related to ORR in this context. This novel aspect

of our study fills a crucial gap in the current literature, further

enhancing its clinical relevance.

This study also has several limitations. First, although this was a

multicenter clinical study, the uneven geographic distribution of

hospitals may limit the generalizability of the findings. Second, due

to inconsistent routine examinations in different hospitals, the

completeness of the data is limited, and there are patients with

unknown PD-L1 CPS, Her-2, and Ki-67 status, which may cause

statistical bias. Third, the selection of ICIs in this study was not

uniform. Therefore, to obtain higher-level medical evidence, larger

sample prospective studies are needed. Fourth, the follow-up time

for patients in this study was relatively short, and the nomogram

can predict OS rates up to 2 years. Longer follow-up periods are

needed to analyze the 3-year and 5-year survival rates and long-

term prognosis of patients.
5 Conclusions

This study highlights several important findings regarding the

clinical outcomes of advanced gastric or gastroesophageal junction

cancer patients treated with PD-1/PD-L1 inhibitors. Earlier

treatment, lower T stage, absence of ascites, and lower levels of

pre-IBIL, post-CA125, post-CA199, post-CA724, and post-PLR were

associated with better OS. PFS was improved in patients with earlier

treatment, lower T stage, fewer metastatic sites, and lower levels of

pre-IBIL, post-GLOB, and post-CA125. Additionally, patients with

earlier treatment, lower T and N stages, absence of liver metastases,

and lower pre-RPR and post-CA125 levels were more likely to

achieve a favorable objective response. Our validated nomogram

model based on these indicators offers a practical tool for identifying

patients most likely to benefit from immunotherapy, providing

valuable clinical guidance for personalized treatment strategies.
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Immunotherapy plus
chemotherapy versus
chemotherapy alone in the first-
line treatment for advanced
gastric cancer/gastroesophageal
junction cancer: a real-world
retrospective study
Qian Xu1,2,3†, Dan Yi1,2,3†, Caiyan Jia1,2,3, Fanming Kong1,2,3*

and Yingjie Jia1,2,3*

1Department of Oncology, First Teaching Hospital of Tianjin University of Traditional Chinese
Medicine, Tianjin, China, 2Department of Oncology, Tianjin Cancer Institute of Traditional Chinese
Medicine, Tianjin, China, 3Department of Oncology, National Clinical Research Center for Chinese
Medicine Acupuncture and Moxibustion, Tianjin, China
Background: Immunotherapy offers newhope for improved survival in patientswith

advanced gastric cancer. Although large randomized controlled trials (RCTs) have

been conducted to explore the efficacy and safety of first-line immunotherapy plus

chemotherapy versus chemotherapy alone for advanced gastric cancer, the results

are not completely consistent. And the strict inclusion criteria of RCTs lead to limited

extrapolation. Therefore, it is of great significance to continue to conduct real-world

studies comparing the clinical efficacy and safety of immunotherapy combined

with chemotherapy versus chemotherapy alone in advanced gastric cancer.

Methods: This retrospective study included patients with HER-2 negative,

unresectable advanced or recurrent gastric/gastroesophageal junction cancer

(GC/GEJC) who received first-line immune checkpoint inhibitors (ICIs) in

combination with chemotherapy or chemotherapy alone between January 1,

2018 to May 31, 2023. Progression-free survival (PFS), overall survival (OS), overall

response rate (ORR), disease control rate (DCR) and adverse events (AEs) were

compared between two groups.

Results: A total of 210 patients were enrolled in the combination treatment group

(n=100) and chemotherapy alone group (n=110). After 12 months of follow-up,

median PFS (mPFS) was 270 days (95%CI 177.510-362.490) in the chemotherapy

alone group and 357 days (95%CI 250.103-463.897) in the combination treatment

group (P<0.05). The median OS (mOS) was 14.9 months (95%CI 9.831-17.769) in

the chemotherapy alone group and 15 months (95%CI 12.386-17.614) in the

combination treatment group (P>0.05). There was no statistically significant

difference in ORR between two groups (P=0.050). The DCR was 14.5% in the

chemotherapy alone group and 38% in the combination treatment group (P<0.05).

Subgroup analyses showed that primary tumor location of GEJC, ECOG PS of 1,

without liver metastasis, and chemotherapy plus ICIs were associated with PFS

benefit. Cox multivariate analysis showed that only surgery or not was correlated

with patients’ prognosis (P<0.05). Most of AEs were grade 1-2 and manageable.
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Conclusions: Compared with chemotherapy alone, first-line ICIs combined with

chemotherapy in patients with advanced GC/GEJC could greatly prolong PFS,

but OS was not significantly improved, and the AEs were manageable.
KEYWORDS

gastric cancer, immune checkpoint inhibitors, chemotherapy, progression-free survival,
overall survival
1 Introduction

Gastric cancer (GC) is responsible for over one million new

cases in 2020 and estimated 769,000 deaths, ranking fifth for

incidence and fourth for mortality globally (1). In China,

approximately 358,700 new cases of GC and 260,400 deaths

occurred in 2022, which is the third largest number of cancer

deaths (2). Currently, systemic therapy for patients with HER-2

negative, unresectable advanced or recurrent gastric/

gastroesophageal junction cancer (GC/GEJC) has been dominated

by chemotherapy, and the common first-line agents include

platinum, fluorouracil and taxane drugs worldwide (3–5).

However, the efficacy of these treatments is not ideal, with the

median overall survival (mOS) at approximately only 1 year (6).

Attraction 4, Checkmate 649, and Orient 16 have demonstrated a

synergistic effect of immune checkpoint inhibitors (ICIs) in combination

with chemotherapy in patients with HER-2 negative, unresectable

advanced or recurrent GC/GEJC (7–9). Studies have found that

chemotherapy can not only kill tumor cells through cytotoxic effects

directly, but also promote anti-tumor immune responses by inducing

immunogenic cell death (10–12). As of now, several guidelines, such as

the Chinese Society of Clinical Oncology, the European Society for

Medical Oncology, and the National Comprehensive Cancer Network,

suggest that ICIs together with chemotherapy are used as the first-line

treatment for patients with advanced GC especially who exhibit a high

combined positive score (CPS) (5, 13, 14).

In China, ICIs are frequently applied to treat unresectable

advanced or recurrent GC/GEJC. In order to explore the efficacy

and safety of ICIs combined with chemotherapy in these patients,

here we examined the short-term and long-term outcomes as well

as the adverse events (AEs) of patients who received chemotherapy

alone or chemotherapy combined with ICIs.
2 Materials and methods

2.1 Study design and participants

This retrospective study involved patients with HER-2 negative,

unresectable advanced or recurrent GC/GEJC. All patients were

fully aware of the purpose of this study and expressed informed
0241
consent. This study retrospectively analyzed clinical data of patients

with advanced GC/GEJC from January 1, 2018 to May 31, 2023 at

the First Teaching Hospital of Tianjin University of Traditional

Chinese Medicine in China. Survival data were obtained through

follow-up.

All patients had histologically or cytologically confirmed HER-2

negative, unresectable advanced or recurrent GC/GEJC; had

received at least two cycles of chemotherapy or chemotherapy

combined with ICIs; had received at least one efficacy assessment;

had baseline Eastern Cooperative Oncology Group (ECOG)

performance status (PS) of 0 or 1; and had normal hepatic and

renal function. Patients were excluded if they could not tolerate

immunotherapy or chemotherapy; or had severe systemic or

autoimmune disease; or multiple primary tumors or unknown

primary sites; or were HER-2 positive; or had incomplete

clinical data.
2.2 Study procedures

All patients included in the final analysis received

chemotherapy (XELOX or FOLFOX) and a subset of patients

combined with ICIs (nivolumab, sintilimab, tislelizumab and

camrelizumab) on this basis.

The baseline information below of each patient were collected:

age, sex, family genetic history, history of smoking, history of

drinking, ECOG PS, primary tumor location, surgery or not,

metastatic site, organs with metastases, and chemotherapy

regimen. The clinical efficacy was assessed by outcomes of CT or

MRI, which was based on the Response Evaluation Criteria in Solid

Tumors (RECIST) version 1.1 (15).
2.3 Outcomes

The primary endpoint of this study was progression-free

survival (PFS), which was estimated from treatment initiation to

progression or death. The secondary endpoints included overall

survival (OS), which was defined as the duration from treatment

initiation to death due to any reason; objective response rate (ORR),

which was defined as the proportion of patients with the best overall
frontiersin.org
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response of complete response (CR) or partial response (PR); and

disease control rate (DCR), which was defined as the proportion of

patients with CR, PR, or stable disease (SD). Safety endpoint

included evaluation of AEs. AEs were monitored and classified

according to the National Cancer Institute Common Terminology

Criteria for Adverse Events (version 5.0).
2.4 Statistical analysis

In this study, SPSS 27.0 and GraphPad Prism 9.0 were used for

statistical analysis and scientific mapping. Descriptive statistics were

used for the basic characteristic data. Chi-square test or fisher’s

exact test was used to analyze the efficacy and incidence of adverse

reactions. PFS and OS were estimated with Kaplan-Meier method,

which was expressed with the two-sided 95% confidence intervals

(CIs), and the differences between groups were compared by log-

rank test, and the two-sided significance level was P=0.05. The ORR

and DCR were analyzed with the Chi-square test. Univariate and

multivariate analysis were performed using the Cox proportional

hazards model, and hazard ratios (HRs) and 95% CIs were

calculated. The difference of P<0.05 was statistically significant.
3 Results

3.1 Baseline characteristics

After screening 1745 patients according to the inclusion and

exclusion criteria described above, we excluded 136 HER-2 positive

patients, 169 patients who could not tolerate chemotherapy or
Frontiers in Immunology 0342
immunotherapy, 179 patients who had severe systemic or

autoimmune disease, 248 patients with multiple primary tumors

or with unknown primary tumor sites, 123 patients without

complete clinical data, and 118 patients without evaluable lesions

for efficacy. A total of 210 patients were included in the final

analysis (Figure 1).

The median age of the patients included in the chemotherapy

alone group was 64 years old (interquartile range [IQR], 60-70), of

which 83 (75.5%) were male, 26 (23.6%) had the family genetic

history, 65 (59.1%) had the history of smoking, 52 (47.3%) had the

history of alcohol, 101 (91.8%) had a primary tumor site of the

stomach, 69 (62.7%) had undergone surgery, half (50%) had two or

more sites of tumor metastasis, and the majority of patients (66.4%)

received the FOLFOX chemotherapy regimen. The median age of

the patients included in the immunotherapy together with

chemotherapy group was 66 years old (IQR, 60-73), of whom 66

(66%) were male, 18 (18%) had the family genetic history, 67 (67%)

had the history of smoking, 36 (36%) had the history of alcohol, 89

(89%) had a primary tumor site of the stomach, 55 (55%) had

undergone surgery, more than half (51%) had two or more sites of

metastases, and most (63%) received the FOLFOX chemotherapy

regimen. ICIs included nivolumab (6%), sintilimab (70%),

tislelizumab (10%), and camrelizumab (14%). All patients had an

ECOG performance status of 0-1 (Table 1). Because precise PD-L1

CPS values were not available for more than 80% of enrolled

patients (PD-L1 CPS ≤1 6 patients, CPS ≥1 10 patients, CPS ≥5 5

patients, and CPS ≥10 2 patients), this metric was not analyzed.

Patients who completed first-line therapy without disease

progression and tolerable AEs were eligible for maintenance

therapy, which consisted of single-agent chemotherapy (S-1 or

Capecitabine) with or without immunotherapy.
FIGURE 1

Flow diagram of the study.
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3.2 Efficacy

At the cutoff date, a total of 156 patients out of 210 patients had

PD, including 94 in the chemotherapy alone group and 62 in the

combination treatment group. Data analysis showed that the

median PFS (mPFS) was 270 days (95%CI 177.510-362.490) in

the chemotherapy group and 357 days (95%CI 250.103-463.897) in

the combination treatment group, and the difference was

statistically significant (P<0.05) (Figure 2). A total of 36 patients

died in the chemotherapy alone group and 37 patients died in the

combination treatment group. The median OS (mOS) was 14.9

months (95%CI 9.831-17.769) in the chemotherapy alone group,

and 15 months (95%CI 12.386-17.614) in the combination

treatment group, and the difference was not statistically

significant (P>0.05) (Figure 3).

Based on RECIST1.1 criteria, no patients achieved CR and PR,

16 patients achieved SD in the chemotherapy alone group. In the

combination treatment group, no patients achieved CR, 4 patients

achieved PR, 34 patients achieved SD, and the ORR was 4%. There

was no statistically significant difference in ORR between the two

groups (P=0.050). The DCR was 14.5% in the chemotherapy alone

group and 38% in the combination treatment group. The difference

was statistically significant (P<0.05) (Table 2).
TABLE 1 Baseline clinical characteristics.

Chemotherapy Chemotherapy
+ ICI

P value

Years 64 (60,70) 66 (60,73) 0.725

Sex 0.132

Male 83 (75.5%) 66 (66%)

Female 27 (24.5%) 34 (34%)

Family genetic history 0.316

Yes 26 (23.6%) 18 (18%)

NO 84 (76.4%) 82 (82%)

Smoking 0.236

Yes 65 (59.1%) 67 (67%)

NO 45 (40.9%) 33 (33%)

Drinking 0.098

Yes 52 (47.3%) 36 (36%)

NO 58 (52.7%) 64 (64%)

ECOG performance status 0.151

0 54 (49.1%) 59 (59%)

1 56 (50.9%) 41 (41%)

Primary tumor location 0.487

GC 101 (91.8%) 89 (89%)

GEJC 9 (8.2%) 11 (11%)

Surgery 0.255

Yes 69 (62.7%) 55 (55%)

NO 41 (37.3%) 45 (45%)

Metastatic site 0.231

Lymph node 104 (94.5%) 89 (89%)

Liver 26 (23.6%) 32 (32%)

Peritoneum 30 (27.3%) 33 (33%)

Organs with metastases 0.885

1 55 (50%) 49 (49%)

≥2 55 (50%) 51 (51%)

Chemotherapy regimen 0.610

FOLFOX 73 (66.4%) 63 (63%)

XELOX 37 (33.6%) 37 (37%)

ICIs – –

Nivolumab – 6 (6%)

Sintilimab – 70 (70%)

Tislelizumab – 10 (10%)

Camrelizumab – 14 (14%)
FIGURE 2

Progression-free survival.
FIGURE 3

Overall survival.
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3.3 Subgroup analysis

Subgroup analyses showed that primary tumor location of

GEJC, ECOG PS of 1, without liver metastasis, and chemotherapy

plus ICIs were associated with PFS benefit. The results of univariate

analysis of OS showed that age, family genetic history, surgery or

not, and organs with metastases were influencing factors (P<0.05),

while in further Cox multivariate analysis showed that only surgery

or not was correlated with patients’ prognosis (P<0.05). The results

of the subgroup analyses of PFS and OS were shown in Tables 3, 4.

In addition, we added the analysis of the effect of different ICIs on

the efficacy of combination therapy (Table 5).
3.4 Safety

During the treatment, the most common AEs included:

leucopenia, neutropenia, anemia, thrombocytopenia, alanine
Frontiers in Immunology 0544
aminotransferase (ALT) increase, aspartate transaminase (AST)

increase, creatinine increase, vomiting, peripheral neuropathy,

and diarrhea, most of which were of grade 1-2 and manageable

(Table 6). Any grade anemia was more common in the

combination treatment group than in the chemotherapy alone

group, but there was no significant difference in the incidence of

grade 3 and above. Immunotherapy-related AEs included thyroid

dysfunction (2 patients), myocarditis (3 patients), and

pneumonitis (2 patients).
4 Discussion

Checkmate 649 established the importance of immunotherapy

in advanced GC. Recent follow-up data showed (16) that nivolumab

plus chemotherapy showed benefit in both OS and PFS compared

with chemotherapy alone in both patients with PD-L1 CPS≥5 and

all randomized patients. In patients with PD-L1 CPS≥5, mPFS was

8.3 versus 6.1 months (HR=0.71, 95%CI 0.61-0.82) and mOS was

14.4 versus 11.1 months (HR=0.70, 95%CI 0.61-0.81). In all

randomized patients, mPFS was 7.7 versus 6.9 months (HR=0.80,

95%CI 0.71-0.89) and mOS was 13.7 versus 11.6 months (HR=0.79,

95%CI 0.71-0.88). Orient 16 (17) demonstrated the population-

wide benefit of immunotherapy combined with chemotherapy as a

first-line treatment for locally advanced/metastatic GC. The final

results showed that in patients with PD-L1 CPS≥5 sintilimab

combined with chemotherapy could significantly prolong mPFS

(7.7 versus 5.8 months, HR=0.628, P=0.0002) and mOS (19.2 versus

12.9 months, HR=0.587, P<0.0001). In the whole population, mOS

was 15.2 versus 12.3 months (HR=0.681, P<0.0001) and mPFS was

7.1 versus 5.7 months (HR=0.638, P<0.0001). Results of rationale
TABLE 2 ORR and DCR for different treatment regimens.

Chemotherapy Chemotherapy + ICIs P

CR 0 0 –

PR 0 4 –

PD 94 62 –

SD 16 34 –

ORR (%) 0% 4% 0.050

DCR (%) 14.5% 38% 0.000
ICI, immune checkpoint inhibitors; CR, complete response; PR, partial response; PD, progression
disease; SD, stable disease; ORR, objective response rate; DCR, Disease control rate.
TABLE 3 Univariate and multivariate analyses of PFS.

Features
Univariate analysis Multivariate analysis

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

Age 1.124(0.818,1.545) 0.470 1.201(0.844,1.708) 0.310

Sex 0.690(0.475,1.002) 0.051 0.665(0.423,1.045) 0.077

Primary tumor location 0.394(0.193,0.803) 0.010 0.464(0.220,0.981) 0.044

Family genetic history 0.800(0.538,1.190) 0.271 0.883(0.562,1.387) 0.589

Smoking 1.234(0.897,1.697) 0.197 1.403(0.874,2.254) 0.161

Drinking 0.943(0.685,1.298) 0.719 0.635(0.400,1.009) 0.055

Surgery 1.135(0.825,1.561) 0.437 1.105(0.743,1.645) 0.621

ECOG PS 1.513(1.194,1.917) 0.001 1.344(1.023,1.766) 0.034

Organs with metastases 1.134(0.969,1.328) 0.117 0.815(0.619,1.073) 0.145

Lymphatic metastases 1.016(0.584,1.768) 0.955 0.627(0.325,1.212) 0.165

Liver metastases 0.501(0.357,0.703) 0.000 0.415(0.257,0.669) 0.000

Peritoneal metastases 0.772(0.556,1.073) 0.123 0.699(0.426,1.148) 0.157

BMI – 0.693 – 0.446

Treatment options 0.620(0.448,0.859) 0.004 0.666(0.466,0.950) 0.025
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305 (18) also showed that immunotherapy combined with

chemotherapy as a first-line treatment can significantly prolong

survival in patients with locally advanced unresectable or metastatic

GC/GEJC.

Notably, keynote 062 (19) and attraction 4 (7) received partially

negative results, which were also RCTs comparing the efficacy and

safety of immunotherapy plus chemotherapy with chemotherapy

alone, and the addition of immunotherapy did not result in a

significant final OS benefit. In this retrospective study, we found

that chemotherapy combined with ICIs was effective in improving

PFS (mPFS 270 versus 357 days, P<0.05), which is consistent with

previous studies. However, there was no significant difference in OS

(mOS 14.9 versus 15 months, P>0.05), which we considered that it

may be related to the level of CPS expression, mismatch repair

status, subsequence lines of treatment and the length of follow-up.

Although PD-L1 CPS≥5 has been shown to be a good independent

prognostic factor for survival (16–18), interestingly a systematic

review found that when ICI was combined with chemotherapy, the

correlation between PD-L1 expression and ORR was not obvious.

The pooled ORR in PD-L1 negative, PD-L1 CPS ≥1, PD-L1 CPS ≥5,

and PD-L1 CPS ≥10 population was 57%, 48%, 60%, and 58%,
Frontiers in Immunology 0645
respectively. It seems that the benefit brought about by the rise in

PD-L1 expression was not obvious when ICI and chemotherapy

were combined (20). This requires further exploration on the effect

of CPS on the efficacy of immunotherapy combined with

chemotherapy in advanced GC. In addition, OS was closely

related to follow-up time. Because the follow-up of this study was

only one year, there may be bias, and we will continue to follow up

these patients in the future. None achieved CR or PR in the

chemotherapy alone group, compared with only 4 patients of PR

in the combination group. There was no statistically significant

difference in ORR between two groups (P=0.050). The DCR was

14.5% in the chemotherapy alone group and 38% in the

combination treatment group (P<0.05). ORR and DCR can be

affected by a variety of factors, including the level of immunity,

the type of ICIs used, PD-L1 CPS expression level, tumor

characteristics, molecular phenotypes, and performance status of

patients. The combination of these factors determined the efficacy

of patients receiving immunotherapy in combination with

chemotherapy. Subgroup analyses showed that primary tumor

location of GEJC, ECOG PS of 1, without liver metastasis, and

chemotherapy plus ICIs were associated with patient PFS benefit.

Cox multivariate analysis showed that only surgery or not was

correlated with patients’ prognosis (P<0.05). Although there was no

statistically significant difference in the effect of different ICIs on

combination therapy in this study, it is still worth further exploring

whether this is related to sample size and regional differences. Most

AEs were grade 1-2 and manageable. In this study any grade of

anemia was more common in the combination treatment group

than in the chemotherapy alone group, but there was no significant

difference in the incidence of grade 3 and above. Immunotherapy-

related AEs included thyroid dysfunction (2 patients), myocarditis
TABLE 5 Efficacy of different ICIs.

CR PR PD SD P

Nivolumab 0 0 4 2

0.587
Sintilimab 0 4 40 26

Tislelizumab 0 0 6 4

Camrelizumab 0 0 12 2
TABLE 4 Univariate and multivariate analyses of OS.

Features
Univariate analysis Multivariate analysis

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

Age 0.594(0.363,0.970) 0.037 0.896(0.463,1.733) 0.744

Sex 0.870(0.495,1.531) 0.630 0.851(0.405,1.791) 0.672

Primary tumor location 1.210(0.437,3.346) 0.714 1.192(0.352,4.040) 0.778

Family genetic history 0.551(0.315,0.963) 0.036 0.562(0.271,1.165) 0.121

Smoking 1.044(0.652,1.670) 0.859 1.017(0.488,2.116) 0.965

Drinking 0.830(0.518,1.330) 0.440 1.019(0.464,2.241) 0.962

Surgery 1.913(1.177,3.108) 0.009 2.359(1.214,4.581) 0.011

ECOG PS 1.279(0.875,1.870) 0.204 1.415(0.862,2.324) 0.170

Organs with metastases 0.762(0.582,0.999) 0.049 0.604(0.350,1.040) 0.069

Lymphatic metastases 0.572(0.269,1.214) 0.146 0.616(0.239,1.583) 0.314

Liver metastases 0.998(0.619,1.610) 0.995 0.701(0.346,1.421) 0.325

Peritoneal metastases 1.329(0.815,2.167) 0.254 0.720(0.302,1.717) 0.459

BMI – 0.579 – 0.734

Treatment options 1.048(0.657,1.671) 0.844 1.179(0.647,2.148) 0.591
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(3 patients), and pneumonitis (2 patients). Although the incidence

of grade 3 and above AEs in chemotherapy combined with

immunotherapy is low, close attention should be paid to prevent

the occurrence of severe immune-related AEs and more in-depth

analysis of it could follow to provide targeted remissions. At

present, large real-world studies comparing the efficacy and safety

of immunotherapy combined with chemotherapy are still needed,

and there is an urgent need to study the dominant population and

dominant stage of immunotherapy.

In this study, patients were collected according to strict

inclusion criteria, and also multivariate analysis was used to

control for the impact of confounding factors to minimize error.

As this was a retrospective real-world study, clinical data collection

was based on the extraction of electronic medical records and

patient follow-up, and the data for safety analysis were mainly

from medical records, laboratory indicators and imaging tests. The

potential bias due to the retrospective, non-randomized design

remains a limitation of this study. Many pathology centers,

including ours, do not perform routine CPS detection, so the

records of PD-L1 CPS expression level in patients were

incomplete. And this study is only a single-center study, which

has the problem of small sample size. In addition, HER-2 positive

patients, who account for 20% of all GC patients (21), were not

enrolled in the study, and there is also a clinical need to help these

patients improve their survival, so we are conducting further

prospective studies on different CPS levels, HER-2 expression

levels, microsatellite status, and different ICIs.
5 Conclusion

In conclusion, the results of the study showed that in patients

with HER-2 negative, unresectable advanced or recurrent GC/GEJC

chemotherapy combined with ICIs could greatly prolong PFS, but

OS was not significantly improved, and AEs were manageable. The
Frontiers in Immunology 0746
outcomes confirmed the efficacy and safety of immunotherapy in

combination with chemotherapy in the real-world setting, which

could provide the basis for the standard first-line treatment of

these patients.
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Background: The role of immunotherapy in the adjuvant setting seems

promising in recent years. As per the findings of the CheckMate 577 trial,

patients with esophageal cancer (EC) who had neoadjuvant chemoradiation

with residual pathologic disease should be considered adjuvant

immunotherapy (AIT). However, it is unknown if individuals with esophageal

squamous cell carcinoma (ESCC) who have received neoadjuvant

immunochemotherapy (NICT) followed by radical surgery also require AIT.

Methods: A retrospective analysis was performed on the data from patients who

underwent NICT and radical surgery for ESCC between 2019 and 2020. To

compare disease-free survival (DFS) and overall survival (OS), Kaplan-Meier

survival curves were produced. To determine the parameters linked to DFS and

OS, a Cox model using hazard ratios (HRs) was completed.

Results: Among the 292 eligible patients, 215 cases with a mean age of 63.3 ± 6.8

years, including 190 (88.4%) men and 25 (11.6%) women, were finally recruited.

The percentage of R0 resection was 98.3%. After NICT, 65 (30.2%) patients

achieved pathological complete response. AIT was given to 78 (36.3%) patients

following radical resection. For all patients, the 3-year DFS and OS were 62.3%

and 74.0%, respectively. In terms of 3-year DFS (61.5% vs. 62.8%, P=0.984) or OS

(76.9% vs. 72.3%, P=0.384), no statistically significant difference was found

between patients with and without AIT. AIT significantly improved survival in

patients with ypT+N+ (DFS: 23.9% vs. 38.5%, P=0.036; OS: 37.0% vs. 61.5%,

P=0.010), but not in those with ypT0N0 or ypT+N0. It was found that AIT was

related to both DFS (HR: 0.297; P<0.001) and OS (HR: 0.321; P=0.001) in patients

with ypT+N+.
frontiersin.org0148

https://www.frontiersin.org/articles/10.3389/fimmu.2024.1456193/full
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1456193/full
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1456193/full
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1456193/full
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1456193/full
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1456193/full
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2024.1456193&domain=pdf&date_stamp=2024-12-17
mailto:Chenqix@yeah.net
https://doi.org/10.3389/fimmu.2024.1456193
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2024.1456193
https://www.frontiersin.org/journals/immunology


Abbreviations: EC, esophageal cancer; EAC, esophageal

esophageal squamous cell carcinoma; NAT, neoad

neoadjuvant chemotherapy; NCRT, neoadjuvant chem

neoadjuvant immunochemotherapy; AT, adjuvant th

chemotherapy; ACRT, adjuvant chemoradiothe

immunotherapy; PCR, pathological complete respon

metastasis; OS, overall survival; DFS, disease-free surv

HR, hazard ratio; CI, confidence interval.

Feng et al. 10.3389/fimmu.2024.1456193

Frontiers in Immunology
Conclusion: In ypT+N+ ESCC patients, AIT after NICT followed by radical surgery

reduces the recurrence and death, thereby improving the DFS and OS.

Randomized controlled trials ought to be conducted to further assess the

results of this retrospective investigation.
KEYWORDS

neoadjuvant immunochemotherapy, adjuvant immunotherapy, esophageal squamous
cell carcinoma, disease-free survival, overall survival
Introduction

Ranking 7th and 6th in terms of cancer morbidity and

mortality, respectively, esophageal cancer (EC), primarily

esophageal adenocarcinoma (EAC) and esophageal squamous cell

carcinoma (ESCC), is one of the most prevalent cancer types

worldwide (1). The prognosis for EC is still unsatisfactory because

of cancer metastasis and recurrence, even with significant efforts in

multidisciplinary therapies (2). For individuals with locally

advanced disease, neoadjuvant chemoradiotherapy (NCRT) or

neoadjuvant chemotherapy (NCT) followed by radical surgery

represents the standard treatment (3, 4). Post-surgery, for those

with neoadjuvant therapy (NAT), the standard care strategy is

observation. Patients confront a high risk of treatment failure,

nevertheless, if they do not experience a pathological complete

response (PCR) following surgery (5, 6). In order to improve the

survival rate, researchers continue to explore more appropriate

adjuvant therapies (ATs), such as adjuvant chemotherapy (ACT) or

adjuvant chemoradiotherapy (ACRT) (7, 8).

Recently, the prognosis of advanced EC has significantly changed

due to immunotherapy, an emerging treatment hotspot (9, 10).

Additionally, studies have demonstrated the efficacy and safety of

neoadjuvant immunochemotherapy (NICT) for locally advanced EC

(11–13). However, further verification is necessary to fully understand

the therapeutic response and clinical outcomes of NICT. Furthermore,

the need for AT after NICT followed by radical resection has not yet

been determined. In particular, a higher risk of recurrence is associated

with patients who had pathologic residual disease following NICT and

surgery. Therefore, a more appropriate AT should be administered to

those patients. The phase III trial CheckMate 577 reported that

nivolumab was most beneficial for patients with ESCC, with a

disease-free survival (DFS) of 29.7 months. Additionally, following a
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median follow-up of 2 years, nivolumab was linked to a 31% lower risk

of death or recurrence (14).

As NICT is a new treatment mode in recent years, although

effective progress has been made in terms of safety and efficacy,

there are still uncertainties about AT after surgery due to the lack of

data and the fact that relevant studies have not reached the specified

prognosis observation time. At present, NICT for EC can achieve

good short-term clinical outcomes. There is a lack of evidence to

support which AT should be given after NICT. The use of AIT

following NICT and surgery is currently not well supported by the

literature, raising questions about which patients to treat and how

ultimate pathology may affect these clinical decisions. Accordingly,

the purpose of this retrospective study was to assess the effectiveness

of AIT in patients with ESCC following NICT plus surgery.
Materials and methods

Patients

A retrospective analysis was performed on the data from patients

who underwent NICT and surgery for ESCC between 2019 and 2020.

Supplementary Figure S1 presents the inclusion criteria. All patients

were enrolled in the investigator-initiated clinical trials (IITs). The

following were the exclusion criteria: (1) pathological diagnosis of

non-ESCC; (2) received non-radical resection; (3) in combination

with NCRT; (4) surgical-related mortality; (5) accompanied or

previously accompanied by cancers at other sites; (6) received

ACRT after radical resection; and (7) incomplete clinical data or

follow-up. Finally, 215 patients were included in the analysis. The 8th

AJCC/UICC TNM classification system was used in this study (15).

The Ethics Committee of Zhejiang Cancer Hospital gave its approval

(IRB-2020-320) and the research was carried out in compliance with

the Helsinki Declaration.
Treatment and follow-up

Two NICT cycles were administered to eligible patients in this

investigation, with 200 mg of camrelizumab, tislelizumab, or

sintilimab, 2mg/Kg of pembrolizumab, or 3mg/Kg of nivolumab,
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administered on day 1, albumin-paclitaxel (120 mg/m2) administered

on days 1 and 8, and carboplatin [5 mg/ml/min on the basis of the

area under the curve (AUC)] administered on day 1 of each 21-day

cycle. McKeown or Ivor Lewis, as a classic surgical procedure, was

typically carried out 4-6 weeks after the end of the last NICT cycle

(16). In principle, two-field lymph node (LN) dissection is indicated

when tumors are located at the middle to lower thoracic esophagus,

while three-field LN dissection is applied for upper thoracic tumors.

There is currently no agreement on AT in situations where radical

surgery is needed after NICT. The CheckMate 577 trial suggests that

AIT may be beneficial for patients following NCRT (14).

Accordingly, AIT was advised for patients who did not obtain

PCR, according to the EC expert agreement on perioperative

immunotherapy (17). The duration time for patients to choose

postoperative AIT was 1-2 years, but it is not mandatory, mainly

based on the postoperative pathological results. The latest follow-up

period was completed in December 2023.
Statistical analysis

The chi-square or Fisher’s exact tests were used to compare

categorical variables. The Student t-test was utilized for normally

distributed continuous variables, whereas the Mann-Whitney U-

test was employed for those variables with a non-normal

distribution. Patient survival was compared according to AIT

using the Kaplan-Meier method. To determine the parameters

linked to DFS and overall survival (OS), a Cox proportional

hazard model using hazard ratios (HRs) was completed. SPSS

20.0 was used to perform all two-sided statistical tests, with

statistical significance indicated by P values <0.05.
Results

Patients characteristics

Table 1 summarizes patient characteristics. After all, 215 cases

with a mean age of 63.3 ± 6.8 years, 190 men (88.4%), and 25

women (11.6%) were selected from the 292 eligible patients.

Regarding NICT, there were 12 (5.6%), 27 (12.6%), 118 (54.8%),

43 (20.0%), and 15 (7.0%) patients who were treated with

nivolumab, pembrolizumab, camrelizumab, tislelizumab, and

sintilimab, respectively. The R0 resection rate was 98.3%. After

NICT, 65 (30.2%) cases achieved PCR. A total of 78 (36.3%) cases

received AIT, including 5 (6.4%) of nivolumab, 14 (18.0%) of

pembrolizumab, 33 (42.3%) of camrelizumab, 21 (26.9%) of

tislelizumab, and 5 (6.4%) of sintilimab, respectively. After NICT,

83 (83/137, 60.6%) patients in the non-AIT group and 67 (67/78,

85.9%) cases in the AIT group had any residual disease. Among all

the patients, 39 (39/78, 50.0%) cases in the AIT group and 46 (46/

137, 33.6%) cases in the non-AIT cohort had any residual nodal

disease. Patients who did not get AIT had a greater rate of PCR

(P<0.001), while those who got AIT had higher ypT (P<0.001), ypN

(P=0.023), and ypTNM (P<0.001) stages.
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Survival analyses for DFS and OS

In total, 82 (38.1%) cases had recurrence, and 56 (26.0%) cases

died. Patients were classified as having a local recurrence or a distant

recurrence based on their original presentation. Following treatment,

49 patients (59.8%) experienced distant recurrence, which included

non-regional LN metastasis; in contrast, 33 patients (40.2%)

experienced local recurrence, which included locoregional LN

metastasis and anastomotic site recurrence. However, upon further

analysis, the result revealed that AIT can effectively reduce distant

recurrence (14.1% vs. 27.7%, P=0.022), but not for local recurrence

(19.2% vs. 13.1%, P=0.233) (Supplementary Figure S2). The median

follow-up period was 40 months. The 3-year DFS and OS were 62.3%

(Figure 1A) and 74.0% (Figure 1B) in all patients, respectively. There

was no statistically significant difference in the 3-year DFS (61.5% vs.

62.8%, P=0.984, Figure 1C) or 3-year OS (76.9% vs. 72.3%, P=0.384,

Figure 1D) between patients with and without AIT.
Subgroup analysis in survival

Subgroup analysis of survival (DFS and OS) was carried out

based on ypT0N0, ypT+N0, and ypT+N+ since AIT was typically

carried out according to the pathologic status after surgery.

For individuals with ypT0N0 (Figures 2A, B) and ypT+N0

(Figures 2C, D), the survival benefit of AIT was not statistically

significant, but it was significant in those with ypT+N+ (3-year DFS:

23.9% vs. 38.5%, P=0.036, Figure 2E; 3-year OS: 37.0% vs. 61.5%,

P=0.010, Figure 2F).
Patient characteristics in ypT+N+

Table 2 provides a summary of the features of ypT+N+ patients.

Tumor length (P=0.012), positive LNs (P=0.007), and ypTNM stage

(P=0.044) were different between the two groups, whereas other

clinical characteristics were not significantly different between the

two groups. Even though patients with AIT had longer tumor

lengths, more metastatic LNs, and higher ypTNM stages, the results

showed that these cases had a better prognosis than those without

AIT, which further demonstrated the positive effect of AIT.
Prognostic factors for survival in ypT+N+

Supplementary Figures S3A, B presents the findings from

multivariable analysis in ypT+N+ individuals. In patients with

ypT+N+ ESCC, AIT was linked to survival following NICT plus

radical surgery (DFS: HR=0.297, P<0.001; OS: HR=0.321, P=0.001).

Consequently, AIT following NICT and surgery lowers the risk of

death and recurrence in ypT+N+ ESCC patients, improving their

prognosis. The Sankey diagrams regarding relations among AIT,

ypTNM stages, and prognosis for all patients and ypT+N+ are

shown in Supplementary Figures S3C, D.
frontiersin.org

https://doi.org/10.3389/fimmu.2024.1456193
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Feng et al. 10.3389/fimmu.2024.1456193
TABLE 1 Characteristics in all patients with ESCC receiving NICT.

Total (n=215) Non-AIT (n=137) AIT (n=78) P-value

Sex (n, %) 0.360

female 25 (11.6) 18 (13.1) 7 (9.0)

male 190 (88.4) 119 (86.9) 71 (91.0)

Age (median, Q1-3, years) 64 (57-69) 64 (57-68) 64.5 (58-69) 0.646

BMI (median, Q1-3, Kg/m2) 21.7 (20.2-22.6) 21.5 (20.4-22.5) 21.7 (20.1-23.1) 0.632

Tumor location (n, %) 0.412

upper 20 (9.3) 15 (10.9) 5 (6.4)

middle 124 (57.7) 80 (58.4) 44 (56.4)

lower 71 (33.0) 42 (30.7) 29 (37.2)

Differentiation (n, %) 0.002

well 49 (22.8) 39 (28.5) 10 (12.8)

moderate 95 (44.2) 63 (46.0) 32 (41.0)

poor 71 (33.0) 35 (25.5) 36 (46.2)

Vessel invasion (n, %) 45 (20.9) 20 (14.6) 25 (32.1) 0.002

Perineural invasion (n, %) 47 (21.9) 24 (17.5) 23 (29.5) 0.041

Tumor length (median, Q1-3, cm) 1.90 (0.0-3.0) 1.20 (0.0-2.6) 2.75 (1.2-4.0) <0.001

Immunotherapy (n, %) 0.052

nivolumab 12 (5.6) 7 (5.1) 5 (6.4)

pembrolizumab 27 (12.6) 13 (9.5) 14 (17.9)

camrelizumab 118 (54.8) 85 (62.0) 33 (42.3)

tislelizumab 43 (20.0) 22 (16.1) 21 (26.9)

sintilimab 15 (7.0) 10 (7.3) 5 (6.4)

Surgical method (n, %) 0.386

McKeown 185 (86.0) 120 (87.6) 65 (83.3)

Ivor-Lewis 30 (14.0) 17 (12.4) 13 (16.7)

PCR (n, %) 65 (30.2) 54 (39.4) 11 (14.1) <0.001

ypT stage (n, %) <0.001

T0 65 (30.2) 54 (39.4) 11 (14.1)

T1 35 (16.3) 24 (17.5) 11 (14.1)

T2 38 (17.7) 27 (19.7) 11 (14.1)

T3 57 (26.5) 25 (18.2) 32 (41.0)

T4 20 (9.3) 7 (5.2) 13 (16.7)

ypN stage (n, %) 0.023

N0 130 (60.5) 91 (66.4) 39 (50.0)

N1 48 (22.3) 27 (19.7) 21 (26.9)

N2 26 (12.1) 16 (11.7) 10 (12.8)

N3 11 (5.1) 3 (2.2) 8 (10.3)

ypTNM stage (n, %) <0.001

stage 0 65 (30.2) 54 (39.4) 11 (14.1)

(Continued)
F
rontiers in Immunology
 0451
 frontiersin.org

https://doi.org/10.3389/fimmu.2024.1456193
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Feng et al. 10.3389/fimmu.2024.1456193
Correlations between preoperative efficacy
and prognosis

Further analysis was done on the correlation between prognosis

following NICT and clinical stage decline. Any T and/or N decline in

patients after NICT was regarded as a clinical stage decline in this

study. A clinical stage decline was observed in 170 (79.1%) patients,

while 57 (67.1%) of the ypT+N+ patients also showed a clinical stage

decline. Clinical stage decline was strongly correlated with DFS and

OS in both the total and ypT+N+ patients. The survival benefit was

significant in those with clinical stage decline (Total: 3-year DFS:

66.5% vs. 46.7%, P=0.009, Supplementary Figure S4A; 3-year OS:

78.2% vs. 57.8%, P=0.008, Supplementary Figure S4B; ypT+N+: 3-

year DFS: 38.6% vs. 14.3%, P=0.013, Supplementary Figure S4C; 3-

year OS: 56.1% vs. 32.1%, P=0.016, Supplementary Figure S4D).
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Discussion

For locally advanced EC, NAT is now the accepted therapeutic

option in certain countries. For patients with localized EC, the

National Comprehensive Cancer Network (NCCN) guidelines

suggest NCRT (3). On the other hand, NCT is advised by

Japanese recommendations for those with resectable stage II or

III thoracic EC (4). Due to immunotherapy as an emerging

treatment modality, there is currently a lack of information to

enlighten clinicians of its potential benefits to the point of care and

help guide clinical decision making. In our investigation, 30.2% of

patients who had PCR after NICT demonstrated a respectable

survival rate (3-year DFS: 86.2% and 3-year OS: 95.4%).

Therefore, AIT did not significantly improve survival in patients

with PCR (ypT0N0), and follow-up without further treatment was
TABLE 1 Continued

Total (n=215) Non-AIT (n=137) AIT (n=78) P-value

stage I 42 (19.5) 29 (21.2) 13 (16.7)

stage II 20 (9.3) 7 (5.1) 13 (16.7)

stage III 64 (29.8) 39 (28.5) 25 (32.1)

stage IV 24 (11.2) 8 (5.8) 16 (20.5)

Total LNs (median, Q1-3, n) 20 (16-26) 19 (15-25) 22 (18-29) 0.009

Positive LNs (median, Q1-3, n) 0 (0-1) 0 (0-1) 1 (0-2) 0.001

Negative LNs (median, Q1-3, n) 19 (15-26) 18 (14-25) 20 (16-26) 0.130
ESCC, esophageal squamous cell carcinoma; NICT, neoadjuvant immunochemotherapy; AIT, adjuvant immunotherapy; BMI, body mass index; SD, standard deviation; TNM, tumor node
metastasis; PCR, pathological complete response; LN, lymph node.
FIGURE 1

Survival analyses. The 3-year DFS (A) or 3-year OS (B) of all cohorts. The 3-year DFS (C) or 3-year OS (D) in patients with and without AIT.
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FIGURE 2

Subgroup analyses of survival. The 3-year DFS (A) or OS (B) in ypT0N0. The 3-year DFS (C) or OS (D) in ypT+N0. The 3-year DFS (E) or OS (F) in ypT+N+.
TABLE 2 Characteristics in ypT+N+ patients with ESCC receiving NICT.

Total (n=85) Non-AIT (n=46) AIT (n=39) P-value

Sex (n, %) 0.347

female 12 (14.1) 8 (17.4) 4 (10.3)

male 73 (85.9) 38 (82.6) 35 (89.7)

Age (median, Q1-3, years) 64 (57-69) 63 (57-68) 64 (57-69) 0.744

BMI (median, Q1-3, Kg/m2) 21.8 (19.8-23.1) 21.6 (19.6-22.6) 21.8 (20.2-23.6) 0.359

Tumor location (n, %) 0.419

upper 10 (11.8) 5 (10.9) 5 (12.8)

middle 37 (43.5) 23 (50.0) 14 (35.9)

lower 38 (44.7) 18 (39.1) 20 (51.3)

Differentiation (n, %) 0.204

well 15 (17.6) 9 (19.6) 6 (15.4)

moderate 33 (38.8) 21 (45.7) 12 (30.8)

poor 37 (43.6) 16 (34.7) 21 (53.8)

Vessel invasion (n, %) 27 (20.9) 12 (26.1) 15 (38.5) 0.222

Perineural invasion (n, %) 27 (31.8) 14 (30.4) 13 (33.3) 0.775

Tumor length (median, Q1-3, cm) 3.00 (2.00-4.20) 2.80 (1.88-3.78) 3.20 (2.50-4.60) 0.012

Immunotherapy (n, %) 0.097

nivolumab 4 (4.7) 1 (2.2) 3 (7.7)

pembrolizumab 14 (16.5) 6 (13.0) 8 (20.5)

camrelizumab 44 (51.8) 30 (65.2) 14 (35.9)

tislelizumab 16 (18.8) 6 (13.0) 10 (25.6)

sintilimab 7 (8.2) 3 (6.6) 4 (10.3)

(Continued)
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feasible. Regrettably, patients with a residual pathologic viable

lesion have a poor prognosis, and PCR is frequently not obtained

in most cases (5, 6). It needs more research to fully confirm how

beneficial AIT is for individuals who have had surgery and NICT. In

terms of 3-year DFS or 3-year OS, there was no statistically

significant difference between those with and without AIT.

Nonetheless, individuals with ypT+N+ showed a significant

survival benefit from AIT (DFS: P=0.036; OS: P=0.010). It was

also found that AIT was related to both DFS (HR: 0.297; P<0.001)

and OS (HR: 0.321; P=0.001) in patients with ypT+N+.

It is generally acknowledged that NAT is useful for EC;

nevertheless, the function of AT is still not really clear. AIT has

been shown to enhance DFS in patients who had NCRT and

surgical resection for EC, according to the recent Checkmate 577

trial (14). However, its use for those with NICT is limited. The

administration of postoperative ACT to those with stage II or III

ESCC who had NAT with surgery is not well-supported by available

data, according to the Japan Esophageal Society’s practice guidelines

(18). Furthermore, the practice guidelines on multimodality

treatment for EC published by the Society for Thoracic Surgeons

also advise against providing the optimal treatment to node-positive

patients who have already had multimodality therapy (19). In

addition, a multiinstitutional study discovered that the rate of AT

ranged from 3.2% to 50% in real clinical practice, indicating that AT
Frontiers in Immunology 0754
is administered on a basis to numerous patients and varies greatly

throughout clinicians and institutions (20).

The effects of AT following NAT and surgery have been

investigated in a number of retrospective researches. Kim et al.

(21) revealed that ACT after NCRT has been shown to be viable;

however, the study’s conclusions might have been impacted by the

limited sample size. Mokda et al. (22) came to the same conclusion,

with a small number of postoperative ACTs despite having up to

10,000 patients who underwent NCRT prior to surgery. According

to studies published by Glatz et al. (23) and Kamarajah et al. (24),

OS can be enhanced by ACT administered after NCT. Nonetheless,

other research also presents differing findings. According to a

multicenter cohort trial, patients with R1 resection were the only

ones who benefited from ACT administered after NCT for EA, with

no improvement in prognosis (25). Similar findings were also made

by studies conducted by Bott et al. (26) and Li et al. (27). According

to a recent meta-analysis, AT following NAT with negative

resection margins improves 1- and 5-year OS with moderate to

high confidence of evidence; however, because these outcomes are

not widely reported, the benefit for DFS is still unknown (8).

Patients contemplating AT should be advised on benefits versus

morbidity because the benefit of AT is frequently minimal (7).

The primary NAT employed in these investigations was NCRT,

while the primary pathogenic form of EC examined was EA. The
TABLE 2 Continued

Total (n=85) Non-AIT (n=46) AIT (n=39) P-value

Surgical method (n, %) 0.082

McKeown 68 (80.0) 40 (87.0) 28 (71.8)

Ivor-Lewis 17 (20.0) 6 (13.0) 11 (28.2)

ypT stage (n, %) 0.055

T1 8 (9.4) 7 (15.2) 1 (2.6)

T2 23 (27.1) 15 (32.6) 8 (20.5)

T3 37 (43.5) 18 (39.1) 19 (48.7)

T4 17 (20.0) 6 (13.0) 11 (28.2)

ypN stage (n, %) 0.145

N1 48 (56.5) 27 (58.7) 21 (53.8)

N2 26 (30.6) 16 (34.8) 10 (25.7)

N3 11 (12.9) 3 (6.5) 8 (20.5)

ypTNM stage (n, %) 0.044

stage IIIA 19 (22.4) 13 (28.3) 6 (15.4)

stage IIIB 42 (49.4) 15 (54.3) 17 (43.6)

stage IVA 24 (28.2) 8 (17.4) 16 (41.0)

Total LNs (median, Q1-3, n) 21 (17-29) 20 (15-27) 22 (20-30) 0.064

Positive LNs (median, Q1-3, n) 2 (1-4) 1 (0-3) 2 (1-6) 0.007

Negative LNs (median, Q1-3, n) 19 (15-26) 18 (14-26) 20 (15-26) 0.466
ESCC, esophageal squamous cell carcinoma; NICT, neoadjuvant immunochemotherapy; AIT, adjuvant immunotherapy; BMI, body mass index; SD: standard deviation; TNM, tumor node
metastasis; PCR, pathological complete response; LN, lymph node.
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advantages of our study are demonstrated by the fact that, in

contrast to earlier research, it examined a uniform pathology of

ESCC and offered comprehensive information on the NICT. A

further advantage of this research was that the follow-up period of

three years and a specific sample size were chosen to provide a good

predictive value for the prognosis analysis. According to earlier

research, individuals with pathologic node-positive (ypN+)

conditions greatly benefit from AT. Samson et al. (28) found that

ACT led to a better median OS in patients with ypN+ from the

National Cancer Database who had NAT plus surgery.

Semenkovich et al. (20) indicated that patients with ypN+ who

underwent NAT and surgery in a multicenter retrospective analysis

who got ACT had a longer median OS compared to those who did

not examine patients. In patients with ypT0N0 or ypT+N0, Burt

and colleagues found that ACT did not significantly lower the

probability of mortality. On the other hand, among individuals with

ypTanyN+, ACT was linked to a 30% decrease in the risk of death in

the whole cohort (29). According to Park et al.’s research, ACT

following NAT and surgery improves the OS in those with ypT+N+

ESCC by reducing distant metastases (30). In our research, patients

with ypT+N+ clearly benefit from AIT, but those with ypT+N0 or

ypT0N+ did not demonstrate any benefit to survival. Compared to

those with ypT+N0 or ypT0N+, the impact of additionally AIT may

theoretically be more pronounced in those with ypT+N+ since they

have a lower survival rate.

Although the primary finding of this study indicates that AIT

improves DFS and OS in ypT+N+ patients following NICT and

surgery, we believe that AIT cannot be consistently given to all ypT

+N+ ESCC patients uniformly. Carefully assessing the patient’s

status following NICT and esophagectomy is necessary, as is

weighing the advantages of AIT in terms of survival against the

danger of recurrence. Furthermore, clinicians must find suitable

patients with tolerance status so they can receive AIT, and further

research is needed to determine the standards for candidate

screening. In addition, efforts must be undertaken to lower

postoperative complications and increase long-term survival

because early postoperative morbidity and death are barriers

to AIT.

There is currently no agreement on AIT in situations where R0

resection is required following NICT. Patients who achieved a PCR

in the CheckMate 577 trial with the 5-year OS of 47-72% were

excluded because they were thought to be at low risk of recurrence

(14). Nonetheless, between 17% and 39% of these individuals later

developed recurrences, with locoregional recurrence being the

primary treatment failure pattern. In the current study, therefore,

the purpose was to assess the effectiveness of AIT in patients with

ESCC following NICT plus surgery as well as in those with PCR.

The study indicated that AIT significantly improved both DFS and

OS in patients with ypT+N+, but not in those with PCR.

Although there are no long-term follow-ups from trials, clinical

evidence indicates that NICT with R0 resection may be an appealing

therapeutic option for individuals with ESCC. Based on Checkmate

577 results, some national guidelines have changed their
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recommendations for adjuvant nivolumab for non-PCR patients

after surgery following NCRT (14). Compared to historical data,

Mamdani et al. (NCT02639065) demonstrated that adjuvant

durvalumab significantly improved the 1-year recurrence-free

survival for those with locally progressed EC and pathologically

remaining disease after R0 resection following NCRT (31).

However, the findings reported by Park et al. (NCT02520453)

differ from the Checkmate 577 trial and Mamdani’s. The results

revealed that there was no significant difference in DFS or OS

between the two groups (32). Furthermore, there are no guidelines

to recommend how many courses of AIT are required. In another

research (NCT04437212), Toripalimab was administered every

three weeks for four cycles as adjuvant treatment (33). However,

the authors stated that based on existing evidence and standards,

four cycles of AIT may not be sufficient for those without PCR after

NAT. Therefore, further research is needed to explore the optimal

AT for patients who have undergone NICT and surgery.

This study has some limitations. Firstly, this is a retrospective

cohort study from a single institution. However, the current study is

of great significance in the absence of sufficient evidence-based

medical evidence. A retrospective analysis was used to examine past

cases in order to obtain evidence, as there haven’t been any from

these clinical studies to date. Secondly, there are a variety of

immune drugs, and there may be differences in prognosis

between different immune drugs. However, our findings showed

that there was no statistical difference in the characteristics and

prognosis of different immune agents. Finally, the decision for

patients to receive AIT, with some selectivity, was largely

determined by clinicians. However, in patients with ypT+N+,

there was no significant difference between patients with or

without AIT. Consequently, more randomized controlled clinical

trials are necessary to determine the indications and treatment plan

for AIT.

In summary, after NICT and surgery for ESCC, AIT increased

DFS and OS in ypT+N+ patients. Since these individuals are able to

tolerate the additional treatment, AIT may be a viable alternative for

them. However, additional trials should be conducted to better

examine the results of this retrospective investigation.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding author.
Ethics statement

The Ethics Committee of Zhejiang Cancer Hospital gave its

approval (IRB-2020-320) and the research was carried out in

compliance with the Helsinki Declaration. The studies were

conducted in accordance with the local legislation and
frontiersin.org

https://doi.org/10.3389/fimmu.2024.1456193
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Feng et al. 10.3389/fimmu.2024.1456193
institutional requirements. The participants provided their written

informed consent to participate in this study.
Author contributions

JF: Conceptualization, Investigation, Writing – original draft,

Writing – review & editing. LW: Data curation, Formal analysis,

Methodology, Writing – review & editing. XY: Methodology,

Resources, Software, Writing – review & editing. QC:

Conceptualization, Project administration, Resources, Supervision,

Writing – review & editing.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

The author(s) declared that they were an editorial board

member of Frontiers, at the time of submission. This had no

impact on the peer review process and the final decision.
Frontiers in Immunology 0956
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fimmu.2024.

1456193/full#supplementary-material

SUPPLEMENTARY FIGURE 1

The inclusion criteria of current study.

SUPPLEMENTARY FIGURE 2

Correlation between AIT and recurrence. AIT can effectively reduce distant

recurrence (14.1% vs. 27.7%, P=0.022), but not for local recurrence (19.2% vs.

13.1%, P=0.233).

SUPPLEMENTARY FIGURE 3

Multivariable analysis in ypT+N+ individuals. Parameters linked to DFS (A) or
OS (B) in patients with ypT+N+ ESCC. The Sankey diagrams regarding
relations among AIT, ypTNM stages, and prognosis for all cohorts (C) or

those with ypT+N+ (D).

SUPPLEMENTARY FIGURE 4

Survival grouped by clinical stage decline. The 3-year DFS (A) or 3-year OS
(B) of all cohorts with and without clinical stage decline. The 3-year DFS (C) or
3-year OS (D) in ypT+N+ patients with and without clinical stage decline.
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a case report
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Hepatoid adenocarcinoma of the stomach (HAS) is a rare subtype of gastric

cancer characterized by histological features resembling hepatocellular

carcinoma. Surgical intervention remains the preferred treatment modality for

eligible patients. However, the efficacy of neoadjuvant therapy and alternative

treatment regimens has been found to be suboptimal. Consequently, due to the

high metastatic potential and unfavorable biological behavior of HAS, the

prognosis for affected patients is exceedingly poor. We present a case

involving a 64-year-old male diagnosed with advanced HAS, who

demonstrated significant antitumor responses following a preoperative

regimen of chemotherapy combined with immunotherapy, specifically utilizing

oxaliplatin, S-1, and sintilimab. Over a 2-month period of neoadjuvant therapy,

the patient’s serum a-fetoprotein level significantly decreased from 52,951.56

ng/mL to 241.04 ng/mL. Computed tomography scans revealed substantial

tumor regression. Subsequent radical surgical intervention confirmed

significant tumor shrinkage, with no evidence of lymph node metastasis upon

pathological examination. This is the first report of chemotherapy combined with

sintilimab in the treatment of gastric hepatoid adenocarcinoma, which may

provide novel insights into the therapeutic strategy for HAS.
KEYWORDS

hepatoid adenocarcinoma of stomach, immunotherapy, chemotherapy, programmed
cell death-ligand 1, laparoscopic gastrectomy, gastric cancer
frontiersin.org0158

https://www.frontiersin.org/articles/10.3389/fimmu.2024.1496342/full
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1496342/full
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1496342/full
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1496342/full
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1496342/full
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2024.1496342&domain=pdf&date_stamp=2025-01-08
mailto:guangyongzhang@hotmail.com
https://doi.org/10.3389/fimmu.2024.1496342
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2024.1496342
https://www.frontiersin.org/journals/immunology


Li et al. 10.3389/fimmu.2024.1496342
Introduction

Hepatoid adenocarcinoma of the stomach (HAS) is a rare

subtype of gastric cancer featuring adenoid and hepatocyte

differentiation, which is identical to hepatocellular carcinoma.

HAS was first reported by Ishikura et al. in 1985, as a specifica-
fetoprotein (AFP)-producing gastric cancer (1). HAS has been

described in multiple organs, such as the stomach, pancreas,

colon, and ovaries, of which the stomach is the most common

site (2). HAS usually occurs in older males, with an average age at

onset of approximately 60 years old (3). HAS accounts for only 0.3%

to 1% of all kinds of gastric cancer (4, 5). The most common onset

area of HAS is the gastric antrum, while it is rarely found in the

cardia and gastric fundi (6).

Thus far, accurate diagnosis remains challenging due to the

typically small proportion of the gastric region affected by HAS,

which may complicate endoscopic biopsy procedures. With similar

clinical features as common types of gastric cancer, HAS is typically

latent and lacks specific clinical symptoms, which may make early

diagnosis difficult (6).

Surgical intervention is commonly employed as the primary

treatment strategy for HAS. Due to the high metastatic potential

and adverse biobehavioral characteristics, the prognosis of HAS

remains extremely poor. According to various studies, the 5-year

survival rate ranges from 8.3% to 34.0% (7–10). Significant

challenges persist in the development of appropriate and effective

treatments for HAS. Despite many patients undergoing surgical

treatment, the prognosis still appears poor (11). Although adjuvant

chemotherapy and neoadjuvant chemotherapy have been employed

for patients with HAS, it remains a challenge to determine a

standard and effective treatment regimen, for either effective

drugs or drug combinations (12, 13). However, herein, we report

a case of a 64-year-old man who received preoperative
Frontiers in Immunology 0259
chemotherapy and immunotherapy, followed by radical surgery,

with satisfactory outcomes.
Case description

A 64-year-old male patient was admitted to the hospital with a

1-month history of fatigue and unspecified gastrointestinal

discomfort. The patient claimed no symptoms of abdominal pain,

nausea, vomiting, reflux, or dysphagia. The patient was treated with

omeprazole tablets to suppress gastric acid secretion prior to

admission, with no significant relief of symptoms. The patient

claimed no family history of gastrointestinal tract cancer. Upon

admission, laboratory tests revealed a hemoglobin level of 55.0 g/L,

indicating anemia. Tumor markers for the digestive tract showed a

significant elevation in serum AFP levels, measured at 52,951.56 ng/

mL (reference range: 0-8.78 ng/mL), and a slight elevation in

carcinoembryonic antigen, measured at 8.94 ng/mL (reference

range:0-5.0 ng/mL). Additionally, stool analysis tested positive for

occult blood. Gastroscopy indicated the presence of a large,

irregular mass measuring approximately 4.5 cm in diameter

located in the fundus of the cardia (Figure 1). The surface of the

mass was uneven, brittle, and prone to bleeding. Helicobacter pylori

testing was negative. Pathological analysis confirmed a diagnosis of

poorly differentiated adenocarcinoma of the gastric cardia.

Immunohistochemical results revealed positive expression of the

carcinoembryonic protein alpha-fetoprotein (AFP), spalt-like

transcription factor 4(SALL4), and hepatocyte-specific antigen.

The expression of human epidermal growth factor receptor 2

(Her2) was negative. In conjunction with the aforementioned

findings, the patient was ultimately diagnosed with gastric

adenocarcinoma that produced AFP, with a subset identified as

hepatoid adenocarcinoma. Contrast-enhanced computed
FIGURE 1

Gastroscopy images. (A) Dentate line. (B) Esophagus. (C) Fundus of the stomach. (D) Gastric body. (E) Gastric angle. (F) Duodenum.
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tomography (CT) revealed an irregular lobulated mass with a

diameter of approximately 6 cm, situated on the inferior

curvature of the gastric fundus, exhibiting distinct heterogeneous

enhancement. Additionally, multiple enlarged lymph nodes were

observed surrounding the stomach and within the lesser omental

sac, all demonstrating uniform enhancement (Figure 2A). Chest CT

showed no signs of metastasis.

Following a multidisciplinary discussion involving the Imaging

Department, Medical Oncology Department, and Gastrointestinal

Surgery Department, the patient’s TNM stage was determined to be

T4N1-2Mx. Neoadjuvant therapy was initially recommended. An

additional immunohistochemical test for programmed cell death-

ligand 1(PD-L1) indicated that positive tumor cells and tumor-

associated immune cells accounted for approximately 1%. A test

for microsatellite instability showed no deficient mismatch repair.

Therefore, the prescribed neoadjuvant therapy regimen comprised

chemotherapy and immunotherapy and included oxaliplatin and S-1,

in combination with sintilimab. The patient subsequently underwent

three cycles of neoadjuvant therapy, resulting in significant tumor

and lymph node regression as shown by enhanced CT (Figure 2B).

After ruling out surgical contraindications, a laparoscopic total

gastrectomy with lymph node dissection was successfully

performed. Intraoperatively, it was observed that the tumor was

located in the cardia and had not penetrated the serous membrane.

Resected gastric and lymph node specimens were submitted for

subsequent pathological examination.

Upon gross examination, a 3.8 x 1.5 cm infiltrating ulcerative

mass was identified near the cardia, following an incision along the

greater curvature. Sectioning of the tumor revealed a tough brown

and gray mass that had invaded the muscle layer, lacking clear

demarcation from the surrounding structures (Figure 3A). Mucosal

erosion was observed around the tumor, with acute and chronic

inflammation and hyperplasia of the fibro granulomatous tissue,

which was consistent with chemotherapy changes. None of the

perigastric lymph nodes exhibited metastatic involvement.

Subsequent immunohistochemical analysis demonstrated positivity

for Her2, while P63 and CK5/6 were negative (Figure 3B). The final

diagnosis was AFP-producing gastric adenocarcinoma with partial

hepatoid adenocarcinoma differentiation.
Frontiers in Immunology 0360
The patient experienced an uneventful postoperative recovery,

with no short-term complications, and was discharged from the

hospital on the ninth postoperative day. An iodine contrast study of

the upper digestive tract indicated optimal recovery of the

anastomotic site, with no evidence of leakage or stenosis. During

the follow-up period, the patient’s AFP levels exhibited a significant

decline, decreasing from 52,951.56 ng/mL prior to surgery to 241.04

ng/mL following preoperative neoadjuvant therapy, and further

reducing to 9.59 ng/mL 1 month after surgery. At the 6-month

follow-up, the patient had excellent recovery and there was no

evidence of recurrence in enhanced CT of the chest and abdomen.

The serum AFP level was 5.63 ng/mL (Figure 4).
Discussion

Since hepatoid adenocarcinoma was first described in 1985,

there have been multiple reports of cases affecting various organs,

including gastrointestinal organs such as the esophagus, pancreas,

and appendix; urogenital organs such as ovaries, the uterus, and

adrenal glands; and other organs such as the lungs (14–20). Among

these, the stomach is the most common site, and as such, hepatoid

adenocarcinoma is classified as a rare type of gastric cancer. Recent

studies from Asia have reported a HAS incidence of 0.17% to 0.36%

(21, 22). The origin and pathogenesis of HAS remain uncertain.

Previous research has suggested that HAS may originate from the

endoderm, which develops from adenocarcinoma with an intestinal

phenotype during embryonic development (23). A recent study

investigating the origin of HAS demonstrated that both the

adenocarcinomatous and hepatocellular-like components of HAS

originate from a monoclonal pluripotent precursor cell (24).

The molecular characteristics of HAS remain poorly

understood. However, a genetic analysis conducted on 42 patients

with HAS identified TP53, CEBPA, RPTOR, WISP3, MARK1, and

CD3EAP as genes with high-frequency mutations, exhibiting

mutation rates ranging from 10% to 30% (25). These mutated

genes may contribute to the enrichment of the HIF-1 signaling

pathway and also signaling pathways regulating stem cell

pluripotency in HAS.
FIGURE 2

Computed tomography of gastric tumor before and after neoadjuvant therapy. (A) CT of the irregular mass with dimensions of 6.3*5.0 cm before
neoadjuvant therapy. (B) CT of irregular thickening on the gastric fundus and the range is obviously regressed compared to before.
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The manifestation of HAS is typically latent and lacks specific

clinical symptoms, resembling common types of gastric cancer,

thereby complicating early diagnosis. The initial clinical

presentation often includes non-specific upper abdominal

discomfort (26). Consequently, the accurate and reliable

identification of HAS remains a significant challenge. CT is

considered an optimal choice for the diagnosis of HAS, often

revealing a thickened gastric wall and invasion of the peritumoral

fatty space, accompanied by continuous enhancement (27, 28).

However, some studies have suggested that the diagnostic value of

CT for HAS may be limited, because it may not show significant

anatomic abnormalities at the site of the primary tumor (29).

Recently, some research studies have highlighted the significance

of positron emission tomography (PET)/CT in diagnosing and

differentiating HAS accurately, which needs confirmation for

further application (30).
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HAS exhibits similar histological features as hepatocellular

carcinoma, which is characterized by the concurrent presence of

adenocarcinoma and hepatoid components in pathological

examinations (31). Furthermore, through immunohistochemical

tests, HAS features the positive expression of AFP, GPC-3, and

SALL4 (32). As the most prevalent subtype of AFP-producing

gastric cancers, HAS is distinguished by its heightened invasive

and metastatic potential, which is associated with an extremely poor

prognosis (33). Furthermore, numerous studies have investigated

the correlation between AFP expression levels and patient

prognosis, though the findings remain contentious. A study

conducted in China demonstrated that elevated serum AFP levels

serve as an independent prognostic factor in gastric cancer,

correlating with poorer outcomes, as evidenced by an analysis of

1,286 gastric cancer patients (34). Another study revealed that the

1-year survival rates for patients with AFP levels ≤20 ng/ml, ≤300
FIGURE 3

Completely resected tumor and histopathological findings. (A) Complete resected tumor. (B) histopathological findings of gastric tumor.
FIGURE 4

The whole treatment chart with the AFP trend.
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ng/ml, and >300 ng/ml were 75.2%, 46.7%, and 15.4%, while the 5-

year survival rates were 45.8%, 17.8%, and 0%, respectively (35).

Furthermore, Yakun Wang and colleagues reported that a

preoperative serum AFP level of ≥500 ng/mL was strongly

associated with poor overall survival (25). In contrast, a Japanese

study found no correlation between preoperative serum AFP levels

and survival outcomes, although postoperative elevations in serum

AFP were frequently indicative of tumor recurrence (10).

At present, there are no specialized treatments available for HAS,

and the most common therapeutic approach remains radical surgery,

which is also the conventional treatment for the more typical forms of

gastric cancer. For patients with advanced-staged HAS that is not

amenable to surgical resection, systemic chemotherapy, including

neoadjuvant treatment, may represent a potential therapeutic option

(3). Neoadjuvant therapy has the benefits of reducing the tumor

burden and improving overall survival (36). However, there remains

no established optimal and effective standard for such treatments.

Genomic analysis of HAS has demonstrated elevated drug transport

activity and increased expression of drug-resistance-related genes

compared to more typical forms of gastric cancer, indicating that

conventional chemotherapy may not be an ideal treatment approach

(24). Although studies have demonstrated the clinical benefit of

neoadjuvant chemotherapy for other forms of gastric cancer, its

therapeutic efficacy for HAS still remains a subject of debate.

Certain studies have suggested that FOLFOX could serve as a

potential postoperative treatment for HAS, whereas other studies

have reported less favorable outcomes (12, 37, 38). In our study, based

on standard therapy for advanced gastric cancer, we applied the SOX

protocol and found a remarkable curative effect on tumor reduction.

Furthermore, due to the R0 resect of the tumor, with a TNM stage of

T2N0M0, this patient received careful follow-up without

postoperative chemotherapy. Through 6 months of follow-up, there

was no evidence of tumor recurrence based on enhanced CT scans

and serum tests for AFP level. Currently, immunotherapy is

infrequently applied for HAS. A previous case report indicated that

sintilimab exhibited a satisfactory therapeutic effect in a patient with

advanced lung hepatoid adenocarcinoma (39). However, there have

been no reports concerning its efficacy in the treatment of HAS. Our

study represents the first report to demonstrate the significant efficacy

of sintilimab in the treatment of HAS, which demonstrated

promising therapeutic effects.

Our study suggests that the combination of chemotherapy and

immunotherapy, such as sintilimab, may yield significant outcomes

and could serve as a potential adjuvant treatment option for HAS.

These findings may contribute valuable insights for the

development of treatment strategies for patients with advanced

HAS and underscore the importance of molecular diagnosis in

informing treatment decisions.
Conclusion

HAS is an uncommon subtype of gastric cancer characterized by

a poor prognosis. Metastasis to the lymph nodes and distant organs,

especially the liver, is often present at diagnosis, which poses a huge

challenge for treatment and less favorable therapeutic efficacy. The
Frontiers in Immunology 0562
standard treatment protocol for HAS remains undefined. This case

report suggests that a combination of SOX chemotherapy and

immunotherapy, specifically sintilimab, may represent an effective

therapeutic option for advanced HAS. Further in-depth

investigations and prolonged follow-ups of related cases are

necessary to provide more robust evidence for the treatment of HAS.
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Clinical Cell Therapy, West China Hospital, Sichuan University, Chengdu, Sichuan, China, 5Department
of Radiation Oncology, Cancer Center, West China Hospital, Sichuan University, Chengdu,
Sichuan, China
Background: Neoadjuvant immunotherapy (NIT) has been endorsed by clinical

guidelines for the management of DNA mismatch repair deficiency/

microsatellite instability-high (dMMR/MSI-H) locally advanced rectal cancer

(LARC). Nonetheless, the therapeutic efficacy of NIT in mismatch repair-

proficient/microsatellite stable (pMMR/MSS) non-metastatic rectal cancer (RC)

remain pending matters. Therefore, a meta-analysis was carried out to assess the

efficacy and safety of NIT in patients with non-metastatic pMMR/MSS RC.

Methods: PubMed, Embase, Web of Science, the Cochrane Library,

ClinicalTrials.gov, ASCO and ESMO were searched to obtain related studies up

to July 2024. Two reviewers independently screened the included articles and

extracted the pertinent data. The risk of publication bias was assessed by Begg or

Egger tests and in cases of publication bias, the trim and fill method was applied.

Heterogeneity was assessed using I 2 statistics.

Results: Thirteen articles including 582 eligible patients were analyzed. The pooled

pCR, MPR, cCR and anus preservation rate were 37%, 57%, 26% and 77% separately

and the incidence of irAEs≥3 grades and TRAEs≥3 grades were 3% and 29%,

respectively. Non-metastatic pMMR/MSS RC receiving the short-course

radiotherapy (SCRT) in neoadjuvant setting exhibited superior pooled pCR and

MPR than long-course radiotherapy (LCRT) without upregulating the incidence of

adverse effects. Furthermore, patients with MSS RC underwent neoadjuvant

treatment with anti-PD-1 inhibitors demonstrated higher pooled pCR, MPR, cCR

compared to those receiving PD-L1 inhibitors. Additionally, yielded improved

pooled MPR and anal preservation rates compared to sequential immuno-

radiotherapy (63.4% vs 51.2% and 88.5% vs 69.9%), without raising the incidence

of irAEs≥3 grade. Interestingly, RC patients with lymph node metastasis showed a

higher pooled pCR than those without lymph node metastasis (43% vs 35%).
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Conclusion: NIT was linked to favorable response rates and anal preservation,

alongside an acceptable safety profile. Non-metastatic pMMR/MSS RC patients

receiving SCRT, PD-1 inhibitors, or concurrent immuno-radiotherapy in the

neoadjuvant setting exhibited enhanced outcomes. This meta-analysis

provides evidence for further exploration and application of NIT in non-

metastatic pMMR/MSS RC and highlights the potential for organ preservation

with this approach. The relatively small sample size and the uneven quality of

included studies may have had some impact on the generality of the results.

Therefore, further analysis with a higher number of high-quality studies is needed

to verify the conclusions.

Systematic review registrat ion: https:// inplasy.com/, ident ifier:

INPLASY202470110.
KEYWORDS

neoadjuvant immunotherapy, non-metastatic rectal cancer, mismatch repair-
proficient/microsatellite stable, meta-analysis, efficacy
1 Introduction

Ranking second in cause of mortality and third in incidence of

malignancy globally, colorectal cancer (CRC) brings a serious threat to

human health with a persistent upward trend in incidence and fatalities,

among which, rectal cancer (RC) accounts for approximately 33.3% of

all the diagnosed cases (1). Although notable medical advancements had

been achieved in the past few years, the locally advanced rectal cancer

(LARC) was still a tricky disease to management with increased

incidence, high propensity of local recurrence and distant metastasis

(2) and prevalence in younger populations (3).

Total neoadjuvant therapy (TNT) refers to the perioperative

treatment for LARC where the majority or entirety of postoperative

adjuvant chemotherapy is administered prior to surgical

intervention, in conjunction with concurrent chemoradiotherapy

(CRT). In the Spanish phase II randomized GCR-3 trial, pathologic

complete response (pCR) in the TNT group and neoadjuvant

chemoradiotherapy (nCRT) group was not significantly different

(13.5% vs 14.3%), yet the TNT cohort exhibited superior treatment

adherence (91% vs 54%) (4). A retrospective analysis from

Memorial Sloan Kettering Cancer Center (MSK) revealed that

patients with LARC receiving TNT experienced higher pCR rates

than those undergoing conventional chemoradiotherapy (5).

Consequently, TNT is recommended as one of the standard

treatments for LARC. Besides, for LARC patients achieving a

complete clinical response (cCR) after neoadjuvant treatment, the

conservative Watch and Wait (WW) strategy may offer comparable

survival outcomes to surgical intervention (6). Nonetheless, despite

the progress made with TNT for LARC, various limitations persist,

including a distant metastasis rate exceeding 20% within three

years, a postoperative pCR rate less than 30%, heightened toxicity
0265
from radiotherapy and chemotherapy, and poor long-term survival

prospects, which somewhat restrict clinical application.

In the last decade, cancer immunotherapy—encompassing

antibody therapy, cellular immunotherapy, and cytokine therapy

—has transformed the oncology treatment landscape, yielding

promising clinical results across a wide array of malignancies (7).

However, only a minority of patients with specific molecular

profiles derive substantial benefit from immunotherapy (8).

Chromosome translocations and genomic instability are

hallmarks in cancer development. The DNA mismatch repair

(MMR) system is crucial for preserving DNA integrity, with DNA

mismatch repair deficient/microsatellite instability-high (dMMR/

MSI-H) defined by mutation status in microsatellite alleles.

Characterized by high tumor mutational burden (TMB),

abundant tumor infiltrating lymphocytes (TILs) and non-

synonymous mutations, MSI-H/dMMR tumors often show

greater response rate for immune checkpoint inhibitors (ICIs)

treatment. Conversely, the vast majority of patients with

mismatch repair proficient/microsatellite stable (pMMR/MSS),

which feature low TMB and limited T cell infiltration, tend to

show decreased sensitivity or resistance to ICIs (8, 9).

In addition to damaging cancer cells directly, irradiation also

exerts immunostimulant properties by enhancing the cytotoxic

activity of NK cells and fostering the accumulation of CD8+

cytotoxic T lymphocytes and tumor-associated M1 macrophages

within the tumor microenvironment. The concomitantly used

immunotherapy can potentiate the activity of immune cells,

resulting in significant neoplastic cell destruction or exhibiting

synergistic antitumor effects in combination with radiotherapy

(10, 11), as evidenced in studies involving triple-negative breast

cancer, small cell lung cancer, and other tumors (12).
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Building on these principles, numerous studies have investigated

the clinical advantages of neoadjuvant immunotherapy (NIT) in

CRC. The KEYNOTE-016 trial found that metastatic CRC and

other solid tumors exhibiting the dMMR/MSI-H phenotype

significantly benefit from programmed death ligand-1 (PD-L1)

monoclonal antibody immunotherapy (13). Therefore, guidelines

recommended immunotherapy for the treatment of dMMR/MSI-H

metastatic CRC. Although only a very small part (less than 10%) of

RC can be classified as dMMR/MSI-H category, NIT could result in a

higher complete response (CR) rate than nCRT with fewer adverse

effects on sphincter, reproductive organs and sexual function in those

group of population (14), and the latest ASCO guideline

recommended the NIT and the first-line treatment option for

dMMR/MSI-H LARC (15).

Despite advancements in the treatment of dMMR/MSI-H

tumors, consensus on the clinical efficacy of NIT for pMMR/MSS

non-metastatic RC remains elusive. Besides, there are only few

published RCT studies reporting the clinical efficacy and safety of

NIT in MSS RC, most of the on-going trials are single-arm

prospective trials and the variations about intervention methods

in these published and ongoing trials also impede the clinical

application of NIT in MSS RC. Given the rising demand to

achieve tumor regression, anus preservation and more satisfactory

long-term survival outcomes through “increasing efficiency and

decreasing toxicity” therapeutic strategy in RC patients recent years,

the traditional nCRT or TNT treatment model reached an impasse.

Therefore, we conducted this systematic review and meta-analysis

to assess the effect and safety of immunotherapy-based neoadjuvant

treatment in non-metastatic pMMR/MSS RC, aiming to offer novel

management options for these patient populations and provide

support for future study.
2 Methods

This systematic review with meta-analysis was executed in

compliance with the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) guidelines (16). The

selection criteria were established based on the PICOS

(population, intervention, comparison, outcome, and study

design) framework.
2.1 Search strategy

We conducted comprehensive searches of several online

databases for eligible trails from inception to July 2024, including

PubMed, Embase, Web of Science and the Cochrane Library.

Additionally, ClinicalTrials.gov, ASCO and ESMO also were

searched for potential unpublished findings. Keywords used for

the search included “rectal cancer” “neoadjuvant immunotherapy”

“PD-1 inhibitors” “PD-L1 inhibitors” and “neoadjuvant therapy”.

To ensure comprehensive coverage, references from original studies

and literature reviews were also examined. Details of the search

methodology could be available in Supplementary File 1.
Frontiers in Immunology 0366
2.2 Inclusion and exclusion criteria

Inclusion criteria were as follows: 1) adults with primary cancer

of pMMR/MSS RC; 2) non-metastatic disease; 3) immunotherapy

(programmed cell death protein 1 (PD-1) inhibitor, programmed

cell death 1 ligand 1 (PD-L1) inhibitor or cytotoxic T-lymphocyte–

associated protein 4 (CTLA-4) inhibitor) used during neoadjuvant

therapy period; 4) reporting 10 or more cases and 5) single-arm

study, cohort or prospective study, retrospective study and RCTs.

Exclusion criteria included: 1) letters to the editor, and

editorials, reviews, animal studies, case reports and study

protocol; 2) articles lacking related data; 3) involving patients

diagnosed with colorectal cancer (CRC) or other malignancies

without distinct findings, 4) metastatic CRC or RC, 5) absence of

immunotherapy in the neoadjuvant setting.
2.3 Efficacy indicators

The outcomes evaluated in these studies were the pathological

complete response (pCR), major pathological response (MPR),

clinical complete response (cCR) and the anal preservation rates.
2.4 Quality assessment

Most trials included in our analysis were single-arm studies,

therefore, we evaluated the quality of the research using the

methodological index for non-randomized studies (MINORS),

which, was used for the quality assessment of non-randomize

studies (17). Study qualities were classified as poor (0–12), or

good (13–16) based on MINORS scores, and any discrepancies

were resolved through consensus.
2.5 Data extraction

Two investigators (Huan Zhang and Jing Huang) independently

extracted relevant data from the included studies, including

characteristic data from the study (first author, publication year,

country/region of the patient, study type, sample size, gender, patient

age, Eastern Cooperative Oncology Group (ECOG) performance status,

distance from primary tumor to anal verge, clinical stage, clinical T

category, clinical N category, type of radiotherapy, intervention

methods, type of checkpoint inhibitor) and statistical data (pCR,

MPR, cCR, anus preservation rate, incidence of TRAEs and irAE≥3

grades). The details of TRAEs, irAEs and clinical stage were shown in

the Supplementary Tables 1–3, respectively. Where necessary,

corresponding authors were contacted for additional information.
2.6 Statistical analysis

The meta-analysis was performed using Stata/MP 14.0 software

(StataCorp LP, College Station, TX). A p value<0.05 was considered

statistically significant. Heterogeneity between studies was categorized

as low (I2<50%) or high (I2>50%) using the Cochran Q chi-square test
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and I2 statistics. Random effects models and fixed effects model were

used to analyze the data with huge heterogeneity (I 2≥50%) and little

heterogeneity (I 2<50%), respectively. Subgroup analyses were

conducted based on clinical factors to reduce heterogeneity. The

identification of potential bias was accomplished by evaluating the

asymmetry of the plot and Egger or Begg tests.
3 Results

3.1 Study selection and characteristics

After screening the title, abstract and full-text, a total of thirteen

studies comprising 582 patients were ultimately included in this

analysis (18–30). The selection process was conducted in

accordance with the PRISMA flowchart guidelines (Figure 1). Of

the studies included, seven were published as full papers and six

were presented as conference abstracts. Among these studies

included, four were randomized controlled trials (RCTs) and the

remaining nine were prospective single-arm studies. The MINORS

score system evaluated all studies as having good quality

(Supplementary Table 4). The principal characteristics of studies

included in this meta-analysis were summarized in Table 1.
3.2 Primary outcomes: pCR, MPR, cCR and
anus preserving rate

Twelve studies reported results of pCR and the pooled pCR rate

was 37% (95%CI: 0.31, 0.44) with small heterogeneity (I2 = 35.93%,

p=0.10) (Figure 2A). Seven studies reported the clinical data on MPR,
Frontiers in Immunology 0467
and the pooled MPR was 57% [(95%CI: 0.43, 0.70), I2 = 70.44%,

p=0.00] (Figure 2B). Six studies reported cCR, resulting in a pooled

cCR rate of 26% (95%CI: 0.18, 0.34, I2 = 52.38%, p=0.06) (Figure 2C).

As illustrated in Figure 2D, three studies reported anus preservation

rate with a pooled rate of 77% (95%CI: 0.62, 0.88, I2 = 45.30%, p=0.16).
3.3 Safety: TRAEs and irAEs

The incidence of irAEs≥3 grades was extracted from seven

studies, yielding a pooled rate was 3% (95%CI: 0.00, 0.09; I2 =

72.25%, p=0.00) (Figure 3A). Using a fixed-effects model with low

heterogeneity (I2 = 0.00%, p=0.61), the pooled incidence of TRAEs≥3

grades was found to be 29% (95%CI: 0.17, 0.41) (Figure 3B).
3.4 Publication bias and influence analysis

Funnel plots were employed to assess the potential for

publication bias among the studies incorporated in the meta-

analysis. As illustrated in Supplementary Figure 1, the funnel

plots exhibited a certain degree of asymmetry, which may

indicate possible publication bias stemming from a lack of RCT

articles. Next, Egger’s and Begg’s tests were carried out to evaluate

the publication bias. P value of Egger’s and Begg’s tests for pCR,

MPR, cCR, anus preservation rate and TRAEs rates were all>0.05

(P>|t|=0.17, 0.26, 0.21, 0.24 and 0.97, respectively; Pr>|z|=1.70, 1.63,

0.26, 1.96 and 1.00, separately) and the symmetry of funnel plots

from Egger`s publication bias analysis also suggested the stability of

the results and the absence of bias and (Supplementary File 2,

Figures 4A–D, F). Conversely, p value of Egger’s and Begg’s tests for
FIGURE 1

Flow diagram of the literature search in this meta-analysis.
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irAEs ≥ 3 grades were both<0.05 (P>|t|=0.03, Pr>|z|=0.02)

(Supplementary File 2) with associated funnel plots from Egger`s

publication bias analysis exhibiting asymmetry (Figure 4E),

indicating the publication bias existed in the study. Subsequently,

the trim and fill method analysis was performed to evaluate the

impact of publication bias. Based on the analysis results of the trim

and fill method, there was almost minimal variation in the

outcomes reinforcing the stability of the results (Supplementary

File 3, Supplementary Figure 2). The significance remained

consistent before and after the trim and fill method analysis,

indicating that the combined effect size for the irAEs rate was not

influenced by publication bias. Sensitivity analysis revealed that the

exclusion of individual studies did not result in statistically

significant changes in the combined analysis (Supplementary

Figure 3), hereby suggesting that the overall conclusions drawn

from this investigation can be regarded as valid and reliable.
3.5 Subgroup analysis

3.5.1 Subgroup based on type of radiotherapy
The pooled pCR and MPR in the short course radiation therapy

(SCRT) subgroup was 45% (95%CI: 0.39, 0.52) and 65% (95%CI:

0.44, 0.83), whereas the pooled pCR and MPR in the LCRT

subgroup was 34% (95%CI: 0.27, 0.41) and 57% (95%CI: 0.38,

0.74), respectively (Figures 5A, B), all lower than the long course

radiation therapy (LCRT) subgroup, especially the pooled pCR.
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However, the pooled incidence of irAEs≥3 grades in the LCRT

subgroup (4.2%, 95%CI: 0.00, 0.13) exceeded that in the SCRT

subgroup (1%, 95%CI: 0.00, 0.07) (Figure 5C).

3.5.2 Subgroup based on PD-1/PD-L1 inhibitors
The PD-1 subgroup exhibited a pooled pCR of 40% (95%CI:

0.35, 0.46), which was significantly higher than that observed in the

PD-L1 subgroup (22%, 95%CI: 0.11, 0.37) (Figure 6A). Similarly,

the pooled MPR and cCR in the PD-1 subgroup (58%, 95%CI: 0.42,

0.72; 27%, 95%CI: 0.16, 0.40) was higher than these in the PD-L1

subgroup (50.0%, 95%CI: 0.21, 0.79; 24%, 95%CI: 0.15, 0.34)

(Figures 6B, C), though there were no significant declines

in heterogeneity.

3.5.3 Subgroup based on treatment sequence
Subsequent subgroup analyses were conducted to evaluate the

sequence of immunotherapy and radiotherapy administration in

the neoadjuvant context. The pMMR/MSS RC cohorts receiving

concurrent immunotherapy and radiotherapy demonstrated a

pooled MPR of 63% (95%CI: 0.38, 0.85) and an anal preservation

rate of 88% (95%CI: 0.70, 0.99), respectively, both exceeding the

outcomes observed in those undergoing sequential administration

(Figures 7A, B). Furthermore, a notable reduction in heterogeneity

for MPR was observed. Though there was only minimal declination

in heterogeneity for the rate of irAEs, the pooled incidence of

irAEs≥3 grades in the sequential radiotherapy group was significant

higher compared to the concurrent group (6% vs 0.0%) (Figure 7C).
TABLE 1 Characteristic of included studies.

First
author, year

Region
Sample
size

Male/
Female

Median
age (year)

Type of study Inhibitor Neoadjuvant treatment

Bando et al.,
2022 (18)

Non-China 44 29/15 59.5 Single-arm study PD-1
Chemotherapy + LCRT

+ immunotherapy

Li et al., 2024 (19) China 25 19/6 58 Single-arm study PD-1
Chemoimmunotherapy + LCRT

+ chemotherapy

Lin et al., 2021 (20) China 30 17/13 57 Single-arm study PD-1 SCRT + Chemoimmunotherapy

Xiao et al., 2024 (21) China 67 43/24 56 RCT PD-1 Chemoimmunotherapy + LCRT

Shamseddine et al.,
2020 (29)

Non-China 13 9/4 62 Single-arm study PD-L1 SCRT+ Chemoimmunotherapy

Gao et al., 2023 (22) China 26 14/12 60.5 Single-arm study PD-1 LCRT + Chemoimmunotherapy

Lin et al., 2024 (23) China 113 75/38 NA RCT PD-1 SCRT + Chemoimmunotherapy

George et al.,
2022 (24)

Non-China 45 NA NA Single-arm study PD-L1
Chemotherapy + LCRT

+ immunotherapy

Feng et al.,
2024 (25)

China 22 NA 56 Single-arm study PD-1 SCRT + Chemoimmunotherapy

Takahashi et al.,
2023 (26)

Non-China 25 18/7 63 Single-arm study PD-1 LCRT + Chemoimmunotherapy

Gooyer et al.,
2024 (27)

Non-China 44
34/10 NA Single-arm study PD-L1 SCRT + Chemoimmunotherapy

Zhou et al.,
2024 (28)

China 16 11/5 NA RCT PD-1 Chemoimmunotherapy

Xia et al., 2024 (30) China 121 NA/NA NA RCT PD-1 SCRT + Chemoimmunotherapy
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FIGURE 2

Primary outcomes of neoadjuvant immunotherapy for non-metastatic pMMR/MSS rectal cancer. (A) pathological complete response (pCR);
(B) major pathological response (MPR); (C) clinical complete response (cCR); (D) anus preservation rate.
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3.5.4 Subgroup analysis based on clinical T and
N category

In the subgroup analysis stratified by clinical T category, both

the cT3 and cT4 subgroups exhibited a pooled pCR of 30% with

negligible heterogeneity (Figure 8A). With negligible heterogeneity,

the pooled MPR in cT3 and cT4 group was 37% (95%CI: 0.24, 0.51)

and 30% (95%CI: 0.03, 0.64), respectively, demonstrating that the

subgroup analysis based on clinical T category significantly

diminished the heterogeneity in MPR (Figure 8B). Interestingly,

for subgroup analysis stratified by clinical N category, pMMR/MSS

non-metastatic RC patients with lymph node metastasis achieved a

pooled pCR of 43% (95%CI: 0.23, 0.65) after receiving

immunotherapy-based neoadjuvant treatment, higher than the

pooled pCR of 35% (95%CI: 0.21, 0.51) in RC patients without

lymph node metastasis (Figure 8C).
4 Discussion

In 2015, researchers from Johns Hopkins Hospital initially

disclosed the KEYNOTE-016 study at the ASCO Annual Meeting,

identifying MSI-H or dMMR as molecular markers indicative of

immunotherapy responsiveness in metastatic CRC, thus heralding a
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transformative era in CRC immunotherapy (31). The NICHE study

encompassing both dMMR and pMMR early-stage colon cancer

patients first explores the efficacy and safety of NIT. In the primary

results, MPR and pCR of the 20 dMMR patients are 95% and 60%,

respectively, while the MPR rate is 20% in patients with pMMR

colon cancer, which opens the door of NIT for CRC (32).

This systematic review comprehensively analyzed data from the

13 studies to assess the efficacy and safety of NIT in non-metastatic

pMMR/MSS RC patients, revealing favorable outcomes with pooled

pCR, MPR, cCR and anus preserving rate of 37%, 57%, 26% and

77%, respectively. Moreover, NIT did not significantly elevate the

incidence of AEs, with the pooled rate of irAEs and TRAEs≥3

grades being 3% and 29% separately. Therefore, the implementation

of immunotherapy in the neoadjuvant settings in patients with non-

metastatic pMMR/MSS RC is a promising therapeutic strategy.

To evaluate the publication bias, Egger’s and Begg’s tests and

funnel plots were employed. The asymmetry of funnel plots for

irAEs indicated the possibility of publication bias, and the p value of

the next Egger’s and Begg’s tests for irAEs ≥ 3 grades all<0.05 also

suggested the potential of publication bias (Figure 4E,

Supplementary File 2), which may be caused by lack of RCTs,

small sample size, incomplete or selective reports due to the fact that

the exploration of NIT for RC is still in its nascent stages. The
FIGURE 3

Forest plots showing the adverse effects of immunotherapy-based neoadjuvant therapy for RC. (A) immunotherapy -related adverse effects (irAEs)≥3
grades; (B) treatment-related adverse effects (TRAEs)≥3 grades.
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existing of publication bias may exaggerate treatment effects,

mislead clinical practice and decision-making and affect the

generality and reliability of results. However, the consistent

significance before and after the trim and fill method analysis,

indicating that the combined effect size for the irAEs rate in our

study was not influenced by publication bias and the conclusions of

our analysis (Supplementary File 3, Supplementary Figure 2).

Given the potential heterogeneity and publication bias,

subgroup analyses were conducted. Significant reductions in

heterogeneity were observed in the pooled pCR rates based on the

type of radiotherapy and inhibitor subgroup analysis. Subsequent

subgroup analysis based on the sequence of immunotherapy and

radiotherapy application demonstrated a substantial decrease in

heterogeneity in pooled pCR and MPR, suggesting that the

treatment sequence of immunotherapy and radiotherapy in

different studies may contribute to the heterogeneity in pCR and

MPR outcomes. Similarly, subgroup analysis based on the clinical T

category also revealed a reduction in heterogeneity of pCR and

MPR, indicating another potential source of heterogeneity in the

pooled pCR and MPR results. However, Egger’s and Begg’s tests
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yielded p values >0.05 for pCR, MPR, cCR, anus preservation rates

and TRAEs, indicating the absence of publication bias. Sensitivity

analysis further confirmed the stability of the pooled pCR. Although

the p values of Egger’s and Begg’s tests for the incidence of irAEs of

grade ≥3 were both <0.05, the consistent significance before and

after the trim and fill method demonstrated that the combined effect

size of irAEs rates was not influenced by the potential existed

publication bias, ensuring the robustness of the findings.

Numerous studies indicated that a higher pCR is associated

with favorable prognosis (30, 33). As one of the standard

preoperative treatment for LARC, TNT showed superior rates of

pCR compared with conventional CRT (29.9% versus 14.9%), as

well as a reduction in distant relapse in meta-analysis of Anup Kasi,

MD et al. (34). However, the relatively low pCR rates and high rates

of distant metastasis and local disease recurrence following TNT

and conventional CRT remain challenges in the management of

LARC. In our meta-analysis, a pooled pCR rate of 37% was

observed in patients with pMMR/MSS rectal cancer receiving

NIT , surpas s ing the ra t e s ach ieved wi th TNT and

conventional CRT.
FIGURE 4

Funnel plots of Egger`s publication bias analysis for (A) pCR, (B) MPR, (C) cCR, (D) anus preservation rates, (E) incidence of irAE≥3 grades and
(F) incidence of TRAEs ≥3 grades.
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For patients with early-stage and LARC, surgery still plays a critical

role in the treatment course. However, older patients with multiple

comorbidities may face a heightened risk of mortality and severe

complications post-surgery, rendering them unsuitable candidates for
Frontiers in Immunology 0972
operative intervention. Although advancements in medical technology

have significantly enhanced anal preservation rates in RC patients, the

rectum and anus preservation remain challenging for individuals with

ultra-low rectal cancer (35). Therefore, in addition to tumor burden
FIGURE 5

The forest figure of response rate (pCR, MPR and irAEs) based on radiotherapy strategies subgroup analysis. (A) pCR rate based on radiotherapy
strategies subgroup analysis; (B) MPR rate based on radiotherapy strategies subgroup analysis; (C) irAEs rate based on radiotherapy strategies
subgroup analysis.
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reduction and survival improvement, organ preservation is a critical

consideration in RC treatment.

The concept of the “wait-and-see” strategy for RC patients

achieving cCR after neoadjuvant therapy, initially proposed by Prof.
Frontiers in Immunology 1073
Habr-Gama from Brazil in 2004, has garnered increasing attention

due to its positive impact on quality of life (QoL) and minimal effect

on long-term survival outcomes (6). In 2016, Martens et al. reported

a cCR rate of 17% among patients with RC who underwent
FIGURE 6

The forest figure of response rate (pCR, MPR, cCR) based on PD-1/PD-L1 inhibitors subgroup analysis. (A) pCR rate based on PD-1/PD-L1 inhibitors
subgroup analysis; (B) MPR rate based on PD-1/PD-L1 inhibitors subgroup analysis; (C) cCR rate based on PD-1/PD-L1 inhibitors subgroup analysis.
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neoadjuvant CRT (36). A meta-analysis evolving seventeen studies

revealed a pooled cCR rate of 22.4% following conventional

neoadjuvant chemoradiotherapy treatment (37). In our meta-

analysis the pooled cCR rate of 26%, higher than the previous

clinical study and meta-analysis, supported the utilization of NIT in
Frontiers in Immunology 1174
patients with non-metastatic MSS RC and provided new options,

particularly for older patients with comorbidities or those averse

to surgery.

TRAEs or irAEs, which refers to a multitude of systems, are

unignorable problems in immunotherapy-based neoadjuvant
FIGURE 7

The forest figure based on treatment sequence subgroup analysis. The forest figure of MPR (A), anus preservation rate (B) and incidence of irAEs ≥ 3
grades (C) based on sequence of immunotherapy and radiotherapy subgroup analysis.
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treatment. Previous studies have reported that grades 3−5 TRAEs and

irAEs were observed in 33% and 19% of advanced CRC patients

receiving NIT, respectively (38). The pooled TRAEs rate of 29% and

irAEs rate of 3% in our study demonstrated the favorable tolerability

of NIT in non-metastatic pMMR/MSS RC. The satisfactory pooled

pCR, MPR, cCR, anus preservation rate and low rate of AEs≥3 grades

further support the use of NIT in non-metastatic pMMR/MSS RC

patients. While the inconsistency in the identification of pCR and

cCR warrants more future studies to solve the problem.
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In the multicenter, open-label, randomized, controlled, phase

III RAPIDO trial, patients in the experiment group receiving SCRT

in neoadjuvant treatment period showed higher treatment

compliance, reduced risk of disease recurrence and metastasis

than the standard of care group receiving LCRT (39). Similarly,

in the UNION trials, LARC patients received SCRT followed by

chemoimmunotherapy in the neoadjuvant period achieved higher

pCR rate with well-tolerated safety profile than those treated with

LCRT in neoadjuvant period (23). Preclinical studies also indicated
FIGURE 8

The forest figure based on clinical T category and N subgroup analysis. (A) pCR rate on clinical T category subgroup analysis; (B) MPR rate on clinical
T category subgroup analysis; (C) pCR rate on clinical N category subgroup analysis.
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that SCRT enhanced the infiltration of tumor-specific CD8+ T cells

in draining lymph nodes, leading to improved local and distant

anti-tumor effects compared to conventional fractionation (40). In

concordance with the previous findings, the pooled pCR and MPR

rates in the SCRT subgroup were 45.2% and 65.4%, respectively,

both higher than the LCRT groups. The incidence of irAEs in the

SCRT subgroup was 1%, significantly lower than the LCRT group.

The favorable characteristics of SCRT treatment, including low

toxicity, positive therapeutic effects, cost-effectiveness, and

convenience, have garnered increasing interest in clinical practice.

PD-1 and PD-L1 inhibitors demonstrated comparable survival

outcomes and safety profiles in patients with solid tumors (41, 42).

However, non-metastatic pMMR/MSS RC patients receiving PD-1

inhibitors in the neoadjuvant treatment period in our subgroup

analysis had a higher pCR rate and slightly higher or comparable

MPR or cCR compared with patients receiving PD-L1 inhibitors. In

addition, anus preservation rate in RC patients receiving PD-1

inhibitors in the neoadjuvant treatment period was also slightly

higher than those received PD-L1 inhibitors (Supplementary

Figure 4), further supporting the clinical utility of NIT for non-

metastatic pMMR/MSS RC patients.

Discrepancies remain regarding the sequencing of radiotherapy

and chemotherapy/immunotherapy in oncological treatment. In

patients diagnosed with stage III non-small cell lung cancer,

concurrent radiotherapy combined with chemotherapy

demonstrated enhanced survival benefits but with increased

toxicity compared to sequential radiotherapy (43). Conversely,

another investigation revealed that concurrent radiotherapy

paired with immunotherapy resulted in superior survival rates

with reduced toxicity relative to sequential radiotherapy (44). In

our analysis, RC patients undergoing concurrent radiotherapy

alongside immunotherapy during the neoadjuvant phase achieved

a MPR and anal preservation rates of 63% and 88%, respectively,

and both of which surpassed the sequential radiotherapy group.

Besides, the incidence of irAEs≥3 grades in the concurrent

radiotherapy group was significantly lower than the sequential

radiotherapy group. Prior studies indicated that concurrent

radiotherapy plus camrelizumab elevated the expression levels of

activation molecules CD38 and HLA-DR on CD8+ T cells, thereby

enhancing the cytotoxicity and activation of PD-1+CD8+ T cells,

which correlated with improved prognosis in patients with

esophageal squamous cell carcinoma (45), potentially elucidating

our findings. Nonetheless, additional research is warranted to

further investigate these outcomes.

Clinical T4 stage, N2 stage, and EMVI positivity are recognized

as high-risk factors for RC patients, typically associated with

unfavorable prognoses. Nevertheless, the UNION trials (23) and

numerous other clinical studies evolving RC patients with T3, T4 or

N2 stage, demonstrate satisfactory survival outcomes and well

tolerance when treated with specific strategies. Our subgroup

analysis also revealed that patients with T4 RC exhibited a

comparable pCR rate to those classified as clinical T3, while

patients with lymph node metastasis demonstrated an even

higher pCR rate compared to those without such metastasis.
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Therefore, for non-metastatic MSS RC patients with T4 category

or other high-risk factors, the NIT may play a pivotal role.

In the KEYNOTE-966 study, patients with biliary tract cancers

receiving pembrolizumab achieve a mOS of 14.1 (95%CI: 10.4-17.7)

months, significantly exceeding the outcomes observed in the global

cohort (46). The KEYNOTE-181 study also reveals that

immunotherapy treatment brings significant OS benefit and

better prognosis for Chinese population compared with the whole

population (47). Currently, there is a dearth of studies assessing the

efficacy and safety of NIT in both Chinese and non-Asian patients

with MSS RC. Our subgroup analysis revealed that the pooled pCR,

MPR and cCR rates in the Chinese cohort were 41%, 65% and 27%

respectively, superior to those in non-Chinese populations

(Supplementary Figure 5). Although approximately 61.5% of the

trials included in our analysis were conducted within Chinese

populations, publication bias assessments affirmed the robustness

of the findings. Thus, our study offers valuable insights and support

for future research and clinical applications when addressing

patients from diverse ethnic backgrounds.

This systematic review acknowledges certain limitations. Firstly, while 4

RCTs were incorporated, the majority of the included studies were single-

arm, phase II prospective trials or conference abstracts, leading to a limited

patient cohort and incomplete clinical data. Secondly, the application of

NIT for RC is still in its nascent stages, with most studies primarily

reporting initial findings and lacking long-term survival data. Therefore,

further multi-center, large-sample clinical trials were conducted to improve

the reliability and universality of the study results and evaluate the long-

term survival outcomes. Additionally, the small sample sizes and

heterogeneity in treatment regimens and follow-up durations may also

impact the results of the study, which need to be explored withmore future

studies. To optimize the treatment strategy for RC, the efficacy and safety of

NIT combined with other therapeutic modalities need to be further

investigated. Besides, by identifying molecular markers associated with

the response of NIT, precise stratification of patients can be achieved to

provide a basis for individualized treatment.
5 Conclusion

Our study has synthesized and examined the latest trials

concerning neoadjuvant immunotherapy for non-metastatic

pMMR/MSS RC patients, analyzing various outcomes. Due to

relatively small sample size, heterogeneity between studies and

uneven levels of included studies, there were no statistical

significance for MPR in subgroup analysis based on radiotherapy

type, PD-1/PD-L1 inhibitors and other factors, but statistically

significant pCR rate based on radiotherapy strategies, PD-1/PD-

L1 inhibitors subgroup analysis and other satisfactory outcomes in

the subgroup analysis indicates that NIT is promising for the

treatment of pMMR/MSS RC patients with an acceptable safety

profile. Moreover, the high response rates among MSS patients,

satisfactory anal preservation rates, and low incidences of TRAEs

and irAEs provide a reference for future research and clinical

practice. However, in light of these limitations, there is an urgent
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need for large-scale, randomized controlled trials focusing on

neoadjuvant approaches for non-metastatic MSS RC.
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Nab-paclitaxel combined with
cadonilimab (AK104) as second-
line treatment for advanced
gastric cancer: protocol for a
phase II prospective, multicenter,
single-arm clinical trial
Jing Wei1†, Pengfei Zhang1†, Qiancheng Hu1, Xiaolong Cheng2,
Chaoyong Shen2, Zhixin Chen2, Wen Zhuang2, Yuan Yin2,
Bo Zhang2, Hongfeng Gou1, Kun Yang2, Feng Bi3 and Ming Liu1*

1Gastric Cancer Center, Department of Medical Oncology, West China Hospital, Sichuan University,
Chengdu, Sichuan, China, 2Department of General Surgery/Gastric Cancer Center, West China
Hospital, Sichuan University, Chengdu, Sichuan, China, 3Division of Abdominal Cancer, Department of
Medical Oncology, Cancer Center and Laboratory of Molecular Targeted Therapy in Oncology, West
China Hospital, Sichuan University, Chengdu, China
Background: Gastric cancer (GC) is one of the most prevalent malignant tumors

worldwide, often diagnosed at an advanced stage with a poor prognosis.

Paclitaxel, nab-paclitaxel, and irinotecan, either as monotherapies or in

combination with ramucirumab, are currently standard second-line treatments

for GC. However, the efficacy of these therapies is limited, necessitating the

development of new combination strategies to improve response rates. Immune

checkpoint inhibitors (ICIs) have shown success in first-line treatment for

advanced GC, leading to interest in immune rechallenge strategies for second-

line treatment. Re-challenging patients with ICIs after progression on first-line

treatment may restore immune responses and provide additional clinical benefit.

Recently, cadonilimab (AK104), a bispecific antibody targeting PD-1 and CTLA-4,

has demonstrated promising antitumor activity when combined with

chemotherapy in advanced gastric and gastroesophageal junction (GEJ)

adenocarcinoma. However, the efficacy and safety of nab-paclitaxel combined

with AK104 for the treatment of advanced GC remain unclear. Furthermore,

identifying predictive biomarkers of efficacy is essential to developing

personalized treatment strategies. This study aims to explore the safety and

efficacy of nab-paclitaxel combined with AK104 as a second-line treatment for

patients who have progressed after first-line chemoimmunotherapy, focusing on

evaluating the therapeutic effect of ICIs rechallenge in gastric cancer.

Methods: This is a prospective, multicenter, open-label, single-arm Phase II

clinical study. Eligible patients were histologically or cytologically diagnosed with

unresectable recurrent or metastatic GC, failed first-line chemotherapy in

combination with immune checkpoint inhibitor, aged between 18-75 years old,

expected survival ≥3 months, and with a physical status of 0 or 1 in the Eastern

Cooperative Cancer Group (ECOG). Enrolled patients will receive intravenous

cadonilimab (AK104) 6 mg/kg on days 1, and 15, and intravenous nab-paclitaxel

100 mg/m2 every four weeks on days 1, 8, and 15. The primary endpoints were
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objective response rate (ORR), and secondary endpoints were disease control

rate (DCR), progression-free survival (PFS), and overall survival (OS). The

exploratory objective was to identify biomarkers associated with efficacy,

mechanism of action, and safety. A total of 59 participants were planned to be

recruited using Simon’s two-stage design. The trial was initiated in June 2024

in China.

Discussion: This study is the first prospective trial to evaluate the combination of

nab-paclitaxel and cadonilimab as second-line treatment after first-line

chemoimmunotherapy failure. By investigating immune rechallenge, it aims to

reactivate anti-tumor immune responses and improve clinical outcomes in GC

patients. The exploration of predictive biomarkers, such as ctDNA, TMB, MSI, PD-

L1 expression, TIL profiles, and gut microbiota, will help personalize treatment

and identify patients most likely to benefit from immune rechallenge. This trial

could provide valuable insights into overcoming immune resistance and

contribute to developing a promising second-line therapeutic strategy for

advanced GC.

Clinical trial registration: ClinicalTrials.Gov, identifier NCT06349967
KEYWORDS

gastric cancer, cadonilimab (AK104), nab-paclitaxel, immunotherapy, phase II
clinical trial
1 Introduction

Gastric cancer (GC) is the fifth most common cancer worldwide,

with over 2 million new cases and over 611,720 deaths expected in

2024, ranking it as the fourth leading cause of cancer-related deaths (1).

Most GC cases are diagnosed at an advanced stage, making radical

surgical resection impossible. Currently, fluorouracil-based systemic

chemotherapy is the primary treatment for advanced or metastatic GC.

However, chemotherapy alone has limited efficacy, and treatment

advancements have reached a bottleneck. Recently, immunotherapy

has emerged as a promising treatment, showing effective progress in

various tumor types (2–4). Immune checkpoint inhibitors (ICIs), such

as PD-1 and CTLA-4 inhibitors, restore T cell function by alleviating

the immunosuppressive effects of the tumor microenvironment,

enabling T cells to effectively attack tumor cells. Studies, including

CheckMate 649, ORIENT-16, KEYNOTE-859, GEMSTONE-303, and

COMPASSION-15/AK104-302, have demonstrated that combining

chemotherapy with ICIs (Nivolumab, Sintilimab, Pembrolizumab,

Sugmilimab, and Cadonilimab) significantly improves overall

survival (OS) and progression-free survival (PFS) compared to

chemotherapy alone, facilitating the transition from first-line

treatments to the broader adoption of chemoimmunotherapy in

advanced GC (5–10). Despite these improvements, the 5-year

survival rate for advanced or metastatic GC remains low

(approximately 5-20%), and most patients experience disease

progression during immunotherapy. After progression on first-line

treatment, current second-line therapies include single-agent
0280
chemotherapy (paclitaxel, irinotecan, docetaxel, nab-paclitaxel) or

paclitaxel combined with ramucirumab (11–14). However, response

rates for these treatments are limited (approximately 10-30%),

underscoring the need for new combination strategies to enhance

second-line treatment efficacy for GC (15–18).

Tumor cells evade immune detection by upregulating immune

checkpoint molecules such as CTLA-4 and PD-1 on T lymphocytes.

In gastric adenocarcinoma, high expressions of PD-L1 (around

40%) and CTLA-4 (around 85%) are associated with poor prognosis

(19–22). Dual-targeted immunotherapy, validated in both

preclinical and clinical studies, has shown efficacy, with CTLA-4

and PD-1 inhibitors working synergistically to restore T cell

function through distinct mechanisms (23–27). CTLA-4

upregulation during T cell activation suppresses T cell activity,

particularly on tumor-infiltrating regulatory T cells (Tregs) and

exhausted effector T cells (Teffs). Blockade of CTLA-4 enhances T

cell activation and reduces Treg infiltration, alleviating the

immunosuppressive tumor microenvironment. Similarly, PD-1

upregulation following T cell activation suppresses T cell

responses by binding its ligand, and inhibiting PD-1/PD-L1

signaling can reinvigorate tumor-reactive T cells. However, recent

studies suggest that PD-L1 blockade may paradoxically promote

Treg activity, leading to therapeutic resistance, which can be

reversed by depleting Tregs (28). Additionally, context-dependent

PD-(L)1 checkpoint activation induced by CTLA4-Ig therapy may

further suppress T cell activity (29). These findings highlight the

potential synergy between checkpoint inhibitors and combination
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therapies. Chemotherapy also enhances immune responses by

inducing tumor apoptosis, upregulating MHC-I, promoting

dendritic cell maturation, and inhibiting immunosuppressive cells

like Tregs, MDSCs, and TAMs. Combining ICIs with chemotherapy

has shown synergistic anti-tumor effects, supporting the rationale

for combining chemotherapy with dual immune checkpoint

blockade (anti-CTLA-4 and anti-PD-1) in solid tumors (30, 31).

Nab-paclitaxel, a novel formulation of paclitaxel, improves drug

concentration and uptake in tumor tissues compared to traditional

solvent-based paclitaxel. The ABSOLUTE study showed that nab-

paclitaxel is non-inferior to weekly solvent-based paclitaxel and has

been recommended as a standard second-line treatment for GC

(32). However, its efficacy as a single-agent second-line treatment

remains limited, highlighting the need for novel strategies to

improve clinical outcomes.

Cadonilimab (AK104) is a bispecific antibody that targets both the

PD-1 and CTLA-4 immune checkpoint pathways, utilizing a 4-valent

IgG1-ScFv format. It reverses T-cell depletion by facilitating the

endocytosis of cell-surface PD-1 and CTLA-4 receptors, which

subsequently induces the secretion of IL-2 and IFN-g. This mechanism

not only reduces immune-related adverse events (irAEs) but also

enhances the ability of T cells to kill tumor cells (33). Cadonilimab is

currently approved in China for treating recurrent or metastatic cervical

cancer that has progressed during or after platinum-based chemotherapy

(34). In the multicenter, open-label Phase 1b/2 COMPASSION-03 trial,

cadonilimab demonstrated significant antitumor activity and a

manageable safety profile in patients with advanced solid tumors (9,

23, 35, 36). More recently, in the Phase 3 COMPASSION-15/AK104-302

trial, cadonilimab combined with chemotherapy as a first-line treatment

for patients with HER2-negative unresectable advanced or metastatic

gastric or gastroesophageal junction (GEJ) adenocarcinoma showed an

objective remission rate (ORR) of up to 65.2% and an overall survival

(OS) of up to 15 months (37). Additionally, this combination therapy

reduced the risk of death by 44% in patients with high PD-L1 expression

(CPS ≥ 5) and by 30% in those with low PD-L1 expression (CPS < 5).

This study aims to evaluate the efficacy and safety of nab-

paclitaxel combined with cadonilimab as a second-line treatment

for advanced GC fo l lowing the fa i lure of fi r s t - l ine

chemoimmunotherapy (PD1 inhibitors). Additionally, emerging

evidence highlights the critical role of gut microbiota and

predictive biomarkers in shaping ICI responses, but their

integration into GC treatment remains limited. This study will

explore diagnostic biomarkers and gut microbiota as predictive and

prognostic factors, providing deeper insights into the mechanisms

of treatment resistance and therapeutic efficacy. By combining these

exploratory analyses with efficacy assessments, the study represents

a significant advancement toward personalized immunotherapy,

addressing unmet clinical needs in the management of GC.
2 Methods and analysis

2.1 Study design

This prospective, multicenter, open-label, single-arm phase II

clinical study aims to evaluate the efficacy and safety of nab-
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paclitaxel in combination with cadonilimab (AK104) as a second-

line treatment for patients with gastric cancer (GC) who have failed

first-line fluorouracil-based or platinum-based combination

immunotherapy. The study design is illustrated in Figure 1.

Eligible patients are those with histologically or cytologically

confirmed unresectable, recurrent, or metastatic GC who have

experienced disease progression following first-line chemotherapy

combined with immune checkpoint inhibitors (PD-1/PD-L1).

Patients enrolled in the study will receive nab-paclitaxel in

combination with cadonilimab until either disease progression

(PD) or the onset of treatment intolerance.

The study will prospectively collect data on overall response rate

(ORR), disease control rate (DCR), progression-free survival (PFS),

overall survival (OS), and quality of life (QoL), alongside a

comprehensive assessment of the medication’s safety profile.
2.2 Inclusion and exclusion criteria

The inclusion and exclusion criteria are detailed in Table 1.
2.3 Treatment

Cadonilimab (AK104): Administered at a dose of 6 mg/kg via

intravenous infusion over 30-60 minutes on Days 1 and 15 of each

28-day cycle (q28d).

Nab-paclitaxel: Administered at a dose of 100 mg/m² via

intravenous infusion over 30-40 minutes, initiated 30 minutes

after the completion of the cadonilimab (AK104) infusion, on

Days 1, 8, and 15 of each 28-day cycle (q28d).

Eligible participants will receive nab-paclitaxel in combination

with cadonilimab until one of the following occurs: PD, death, loss

to follow-up, unacceptable toxicity, withdrawal of informed

consent, or other treatment termination criteria as specified in the

study protocol.
2.4 Objectives and endpoints

2.4.1 Objectives
2.4.1.1 Primary purpose
1. To evaluate the ORR of nab-paclitaxel in combination with

cadonilimab (AK104) as a second-line treatment for GC

patients who have failed first-line fluorouracil-based or

platinum-based combination immunotherapy.
2.4.1.2 Secondary purpose
1. To assess the efficacy of nab-paclitaxel combined with

cadonilimab (AK104) in the second-line treatment of GC

patients who have failed first-line fluorouracil-based or

platinum-based combination immunotherapy, including

DCR, PFS, and OS.
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Fron
2. To evaluate the safety, tolerability, and impact on patient

QoL o f nab -pac l i t a x e l i n comb ina t i on w i th

cadonilimab (AK104).
2.4.1.3 Exploratory purpose
1. To investigate the antitumor efficacy, mechanism of action,

and potential resistance mechanisms of nab-paclitaxel

combined with cadonilimab (AK104).

2. To explore the role of tumor tissue PD-L1 expression,

blood immune cell subpopulations, and serum cytokine

levels as potential predictors of treatment efficacy.

3. To examine the role of liquid biopsy biomarkers, such as

circulating tumor DNA (ctDNA), cell-free DNA (cf-DNA),

and blood tumor mutational burden (bTMB), as predictors

of efficacy, with a focus on their capacity to monitor

minimal residual disease or treatment response.

4. To explore the association between gut microbiota

composition and immunotherapy response using large-

scale metagenomic analysis, aiming to identify microbial

signatures that correlate with treatment outcomes.

5. To assess the impact of the treatment protocols on patient

QoL using the QLQ-LC13 and EORTC QLQ-C30

questionnaires, with an emphasis on patient-reported

outcomes related to physical and emotional well-being.
2.4.2 Endpoints
2.4.2.1 Primary endpoint

Objective response rate (ORR): defined as the proportion of

subjects whose tumors achieved complete response (CR) or partial

response (PR) after treatment. Evaluated by the Blinded

Independent Image Review Committee (BIIRC). This serves as

the primary indicator of treatment efficacy.

2.4.2.2 Secondary endpoints

Disease Control Rate (DCR): defined as the proportion of

subjects whose tumors achieved CR, PR, or stable disease (SD)

after treatment. This reflects broader disease stabilization benefits.
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Progression-free survival (PFS): defined as the time from

randomization to tumor progression or death due to any cause,

providing insights into treatment durability.

Overall survival (OS): defined as the time from randomization

to death due to any cause (last follow-up for patients lost to follow-

up; end of follow-up date for patients alive at the end of the study).

This serves as a critical measure of long-term efficacy.

2.4.2.3 Exploratory endpoint

Accompanying diagnostic biomarkers and gut flora

characterization: This exploratory analysis aims to identify

predictive and prognostic biomarkers, with a particular focus on

gut microbiota and its interaction with immunotherapy. These

findings may provide novel insights into the mechanisms

underlying treatment responses and immune-related adverse

events (irAEs).
2.5 Efficacy and safety assessment

2.5.1 Efficacy assessment
Laboratory tests, including hematology, liver and kidney

function, electrolytes, cardiac markers, thyroid function,

coagulation, and transmission nine tests, were performed on the

first day of each treatment cycle. Tumor biomarker assessments,

including carbohydrate antigen 19-9 (CA19-9), CA125,

carcinoembryonic antigen (CEA), and alpha-fetoprotein (AFP),

were also conducted. Additionally, 12-lead electrocardiograms and

echocardiograms were performed at the same time. These tests were

performed according to the protocol, with additional assessments

performed if clinically indicated.

Antitumor efficacy was evaluated every 8 weeks (approximately at

the end of every two dosing cycles) via CT or MRI examinations

(chest, abdomen, pelvis, and any other site suspected of having tumor

lesions). Tumor imaging response was assessed according to RECIST

version 1.1. Tumor assessments may be conducted more frequently if

clinically necessary, based on the investigator’s judgment.

All procedures were conducted in accordance with the study

protocol and with informed consent from the participants.
FIGURE 1

Study design of the clinical trial evaluating nab-paclitaxel combined with cadonilimab.
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TABLE 1 Inclusion and exclusion criteria.

Primary Inclusion Criteria Primary Exclusion Criteria

(1) Patients with unresectable gastric or gastroesophageal junction
adenocarcinoma confirmed by laparoscopic exploration and pathological/
cytological examination;

(1) Participation in any clinical trials of a drug, or ongoing clinical trials of other drugs
within 1 month prior to enrollment;

(2) Aged 18 to 75 years; (2) Hyper-progression occurred during first-line immunotherapy:
• An increase in tumor load of more than 50% compared to the baseline period when
first assessed after 2 to 4 cycles of first-line therapy;

• The tumor growth rate after immunotherapy is more than twice the previous rate;

(3) Tumor progression after first-line treatment with a fluoropyrimidine (5-
FU, S-1, or capecitabine) combined with a platinum-based agent (oxaliplatin
or cisplatin), or single-agent chemotherapy plus a PD-1/PD-L1 inhibitor

(3) Presence of any active autoimmune disease or history of autoimmune disease
(including but not limited to: interstitial pneumonia, uveitis, enteritis, hepatitis, nephritis,
hyperthyroidism, hypothyroidism);

(4) Expected survival of at least 3 months; (4) First-line immunotherapy-related Grade 3-4 immune hepatitis, immune pneumonia,
and immune myocarditis, etc.;

(5) Eastern Cooperative Oncology Group (ECOG) Performance Status ≤1 (5) Currently receiving immunosuppressive agents or hormone therapy (administered
systemically or locally) for the purpose of immunosuppression and having continued such
treatment within two weeks prior to enrollment;

(6) Presence of at least one measurable lesion as defined by the RECIST
1.1 criteria;

(6) ≥ grade 3 bleeding event within 4 weeks prior to enrollment; thromboembolic or
arteriovenous event such as cerebrovascular event (including transient ischemic attack),
deep vein thrombosis, or pulmonary embolism within 6 months prior to enrollment, etc.;

(7) Patients must have adequate liver, kidney, and bone marrow function, as
demonstrated by the following laboratory test criteria:
• Total bilirubin ≤ 1.5 times the upper limit of normal (ULN)
• Serum alanine aminotransferase (ALT) and aspartate aminotransferase
(AST)
levels ≤ 3 times the ULN;

• Alkaline phosphatase ≤ 2.5 times the ULN (≤ 3 times the ULN if the tumor
has intrahepatic invasion);

• Blood creatinine ≤ 1.5 times the ULN and creatinine clearance (Ccr) ≥ 60
mL/min;

• Serum amylase and lipase levels ≤ 1.5 times the ULN;
• International Normalized Ratio (INR) and/or Partial Thromboplastin Time
(PTT) ≤ 1.5 times the ULN;

• Have not received a blood cell-boosting intervention, such as a transfusion
or stimulating factor, for at least 2 weeks prior to administration, with a
platelet count ≥ 75,000/mm³, hemoglobin ≥ 9 g/dL, and neutrophil count ≥
1,500/mm³;

(7) Active or clinically significant cardiovascular disease:
• Congestive heart failure: New York Heart Association (NYHA) Class > II;
• Active coronary artery disease;
• Arrhythmias requiring treatment other than b-blockers or digoxin;
• Unstable angina (angina symptoms at rest), new angina within 3 months prior to
enrollment, or new myocardial infarction within 6 months prior to enrollment;

(8) Strict contraception; (8) Symptomatic brain metastases or meningioma;

(9) Voluntary participation and signed informed consent; (9) Patients with other significant medical or surgical conditions that, in the investigator’s
judgment, render them unsuitable for participation in this clinical trial:
• Active, symptomatic interstitial lung disease, pleural effusion, or ascites causing dyspnea
(grade ≥ 2);

• Patients with renal failure who require hemodialysis or peritoneal dialysis;
• Presence of gastrointestinal perforation, gastrointestinal obstruction, or uncontrolled
diarrhea within 6 months prior to enrollment;

• Presence of unhealed wounds, ulcers, or fractures;

(10)
• Must not have untreated or concurrent other tumors, except for treated cervical
carcinoma in situ, basal cell carcinoma, or superficial bladder tumors;

• Enrollment is allowed if the tumor has been eradicated and there is no evidence of
disease for more than 3 years;

• Treatment of all other tumors must have been completed at least 3 years prior
to enrollment;

(11) Patients with a history of HIV infection or active hepatitis B or C;

(12) Ongoing infection with severity greater than grade 2;

(13) Pregnant or breastfeeding females;

(14) Substance abuse, along with medical, psychological, or social conditions, may impact
patient enrollment and the evaluation of experimental results;

(Continued)
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2.5.2 Safety evaluation
Safety assessments will be conducted throughout the study, with

participants closely monitored for adverse events (AEs) until

resolution, stabilization, or confirmation of non-clinical significance.

AE Definition: defined as any untoward medical occurrence in a

participant receiving the investigational product, irrespective of its

causal relationship to the treatment. AEs will be evaluated for severity

(graded per NCI-CTCAE v5.0), duration, and relationship to the

study treatment.

Serious Adverse Event (SAE) Definition: defined as any event

that results in death, is life-threatening, causes significant

disability, requires hospitalization or prolongs an existing

hospitalization, leads to congenital anomalies, or constitutes

other medically significant conditions. SAEs must be reported to

the regulatory authority, ethics committee, and sponsor within 24

hours, with follow-up reports submitted as needed. All AEs/SAEs

must be thoroughly documented in the case report form (CRF),

including details on onset, duration, resolution, and any

interventions taken.

The study team will follow the study protocol and standard

operating procedures (SOPs) for AE/SAE management, implementing

necessary measures such as dose adjustments or treatment

discontinuation when required.
2.6 Management plan for adverse events

2.6.1 Management of adverse events related
to AK104

For low-grade adverse events (Grade 1 or 2), symptomatic and

topical treatments are recommended. Persistent low-grade events or

severe events (Grade ≥3) should be managed with systemic

corticosteroids, such as prednisone or intravenous equivalents.

Discontinuation of AK104 therapy is not mandatory for Grade

3 or 4 inflammatory responses (e.g., inflammation at metastatic sites

or lymph nodes) attributable to a localized tumor response. In cases

of multiple concurrent low-grade AEs that individually would not
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necessitate therapy termination, the decision to discontinue AK104

treatment will be at the investigator’s discretion.

The investigator will evaluate the severity of immune-related

adverse events (irAEs) using the NCI CTCAE version 5.0 grading

criteria and adjust AK104 therapy as necessary. General

management recommendations for irAEs are outlined in Table 2.
2.7 Study follow-up

Overall survival (OS) analysis will be conducted throughout the

trial period. During the follow-up phase, subjects will be assessed

every three months to document their survival status, including PD,

AEs, and QoL where applicable. Follow-up visits may be conducted

through in-person consultations, phone calls, or electronic surveys,

depending on patient circumstances.

Follow-up will continue until the subject’s death, loss to follow-

up, or the end of the study period. All data collected during follow-

up will be systematically recorded in the study database. Measures

will be implemented to ensure adherence to follow-up schedules,

including regular reminders and patient support initiatives.
2.8 Exploratory endpoint analysis

This study focuses on biomarker analysis and gut microbiota

characterization to explore the predictive value of peripheral

biomarkers in assessing disease activity and survival benefits

associated with AK104 treatment, leveraging advancements in

liquid biopsy technologies and their therapeutic potential.

Peripheral blood samples were collected before the first dose

(Day 1, Cycle 1) and at disease progression. Fresh whole blood was

processed within 2 hours to extract plasma, which was stored at -80°

C for next-generation sequencing (NGS) analysis. NGS was used to

evaluate cancer-related genes, including ctDNA, cfDNA somatic

mutations, and bTMB. Changes in immune cell subsets, cytokines,

and tumor immunotherapy biomarkers were also assessed.
TABLE 1 Continued

Primary Inclusion Criteria Primary Exclusion Criteria

(15)
• During the treatment period, no additional antineoplastic therapies (chemotherapy,
radiotherapy, surgery, immunotherapy, biological therapy, or chemoembolization)
beyond the investigational drug are permitted;

• Palliative external-beam radiotherapy to non-target lesions is allowed;

(16) Has previously received the same class of chemotherapeutic agents or immune
checkpoint inhibitors;

(17)
• Allergy or suspected allergy to the study drug or any drug of the same class;
• Major surgery, open biopsy, or major traumatic surgery within 4 weeks prior to
enrollment;

• History of organ transplantation (including corneal transplantation);
History of allogeneic blood transfusion within the past 6 months;

• Vaccination history within 4 weeks prior to enrollment;

(18) Patients deemed unsuitable for inclusion in this study at the discretion of
the investigator.
frontiersin.org

https://doi.org/10.3389/fimmu.2025.1519545
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Wei et al. 10.3389/fimmu.2025.1519545
Fecal samples, collected before treatment initiation, were analyzed

using large-scale metagenomic sequencing. This approach provided

comprehensive taxonomic and functional profiling to assess associations

between gut microbiota composition and immunotherapy response.

Data from biomarker and microbiota analyses were evaluated using

multivariate regression and survival models, with adjustments for

confounding factors. All patients provided informed consent, and the

study protocol received approval from the institutional review

board (IRB).
2.9 Sample size calculation and
statistical analysis

Sample size calculations were performed using Simon’s optimal

two-stage design to balance ethical considerations and resource

efficiency. This design minimizes the expected sample size under

the null hypothesis while ensuring adequate power to detect a

meaningful treatment effect if the alternative hypothesis is true.

Simon’s two-stage design was chosen due to its widespread use in

early-phase clinical trials to assess efficacy and safety efficiently.

The minimax design parameters were set as follows: an alpha

error of 5% and a power (1-b) of 80% were used for calculations.

The minimax two-stage design resulted in parameters (6/31, 15/53).

Stage 1: Enroll 31 patients. If ≤6 patients achieve ORR, the trial is

terminated due to futility. Stage 2: If >6 responses are observed, an

additional 22 patients are enrolled, resulting in a total of 53 patients.

Success Criteria: The treatment regimen is considered successful if

≥15 patients achieve ORR. To account for potential patient dropout,

the sample size was increased by 10%, resulting in a final planned

enrollment of 59 patients. PFS and OS will be analyzed using the

Kaplan-Meier method. Median survival times and 95% confidence

intervals (CI) will be reported. Differences between groups will be

assessed using the log-rank test. If applicable, Cox proportional

hazards regression analysis will be performed to evaluate the impact

of baseline covariates on survival outcomes. ORR, DCR, and AEs

will be analyzed using descriptive statistics. The Clopper-Pearson

method will be used to calculate 95% confidence intervals for

proportions. Subgroup analyses may be conducted based on

predefined stratification factors. Sample size calculations were

performed using PASS 2024 software (version 24.0.2, NCSS).
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Exploratory analyses will be conducted to identify predictive

and prognostic biomarkers using advanced immunoassays and

bioinformatics tools. Adverse events will be graded according to

CTCAE v5.0, and comparisons between different severity grades

will be performed using chi-square or Fisher’s exact tests. This

statistical approach ensures rigorous evaluation of efficacy and

safety while accommodating the exploratory nature of

biomarker identification.
3 Discussion

Although first-line chemotherapy regimens for advanced gastric

cancer (GC) have improved, the survival times remains below 12

months, highlighting the need for further efficacy advancements.

Immunotherapy has made significant strides in treating advanced

GC, overcoming the long-standing survival limitations associated

with traditional chemotherapy (38–40). Notably, the CheckMate-

649 trial, a randomized, open-label, multicenter Phase III study,

evaluated nivolumab combined with chemotherapy, nivolumab

plus ipilimumab, and single-agent chemotherapy in HER2-

negative advanced GC patients. Results showed that nivolumab

plus chemotherapy significantly improved OS and PFS compared to

chemotherapy alone, with an acceptable safety profile (41).

Importantly, in patients with PD-L1 CPS ≥ 5, nivolumab in

combination with chemotherapy reduced the risk of death by

29% compared to chemotherapy alone. As a result, nivolumab

combined with chemotherapy has become a recommended first-

line treatment option in clinical guidelines from CSCO, NCCN, and

ESMO. Similarly, the ATTRACTION-04 trial, a randomized

multicenter Phase II/III study, demonstrated that first-line

nivolumab with chemotherapy significantly improved PFS in

Asian patients with HER2-negative advanced or recurrent GC

(PFS: 10-45 months vs. 8-34 months; HR 0.68; 98.51% CI: 0.51-

0.90; P=0.0007), suggesting it may become the new standard of care

(42). Additional studies, including ORIENT-16, RATIONALE-305,

KEYNOTE-859, GEMSTONE-303, and COMPASSION-15/

AK104-302, showed that combining chemotherapy with PD-1/

PD-L1 monoclonal antibodies such as sindilizumab, tirilizumab,

pabolizumab, sugemalimab, and cadonilimab improved median

overall survival (mOS) to 13-15 months. In patients with high
TABLE 2 General principles for dose adjustment.

Grade of irAE Treatment plan adjustments

Grade 1 irAE No adjustments to the treatment plan are required

Grade 2 irAE Suspend AK104 therapy until grade 2 adverse events subside to ≤ grade 1 or baseline level:
a) If toxicity worsens, it is recommended to manage as grade 3 or 4;
b) If toxicity improves, consider resuming AK104 therapy at the appropriate scheduled treatment visit;
c) Permanent discontinuation of AK104 should be considered if grade 2 irAE does not subside to ≤ grade 1 or baseline level
within 12 weeks after symptomatic treatment;

Grade 3 irAE Suspend AK104 therapy until grade 3 adverse events (irAE) regress to ≤ grade 1 or baseline level:
a) If toxicity improves, the investigator may consider whether to permanently terminate AK104 treatment based on the type of
individual toxicity, its occurrence, and the course of regression;
b) Permanent termination of AK104 therapy is recommended if grade 3 irAE does not regress to ≤ grade 1 or baseline level
within 12 weeks with symptomatic treatment;

Grade 4 irAE The treatment with AK104 must be discontinued permanently;
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PD-L1 expression, mOS reached 15-18 months, with an ORR of

approximately 60%.

The combination of ICIs and chemotherapy has now become

the standard first-line treatment for advanced GC without driver

gene mutations, including in unresectable locally advanced GC and

perioperative settings (43–45). Despite these significant

improvements in prognosis, around 40% of patients still

experience PD, and OS often falls short of expectations. Re-

challenge with ICIs, which involves reintroducing these agents

after PD or serious irAEs, has been extensively studied in

melanoma and urologic cancers (46–48). ICI rechallenge works

by either reactivating the normal immune cycle or bypassing

immune dysfunction to resensitize tumor cells to ICIs (49–51).

Tumor cells that initially responded to ICIs may still harbor

susceptible populations, and the interactions between the immune

system and the tumor microenvironment may provide new

opportunities for anti-tumor responses. Additionally,

immunotherapy can alter the tumor neoantigen profile, enabling

tumors to evade recognition by memory T cells, but ICI rechallenge

can restore T cells’ ability to recognize these neoantigens (4, 52).

Studies such as CheckMate 066/067 and KEYNOTE-010 have

demonstra ted that recha l l enge wi th nivo lumab and

pembrolizumab resulted in lesion shrinkage and significant OS

improvements in patients with advanced melanoma and PD-L1-

positive advanced non-small-cell lung cancer (NSCLC), with no

additional AEs reported (53–56).

Although chemotherapy combined with immunotherapy

demonstrates synergistic effects through the promotion of

immunogenic cell death (ICD) and the release of neoantigens, the

rechallenge of ICIs in advanced GC remains underexplored due to

limited clinical evidence and the lack of large-scale prospective

studies. Furthermore, identifying biomarkers for ICI rechallenge in

advanced GC is crucial for facilitating precise, individualized

immunotherapy and improving the effectiveness of combination

therapies. Significant progress has been made in identifying

biomarkers for gastrointestinal cancers, with PD-L1 expression,

microsatellite instability (MSI), and mismatch repair deficiency

(dMMR) emerging as key indicators (57). Ongoing research is

also focusing on other biomarkers, including tumor mutational

burden (TMB), circulating tumor DNA (ctDNA), Epstein-Barr

virus (EBV), and the gut microbiome. Advanced immunoassays,

multi-omics approaches, and bioinformatics tools offer additional

potential for identifying biomarkers predictive of positive responses

to ICI rechallenge. By integrating these biomarkers with

clinicopathological features, we can more effectively stratify

advanced GC patients undergoing ICI treatment, explore

mechanisms of ICI drug resistance, identify potential strategies

for sensitization, and ultimately improving overall prognosis

(58–62).

Managing irAEs is a critical aspect of immunotherapy. As a

bispecific antibody targeting both PD-1 and CTLA-4, cadonilimab

may have a unique irAE profile. Common irAEs include

dermatologic, gastrointestinal, hepatic, and endocrine disorders,

all of which require timely diagnosis and management. Strategies

such as early corticosteroid intervention, immune-modulating

agents, and careful monitoring are essential to mitigate irAEs.
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Our study emphasizes the need for standardized irAE

management protocols, especially for novel agents like cadonilimab.

This study has several strengths, including the investigation of a

novel combination therapy, exploration of predictive biomarkers,

and well-defined patient stratification. However, it also has

limitations, as it was conducted within a single geographic region

and focused primarily on an Asian population. While the findings

offer valuable insights into the efficacy of cadonilimab in this group,

their generalizability to other populations remains uncertain.

Gastric cancer epidemiology, genetic diversity, and healthcare

access vary globally, which may influence treatment responses

and outcomes. Additionally, potential confounding from prior

immunotherapy treatment could impact the interpretation of

results. Future multicenter and global studies are needed to

validate these results and ensure the broader applicability of

cadonilimab-based regimens.

This Phase II clinical trial is the first to evaluate nab-paclitaxel

combined with cadonilimab (AK104) as a second-line treatment for

advanced GC. The study aims to investigate the efficacy and safety

of ICI rechallenge in patients who have progressed after first-line

chemoimmunotherapy, focusing on immune resistance

mechanisms and predictive biomarkers of susceptibility. By

exploring real-world rechallenge strategies, this research provides

evidence-based insights to optimize immunotherapy outcomes and

paves the way for future studies, highlighting cadonilimab’s

potential to transform treatment for advanced gastric cancer.
Ethics statement

The studies involving humans were approved by Biomedical

Ethics Review Committee, West China Hospital, Sichuan

University. The studies were conducted in accordance with the

local legislation and institutional requirements. The participants

provided their written informed consent to participate in this study.
Author contributions

JW: Data curation, Software, Writing – original draft. QH:

Methodology, Supervision, Writing – review & editing. XC:

Supervision, Writing – review & editing. CS: Supervision, Writing –

review & editing. ZC: Supervision, Writing – review & editing. WZ:

Supervision, Writing – review & editing. YY: Supervision, Writing –

review & editing. BZ: Supervision, Writing – review & editing. HG:

Supervision, Writing – review & editing. KY: Supervision, Writing –

review & editing. FB: Conceptualization, Supervision, Writing –

review & editing. PZ: Methodology, Validation, Writing – review &

editing. ML: Conceptualization, Methodology, Project administration,

Writing – review & editing.
Funding

The author(s) declare that financial support was received for the

research, authorship, and/or publication of this article. This work
frontiersin.org

https://doi.org/10.3389/fimmu.2025.1519545
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Wei et al. 10.3389/fimmu.2025.1519545
was supported by 1.3.5 Project for Disciplines of Excellence, West

China Hospital, Si-chuan University (Grant No. ZYJC21043).

Science and technology innovation talent project of Sichuan

Science and Technology Department (2020JDRC0025). Sichuan

Provincial Science and Technology Department 2023 key research

and development project in the field of social development science

and technology (2023YFS0111).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Frontiers in Immunology 0987
Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Siegel RL, Giaquinto AN, Jemal A. Cancer statistics, 2024. CA: Cancer J Clin.
(2024) 74:12–49. doi: 10.3322/caac.21820

2. Alsina M, Arrazubi V, Diez M, Tabernero J. Current developments in gastric
cancer: from molecular profiling to treatment strategy. Nat Rev Gastroenterol
hepatology. (2023) 20:155–70. doi: 10.1038/s41575-022-00703-w
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Efficacy and safety of immune
checkpoint inhibitors in
advanced biliary tract
cancer: a real-world study
Yichen Zheng †, Jiamin Guo †, Tonghui Ren, Ji Ma*

and Dan Cao*

Department of Medical Oncology, Cancer Center and Laboratory of Molecular Targeted Therapy in
Oncology, West China Hospital, Sichuan University, Chengdu, Sichuan, China
Background: Immune checkpoint inhibitors (ICIs) combined with gemcitabine

and cisplatin chemotherapy have become the standard first-line treatment for

advanced biliary tract cancer (BTC). However, real-world evidence on domestic

ICIs widely used in China and the therapeutic outcomes across treatment lines

remains limited. This study aimed to assess the real-world effectiveness and

safety profiles of ICIs in advanced BTC patients, while concurrently elucidating

potential efficacy variations among distinct ICI subtypes.

Methods: We analyzed patients with unresectable, locally advanced, or

metastatic BTC treated with ICIs at West China Hospital (January 2019–

October 2023). Primary endpoint was overall survival (OS), while secondary

endpoints included progression-free survival (PFS), objective response rate

(ORR), disease control rate (DCR), and safety. Kaplan-Meier survival curves,

propensity score matching (PSM), and Cox proportional hazards regression

analyzed treatment efficacy.

Results: A total of 221 advanced BTC patients were enrolled. Among them, 137

patients received ICIs treatment in the first line, while 84 patients in the second or

later lines. For patients treated with ICIs as first-line therapy, the median OS was

15.7 months (95% CI: 13.1-19.8) and PFS was 8.4 months (95% CI: 7.6-10.3). In

contrast, patients treated in second or later lines had shorter median OS of 9.8

months (95% CI: 8.1–12.3) and median PFS of 5.6 months (95% CI: 4.2–6.8). The

reduced efficacy in later-line treatments may reflect prior therapeutic resistance

and generally poorer patient conditions compared to first-line recipients. 211

(95.5%) patients experienced at least one adverse event (AE), and 93 (42.1%) of

them experienced grade 3 or higher AEs. The incidence of immune-related

adverse events (irAEs) was 35.8%, with 8.6% of patients experiencing grade 3-4

irAEs. The most common ICI treatments are with Durvalumab or Sintilimab,

which we are interested in comparing. Durvalumab showed numerically superior

OS vs Sintilimab (19.3 vs 10.2 months, p<0.001) in unmatched analysis, though

significance attenuated after PSM (16.1 vs 13.1 months, p=0.299).
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Conclusion: ICIs demonstrate robust efficacy and manageable toxicity in real-

world settings, supporting their use in both first- and later-line treatments for

advanced BTC. However, whether domestic ICI alternatives remain viable

options warranting further validation.
KEYWORDS

biliary tract cancer, immune checkpoint inhibitors, real-world study, efficacy, safety,
first-line, second or later lines
1 Introduction

Biliary tract cancer (BTC) includes intrahepatic cholangiocarcinoma

(ICC), perihilar cholangiocarcinoma, distal cholangiocarcinoma, and

gallbladder cancer (1). Compared to other gastrointestinal tumors, BTC

is relatively rare. However, its incidence is increasing globally (1). Due to

late diagnosis, high tumor aggressiveness, and limited effective treatment

options, the prognosis of BTC is generally poor (2). For localized

disease, surgical resection remains the only potentially curative method,

but the postoperative recurrence rate is as high as 70%-75% (3).

Additionally, many patients are diagnosed at an advanced stage,

limiting surgical treatment options. According to the ABC-02 trial

results, gemcitabine combined with cisplatin chemotherapy was the

main treatment for locally advanced or metastatic BTC, but the efficacy

was not ideal (4). Over the following decade, many attempts were made

to improve efficacy, such as using novel drugs or adding a third

chemotherapeutic agent to the cisplatin-gemcitabine (CisGem)

regimen, but unfortunately, clinical improvements were not

significant (5).

In recent years, immune checkpoint inhibitors (ICIs) have been

rapidly changing the treatment paradigm across various cancer

types. However, BTC is typically considered an immunologically

“cold” tumor (6–8), and thus the clinical efficacy of ICIs in BTC has

generally been disappointing. With the exception of select patient

subgroups exhibiting high microsatellite instability (MSI-H)/

mismatch repair deficiency (dMMR) or high PD-L1 expression

(9), the effectiveness of ICIs remains limited. Data from various

small single-arm studies indicate that, for the broader BTC patient

population, ICIs yield ORR ranging from 3% to 13% and median

OS ranging from 5.2 to 8.1 months (10, 11). Only with the recent

publication of the TOPAZ-1 and KEYNOTE-966 trials have ICIs

been formally incorporated into first-line treatment for advanced

BTC. Specifically, the TOPAZ-1 trial demonstrated that

durvalumab combined with CisGem significantly improved

median OS (12.8 vs. 11.5 months) and PFS (7.2 vs. 5.7 months)

compared to chemotherapy alone (12). Similarly, the KEYNOTE-

966 study indicated that pembrolizumab combined with CisGem

significantly extended median OS (12.7 vs. 10.9 months) and PFS
0290
(6.5 vs. 5.6 months) (13). Nevertheless, these survival gains have

been modest. Therefore, the overall efficacy of ICIs in advanced

BTC warrants further exploration in real-world settings.

However, treatment options remain very limited for advanced

BTC that has failed first-line treatment. Although the ABC-06 study

evaluated FOLFOX (folinic acid, fluorouracil, and oxaliplatin) as a

second-line treatment after CisGem progression, the efficacy was

low, and chemotherapy alone could not meet clinical needs (14).

Furthermore, several promising targets have been identified in BTC,

including fibroblast growth factor receptor 2 (FGFR-2) fusions/

rearrangements, isocitrate dehydrogenase 1/2 (IDH-1/2) mutations,

human epidermal growth factor receptor 2 (HER-2) amplification,

B-Raf proto-oncogene serine/threonine kinase (BRAF) V600E

mutation, and neurotrophic tyrosine receptor kinase (NTRK)

fusions. Targeted therapies against these targets have shown

promising results in some phase II studies (15). Accumulated

clinical evidence has suggested that systemic treatment with

tyrosine kinase inhibitors (TKIs) combined with immunotherapy

may improve clinical outcomes in advanced BTC patients who have

failed first-line treatment (16, 17). Nevertheless, the value of

immunotherapy in the later lines for advanced BTC still lacks

high-quality evidence and remains in the clinical exploration stage.

Although pembrolizumab and Durvalumab are recommended

as the standard first-line immunotherapeutic agents for advanced

BTC, their high cost and lack of health insurance coverage make

them difficult choices for many patients in China. Some domestic

PD-1 or PD-L1, due to their lower cost and higher accessibility, are

more widely used among Chinese patients, but their specific efficacy

has not been evaluated. Although several real-world studies have

assessed the efficacy of these ICIs in advanced BTC (18, 19), the

limited sample size and different research focus indicated the need

for more evidence. In summary, there is currently a lack of data on

the efficacy and safety of ICIs treatment for advanced BTC patients

(including first-line or ≥2 lines), as well as an analysis of the

differences among various ICIs drugs.

Therefore, we conducted this single-center real-world study with

a large sample size and detailed subgroup analysis to reflect the safety

and efficacy of ICIs in different treatment stages of advanced BTC.
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2 Methods

2.1 Study design

This study is a retrospective single-center analysis of real-world

data. The study population included patients with unresectable,

locally advanced, or metastatic BTC who received ICIs treatment at

West China hospital between January 2019 and October 2023.

Inclusion criteria were as follows: histologically confirmed

advanced, unresectable, or metastatic BTC; age ≥18 years; any

gender; ECOG performance status of 0-1; and at least two cycles

of immunotherapy, whether as monotherapy or in combination

with chemotherapy. Patients with incomplete clinical information

or without pathological evidence of BTC were excluded (Figure 1).

We collected clinical characteristics, laboratory and imaging

reports, treatment history, survival status, treatment-related

adverse events (AEs), and immune-related adverse events (irAEs)

through electronic medical records and telephone follow-ups. The

follow-up cutoff date was April 30, 2024.
2.2 Treatment protocol

The treatment regimens and dosages of ICIs, chemotherapeutic

drugs, and targeted therapy drugs in this study were determined by

oncologists. The initial doses were based on the guidelines of the

National Comprehensive Cancer Network (NCCN) or the Chinese

Society of Clinical Oncology (CSCO). The most common ICIs

included Durvalumab 1500 mg every three weeks, Sintilimab,

pembrolizumab, and camrelizumab 200 mg every three weeks,

and toripalimab 240 mg every three weeks. Only a minority

of patients received alternative ICIs such as Nivolumab and

Tislelizumab. The doses of chemotherapeutic and targeted drugs

were adjusted during treatment based on patient tolerance and

general condition.
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2.3 Evaluation

Baseline CT or MRI scans were performed before starting ICIs

treatment, followed by imaging assessments every 2-3 cycles. Tumor

efficacy was evaluated according to the Response Evaluation Criteria

in Solid Tumors (RECIST 1.1) (20). The primary endpoint of this

study was overall survival (OS), and secondary endpoints included

progression-free survival (PFS), objective response rate (ORR),

disease control rate (DCR), and safety. OS was defined as the time

from initiation of ICIs treatment to death caused by cancer. PFS was

defined as the time from initiation of ICIs treatment to disease

progression, death, or the last follow-up date (whichever occurred

first). Patients lost to follow-up were right censored at the last contact

date. ORR was defined as the proportion of patients achieving

complete response (CR) or partial response (PR) according to

RECIST 1.1 criteria. DCR was defined as the proportion of patients

achieving CR, PR, and stable disease (SD). Safety assessment included

the occurrence of AEs from the start of ICIs treatment to the last

follow-up. This included irAEs (mainly rash, thyroid-related events,

immune-related pneumonitis, immune-related myocarditis, etc.) and

other adverse events. The severity of AEs was graded according to the

Common Terminology Criteria for Adverse Events (CTCAE) version

5.0 (21), and the incidence of irAEs was calculated separately.
2.4 Statistical analysis

Quantitative data were analyzed using t-tests or Mann-Whitney

U tests (for non-normally distributed data), and qualitative data

were analyzed using chi-square test or Fisher’s exact probability

method. In survival analysis, hazard ratios (HRs) and their

corresponding p-values were calculated using both univariate and

multivariate Cox proportional hazards regression models (22).

Multivariate cox regression covariates were selected based on

univariate analysis (p<0.1). Kaplan-Meier (KM) method was used
FIGURE 1

Patients inclusion and exclusion flowchart. BTC. BTC, Biliary Tract Cancer; ECOG, Eastern Cooperative Oncology Group; ICIs, Immune
Checkpoint Inhibitors.
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to plot survival curves (23). The fundamental formula of the Cox

proportional hazards regression model is as follows:

h(t jX) = h0(t)exp(b1X1 + b2X2 +⋯+bpXp)

In this equation, h(t|X) represents the instantaneous hazard at

time t, given the covariates X. The term h0(t) is the baseline hazard

function, which indicates the hazard when all covariates are zero.

The express ion exp(b1X1 + b2X2 +⋯+bpXp) is the l inear

combination of covariates, reflecting the influence of these

covariates on the hazard. Here, b1,b2,…bp are the regression

coefficients, quantifying the effect of each covariate on the hazard.

Finally, X1,X2,…Xp are the covariates, which can be either

continuous or categorical variables.

Due to the retrospective nature of this study and the observed

baseline differences between patients receiving Durvalumab and

Sintilimab treatments, propensity score matching (PSM) was

employed (24, 25) to address the limitations of using regression

analysis to adjust for potential confounders, particularly when the

effective sample size (number of outcome events) is small (26, 27).

This approach aimed to minimize confounding factors and enhance

comparability between treatment groups, facilitating a more robust

evaluation of the efficacy and safety of the two regimens. Propensity

scores were calculated using logistic regression, incorporating

potential confounders that could influence OS as matching

variables. These confounders were identified as factors with a p-

value< 0.1 in the univariate Cox proportional hazards regression

analysis of OS in the pre-matched sample. The formula for estimating

propensity scores using the logistic regression model is as follows:

logit½P(G = 1 ∣X)� = a + b1x1 +⋯+bmxm

In this formula, G represents the group or exposure factor,

where G = 1 indicates the individual is in the exposed group and G =

0 indicates the individual is in the control group. X is the vector of

covariates, X = (x1,x2,…,xm), while P(G = 1X) represents the

estimated probability of an individual receiving the treatment (G

= 1) given the covariates X, which corresponds to the individual’s

propensity score. A 1:2 nearest neighbor matching method with a

caliper width of 0.1(the maximum allowable difference in

propensity scores) was applied to match individuals based on

their propensity scores (24, 25, 28). Although equal ratio

matching is sometimes considered more persuasive, the disparity

in group sizes justified using a 1:2 matching ratio to better utilize

available data. Nevertheless, we conducted a 1:1 matching as a

sensitivity analysis. A p-value<0.05 was considered statistically

significant. Data analysis and survival curve plotting were

performed using R software.
3 Results

3.1 Patient baseline characteristics

A total of 221 patients with advanced BTC who met the study

criteria were included. This cohort comprised 142 cases of

intrahepatic cholangiocarcinoma (64.3%), 41 cases of extrahepatic
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cholangiocarcinoma (18.6%), and 38 cases of gallbladder cancer

(17.2%). Among them, there were 117 male patients (52.9%) and

104 female patients (47.1%). Chronic hepatitis B virus infection was

present in 152 patients (68.8%). 110 patients (49.8%) had primary

unresectable tumors, and 111 patients (50.2%) had postoperative

recurrence. Metastatic BTC was present in 80.1% of the patients,

while 19.9% had locally advanced BTC. More than half of the

patients (62.0%) had poorly differentiated tumors. In the entire

cohort, 137 patients (62.0%) received ICIs as first-line treatment,

while 84 patients (38.0%) received ICIs as second or later-lines

treatment. 148 patients (67.0%) were treated with PD-1 inhibitors,

and 73 patients (33.0%) were treated with PD-L1 inhibitors. The

most commonly used ICIs included Durvalumab (59 patients,

26.7%), Sintilimab (50 patients, 22.6%), Camrelizumab (25

patients, 11.3%), Pembrolizumab (20 patients, 9.0%) and

Toripalimab (20 patients, 9.0%). In addition, 192 patients (86.9%)

received chemotherapy combined with immunotherapy, 41 patients

(18.6%) received anti-angiogenic therapy, 53 patients (24.0%)

received radiotherapy, and 56 patients (25.3%) received local

interventional therapy. Baseline sociodemographic and clinical

characteristics of all patients are shown in Table 1.
3.2 Efficacy

The median follow-up duration for the entire cohort was 10.1

months (95% CI: 9.6-10.7). Among the 221 patients, 2 achieved

CR (0.9%), 50 achieved PR (22.6%), 112 achieved SD (50.7%),

and 57 did not achieve either response or disease control,

experiencing progressive disease (PD) at the time of the first

efficacy assessment (25.8%). The ORR and DCR were 23.5% and

74.2%, respectively. In the first-line treatment group, 2 patients

achieved CR (1.5%), 40 achieved PR (29.2%), 73 achieved SD

(53.3%), and 22 experienced PD (16.1%). The ORR and DCR for

first-line patients were 30.7% and 83.9%, respectively. In the

second or later-lines treatment group, no patients achieved CR,

10 achieved PR (11.9%), 39 achieved SD (46.4%), and 35

experienced PD (41.7%). The ORR and DCR were 11.9% and

58.3%, respectively (Table 2).

By the follow-up cutoff date (April 30, 2024), 174 patients

experienced disease progression, and 126 of them died. The median

OS and PFS for the entire cohort were 12.9 months (95% CI: 11.7-

14.9) and 7.2 months (95% CI: 6.3-8.2), respectively. For patients

receiving first-line ICIs treatment, the median OS was 15.7 months

(95% CI: 13.1-19.8) and PFS was 8.4 months (95% CI: 7.6-10.3). For

patients receiving second or later-lines ICIs treatment, the median

OS was 9.8 months (95% CI: 8.1-12.3) and PFS was 5.6 months

(95% CI: 4.2-6.8). The OS and PFS for first-line and second or later-

lines are shown in Figure 2. Univariate and multivariate Cox

regression analysis (Table 3) indicated that tumor differentiation,

pre-treatment CA-199 levels<500 U/ml, pre-treatment CA-125

levels<28.65 U/ml, and the number of ICIs treatment lines were

independent risk factors for OS (p<0.05). All these factors, together

with received subsequent treatments, were the independent

predictive factors for PFS (p<0.05) (Supplementary Table S1).
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TABLE 1 Patients’ characteristics in the entire cohort.

Characteristic Overall, N = 2211 First line, N = 1371 ≥2 lines, N = 841

Age, years 58.0 (10.3) 57.7 (10.8) 58.4 (9.4)

Sex

Male 117 (52.9%) 74 (54.0%) 43 (51.2%)

Female 104 (47.1%) 63 (46.0%) 41 (48.8%)

Virology_status

No viral hepatitis 68 (30.8%) 38 (27.7%) 30 (35.7%)

Any viral hepatitis B 152 (68.8%) 98 (71.5%) 54 (64.3%)

Prior hepatitis C 1 (0.5%) 1 (0.7%) 0 (0%)

Disease_status

Initially unresectable 110 (49.8%) 85 (62.0%) 25 (29.8%)

Recurrent 111 (50.2%) 52 (38.0%) 59 (70.2%)

Disease_classification

Locally advanced 44 (19.9%) 30 (21.9%) 14 (16.7%)

Metastatic 177 (80.1%) 107 (78.1%) 70 (83.3%)

Site_of_origin

Intrahepatic 142 (64.3%) 96 (70.1%) 46 (54.8%)

Extrahepatic 41 (18.6%) 23 (16.8%) 18 (21.4%)

Gallbladder 38 (17.2%) 18 (13.1%) 20 (23.8%)

Degree_of_differentiation

Poorly 137 (62.0%) 92 (67.2%) 45 (53.6%)

moderately-to-well 84 (38.0%) 45 (32.8%) 39 (46.4%)

Type_of_ICIs

Anti-PD-1 148 (67.0%) 74 (54.0%) 74 (88.1%)

Anti-PD-L1 = 1 73 (33.0%) 63 (46.0%) 10 (11.9%)

ICIs

Durvalumab 59 (26.7%) 52 (38.0%) 7 (8.3%)

Sintilimab 50 (22.6%) 21 (15.3%) 29 (34.5%)

Camrelizumab 25 (11.3%) 12 (8.8%) 13 (15.5%)

Pembrolizumab 20 (9.0%) 13 (9.5%) 7 (8.3%)

Toripalimab 20 (9.0%) 6 (4.4%) 14 (16.7%)

others 47 (21.3%) 33 (24.1%) 14 (16.7%)

Combination_with_chemotherapy

No 29 (13.1%) 4 (2.9%) 25 (29.8%)

Yes 192 (86.9%) 133 (97.1%) 59 (70.2%)

Combination_with_anti_angiogenic_drugs

No 180 (81.4%) 124 (90.5%) 56 (66.7%)

Yes 41 (18.6%) 13 (9.5%) 28 (33.3%)

(Continued)
F
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This suggests a consistent relationship between the two outcome

indicators, OS and PFS.

Among 221 patients, Durvalumab (59 patients, 26.7%) and

Sintilimab (50 patients, 22.6%) were the most commonly used

ICIs. Significant baseline differences existed between these groups

before PSM, including age, disease status, chemotherapy,

anti-angiogenic therapy, treatment lines, and CA125 levels
Frontiers in Immunology 0694
(Supplementary Table S2). PSM balanced potential confounders

that could influence OS (Supplementary Table S3), but differences

in age, disease status, and anti-angiogenic therapy persisted

(Supplementary Table S4). In the unmatched cohort ,

Durvalumab showed superior OS (median: 19.3 months, 95%

CI: 14.1–not estimable) vs. Sintilimab (10.2 months, 95% CI:

8.6–13.1; HR: 2.47, 95% CI: 1.46–4.20, p< 0.001; Figure 3A).
TABLE 1 Continued

Characteristic Overall, N = 2211 First line, N = 1371 ≥2 lines, N = 841

ECOG_performance_status

0 165 (74.7%) 105 (76.6%) 60 (71.4%)

1 55 (24.9%) 32 (23.4%) 23 (27.4%)

2 1 (0.5%) 0 (0%) 1 (1.2%)

Have_received_radiotherapy

No 168 (76.0%) 110 (80.3%) 58 (69.0%)

Yes 53 (24.0%) 27 (19.7%) 26 (31.0%)

Have_undergone_interventional_therapy

No 165 (74.7%) 102 (74.5%) 63 (75.0%)

Yes 56 (25.3%) 35 (25.5%) 21 (25.0%)

Pre_treatment_CA199_level_less_than_500 U/mL

No 65 (29.4%) 38 (27.7%) 27 (32.1%)

Yes 156 (70.6%) 99 (72.3%) 57 (67.9%)

Pre_treatment_CEA_level_less_than_5 ng/mL

No 82 (37.1%) 49 (35.8%) 33 (39.3%)

Yes 139 (62.9%) 88 (64.2%) 51 (60.7%)

Pre_treatment_CA125_less_than_28.65 U/mL

No 115 (52.0%) 68 (49.6%) 47 (56.0%)

Yes 106 (48.0%) 69 (50.4%) 37 (44.0%)

NLR_less_than_3

No 110 (49.8%) 65 (47.4%) 45 (53.6%)

Yes 111 (50.2%) 72 (52.6%) 39 (46.4%)
CA125, Cancer Antigen 125; CA199, Carbohydrate Antigen 19-9; CEA, Carcinoembryonic Antigen; ECOG, Eastern Cooperative Oncology Group; ICI, Immune Checkpoint Inhibitor; NLR,
Neutrophil-to-Lymphocyte Ratio.
1 Sample mean (SD), for age characteristic; Sample size n (percent %), for others.
TABLE 2 Tumor response in patients treated with ICIs therapy, for overall sample, first-line, and ≥2-lines.

Tumor response All patients (n=221) First line (n=137) ≥2 lines (n=84)

CR 2 (0.9%) 2 (1.5%) 0

PR 50 (22.6%) 40 (29.2%) 10 (11.9%)

SD 112 (50.7%) 73 (53.3%) 39 (46.4%)

PD 57 (25.8%) 22 (16.1%) 35 (41.7%)

ORR (CR+PR) 52 (23.5%) 42 (30.7%) 10 (11.9%)

DCR (CR+PR+SD) 164 (74.2%) 115 (83.9%) 49 (58.3%)
CR, Complete Response; PR, Partial Response; SD, Stable Disease; PD, Progressive Disease.
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PFS was also longer for Durvalumab (median: 7.9 months, 95%

CI: 6.0–10.4) vs. Sintilimab (5.0 months, 95% CI: 3.9–8.6; HR:

1.66, 95% CI: 1.08–2.55, p = 0.021; Figure 3B). However, patients

in the Durvalumab group had more favorable prognostic factors

such as predominantly first-line treatment, necessitating further

adjustment for potential biases. After multivariate Cox regression,

OS differences remained significant (HR: 2.16, 95% CI: 1.07–4.36,

p = 0.031; Figure 3A), while PFS differences did not (HR: 1.43,

95% CI: 0.85–2.40, p = 0.177; Figure 3B). Given the limitations of

regression analysis in small samples, we conducted an exploratory

PSM analysis to further control for confounding factors. After
Frontiers in Immunology 0795
PSM (67 matched patients), no significant OS difference was

observed (Durvalumab: 16.1 months, 95% CI: 12.5–not

estimable; Sintilimab: 13.1 months, 95% CI: 11.0–not estimable;

HR: 1.50, 95% CI: 0.70–3.20, p = 0.299; Supplementary Figure S1).

Multivariate Cox proportional hazards regression in the matched

cohort (adjusted HR: 2.08, 95% CI: 0.81–5.37, p = 0.129;

Supplementary Figure S1) and sensitivity analysis using 1:1

matching ratio (Supplementary Figure S2) confirmed this. ORR

was higher with Durvalumab (27%) than Sintilimab (14%) in the

unmatched cohort, although this difference was not statistically

significant (p = 0.094). The observed trend suggests a potential
FIGURE 2

The OS and PFS for first-line and second or later-lines. (A) Kaplan-Meier curve of OS in patients treated with ICIs in the first line and second or later-
lines. (B) Kaplan-Meier curve of PFS in patients treated with ICIs in the first line and second or later-lines. ICIs, Immune Checkpoint Inhibitors; OS,
Overall Survival; PFS, Progression-Free Survival.
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TABLE 3 Univariate and multivariate cox proportional hazards regression for OS in the overall population.

Covariate All patients (n=221) HR (univariable) HR (multivariable)

Sex

Male 117 (52.9%)

Female 104 (47.1%) 0.93 (0.65-1.33, p=.698)

Age (Mean ± SD) 58.0 ± 10.3 1.01 (0.99-1.03, p=.326)

Virology_status

No viral hepatitis 68 (30.8%)

Any viral hepatitis B 152 (68.8%) 0.94 (0.65-1.37, p=.754)

Prior hepatitis C 1 (0.5%) 3.54 (0.48-26.0, p=.215)

Disease_status

Initially unresectable 110 (49.8%)

Recurrent 111 (50.2%) 1.02 (0.71-1.46, p=.920)

Disease_classification

Locally advanced 44 (19.9%)

Metastatic 177 (80.1%) 1.47 (0.92-2.36, p=.110)

Site_of_origin

Intrahepatic 142 (64.3%)

Extrahepatic 41 (18.6%) 1.63 (1.03-2.57, p=.035) * 1.40 (0.88-2.21, p=.155)

Gallbladder 38 (17.2%) 1.72 (1.13-2.63, p=.012) * 1.02 (0.64-1.63, p=.936)

Degree_of_differentiation

Poorly 137 (62.0%)

moderately-to-well 84 (38.0%) 0.65 (0.45-0.94, p=.022) * 0.58 (0.39-0.85, p=.006) *

Type_of_ICIs

Anti-PD-1 148 (67.0%)

Anti-PD-L1 73 (33.0%) 0.52 (0.34-0.78, p=.002) * 0.66 (0.41-1.04, p=.075)

Combination_with_chemotherapy

No 29 (13.1%)

Yes 192 (86.9%) 0.85 (0.53-1.38, p=.517)

Combination_with_anti_angiogenic_drugs

No 180 (81.4%)

Yes 41 (18.6%) 1.15 (0.75-1.76, p=.528)

ECOG_performance_status

0 165 (74.7%)

≥1 56 (25.3%) 1.23 (0.84-1.81, p=.287)

Have_received_radiotherapy

No 168 (76.0%)

Yes 53 (24.0%) 0.86 (0.57-1.29, p=.467)

Have_undergone_interventional_therapy

No 165 (74.7%)

(Continued)
F
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clinical benefit of Durvalumab. This is particularly noteworthy

considering that statistical significance (p< 0.05) is relatively

difficult to achieve in small-sample comparisons and should be

interpreted as a reference tool rather than a definitive measure.

Relying solely on p-values may underestimate the actual clinical

significance of the observed difference.

The efficacy of other commonly used ICIs is as follows:

Camrelizumab (used in 25 patients) demonstrated a median OS

of 14.5 months (95% CI: 11.7-not estimable), a median PFS of 7.7
Frontiers in Immunology 0997
months (95% CI: 6.3-not estimable), and an ORR of 32%.

Pembrolizumab (used in 20 patients) had a median OS of 10.2

months (95% CI: 9.6-not estimable), a median PFS of 7.55 months

(95% CI: 5.9-18.7), and an ORR of 20%. Toripalimab (used in 20

patients) showed a median OS of 12.3 months (95% CI: 6.3-not

estimable), a median PFS of 5.85 months (95% CI: 4.2-9.1), and an

ORR of 15%. However, we did not conduct direct comparisons of

the efficacy among these ICIs, and the reasons for this will be

elaborated in the Discussion section.
TABLE 3 Continued

Covariate All patients (n=221) HR (univariable) HR (multivariable)

Have_undergone_interventional_therapy

Yes 56 (25.3%) 0.73 (0.48-1.10, p=.134)

Occurrence_of_irAE

No 142 (64.3%)

Yes 79 (35.7%) 0.88 (0.61-1.27, p=.493)

Pre_treatment_CA199_level_less_than_500 U/mL

No 65 (29.4%)

Yes 156 (70.6%) 0.42 (0.29-0.61, p<.001) * 0.35 (0.23-0.53, p<.001) *

Pre_treatment_CEA_level_less_than_5 ng/mL

No 82 (37.1%)

Yes 139 (62.9%) 0.52 (0.37-0.75, p<.001) * 0.75 (0.51-1.11, p=.153)

Pre_treatment_CA125_less_than_28.65 U/mL

No 115 (52.0%)

Yes 106 (48.0%) 0.47 (0.32-0.68, p<.001) * 0.57 (0.38-0.85, p=.006) *

NLR_less_than_3

No 110 (49.8%)

Yes 111 (50.2%) 0.76 (0.53-1.08, p=.125)

Received_subsequent_treatment

No 124 (56.1%)

Yes 97 (43.9%) 0.89 (0.63-1.28, p=.539)

Use_of_antibiotics_within_one_month_after_immunotherapy

No 211 (95.5%)

Yes 10 (4.5%) 1.69 (0.74-3.86, p=.211)

Smoking_status

Never 170 (76.9%)

Former/Current 51 (23.1%) 0.66 (0.42-1.05, p=.076) 0.85 (0.51-1.39, p=.508)

Line_of_treatment_for_ICIs

First line 137 (62.0%)

≥2 lines 84 (38.0%) 2.12 (1.48-3.03, p<.001) * 2.22 (1.47-3.33, p<.001) *
n=221, events=126 (for OS, events refer to the number of deaths caused by cancer).
CA125, Cancer Antigen 125; CA199, Carbohydrate Antigen 19-9; CEA, Carcinoembryonic Antigen; ECOG, Eastern Cooperative Oncology Group; ICIs, Immune Checkpoint Inhibitors; irAE,
immune-related Adverse Event; NLR, Neutrophil-to-Lymphocyte Ratio; OS, Overall Survival; PD-1, Programmed Death-1; PD-L1, Programmed Death-Ligand 1.
*P < 0.05.
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3.3 Safety

Among the 221 patients receiving ICIs treatment for advanced

BTC, 211(95.5%) patients experienced at least one AEs. A total of 93

patients (42.1%) experienced grade 3 or higher AEs. The most

common AEs included anemia (40.3%), neutropenia (33.0%),

thrombocytopenia (29.0%), and hypoproteinemia (19.9%)

(Table 4). The most frequent grade 3-4 AEs were neutropenia

(13.6%), thrombocytopenia (12.2%), hypoproteinemia (9.5%) and

anemia (8.6%). Most patients improved with symptomatic
Frontiers in Immunology 1098
supportive care and/or dose reduction, but 24 patients (10.9%)

discontinued treatment due to intolerable AEs. There were no AE-

related deaths in the entire cohort.

A total of 79 patients (35.8%) experienced irAEs, with the most

common being hypothyroidism (17.2%), rash (6.3%), and cardiac

events (including elevated troponin levels and myocarditis) (5.0%)

(Table 5). 19 patients (8.6%) experienced grade 3/4 irAEs, including

hypothyroidism (13 cases, 5.9%), rash (4 cases, 1.8%), and cardiac

events (6 cases, 2.7%). Symptoms of irAEs improved or stabilized

with systemic or local corticosteroid therapy and symptomatic
FIGURE 3

OS and PFS in the pre-matched sample of patients treated with Durvalumab and Sintilimab. HRunadjusted and HRadjusted represent the hazard
ratios for Sintilimab compared to Durvalumab, derived from univariate and multivariate Cox proportional hazards regression analyses, respectively.
(A) Kaplan-Meier curve of OS in the pre-matched sample of patients using Durvalumab and Sintilimab. (B) Kaplan-Meier curve of PFS in the pre-
matched sample of patients using Durvalumab and Sintilimab. HR, Hazard Ratio; OS, Overall Survival; PFS, Progression-Free Survival.
frontiersin.org

https://doi.org/10.3389/fimmu.2025.1493234
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Zheng et al. 10.3389/fimmu.2025.1493234
supportive care, but 7 patients (3.2%) discontinued treatment due to

intolerable irAEs. Among the 12 patients who experienced grade 3/

4 irAEs but did not discontinue ICI therapy, all achieved resolution

of irAEs after receiving interventions such as corticosteroids. Of

these, four patients were identified as having PD during imaging

evaluations conducted before the resumption of ICI therapy and

therefore did not continue treatment. One patient experienced an

allergic reaction upon resuming ICI therapy, which necessitated

discontinuation. Another patient voluntarily discontinued

treatment due to severe myelosuppression and a poor general

condition. One patient developed intolerable rashes after

restarting the original ICI regimen and did not proceed with

maintenance therapy. Additionally, one patient stopped ICI

treatment due to financial constraints. The remaining four

patients successfully resumed the original ICI regimen under

medical supervision and did not encounter further intolerable

irAEs, enabling them to continue treatment. Of the 79 patients

with irAEs, 18 received Durvalumab, 10 received Pembrolizumab,

20 received Sintilimab, 10 received Camrelizumab, 4 received

Toripalimab, and 17 received other ICIs. Subgroup analysis of

patients treated with Durvalumab and Sintilimab showed no

significant differences in the incidence of AEs and irAEs between

the two groups (p>0.05).
4 Discussion

The treatment options for advanced BTC are limited, and the

prognosis is very poor. In recent years, positive results from
Frontiers in Immunology 1199
numerous clinical studies have significantly changed the treatment

paradigm for advanced BTC, making ICIs an important therapeutic

option for this complex disease (12, 13). However, a substantial

amount of real-world research is still needed to provide efficacy and

safety data for ICIs in a broader patient population outside of clinical

trials. Our study cohort was larger than previous, and the results

showed that among the 221 advanced BTC patients treated with ICIs,

the ORR and DCR were 23.5% and 74.2%, respectively, with a

median PFS and OS of 7.2 months and 12.9 months. 42.1% of

patients experienced grade 3/4 AEs, primarily hematological toxicities

caused by myelosuppression; 8.6% of patients experienced grade ≥3

irAEs, mainly hypothyroidism and immune-related cardiac events.

Our study results demonstrate that ICIs are an effective and safe

option for treating advanced BTCs.

We set a minimum criterion of two cycles for ICI infusion,

primarily because in China, imaging and efficacy evaluations are

typically conducted after two to three cycles of systemic treatment.

If tumor progression is observed at this stage, treatment plans are

often adjusted, and ICI therapy may be discontinued. Excluding

patients who received fewer than four infusions might inadvertently

omit a significant subset of individuals who discontinued ICI due to

an apparent poor response, potentially leading to a biased

representation of the therapy’s impact on advanced BTC. In the

entire cohort, 137 patients (62.0%) received ICIs as first-line

treatment, with a median OS and PFS of 15.7 months and 8.4

months, respectively, and ORR and DCR of 30.7% and 83.9%. The

TOPAZ-1 trial reported that the median OS and PFS in the CisGem

combined with Durvalumab group were significantly longer than

those in the CisGem combined with the placebo group (median OS
TABLE 4 Treatment-related adverse events.

Adverse events All patients (n=221) First line (n=137) ≥2 lines (n=84)

Any grade Grade 3 or 4 Any grade Grade 3 or 4 Any grade Grade 3 or 4

Total 211 (95.5%) 93 (42.1%) 129 (94.2%) 59 (43.1%) 82 (97.6%) 34 (40.5%)

Anemia 89 (40.3%) 19 (8.6%) 48 (35.0%) 8 (5.8%) 41 (48.8%) 11 (13.1%)

Neutropenia 73 (33.0%) 30 (13.6%) 34 (24.8%) 13 (9.5%) 39 (46.4%) 17 (20.2%)

Thrombocytopenia 64 (29.0%) 27 (12.2%) 33 (24.1%) 14 (10.2%) 31 (36.9%) 13 (15.5%)

Hypoproteinemia 44 (19.9%) 21 (9.5%) 19 (13.9%) 11 (8.0%) 25 (29.8%) 10 (11.9%)

Hypothyroidism 38 (17.2%) 13 (5.9%) 20 (14.6%) 7 (5.1%) 18 (21.4%) 6 (7.1%)

Elevated ALT or AST 34 (15.4%) 7 (3.2%) 21 (15.3%) 4 (2.9%) 13 (15.5%) 3 (3.6%)

Elevated bilirubin 20 (9.0%) 4 (1.8%) 8 (5.8%) 2 (1.5%) 12 (14.3%) 2 (2.4%)

Nausea and vomiting 17 (7.7%) 3 (1.4%) 12 (8.8%) 2 (1.5%) 5 (5.9%) 1 (1.2%)

Rash 14 (6.3%) 4 (1.8%) 6 (4.4%) 1 (0.7%) 8 (9.5%) 3 (3.6%)

Electrolyte disturbance 9 (4.1%) 1 (0.5%) 3 (2.2%) 0 6 (7.1%) 1 (1.2%)

Diarrhea 6 (2.7%) 0 4 (2.9%) 0 2 (2.4%) 0

Fever 5 (2.3%) 0 3 (2.2%) 0 2 (2.4%) 0

Fatigue 4 (1.8%) 1 (0.5%) 3 (2.2%) 0 1 (1.2%) 1 (1.2%)

Allergy 3 (1.4%) 1 (0.5%) 2 (1.4%) 1 (0.7%) 1 (1.2%) 0
ALT, Alanine Aminotransferase; AST, Aspartate Aminotransferase.
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11.5 months vs. 12.8 months, median PFS 5.7 months vs. 7.2

months), with ORR and DCR of 26.7% and 85.3% in the

Durvalumab combined treatment group (12). Similarly, the

KEYNOTE-966 trial showed that the median OS and PFS for

BTC patients treated with pembrolizumab combined with

chemotherapy were 12.7 months and 6.5 months, respectively

(13). Notably, our first-line cohort achieved superior OS and PFS

compared to the TOPAZ-1 and KEYNOTE-966 trials, while the

ORR and DCR remained comparable to those observed in TOPAZ-

1. The following reasons may explain these longer survival data.

Firstly, our study population consisted entirely of Chinese patients,

whereas the TOPAZ-1 study observed that the survival period of

Asian patients was higher than that of non-Asian patients, with a

median OS of up to 13.6 months. The risk of death and progression

decreased by 28% and 33%, respectively, and the discontinuation

rate due to AEs was lower in the Asian population (29, 30). The

specificity of the study population may be one of the important

reasons for the long survival observed in our study. Secondly, the

TOPAZ-1 study proved that patients with ICC benefited most

significantly from Durvalumab combined with CisGem treatment

(30). Compared to the TOPAZ-1 study, our first-line treatment

included a higher proportion of ICC patients (70.1%) versus 55.3%

in TOPAZ-1. Different anatomical sites of tumors in BTC patients

respond differently to drugs, and the different proportions of

anatomical sites in the study population may be another reason

for the better survival data in our study. Thirdly, compared to the

fixed treatment protocols in clinical trials, real-world treatment may

include a wider variety of treatment combinations, such as

intensified chemotherapy regimens, with or without anti-

angiogenic therapy, or the addition of radiotherapy or

interventional therapy to chemotherapy and immunotherapy.

These local treatments not only exert a direct killing effect on

tumor cells but may also trigger immunogenic cell death of tumor

cells, release tumor-associated antigens, damage-associated

molecular patterns (DAMPs), and cytokines that stimulate the
Frontiers in Immunology 12100
host’s immune response while reducing immunosuppressive

factors within the tumor (such as regulatory T cells), thereby

enhancing the efficacy of ICIs (31). In our first-line ICIs-treated

patients, 19.7% received radiotherapy, 25.5% received

interventional therapy, and 9.5% received anti-angiogenic therapy.

Lastly, in the TOPAZ-1 study, the incidence of AEs was 99.4%, with

grade 3/4 AEs at 75.7%. Compared to TOPAZ-1, the incidence of

AEs and grade 3/4 AEs in our first-line treatment was lower, at

94.2% and 43.1%, respectively. Therefore, these patient

characteristics, heterogeneity in treatment protocols, and the

lower incidence of AEs may be the main reasons why our results

differ from those of previous clinical studies.

In prior research, Rimini et al. first validated the results of the

TOPAZ-1 trial in a real-world setting (18). Their study included 145

patients with advanced BTC receiving Durvalumab in combination

with CisGem chemotherapy as first-line treatment, showing a median

PFS of 8.9 months and median OS of 12.9 months. Their latest global

multicenter real-world study reaffirmed the results of TOPAZ-1. The

666 patients had a median OS of 15.1 months and a median PFS of

8.2 months, which was generally consistent with the survival

outcomes of our patients treated with ICIs in the first line (32).

However, these studies only explored the performance of single-

treatment regimens in real-world scenarios. Another study indicated

that PD-1 inhibitor combination therapy in first-line treatment for

advanced BTC resulted in a median PFS and OS of 6.6 months and

13.9 months, respectively (33). However, this real-world study had a

sample size of only 54 patients, did not include gallbladder cancer

patients, and included only PD-1 inhibitors as ICIs. In contrast, 46%

of our first-line patients used PD-L1 inhibitors, with higher

proportions receiving radiotherapy (19.7% vs. 5.6%) and anti-

angiogenic therapy (9.5% vs. 5.6%), potentially contributing to the

longer median OS and PFS observed in our study compared to theirs.

The ABC-06 trial investigated the efficacy of FOLFOX regimen as

second-line chemotherapy for advanced BTC patients who progressed

after first-line treatment (14). Results showed a median OS of only 6.2
TABLE 5 Immune-Related adverse events.

Immune-related
adverse events

All patients (n=221) First line (n=137) ≥2 lines (n=84)

Any
grade

Grade
1 or 2

Grade
3 or 4

Any
grade

Grade
1 or 2

Grade
3 or 4

Any
grade

Grade
1 or 2

Grade
3 or 4

Total 79 (35.8%) 60 (27.1%) 19 (8.6%) 46 (33.6%) 35 (25.5%) 11 (8.0%) 33 (39.3%) 25 (29.8%) 8 (9.5%)

Hypothyroidism 38 (17.2%) 25 (11.3%) 13 (5.9%) 20 (14.6%) 13 (9.5%) 7 (5.1%) 18 (21.4%) 12 (14.3%) 6 (7.1%)

Rash 14 (6.3%) 10 (4.5%) 4 (1.8%) 6 (4.4%) 5 (3.6%) 1 (0.7%) 8 (9.5%) 5 (6.0%) 3 (3.6%)

Cardiac events 11 (5.0%) 5 (2.3%) 6 (2.7%) 5 (3.6%) 2 (1.5%) 3 (2.2%) 6 (7.1%) 3 (3.6%) 3 (3.6%)

Pneumonia 4 (1.8%) 1 (0.5%) 3 (1.4%) 3 (2.2%) 1 (0.7%) 2 (1.5%) 1 (1.2%) 0 1 (1.2%)

Colitis 1 (0.5%) 1 (0.5%) 0 0 0 0 1 (1.2%) 0 0

hepatitis 2 (0.9%) 1(0.5%) 1(0.5%) 1 (0.7%) 1 (0.7%) 0 1 (1.2%) 0 1(1.2%)

Type 1 diabetes 0 0 0 0 0 0 0 0 0

Hypophysitis 0 0 0 0 0 0 0 0 0

Pancreatic events 0 0 0 0 0 0 0 0 0
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months, an ORR of 5.1%, and a 52% incidence of grade 3-5 adverse

events. Given its limited survival benefits and high toxicity, there is a

need to explore more effective second-line treatment options for

advanced BTC. Immune therapy remains investigational in the

second-line treatment of advanced BTC. A phase II single-arm

clinical trial evaluated 20 advanced BTC patients receiving

Sintilimab in combination with anlotinib as second-line therapy,

reporting a median OS of 12.3 months, median PFS of 6.5 months,

ORR of 30%, and DCR of 95% (34). Another multicenter phase II

clinical study demonstrated that nivolumab as salvage therapy for

advanced BTC resulted in an ORR of 11%, DCR of 50%, median PFS

of 3.68 months, and median OS of 14.24 months (11). Lin et al.

explored pembrolizumab in combination with lenvatinib as non-first-

line therapy, showing an ORR of 25%, DCR of 78.1%, median PFS of

4.9 months, and median OS of 11.0 months (16). In addition, a real-

world study in China included 74 patients who failed gemcitabine-

based chemotherapy and received lenvatinib plus PD-1 antibodies as

salvage therapy, reporting amedian PFS of 4.0 months andmedian OS

of 9.50 months (19). In our study, 84 patients received ICIs as second-

line treatment, with a median OS of 9.8 months, median PFS of 5.6

months, ORR of 11.9%, and DCR of 58.3%. Our results show better

median OS and ORR compared to ABC-06, likely due to the use of

combined local treatment strategies in our salvage therapy patients.

Despite pembrolizumab and Durvalumab being first-line

recommended ICIs by CSCO and NCCN guidelines, their high

cost and lack of reimbursement in China lead many patients to opt

for domestically produced ICIs that are more affordable and

accessible. However, there is currently insufficient clinical evidence

to establish the efficacy of these domestically produced ICIs in BTC.

Unlike pembrolizumab and Durvalumab, which have large phase III

Randomized controlled trials (RCTs) like TOPAZ-1 and KEYNOTE-

966 supporting their use, domestically produced ICIs have only small

single-arm studies as clinical evidence (35–38). For example, a phase

II single-arm clinical trial studied Sintilimab in combination with

gemcitabine and cisplatin as first-line therapy in 30 patients with

advanced BTC, reporting a median OS of 15.9 months, median PFS

of 5.1 months, and ORR of 36.7% (37). Another phase II single-arm

clinical trial evaluated the efficacy of teraplizumab, lenvatinib in

combination with gemcitabine and oxaliplatin (GEMOX) in ICC,

showing an ORR of 80% and DCR of 93.3%, though median PFS and

OS were not reached (38). A study of camrelizumab in 38 patients

with BTC showed an ORR of 54%, median PFS of 6.1 months, and

median OS of 11.8 months (35), whereas another study of 47 BTC

patients reported an ORR of 7.0% and DCR of 67.4% for

camrelizumab plus GEMOX as first-line therapy (36). Due to their

small sample sizes, lack of randomization, blinding, control, and

maturity of some study indicators, these single-arm studies have

limited reliability and low evidence grade. In our study, we compared

Durvalumab, a guideline-recommended ICI, with Sintilimab, a

domestically produced alternative, in an exploratory analysis of

clinical efficacy. Durvalumab showed longer OS and PFS, with no

significant differences in ORR or safety profiles. However,

Durvalumab patients had better prognostic factors, such as more

first-line treatment cases. To address these potential biases,

multivariate Cox regression analysis adjusted for these confounders
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and confirmed Durvalumab’s OS advantage. Nonetheless, previous

research suggests that for each covariate included in a regression

model, at least 10 events (e.g., deaths) should be observed (26, 27). In

our subgroups of Durvalumab and Sintilimab users, the number of

patients with outcome events (i.e., deaths) was only 59, and the

number of covariates exceeded one-tenth of the effective sample size.

To further validate our conclusions, we employed PSM to control for

confounding factors. Propensity score methods, first introduced by

Rosenbaum and Rubin (25), has become increasingly popular in

observational studies for mitigating confounding effects. Among

these methods, PSM provides relatively better control over

confounders. However, it also has drawbacks, such as excluding

unmatched patients, which reduces sample size (24). In our PSM

analysis, no significant OS difference was observed, diverging from

regression results. This discrepancy likely stems from the exclusion of

half of the Sintilimab patients and 17 Durvalumab patients during

matching, further diminishing the already limited sample size and

reducing statistical power. Moreover, regression analysis results,

while statistically significant, carry a heightened risk of Type I

errors due to multiple hypothesis testing (e.g., OS, PFS, and ORR

comparisons). Adjustments like Bonferroni correction would nullify

significance. With a limited sample size and baseline heterogeneity,

our findings do not definitively establish Durvalumab’s superiority.

However, It is worth noting that achieving statistical significance in

small-sample comparisons is challenging, and p-values should be

viewed as a reference rather than a conclusive metric. Sole reliance on

p-values may underestimate the true clinical significance of the

observed difference. Our results suggest a potential advantage of

Durvalumab over Sintilimab, highlighting the need for more robust

clinical evidence to validate domestically produced ICIs, which are

favored in China due to lower cost.

We did not compare other ICIs directly for the following

reasons: Both pembrolizumab and Durvalumab are the only ICIs

recommended in current guidelines, with robust evidence from

large-scale randomized controlled trials supporting their efficacy

(13, 30). While no head-to-head comparison exists between the two,

our study was not aimed at determining the relative ranking of these

ICIs. Instead, our exploratory analysis focused on evaluating the

efficacy of domestically produced ICIs, which are more affordable

and popular among Chinese patients, and demonstrating the need

for further evidence of their efficacy in advanced BTC. As for other

domestically produced ICIs, such as camrelizumab, they share

similar pricing and accessibility with Sintilimab but also lack

sufficient clinical evidence for efficacy in advanced BTC. In our

cohort, the number of patients using these ICIs was less than half of

those using Sintilimab. Given the sample size limitations already

encountered in comparing Sintilimab and Durvalumab, further

comparisons involving these other ICIs would inevitably suffer

from patient heterogeneity and insufficient sample sizes,

precluding meaningful conclusions from regression analyses or

PSM. Additionally, conducting multiple pairwise comparisons

among these ICIs would further increase the risk of Type I errors

under a fixed significance threshold. Our primary aim was to

highlight the need for more clinical evidence to validate the

efficacy of domestically produced ICIs favored by Chinese
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patients, rather than ranking these ICIs against guideline-

recommended treatments. The comparison between Durvalumab

and Sintilimab suffices to meet this objective, and further

comparisons with other ICIs are unnecessary at this stage.

With the widespread application of ICIs in the real world, there is

an urgent need to identify biomarkers that predict tumor response.

Our study identified tumor differentiation, pretreatment CA-199

level<500 U/ml, pretreatment CA-125 level<28.65U/ml, and the

number of prior ICIs treatment lines as independent risk factors

influencing OS. Factors independently predicting PFS included

tumor differentiation, number of ICIs treatment lines, pretreatment

CA-199 level, pretreatment CA-125 level and whether subsequent

treatments were received. These results aligned with traditional

understanding, where poor differentiation and elevated tumor

markers were often associated with a worse prognosis. In our

multifactorial analysis, NLR did not demonstrate a prognostic

effect, despite prior studies showing an association between elevated

pretreatment NLR and adverse outcomes in BTC patients (39, 40).

This discrepancy may be due to our inclusion of 84 patients who

received second-line treatment, often experiencing bone marrow

suppression and other adverse effects from prior treatments, which

may not reflect the host’s systemic inflammatory status through NLR.

Regarding safety, our study showed that 129 patients (94.2%)

experienced any grade of AEs during first-line treatment, with 59

patients (43.1%) experiencing ≥ grade 3 AEs, primarily attributed to

chemotherapy-induced neutropenia, anemia, and thrombocytopenia.

The incidence rates of overall AEs and grade ≥3 AEs in our study

were comparable to other real-world studies (18, 33) but lower than

those reported in the TOPAZ-1 trial (99.4% and 75.7%, respectively)

(30) and the KEYNOTE-966 trial (99% and 79%, respectively) (13),

potentially due to enhanced monitoring practices in RCTs compared

to real-world settings. Forty-six patients (33.6%) experienced irAEs,

with a rate of grade 3-4 irAEs at 8.0%. These results are similar to

some real-world findings (33) but higher than those reported in

TOPAZ-1 (12.7% and 2.4%, respectively) (30) and KEYNOTE-966

(22% and 7%, respectively) (13). Several reasons might explain these

discrepancies. First, our study included patients receiving later-line

treatments, who might have experienced cumulative toxicity. Second,

our analysis involved multiple types of ICIs, and prior studies have

indicated that PD-1 inhibitors are associated with higher irAE rates

than PD-L1 inhibitors (41), potentially explaining why our data align

more closely with KEYNOTE-966 and are higher than TOPAZ-1.

Additionally, patients with autoimmune diseases are typically

excluded from RCTs, yet previous studies have indicated that these

patients may have a higher incidence of irAEs (42, 43). In second-line

treatment, the incidence rates of AEs and ≥ grade 3 AEs were 97.6%

and 40.5%, respectively, consistent with previous real-world study

data (19).

Our study has several limitations. Firstly, its retrospective

design may introduce selection bias, particularly concerning

treatment allocation. Secondly, as the study was conducted at a

single medical center, the generalizability of the findings may be

limited, highlighting the need for multicenter validation. Thirdly,

the relatively small sample size in subgroup analyses could limit

statistical power. Additionally, the inclusion of different treatment
Frontiers in Immunology 14102
regimens, such as chemotherapy or anti-angiogenic therapy, may

affect the interpretation of ICI-related outcomes. Lastly, the lack of

biomarker data (e.g., PD-L1 expression, MSI status) in our study

precluded the analysis of predictive factors.
5 Conclusion

This real-world study demonstrates that ICIs provide clinically

meaningful survival benefits in both first-line (median OS 15.7

months) and ≥2nd-line settings (median OS 9.8 months) for

advanced BTC. Notably, in addition to the first-line treatment

commonly investigated by most studies, our data represent a

large real-world cohort validating ICIs in later-line settings, where

outcomes have historically been dismal (e.g., ABC-06 OS 6.2

months with chemotherapy alone). While domestically produced

ICIs are widely used in clinical practice in China, observed

differences in efficacy (unadjusted HR 2.47 for OS comparing

Sintilimab with Durvalumab) and the lack of robust clinical trial

evidence underscore the need for further validation. These findings

underscore the importance of real-world data in complementing

trial evidence for BTC treatment optimization.
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Background: Hepatocellular carcinoma (HCC) represents the third deadliest

cancer worldwide with limited treatment options. Immune checkpoint

inhibitors (ICIs) have revolutionized HCC therapy, but immune suppression

within the tumor microenvironment remains a major challenge. Therefore, in

this study, we aimed to define novel ICI molecules arising on T cells during

aggressive HCC development.

Methods:Using autochthonous HCCmodels, we performedmicroarray analyses

followed by in vivo RNA interference screen and identified several new ICI

molecules on CD4 and CD8 T lymphocytes in HCC-bearing mice. Short

hairpin RNA (shRNA)-mediated knockdown of the ICI molecules was

performed to validate their functional role in T cell activity and survival of

HCC-bearing mice. Finally, we searched for the presence of the defined ICI

molecules in HCC patients.

Results: We identified neutrophilic granule protein (Ngp), hemoglobin subunit

alpha-1 (Hba-a1), and S100 calcium-binding protein a8 (S100a8) as novel

inhibitory molecules of T cells in HCC. The specific shRNA-based knockdown of

these inhibitory targets was safe, led to a downregulation of classical ICI molecules
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(PD-1, PD-L1, 4-1BBL, CD160), and kept liver parameters under control in murine

HCC. Besides, we detected upregulation of S100A8 and S100A9 in blood and liver

tissues in HCC patients, supporting their clinical relevance.

Conclusion: The obtained results pave the way for the use of the newly defined

ICI molecules Ngp, Hba-a1, and S100a8 as novel immunotherapeutic targets in

further preclinical and clinical studies in HCC patients.
KEYWORDS

RNA interference screen, T lymphocytes, hepatocellular carcinoma, immunotherapy,
immune checkpoint inhibitors
1 Introduction

Hepatocellular carcinoma (HCC) is a highly lethal cancer

that represents the third most common cause of cancer-related

deaths worldwide, with about 830,000 patients dying from the

disease annually (1, 2). The primary risk factors for HCC include

cirrhosis and chronic infection with hepatitis B or C viruses (3).

HCC incidence continues to rise globally, and most HCC cases are

estimated to occur in Asia (72%) followed by Europe (10%), Africa

(7.8%), and least cases in Oceanic (0.5%) (4). Current treatment

options for HCC, like surgical liver resection, liver transplantation,

and locoregional therapies, including radiofrequency ablation (5)

and transarterial chemoembolization, are limited to very early

stages of the malignant disease and cannot prevent recurrence

(6). In addition, in the majority of patients (>80%), HCC is

diagnosed in unresectable tumor stages, thereby limiting the

treatment options to systemic therapies (7). Sorafenib, a

multikinase kinase inhibitor, used to be a standard therapy for

HCC since 2007 (8). Immunotherapy recently replaced sorafenib, as

the first-line therapy in unresectable HCC (9), as described below.
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Considering the permanently growing incidence of HCC and

the limited efficacy of current therapies, there is an urgent need for

new innovative treatment strategies. Since HCC is modulating the

tumor microenvironment (TME) (10) to evade the immune system,

immunotherapy represents an attractive alternative to target and re-

activate immune cells, which became dysfunctional due to

suppression by HCC. Importantly, since HCC has been shown to

be immunogenic and several HCC-specific tumor-associated

antigens that are targeted by T cells have been identified (11–13),

T cell-based immunotherapy is considered as a promising

treatment. It has been shown that T lymphocytes are highly

infiltrating HCC, which is also correlating with better survival

prognosis (14–16). Nevertheless, tumor-infiltrating T lymphocytes

or tumor-specific T lymphocytes in close proximity to tumor, are

found to be exhausted and display an over-expression of several

immune checkpoint inhibitors (ICIs) in which programmed cell

death protein 1 (PD-1), cytotoxic T-lymphocyte-associated protein-

4 (CTLA-4), T-cell immunoglobulin and mucin-domain

containing-3 (TIM-3), V-domain Ig suppressor of T cell

activation (VISTA) and lymphocyte activating 3 (LAG3) are

frequently studied (17, 18). In line with above mentioned,

recently approved therapies for unresectable HCC comprising

atezolizumab and bevacizumab, inhibitors of PD-L1 and vascular

endothelial growth factor (VEGF), showed better prognosis in HCC

patients and were approved as the first-line therapy for unresectable

HCC (9). In addition, many ongoing clinical trials are evaluating

antibodies targeting specific ICIs as a single-agent therapy.

However, combination strategies have been shown to be more

effective in treating this complex malignant disease (18–20).

The discovery of ICIs has revolutionized cancer treatment, but

it still needs to be further investigated, and new inhibitory targets

need to be explored. Therefore, we performed microarray analysis

on CD4+ and CD8+ T lymphocytes isolated from HCC-bearing

mice to identify further immune inhibitory molecules associated

with HCC development. Additionally, we approved our findings by

performing an RNA interference (RNAi) screen in vivo. Among

several upregulated genes, we found neutrophilic granule protein

(Ngp), hemoglobin subunit beta-1 (Hbb-b1), hemoglobin subunit
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alpha-1 (Hba-a1), S100 calcium-binding protein a8 (S100a8), and

others highly expressed on T lymphocytes in HCC-bearing mice.

We performed in vivo validation experiments and investigated the

functional role of Ngp, Hbb-b1, Hba-a1, and S100a8 on T

lymphocytes during HCC development. Using a short hairpin

RNA (shRNA)-based specific knockdown of these targets in

donor-derived T lymphocytes, we tested the impact of adoptive T

cell transfer therapy on survival and ICIs repertoire in HCC-bearing

animals and thereby identified the most promising targets.

Furthermore, we confirmed our data obtained in a preclinical

mouse model in samples obtained from HCC patients.
2 Materials and methods

The section “Materials and Methods” can be found in

Supplementary Materials.
3 Results

3.1 HCC development and isolation of T
lymphocytes for microarray analysis

In the first part of our study, we aimed to identify to date

unknown inhibitory molecules on CD4 and CD8 T lymphocytes,

which are upregulated during HCC development using microarray

analysis (see “Experimental setup” in Supplementary Figure S1).

3.1.1 HCC Model
To induce HCC development, we delivered transposons

expressing two oncogenes, NRASG12V and c-Myc, together with a

Sleeping Beauty transposase (SB13) into C57BL/6-Foxp3tm1Flv/J

mice expressing red fluorescent protein (RFP) regulatory T cells

(Tregs) using the hydrodynamic tail vein injection (HDI) technique

(Supplementary Figure S1A). Control tumor-free mice received

either NRASG12V or c-Myc with SB13 (Supplementary Figure

S1A). After 5-8 weeks post-HDI, mice with overexpression of

both oncogenes (NRASG12V and c-Myc) developed tumors and

were sampled together with the corresponding tumor-free

controls (NRASG12V or c-Myc) (Supplementary Figure S2A).

3.1.2 Isolation of CD4 and CD8 memory T cells
Several organs (liver, liver-draining lymph nodes (later

designated as: relevant lymph nodes (relLN)), not liver-draining

lymph nodes (later designated as: irrelevant lymph nodes

(irrelLN)), and spleen) were isolated and single-cell suspensions

thereof were prepared (Supplementary Figure S1B). Cell

suspensions were stained using the established protocols (21–24)

and sorted for memory CD4 and CD8 T cells (Supplementary

Figure S1B): CD3+ NK1.1- CD4+ CD8- Foxp3- CD44+ (designated

as CD4+ CD44+ T cells) and CD3+ NK1.1- CD4- CD8+ CD44+ T cell

populations (designated as CD8+ CD44+ T cells), respectively.

Supplementary Figure S2B demonstrates a gating strategy used at

sorting to define both populations of memory CD4 and CD8 T cells.
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3.1.3 RNA isolation and microarray analysis
In the next step, total RNA from CD4+ CD44+ and CD8+

CD44+ T cells was isolated and processed for microarray analysis

(Supplementary Figure S1C).

We performed in total two independent experiments giving rise

to two independent replicates for each organ (liver, relLN, irrelLN,

spleen) and cell type (CD4+ CD44+ and CD8+ CD44+ T cells).
3.2 Microarray analysis reveals 72
upregulated genes in CD4+ CD44+ and
CD8+ CD44+ T lymphocytes during HCC
development

To identify genes that are upregulated in T lymphocytes during

HCC development, we conducted a microarray analysis comparing

CD4+ CD44+ and CD8+ CD44+ T cells isolated from HCC-bearing

(genotype HCC: NRASG12V/c-Myc) mice with those isolated from

HCC-free control animals (genotype C1: c-Myc; genotype C2:

NRASG12V, Supplementary Figure S1A, Supplementary Figure

S2A). To identify target genes for validation studies, the log2

values in T lymphocytes originating from HCC-bearing mice

were analyzed. Importantly, log2 values obtained in HCC-free

controls were subtracted from log2 values of the tumor-bearing

group. This allowed us to define genes that were consistently

upregulated (enriched) in the TME of HCC-bearing animals. The

term “enriched genes” in this context refers to those genes that were

significantly upregulated in T cells from HCC-bearing mice

compared to HCC-free controls.

In CD4+ CD44+ T cells, we identified a total of 615 upregulated

genes with log2≥0.5, distributed among the liver (261 genes), relLN

(84 genes), spleen (191 genes), and irrelLN (79 genes) (Figure 1A).

Among these, 17 genes were commonly upregulated in both liver

and relLN, 26 genes in liver and spleen, 7 genes in HCC liver and

irrelLN, and 5 genes in HCC liver, relLN, and spleen (Figure 1A).

Intersections among spleen, relLN, and irrelLN ranged from 2 to 6

genes (Figure 1A).

Similarly, in CD8+ CD44+ T cells, we found 736 upregulated

genes, with the liver showing the highest number (382 genes),

followed by relLNs (90 genes), irrelLNs (77 genes), and spleen (187

genes) (Figure 1B). In comparison to CD4+ CD44+ T cells, CD8+

CD44+ T cells showed 121 additional genes that originated from the

liver. Gene intersections among organs showed 18 genes shared

between liver and relLN, 45 between liver and spleen, and 15

between liver and irrelLN (Figure 1B). Notably, 9 genes were

identified in the intersection of liver, spleen, and relLN in CD8+

CD44+ T cells in comparison to CD4+ CD44+ T cells.

To narrow down our analysis, we next focused on genes with

log2≥1, selecting 99 highly upregulated genes in CD4+ CD44+ T

cells and 72 genes in CD8+ CD44+ T cells (Figure 1C for CD4+

CD44+ T cells and Figure 1D for CD8+ CD44+ T cells). These genes

were distributed across different tissues: 23 genes in liver, 11 genes

in relLN, 44 genes in spleen, 21 genes in irrelLN in CD4+ CD44+ T

cells (Figure 1C). In CD8+ CD44+ T cells, 6 genes were shared from

liver and spleen, 1 gene between liver and relLN, and 1 gene
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FIGURE 1

Microarray analysis on CD4+ CD44+ and CD8+ CD44+ T cells isolated from the liver, relLN, spleen, and irrelLN of HCC-bearing and HCC-free
control mice. (A-D) Venn diagrams depicting the distribution of upregulated genes in (A) CD4+ CD44+ T cells with log2>0.5, (B) CD8+ CD44+ T cells
with log2>0.5, (C) CD4+ CD44+ T cells with log2≥1, (D) CD8+ CD44+ T cells with log2>0.5. (E) Heatmap showing highly upregulated genes in CD4+

CD44+ and CD8+ CD44+ T cells isolated from liver, relLN, irrelN, and spleen of HCC-bearing mice, compared to HCC-free controls (C1: c-Myc/C2:
NRASG12V). Genes selected based on the microarray analysis were included as targets in the shRNA library for the in vivo RNAi screen. Data
represents a pool of two independent experiments, with n=6 for each replicate (6 HCC-bearing mice vs. 6 HCC-free mice). HCC, hepatocellular
carcinoma; relLN, relevant lymph nodes; irrelLN, irrelevant lymph nodes.
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between liver and irrelLN (Figure 1D). No genes met the log2≥1

threshold across liver, relLN, and spleen in CD8 T cells (Figure 1D).

Finally, to visualize and prioritize the most biologically relevant

targets, we used a heatmap highlighting 72 of the most upregulated

(enriched) genes in HCC liver, relLN, and spleen (Figure 1E). These

genes were selected for the in vivo RNAi screen to uncover new

targets on CD4 and CD8 T cells in HCC.
3.3 In vivo RNAi screen and identification
of key players in T cell inhibition during
HCC development

To identify key players in T cell inhibition, we performed the

RNAi screen targeting 72 of the most upregulated genes identified

in the microarray analysis.

3.3.1 RNAi screen setup
We first induced HCC development using the HDI technique

and isolated CD4 and CD8 T cells from HCC-bearing donor mice

(Figure 2). These T cells were stimulated and transduced with a

pooled shRNA library which contained 4-5 shRNAs per selected

target gene. An shRNA targeting Renilla (shRen), a non-coding

gene in mice, served as a negative control. The shRNA constructs

were cloned into a third-generation pGIPZ lentiviral vector system

expressing green fluorescent protein (GFP) allowing for a tracking

of the transduction efficiency, as previously described (25). The

lentiviral packaging was performed using a system consisting of

pMD2.G, pMDLg/pRRE, and pRSV-Rev vectors, expressing

envelope and transport proteins (VSV-G, Gag/Pol, Rev)
Frontiers in Immunology 05109
(Figure 2). CD4 and CD8 T cells were transduced with the virus

harboring the shRNA library. Following viral transduction, GFP+

CD4 and CD8 T cells were sorted (a gating strategy is shown in

Supplementary Figure S3) and labeled with a proliferation dye

(eFluor450). Thereafter, the transduced GFP+ eFluor450+ T cells

were adoptively transferred into HCC-bearing recipient mice

(Figure 2). For the adoptive transfer, GFP+ eFluor450+ CD4 and

GFP+ eFluor450+ CD8 T cells were pooled and approximately 2x105

cells were transferred intravenously (i.v.) (Figure 2). Five days post-

transfer, the recipient mice were sacrificed, and liver, spleen, relLN,

irrelLN, and blood were collected for further analysis. T cells were

isolated and sorted according to CD3+ CD4+ GFP+ eFluor450-/

CD3+ CD8+ GFP+ eFluor450- and CD3+ CD4+ GFP+ eFluor450+/

CD3+ CD8+ GFP+ eFluor450+ profiles (a gating strategy is shown in

Supplementary Figure S4). Sorted CD4 and CD8 T cell populations

were subjected to DNA isolation followed by Illumina sequencing to

determine the shRNA representation/abundance (Figure 2). We

searched for shRNA enrichment (log2-fold changes) detected in

isolated T cells of HCC-bearing recipient mice (out-probes)

compared to T cells prior to the adoptive transfer (original pool,

in-probes). Enriched shRNAs (which we used to refer to

overrepresented in out-probes, compared to the original pool (in-

probes)) mean, that these shRNAs target inhibitory genes whose

knockdown is beneficial for the proliferation of the corresponding

T cell.

3.3.2 RNAi screen data analysis
To ensure reproducibility, four individual mice received

shRNA-transduced CD4 and CD8 T cells. The sequencing results

were pooled, and the 20 most enriched shRNAs targeting inhibitory
FIGURE 2

Experimental setup of the in vivo RNAi screen. CD4 and CD8 T cells were isolated from HCC-bearing mice (NRASG12V/c-Myc genotype) and
transduced with the shRNA library using a GFP-expressing lentivirus (pGIPZ). Successfully transduced GFP+ CD4 and CD8 T cells were sorted and
labeled with a proliferation dye eFluor450 (in-probes). Thereafter, the cells were adoptively transferred into HCC-bearing recipient mice. Five days
post-transfer, recipient mice were sacrificed, and the liver along with other organs were collected. Adoptively transferred T cells were isolated from
the explanted organs, sorted for eFluor450+ and for eFluor450- populations (out-probes), and subsequently subjected to DNA sequencing for
shRNA representation/abundance analysis. HCC, hepatocellular carcinoma; HDI, hydrodynamic tail vein injection; GFP, green fluorescent protein;
shRNA, short hairpin RNA.
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genes for both CD4 and CD8 T cell subsets were identified

(Figures 3 and 4). Data from individual mice are presented in

Supplementary Figure S5-12.

In general, only a limited number of enriched shRNAs were

identified in CD4 T cells, primarily originating from spleen (3

shRNAs), relLN (6 shRNAs), and blood (4 shRNAs) (Figure 3).

Interestingly, these shRNAs were found in eFluor450- CD4 T cells

(Figure 3). In contrast to the pooled data on CD4 T cells (Figure 3),

individual mouse analysis revealed a presence of many more

enriched shRNAs on CD4 T cells in each of the explanted organs.

Those shRNAs were detected in both eFluor450- and eFluor450+

CD4 T cells (Supplementary Figure S5, Supplementary Figure S7,

Supplementary Figure S9, Supplementary Figure S11).
Frontiers in Immunology 06110
In contrast to pooled data from CD4 T cells, a shRNA

enrichment was observed in all analyzed organs in CD8 T cells

(Figure 4), especially in CD8 T cells isolated from relLN with

different shRNAs enriched in eFluor450- and eFluor450+ CD8 T

cells (Figure 4). Enriched shRNAs in CD8 T cells were also present

in all organs of the individual mice showing a constant strong

enrichment in relLN (Supplementary Figure S6, Supplementary

Figure S8, Supplementary Figure S10, Supplementary Figure S12).

Importantly, among the enriched shRNAs in the pooled

analysis of both, CD4 and CD8 T cell populations, several

shRNAs were present and targeted prominent genes, such as:

CD200 receptor 1 (CD200r1), calcium channel, voltage-

dependent, L type, alpha 1D subunit (Cacnad1), and translocator
FIGURE 3

In vivo RNAi screen revealed several enriched shRNAs in CD4 T cells during HCC development. RNAi screen analysis was performed on eFluor450-

and eFluor450+ CD4 T cells isolated five days post-adoptive transfer from liver, spleen, relLN, irrelLN, and blood (out-probes) of HCC-bearing mice
(NRASG12V/c-Myc genotype). The CD4 T cells in out-probes were compared to the CD4 T cells before the adoptive transfer (in-probes). ShRNA
enrichment (log2 fold-changes) detected in isolated CD4 T cells of HCC-bearing recipient mice (out-probes) compared to CD4 T cells before the
adoptive transfer (in-probes) are presented in a heatmap. Upregulated shRNAs (>0) are marked in red and downregulated shRNAs (<0) are marked in
blue. Data represent a pooled analysis from four recipient mice. relLN, relevant lymph nodes; irrelLN, irrelevant lymph nodes.
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protein (Tspo), which were found in T cells isolated from liver and/

or relLN, the local organs of HCC development (Figures 3, 4).

When comparing the RNAi screen data with the microarray

results (comparing enriched genes from the microarray with

enriched shRNAs targeting the same genes), we found that

several genes previously identified as highly upregulated,

including Ngp, Hbb-b1, Hba-a1, and S100a8, were consistently

detected in individual mice in the RNAi screen via enriched

shRNAs targeting these genes (Figure 1 and Supplementary

Figure S5-12, respectively). Based on these findings, we selected

these four target genes for in vivo validation studies to further

investigate their role as potential inhibitory regulators of T cell

function in HCC.
Frontiers in Immunology 07111
3.4 Validation of potential targets in vitro
using a specific shRNA-based knockdown
of endogenous mRNA expression

To perform validation studies, we first defined the most potent

shRNAs to efficiently knockdown the selected target genes (Ngp,

Hbb-b1, Hba-a1, S100a8). The knockdown efficiency of each shRNA

was tested in T cells isolated fromHCC-bearing mice. To achieve this,

we first induced HCC (genotype: NRASG12V/c-Myc). Upon HCC

development, mice were sacrificed, and CD4 and CD8 T cells were

sorted from the liver, relLN, irrelLN, and spleen. T cells were then

stimulated in vitro for three days with anti-CD3, anti-CD28, and IL-2.

In parallel, HEK293T packaging cells, which were used as lentivirus-
FIGURE 4

In vivo RNAi screen revealed several enriched shRNAs in CD8 T cells during HCC development. RNAi screen analysis was performed on eFluor450-

and eFluor450+ CD8 T cells isolated five days post-adoptive transfer from liver, spleen, relLN, irrelLN, and blood (out-probes) of HCC-bearing mice
(NRASG12V/c-Myc genotype). The CD8 T cells in out-probes were compared to the CD8 T cells before the adoptive transfer (in-probes). ShRNA
enrichment (log2-fold changes) detected in isolated CD8 T cells of HCC-bearing recipient mice (out-probes) compared to CD8 T cells before the
adoptive transfer (in-probes) are depicted in a heatmap with upregulated (>0, marked in red) and downregulated shRNAs (<0, marked in blue). Data
represent a pooled analysis from four recipient mice. relLN, relevant lymph nodes; irrelLN, irrelevant lymph nodes.
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producer cells, were transfected with pGIPZ lentiviral vector system

expressing a shRNA of interest. ShRen served as a control. Freshly

produced lentiviral particles expressing a shRNA of interest and a

GFP reporter were harvested after two days. CD4 and CD8 T cells

were transduced with GFP-expressing lentiviral particles and on day

three post-transduction, alive and GFP+ were isolated using cell

sorting. The gating strategy used for sorting is depicted in

Supplementary Figure S3A, B. Isolated GFP+ CD4 and GFP+ CD8

T cells were subjected to RNA isolation. The efficiency of shRNA-

mediated knockdown was assessed using quantitative polymerase

chain reaction (qPCR). Two representative in vitro knockdown

examples are shown in Supplementary Figure S13A-B. The qPCR

results showed that in comparison to control shRen, shNgp.140, and

shNgp.452 demonstrated the highest knockdown in CD4 and CD8 T

cells (Supplementary Figure S13A). Similarly, the most potent shRNA

was defined in CD4, and CD8 T cells for Hba-a1 (Supplementary

Figure S13B), for Hbb-b1 (data not shown), and S100a8 (data

not shown).

Based on the obtained data, the most efficient shRNA was

selected for each of the target genes Ngp (shNgp.140), Hbb-b1

(shHbb-b1.541), Hba-a1 (shHba-a1.122), and S100a8 (shS100a8),

accordingly. The selected shRNAs were further tested in in vivo

validation experiments, as described in the next section.
3.5 Experimental design for the in vivo
validation of shRNA-mediated knockdown

In the next step of our study, we performed in vivo validation

experiments to investigate the efficacy of shRNA-mediated

knockdown of the selected target genes (Ngp, Hbb-b1, Hba-a1,

S100a8) on CD4 and CD8 T cells function using several therapeutic

regimes and different readouts. The experimental layout is

described in Supplementary Figure S13C.
3.5.1 T cell isolation, transduction, and sorting
CD4 and CD8 T cells were first isolated from HCC-bearing

donor mice, and transduced with shRNA-expressing lentiviral

particles, followed by sorting of GFP+ transduced T cells, as

described previously (Figure 2).
3.5.2 Adoptive transfer and therapeutic
intervention

To evaluate the therapeutic effect of shRNA-mediated

knockdown of a target gene, we used C57BL/6J recipient mice

harboring HCCs (genotype: NRASG12V/c-Myc, Supplementary

Figure S13C). According to previous survival studies (data not

shown), we defined the optimal time for the therapeutic

intervention (adoptive transfer of modified shRNA-transduced

CD4 and CD8 T cells) at two weeks post-HDI (Supplementary

Figure S13C). Importantly, to achieve a comparable HCC stage in

recipient animals, we selected those age- and gender-matched

HCC-harboring animals which showed similar values in the

classical diagnostic parameters for HCC and other liver diseases
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used in the clinic (26): aspartate aminotransferase (AST), alanine

aminotransferase (ALT) and lactate dehydrogenase (LDH).

The therapy, comprising adoptively transferred T cells with

shRNA-mediated knockdown of a target gene was applied once or

twice in a weekly interval. For the adoptive transfer, transduced and

previously pooled CD4 and CD8 T cells (approximately 2x105 cells

each) expressing shRNA of interest were administered to mice i.v.

(Supplementary Figure S13C). Mice receiving T cells transduced

with shRen served as a control (Supplementary Figure S13C).

To evaluate the impact of shRNA-mediated knockdown on the

HCC progression, we systematically monitored several parameters

in recipient mice: survival, body weight changes, liver inflammation

using biochemical parameters, and expression of ICIs on CD4 and

CD8 T cells.
3.6 In vivo knockdown of Ngp on CD4 and
CD8 T cells significantly prolonged the
survival of HCC-bearing mice while
decreasing liver biochemical parameters

First, we aimed to validate Ngp as a potent T cell inhibitor, by

using shNgp.140 (designated as shNgp) for in vivo knockdown.

Prior to the adoptive transfer of shNgp-transduced T cells into

C57BL/6J mice harboring HCC (genotype: NRASG12V/c-Myc), we

assessed the levels of the diagnostic parameters AST, ALT, and LDH

in plasma of HCC-bearing recipient mice (genotype: NRASG12V/c-

Myc) (Supplementary Figure S13D) and selected comparable

individuals as described above. On day 13 and 20 post-HDI,

shNgp-transduced CD4 and CD8 T cells or shRen-transduced

controls were adoptively transferred to the recipients. ShNgp-

mediated knockdown in CD4 and CD8 T cells significantly

prolonged the survival of HCC-bearing mice by 41 days

compared to the shRen group (Figure 5A). We neither observed

any impact on the body weight upon T cell transfer in both recipient

groups (Figure 5B), nor did we detect any differences in liver tumor

burden between shRen and shNgp groups at sampling, when

reaching the termination criteria due to HCC development

(Supplementary Figure S13E).

Over the course of the survival study, several biochemical

parameters in the plasma of recipient mice were monitored to

exclude toxic effects on liver metabolism caused by T cell therapy

(Figure 5C, 2 representative mice are depicted). On day 34 post-

HDI, we observed a six-fold increase of AST in the shNgp group

which decreased by day 42 post-HDI (Figure 5C). At all other time

points tested, including sampling, the AST level was lower in the

shNgp group than in the shRen control group (Figure 5C). The ALT

level showed to be constantly low in both groups, shNgp, and

shRen, until day 54 post-HDI, when a dramatic increase was

detected in the shRen group, which correlated with the advanced

HCC development (Figure 5C). The kinetic of LDH was similar to

AST (Figure 5C). Except for a threefold increase in shNgp group on

day 42 post-HDI, LDH levels were lower in the shNgp recipient

throughout the entire duration of the experiment, compared to the

shRen control group (Figure 5C). Additional metabolic parameters
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FIGURE 5

Ngp knockdown prolonged the survival of HCC-bearing recipient mice by decreasing biochemical parameters, CD19+ IL-10+ B cells, PD-L1-
expressing monocytes, macrophages, and DCs in blood. (A) Kaplan-Meier survival curve (n=3 in each group). (B) Weight development (n=3 in each
group). (C) Biochemical parameters in plasma (depicted are the data obtained in individual mice, as representative examples of the group). (D) Flow
cytometry data on innate immune cells and B lymphocytes in blood (depicted are the data obtained in individual mice, as representative examples of
the group). HDI, hydrodynamic tail vein injection; AST, alanine aminotransferase; ALT, aspartate aminotransferase; LDH, lactate dehydrogenase.
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including alkaline phosphatase, cholinesterase, cholesterine,

triglyceride, and glucose also tended to be lower in the shNgp

group compared to the shRen control (Figure 5C).

In summary, our results demonstrated a significant extension of

survival in HCC-bearing mice, along with improvements in liver

biochemical markers, suggesting a beneficial impact of targeting

Ngp in T cell therapy.
3.7 In vivo knockdown of Ngp resulted in
the reduction of PD-L1+ dendritic cells
(DCs), macrophages, and IL-10+ B cells in
HCC-bearing mice

To assess the efficacy of Ngp knockdown on immune cell

dynamics, we collected blood samples from the retro-orbital

plexus of recipient mice and checked for potential changes in the

frequency of innate immune cells and B cells over time (Figure 5D,

gating strategy in Supplementary Figure S14).

The frequency of CD19+ B cells remained similar between the

shNgp and shRen groups until day 27 post-HDI (Figure 5D). However,

in the shNgp group, CD19+ B cells dramatically increased on day 34,

followed by a decline on day 42 post-HDI (Figure 5D). In contrast, in

the shRen group, CD19+ B cells continued increasing on days 42 and

49 post-HDI, correlating with the aggressive HCC progression and

recipien´s death (Figure 5D). Furthermore, shNgp-mediated

knockdown led to a decreased level of immunosuppressive CD19+

IL-10+ B cells in comparison to the shRen control group (Figure 5D).

The Ngp knockdown also influenced DCs and macrophages. The

proportion of PD-L1-expressing DCs (CD19- CD11c+ CD11b+ CD8-

PD-L1+) was consistently lower in the shNgp group compaired to

shRen group (Figure 5D). The macrophage (CD19- CD11c- CD68+

CD11b+) population showed fluctuations between the shNgp and

shRen groups in the first 34 days post-HDI with a dramatic increase

in shRen group and a moderate decrease in shNgp group when HCC

developed and animals had to be sampled (Figure 5D). The counts for

macrophages expressing PD-L1+ (CD19- CD11c- CD68+ CD11b- PD-

L1+) were, in general, lower in the shNgp group (Figure 5D). Similar

counts of monocytes (CD19- CD11c- CD68- CD8- NK1.1- Ly6C+

CD11b- PD-L1+) were observed in both groups until day 27 post-HDI

with a dramatic increase from day 42 post-HDI in the shRen and a

decrease in the shNgp group (Figure 5D). The frequency of neutrophils

(CD19- CD68- Gr-1+ CD11b+ PD-L1+) was comparable low and

started to increase due to HCC development on day 42 and 62 in

the shRen and shNgp groups, respectively (Figure 5D).

In summary, Ngp knockdown reduced immunosuppressive

PD-L1+ DCs, macrophages, and IL-10+ B cells in HCC-bearing mice.
3.8 In vivo knockdown of Ngp controlled
the expression of classical ICI molecules
and reduced Tregs in HCC-bearing mice

To assess the impact of Ngp knockdown on T cell activation and

classical ICIs repertoire expression, we analyzed both endogenous

(GFP-) and adoptively transferred (exogenous, GFP+) CD4 and
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CD8 T cells while tracking their proliferation using eFluor450

labeling (Figure 6, Supplementary Figure S15).

We found that the PD-1 expression on endogenous GFP- CD4

T cells was similar between both groups until day 34 post-HDI

followed by a strong increase from day 49 post-HDI in the shRen

group and day 64 post-HDI in the shNgp group (Figure 6A).

Surprisingly, exogenous GFP+ CD4 T cells in the shNgp group

showed a controlled, low level of PD-1 expression until the day of

sampling, where a dramatic PD-1 peak was detected (Figure 6A).

Contrary results were observed between both groups regarding

the expression of 4-1BBL on exogenous CD4 T cells (CD4+ GFP+ 4-

1BBL+) (Figure 6A). While the 4-1BBL expression on exogenous

CD4 T cells in the shRen group dramatically dropped on the day of

sampling, a strong increase of 4-1BBL was found on exogenous

CD4 T cells in the shNgp group at the time of HCC development

(Figure 6A). The latter effect was observed vice versa on CD4+ GFP+

eFluor450+ 4-1BBL+ cells (Figure 6A).

We tested a further ICI molecule CD160 in our analysis: the

treatment with shNgp and shRen had only a minor effect on CD160

expression level between both groups as shown by comparable

curve pattern and frequency counts (Figure 6A). The expression of

CD160 on exogenous CD4 T cells (CD4+ GFP+ CD160+) was more

controlled in the shNgp group (Figure 6A).

Further analysis showed that exogenous CD4 T cells in the

shNgp group showed lower IL-10 expression (CD4+ GFP+

eFluor450+ IL-10+) and a higher CD25 expression (CD4+ GFP+

eFluor450+ CD25+) compared to the shRen group (Figure 6A).

In addition, Tregs counts (CD4+ GFP+ Foxp3+/CD4+ GFP+

eFluor450+ Foxp3+) were lower in the shNgp group compared to the

shRen group, indicating reduced immunosuppression (Figure 6A).

Similar to the PD-1 expression on endogenous CD4 T cells, CD8+

PD1+ T cells in both treatment groups showed until day 42 post-HDI

comparable counts but were in contrast to data in CD4 T cells

dramatically increasing in the shNgp treatment group 54 days post-

HDI (Figure 6B). The frequency of exogenous CD8+ GFP+ PD-1+

cells in both groups was similar until day 54 post-HDI: here a strong

increase of PD-1 in the shNgp group was detected and was similar to

the finding on CD4+ GFP+ PD-1+ (Figure 6B and 6A, respectively).

Also, a stronger expression of PD-1 in the CD8+ GFP+ eFluor450+

population was observed in the shNgp compared to the shRen group

upon HCC development (Figure 6B). The expression pattern of 4-

1BBL on endogenous CD8 T cells (CD8+ 4-1BBL+) resembled that on

exogenous CD8 T cells (CD8+ GFP+ 4-1BBL+) showing both a strong

increase of 4-1BBL on the day of sampling in the shNgp group but

not in the shRen recipient (Figure 6B). Similar observations were

made for CD160 on endogenous CD8 T cells (CD8+ GFP- CD160+)

and on exogenous CD8 T cells (CD8+ GFP+ CD160+) (Figure 6B).

Similar to CD4 T cells, the expression of CD25 on exogenous

CD8 T cells (CD8+ GFP+ eFluor450+ CD25+) was higher in the

shNgp group than in the shRen recipient (Figure 6B).

In summary, the in vivo knockdown of Ngp in CD4 and CD8 T

cells controlled classical ICI molecules, including PD-1, 4-1BBL,

and CD160, reduced Tregs and increased CD25 expression on the

transduced T cells, suggesting an enhanced T cell activation and

reduced immunosuppression in HCC-bearing mice.
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FIGURE 6

Ngp knockdown decreased the expression of PD-1, 4-1BBL, and CD160 ICIs on endogenous and exogenous CD4 T cells and increased CD25
expression on CD4 and CD8 T cells in blood. (A, B) Flow cytometry kinetic data of endogenous and exogenous (A) CD4 and (B) CD8 T cells in the
blood of shNgp and shRen recipient mice, monitoring the expression of activation and inhibition markers upon adoptive transfer (depicted are the
data obtained in individual mice, as representative examples of the group). HDI, hydrodynamic tail vein injection; GFP, green fluorescent protein.
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3.9 In vivo knockdown of Hbb-b1
moderately prolonged the survival of HCC-
bearing mice

In a further validation study, we investigated the effect of Hbb-

b1 knockdown on HCC development (Figures 7A, B). Recipient

groups were gender- and age-matched and selected according

to similar AST, ALT, and LDH levels, as described in previous

sections (data not shown). After the induction of HCC development

in these mice, T cells were transferred on days 13 and 20 post-

HDI (Figure 7A).

Upon Hbb-b1 knockdown, we detected a moderate survival

benefit of 11 days (Figure 7A). Upon T cell transfer, no toxicity was

observed, as confirmed by a stable body weight in both

experimental groups (Figure 7B). This was in line with previous

experiments using shNgp (see section above and Figure 5B). No

influence on the tumor burden was observed between the

experimental and control group (data not shown).

In summary, Hbb-b1 knockdown resulted in a moderate

survival extension in HCC-bearing mice, with no observed

toxicity or impact on tumor burden.
3.10 In vivo knockdown of Hba-a1 and
S100a8 prolonged the survival of HCC-
bearing mice, decreased liver biochemical
parameters, PD-L1-expressing immune
cells, and kept under control Tregs and
several classical ICIs on T cells

We further tested an in vivo knockdown ofHba-ba1 and S100a8

using this time only a single transfer of T cells on day 13 post-HDI

(Figure 7C). A single dose of shS100a8- and shHba-a1-transduced T

cells led to a survival benefit of 19 and 25 days, respectively, in

comparison to the shRen control group (Figure 7C). Next, we

monitored the biochemical parameters in these mice. On day 27

post-HDI, we observed a decreased level of AST in the shS100a8-

and shHba-a1 groups in comparison to shRen control mice,

whereas ALT levels varied among the groups (Supplementary

Figure S16A). The LDH level was highest in the shRen control

group, moderately increased in the sh1008a8, and constantly low in

the shHba-a1 group (Supplementary Figure S16A). The level of

alkaline phosphatase was constantly low in the shS100a8- and

shHba-a1 groups in comparison to the shRen control with a peak

of this parameter on day 27 post-HDI (Supplementary Figure

S16A). The levels of cholinesterase and cholesterine were similar

among the groups, however, both parameters massively increased in

mice with S100a8 knockdown on day 68 post-HDI upon HCC

development (Supplementary Figure S16A). The kinetic of

triglyceride and glucose did not change in comparison to the

shRen group (Supplementary Figure S16A).

Besides the survival study, we also monitored immune cells in

the blood of recipient mice (Supplementary Figure S16B). Similar to

the Ngp data, we observed lower numbers of CD19+ and CD19+

IL-10+ B cells in shHba-a1 and shS100a8 recipient mice, in
Frontiers in Immunology 12116
comparison to the shRen control group (Supplementary Figure

S16B). Furthermore, the Hba-a1 and S100a8 knockdown led to a

constant lower level of PD-L1-expressing DCs and macrophages

(CD19- CD11c+ CD11b+ CD8- PD-L1+ and CD19- CD11c- CD68+

CD11b- PD-L1+, respectively) (Supplementary Figure S16B). The

frequency of CD11b+ macrophages (CD19- CD11c- CD68+

CD11b+) was in general increased in the shHba-a1 and shS100a8

groups, similar to the shNgp group (Supplementary Figure S16B

and Figure 5D). Similarly to the Ngp data, the counts for

macrophages expressing PD-L1+ (CD19- CD11c- CD68+ CD11b-

PD-L1+) were in general lower in the shHba-a1 and shS100a8

groups (Supplementary Figure S16B and Figure 5D). A comparable

pattern was observed in the monocyte population (CD19- CD11c-

CD68- CD8- NK1.1- Ly6C+ CD11b- PD-L1+) in all groups

(Supplementary Figure S16B). Despite a peak in the frequency of

PD-L1+ neutrophils (CD19- CD68- Gr-1+ CD11b+ PD-L1+) on day

41 post-HDI, the shS100a8 group kept those cells in controlled

lower levels in comparison to shRen and shHba-a1 groups

(Supplementary Figure S16B).

Further analysis of CD4 T cells showed the constantly low PD-1

expression in endogenous CD4+ PD-1+ and exogenous GFP+ CD4+

PD-1+ T cells in the shHba-a1 and shS100a8 groups, in comparison

to shRen control (Supplementary Figure S17A). As observed in the

Ngp data, we detected an increase of exogenous CD4+ GFP+ 4-

1BBL+ and CD4+ GFP+ eFluor450+ 4-1BBL+ T cells in shS100a8

and shRen groups (Supplementary Figure S17A). Interestingly, the

in vivo knockdown of Hba-a1 kept at the stable level not only PD-1

but also 4-1BBL expression despite the HCC development

(Supplementary Figure S17A). Further analysis of CD4 T cells

showed similar fluctuations in the expression of the CD160

molecule as detected in Ngp data set. Still, the expression of

CD160 on endogenous CD4+ CD160+ as well as exogenous CD4

T cells (CD4+ GFP+ CD160+) was more controlled in shHba-a1 and

shS100a8 groups when compared to the shRen control

(Supplementary Figure S17A).

Exogenous CD4 T cells in the shHba-a1 and shS100a8 groups

also showed a lower IL-10 (CD4+ GFP+ eFluor450+ IL-10+) and

CD25 (CD4+ GFP+ eFluor450+ CD25+) expression compared to the

shRen control group (Supplementary Figure S17A). Importantly,

Tregs counts (CD4+ GFP+ Foxp3+/CD4+ GFP+ eFluor450+ Foxp3+)

remained low and well controlled in the shHba-a1 and shS100a8

groups, starting from day 44 until HCC development, in contrast to

the shRen control group (Supplementary Figure S17A).

We further analyzed CD8 T cells and detected that the shS100a8

group showed a similar pattern of control of PD-1 and 4-1BBL

expression, as detected in the shNgp group, whereas the shHba-a1

group fully controlled the expression of both molecules on CD8 T

cells (Supplementary Figure S17B and Supplementary Figure S8B).

Similar to CD4 T cells, the expression of CD160 on endogenous

CD8 T cells (CD8+ CD160+) and on exogenous CD8 T cells (CD8+

GFP+ CD160+) was more controlled in shHba-a1 and shS100a8

groups in comparison to shRen control (Supplementary Figure

S17B). Interestingly, CD25 expression in the shHba-a1 and

shS100a8 groups was not as pronounced as in the shNgp group

(Supplementary Figure S17B and Figure 6B).
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FIGURE 7

Hba-a1 and S100a8 knockdown prolonged the survival of HCC-bearing recipient mice and S100A8 & S100A9 were found upregulated in HCC
patients. (A) Kaplan-Meier survival curve of mice that received two transfers of shHbb-b1-transduced CD4 and CD8 T cells or control (shRen) (n=3
in each group). (B) Weight development of mice that received two transfers of shHbb-b1-transduced CD4 and CD8 T cells or control (shRen) (n=3
in each group). (C) Kaplan-Meier survival curve of mice that received one transfer of shHba-a1- or shS100a8-transduced CD4 and CD8 T cells or
control (shRen) (n=2 in each group). (D, E) CD4 T cells and CD8 T cells were isolated from PBMCs and liver tissues of HCC patients and healthy
donors and analyzed for the expression of (D) S100A8 and (E) S100A9 using qPCR. (G) Representative images of IHC using anti-S100A9 staining in
human HCCs (n=4) and healthy donor (n=1). Scale bar, 100 µm. (F) Cellular density of S100A9 positive cells in human HCCs (n=4) and healthy donor
(n=1). HCC, hepatocellular carcinoma; HDI, hydrodynamic tail vein injection; S100A8, S100 calcium-binding protein A8; S100A9, S100 calcium-
binding protein A9.
Frontiers in Immunology frontiersin.org13117

https://doi.org/10.3389/fimmu.2025.1549229
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Hochnadel et al. 10.3389/fimmu.2025.1549229
In summary, the in vivo knockdown of Hba-a1 and S100a8

prolonged the survival of HCC-bearing mice already after one T cell

transfer, thereby decreasing liver biochemical parameters, CD19+

IL-10+ B cells, PD-L1-expressing DCs, and macrophages as well as

Tregs and inhibitory markers, like PD-1, CD160 and 4-1BBL, on T

cells. In vivo knockdown of Hba-a1 was especially efficient while

leading to a constantly low expression of inhibitory markers on

both, CD4 and CD8 T cells.
3.11 T cell therapy and in vivo knockdown
of Ngp, Hbb-b1, Hba-a1, and S100a8 was
safe as confirmed by histopathological
analyses of different murine organs

To exclude organ pathology upon T cell therapy, we isolated

different organs from all mice in validation studies. Importantly, we

could not detect any significant histopathological changes in any of

tested groups after T cell transfer (Supplementary Figure S18). The

brain, heart, lungs, kidneys, pancreas, spleen preserved their

histoarchitecture and cellular structure as confirmed by an

experienced pathologist (Supplementary Figure S18). As expected,

microscopical examination of liver tissues revealed the presence of

multiple neoplastic nodules composed of pleomorphic cells in all

experimental groups, consistent with HCC development

(Supplementary Figure S18). However, no additional pathological

alterations were detected in liver tissues beyond those associated

with tumor progression, further supporting the safety of the

administered T cell therapy and gene knockdown approaches.
3.12 Upregulation of neutrophil-associated
proteins and significant increase in
expression of S100A8 and S100A9 genes in
CD4 and CD8 T cells in PBMCs of HCC
patients

To extrapolate the data obtained in mice to humans, we

analyzed patients-derived material for the expression of the newly

identified target genes. For these purposes, CD4 and CD8 T

lymphocytes were isolated and sorted from HCC tumor tissue,

HCC-free tissue areas, and healthy liver tissue, as well as from the

peripheral blood mononuclear cells (PBMCs) of HCC patients and

healthy donors. qPCR analysis was performed to define the

expression of target genes in human CD4 and CD8 T cells

(Figures 7D, E, Supplementary Figure S19). As Ngp encodes a

mouse-specific neutrophil-associated protein (27) not present in

humans, we analyzed cathelicidin (CAMP), the closest orthologue

of mouse Ngp (28). Surprisingly, we could not confirm an

upregulation of CAMP on PBMCs isolated from HCC patients in

comparison to healthy controls (Supplementary Figure S19A).

Next, we investigated the expression of HBB, the human

orthologue to mouse-specific Hbb-b1, in the PBMCs of HCC

patients. We could not identify any differences in HBB expression

between PBMCs from HCC patients and healthy donors
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(Supplementary Figure S19B). We compared further prominent

and highly upregulated neutrophil-associated genes, lipocalin2

(Lcn2), S100a8, and S100a9, identified as potential new targets in

the microarray data (27). Interestingly, we detected lower

expression levels of LCN2 in CD4 and CD8 T cells in PBMCs

from HCC patients (Supplementary Figure S19C). However,

in T cells isolated from HCC liver tissues (HCC-free and HCC

tissue areas), the opposite effect (not significant) was observed as

LCN2 expression was increased compared to healthy controls

(Supplementary Figure S19D).

Finally, we analyzed the expression of S100A8 and S100A9 and

found a significant increase of both genes in CD4 and CD8 T cells in

PBMCs of HCC patients compared to healthy controls

(Figures 7D–F).

Importantly, too low numbers of CD4 and CD8 T cells were

obtained from resected HCC and healthy liver tissues, and thus,

RNA thereof was a limiting factor in these experiments. Due to the

limited amount of material, we could not perform further qPCR

analysis on T lymphocytes isolated from liver tissue for other

targets. We, therefore, continued checking S100A8/S100A9

molecule in human paraffin liver sections (see next section).
3.13 Immunohistochemistry analysis
revealed increased S100A9-expressing
immune cell infiltration in human HCC

IHC analysis of selected HCC patients revealed a strong

infiltration of tumor stroma and parenchyma with S100A9-

expressing immune cells in comparison to healthy control

(Figures 7F, G), as defined by an experienced pathologist. The

cellular density of S100A9-expressing immune cells in the HCC

tumor core in four tested HCC patients was significantly increased

compared to healthy control samples (Figure 7F).
4 Discussion

In the present study, we aimed to identify new inhibitory

targets, novel ICIs, on T lymphocytes that are triggered by the

HCC TME and are subsequently leading to the inactivation of T cell

function in patients with HCC.

We first worked in mice and performed a microarray analysis

on T lymphocytes isolated from autochthonous HCC murine

models, which highly reflect human disease (21–23, 25, 29, 30).

Based on our results, we identified several upregulated genes (72

genes) in memory (CD44+) (31) CD4 and CD8 T lymphocytes in

HCC-bearing mice, which were further validated using the shRNA

library and the RNAi screen.

The RNAi screen study was performed in four individually

treated mice and for the analysis we used pooled data from all four

mice and data obtained from individual animals were additionally

considered. Surprisingly, only a few shRNAs enrichments were

found on CD4 T cells (liver, relLN, blood), whereas shRNAs in CD8

T cells were found enriched in all the analyzed organs. Among the
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obtained data, we found that shRNAs were targeting prominent

target genes such as: CD200r1, Tspo, and Cacna1d, which were

detected in the liver and relLN of HCC-bearing mice. In humans,

CD200R1 is mainly expressed on myeloid-derived and lymphoid-

derived immune competent cells (32) and the interaction with its

ligand CD200R1 was reported to promote relapse of rectal cancer

(33), to be involved in HCC progression (34) and high expression of

CD200R1 was associated with poor prognosis in non-small cell lung

cancer (35). In humans, TSPO was reported to be involved in the

regulation of cellular proliferation, apoptosis, and mitochondrial

functions (36). Further, TSPO was found up-regulated in colorectal

and breast cancer, where it promotes the malignancy of aberrant

cells (37, 38). CACNA1D belongs to the family of Voltage-gated

calcium channels, which play a role in cellular functions including

mitogenesis, proliferation, differentiation, apoptosis, and metastasis

(39). High expression of CACNA1D correlated with various types of

cancer (40).

For the validation studies, we focused on Ngp, Hbb-b1, Hba-a1,

and S100a8, which were highly upregulated in the microarray

analysis and T cells, harboring shRNAs which targeted these

genes, were present at higher frequencies in RNAi screen data of

individual mice.

The closest human orthologue to Ngp is the anti-microbial

peptide CAMP (28). Neutrophils contain several abundant anti-

microbial proteins and some of those proteins are shared between

mice and humans, such as LCN2, cathepsin G (CTSG),

myeloperoxidase, and S100A8/A9 (27, 41). Importantly, Lcn2,

S100a8, and S100a9 were also found to be highly upregulated in

HCC liver, relLN, and spleen in the microarray and screen studies

(individual mouse analysis). Interestingly, no expression of Ngp on

T lymphocytes could be detected to date and it seems that our data

demonstrated the involvement of Ngp (its upregulation) in T cells in

murine HCC for the first time. However, the overexpression ofNgp´

s orthologues in human CD4 and CD8 T cells in HCC remains to be

investigated using patient-derived HCC tissues, as discussed below.

The Hbb-b1 gene is one out of four subunits of hemoglobin, a

protein in red blood cells, which is mediating the oxygen transport

(42). The human orthologue HBB (42, 43), mainly present in

erythrocytes, is also expressed in macrophages, epithelial cells,

neurons, and hepatocytes (44). In liver cancer, low oxygen levels

lead to hypoxic conditions, which in turn augment an increased

availability of hemoglobin and other factors to provide tumor

angiogenesis (42, 45). To the best of our knowledge, we are the

first to show upregulation ofHbb-b1 in T cells in HCC. However, its

expression in the human HCC context remains to be elucidated, as

discussed below.

The Hba-a1 gene, which encodes the alpha 1 subunit of

hemoglobin, is crucial for the oxygen transport (46). Hba-a1 is

located in the myelin sheath and is expressed in different structures,

including blood vessels, early conceptus, the hematopoietic system,

liver, and visceral pericardium (47). Its human orthologue HBA1

(48) is associated with different hemoglobin disorders (Heinz body

anemia, alpha thalassemia, familial erythrocytosis 7, and

hemoglobin H disease) (49). Interestingly, the knockdown of

Hba-a1 was more efficient and led to a better survival in our
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validation studies than knockdown of Hbb-b1. However, this is

reported for the first time and requires follow-up studies with a

deeper analysis of data with an increased group size and a direct

comparison of both molecules.

S100A8 and S100A9 are two closely related proteins that belong

to the S100 family of calcium-binding proteins (50). Both S100A8

and S100A9 play important roles in various cellular processes,

including inflammation and immune response (51, 52). S100A8

and S100A9 are frequently expressed in neutrophils, macrophages,

monocytes, and other immune cells (51, 53, 54). Among them,

calprotectin is abundantly expressed in neutrophils, accounting for

approximately 50% of cytoplasmic proteins (55, 56). In an

inflammatory environment, S100A8 and S100A9 can be expressed

in activated keratinocytes, epithelial cells, and osteoclasts (50, 52,

57). Most S100 family members, such as S100A8 and S100A9, have

already been reported to be involved in liver cancer (50).

Extracellular S100A9 enhanced the activation of the mitogen-

activated protein kinase (MAPK) signaling pathway via

combination with the receptor advanced glycation end-product

(58, 59). Besides, both S100A8 and S100A9 were previously

reported to be associated with HCC by promoting cell

proliferation (60, 61).

In our study, the knockdown of Ngp in T cells resulted in a

significant prolongation of survival of HCC-bearing mice upon two

therapeutic T cell transfers (41 days). Whereas Hbb-b1 (10 days)

was not as effective. Furthermore, a single therapeutic transfer of

shHba-a1 and shS100a8-transduced T cells showed a prolongation

of survival (26 and 20 days, respectively).

Importantly, the adoptive T cell therapy comprising CD4 and

CD8 T cells with either Ngp, Hbb-b1, Hba-a1 or S100a8

knockdown was well tolerated and showed no toxicity, weight

loss or any other side effects. Currently, many clinical trials on

HCC are investigating the safety of T cell receptor and chimeric

antigen receptor T cell (CAR-T) therapy. Two studies reported an

objective response (62, 63). Until today, four approved CAR-T cell

therapies for the treatment of hematologic cancer are available

and two further CAR-T cell therapies for multiple myeloma are on

the way to approval as standard use (62, 63). Key limitation factors

for the approval of T cell therapies in solid tumors are the

accessibility of T cells in the complex tumor structure, high

heterogeneity and the immunosuppressive TME, inducing up-

regulation of ICIs and subsequent dysfunction of T cells. A limited

expansion and persistence of transferred CAR-T cells were also

reported and are considered as critical parameters to prevent from

tumor recurrence (62, 63). In our study, a survival benefit upon

Ngp, Hba-a1, and S1008 knockdown in T cells in HCC was

achieved and was accomplished by a reduction of PD-1 on CD4

T cells in the blood. This highlights the efficacy of T cell therapy to

influence PD-1 expression without additional intervention, such

as anti-PD-1 blocking antibodies, like e.g. Nivolumab which are

approved by the U.S. Food and Drug Administration and are

currently used for HCC treatment (64). Another benefit of Ngp,

Hba-a1, and S1008 knockdown was the reduction of Foxp3 T cells

(Tregs), which are associated with poor survival prognosis in HCC

patients (65). Interestingly, we observed similar patterns among
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shNgp and shS1008 groups regarding the control of expression of

PD-1, 4-1BBL, and CD160 inhibitory molecules with a final

increase of those on T cells upon HCC development. In

contrast, in the shHba-a1 group, the expression of all three

inhibitory molecules was kept mostly at constantly low levels.

However, its efficacy needs to be further studied in follow-

up studies.

The knockdown of Ngp, Hba-a1, and S1008 also positively

impacted innate immune cell populations by reducing PD-L1-

expressing monocytes, DCs, and macrophages. In our previous

studies, B cells were shown to be increased in HCC, suggesting a

tumor-promoting role (24, 66). In line with this, we found IL-10+-

expressing B cells to be decreased in groups treated with shNgp,

shHba-a1, and shS1008-transduced T cells.

Another beneficial effect of T cell therapy could be observed on

biochemical parameters in plasma such as AST, ALT, LDH, ALP,

GDH, cholesterine, triglyceride, and glucose. These parameters

belong to a standard clinical biochemical analysis of plasma

which is used to detect hepatotoxicity in patients (67). In our

study, the biochemical parameters AST, ALT, and LDHwere kept at

lower levels upon T cell therapy with the knockdown of Ngp, Hba-

a1, and S1008 in comparison to the control (shRen).

To extrapolate our observations into human/clinic, we

identified human orthologues for the defined murine inhibitory

target genes. Thereby, we could partially confirm our microarray

data by showing upregulation of S100A8 and S100A9 in T cells and

also in human samples using qPCR - both S100A8 and S100A9 were

found significantly upregulated on CD4 and CD8 T cells isolated

from blood PBMCs of HCC patients. Importantly, S100A9-positive

cells were also upregulated in human HCC tissues derived from

four patients.

In contrast to our expectation, LCN2, CAMP, and HBB, did not

confirm our data obtained in mice and were not found upregulated

in blood PBMCs isolated from HCC patients. Although LCN2,

CAMP, and HBB are orthologues of mouse Lcn2, Ngp, and Hbb-b1,

it was reported that there are divergences in the expression and the

splicing of genes between human and mouse which might explain

the observed discrepancies (68, 69).

It is also important to mention that T cells in our mouse study

were isolated from tissues and predominantly compared to human

T cells isolated from PBMCs. Different cell localization contains

different composition of activation/inhibitory receptors in the

surrounding compartment which shapes the phenotype of

immune cells (70). In studies of Tada et al. on patients with

advanced gastric cancer and VEGF-blocking antibody treatment,

tumor-infiltrating lymphocytes (TILs) and PBMCs were compared

regarding their expression of ICIs (PD-1, LAG3, CTLA-4, ICOS)

and demonstrated a higher presence of ICIs on TILs than on

PBMCs, highlighting the influence of T cell localization on the T

cell phenotype (71). Performing single-cell sequencing of TILs from

different tumors revealed that even within the same tumor different

subtypes of T cells are present which differ from T cells in normal

tissue (72). Also, it was mentioned that TILs found in one type of

cancer, differ from those found in another type of cancer (72),

which might be also influenced by the stage of the disease (72, 73).
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Therefore, to establish tools for phenotyping T cells as prognostic

markers, sufficient characterizations are necessary and for

treatments with immunomodulatory agents, the stages of disease

and the T cell source have to be considered. Importantly and in line

with the above mentioned, upregulation of LCN2 which was not

detected in PBMCs, although not significant, was shown in our

study in human HCC tissues in CD4 and CD8 T cells. Therefore, it

remains to be elucidated using patients-derived HCC tissues,

whether Ngp, Hbb-b1, Hba-a1, and S1008 orthologues are

upregulated on T cells during HCC development. Also, further

prominent genes identified in the screen (CD200r1, Tspo, Cacna1d)

need to be validated in human material. While planning validation

experiments, it is highly important to perform kinetic studies and to

follow-up the changes in counts as well as ICIs phenotype in

adoptively transferred as well as endogenous T cells. Our kinetic

studies showed that T cell therapy influences also endogenous CD4

and CD8 T cells and that the expression pattern on transferred

(exogenous) T cells mostly resembled the expression pattern of

endogenous CD4 and CD8 T cells.

We performed validation studies for only four (Ngp, Hbb-b1,

Hba-a1, S100a8) genes. Further studies on genes identified in

the screen need to be performed and confirmed in human

material, including a thorough mechanistic characterization.

Also, CD4 and CD8 T cells should be applied in vivo separately

to unravel the potential of shRNA for each T cell type individually.

Further, a combination therapy, comprising i) “therapeutic”

T cells with ii) antibodies targeting classical ICIs such as a-PD-
1 and/or cancer vaccines based e.g. on attenuated Listeria

monocytogenes as recently developed in our study (66), could be

further considered, especially at advanced stages of this highly

aggressive malignant liver disease.
5 Conclusions

In conclusion, in our study, we defined new inhibitory markers

(ICI molecules) arising on memory T cells during aggressive HCC

development. Employing a murine model that closely mimics

human disease, we identified a repertoire of upregulated genes in

CD4 and CD8 T lymphocytes, unveiling potential targets for

therapeutic intervention.

The adoptive T cell therapy was safe and targeting Ngp, Hba-a1,

and S100a8 genes demonstrated a substantial survival benefit in

aggressive murine HCC models. Moreover, this therapeutic

approach exhibited efficacy in modulating immune checkpoints,

such as PD-1, 4-1BBL, and CD160 on endogenous and exogenous

(transferred) CD4 and CD8 T cells.

Beyond survival outcomes, our T cell therapy exerted positive

effects on innate immune cell populations while reducing PD-L1

molecules on DCs, monocytes, and macrophages, decreasing IL-10+

B cells and controlling liver biochemical parameters, altogether

offering a comprehensive perspective on its potential clinical

applications. In addition, we identified the presence of at least

one target (S100A8/S100A9) in human samples using qPCR analysis

in PBMCs and via IHC on HCC liver tissues. The obtained results
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pave the way for the use of the defined molecules as important

immunotherapeutic targets in further preclinical and clinical

studies in HCC patients.
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and Maojin You3*†
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2Department of Clinical Nutrition, Zhangzhou Affiliated Hospital of Fujian Medical University,
Zhangzhou, Fujian, China, 3Department of Pharmacy, Mindong Hospital Affiliated to Fujian Medical
University, Ningde, Fujian, China
Background: The COMPASSION-15 trial demonstrated that cadonilimab plus

chemotherapy (CAD-CHM) confers clinical benefits over placebo plus

chemotherapy (PLA-CHM) as a first-line treatment for human epidermal growth

factor receptor 2 (HER2)-negative advanced gastric or gastroesophageal junction

(G/GEJ) adenocarcinoma. However, the introduction of cadonilimab substantially

elevates treatment costs, and its cost-effectiveness relative to PLA-CHM remains

undetermined. This study evaluates the cost-effectiveness of CAD-CHM

compared with PLA-CHM from the perspective of the Chinese healthcare system.

Methods: A Markov model with three health states was developed to assess the

cost-effectiveness of CAD-CHM in HER2-negative advanced G/GEJ

adenocarcinoma. Clinical efficacy data were sourced from the COMPASSION-

15 trial, while drug costs were calculated based on national tender prices, and

additional costs and utility values were extracted from published literature. The

analysis encompassed the overall population, as well as subgroups stratified by

programmed death ligand 1 (PD-L1) combined positive score (CPS) ≥ 5 and CPS <

5. Outcomes included total costs, quality-adjusted life-years (QALYs), and

incremental cost-effectiveness ratios (ICERs). Sensitivity analyses were

conducted to evaluate model robustness.

Results: The ICER of CAD-CHM was $67,378.09 per QALY in the overall

population, $48,433.34 per QALY in the PD-L1 CPS ≥ 5 subgroup, and

$78,463.86 per QALY in the PD-L1 CPS < 5 subgroup. Key determinants

influencing model outcomes included patient weight, cadonilimab cost, and

the utility value of progression-free survival. Across all groups, CAD-CHM

resulted in an ICER exceeding the willingness-to-pay threshold of $41,511 per

QALY, with a 0% probability of cost-effectiveness compared with PLA-CHM.
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Conclusion: From the perspective of the Chinese healthcare system, CAD-CHM

is not cost-effective as a first-line treatment for HER2-negative advanced G/GEJ

adenocarcinoma, either in the overall population or in subgroups stratified by

PD-L1 CPS status, compared with chemotherapy alone.
KEYWORDS

cadonilimab, chemotherapy, cost-effectiveness, first-line treatment, HER2-negative,
gastric or gastroesophageal junction adenocarcinoma
1 Introduction

Gastric cancer, including gastroesophageal junction (GEJ)

cancer, remains a major global health challenge, ranking fifth in

both incidence and mortality among malignant tumors. In 2022,

over 968,000 new cases and nearly 660,000 deaths were reported

worldwide (1, 2). China bears a disproportionately high gastric or

GEJ (G/GEJ) burden, accounting for 42% of global new cases and

45% of gastric cancer-related deaths (3). Due to the lack of specific

clinical symptoms, nearly 90% of patients with G/GEJ cancer are

diagnosed at an advanced stage (4), resulting in a dismal prognosis,

with a five-year survival rate below 5% (5). Adenocarcinoma is the

predominant histological subtype, representing over 90% of G/GEJ

cancers, and the majority of these tumors are human epidermal

growth factor receptor 2 (HER2)-negative (6, 7). For decades,

platinum- and fluorouracil-based combination chemotherapy has

remained the standard first-line treatment for HER2-negative

advanced G/GEJ adenocarcinoma (8). However, therapeutic

outcomes remain suboptimal, with a median survival of less than

one year (9).

Recent clinical trials have demonstrated that combining

programmed cell death protein 1 (PD-1) inhibitors with

chemotherapy improves survival in patients with HER2-negative

G/GEJ adenocarcinoma (10–14). Moreover, evidence suggests that

dual blockade of PD-1 and cytotoxic T-lymphocyte-associated

protein 4 (CTLA-4) enhances antitumor responses across

multiple solid tumors (15–17). Cadonilimab, a tetravalent

bispecific human antibody targeting PD-1 and CTLA-4, exhibits

enhanced binding activity in tumor tissues (18–20). The

COMPASSION-15 phase III trial recently evaluated the efficacy

and safety of cadonilimab plus chemotherapy (CAD-CHM) as a

first-line treatment for HER2-negative advanced G/GEJ

adenocarcinoma (21). The results demonstrated a significant

improvement in median overall survival (OS) (14.1 vs. 11.1

months) and median progression-free survival (PFS) (7.0 vs. 5.3

months) compared with placebo plus chemotherapy (PLA-CHM),

with manageable safety. These findings suggest CAD-CHM as a

potential first-line treatment option for HER2-negative advanced

G/GEJ adenocarcinoma.

Despite its promising clinical efficacy, the incorporation of

cadonilimab into combination therapy substantially increases
02125
treatment costs, particularly drug-related expenses, imposing a

significant financial burden. In resource-limited settings such as

China, the cost-effectiveness of CAD-CHM remains a critical

consideration for clinicians and policymakers. To date, no

comprehensive economic evaluation has assessed CAD-CHM as a

first-line treatment for HER2-negative advanced G/GEJ

adenocarcinoma. The absence of such analyses may hinder its

adoption in healthcare systems with constrained resources.

Therefore, this study aims to evaluate the cost-effectiveness of

CAD-CHM compared with PLA-CHM as a first-line treatment

for HER2-negative advanced G/GEJ adenocarcinoma from the

perspective of the Chinese healthcare system.
2 Methodology

This study was conducted following the Consolidated Health

Economic Evaluation Reporting Standards 2022 (Supplementary

Table 1) (22).
2.1 Model development

AMarkov model was developed using TreeAge 2022 software to

assess the cost-effectiveness of CAD-CHM versus PLA-CHM as

first-line treatments for HER2-negative advanced G/GEJ

adenocarcinoma (Figure 1). The model comprised three health

states: PFS, progressive disease (PD), and death. All patients

entered the model in the PFS state, with death as the absorbing

state (23). During each cycle, patients could either remain in their

current state or transition to the next state, with no possibility of

reversal. The cycle length was set at 21 days to align with the

treatment cycle, and the model was run for 160 cycles

(approximately 9.2 years), by which point 99% of patients were

expected to have died. The primary model outcomes included total

costs, quality-adjusted life-years (QALYs), and the incremental

cost-effectiveness ratios (ICERs). In accordance with the Chinese

Guidelines for Pharmacoeconomic Evaluation, the willingness-to-

pay (WTP) threshold was set at three times the per capita GDP of

China in 2024 ($41,511 per QALY) (24), with an ICER below this

threshold considered cost-effective.
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2.2 Patient clinical treatment data

Clinical treatment data were derived from the COMPASSION-

15 trial (21), a multicenter, randomized, phase III trial conducted

across 75 hospitals in China. Eligible patients were aged 18–75

years, had histologically confirmed unresectable, locally advanced,

or metastatic HER2-negative G/GEJ adenocarcinoma, and had not

received prior systemic anticancer therapy. A total of 610 patients

were enrolled in the COMPASSION-15 trial, including 256

patients with a PD-L1 Combined Positive Score (CPS) ≥ 5 and

304 patients with a PD-L1 CPS < 5. Patients were randomized to

receive either cadonilimab or placebo in combination with

chemotherapy (oxaliplatin and capecitabine) (CAD-CHM or

PLA-CHM). Specifically, cadonilimab (10 mg/kg) or placebo was

administered via intravenous infusion on Day 1 of each cycle,

oxaliplatin (130 mg/m2) via intravenous injection on Day 1 of each

cycle, and capecitabine (1,000 mg/m2) orally twice daily on Days 1–

14 of each cycle, with each cycle lasting 3 weeks for up to 6 cycles.

Thereafter, patients continued maintenance therapy with

cadonilimab or placebo until disease progression or intolerable

toxicity. According to the COMPASSION-15 trial (21), the

median treatment duration for cadonilimab in the CAD-CHM

group was 5.62 months, while oxaliplatin and capecitabine were

administered for a median of 4.14 months and 4.17 months,

respectively. In the PLA-CHM group, oxaliplatin and capecitabine

were administered for a median of 4.14 months. As post-

progression treatment details were not provided in the
Frontiers in Immunology 03126
COMPASSION-15 trial, it was assumed that all patients received

the best supportive care following disease progression. The study

population included the overall population as well as subgroups

stratified by PD-L1 CPS (≥ 5 and < 5).
2.3 Survival transition probabilities

GetData Graph Digitizer (version 2.26) was used to digitize the

PFS and OS curves from the COMPASSION-15 trial. Patient

survival data were reconstructed in R software following the

method outlined by Guyot et al. (25), and various survival

distributions were fitted to extrapolate survival curves beyond the

clinical trial follow-up period. The evaluated distributions included

exponential, gamma, generalized F, generalized gamma, Gompertz,

Weibull, log-logistic, and log-normal models (26, 27). The optimal

survival distribution was selected based on Akaike and Bayesian

information criteria (28, 29) and subsequently used to estimate

transition probabilities between health states (Supplementary

Table 2). The best-fitting survival distributions and their

parameters are detailed in Table 1.
2.4 Costs and utilities

This study exclusively considered direct medical costs, including

drug expenses, diagnostic tests, routine follow-up, best supportive
FIGURE 1

The Markov model simulating outcomes for the COMPASSION-15 trial. All patients started with PFS state and received treatment with CAD-CHM or
PLA-CHM. CAD-CHM, cadonilimab plus chemotherapy; G/GEJ, gastric or gastroesophageal junction; HER2, human epidermal growth factor
receptor 2; PD, progressive disease; PFS, progression-free survival; PLA-CHM, placebo plus chemotherapy.
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care, management of grade 3 or higher adverse events with an

incidence exceeding 5%, and end-of-life care (Table 2). Drug costs

were sourced from national tender prices, while other expenditures

were obtained from published literature and adjusted to 2024 values

using the medical price index from the National Bureau of Statistics

of China (30). All costs were reported in US dollars and converted at

the 2024 average exchange rate (1 USD = 7.12 CNY). As the

COMPASSION-15 trial did not provide quality-of-life data, utility

values for PFS and PD were derived from published studies in China

(31). To address the potential bias arising from the use of identical

utility values for the CAD-CHM and PLA-CHM groups, we

considered the disutility of grade 3 or higher adverse events with

an incidence exceeding 5% in each treatment group, to improve the

accuracy of the health utility values for each treatment group. All

costs and utility values were discounted at an annual rate of 5%, in

line with pharmacoeconomic guidelines (24). Drug dosages were

calculated based on an assumed patient weight of 65 kg and a body

surface area of 1.72 m2 (32).
Frontiers in Immunology 04127
2.5 Sensitivity analysis

A one-way sensitivity analysis was performed to evaluate the

impact of parameter variations on model outcomes. Each parameter

was adjusted within its reported 95% confidence interval, and where

unavailable, a ±20% range around the baseline value was applied.

The discount rate was varied from 0% to 8% (Table 2). The results

were visualized using a tornado diagram. To assess the combined

effect of parameter uncertainty, a probabilistic sensitivity analysis

was conducted using 1,000 Monte Carlo simulations, with each

parameter assigned a specific probability distribution (Table 2). The

results were illustrated in a scatter plot. Additionally, the ICER of

CAD-CHM compared with PLA-CHM was iteratively recalculated

while progressively reducing the price of cadonilimab to determine

the threshold at which CAD-CHM becomes cost-effective.
2.6 Scenario analysis

Two scenario analyses were performed for the overall population.

In Scenario 1, the model duration was adjusted to 2, 4, and 6 years to

assess its influence on model outcomes. In Scenario 2, it was assumed

that only 30% or 50% of patients received the best supportive care after

disease progression, simulating real-world scenarios where some

patients discontinue treatment for various reasons.
3 Results

3.1 Results of the base case analysis

In the overall population, CAD-CHM incurred a total cost of

$36,207.12 and yielded 1.25 QALYs, while PLA-CHM had a total

cost of $10,248.88 and provided 0.86 QALYs, resulting in an ICER

of $67,378.09 per QALY. In the PD-L1 CPS ≥ 5 subgroup, CAD-

CHM cost $39,098.19 and achieved 1.46 QALYs, whereas PLA-

CHM cost $10,301.32 and yielded 0.87 QALYs, with an ICER of

$48,433.34 per QALY. In the PD-L1 CPS < 5 subgroup, CAD-CHM

incurred a total cost of $33,824.19 and provided 1.17 QALYs, while

PLA-CHM cost $10,334.52 and generated 0.87 QALYs, resulting in

an ICER of $78,463.86 per QALY (Table 3). All ICERs exceeded the

WTP threshold of $41,511 per QALY, indicating that CAD-CHM is

not cost-effective compared with chemotherapy alone for HER2-

negative advanced G/GEJ adenocarcinoma from the perspective of

the Chinese healthcare system.
3.2 Sensitivity analysis

One-way sensitivity analysis results, visualized in a tornado

diagram (Figures 2–4), indicated that patient weight, cadonilimab

cost, and PFS utility value were the most influential parameters in

the overall population and the PD-L1 CPS < 5 subgroup. However,

even under parameter variations, the ICER remained above the

WTP threshold, suggesting minimal impact on model conclusions.
TABLE 1 Relevant parameters of survival distribution.

Variable Value Source

Survival model for the overall population

Log-logistic survival model of PFS

CAD-CHM group Scale = 0.1263066, Shape = 1.744355 (21)

PLA-CHM group Scale = 0.2011074, Shape = 2.190154 (21)

Log-logistic survival model of OS

CAD-CHM group
Scale = 0.06831391, Shape
= 1.691376 (21)

PLA-CHM group
Scale = 0.09292127, Shape
= 1.952410 (21)

Survival model for the PD-L1 CPS ≥ 5 subgroup

Log-logistic survival model of PFS

CAD-CHM group Scale = 0.1233483, Shape = 1.668463 (21)

PLA-CHM group Scale = 0.1973213, Shape = 2.321586 (21)

Log-logistic survival model of OS

CAD-CHM group
Scale = 0.05837011, Shape
= 1.482514 (21)

PLA-CHM group
Scale = 0.09334744, Shape
= 1.898245 (21)

Survival model for the PD-L1 CPS < 5 subgroup

Log-logistic survival model of PFS

CAD-CHM group Scale = 0.1318699, Shape = 1.857267 (21)

PLA-CHM group Scale = 0.1999651, Shape = 2.147308 (21)

Log-logistic survival model of OS

CAD-CHM group
Scale = 0.07192116, Shape
= 1.754681 (21)
CAD-CHM, cadonilimab plus chemotherapy; CPS, combined positive score; OS, overall
survival; PD-L1, programmed death ligand 1; PFS, progression-free survival; PLA-CHM,
placebo plus chemotherapy.
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TABLE 2 The basic parameters of the input model and the range of sensitivity analyses.

Variable
Base Value Range

Distribution Source
Min Max

PLA-CHM group: Incidence of AEs

Decreased platelet count 0.285 0.228 0.342 Beta (21)

Decreased neutrophil count 0.151 0.121 0.181 Beta (21)

Decreased white blood cell count 0.072 0.058 0.086 Beta (21)

Anemia 0.102 0.082 0.122 Beta (21)

Hypokalemia 0.059 0.047 0.071 Beta (21)

PLA-CHM group: Incidence of AEs

Decreased platelet count 0.250 0.200 0.300 Beta (21)

Decreased neutrophil count 0.148 0.118 0.178 Beta (21)

Decreased white blood cell count 0.063 0.050 0.076 Beta (21)

Anemia 0.125 0.100 0.150 Beta (21)

Hypokalemia 0.010 0.008 0.012 Beta (21)

Cost ($)

Cadonilimab (125mg) 235.96 188.77 283.15 Gamma (33)

Oxaliplatin (100mg) 32.88 26.30 39.46 Gamma (33)

Capecitabine (500mg) 0.75 0.60 0.90 Gamma (33)

Decreased platelet count 1157.50 926.00 1389.00 Gamma (31)

Decreased neutrophil count 454.71 363.77 545.65 Gamma (34)

Decreased white blood cell count 211.06 168.85 253.27 Gamma (35)

Anemia 336.97 269.58 404.36 Gamma (36)

Hypokalemia 3003.00 2402.40 3603.60 Gamma (37)

Best supportive care per cycle 182.41 145.93 218.89 Gamma (38)

Routine follow-up per cycle 73.79 59.03 88.55 Gamma (38)

Diagnostic tests per cycle 357.70 286.16 429.24 Gamma (34)

End-of-life care 1491.00 1192.80 1789.19 Gamma (27)

Utility value

PFS 0.797 0.638 0.956 Beta (31)

PD 0.577 0.462 0.692 Beta (31)

Disutility due to AEs

Decreased platelet count 0.02 0.016 0.024 Beta (39)

Decreased neutrophil count 0.20 0.160 0.240 Beta (40)

Decreased white blood cell count 0.20 0.160 0.240 Beta (40)

Anemia 0.07 0.056 0.084 Beta (41)

Hypokalemia 0.03 0.024 0.036 Beta (37)

Discount rate 0.05 0.08 0.00 Fixed (24)

Weight (kg) 65 52 78 Normal (31)
F
rontiers in Immunology
 05128
AE, adverse event; CAD-CHM, cadonilimab plus chemotherapy; OS, overall survival; PD, progressive disease; PFS, progression-free survival; PLA-CHM, placebo plus chemotherapy.
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In contrast, in the PD-L1 CPS ≥ 5 subgroup, CAD-CHM became

cost-effective when patient weight and cadonilimab cost

approached their lower limits. Probabilistic sensitivity analysis

results, illustrated in a scatter plot (Figures 5–7), showed that the

probability of CAD-CHM being cost-effective at a WTP threshold

of $41,511 per QALY was 6.4% in the overall population, 31.0% in

the PD-L1 CPS ≥ 5 subgroup, and 2.4% in the PD-L1 CPS < 5

subgroup. Additionally, cost-reduction analysis revealed that CAD-

CHM would only become a cost-effective first-line option for

HER2-negative advanced G/GEJ adenocarcinoma in the overall

population if the cost of cadonilimab (150 mg) dropped

below $129.5.
3.3 Scenario analysis

Scenario analysis results are presented in Table 4. In Scenario 1,

when the model duration was adjusted to 2, 4, and 6 years, the
Frontiers in Immunology 06129
ICERs of CAD-CHM compared with PLA-CHM were $115,126.94/

QALY, $81,383.15/QALY, and $72,632.12/QALY, respectively. This

indicates a progressive decline in ICER with increasing model

duration. In Scenario 2, when the proportion of patients receiving

the best supportive care was set at 30% and 50%, the ICERs of CAD-

CHM compared with PLA-CHM were $66,971/QALY and

$67,087.94/QALY, respectively. This indicates that the model

results are relatively insensitive to assumptions regarding changes

in the proportion of patients receiving the best supportive care.
4 Discussion

Co-inhibition of PD-1 and CTLA-4 induces a synergistic anti-

tumor response by reshaping the tumor immune microenvironment

into a more immunogenic phenotype (42). The complementary

effects of CTLA-4 and PD-1 inhibitors have been well established

(43). Cadonilimab, the first bispecific immune checkpoint inhibitor
TABLE 3 The cost and outcome results of the base-case analysis.

Parameters

Overall population PD-L1 CPS ≥ 5 subgroup PD-L1 CPS < 5 subgroup

CAD-
CHM group

PLA-
CHM group

CAD-
CHM group

PLA-
CHM group

CAD-
CHM group

PLA-
CHM group

Total cost ($) 36,207.12 10,248.88 39,098.19 10,301.32 33,824.19 10,334.52

Incremental costs ($) 25,958.24 – 28,793.87 – 23,489.67 –

Total effectiveness (QALYs) 1.25 0.86 1.46 0.87 1.17 0.87

Incremental
effectiveness (QALYs)

0.39 – 0.59 – 0.30 –

ICER ($/QALY) 67,378.09 – 48,433.34 – 78,463.86 –
CAD-CHM, cadonilimab plus chemotherapy; CPS, combined positive score; ICER, incremental cost-effectiveness ratio; OS, overall survival; PD, progressive disease; PD-L1, programmed death
ligand 1; PFS, progression-free survival; PLA-CHM, placebo plus chemotherapy; QALY, quality-adjusted life year.
FIGURE 2

One-way sensitivity analyses in the overall population. CAD-CHM, cadonilimab plus chemotherapy; ICER, incremental cost-effectiveness ratio; PD,
progressive disease; PFS, progression-free survival; PLA-CHM, placebo plus chemotherapy.
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approved globally, simultaneously targets PD-1 and CTLA-4,

enhancing anti-tumor efficacy through dual-pathway blockade (18).

The COMPASSION-15 trial (21) demonstrated that CAD-CHM

significantly improves survival in patients with HER2-negative

advanced G/GEJ adenocarcinoma, underscoring its clinical

potential. However, the escalating costs of novel cancer therapies

pose a substantial challenge to healthcare system sustainability. As

previously reported (23, 44), comprehensive cost-effectiveness

evaluations are crucial for guiding policy decisions and optimizing
Frontiers in Immunology 07130
healthcare resource allocation. Given the high cost of CAD-CHM, a

thorough assessment of its cost-effectiveness as a first-line treatment

for HER2-negative advanced G/GEJ adenocarcinoma is imperative to

ensure both economic feasibility and equitable access within

resource-constrained healthcare systems.

This study represents the first cost-effectiveness analysis of

CAD-CHM as a first-line treatment for HER2-negative advanced

G/GEJ adenocarcinoma within the Chinese healthcare system.

Beyond its domestic significance, the findings offer valuable
FIGURE 4

One-way sensitivity analyses in the PD-L1 CPS < 5 subgroup. CAD-CHM, cadonilimab plus chemotherapy; ICER, incremental cost-effectiveness
ratio; PD, progressive disease; PFS, progression-free survival; PLA-CHM, placebo plus chemotherapy.
FIGURE 3

One-way sensitivity analyses in PD-L1 CPS ≥ 5 subgroup. CAD-CHM, cadonilimab plus chemotherapy; ICER, incremental cost-effectiveness ratio;
PD, progressive disease; PFS, progression-free survival; PLA-CHM, placebo plus chemotherapy.
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insights for the global medical community, marking a core

innovation of this research. Compared with PLA-CHM, the

incremental cost per additional QALY gained with CAD-CHM

amounts to $67,378.09 in the overall population, $48,433.34 in the

PD-L1 CPS ≥ 5 subgroup, and $78,463.86 in the PD-L1 CPS < 5

subgroup—substantially exceeding the predefined WTP threshold

of $41,511 per QALY. Consequently, CAD-CHM does not

demonstrate cost-effectiveness as a first-line therapy for HER2-

negative advanced G/GEJ adenocarcinoma, irrespective of PD-L1

CPS status, from the perspective of the Chinese healthcare system.
Frontiers in Immunology 08131
This outcome likely stems from the prolonged maintenance therapy

required for cadonilimab and its substantially higher cost relative to

oxaliplatin and capecitabine, leading to significantly elevated drug

expenditures without providing sufficient incremental survival

benefits. One-way sensitivity analysis identified patient weight

(which determines cadonilimab dosing) and drug cost as the most

influential factors in the cost-effectiveness of CAD-CHM, further

supporting this conclusion. These findings highlight an urgent need

to reduce the cost of cadonilimab to improve the affordability of the

CAD-CHM regimen. Policy interventions should be implemented
FIGURE 5

Probabilistic sensitivity analysis in the overall population. CAD-CHM, cadonilimab plus chemotherapy; ICE, incremental cost-effectiveness; PLA-CHM,
placebo plus chemotherapy; WTP, willingness-to-pay.
FIGURE 6

Probabilistic sensitivity analysis in PD-L1 CPS ≥ 5 subgroup. CAD-CHM, cadonilimab plus chemotherapy; ICE, incremental cost-effectiveness; PLA-
CHM, placebo plus chemotherapy; WTP, willingness-to-pay.
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to enhance the cost-effectiveness of these promising treatments,

ensuring broader patient access. Pharmaceutical companies can

mitigate costs by optimizing manufacturing processes, improving

supply chain efficiency, and refining pricing strategies, thereby

enhancing the economic viability of this regimen and facilitating

the widespread adoption of innovative therapies. Additionally, the

analysis suggests that the cost of cadonilimab (125 mg) must be

reduced to below 54.89% of its current price—specifically, under

$129.50—for CAD-CHM to become a cost-effective first-line option

for HER2-negative advanced G/GEJ adenocarcinoma in the overall

population. This threshold provides a critical pricing benchmark for

both healthcare policymakers and pharmaceutical manufacturers.

Subgroup analysis revealed that the ICER in the PD-L1 CPS ≥ 5

subgroup was substantially lower than that in the overall population,

whereas the ICER in the PD-L1 CPS < 5 subgroup exceeded that of the
Frontiers in Immunology 09132
overall population. Although neither subgroup achieved cost-

effectiveness, the CAD-CHM regimen demonstrated greater economic

viability in the PD-L1 CPS ≥ 5 subgroup. This underscores the critical

role of PD-L1 expression level detection, which may serve as a strategy

to enhance the cost-effectiveness of CAD-CHM in treating HER2-

negative advanced G/GEJ adenocarcinoma. These findings provide

valuable guidance for Chinese medical insurance policymakers in

defining appropriate reimbursement criteria for cadonilimab.

Scenario analysis has proven instrumental in evaluating drug

cost-effectiveness by accounting for varying assumptions

and uncertainties, thereby better approximating real-world

complexities. Accordingly, two scenario analyses were conducted.

Scenario 1 demonstrated that prolonged treatment duration

improves the cost-effectiveness of CAD-CHM. Scenario 2

indicated that following disease progression, an increased
FIGURE 7

Probabilistic sensitivity analysis in PD-L1 CPS < 5 subgroup. CAD-CHM, cadonilimab plus chemotherapy; ICE, incremental cost-effectiveness; PLA-
CHM, placebo plus chemotherapy; WTP, willingness-to-pay.
TABLE 4 Scenario analyses in the overall population.

Scenarios Cost ($) QALY ICER ($/QALY)

CAD-CHM group PLA-CHM group CAD-CHM group PLA-CHM group

Scenario 1

Model runtime (year) =2 28,851.56 9,018.77 0.88 0.71 115,126.94

Model runtime (year) =4 33,334.83 9,824.75 1.10 0.81 81,383.15

Model runtime (year) =6 35,029.39 10,085.97 1.18 0.84 72,632.12

Scenario 2

30% of patients receive BSC 33,935.08 8,133.34 1.25 0.86 66,971.88

50% of patients receive BSC 34,584.24 8,737.78 1.25 0.86 67,087.94
BSC, best supportive care; CAD-CHM, cadonilimab plus chemotherapy; CPS, combined positive score; ICER, incremental cost-effectiveness ratio; PLA-CHM, placebo plus chemotherapy;
QALY, quality-adjusted life year.
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proportion of patients receiving the best supportive care does not

substantially impact the ICER of CAD-CHM, suggesting that

continued supportive care does not significantly diminish the

cost-effectiveness of CAD-CHM. These analyses suggest that

extended treatment adherence may optimize therapeutic value,

aligning with the interests of clinicians, patients, and their

families, as well as broader ethical and societal considerations.

To date, only two cost-effectiveness studies have assessed the

use of immune checkpoint inhibitors as first-line treatments for

HER2-negative advanced G/GEJ adenocarcinoma within the

Chinese healthcare system. Lang et al. (45) and Zhang et al. (46)

concluded that pembrolizumab plus chemotherapy is not cost-

effective as a first-line option for treating HER2-negative

advanced G/GEJ adenocarcinoma. These findings are consistent

with the present study, which similarly identified no economic

advantage of CAD-CHM over chemotherapy alone.

This study possesses several notable strengths. First, it leverages the

most recent data from the COMPASSION-15 trial, incorporating

nearly two years of survival analysis to compare the efficacy of

cadonilimab plus chemotherapy with chemotherapy alone, thereby

providing the latest clinical evidence. Second, as all participants in the

COMPASSION-15 trial were Chinese patients, the findings exhibit

strong population-specific applicability, offering a more accurate

reflection of treatment outcomes and economic benefits within the

Chinese healthcare system. Lastly, through comprehensive subgroup

and scenario analyses, the study evaluates economic impacts across

diverse patient cohorts and treatment conditions, furnishing critical

insights for clinicians, patients, and policymakers in making

personalized treatment decisions.

However, certain limitations should be acknowledged. First, given

that the COMPASSION-15 trial remains ongoing, long-term survival

data are currently unavailable. This study extrapolated survival beyond

the follow-up period using survival models, which may introduce some

deviation from actual outcomes. For instance, the tail of the survival

curve for patients receiving immunotherapymay exhibit a plateau (47).

Our model does not account for the possibility of long-term survival

and may therefore underestimate the efficacy of immunotherapy.

Future studies should validate these findings using real-world data

for cost-effectiveness analysis. Second, post-progression treatment

details were not reported in the COMPASSION-15 trial,

necessitating the assumption that all patients received the best

supportive care after first-line treatment failure, which may not fully

align with real-world clinical practice. In reality, the selection of

subsequent treatment regimens is individualized based on each

patient’s specific circumstances. Fortunately, the results of the one-

way sensitivity analysis provided reassurance, as they consistently

indicated that altering the estimated range of subsequent treatments

would not change the model’s outcomes. Third, due to the absence of

quality-of-life data in the trial, health utility values were sourced from

Chinese literature, potentially introducing bias into the model;

however, sensitivity analysis confirmed that this does not alter the

study’s overall conclusions. However, it must be acknowledged that

obtaining more accurate health utility values is crucial for enhancing

the accuracy of our model outcomes. Should future clinical studies
Frontiers in Immunology 10133
report health-related quality-of-life outcomes specific to the Chinese

population, incorporating these reliable data would optimize ourmodel

results. Lastly, this analysis focused solely on the cost-effectiveness of

CAD-CHM relative to chemotherapy alone, without considering

alternative treatment regimens such as pembrolizumab plus

chemotherapy, owing to the lack of direct comparative data.

However, the studies by Lang et al. (45) and Zhang et al. (46)

suggest that pembrolizumab combined with chemotherapy is not

cost-effective compared to chemotherapy alone. Therefore, we believe

that selecting chemotherapy as the comparator in the cost-effectiveness

analysis of CAD-CHM is reasonable. Despite these limitations, the

findings remain highly informative for healthcare policymakers,

clinicians, and patients.
5 Conclusion

The study results indicate that, from the perspective of the

Chinese healthcare system, CAD-CHM as a first-line treatment for

HER2-negative advanced G/GEJ adenocarcinoma lacks cost-

effectiveness compared with chemotherapy alone, irrespective of

PD-L1 CPS subgroup stratification.
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Hyperbaric oxygen therapy as an
immunosensitizing strategy in
advanced gastric hepatoid
adenocarcinoma: a case report
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Background:Hepatoid adenocarcinoma of the stomach (HAS) is a rare but highly

aggressive subtype of gastric cancer (GC) associated with an unfavorable

prognosis, particularly in advanced or metastatic stages. While the standard

first-line treatment for advanced GC involves immune checkpoint inhibitors

(ICIs) combined with chemotherapy, HAS often shows a poor therapeutic

response to this regimen. The hypoxia in the tumor microenvironment is

considered a key factor limiting ICI efficacy, and combining hyperbaric oxygen

therapy (HBOT) with immunotherapy may offer a synergistic sensitizing effect.

Methods: We report a case of advanced HAS with peritoneal metastasis who

received standard first-line immunochemotherapy (CAPOX plus sintilimab). After

four cycles, the patient achieved only stable disease (SD) per RECIST 1.1 criteria.

Consequently, HBOT was introduced as a sensitizing agent after the fifth cycle,

and the patient subsequently completed the sixth cycle. This report was prepared

using the CARE reporting guideline and checklist (Supplement A).

Results: Following the addition of HBOT, the patient’s tumor markers

normalized. Subsequent imaging and endoscopic evaluations revealed a

complete resolution of all lesions, meeting the criteria for a clinical complete

response (cCR) under RECIST 1.1.

Conclusions: This case suggests that adding HBOT may enhance the efficacy of

immunotherapy and overcome resistance to ICIs in advanced HAS. These

promising findings warrant further investigation through prospective clinical

studies to confirm this observation.
KEYWORDS

gastric cancer, hepatoid adenocarcinoma of the stomach, hyperbaric oxygen therapy,
immune checkpoint inhibitors, immunosensitization, clinical complete response
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Introduction

Hepatoid adenocarcinoma of the stomach (HAS), a rare

subtype of gastric cancer (GC), accounts for only 0.3%-15% of all

GC cases (1). Histologically, HAS resembles hepatocellular

carcinoma, characterized by abundant eosinophilic cytoplasm,

centrally located nuclei, and frequent elevation of serum alpha-

fetoprotein (AFP). Clinically, HAS exhibits a high propensity for

vascular invasion and distant metastasis, particularly to the liver

and peritoneum, a prognosis that is even worse than that of

conventional gastric adenocarcinomas (2).

The peritoneum is one of the most common metastatic sites in

GC, occurring in approximately 4%–14% of patients (3). Treatment

of gastric cancer with peritoneal metastasis (GCPM) remains

challenging and primarily relies on systemic therapy. While the

combination of chemotherapy and immune checkpoint inhibitors

(ICIs) has improved survival outcomes in advanced GC, achieving a

complete clinical response (cCR) in unresectable cases with

peritoneal dissemination is exceedingly rare. Moreover, primary

or acquired resistance to ICIs is common, significantly limiting their

therapeutic efficacy. Recent preclinical studies have highlighted the

potential of hyperbaric oxygen therapy (HBOT) to favorably

modulate the tumor microenvironment (TME), alleviate tumor

hypoxia, and enhance the efficacy of ICIs (4). Therefore,

combining HBOT with standard chemotherapy and ICIs offers a

promising strategy for immunosensitization or overcoming

ICI resistance.

This report describes the case of a 62-year-old male patient with

advanced stage IVB (rT2N2M1) HAS with peritoneal metastasis.

Initial systemic therapy with CAPOX chemotherapy combined with

sintilimab yielded limited efficacy. Remarkably, after the

incorporation of HBOT into his regimen, the patient achieved a

cCR. To our knowledge, this is the first reported case of advanced

HAS with peritoneal metastasis achieving cCR with this

combination, highlighting the potential of HBOT as a novel

immunosensitizing therapeutic strategy in advanced GC.
Case description

A timeline summarizing the key clinical events, from initial

diagnosis to the last follow-up, is presented in Figure 1A.
Patient background and initial diagnosis

In March 2022, a 62-year-old male with no history of smoking,

alcohol use, or other chronic diseases presented with epigastric pain.

Psychosocially, the patient was a retired civil servant, married with

strong family support, and had no history of significant

psychological distress. His family history was notable for gastric

cancer in his father, and subsequent genetic testing revealed a

pathogenic RAD51D germline mutation alongside a TP53

somatic mutation of uncertain significance. Physical examination

identified left upper quadrant tenderness, though laboratory results,
Frontiers in Immunology 02137
including tumor markers and organ function tests, were within

normal limits. An initial computed tomography (CT) scan

demonstrated thickening of the gastric wall and enlarged

perigastric lymph nodes (Figure 2A). Gastroscopy revealed ulcers

at the gastric angle, and biopsy confirmed moderately to poorly

differentiated adenocarcinoma. Based on these findings, the patient

was clinically staged as cT2N1M0 (Stage IIA) according to the

AJCC 8th Edition Cancer Staging Manual.
Surgical treatment and pathological
findings

On March 16, 2022, the patient underwent laparoscopic radical

distal gastrectomy with D2 lymphadenectomy, achieving a

complete (R0) resection. Postoperative pathological examination

of the resected specimen revealed a 4.8 × 4.0 cm, Borrmann type II

tumor with a rough surface, which had focally infiltrated the

muscularis propria. Histologically, the tumor was classified as an

intestinal-type adenocarcinoma, that was predominantly tubular

and graded as G2-G3 (moderately to poorly differentiated).

Metastatic carcinoma was identified in three lymph nodes, one

each from stations 3a, 7, and 11P.

Immunohistochemistry (IHC) analysis yielded the following

results: HER2 (1+), CLDN18.2 (0), PD-L1 (CPS=2), and proficient

mismatch repair (pMMR). PD-1 was positive in a minority of

lymphocytes, while CDX2 and CK20 were positive, and Desmin was

positive in smooth muscle. Epstein-Barr virus-encoded small RNA

(EBER) in situ hybridization was negative. Additional IHC markers

revealed positivity for SALL4 and GPC3, and negativity for CD34,

AFP, and SOX10. These findings led to a final diagnosis of

adenocarcinoma with features of both enteroblastic differentiation

and hepatoid adenocarcinoma (Figures 2B, C). Based on the AJCC

8th Edition TNM staging system, the pathological stage was

confirmed as pT2N2M0, Stage IIA.
Postoperative adjuvant chemotherapy and
recurrence

Following surgery, the patient completed six cycles of adjuvant

SOX chemotherapy and entered a period of surveillance. However,

in December 2023, approximately one year after his initial surgery,

he presented with abdominal distension. Laboratory tests revealed

markedly elevated levels of serum AFP (>1210 ng/ml) and CA724

(16.10 U/ml). An abdominal CT scan subsequently confirmed the

presence of peritoneal metastasis (Figure 1B). To establish a

definitive diagnosis of recurrence, a therapeutic and diagnostic

paracentesis was performed on December 8, 2023, which yielded

approximately 700 mL of hemorrhagic ascitic fluid. Cytological

analysis of this fluid confirmed recurrent adenocarcinoma.

Consequently, the patient’s diagnosis was updated to recurrent

hepatoid adenocarcinoma of the gastric angle with peritoneal

metastasis, and he was restaged as rT2N2M1 (Stage IV) according

to the AJCC staging system.
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FIGURE 1

Imaging and treatment timeline of the patient. (A) The overall treatment timeline of the patient, including surgery, chemotherapy, anti-PD-1 therapy,
and HBOT. (B) Abdominal enhanced CT at the time of recurrence showing tumor recurrence in the liver and surrounding tissues (tumor marked by
red arrows). (C) Abdominal enhanced CT after 4 cycles of chemotherapy combined with ICIs treatment, showing partial tumor response (tumor
marked by red arrows). (D) Abdominal enhanced CT after HBOT and an additional cycle of chemotherapy combined with ICIs, showing further
tumor regression (tumor marked by red arrows). (E) Abdominal enhanced CT after 7–9 cycles of chemotherapy combined with ICIs, showing near-
complete tumor resolution (tumor marked by red arrows). (F) FAPI PET/CT performed on January 3, 2025, revealing no evidence of tumor
recurrence throughout the body. (G) Upper gastrointestinal endoscopy findings after 7–9 cycles of treatment. The gastric mucosa appeared smooth,
and no active lesions were observed.
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Systemic therapy

Following the diagnosis of recurrence, the patient received a

single dose of intraperitoneal paclitaxel (60mg) onDecember 9, 2023.

Subsequently, from December 10, 2023, to March 12, 2024, he was
Frontiers in Immunology 04139
treated with four cycles of first-line systemic immunochemotherapy.

This regimen, administered every three weeks, consisted of CAPOX

(capecitabine: 1.5 g orally, twice daily on days 1–14; oxaliplatin: 200

mg by intravenous infusion on day 1) combined with sintilimab (200

mg by intravenous infusion on day 1). An initial treatment response
FIGURE 2

Initial CT findings and subsequent histopathology. (A) Abdominal CT from March 2022 showing thickening of the gastric lesser curvature (red
arrows) and enlargement of the adjacent lymph nodes. (B) GPC3 (left) and SALL4 (right) immunohistochemical staining of the resected specimen.
Original magnification:×100; scale bar = 100 mm. (C) Hematoxylin and eosin (H&E) staining of the resected specimen. Original magnification:×100;
scale bar = 100 mm.
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evaluation was performed in March 2024. An enhanced abdominal

CT scan (Figure 1C) revealed stable disease (SD) according to the

RECIST 1.1 criteria.
Effective combination therapy

The decision to add HBOT was prompted by the limited clinical

benefit observed after the initial four cycles: imaging evaluation

revealed stable disease (SD), and the patient’s abdominal distension

had not significantly improved. To overcome potential resistance

and prevent disease progression, and because the evaluation

coincided with the scheduled start of the fifth cycle, the clinical

team decided to introduce HBOT as a sensitizing strategy

immediately after administering the next planned cycle of

immunochemotherapy to maintain treatment continuity.

Accordingly, on April 30, 2024, the patient received the 5th cycle

of CAPOX and sintilimab with all drug doses maintained as in

previous cycles. This was immediately followed by 10 sessions of

HBOT (1-hour oxygen inhalation at 2 atmospheres absolute [ATA]

per session). After completing the sixth cycle of the combined

therapy on June 22, 2024, a follow-up evaluation in July 2024

showed a remarkable response. An enhanced abdominal CT scan

revealed a complete resolution of the recurrent lesion at the gastric

anastomosis and the peritoneal metastases (Figure 1D).

Concurrently, tumor markers normalized, with AFP decreasing to

3.06 ng/mL (normal range: 0–7 ng/mL) and CA724 to 2.81 U/mL

(normal range: 0–6.9 U/mL). The changes in AFP during treatment

are illustrated in the Table 1. Based on RECIST 1.1 criteria, the

patient had achieved complete response (CR).

The patient then proceeded to maintenance therapy with

capecitabine and sintilimab. The maintenance regimen included

the following: capecitabine: 1.5 g orally, twice daily, from day 1 to

day 14; sintilimab: 200 mg by intravenous infusion, day 1. Each

cycle was administered every three weeks. Follow-up imaging,

including an enhanced chest and abdominal CT scan on October

15, 2024, confirmed a sustained cCR (Figure 1E). A fibroblast

activation protein inhibitor (FAPI) PET/CT scan on January 3,
Frontiers in Immunology 05140
2025, showed a focal area of high tracer uptake in the peritoneum

without a corresponding mass on CT, a finding suggestive of post-

treatment inflammation rather than tumor recurrence (Figure 1F).

Finally, a painless endoscopy on November 18, 2024, revealed no

abnormalities in the remnant stomach (Figure 1G), further

corroborating the complete response.
Patient perspective

The patient reported no increase in adverse effects after the

addition of hyperbaric oxygen therapy and demonstrated good

treatment compliance throughout the course.
Follow-up

The patient is currently undergoing follow-up, including

hematological tests, imaging evaluations, and quality of life

assessments. Compliance with the treatment plan is excellent, and

the patient maintains a good quality of life, with no signs of

recurrence or significant adverse effects observed. As of the last

follow-up on March 29, 2025, the patient remained progression-

free. The progression-free survival (PFS) since the confirmation of

recurrence on December 8, 2023, has been ongoing for over

15 months.
Discussion

The management of HAS, a rare but highly aggressive subtype

of GC, presents a significant clinical challenge due to its poor

prognosis and limited response to standard therapies. Characterized

by histological features resembling hepatocellular carcinoma, HAS

is frequently associated with elevated serum AFP levels (2, 5).

Despite its rarity, the high global burden of GC, one of the top

five most common malignancies worldwide, means that a

substantial number of patients are still diagnosed with HAS each

year (6). Currently, the therapeutic strategies for HAS do not differ

from those for conventional gastric adenocarcinoma. For patients

with unresectable advanced or metastatic HAS, systemic therapy

remains the primary treatment modality. Pivotal Phase III trials,

such as KEYNOTE-859 (7), CheckMate-649 (8), and ORIENT-16

(9), have established the combination of chemotherapy and a PD-1

inhibitor as the standard of care for first-line treatment of HER2-

negative advanced GC (with mPFS of 6.9–7.7 months), a

recommendation endorsed by major clinical guidelines including

NCCN, CSCO, and ESMO. Indeed, subsequent meta-analyses have

confirmed that this combination provides a significant survival

benefit compared to chemotherapy alone (10). However, HAS is

associated with a poorer prognosis than conventional GC, which is

attributed to its higher propensity for distant metastasis and limited

responsiveness to immunotherapy (11). Consequently, developing

strategies to overcome this resistance and sensitize HAS to

immunotherapy represents a critical clinical challenge.
TABLE 1 Changes in AFP levels during treatment.

Date AFP (ng/ml)

2022-03-03 2.57

2023-12-08 >1210.00

2024-01-03 >1210.00

2024-02-06 >1210.00

2024-03-12 >1210.00

2024-04-30 >1210.00

2024-07-17 3.06

2024-10-14 1.72

2024-11-14 1.88
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The present case offers evidence for the potential of HBOT. The

patient, diagnosed with advanced HAS and peritoneal metastasis,

initially showed a suboptimal response to four cycles of standard

immunochemotherapy (CAPOX plus sintilimab), achieving only

SD. However, a dramatic clinical turnaround was observed

following the introduction of HBOT after the fifth cycle.

Subsequent evaluations revealed a cCR, evidenced by the

normalization of tumor markers and the disappearance of all

lesions on imaging and endoscopic examinations. Notably, the

patient’s progression-free survival has already exceeded 15

months. This remarkable improvement strongly suggests that

HBOT acted as a potent immunosensitizing agent, overcoming

the initial resistance and unlocking the therapeutic potential of the

existing immunotherapy regimen.

The poor responsiveness of HAS to immunotherapy is largely

attributed to its unique TME. HAS is typically characterized as an

immunologically “cold” tumor, featuring diminished infiltration of

CD8+ T cells, an abundance of regulatory T cells (Tregs) and M2-

type macrophages, low PD-L1 expression, and a low tumor

mutational burden (TMB). The majority of HAS cases are also

microsatellite stable (MSS), all of which are hallmarks of poor

responsiveness to immunotherapy (12). A salient feature of HAS is

the elevation of serum AFP (11), a biomarker strongly associated

with poor prognosis in GC. Elevated AFP not only indicates a poor

outcome but also actively promotes tumor progression by

enhancing proliferation, invasion, and migration (13).

Furthermore, a distinctive feature of HAS is its extensive and

abnormal tumor vasculature, which has been linked to the

overexpression of vascular endothelial growth factor C (VEGF-C)

and angiopoietin-like proteins (ANGPTLs) (14, 15). AFP itself can

exacerbate this by upregulating VEGF expression and increasing

microvessel density (14). However, this dysregulated angiogenesis

results in dysfunctional vessels that are irregular, tortuous, and

poorly branched. The consequent inefficient blood perfusion leads

to extensive hypoxic regions within the tumor, creating a

profoundly hypoxic and immunosuppressive TME (16). This

tumor-induced hypoxia is a pivotal factor undermining the

efficacy of ICIs. It triggers a cascade of immunosuppressive

events, primarily through the activation of the hypoxia-inducible

factor-1a (HIF-1a) signaling pathway. Activation of HIF-1a
promotes the recruitment of inhibitory cells, including myeloid-

derived suppressor cells (MDSCs), Tregs, and M2-type tumor-

associated macrophages. It also upregulates PD-L1 expression on

both cancer and dendritic cells, which directly inhibits cytotoxic T

lymphocyte function and reinforces the immunosuppressive

landscape (17–21). Additionally, hypoxic conditions are known to

promote cancer stem cell maintenance, thereby increasing tumor

invasiveness and therapeutic resistance (22, 23). Collectively, these

features likely explain the limited efficacy of the initial

immunochemotherapy regimen observed in our patient.

HBOT may enhance the efficacy of ICIs through multiple

synergistic mechanisms. Foremost, HBOT directly counteracts the

hypoxic tumor microenvironment. By increasing oxygen tension, it

downregulates the expression of HIF-1a, thereby mitigating the

recruitment of immunosuppressive cells such as Tregs and M2-
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macrophages (24–26). Concurrently, the hyperoxic state promotes

the normalization of tumor vasculature, partly by upregulating the

expression of platelet endothelial cell adhesion molecule-1

(PECAM-1/CD31), which facilitates increased infiltration of

immune cells into the tumor site (27). Beyond remodeling the

TME, HBOT has been shown to directly augment the effector

functions of immune cells. It can enhance the cytotoxic activity of

both effector T cells and natural killer (NK) cells, boosting their

antitumor capabilities (27). Furthermore, emerging evidence

suggests that HBOT can amplify the efficacy of PD-1 blockade by

activating the cGAS-STING signaling pathway, a key innate

immune sensing mechanism (27). Another proposed mechanism

involves the degradation of the extracellular matrix (ECM) by

HBOT, which may improve the physical delivery and penetration

of large-molecule therapeutics like anti-PD-1/PD-L1 monoclonal

antibodies into the TME (28). Collectively, these multifaceted

mechanisms provide a strong theoretical basis for the role of

HBOT as an effective immunosensitizing strategy in cancer therapy.

Indeed, the “abnormal vasculature-hypoxia-immunosuppression

axis” is not exclusive to HAS but is a common pathological feature of

gastric adenocarcinoma, particularly in advanced stages (16, 29). This

hypoxia-driven, immunosuppressive microenvironment is thought to

be a key mechanism underlying the limited efficacy of ICIs in a

significant proportion of GC patients. Consequently, this highlights

the therapeutic potential of HBOT in the broader population of

patients with advanced or metastatic gastric adenocarcinoma. Upon

reviewing the existing clinical literature, we found that studies on

HBOT in cancer treatment are limited, with most focusing on its role

as an adjunct to radiotherapy or chemotherapy, primarily aimed at

improving quality of life, and demonstrating good tolerability in most

cases. To further investigate the immunosensitizing mechanisms of

HBOT and to validate the efficacy of this combination therapy, our

team has initiated a Phase Ib/II clinical trial. This study will evaluate

CAPOX chemotherapy combined with the PD-1 inhibitor sintilimab

and HBOT as a first-line treatment for advanced or metastatic gastric

or gastroesophageal junction cancer (GC/GEJC) (NCT06742411).

To our knowledge, this is the first reported case of a patient with

advanced, HER2-negative HAS and peritoneal metastasis achieving

a cCR through the combination of HBOT with chemotherapy and

immunotherapy. This outcome highlights the potential of HBOT as

an effective immunosensitizing strategy in GC. The primary

strengths of this report lie in its novelty, as well as the favorable

safety profile and low cost of HBOT, which would facilitate its

widespread adoption if proven effective in large-scale clinical trials.

However, this case report has several limitations. Firstly, as a single

case, it lacks a control group for comparison, and the influence of

the patient’s specific, albeit of uncertain significance, genetic

mutations on the observed efficacy of HBOT and ICIs remains

unknown. Secondly, because no residual tumor was found during

the follow-up endoscopy, we were unable to perform a comparative

analysis of the TME before and after HBOT to elucidate the

underlying mechanisms. Furthermore, predictive biomarkers to

identify patients who would most benefit from the HBOT-

immunochemotherapy combination are currently lacking.

Although imaging techniques to assess tumor hypoxia in GC
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exist, their accuracy and correlation with treatment outcomes need

to be validated in larger-scale clinical trials. Therefore, despite the

promising results of this case, further prospective studies are

essential to confirm these findings, explore the mechanisms of

action, and define the optimal patient population for this novel

therapeutic approach.
Conclusion

This case report details the successful treatment of a patient

with advanced HAS who achieved a remarkable clinical CR. The

addition of HBOT to a standard immunochemotherapy regimen

appeared to overcome initial treatment resistance. These findings

suggest that HBOT may serve as an effective immunosensitizing

strategy, enhancing the efficacy of ICIs in the treatment of GC.

Future clinical studies are warranted to further verify the efficacy

and safety of HBOT combined with immunotherapy, explore its

mechanisms of action, and provide new insights for the

comprehensive treatment of advanced GC.
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Additions of trastuzumab to 
preoperative chemotherapy or 
chemoimmunotherapy for 
patients with potentially 
resectable stage III to IVB 

HER2-positive gastric cancer 
Xuchen Zhang1, Yulong Tian2, Huiyun Wang1, Shanai Song1, 
Yunqing Chen3, Ning Liu1, Chuantao Zhang1, Xiao Huang1, 
Haitao Jiang2*† and Helei Hou1*† 

1Department of Oncology, The Affiliated Hospital of Qingdao University, Qingdao, China, 
2Department of Gastrointestinal Surgery, The Affiliated Hospital of Qingdao University, 
Qingdao, China, 3Department of Pathology, The Affiliated Hospital of Qingdao University, 
Qingdao, China 
Background: Whether the addition of trastuzumab to chemo(immuno)therapy 
for the preoperative treatment of patients with potentially resectable HER2­
positive gastric cancer has clinical benefits remains to be explored. This real-
world observational study was designed to evaluate the efficacy and safety of 
trastuzumab plus chemo(immuno)therapy for neoadjuvant or conversion 
therapy in patients with potentially resectable HER2-positive gastric cancer. 

Methods: We retrospectively collected the clinical data of treatment-naïve 
patients with potentially resectable stage III to IVB HER2-positive gastric cancer 
who received preoperative therapy prior to D2 gastrectomy. The main outcomes 
of interest included tumour regression grade (TRG), treatment-related adverse 
events (TRAEs), and event-free survival (EFS). 

Results: A total of 40 patients were included in the analysis, specifically, 27 
patients (67.5%, 95% CI 0.520-0.799) received preoperative trastuzumab plus 
chemo(immuno)therapy, and 13 patients (32.5%, 95% CI 0.201-0.480) received 
chemo(immuno)therapy. All these patients subsequently underwent D2 
gastrectomy. Regarding surgical outcomes, TRG0/1 rates were 33.3% (95% CI 
0.186-0.522) in the trastuzumab-containing treatment group and 15.4% (95% CI 
0.043-0.422) in the chemotherapy/chemoimmunotherapy group. Regarding 
safety, 66.7% (95% CI 0.478-0.814) of patients in the trastuzumab-containing 
treatment group and 61.5% (95% CI 0.355-0.823) of patients in the 
chemotherapy/chemoimmunotherapy group experienced preoperative TRAEs. 
The probabilities of EFS were not statistically significant between the two groups 
by the last follow-up. 
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Conclusion: Additions of trastuzumab to preoperative chemotherapy or 
chemoimmunotherapy resulted in a TRG0/1 rate of 33.3% among patients with 
potentially resectable HER2-positive gastric cancer, and the combined regimen 
exhibited a favourable safety profile. 
KEYWORDS 

HER2-positive gastric cancer, preoperative therapy, trastuzumab, immune checkpoint 
blockade, tumour regression grade 
 

Introduction 

Gastric cancer (GC) remains a severe medical burden with high 
morbidity and mortality worldwide (1), and human epidermal 
growth factor receptor-2 (HER2)-positive GC is a distinct subtype 
with high invasiveness. HER2-positive GC accounts for 
approximately 10% to 20% of all GC cases, and the prognosis of 
patients with HER2-positive GC is dismal (2). For patients with 
potentially resectable HER2-positive GC, the malignant biological 
behaviours of the tumour worsen surgical outcomes and prognoses; 
thus, exploring the optimal preoperative treatment options for 
patients with potentially resectable HER2-positive GC is important. 

Based on the results of the milestone phase III MAGIC trial (3), 
perioperative chemotherapy and D2 radical gastrectomy has 
become the standard treatment regimen for patients with locally 
advanced GC. In recent years, the combination of neoadjuvant 
programmed cell-death receptor (ligand)-1 (PD-1/PD-L1) blockade 
and chemotherapy has resulted in higher pathological complete 
response (pCR) rates than neoadjuvant chemotherapy alone, 
according to the phase III KEYNOTE-585 study (4) and  the
MATTERHORN study (5). However, previous studies have not 
specifically reported outcomes in HER2-positive cohorts, and 
whether the addition of HER2 blockade and/or immune 
checkpoint blockade to chemotherapy would have clinical benefits 
for patients with potentially resectable HER2-positive GC 
remains unclear. 

For patients with unresectable or metastatic HER2-positive GC, 
trastuzumab plus chemotherapy is the standard first-line treatment 
regimen, according to the phase III ToGA trial (6). Recently, with 
the rapid development of immune checkpoint blockade therapies 
for solid tumours, the combination of pembrolizumab, trastuzumab 
and chemotherapy has been shown to result in promising clinical 
outcomes as a first-line treatment for patients with unresectable or 
metastatic HER2-positive GC, with significantly increased objective 
response rates (ORRs) and prolonged progression-free survival 
(PFS), as demonstrated by the phase III KEYNOTE-811 trial (7). 
In the preoperative neoadjuvant or conversion setting for 
patients with partially resectable HER2-positive GC, several 
studies, albeit only phase II, have investigated the efficacy and 
safety of preoperative trastuzumab with or without PD-1 
blockade plus chemotherapy in patients with potentially 
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resectable HER2-positive GC (8–14). According to the phase II 
NEOHX study (8) and HER-FLOT study (9), the pCR rates of 
neoadjuvant trastuzumab plus chemotherapy ranged from 8% to 
22%. Additionally, the combination of PD-(L)1 blockade, 
trastuzumab and chemotherapy resulted in pCR rates ranging 
from 31% to 43% (10, 11, 14). However, the efficacy and safety of 
this combined regimen in patients with potentially resectable 
HER2-positive GC warrant further exploration in larger cohorts. 

In this observational study, we retrospectively evaluated the 
efficacy and safety profile of the additions of trastuzumab to 
preoperative chemo(immuno)therapy in patients with potentially 
resectable HER2-positive GC. 
Methods 

Study design 

We retrospectively collected clinical data from treatment-naïve, 
clinical stage T3-4aN+M0 (stage III) or stage TanyNanyM1 (stage IVB) 
HER2-positive gastric cancer patients who were treated at our centre 
between November 2018 and August 2024. Patients with stage IVB 

disease in this study were considered to have partially resectable GC 
after multidisciplinary discussions. All procedures were approved by 
the Ethics Committee of the Affiliated Hospital of Qingdao University 
(QYFYWZLL28829, Qingdao, China). All investigations were carried 
out according to the principles of the Declaration of Helsinki. 

The major inclusion criteria for the patients were as follows: a) a 
diagnosis of clinical stage T3-4aN+M0 (stage III) or stage TanyNanyM1 

(stage IVB) gastric cancer with HER2 positivity; b) a lack of previous 
antitumour treatment; c) an Eastern Cooperative Oncology Group 
performance status (ECOG PS) score of 0 to 1; and d) sufficient vital 
organ function. The exclusion criteria for patients were as follows: 
a) inadequate vital organ function or systemic autoimmune disease; 
or b) other primary malignancies in addition to gastric cancer. 
Treatment 

The included patients received trastuzumab plus chemo(immuno) 
therapy (trastuzumab-containing treatment group), or chemo 
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(immuno)therapy alone (chemotherapy/chemoimmunotherapy 
group) as preoperative treatment. Following the final dose of 
preoperative treatment, tumour response was assessed, and 
multidisciplinary discussions were conducted to determine the 
feasibility of surgical resection. Subsequently, all patients underwent 
standardized D2 gastrectomy. 

Trastuzumab was administered at the dosage of 8 mg/kg for the 
first cycle and subsequent 6 mg/kg, iv drip, and every three weeks. 
The PD-1 blockade used included one of the following regimens: 
sintilimab (200 mg iv drip, every three weeks), camrelizumab (200 
mg iv drip, every three weeks), tislelizumab (200 mg iv drip, every 
three weeks) and pembrolizumab (200 mg iv drip, every three 
weeks). The chemotherapy regimen included standardized FLOT, 
SOX, XELOX, TP, TS, FOLFOX, and DCF regimens. Post-operative 
treatment would be continued based on the surgical outcomes and 
the results of multi-disciplinary treatment discussions. 
 

Assessments 

Contrast-enhanced computed tomography (CT) and endoscopic 
ultrasound (EUS) were used to assess the primary tumour at baseline 
and the response to preoperative treatment according to Response 
Evaluation Criteria in Solid Tumors (RECIST) version 1.1 (15). 
Tumour tissue biopsies were collected both at baseline and during 
surgery. Surgical samples from primary tumours and lymph nodes were 
staged based on the gastric cancer staging system in the eighth edition 
of the American Joint Committee on Cancer staging manual (16). 

The pathological response of the primary lesion after surgery 
was evaluated in accordance with the tumour regression grade 
(TRG) criteria (17). TRG0, TRG1, TRG2, and TRG3 were defined as 
no residual viable tumour cells (pCR), no more than 2% residual 
viable tumour cells, more than 2% but no more than 50% residual 
viable tumour cells, and more than 50% residual viable tumour cells, 
respectively. The pathological images were scanned using Nano 
Zoomer S210 (Hamamatsu). 

Next-generation sequencing (NGS), immunohistochemical 
(IHC) staining with an anti-HER2 antibody, and HER2 in situ 
hybridization (ISH) were used to evaluate the expression of HER2. 
HER2 positivity was defined as HER2 amplification shown by NGS, 
an IHC staining score of 3+, or an IHC staining score of 2+ in 
combination with HER2 amplification confirmed by ISH (18). 

The expression of programmed death ligand-1 (PD-L1) was 
evaluated using IHC staining with the anti-PD-L1 antibody 22C3 
(Dako, Glostrup, Denmark). The combined positive score (CPS) was 
calculated to evaluate the number of PD-L1-positive cells, including 
tumour cells, macrophages and lymphocytes. Briefly, a CPS<1 
indicated PD-L1 negativity, and a CPS≥1 indicated PD-L1 positivity. 

The mismatch repair (MMR) status was evaluated using 
immunohistochemical staining with primary antibodies against 
MSH2, MSH6, MLH1, and PMS2. As for the microsatellite 
instability (MSI) status, real-time quantitative polymerase chain 
reaction was used to detect the amplification of five microsatellite 
loci: BAT25, BAT26, D5S346, D17S250, and D2S123. If two or 
more unstable markers were observed at these five loci, MSI-H 
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status was defined; otherwise, the microsatellite status was defined 
as MSI-low (MSI-L) or MSS (19). 

The observed treatment-related adverse events (TRAEs) during 
the preoperative treatment period were evaluated according to 
National Cancer Institute Common Terminology Criteria for 
Adverse Events (CTCAE) version 5.0. 
Outcome evaluation 

The outcomes of interest were pathological tumour response and 
radiographic tumour response (complete response, CR; partial 
response, PR; stable disease, SD; progressive disease, PD). Other 
outcomes included the event-free survival (EFS) time (defined as the 
time from diagnosis to any one of the following three events: inability 
to undergo surgery due to disease progression, local or distant disease 
relapse, or death due to any cause) and observed TRAEs. 
Statistical analysis 

Descriptive statistics for continuous variables were presented as 
either medians (interquartile ranges) or means (standard deviations), 
depending on data distribution. Categorical variables were 
summarized using frequencies and percentages with 95% 
confidential intervals (CIs). To assess differences between two 
groups, Student’s t-test was employed for continuous variables, 
while the chi-square test or Fisher’s exact  test  was used for

categorical variables, as appropriate. A two-tailed P value<0.05 was 
considered indicative of statistical significance. All analyses were 
performed using SPSS 25.0 (IBM Corp., Armonk, NY, USA) and 
GraphPad Prism 9.5 (GraphPad Software, Inc., San Diego, CA, USA). 
Results 

Enrolled patients and treatment 

A total of 40 patients were included in the analysis, among whom 
27 patients (67.5%, 95% CI 0.520-0.799) received trastuzumab plus 
chemotherapy/chemoimmunotherapy (trastuzumab-containing 
treatment group), and 13 patients (32.5%, 95% CI 0.201-0.480) were 
treated with chemotherapy/chemoimmunotherapy alone 
(chemotherapy/chemoimmunotherapy group). Most patients in the 
two groups had stage III diseases, and the tumours in all the patients 
were considered potentially resectable after multidisciplinary 
discussions. Following the final dose of neoadjuvant or conversion 
treatment, all patients underwent standardized D2 radical gastrectomy, 
and the patients with stage IVB disease received additional local therapy 
for metastatic lesions. Postoperative adjuvant treatment was 
administered based on the surgical outcomes such as HER2 and 
PD-L1 expression levels, and statuses of TMB and MSI/MMR. 

11 patients (11/27, 40.7%, 95% CI 0.245-0.593) in the 
trastuzumab-containing treatment group were treated with the 
combined regimen of trastuzumab, PD-1 blockade and 
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chemotherapy; and 4 patients (4/9, 44.4%, 95% CI 0.189-0.733) in the 
chemotherapy/chemoimmunotherapy group received PD-1 blockade 
plus chemotherapy. Trastuzumab was administered at the dosage of 8 
mg/kg for the first cycle and subsequent 6 mg/kg, iv drip, and every 
three weeks. The details of PD-1 blockade used in these patients were: 
eight cases of sintilimab (200 mg iv drip, every three weeks), four 
cases of camrelizumab (200 mg iv drip, every three weeks), two cases 
of pembrolizumab (200 mg iv drip, every three weeks), and one case 
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of tislelizumab (200 mg iv drip, every three weeks). The 
chemotherapy regimens used included standardized FLOT, SOX, 
XELOX, TP, TS, FOLFOX, and DCF regimens. Table 1 shows the 
baseline characteristics and details of the treatment regimens of 
the patients. 

In addition, a total of 10 patients completed next-generation 
sequencing testing, and TP53 missense alterations were the most 
common co-occurred mutations. 
TABLE 1 Demographics and baseline characteristics of the included patients. 

Characteristics Trastuzumab-containing treatment 
group (N=27) 

Chemotherapy or chemoimmunotherapy 
group (N=13) 

P value 

Age (years) 0.280 

Mean (Standard Deviation) 60.6 (8.77) 63.8 (8.86) 

Gender, n (%) >0.999 

Male 25 (92.6) 12 (92.3) 

Female 2 (7.4) 1 (7.7) 

Preoperative treatment, 
n (%) 

0.730 

Chemotherapy-based 16 (59.3) 9 (69.2) 

Chemoimmunotherapy-based 11 (40.7) 4 (30.8) 

Primary tumour 
location, n (%) 

0.437 

Gastro-oesophageal junction 5 (18.5) 4 (30.8) 

Non-gastro-oesophageal 
junction 

22 (81.5) 9 (69.2) 

Tumour differentiation, 
n (%) 

0.446 

Well 0 1 (7.6) 

Moderately 10 (37.1) 4 (30.8) 

Moderately-poorly 6 (22.2) 4 (30.8) 

Poorly 11 (40.8) 4 (30.8) 

Baseline T staging, n (%) 0.400 

T2-3 4 (14.8) 4 (30.8) 

T4a-4b 23 (85.2) 9 (69.2) 

Baseline N staging, n (%) 0.393 

N1-2 21 (77.8) 12 (92.3) 

N3 6 (22.2) 1 (7.7) 

Baseline PD-L1 
expression, n (%) 

0.710 

CPS<1 1 (3.7) 1 (7.7) 

1≤CPS<5 6 (22.2) 3 (23.1) 

CPS≥5 5 (18.5) 4 (30.8) 

Unknown 15 (55.6) 5 (38.4) 
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Clinical activity and tumour response 

According to the radiographical tumour response to preoperative 
treatment, all the patients in the trastuzumab-containing treatment 
group and most patients (12/13, 92.3%, 95% CI 0.667-0.986) in the 
chemotherapy/chemoimmunotherapy group had PR or SD, while 
one patient (1/13, 7.7%, 95% CI 0.014-0.333) in the chemotherapy/ 
chemoimmunotherapy group exhibited PD. The ORRs were 74.1% 
(20/27, 95% CI 0.553-0.868) in the trastuzumab-containing treatment 
group, and 53.8% (7/13, 95% CI 0.292-0.768) in the chemotherapy/ 
chemoimmunotherapy group (Figure 1 and Table 2). 

R0 resection was achieved in all the patients. Three patients 
(11.1%, 95% CI 0.039-0.281) in the trastuzumab-containing 
treatment group achieved TRG0, including two baseline stage IVB 

patients with oligometastatic lesions in the liver; while none of the 
patients in the chemotherapy/chemoimmunotherapy group 
achieved TRG0. The overall TRG0/1 rates were 33.3% (9/27, 95% 
CI 0.186-0.522) in the trastuzumab-containing treatment group and 
15.4% (2/13, 95% CI 0.043-0.422) in the chemotherapy/ 
chemoimmunotherapy group (P=0.286). Figure 2 illustrates the 
tumour response in a patient who received preoperative treatment 
with trastuzumab, pembrolizumab, and XELOX chemotherapy, and 
subsequently achieved a pathological TRG0. 

By the last follow-up, the median follow-up time was 24.5 
months in the trastuzumab-containing treatment group and 27.1 
months in the chemotherapy/chemoimmunotherapy group. Ten 
patients (37.0%, 95% CI 0.215-0.558) in the trastuzumab­

containing treatment group and six patients (46.2%, 95% CI 
0.232-0.709) in the chemotherapy/chemoimmunotherapy group 
had reached EFS endpoints (Figure 3A). The median EFS time 
was 30.5 months in the trastuzumab-containing treatment group 
and 33.4 months in the chemotherapy/chemoimmunotherapy 
group, respectively (P=0.487), as shown in Figures 3B–D. 

One patient with a surgical outcome of TRG1 underwent post­
operative dynamic monitoring of minimal residual disease (MRD). 
The results indicated a relatively high risk of recurrence; however, 
after a follow-up period of 9.6 months, no evidence of recurrence 
was observed. A longer follow-up period is required to further 
assess this patient’s survival outcome. 
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Safety and feasibility 

Generally, preoperative treatment regimens containing 
trastuzumab plus chemotherapy or chemoimmunotherapy have 
shown a favourable safety profile. 18 patients (66.7%, 95% CI 
0.478-0.814) in the trastuzumab-containing treatment group and 
eight patients (61.5%, 95% CI 0.355-0.823) in the chemotherapy/ 
chemoimmunotherapy group experienced TRAEs of any grade, 
with anaemia and decreased neutrophil count being the most 
common. Other TRAEs observed in the patients were well 
tolerated and could be managed by symptomatic treatment. 
Table 3 shows the details of the preoperative TRAEs. 
Discussion 

The optimal treatment options for patients with potentially 
resectable HER2-positive GC have been under explorations. In 
patients with locally advanced HER2-positive breast cancer, the 
efficacy and safety of preoperative trastuzumab-based therapy have 
been confirmed in several randomized controlled trials (20–22). 
However, for patients with potentially resectable HER2-positive 
GC, whether the addition of trastuzumab with/without PD-1 
blockade to preoperative chemotherapy has clinical benefits is not 
clear. In our current study, we observed that preoperative 
trastuzumab plus chemo(immuno)therapy as neoadjuvant or 
conversion therapy resulted in a TRG0/1 rate of 33.3% in patients 
with potentially resectable stage III-IVB, HER2-positive GC, and 
this combination approach was well tolerated. Encouragingly, this 
combined regimen also showed promising outcomes in patients 
with baseline IVB disease, with two patients achieving TRG0. 
Although the limited sample sizes made it difficult to show 
statistically significances, these results still indicated that 
preoperative trastuzumab-containing therapy can potentially 
benefit patients with potentially resectable HER2-positive GC. 

According to the phase II NEOHX study (8) and HER-FLOT 
study (9), trastuzumab can be safely added to neoadjuvant 
chemotherapy, and this combination approach resulted in pCR 
rates ranging from 8.3% to 22.2% in patients with locally advanced 
FIGURE 1 

Assessments of best tumour responses to preoperative treatment based on RECIST and surgical outcomes of the patients. 
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HER2-positive GC. In the randomized phase II JCOG1301C study, 
grade 1a/1b surgical efficacy was achieved in 50% of patients in the 
trastuzumab plus S-1/CDDP cohort (12) (Table 4). In our study, 
among the patients treated with preoperative trastuzumab plus 
chemotherapy, 12.5% (2/16) achieved TRG0 and 31.3% (5/16) 
achieved TRG1, with an overall TRG0/1 rate of 43.8% (7/16), 
consistent with the results in the above trials. In addition, the 
efficacy and safety of perioperative trastuzumab, PD-(L)1 blockade, 
and chemotherapy in patients with potentially resectable HER2­

positive GC are being investigated in several ongoing phase II trials 
(10, 11, 23), and the pCR rates range from 31.3% to 42.9% according 
to the preliminary results, as shown in Table 4. In our study, the 
Frontiers in Immunology 06149
TRG0 rate was 9.1% (1/11) in patients receiving preoperative 
trastuzumab, PD-1 blockade, and chemotherapy, and the overall 
TRG0/1 rate of this cohort was 18.2% (2/11), which was inferior to 
that in the abovementioned studies, possibly owing to the relatively 
late stage and the limited sample size. 

Given the heterogeneity in PD-L1 expression and MSI/MMR 
status among GC patients, it is crucial to consider these biomarkers 
when selecting optimal treatment strategies. In HER2-positive GC, 
the phase III KEYNOTE-811 trial demonstrated that patients in the 
CPS≥1 subgroup had significantly higher benefits of overall survival 
after  treatment  with  pembrolizumab,  trastuzumab  and  
chemotherapy, while those in the CPS<1 subgroup hardly gained 
TABLE 2 Tumour responses and surgical outcomes. 

Characteristics Trastuzumab-containing treatment 
group (N=27) 

Chemotherapy or chemoimmunotherapy 
group (N=13) 

P value 

Tumour responses (RECIST), n (%) 0.216 

Partial response (PR) 20 (74.1) 7 (53.8) 

Stable disease (SD) 7 (25.9) 5 (38.5) 

Progressive disease (PD) 0 1 (7.7) 

Tumour regression grade (TRG), n (%) 0.564 

TRG0 3 (11.1) 0 

TRG1 6 (22.2) 2 (15.4) 

TRG2 13 (48.2) 8 (61.5) 

TRG3 5 (18.5) 3 (23.1) 

Type of gastrectomy, n (%) 0.216 

Proximal partial 2 (7.4) 2 (15.4) 

Distal partial 14 (51.9) 3 (23.1) 

Total 11 (40.7) 8 (61.5) 

Extent of resection, n (%) -

R0 27 (100.0) 13 (100.0) 

Lymph nodes, mean (range) 

Harvested 23.0 (5-44) 27.9 (13-43) 0.168 

Involved 1.9 (0-15) 1.5 (0-9) 0.711 

Lauren’s classification, n (%) 0.627 

Intestinal 5 (18.5) 4 (30.8) 

Diffused 3 (11.1) 2 (15.4) 

Mixed 10 (37.0) 5 (38.4) 

Unknown 9 (33.4) 2 (15.4) 

Post-operative PD-L1 
expression, n (%) 

0.858 

CPS<1 1 (3.7) 0 

1≤CPS<5 6 (22.2) 3 (23.1) 

CPS≥5 10 (37.0) 6 (46.1) 

Unknown 10 (37.0) 4 (30.8) 
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clinical benefits (24), highlighting the differences in tumour 
immune microenvironment features between PD-L1 positive and 
negative patients. However, evidence regarding perioperative 
treatment for HER2-positive GC patients remains limited. 
Additionally, for GC patients with MSI-high or MMR deficiency, 
neoadjuvant treatment with ipilimumab plus nivolumab has been 
recommended (25); while the percentage of MSI-high or MMR 
deficiency status in HER2-positive GC is relatively low. In our 
study, among the 11 patients who received preoperative 
trastuzumab, PD-1 blockade and chemotherapy, both of the 
patients who achieved TRG0/1 had a CPS of 1. None of the 
patients were MSI-H or MMR deficiency status. The predictive 
role of the PD-L1 CPS and MSI/MMR in patients with potentially 
resectable HER2-positive GC still warrants further investigation. 

In the neoadjuvant setting for patients with locally advanced 
HER2-positive breast cancer, postneoadjuvant treatment HER2 
status conversion might predict the risk of relapse (26). However, 
the role of the loss of HER2 expression after preoperative treatment 
in HER2-positive GC patients remains unclear. In our study, four 
patients in the trastuzumab-containing treatment group exhibited 
loss of HER2 positivity after preoperative treatment. Their TRG 
scores were one case of TRG1 and TRG3, respectively, and two cases 
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of TRG2; while none of them had experienced relapse by the last 
follow-up. Further studies are required to explore the roles and 
mechanisms of HER2 conversion after preoperative treatment in 
patients with HER2-positive GC. 

HER2 amplification occurs in 23-38% of patients with hepatoid 
adenocarcinoma of the stomach (HAS) (27, 28). Mechanistic 
evidence indicates that PD-1 blockade-based immunotherapy 
might also be effective in patients with HAS (29). However, the 
optimal treatment options for patients with locally advanced HAS 
with concurrent HER2 amplification remain under debate. In our 
study, the patient with HAS developed immune-related hepatitis 
and myositis after one cycle of neoadjuvant PD-1 blockade plus 
chemotherapy, and consequently, he had to discontinue PD-1 
blockade treatment. The TRG score of the patient was TRG2 after 
subsequent neoadjuvant treatment with trastuzumab and 
chemotherapy. This further indicates the importance of exploring 
the underlying mechanisms and optimizing treatment regimens for 
pat ients  with  loca l ly  advanced  HAS  and  concurrent  
HER2 positivity. 

RECIST has been widely applied in the evaluation of 
preoperative treatment efficacy in several solid tumours (15), but 
it seems inadequate for the evaluation of patients with potentially 
FIGURE 2 

Tumour response in a patient who received preoperative treatment with trastuzumab, pembrolizumab, and XELOX chemotherapy, and subsequently 
achieved a pathological TRG0. (A) H&E staining images (a) at baseline and (b–e) post-operative. (B) Radiographical images at baseline and after 
preoperative treatment. (C) Gastroscopy images at 32 months post-surgery, with no evidence of recurrence observed. 
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resectable GC. The dissimilar assessments of RECIST and TRG (17) 
might lead to inconsistencies in radiological and pathological 
evaluations. In the current study, the results of radiographical 
tumour responses evaluated by RECIST and pathological tumour 
responses evaluated by TRG in some patients were inconsistent. 
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With the emergence of Positron Emission Tomography (PET) 
Response Criteria in Solid Tumours (PERCIST) (30) and  its
applications  in  several  recent  studies  of  neoadjuvant  
immunotherapy (31, 32), the detection of tiny lesions and 
quantification of metabolic activity are gradually maturing. In 
FIGURE 3 

Treatment process and Kaplan–Meier curves for event-free survival (EFS). (A) Swimmer plot of the treatment process and follow-up of the patients 
from the time of diagnosis. (B–D) Kaplan–Meier curves for EFS (B) in patients receiving trastuzumab-containing treatment versus patients receiving 
chemo(immuno)therapy (P=0.487), (C) in patients receiving trastuzumab plus chemotherapy versus patients receiving chemotherapy alone 
(P=0.364), and (D) in patients receiving trastuzumab, PD-1 blockade and chemotherapy versus patients receiving PD-1 blockade plus chemotherapy 
(P=0.988). 
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TABLE 3 Preoperative treatment-related adverse events in the included patients. 

TRAEs, n (%) 

Trastuzumab-containing treatment 
group (N=27) 

Chemotherapy or chemoimmunotherapy 
group (N=13) 

Grade 1-2 Grade 3-4 Grade 1-2 Grade 3-4 

Haematological system 

Neutrophil count decreased 6 (22.2) 7 (25.9) 3 (23.1) 1 (7.7) 

Anaemia 9 (33.3) 2 (7.4) 2 (15.4) 2 (15.4) 

Platelet count decreased 1 (3.7) 1 (3.7) 0 1 (7.7) 

Digestive system 

Anorexia 1 (3.7) 0 1 (7.7) 0 

Vomiting 3 (11.1) 0 1 (7.7) 0 

Diarrhoea 1 (3.7) 0 0 0 

Increased aminotransferase level 2 (7.4) 2 (7.4) 1 (7.7) 0 

Skin 

Rash 1 (3.7) 0 0 0 

Immune-related AEs 

Hepatitis 0 1 (3.7) 0 0 

Myositis 0 1 (3.7) 0 0 
F
rontiers in Immunology 
09 152
–

TABLE 4 Summary of clinical trials focusing on perioperative treatment of trastuzumab plus chemotherapy with/without PD-1 blockade in patients 
with partially resectable, HER2-positive gastric cancer. 

Clinical trial Phase 
of trial Regimen Number of 

patients 
R0 resection 

rates 
pCR 
rates† 

Incidences of 
grades 3 
4 TRAEs 

NEOHX study (8, 33) Phase II XELOX+ trastuzumab 36 77.8% 8.3% 33.3% 

HER-FLOT study (9) Phase II FLOT+ trastuzumab 58 93.3% 22.2% 27.6% 

JCOG1301C 
study (12) 

Randomized, 
Phase II 

Arm A: S-1/CDDP; Arm B: S-1/CDDP 
with trastuzumab 

A: 22; B: 24 A: 91%; B: 92% 
A: 23%; B: 

50%† 

(P=0.072) 
Unknown 

NCT03950271 (2022 
ASCO) (10) 

Single-arm, 
Phase II 

CAPOX+ SHR1210+ trastuzumab 22 100% 31.3% 22.7% 

NCT04819971 (2023 
ESMO) (11) 

Single-arm, 
Phase II 

DOS+ trastuzumab+ tislelizumab 12 100% 42.9% 8.3% 

NCT04661150 (14) 
Randomized, 
Phase II 

Arm A: CAPOX+ trastuzumab with 
atezolizumab; Arm B: CAPOX 

+ trastuzumab 
A: 21; B: 21 Unknown 

A: 38.1%; B: 
14.3% 

(P=0.079) 
A: 57.1%; B: 66.7% 

AIO STO 0321 
study (13)‡ 

Single-arm, 
Phase II 

FLOT+ pembrolizumab+ trastuzumab 30 (estimated) / / / 

NCT05218148‡ Single-arm, 
Phase II 

SOX+ trastuzumab+ sintilimab 44 (estimated) / / / 

NCT05715931‡ Single-arm, 
Phase II 

FLOT+ trastuzumab+ toripalimab 30 (estimated) / / / 
CAPOX/XELOX, capecitabine and oxaliplatin; FLOT, 5-FU, leucovorin, oxaliplatin and docetaxel; DOS, Docetaxel, S-1 and oxaliplatin; SOX, S-1 and oxaliplatin; CDDP, cisplatin. 
†In JCOG1301C trial, the results of pathological response were displayed as grade 1a/1b in accordance with Japanese classification. 
‡These trials are still ongoing and have not disclosed related results. 
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addition, the detection of serum biomarkers may provide insights. 
Robust methods for evaluating the efficacy of these preoperative 
treatments in patients with potentially resectable GC are needed. 

There are several limitations of this study. First, the 
nonrandomized design might lead to inevitable bias, and the 
relatively limited sample size could result in a lack of power. In 
addition, the follow-up time was not sufficient to obtain exhaustive 
survival outcomes. Finally, various agents were used for PD-1 blockade 
and for chemotherapy; thus, conclusions on the effectiveness of a 
certain regimen could not be drawn. More researches are needed to 
explore the optimal preoperative treatment strategies for patients with 
potentially resectable HER2-positive GC. 
Conclusion 

This study implied that trastuzumab could be safely added to 
preoperative chemo(immuno)therapy, and this regimen induced a 
TRG0/1 rate of 33.3% in patients with potentially resectable stage III 
to IVB HER2-positive GC. Our findings should be further validated 
by the ongoing clinical trials. 
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Case Report: Pathological 
complete response achieved 
with neoadjuvant 
immunochemotherapy 
in synchronous multiple 
gastric adenocarcinoma 
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Medical University), Haikou, China, 2Department of Hepatobiliary and Pancreatic Surgery, Hainan 
General Hospital (Hainan Affiliated Hospital of Hainan Medical University), Haikou, China, 3Department 
of Pathology, Hainan General Hospital (Hainan Affiliated Hospital of Hainan Medical University), 
Haikou, China 
Synchronous multiple gastric cancers (SMGC) represent a rare clinical entity with 
no established treatment guidelines. We report a 76-year-old female with two 
synchronous poorly differentiated adenocarcinomas (dMMR/MSI-H phenotype) 
in the gastric lesser curvature, clinically staged as cT4bN2M0. Following three 
cycles of neoadjuvant immunochemotherapy, the patient demonstrated 
remarkable tumor regression (RECIST 1.1 partial response) and subsequently 
underwent R0 distal gastrectomy. Histopathological examination confirmed a 
pathological complete response (ypT0N0, TRG 0).To our knowledge, this 
represents the first documented case of SMGC achieving pCR with 
neoadjuvant immunochemotherapy. Our findings suggest that PD-1 inhibition 
combined with chemotherapy may induce profound tumor regression in SMGC, 
even in cases with high tumor burden, potentially converting unresectable to 
resectable disease. This case provides compelling evidence for incorporating 
immunotherapy in SMGC management and warrants further investigation 
through clinical trials. 
KEYWORDS 

SMGC, neoadjuvant immunochemotherapy, pathological complete response, immune 
checkpoint inhibitors, microsatellite instability 
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Background 

Synchronous multiple gastric cancer (SMGC), defined as ≥2 
distinct primary gastric malignancies occurring simultaneously (1), 
accounting for 6%–14% of all gastric cancer cases (2). The 
pathogenesis involves complex interactions between field 
cancerization, tumor microenvironment heterogeneity, and 
genetic predisposition (3–5). Current treatment paradigms 
extrapolate from solitary gastric cancer protocols, despite 
evidence suggesting SMGC exhibits more aggressive biology and 
poorer chemotherapy responses (6, 7). 

The advent of immune checkpoint inhibitors (ICIs) has 
revolutionized management of microsatellite instability-high (MSI-H) 
gastrointestinal malignancies. While recent trials demonstrate promising 
efficacy of neoadjuvant immunochemotherapy in gastric cancer (8), 
SMGC-specific data remains absent due to routine exclusion from 
clinical studies. This knowledge gap is particularly significant given 
potential inter-lesional heterogeneity in treatment response. 

We present the first documented case of SMGC achieving 
pathological complete response (pCR) following neoadjuvant PD-1 
inhibition combined with chemotherapy, providing critical insights 
into the management of this challenging clinical scenario. 
Case presentation 

A 76-year-old female with 12 months of intermittent epigastric pain 
with well-controlled type 2 diabetes presented and 10 kg unintentional 
weight loss. No family history of malignancy was reported. 
Diagnostic evaluation 

Endoscopy 

Extensive mucosal ulceration was observed in the lesser 
curvature to the antrum, with two irregularly elevated ulcerative 
lesions (Figure 1). 
Frontiers in Immunology 02 156
Histopathology 

Both  l e s ions  demonst ra ted  poor ly  di ff e rent i a t ed  
adenocarcinoma  (Lauren ’s  diffuse  type)  with  identical  
immunohistochemical profiles: MSH2(+), MSH6(+), MLH1(-), 
PMS2(-), HER2 (1+), Claudin18.2(-) (Figure 2). 
Radiological staging (CT) 

Gastric wall thickening in the lesser curvature with pancreatic 
invasion, multiple enlarged lymph nodes (maximum: 4.1 cm × 
2.7 cm) and no distant metastases. Final clinical stage: cT4bN2M0 
(AJCC 8th ed. stage IVA) (Figures 3A-C). 
Multidisciplinary decision-making 

A multidisciplinary team (MDT) determined that R0 resection 
was unlikely due to pancreatic involvement and confluent lymph 
node metastases. The patient received neoadjuvant therapy with 
SOX (Oxaliplatin + tegafur/gimeracil/octeracil (S-1)) combined 
with tislelizumab (200 mg on day 1), every 3 weeks, for three 
cycles, with no significant adverse effects. 
Therapeutic response 

Post-treatment CT demonstrated significantly reduction in 
primary lesions and lymph node (Figures 3D-F). 
Surgical intervention 

Laparoscopic distal gastrectomy with D2 lymphadenectomy 
(R0) was performed. Intraoperative findings revealed Two fibrotic 
ulcer beds (1.7cm×2.4 cm; 3.8cm×2.1 cm) with significant post­
treatment scarring (Figure 4). 
FIGURE 1 

Extensive mucosal ulceration from the lesser curvature of the fundus to the gastric antrum was observed by gastroscopy. 
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FIGURE 2
 

Immunohistochemical results of tumor tissue before treatment. (A) MSH2 (+), (B) MSH6 (+), (C) MLH1 (-), (D) PMS2 (-), (E) HER2 (1+), (F) Claudin18.2 (-).
 
FIGURE 3 

Before treatment CT imaging demonstrated: (A, B) Marked thickening and nodularity along the gastric curvature with contrast enhancement, showing 
poorly defined margins between the stomach and pancreas. (C) Significant enlargement of lesser curvature lymph nodes. After treatment imaging 
revealed: (D-F) Substantial reduction in both the primary tumor mass and associated lymphadenopathy, indicating favorable treatment response. 
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Pathological evaluation 

No residual cancer cells were detected in the ulcers or lymph 
nodes (ypT0N0). Tumor regression grade (TRG): 0 (Ryan 
criteria) (Figure 5). 
Discussion 

Comprehensive genomic profiling has established gastric cancer 
as a molecularly heterogeneous disease comprising distinct 
subtypes, each exhibiting unique molecular characteristics and 
clinical behaviors. Per the Cancer Genome Atlas (TCGA) 
Frontiers in Immunology 04158
classification system, gastric cancer can be categorized into four 
molecular subtypes: microsatellite instability (MSI), chromosomal 
instability (CIN), Epstein-Barr virus (EBV)-positive, and 
genomically stable (GS) tumors (9, 10). Of these, the MSI subtype 
has emerged as a particularly noteworthy entity. 

Microsatellites (MS), defined as short, repetitive DNA 
sequences ubiquitously distributed throughout the human 
genome, are highly prone to replication errors (11). The DNA 
mismatch repair (MMR) system serves as the primary mechanism 
for detecting and correcting such errors. Consequently, genetic or 
epigenetic alterations in MMR genes may compromise MMR 
function (dMMR), thereby inducing a high microsatellite 
instability (MSI-H) phenotype. This molecular signature is 
associated with genomic instability and an increased tumor 
mutational burden (12–14). 

The advent of immune checkpoint inhibitors (ICIs) targeting 
programmed death-1 (PD-1) and programmed cell death ligand 1 
(PD-L1) has revolutionized cancer treatment paradigms (9). 
Accumulating evidence has demonstrated a strong association 
between MSI status and ICI efficacy, and more and more studies 
have begun to pay attention to the effect of ICIs in neoadjuvant 
therapy for gastric cancer (15, 16). 

Notably, the recently published NEOSUMMIT-01 trial reported 
a pathological complete response (pCR) rate of 22.2% in locally 
advanced gastric cancer patients receiving neoadjuvant 
immunochemotherapy (the PD-1 inhibitor tislelizumab plus SOX 
regimen),  representing  a  significant  improvement  over  
chemotherapy alone (7.4%) (8). However, this study specifically 
excluded  patients  with  SMGC,  leaving  the  efficacy  of  
immunotherapy in this population unexplored. 

To  our knowledge, this represents the  first documented case of 
SMGC achieving pCR following neoadjuvant immunochemotherapy. 
Notably, despite presenting with extensive lymph node metastasis at 
diagnosis, postoperative pathological examination revealed complete 
tumor regression, suggesting that immunotherapy may eradicate 
micrometastases through systemic immune activation. Intraoperative 
findings demonstrated significant fibrosis along the lesser curvature, 
potentially attributable to immunotherapy-induced fibroblast 
activation and collagen deposition. While these changes may 
obscure surgical planes and increase procedural complexity, they are 
FIGURE 5 

HE staining of surgical specimens including tumor tissue (A) and lymph nodes (B). 
FIGURE 4 

Surgically removed specimens showed two ulcers in the lesser 
curvature of the stomach and significant receding scars after 
neoadjuvant therapy. 
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considered favorable prognostic indicators. Furthermore, current 
evidence indicates that cancer stage, rather than lesion multiplicity, 
serves as the primary determinant of SMGC prognosis (17). 

In the present case, the achieved pathological pCR following 
immunotherapy may be associated with multiple factors including 
systemic immune activation, elevated tumor mutational burden 
(TMB), MSI-H status, and dynamic tumor microenvironment 
remodeling. Moreover, the establishment of immunological 
memory might facilitate eradication of minimal residual disease 
and potentially mitigate recurrence risk. 

Extensive research has been conducted on laparoscopic 
gastrectomy following neoadjuvant chemotherapy for gastric 
cancer. Although neoadjuvant chemotherapy induces significant 
tissue edema and fibrosis, increasing surgical complexity, 
advancements in surgical instrumentation (e.g., ultrasonic 
dissectors) and refined operative techniques have substantially 
minimized iatrogenic damage to normal tissues (18). The safety 
and feasibility of this approach have been robustly validated in 
multiple clinical studies. 
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Efficacy and safety of
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combining lenvatinib with or
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solitary large HCC: A multicenter
retrospective study
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Yuhao Su1, Xing Chen3, Xiaolun Huang1* and Zhengwei Leng1,4*
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Research in Chinese Medicine, Macau Institute for Applied Research in Medicine and Health, Macau
University of Science and Technology, Taipa, Macao, Macao SAR, China, 4Department of
Hepatobiliary Surgery II, Affiliated Hospital of North Sichuan Medical College, Nanchong, China
Purpose: To evaluate the efficacy and safety of postoperative adjuvant hepatic

arterial infusion chemotherapy (PA-HAIC) combined with lenvatinib and PD-1

inhibitors versus PA-HAIC with lenvatinib alone in patients with solitary large

hepatocellular carcinoma (HCC, >5 cm).

Methods: A total of 183 patients who underwent curative resection and

subsequent PA-HAIC plus lenvatinib (HAIC-L, n = 108) or PA-HAIC combined

with lenvatinib and PD-1 inhibitors (HAIC-L-P, n = 75) were enrolled from three

centers between April 2021 and April 2023. Propensity score matching (PSM) was

applied to balance baseline characteristics. Disease-free survival (DFS) and

overall survival (OS) were analyzed using the Kaplan–Meier method and Cox

proportional hazards models, while treatment-related adverse events (TRAEs)

were compared between groups.

Results: The HAIC-L-P group demonstrated significantly improved DFS

compared to the HAIC-L group both before (HR: 0.570; P = 0.007) and after

PSM (HR: 0.518; P = 0.018). In contrast, no statistically significant difference was

observed in OS between the two groups. Multivariate analysis identified elevated

AFP (≥400 ng/mL), microvascular invasion, and treatment strategy (HAIC-L vs.

and HAIC-L-P) as independent predictors of DFS. Additionally, the overall safety

profiles were comparable, with similar incidences of TRAEs and no significant

increase in hepatic toxicity with PD-1 inhibitor addition.
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Conclusion: PA-HAIC combined with lenvatinib and PD-1 inhibitors significantly

enhances DFS in patients with solitary large HCC, offering a promising adjuvant

approach with acceptable safety. Further prospective, biomarker-driven trials are

warranted to validate these findings and optimize patient selection.
KEYWORDS

solitary large hepatocellular carcinoma, postoperative adjuvant therapy, hepatic arterial
infusion chemotherapy, PD-1 inhibitors, combined therapy
1 Introduction

Hepatocellular carcinoma (HCC) remains a significant global

health burden, ranking as the fourth leading cause of cancer-related

mortality worldwide (1). While surgical resection, ablation, and

liver transplantation could offer curative potential for early-stage

HCC (2, 3), solitary large HCC (tumor diameter >5 cm) remains a

therapeutic challenge due to its aggressive biology and high

postoperative recurrence rates, even after curative resection (4–7).

Tumor size often serves as an independent prognostic factor in

HCC, with larger tumors correlating with increased vascular

invasion, rapid progression, and diminished survival (8, 9).

Nowadays, postoperative adjuvant hepatic arterial infusion

chemotherapy (PA-HAIC) has emerged as a viable option for

HCC patients with high-risk features, including microvascular

invasion (MVI), and huge single HCC (10–12). By delivering

high-dose chemotherapeutic agents directly to the liver, PA-HAIC

targets residual micrometastases and circulating tumor cells,

potentially delaying recurrence (13). Emerging evidence have also

indicated that combining HAIC with tyrosine kinase inhibitors

(TKIs) such as lenvatinib (a multi-targeted antiangiogenic agent)

may enhance therapeutic efficacy by suppressing angiogenesis and

tumor regrowth (14, 15). Furthermore, immune checkpoint

inhibitors, particularly programmed death-1 (PD-1) inhibitors,

have shown synergistic antitumor effects when combined with

TKIs and HAIC in advanced HCC, presumably by modulating

the immunosuppressive tumor microenvironment and extending

patient survival (16, 17).

Despite these promising advances, the triple-modality regimen of

PA-HAIC, lenvatinib, and PD-1 inhibitors remains unexplored in the

adjuvant management of solitary large HCC. Moreover, overlapping

toxicities from chemotherapy (HAIC), antiangiogenic agents

(lenvatinib), and immunotherapy (PD-1 inhibitors) necessitate

rigorous safety evaluations, particularly in postoperative patients with

compromised liver function. Addressing these gaps is imperative, as

solitary large HCC represents a high-risk subgroup with limited

therapeutic options and disproportionately poor outcomes.

This multicenter retrospective study aimed to evaluate the

efficacy and safety of PA-HAIC combined with lenvatinib and PD-

1 inhibitors versus PA-HAIC plus lenvatinib alone in patients with

solitary large HCC after curative resection. By comparing disease-free
02162
survival (DFS), overall survival (OS), and adverse events between the

two groups, this study seeks to provide evidence for optimizing

adjuvant strategies in this high-risk population.
2 Materials and methods

2.1 Patient cohort and study design

This retrospective study enrolled patients with solitary large

HCC (>5cm) who underwent PA-HAIC combined with lenvatinib

or PA-HAIC combined with lenvatinib and PD-1 inhibitors at

Sichuan Cancer Hospital, Sichuan Provincial People’s Hospital,

and the Affiliated Hospital of North Sichuan Medical College from

April 2021 to April 2023. The inclusion criteria were as follows: (1)

histologically confirmation of HCC; (2) Eastern Cooperative

Oncology Group performance status of 0 or 1; (3) no prior or

concomitant anticancer therapy; (3) R0 surgical resection with

curative intent; (4) solitary tumor >5 cm in diameter; (5) adjuvant

PA-HAIC with lenvatinib ± PD-1 inhibitor as the only postoperative

therapy. The exclusion criteria included: (1) having history of non-

HCC malignancies; (2) preoperative evidence of HCC recurrence or

distant metastasis; (3) multiple tumors or a solitary tumor ≤5 cm; (4)

drug allergy or intolerance to HAIC; (5) postoperative death within

30 days; (6) incomplete clinicopathological or follow-up data. A total

of 183 eligible patients were included into the study. The study

design is illustrated in Figure 1.

The study protocol was approved by the Human Ethics Committee

of Sichuan Cancer Hospital. All procedures complied with the

principles of the Helsinki Declaration. At the time of treatment, all

patients provided written informed consent for their clinical data to be

used in scientific researches (including retrospective studies).
2.2 Follow up

Patients were followed up every 1–2 months during the first

postoperative year and every 3 months thereafter if no recurrence or

metastasis was detected. Follow-up evaluations included laboratory

tests and imaging via computed tomography (CT) or magnetic

resonance imaging (MRI). The primary endpoint was disease-free
frontiersin.org
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survival (DFS), defined as the time from surgery to recurrence,

metastasis, or death from any cause. The secondary endpoint was

overall survival (OS), defined as the time from surgery to death from

any cause. Patients without recurrence, metastasis, or death by the

end of follow-up (April 2024) were censored as alive and event-free.
2.3 Clinicopathological data collection

Clinicopathological data potentially related to prognosis were

collected within 7 days prior to surgery, including demographic

characteristics (age, sex, body mass index [BMI]), laboratory

parameters (serum biomarkers, liver function tests, coagulation

profile, and hepatitis B virus markers), and tumor-related

features. Tumor characteristics included histopathological type,

presence of cirrhosis, tumor diameter, number of nodules, and

MVI. MVI was defined as the presence of cancer cell clusters within

a vascular lumen lined by endothelial cells, observable only under

microscopy (18).
2.4 Treatment

All patients initiated adjuvant therapy 4–6 weeks after surgery.

Treatment consisted of either PA-HAIC with lenvatinib or in

combination with PD-1 inhibitors. HAIC was performed based

on established protocols (10, 19). Each patient received 1–3 cycles of

HAIC with 4-week intervals. Treatment efficacy and toxicity were
Frontiers in Immunology 03163
monitored regularly via imaging and clinical assessments. Therapy

was discontinued in the event of unacceptable adverse effects,

patient withdrawal, or disease progression. PD-1 inhibitors

(Sintilimab) were administered intravenously at a fixed dose of

200 mg every three weeks, with dose modifications as per toxicity

management guidelines provided by the manufacturer.
2.5 Statistical analysis

Continuous variables were expressed as medians with

interquartile ranges (IQRs) or mean ± standard deviation (SD),

while categorical variables were reported as counts and percentages.

Categorical variables were compared using the Chi-square or

Fisher’s exact test, and continuous variables were compared using

the Student’s t test or Mann–Whitney U test, as appropriate. To

adjust for baseline confounding between groups, propensity score

matching (PSM) was conducted using a 1:1 nearest-neighbor

algorithm with a caliper width of 0.05. Variables included in the

propensity score model were age, gender, and albumin (ALB). DFS

and OS were analyzed using the Kaplan–Meier method, and

survival curves were compared using the log-rank test. Univariate

and multivariate Cox proportional hazards models were employed

to identify independent prognostic factors. Variables with P < 0.05

in univariate analysis were included in the multivariate model. All

statistical analyses were performed using SPSS software version 22.0

(IBM Corp., Armonk, NY, USA). A two-sided P value < 0.05 was

considered statistically significant.
FIGURE 1

The flowchart of patient enrollment. HCC, hepatocellular carcinoma; HAIC, hepatic arterial infusion chemotherapy; PD-1, programmed cell death
protein 1.
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3 Results

3.1 Patient characteristics

A total of 183 patients with solitary large HCC (>5cm) were

included, including 108 patients in the HAIC-L group and 75 in the

HAIC-L-P group. The clinicopathological characteristics before and

after PSM are summarized in Table 1. Of the entire cohort, 156
Frontiers in Immunology 04164
patients (85.2%) were male, with a median age of 52 years. Hepatitis

B virus (HBV) infection was present in 136 patients (74.3%), and

144 patients (78.7%) were classified as Barcelona Clinic Liver

Cancer (BCLC) stage A. Before PSM, significant differences were

observed between the two groups in age (P = 0.022), gender (P =

0.036), and ALB levels (P = 0.041). After PSM, no significant

differences remained, indicating that baseline characteristics were

well-balanced between the two groups.
TABLE 1 Baseline characteristics of the HCC patients before and after PSM.

Characteristics
Before PSM After PSM

HAIC-L (n=108) HAIC-L-P (n=75) P value HAIC-L (n=50) HAIC-L-P (n=50) P value

Age, years 57 (47-66) 59 (54-67) 0.022 59 ± 10 59 ± 9 0.943

Gender 0.036 1.000

Male 97 (53%) 59 (32.2%) 46 (46%) 46 (46%)

Female 11 (6%) 16 (8.7%) 4 (4%) 4 (4%)

BMI, kg/m2 22.09 (20.58-23.66) 22.31 (20.26-24.64) 0.334 22.49 (20.83-23.97) 22.34 (20.10, 24.88) 0.850

Etiology of HCC 0.436 0.349

HBV 78 (42.6%) 58 (31.7%) 36 (36%) 40 (40%)

Others 30 (16.4%) 17 (9.3%) 14 (14%) 10 (10%)

BCLC stage 0.467 0.461

A 83 (45.4%) 61 (33.3%) 38 (38%) 41 (41%)

C 25 (13.7%) 14 (7.7%) 12 (12%) 9 (9%)

Child-Pugh class 0.191 0.640

A 74 (40.4%) 58 (31.7%) 37 (37%) 39 (39%)

B 34 (18.6%) 17 (9.3%) 13 (13%) 11 (11%)

ALT, U/L 29 (18-49) 33 (19-46) 0.663 33 (19-53) 34 (18-46) 1.000

ALB, g/L 37.4 (33.7-40.3) 39.1 (35.4-41.0) 0.041 38.7 (35.2-40.9) 39.1 (35.4-41.4) 0.639

Bilirubin, µmol/L 15.8 (11.5-22.23) 15.0 (9.9, 21.5) 0.391 17.9 (10.9-23.1) 14.1 (9.9-22.4) 0.221

Leukocyte count, 109/L 5.80 (4.46-6.79) 5.18 (4.17-6.77) 0.226 5.57 (4.44-6.46) 5.36 (4.72-6.58) 0.524

Neutrophil count, 109/L 3.62 (2.64-4.56) 3.45 (2.35-4.25) 0.160 3.35 (2.55-4.03) 3.52 (2.78-4.20) 0.542

Lymphocyte count, 109/L 1.27 (1.00-1.60) 1.2 (0.94-1.70) 0.889 1.33 ± 0.53 1.40 ± 0.48 0.510

Platelet count, 109/L 166 (114-218) 141 (95-199) 0.083 159 (107-203) 155 (98-199) 0.689

Prothrombin time, s 11.9 (11.1-12.7) 11.9 (11.4-12.9) 0.274 11.9 (11.2-12.6) 12.1 (11.4-12.9) 0.368

AFP, ng/mL 145.32 (6.54-1000) 129.02 (8.55-964.14) 0.897 103.11 (7.50-1000) 169.20 (8.82-982.07) 0.923

Tumor size (cm) 8.3 (6.5-11.1) 8.0 (6.5-11.0) 0.626 8.5 (6.6-10.4) 8.0 (6.5-10.5) 0.513

Histopathological type 0.331 0.656

Poorly differentiated 33 (18%) 18 (9.8%) 15 (15%) 13 (13%)

Medium‐high differentiated 75 (41%) 57 (31.1%) 35 (35%) 37 (37%)

MVI 0.210 0.317

No 46 (25.1%) 39 (21.3%) 22 (22%) 27 (27%)

Yes 62 (33.9%) 36 (19.7%) 28 (28%) 23 (23%)

(Continued)
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3.2 Survival analysis

The median follow-up duration was 21 months (interquartile

range, 14–31 months). At the end of the follow-up, tumor

progression was observed in 69 patients (63.9%) and 32 patients

(29.6%) had died in the HAIC-L group. Moreover, 31 patients

(41.3%) in the HAIC-L-P group experienced tumor progression,

and 16 patients (21.3%) died.

Before PSM, DFS was significantly better in the HAIC-L-P

group than in the HAIC-L group (hazard ratio [HR]: 0.570; 95%

confidence interval [CI]: 0.384–0.846; P = 0.007; Figure 2A). After

PSM, the HAIC-L-P group also demonstrate superior DFS (HR:

0.518; 95% CI: 0.297–0.903; P = 0.018; Figure 3A). However, no

significant difference in OS was observed between the groups, both

before and after PSM (P = 0.322; Figure 2B; P = 0.232; Figure 3B).
3.3 Analysis of independent prognostic
factors

In the matched cohort, all variables were categorized and

analyzed using univariate and multivariate Cox regression
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(Table 2). Univariate analysis revealed that alpha-fetoprotein

(AFP, <400 ng/mL vs. ≥400 ng/mL, P = 0.001), microvascular

invasion (MVI, no vs. yes, P = 0.013), and treatment strategy

(HAIC-L vs. HAIC-L-P, P = 0.021) were significantly associated

with DFS. For OS, significant predictors included alanine

aminotransferase (ALT, <35 U/L vs. ≥35 U/L, P = 0.004) and

AFP (<400 ng/mL vs. ≥400 ng/mL, P = 0.017). Multivariate

analysis identified AFP (HR: 2.466; 95% CI: 1.405–4.326; P =

0.002), MVI (HR: 1.825; 95% CI: 1.022–3.259; P = 0.042), and

treatment strategy (HR: 0.530; 95% CI: 0.297–0.946; P = 0.032) as

independent prognostic factors for DFS. AFP (HR: 2.759; 95% CI:

1.216–6.261; P = 0.015) and ALT (HR: 3.873; 95% CI: 1.538–9.755;

P = 0.004) were identified as independent predictors of OS.
3.4 Safety

To compare safety profiles between groups post-PSM,

treatment-related adverse events (TRAEs) were presented in

Table 3. The overall incidence of TRAEs was similar between the

HAIC-L and HAIC-L-P groups (any grade: 90% vs. 92%, P > 0.999;

grade 1/2: 90% vs. 90%, P > 0.999; grade 3/4: 14% vs. 18%, P = 0.585).
TABLE 1 Continued

Characteristics
Before PSM After PSM

HAIC-L (n=108) HAIC-L-P (n=75) P value HAIC-L (n=50) HAIC-L-P (n=50) P value

Cirrhosis 0.669 0.221

No 37 (23%) 28 (15.3%) 23 (23%) 17 (17%)

Yes 71 (36.1%) 47 (25.7%) 27 (27%) 33 (33%)
fro
HCC, hepatocellular carcinoma; PSM, propensity score matching; HAIC, hepatic arterial infusion chemotherapy; BMI, body mass index; HBV, hepatitis B virus; BCLC, Barcelona Clinic Liver
Cancer; ALT, alanine transaminase; ALB, albumin; AFP, alpha-fetoprotein; MVI, microvascular invasion.
Bold values indicate statistically significant P values.
2

-Meier survival curves of disease-free survival (A) and overall survival (B) for the patients with solitary large HCC in the two groups before PSM.
FIGURE

Kaplan
HCC, hepatocellular carcinoma; PSM, propensity score matching; HAIC, hepatic arterial infusion chemotherapy.
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Most TRAEs were mild to moderate (grades 1-2), and no significant

differences were observed in individual adverse events (P > 0.05).

Notably, no treatment-related deaths or adverse events above grade 4

occurred in either group up to 12months post-treatment. All adverse

events resolved following symptomatic management or

treatment discontinuation.
4 Discussion

To date, no universally accepted postoperative adjuvant therapy

exists for HCC patients with high-risk features, and optimal

strategies for solitary large HCC (>5 cm) remain underexplored.

In this multicenter retrospective study, we demonstrated that

postoperative adjuvant HAIC combined with lenvatinib and PD-1

inhibitors (HAIC-L-P) significantly improved DFS compared to

HAIC plus lenvatinib alone (HAIC-L) in patients with solitary large

HCC (>5 cm), both before and after PSM (HR: 0.570; P = 0.007;

Figure 2A; HR: 0.518; P = 0.018; Figure 3A). Notably, the addition

of PD-1 inhibitors led to a 48.2% reduction in progression risk after

PSM, underscoring the potential of PD-1 inhibitors to augment the

antitumor efficacy of combined locoregional and targeted therapy in

this high-risk population. However, no significant OS benefit was

observed between the two groups (P < 0.05). Multivariate analysis

identified the treatment strategy (HAIC-L vs. HAIC-L-P; HR: 0.530;

P = 0.032) as an independent predictor of DFS, reinforcing the

clinical relevance of multimodal therapy in this setting.

The observed DFS benefit may arise from synergistic mechanisms

between HAIC, lenvatinib, and PD-1 inhibitors. HAIC delivers high-

dose chemotherapy directly to the liver, eliminating residual

micrometastases and circulating tumor cells (11, 13). Recent studies

have demonstrated the therapeutic efficacy and potential mechanisms

of combining HAIC with PD-1 inhibitors (20, 21). Lenvatinib, a

potent antiangiogenic agent, has been shown to promote vascular
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normalization and immune cell infiltration, thereby enhancing the

efficacy of PD-1 inhibitors (22, 23). Furthermore, PD-1 inhibitors

could reverse T-cell exhaustion and enhance immune surveillance

against residual neoplastic clones. When combined with HAIC or

anti-angiogenic therapy, these effects are further amplified, resulting

in improved immune cell recruitment and function within the tumor

milieu (20, 24, 25). This tri-modality approach aligns with emerging

evidence in unresectable HCC, where HAIC/TACE combined with

lenvatinib and PD-1 inhibitors has demonstrated superior tumor

control (14, 26). Our findings extend these observations to the

postoperative adjuvant setting, suggesting that combining

locoregional chemotherapy, targeted therapy, and immunotherapy

may disrupt the “seed-and-soil” interplay driving early recurrence in

solitary large HCC.

A key observation in our study is the absence of an OS benefit

despite the significant DFS advantage. This discrepancy, when

contrasted with studies in advanced HCC where HAIC has

frequently translated into prolonged OS (14, 27), may reflect

inherent differences in tumor biology and treatment objectives. In

the adjuvant setting, the aim is to eliminate micrometastatic disease.

However, long-term survival after resection is also influenced by the

availability and efficacy of salvage therapies following recurrence.

Moreover, variations in patient characteristics and the underlying

molecular and immunological heterogeneity of early-stage versus

advanced HCC may contribute to these divergent outcomes. Recent

comprehensive genomic analyses have identified distinct molecular

subtypes of HCC with varying prognoses and therapeutic

sensitivities (28). In our study cohort, it is plausible that PD-1

inhibitors effectively delayed recurrence in tumors with

immunologically active microenvironments, thereby improving

DFS. However, subsequent recurrences may have involved

resistant clones or occurred in tumors with immunosuppressive

features, leading to limited impact on OS. This hypothesis is

supported by single-cell RNA sequencing studies revealing the
FIGURE 3

Kaplan-Meier survival curves of disease-free survival (A) and overall survival (B) for the patients with solitary large HCC in the two groups after PSM.
HCC, hepatocellular carcinoma; PSM, propensity score matching; HAIC, hepatic arterial infusion chemotherapy.
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TABLE 2 Univariate and multivariate Cox regression analyses of the predictors for disease-free survival and overall survival of the HCC patients after PSM.

DFS OS

Multivariate analysis Univariate analysis Multivariate analysis

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

68 0.866 (0.382 - 1.964) 0.731

39 0.836 (0.360 - 1.940) 0.677

66 3.801 (1.515 - 9.536) 0.004 3.873 (1.538 - 9.755) 0.004

90 0.555 (0.244 - 1.262) 0.160

37 1.495 (0.645 - 3.466) 0.349

01 2.466 (1.405 - 4.326) 0.002 2.677 (1.196 - 5.989) 0.017 2.759 (1.216 - 6.261) 0.015

13 1.825 (1.022 - 3.259) 0.042 0.663 (0.299 - 1.472) 0.313

36 0.477 (0.210 - 1.081) 0.076

21 0.530 (0.297 - 0.946) 0.032 0.618 (0.278 - 1.377) 0.239

vival; OS, overall survival; HR, hazard ratio; ALT, alanine transaminase; AFP, alpha-fetoprotein; MVI, microvascular invasion; ALB, albumin; HAIC, hepatic arterial
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Characteristics Univariate analysis

HR (95% CI) P

Age, years (<60 vs. ≥60) 0.569 (0.310 - 1.043) 0.0

Bilirubin, µmol/L (<20 vs. ≥20) 0.690 (0.372 - 1.279) 0.2

ALT, U/L (<35 vs. ≥35) 1.012 (0.581 - 1.762) 0.9

Histopathological type (Poorly vs.
Medium-high)

0.602 (0.335 - 1.083) 0.0

Cirrhosis (No vs. Yes) 1.062 (0.600 - 1.881) 0.8

AFP, ng/mL (<400 vs. ≥400) 2.521 (1.442 - 4.408) 0.0

MVI (No vs. Yes) 2.076 (1.169 - 3.687) 0.0

ALB, g/L (<35 vs. ≥35) 0.819 (0.435 - 1.542) 0.5

Treatment (HAIC-L vs. HAIC-L-P) 0.509 (0.287 - 0.904) 0.0

HCC, hepatocellular carcinoma; PSM, propensity score matching; DFS, disease-free su
infusion chemotherapy.
Bold values indicate statistically significant P values.
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dynamic evolution of immune cell states in HCC, including

transitions toward exhausted or immunosuppressive phenotypes

(29). Together, these factors highlight the complexities associated

with translating DFS gains into OS benefits in the context of

postoperative adjuvant therapy.

Multivariate analysis identified AFP ≥400 ng/mL and MVI as

independent predictors of poor DFS, consistent with their

established roles as biomarkers of aggressive biology and

intrahepatic dissemination (30–32). The HAIC-L-P regimen

appeared to mitigate the adverse prognostic impact of these

factors, paralleling findings by Deng et al. (12), who reported that

HAIC-based therapy reduced AFP levels more effectively than

TACE in large HCC. The immunomodulatory effects of PD-1

inhibitors may further suppress AFP-secreting tumor subclones,

warranting further investigation.

In our findings, safety profiles were comparable between the

two groups, with no significant differences in all grade of TRAEs (P

> 0.05). These findings demonstrated that both treatment

approaches were generally well-tolerated, which consistent with

previous studies (10, 33). The most common TRAEs were

leukopenia, nausea, fatigue, and pain, which were consistent with

known toxicities of HAIC, lenvatinib, and PD-1 inhibitors (15, 34).
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Notably, the addition of PD-1 inhibitors did not exacerbate hepatic

toxicity, which is of particular concern in postoperative patients

with compromised liver function.

Despite these promising findings, several limitations warrant

consideration. First, the retrospective design of our study introduces

inherent selection bias and unmeasured factors in treatment

allocation, despite the use of PSM to minimize confounding.

Second, the lack of biomarker data limits our mechanistic

understanding of the immunotherapeutic response. Lastly, the

relatively short follow-up period and small sample size may

restrict the interpretation of OS outcomes. Future large-scale,

randomized controlled trials are essential to validate these

preliminary observations and to refine adjuvant therapeutic

strategies for patients with solitary large HCC.
5 Conclusion

In conclusion, PA-HAIC combined with lenvatinib and PD-1

inhibitors represents a promising strategy for improving the DFS

benefits in solitary large HCC, with a favorable safety profile. Future

prospective trials with biomarker-driven designs and extended
TABLE 3 Treatment-related adverse events of the patients with solitary large HCC after PSM.

Events, n (%)

HAIC-L (n=50) HAIC-L-P (n=50) P value

Any
Grade

Grade
1/2

Grade
3/4

Any
Grade

Grade
1/2

Grade
3/4

Any
Grade

Grade
1/2

Grade
3/4

Any TRAE 45 45 7 46 45 9 >0.999 >0.999 0.585

Hematologic toxic effects

Leukopenia 9 7 2 11 8 3 0.617 0.779 >0.999

Thrombocytopenia 4 4 0 7 7 0 0.338 0.338 >0.999

Hepatic function abnormalities

Increased ALT 8 6 2 7 5 2 0.779 0.749 >0.999

Increased AST 6 5 1 6 4 2 >0.999 >0.999 >0.999

Hyperbilirubinemia 5 5 0 9 9 0 0.249 0.249 >0.999

Nonhematologic toxic effects

Nausea 9 8 1 12 10 2 0.461 0.603 >0.999

Fatigue 11 9 2 13 11 2 0.640 0.617 >0.999

Fever 5 5 0 9 9 0 0.249 0.249 >0.999

Hypertension 7 7 0 4 4 0 0.338 0.338 >0.999

Pain 18 18 0 22 21 1 0.414 0.539 >0.999

Diarrhea 6 6 0 5 5 0 0.749 0.749 >0.999

Hypothyroidism 1 1 0 4 4 0 0.359 0.359 >0.999

Gastrointestinal
hemorrhage

4 4 0 2 2 0 0.674 0.674 >0.999

RCCEP 0 0 0 3 3 0 0.241 0.241 >0.999
f

HCC, hepatocellular carcinoma; PSM, propensity score matching; HAIC, hepatic arterial infusion chemotherapy; ALT, alanine transaminase; AST, aspartate aminotransferase; RCCEP, reactive
cutaneous capillary endothelial proliferation.
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follow-up are warranted to validate these findings and optimize

patient selection.
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Liquid-liquid phase separation
in gastric cancer: identifying
novel biomarkers and
therapeutic targets through
gene signature analysis
Xianhui Wen 1,2, Miaomiao Cui 3, Junhua Zhang 4

and Hai Huang 1,2*

1Center for Clinical Laboratories, The Affiliated Hospital of Guizhou Medical University,
Guiyang, China, 2School of Clinical Laboratory Science, Guizhou Medical University, Guiyang, China,
3Department of Clinical Laboratory, The Second People’s Hospital of Guiyang, Guiyang, China,
4Department of Blood Transfusion, The Third Xiangya Hospital Central South University, Changsha, China
Background and objective: Liquid-liquid phase separation (LLPS) plays an

important role in the development of many tumors, including gastric cancer,

but its prognostic value is unclear. The aim of this study was to explore the

prognostic significance of LLPS-related genes in gastric cancer to provide a basis

for improving the accuracy of prognostic prediction and finding potential

therapeutic targets in gastric cancer.

Methods: Clinical and transcriptomic data of gastric cancer were downloaded

from TCGA and GEO databases, and LLPS-related genes were extracted from

PhaSepDB. Unsupervised clustering was used to identify molecular subtypes

based on LLPS gene expression. LLPS gene features were constructed and

validated by LASSO Cox regression, and their staging prediction value was also

evaluated by machine learning methods. Key genes were validated by qRT-PCR,

Western blot, immunofluorescence, and functional experiments (shRNA

knockdown, CCK-8, clone formation, and scratch assay).

Results: Twenty LLPS-associated genes showed significant mRNA expression,

copy number variation, somatic mutation, and interaction network alterations in

gastric cancer tissues. Two LLPS molecular isoforms with different survival

outcomes and immune microenvironment characteristics were identified. A

four-gene LLPS prognostic signature consisting of DACT1, EZH2, PAK2, and

PSPC1was constructed, and the high-risk group had a poorer prognosis and was

prone to drug resistance. Machine learning analysis further confirmed the

predictive value of this gene signature. Functional experiments showed that

knockdown of PSPC1 significantly inhibited the proliferation (inhibition rate

>50%, P <0.001) and migration ability (P<0.0001) of gastric cancer cells.

Immunofluorescence confirmed the local izat ion and aggregation

characteristics of DACT1 and PSPC1.
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Conclusion: This study revealed the important role of LLPS in gastric cancer, and

the constructed four-gene LLPS signature is expected to be a novel biomarker

for prognostic assessment and treatment of gastric cancer. PSPC1 plays a key

role in gastric cancer progression, and has the value of a potential

therapeutic target.
KEYWORDS

gastric cancer, liquid-liquid phase separation, tumor immune microenvironment,
prognosis, nomogram
1 Introduction

GC ranks as the fifth most common malignancy and is the fourth

leading cause of cancer-related death worldwide (1). Despite its high

occurrence, a large proportion of patients are unfortunately

diagnosed at more advanced stages, resulting in poor clinical

outcomes due to the lack of clear clinical markers (2). Among

patients with locoregionally confined GC, the 5-year relative overall

survival rate is 77.7%, but for those with advanced cancer, it drops to

just 10.2% (3). Therefore, discovering new prognostic biomarkers and

potential therapeutic targets is essential for better patient outcomes.

LLPS is a physicochemical process within cells that has gained

significant attention in recent years (4). LLPS results in the

formation of membraneless, droplet-like structures in the

cytoplasm or nucleoplasm, creating dynamic microenvironments

that regulate various biological processes (5, 6). LLPS is driven by

multivalent interactions among macromolecules, with one key

mechanism involving the intrinsically disordered regions (IDRs)

of proteins (7). Increasing evidence indicates that LLPS plays a

crucial role in cancer initiation (8, 9), progression (10), immune

escape (11, 12), vascularization (13, 14), metabolism, phenotypic

plasticity (15), and metastasis (16, 17). However, the role of LLPS in

GC remains insufficiently understood and requires further in-

depth investigation.

Based on this background, this study aimed to systematically

identify and assess the importance of LLPS-associated genes in GC

through comprehensive bioinformatics analysis. We developed an

innovative molecular signature centered on LLPS-related genes,

offering clinically actionable tools for personalized treatment and

prognosis assessment of GC, and laying the groundwork for a deeper

understanding of LLPS’s role in GC development and progression.
2 Materials and methods

2.1 Ethical approval

All data usage complied strictly with the relevant data use policies

and ethical governance frameworks of the TCGA and GEO databases.

All analyses were conducted using anonymized public data.
02172
2.2 Data acquisition and preliminary
processing

Figure 1 provided a schematic overview of the study’s design

and methodological flowchart. Transcriptomic data and clinically

annotated patient information were sourced from the TCGA-STAD

project and the GSE84437 dataset available in the GEO database. In

August 2024, we obtained the TCGA-STAD data from the official

TCGA portal (https://portal.gdc.cancer.gov/), which comprises

RNA sequencing and clinical information for 412 gastric

adenocarcinoma patients and 36 normal tissues on August 15,

2024. The GSE84437 dataset, consisting of data from 433 GC

patients, was retrieved from the GEO database (https://

www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE84437). Survival

records for 448 patients were extracted from the TCGA dataset, and

the analysis included only those patients with complete gene

expression and survival data. The 561 LLPS-related genes were

sourced from PhaSepDB (http://db.phasep.pro/) (18). GSE19826

and GSE79973 datasets as validation sets.

Before merging the TCGA and GEO datasets, batch effect

correction was performed using the ComBat function from the

“sva” R package to minimize technical variation between different

data sources. The corrected data were then used for subsequent

differential expression analysis and model construction.
2.3 Determination of molecular subtypes

We utilized the “ConsensusClusterPlus” R package to perform

unsupervised consensus clustering for patient classification.

Subsequently, patient clusters were discerned and verified through

Principal Component Analysis (PCA).
2.4 Investigating pathological profiles and
prognostic patterns across LLPS clusters

We utilized the “survival” and “survminer” packages in R to

conduct Kaplan-Meier (K-M) survival analyses, examining the

prognostic relevance of GC patients grouped by distinct LLPS-
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https://portal.gdc.cancer.gov/
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE84437
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE84437
http://db.phasep.pro/
https://doi.org/10.3389/fimmu.2025.1620390
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Wen et al. 10.3389/fimmu.2025.1620390
based clusters. Moreover, we assessed clinical variables such as age,

tumor stage (T stage), and lymph node stage (N stage) across these

clusters to identify any statistically significant associations.
2.5 Molecular signature characterization
through gene set variation analysis of LLPS
clusters

To investigate the underpinning mechanisms of the distinctive

LLPS-derived clusters identified in this research, we applied the R
Frontiers in Immunology 03173
package “GSVA”. This method enabled us to assess pathway activity

differences associated with the unique LLPS patterns, providing

insights into the functional implications of LLPS in GC.
2.6 Estimation of the tumor
microenvironment in different LLPS
clusters

By applying single-sample Gene Set Enrichment Analysis

(ssGSEA), we quantified the relative representation of 23 human
FIGURE 1

The flow diagram of our study.
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immune cell populations within the tumor microenvironment

(TME) across multiple LLPS clusters. Furthermore, we assessed

the transcript abundance of 33 key immune−checkpoint regulators

across these clusters to investigate differences in immune profile.
2.7 Establishment of a prognostic index
derived from a differentially expressed
gene model

The study utilized a dataset of 871 GC samples, consisting of

433 samples from the GEO database (GSE84437), noted for its large

size and detailed clinical follow-up, and 438 gastric adenocarcinoma

samples with survival information from the TCGA database.

Utilizing the R−based toolkit “caret” (19), we splited the

combined dataset evenly into a training and testing subsets, each

comprising 436 patients. The training set underwent univariate Cox

regression analysis to find LLPS-related differentially expressed

genes (DEGs) correlated with overall survival (OS) (20). We then

employed the Least Absolute Shrinkage and Selection Operator

(LASSO) algorithm with the R package “glmnet” to choose the

DEGs with the highest prognostic potential. Subsequently,

multivariate Cox regression analysis was employed to identify

independent prognostic DEGs associated with GC, which were

then utilized to construct the prognostic model. In conclusion,

aligning with findings from previous oncological research (21), the

risk−prediction score was determined based on the following

equation involving the selected genes:

Prognostic Score = (Gene A expression × Coefficient A) + (Gene

B expression × Coefficient B) + …
2.8 Independent prognostic analysis of the
risk model

To evaluate the independent prognostic significance of the risk

signature, univariate and multivariate Cox proportional-hazards

regression analyses were carried out utilizing the R package

“survival”. These analyses assessed the impact of the risk score

and other clinicopathological variables on overall survival. The K-M

method was employed to analyze survival outcomes, and survival

curves between different prognostic groups were compared using

the log-rank test to assess statistical significance.

Furthermore, we constructed a nomogram integrating both

clinicopathological characteristics and the prognostic risk score

using the”rms”R package. The concordance index (c-index) was

computed to evaluate the model’s predictive performance and the

agreement between projected survival probabilities and observed

outcomes. Furthermore, calibration plots and receiver operating

characteristic (ROC) curves were constructed to examine the

model’s reliability and predictive accuracy.
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2.9 TIDE analysis

We applied the TIDE (Tumor Immune Dysfunction and

Exclusion) tool to assess tumor immune evasion mechanisms and

analyzed the discrepancies in TIDE scores between different

risk groups.
2.10 Mutation data analysis

We used the R package “maftools” to preprocess and visualize

mutation data from TCGA stomach adenocarcinoma samples,

including mutation frequency analysis, distribution of mutation

types, and waterfall plots of mutated genes.
2.11 Investigation of the immunological
microenvironment characteristics and
pharmacological response profiles

We utilized the ESTIMATE computational framework to quantify

stromal and immune cell infiltration levels in gastric carcinoma

specimens. Through the R package “estimate”, we systematically

generated three quantitative metrics: stromal scores reflecting

extracellular matrix components, immune scores representing

leukocyte infiltration, and composite ESTIMATE scores. To

examine therapeutic response patterns, pharmacological sensitivity

data were acquired from the publicly accessible Genomics of Drug

Sensitivity in Cancer repository(https://www.cancerrxgene.org/) (22).

Spearman rank correla- tion was applied to explore the association

between drug−response patterns and the prognostic index.

Furthermore, the R computational toolkit “pRRophetic” was

implemented to predict half-maximal inhibitory concentrations

(IC50), enabling comparative analysis of chemotherapeutic

efficacy between prognostic subgroups.
2.12 The whole-gene CRISPR-Cas9 screens
via the computational estimation of
CRISPR effects by relative screen signal

Genome-wide screening CRISPR were downloaded from

DepMap database (https://depmap.org/portal/download/).

Approximately 17000 candidate genes were calculated by using

CERES algorithm the dependence of the score (23). A negative score

indicates cell growth inhibition or death following gene knockout,

with scores of 0 and -1 representing the median effects of non-

essential genes and common core essential genes, respectively. The

top 200 negatively scoring genes were visualized in a bar char.
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2.13 Pan-cancer analysis of gene
expression

Gene expression data was derived from the normalized TCGA

dataset, with RNA-seq data obtained from the EBPlusPlusAdjust

PANCAN_IlluminaHiSeq_RNASeqV2.geneExp.tsv file provided by

PanCanAtlas. The data was transformed into dimensionless Z-Score

values by tumor using (x-m)/s. Z-score values less than -3 or greater

than 3 were considered outliers and were removed. After outlier

removal, tumors were included in the analysis when there were at

least three normal samples. Wilcoxon Rank Sum Tests were used to

compare the statistical differences in expression levels between tumor

and normal tissues in the digestive system tumor dataset.
2.14 Cell culture

The gastric epithelial cell line GES and gastric cancer cell lines

HGC-27, MKN-45, MKN-74, and AGS were acquired from the

Chinese Academy of Sciences Cell Bank (Shanghai, China). Cells

were cultured in RPMI-1640 medium (Gibco, NY, USA) enriched

with 10% fetal bovine serum (FBS) (Biological Industries, KBH, IL)

and 1% penicillin-streptomycin solution (Gibco, NY, USA). All cell

cultures were maintained in incubation vessels at 37 °C in a

humidified atmosphere containing 5% CO&#x2082;.
2.15 Quantitative reverse-transcription
polymerase chain reaction validate RNA
expression of key genes

GC cells were collected for RNA extraction using TRIzol

reagent (Invitrogen, CA, USA). Total RNA was reverse

transcribed to cDNA using PrimeScriptTM RT reagent Kit

(TaKaRa, Shiga, Japan). Quantitative real-time PCR was

performed using ChamQ SYBR qPCR Master Mix (Vazyme,

Nanjing, China) according to the manufacturer’s instructions.

The relative expression levels were normalized to HPRT and

calculated using the 2–△△Ct method. All primer sequences used

for RT-qPCR analysis are listed in Supplementary Table S1.
2.16 Immunofluorescence

Following culture, cells underwent fixation with 4%

paraformaldehyde solution (10 min) and membrane permeabilization

using 1%Triton X-100 (5min) at ambient temperature. To prevent non-

specific interactions, cells were immersed in a 5% BSA solution for 1 h at

ambient temperature. The samples were then exposed to specific primary

antibodies and maintained at 4°C for 12 hours to ensure complete

reaction equilibrium. After thorough PBS washing steps, samples were

treated with goat anti-mouse secondary antibodies conjugated to Alexa

Fluor 488 (Thermo Fisher Scientific) for one hour under ambient

conditions. Nuclear visualization was achieved through DAPI

counterstaining. Immunofluorescence(IF) images were acquired using
Frontiers in Immunology 05175
a DMi8 LEICA fluorescence microscope system. Supplementary Table

S2 presents the full set of primary antibodies utilized in this study.
2.17 Western blot analysis

Protein samples were isolated through RIPA buffer-mediated

lysis (Solarbio, Beijing, China). Following protein separation

through SDS-PAGE electrophoresis, the samples were transferred

to PVDF membranes (Millipore, MA, USA). Subsequently, the

membranes underwent blocking with 5% non-fat dry milk

solution in TBST buffer at ambient temperature for 2 h. After

blocking, membranes were incubated overnight at 4 °C with the

designated primary antibodies, then exposed for 1h at room

temperature to the matching HRP−conjugated secondary

antibodies. Immunoreactive bands were detected using an

enhanced chemiluminescence substrate (MeilunBio, Dalian,

China) and documented using a ChemiDoc XRS+ system (Bio-

Rad, CA, USA). Detailed information regarding the primary

antibodies utilized is available in Supplementary Table S2.
2.18 Lentivirus production and generation
of stable cell lines

Short hairpin RNAs (shRNAs) targeting human PSPC1 were

purchased from Zhenjiang Huamao Biotechnology Co., Ltd.

(Zhenjiang, China) and supplied in the lentiviral vector pLenti-

U6-shRNA-CMV- GFP-2A-Puro. Silencing were generated in

HEK293T cells co-transfected with the PSPAX2 plasmid and

PMD2G plasmid via Polyethylenimine(PEI) transfection reagent

(Solarbio,China). Viral supernatants were collected at 48h and 72h

post-transfection, filtered using a 0.45mm pore-size membrane, and

enriched with 10% PEG-6000. Target cells were transduced with the

lentiviral preparations in the presence of 8 mg/mL polybrene. At

48h later, puromycin (Solarbio,China) was added to a final

concentration of 2 mg/mL for selection, alongside a negative-

selection control group at the same density. Selection was

discontinued once all cells in the control dish had died, and the

surviving population was expanded as a stably transduced line.
2.19 CCK8 assay

HGC-27 and AGS cells were seeded at a density of 3×10³ cells

per well. Each well received 10mL of CCK-8 solution (MCE,

Shanghai, China). Following an additional 2-hour incubation

period, the optical density at 450 nm was determined using a

microplate reader (Thermo Fisher Scientific, MA, USA).
2.20 Colony formation assay

For colony formation analysis, HGC-27 and AGS cells were

plated in 6-well plates at 1×103 cells per well. After 10 days, colonies
frontiersin.org

https://doi.org/10.3389/fimmu.2025.1620390
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Wen et al. 10.3389/fimmu.2025.1620390
were fixed with 4% paraformaldehyde and stained using 0.1%

crystal violet solution. The number of colonies formed was

counted using Image J software.
2.21 Wound healing assay

AGS cells were transferred to 6-well plates. Following 24 hours

of incubation to allow cell attachment, a scratch wound was

generated in the cell monolayer using a sterile 200mL pipette tip.

The culture medium was then replaced with medium containing 1%

FBS instead of 10% FBS. Cell migration was monitored by capturing

images at various time points, and the wound area was quantified

using Image J software.
2.22 Statistical analysis

Comprehensive data assessments were performed through the

R environment (version 4.4.0) and validated using GraphPad Prism

(version 9.0) for all statistical computations. For continuous

variables, the Student’s t-test was applied; for categorical

variables, the Chi-square test or Fisher’s exact test was used. By

applying the “limma” R package for differential expression analysis,

significant differences were identified using criteria of FDR<0.05

combined with |log&#x2082;−fold change|>1. Survival analysis was

conducted using the “survival” and “survminer” R packages, with

the K-M method employed to calculate survival functions and the

log-rank test used to compare survival curves between different

prognostic groups. In cases involving multiple comparisons, the

Benjamini-Hochberg correction was employed to maintain the false

discovery rate (FDR) at an acceptable level. All p-values were

founded on two-sided tests, and results with p-values below 0.05

were considered statistically significant.
3 Results

3.1 Panoramic profiling of LLPS-linked
genetic features in GC

The diagram of research was demonstrated in Figure 1. Using

TCGA data and the “limma” package, we analyzed LLPS-related

gene expression and found significant differences between two

groups (Supplementary Figure 1A). Among them, 68 genes were

upregulated and 5 were downregulated (Supplementary Figure 1B).

Functional enrichment indicated that these genes are involved in

DNA replication initiation, cell division, RNA metabolism, nuclear

structure, chromosome regulation, transcription regulation, and

epigenetic modifications (Figure 2A). Pathway analysis further

highlighted enrichment in the Polycomb Repressive Complex, cell

cycle, and lysine metabolism pathways (Figure 2B).

Univariate Cox regression analysis demonstrated the roles of

different genes in survival outcomes (Figure 2C).To further
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understand the genomic alterations and interactions of these

differentially expressed LLPS-related genes, we examined CNVs of

22 differentially expressed LLPS-related genes in GC, identifying

chromosomal alterations and their locations. SURF6 showed the

highest CNV gain (~15%), while EZH2 exhibited the highest CNV

loss (~15%) (Figure 2D). The chromosomal distribution of CNV

alterations for these genes was delineated (Figure 2E). A correlation

network revealed positive (red lines) and negative (blue lines)

correlations among the LLPS genes (Figure 2F).
3.2 Identification of LLPS clusters in GC
and prognostic significance

To further explore the transcriptional profiles of LLPS-related

genes involved in gastric cancer tumorigenesis, we combined

GC datasets from both the TCGA database and GSE84437,

creating a merged TCGA-GSE cohort (N = 845). Using the

“ConsensusClusterPlus” package in R, we performed an

unsupervised clustering analysis, with k = 2 as the optimal number

of clusters based on empirical CDF plots. This selection showed the

highest intra-cluster similarity and the greatest inter-cluster

separation (Figures 3A, B). The resulting clusters displayed two

distinct expression patterns of LLPS-related genes. Additionally,

cases of GC in the TCGA-GEO cohort were effectively stratified

into separate groups (Figure 3C). Kaplan-Meier survival curves were

generated to assess the prognostic value of these clusters, revealing

significantly worse OS in patients within cluster B (Figure 3D).

Univariate analysis also identified differences in gene expression

between the two clusters (Figure 3E). Finally, we examined the

clinical and pathological features of the two groups to evaluate

their association with LLPS-linked gene levels (Figure 3F).

Next, we systematically evaluated a gastric cancer staging

prediction model based on LLPS-related genes by multiple machine

learning and deep learning methods. Four independent gastric cancer

gene expression datasets (GSE26253, GSE27342, GSE84433,

GSE26899) were integrated in this study, containing a total of 985

gastric cancer samples. To ensure the consistency and comparability

of the analysis, we uniformly classified all samples into three groups

of early, intermediate and advanced stages according to the AJCC/

UICC TNM staging system. The specific classification criteria were as

follows: both the GSE26253 dataset (n=360) and the GSE27342

dataset (n=160) directly provided the AJCC clinical staging

information, and we categorized stages IB and II as the early

group, stages IIIA and IIIB as the intermediate group, and stage IV

as the advanced group. Some of the stage III samples in the GSE27342

dataset that were not subdivided into substages were also uniformly

categorized into the intermediate group.For the GSE84433 dataset

(n=357), which provides detailed TNM staging information, we

grouped samples according to the combination of depth of primary

tumor invasion (T), lymph node metastasis (N), and distant

metastasis (M): samples that were T1-T2 and N0-N1 were

categorized as the early stage group, samples that were T3-T4 or

N2-N3 (without distant metastasis) were categorized as the
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intermediate stage group, and samples that had anysamples with

distant metastases (M1) were categorized as the late group.This

classification method is in line with the basic principle of AJCC

staging, which takes into account the degree of local invasion,

regional lymph node metastasis, and distant metastasis of the

tumor. The GSE26899 dataset (n=108) had been preclassified into
Frontiers in Immunology 07177
two groups, early (stage 1-2) and late (stage 3-4), according to the

AJCC staging system, and we directly adopted its original grouping.

Finally, based on the expression data of four gene markers (DACT1,

EZH2, PAK2, PSPC1), we constructed a staging prediction model for

953 gastric cancer samples (319 early, 497 intermediate, and

137 advanced).
FIGURE 2

Landscape of LLPS-related Genes in Gastric Cancer. (A) GO Analysis. (B) Pathway Analysis. (C) Univariate COX regression analysis of the hazard ratio
between 20 LLPS genes. (D) Frequency of CNVs in LLPS genes.(E) The location of CNV alteration of 14 model genes on 23 chromosomes. (F) Correlation
network of the 20 LLPS genes.
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The results show that although deep learning and complex

feature engineering demonstrate potential in certain aspects, the

relatively simple three-gene combination (DACT1+EZH2+PSPC1)

combined with the random forest model still achieves the best

prediction performance (64.3% accuracy). The Bayesian approach,

although slightly less accurate overall, excels in high-confidence
Frontiers in Immunology 08178
prediction, providing an important capability for quantifying

uncertainty in clinical applications.

Based on these findings, we further explored the expression

patterns and functional significance of LLPS-related genes in gastric

cancer. As shown in Supplementary Data 4-9, the differential

expression patterns of key LLPS genes in different gastric cancer
FIGURE 3

Identification of LLPS-related Gene Clusters in Gastric Cancer. (A) Consensus matrix showing the similarity, with k=2 indicating the division into two clusters.
(B) Consensus cumulative distribution function (CDF) illustrating various cluster numbers (k values) to aid in determining the optimal number of clusters. (C)
PCA of the two clusters. (D) Comparison of OS between the two clusters. (E) Gene expression boxplot comparing the expression levels of various genes
between the two clusters. (F) Heatmap for the correlation between clinicopathologic features and the two clusters. *P<0.05, **P<0.01, ***P<0.001.
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stages were confirmed by integrative analysis, validating their

potential value as staging prediction biomarkers.
3.3 Tumor−microenvironment features
correlated with LLPS clusters

In order to rigorously investigate the contributions of LLPS-

related genes to the gastric tumoral milieu, we implemented GSVA

analysis. As illustrated in Figure 4A, a substantial enrichment of

Cluster B was observed in multiple biological pathways, including

muscle contraction, cation channel activity, and transporter activity

regulation. In the KEGG Pathway analysis showed that Cluster A and

Cluster B exhibited significant results. differences in gene expression.

Genes in Cluster A were enriched in pathways connected to cell

proliferation and DNA repair, including the “cell cycle” and “genome

repair”, while genes in Cluster B were enriched in pathways

associated with cellular homeostasis, apoptosis, and other metabolic

processes (Figure 4B). Moreover, using ssGSEA, Cluster B exhibited

higher levels of myeloid-derived suppressor cells (MDSCs), activated

B cell, regulatory T cells (Tregs), activated CD8 T cell, and

macrophages compared to Cluster A (Figure 4C).
3.4 Construction and validation of the LLPS
signature and associated prognostic
scoring system

To explore the molecular basis of GC progression, we selected

prognostic subtype-associated genes identified by Lasso-based Cox

regression (Figures 5A, B). The risk index was created from four

gene signatures linked to prognostic subtypes. This prognostic score

was calculated using expression profiles of these genes, as

explained below:

Prognos t i c s core=0 .140×DACT1 + 0 .384×PAK2-

0.212×EZH2-0.307×PSPC1

Risk score distribution across LLPS clusters was visualized

(Figure 5C). The alluvial diagram showed how gastric cancer

patients were allocated between the two LLPS clusters and the

two prognostic-score groups (Supplementary Figure 2A). Survival

analysis with the Kaplan-Meier method demonstrated significantly

worse outcomes for patients in the high prognostic score group

compared to those in the low group (Figure 5D). Additionally, the

predictive ability of the LLPS-related differentially expressed gene

signature was assessed through time-dependent ROC curve

analysis, showing strong prognostic accuracy at 1, 3, and 5

years (Figure 5E).

Multivariable stratification of the high-risk group indicated a

significant increase in mortality risk, as shown in the survival

distribution plot (Figure 6A). In the multivariate Cox regression

analysis, LRRS was associated with a hazard ratio of 1.84 (95% CI:

1.468–2.30, P<0.001; Figure 6B). The nomogram combined multiple

variables, with the risk group serving as an important predictive
Frontiers in Immunology 09179
factor (Figures 6C, D). The heat map revealed distinct expression

patterns of the four genes, consistent with the prognostic score

(Figure 6E). Moreover, the genes identified earlier were validated in

two independent test sets (GSE19826 and GSE79973). The results

showed high expression levels of DACT1, PAK2, PSPC1, and EZH2

in GC (Figures 7A, C). The ROC analysis confirmed the predictive

power of these genes (Figures 7B, D).
3.5 Comprehensive evaluation of
immunological activity and tumor
mutational burden across distinct
prognostic score categories

Cancer progression and immunotherapy response are heavily

influenced by the immune microenvironment. Consequently, our

research aimed to analyze the tumor microenvironment pattern

among individuals with GC grouped into high- and low-risk

categories. We evaluated differences in the immunophenotypic

score. The low-risk group demonstrated an elevated

immunophenotypic score, suggesting a more promising

immunotherapeutic response potential (Figure 8A). The high-risk

score group exhibited a strong positive correlation with the inhibitory

immune checkpoints HAVCR2 and PDCD1 (Supplementary

Figure 3A). The immune cell subpopulation correlation analysis

indicated that prototypical immunosuppressive cells, including

Tregs, MDSCs, and macrophages, are co-enriched within the high-

risk score group, thereby further weakening the antitumor functions

of effector T cells and NK cells (Supplementary Figure 3B). The

heatmap displayed the distinctions between the two groups of

immune cells (Figure 8B). Subsequent mutational profiling of the

20 most frequently altered genes demonstrated a significantly

elevated mutational frequency in the low-risk group (Figures 8C,

D). By analyzing the gene expression landscape, we determined

stromal and immune scores for both cohorts (Figure 8E). A strong

positive correlation was observed between the prognostic score and

TMB, with significantly higher values in the low-risk cohort relative

to the high-risk cohort (Figure 8F). Additionally, we observed that the

TIDE score in the high-risk group was notably higher (Figure 8G).

DACT1 showed strong positive correlations with Tregs, T helper cells

(Th1 and Tfh). Conversely, it showed negative correlations with

activated CD4 T cells and CD8 T cells (Figure 9A). EZH2

demonstrated significant positive correlations with activated CD4 T

cells, memory B cells, and activated CD8 T cells, while showing

negative relationships with monocytes and certain innate immune

cells (Figure 9B). PAK2 exhibited prominent positive correlations

with central memory CD4 T cells, immature dendritic cells, and

plasmacytoid dendritic cells, while showing weak or even negative

correlations with activated B cells and mast cells (Figure 9C). PSPC1

showed strong positive correlations with adaptive immune

components such as activated CD4 T cells, memory B cells, and

activated CD8 T cells, but demonstrates negative correlations with

certain myeloid immune cells (such as MDSCs) (Figure 9D).
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3.6 Gene Expression and CRISPR
Functional Dependency

We conducted multi-dimensional analyses focused on four

candidate genes-DACT1, EZH2, PAK2, and PSPC1. Figure 10
Frontiers in Immunology 10180
showed the expression levels of these four genes in malignant

(red) and normal (blue) tissues across multiple cancer types,

including BRCA, COAD, LUAD, and KIRC. EZH2 and PSPC1

were significantly upregulated in the majority of cancers. DACT1

was notably downregulated in several cancer types. PAK2 exhibited
FIGURE 4

Features of the Tumor Microenvironment (TME) in the LLPS Clusters Identified in Gastric Cancer. (A) Comparison of the GSVA of Go Gene Ontology
(GO) Terms between the two LLPS clusters in GC. (B) Comparison of the GSVA of biological pathways between the two LLPS clusters in GC. (C)
Abundance of 23 infiltrating immune cell types in the two LLPS clusters.
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cancer-type specificity: it was distinctly elevated in some cancers

while showing no significant difference in others. Figure 11

presented dependency scores from the CERES algorithm-based

genome-wide CRISPR knockout data in GC cell lines, indicating

that these four genes are important for cancer survival. We used

immunohistochemistry (IHC) slides from the Human Protein Atlas

database to compare the protein abundance and localization of

DACT1, EZH2, PAK2, and PSPC1 in normal and corresponding

tumor tissues. DACT1 showed weak to moderate immunoreactivity

in normal tissues and no significant change in tumor tissues

(Figure 12A). In contrast, EZH2 displayed stronger, more

widespread brownish staining in tumor tissues, suggesting overall

upregulation in cancer cells (Figure 12B). PAK2 appeared to be
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expressed at moderate-to-low levels in normal tissues but showed

partial elevation in tumor tissues, indicating its potential role in

tumorigenesis (Figure 12C). PSPC1 demonstrated prominent

staining in tumor tissues, with some regions showing strong

positivity (Figure 12D).
3.7 Assessment of anticancer treatment
efficacy in cohorts stratified by high versus
low prognostic scores

We analyzed the drug responsiveness of groups with high or

low prognostic scores to various chemotherapeutic and targeted
FIGURE 5

Identification of an LLPS-related Differentially Expressed Gene (DEG) Signature and Risk Model for Gastric Cancer. (A) LASSO regression for 7
candidate genes. (B) Cross-validation for 7 OS-related genes in the LASSO regression.(C) Risk score in the LLPS clusters.(D)Kaplan-Meier curve
analysis for OS in total, test,and train Cohort. (E) The ROC curve analysis demonstrated the predictive efficiency of the prognostic score in total, test,
and train Cohort.
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agents (Figure 13). Boxplots clearly showed that the low score group

exhibited heightened sensitivity to 5-Fluorouracil, Cisplatin,

Paclitaxel, Oxaliplatin, Lapatinib, Erlotinib, Epirubicin,

Galliblocquinazole, and Vinblastine compared with the high

prognostic score group (P<0.001). Conversely, the high

prognostic score cohort demonstrated increased sensitivity to

Doramapimod, NU7441, AZD8055, AZD8186, and BMS-

754807 (P<0.001).
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3.8 Expression levels of LLPS genes
expression in GC cell lines

As described earlier, this novel index was based on four LLPS

genes (including DACT1, EZH2, PAK2, and PSPC1). Therefore, we

next performed qRT-PCR to determine the mRNA expression levels

of these target genes in GES, HGC-27, MKN-45, MKN-74, and AGS

cell lines (Figure 14A). The experimental findings were similar to the
FIGURE 6

LLPS-Associated Risk Scoring System for Gastric Cancer. (A) Ranked dot of prognostic score distribution and patient survival status. (B) Multivariate
independ- ent prgnostic analysis. (C) Nomogram was developed by integrating gender age, TNM stage, and LLPS risk. (D) Calibration plots to assess
the accuracy of nomogram. (E) The Heatmap of the expression of the four OS-related genes. *P<0.05, **P<0.01, ***P<0.001.
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results from GEO and TCGA databases. IF analysis showed the

localization of DACT1 and PSPC1 (Figure 14B, C). TheWestern Blot

results demonstrated high protein expression in cancer cell lines

(Figure 14D-G). Collectively, these results support the relevance of

the identified LLPS genes in gastric cancer (GC) and their potential

roles in tumor biology.

3.9 PSPC1 plays an important role in
gastric cancer cell proliferation and
migration

To verify the functional role of PSPC1 in gastric cancer

progression, we performed loss-of-function experiments in two

gastric cancer cell lines, HGC-27 and AGS.
Frontiers in Immunology 13183
First, we designed shRNAs (sh2 and sh3) targeting PSPC1 and

established stable knockdown cell lines by lentiviral infection. RT-

qPCR assay showed that in HGC-27 cells, both sh2 and sh3

significantly reduced the mRNA expression level of PSPC1 (**P <

0.01) (Figure 15A); in AGS cells, both shRNAs similarly effectively

inhibited PSPC1 expression (***P <0.001) (Figure 15B). Western

blot analysis further confirmed the knockdown effect at the protein

level (Figure 15C, D). Based on the knockdown efficiency, we

selected sh3 for subsequent functional experiments. To assess the

effect of PSPC1 on cell proliferation, we performed CCK-8 and

clone formation assays. CCK-8 results showed that PSPC1

knockdown significantly inhibited the proliferative ability of both

gastric cancer cells. In HGC-27 cells, the difference in proliferation

between the knockdown group and the control group reached a
FIGURE 7

Gene Expression Analysis and ROC Curve Comparison in test sets (GSE19826 and GSE79973). (A) Expression analysis of the four genes in the
GSE19826 data set. (B) ROC curve analysis of the four genes in the GSE19826 data set. (C) Expression analysis of the four genes in the GSE79973
data set. (D) ROC curve analysis of the four genes in the GSE79973 data set. *P<0.05, **P<0.01, ***P<0.001. Ns, Not Significant.
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significant level at 48 hours of culture (***P<0.001) (Figure 15E); in

AGS cells, this inhibition was more pronounced, with the

proliferative capacity of the knockdown group decreasing to

approximately 50% of that of the control group at 72 hours
Frontiers in Immunology 14184
(***P<0.001) (Figure 15F). Clone formation assays further

supported this finding: the number of clones formed in HGC-27

and AGS cells significantly decreased from approximately 400 and

300 to less than 100 after PSPC1 knockdown, respectively
FIGURE 8

Immune Microenvironment and Tumor Mutational Burden (TMB) of Gastric Cancer Tissues with Different LLPS-Associated Prognostic Scores.
(A) Expression levels of immune checkpoint genes of the two risk groups. (B) Correlation between LRRS and immune checkpoint genes. (C) The
mutation frequency of the top 20 genes in the low LRRS group. (D) The mutation frequency of the top 20 genes in the high LRRS group. (E) TME
score of the two risk groups. (F) TMB of the two risk groups. (G) TIDE of the two risk groups. *P<0.05, **P<0.01, ***P<0.001.
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(****P<0.0001) (Figure 15G), suggesting that PSPC1 has an

important role in the long-term proliferative capacity of gastric

cancer cells.

In addition, we evaluated the effect of PSPC1 on cell migration

ability by scratch healing assay. The results showed that PSPC1

knockdown significantly inhibited the migration ability of AGS

cells.At each time point of 24, 48 and 72 hours, the migration area of

the sh3 group was significantly lower than that of the control group

(****P < 0.0001). In particular, at 72 hours, the scratches in the

control group were essentially healed (100% of the migrated area),

whereas the knockdown group migrated only about

50% (Figure 15H).

Taken together, these results indicate that PSPC1 plays an

important role in promoting the proliferation and migration of

gastric cancer cells, suggesting that it may act as a promoter of

gastric cancer progression.
4 Discussion

Recent studies have shown that tumorigenesis and development

are closely related to gene mutation, amplification, epigenetic

abnormalities and signaling pathway imbalance (24, 25), in which
Frontiers in Immunology 15185
LLPS plays an important role (26). In this study, the expression and

mutation patterns of LLPS-related genes in gastric cancer were

systematically analyzed for the first time, and gastric cancer patients

were classified into two LLPS subtypes with different prognoses,

clinicopathological features, and immune infiltration patterns by

unsupervised clustering. A four-gene risk score model (LRRS)

containing DACT1, PAK2, EZH2, and PSPC1 was further

constructed, which was significantly associated with patient

survival, clinical features, and genomic alterations.

The four prognostic genes include two scaffold genes and two

client genes. DACT1 showed heterogeneity in different tumors: it

was downregulated in bladder (27), breast (28), and cervical (29)

cancers and upregulated in colon and squamous cancers (30, 31). In

the present study, DACT1 was found to be highly expressed in

gastric cancer cells, suggesting its unique role in gastric cancer.

PSPC1 is involved in RNA processing and transcriptional

regulation, and is a key component of parafollicular plaque

formation (32), which promotes the formation of intracellular

LLPS structures by binding RNA (33). Although PSPC1 is

associated with cell proliferation and metastasis in a variety of

tumors (34–36), its specific mechanism in gastric cancer has not

been previously elucidated. In the present study, we confirmed the

critical role of PSPC1 in gastric cancer progression by functional
FIGURE 9

Correlation Analysis of DACT1, EZH2, PAK2, and PSPC1 with Immune Cell Types. (A) DACT1 with each type of infiltrating immune cell. (B) EZH2 with
each type of infiltrating immune cell. (C) PAK2 with each type of infiltrating immune cell. (D) PSPC1with each type of infiltrating immune cell.
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FIGURE 10

(A-D) Pan-cancer Analysis of Gene Expression Differences: DACT1, EZH2, PAK2, and PSPC1. *P<0.05, **P<0.01, ***P<0.001.
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experiments, which is consistent with its report of promoting

malignant phenotypes in other tumors (37–41), suggesting that

PSPC1 may be involved in gastric cancer development by

influencing the LLPS process, providing a theoretical basis for the

development of targeted therapeutic strategies against PSPC1.

EZH2, as an epigenetic regulator, affects gene expression by

regulating histone methylation, and promotes tumor growth,
Frontiers in Immunology 17187
metastasis, and drug resistance in a variety of malignancies (42,

43).In this study, we confirmed that EZH2 is highly expressed in

gastric cancer, and CERES algorithm analysis showed that several

gastric cancer cell lines were highly dependent on EZH2, supporting

its potential as a therapeutic target. PAK2 is involved in cytoskeletal

remodeling, migration, and cell cycle regulation, and in lung

squamous carcinoma, it promotes proliferation and invasion
FIGURE 11

(A-D) Genome-Wide CRISPR Screening Dependency Scores in Gastric Cancer Using CERES Algorithm.
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(44).We found that PAK2 was generally upregulated in

gastric cancer tissues and highly dependent on it in certain cell

lines, consistent with its critical role in maintaining tumor

cell function.

Tumorigenesis is affected by both genetic mutations and

immune dysregulation (45, 46).The high LRRS group showed a

complex immune profile: increased immune cell infiltration,
Frontiers in Immunology 18188
elevated stromal scores, immunity scores, and ESTIMATE scores,

but greater immunosuppression. Genomic analysis revealed that

TTN mutations induced CD8+ and CD4+ T cell infiltration (47);

TP53 mutations affected cell cycle and DNA repair and remodeled

the immune microenvironment (48); MUC16 mutations increased

neoantigen production but may inhibit NK cell killing (49, 50); and

ARID1A mutations regulated the tumor inflammatory
FIGURE 12

(A-D) D ACT1, EZH2, PAK2, and PSPC1 Protein Expression in Normal and Tumor Tissues: Immunohistochemistry Analysis from the Human Protein Atlas.
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microenvironment and may enhance immunotherapy sensitivity

(51). Low-risk groups may have more “benign”mutations, and high

mutation loads enhance tumor antigenicity, promote immune

recognition, and improve prognosis.
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Drug sensitivity analysis revealed therapeutic strategies for

different prognostic groups.The low-scoring group was more

sensitive to first-line chemotherapeutic agents such as 5-

fluorouracil, cisplatin, paclitaxel, oxaliplatin, and epirubicin
FIGURE 13

(A-N) Drug sensitivity analysis in gastric cancer: risk group comparison.
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(p<0.001) (52), as well as responded well to HER2/EGFR-targeted

agents such as lapatinib and erlotinib, which was consistent with the

results of clinical trials in HER2-positive or EGFR-highly-expressed

gastric cancer (53, 54). The high-scoring group, on the other hand,

was more sensitive to novel kinase inhibitors such as Doramapimod

(p38 MAPK inhibitor), NU7441 (DNA-PK inhibitor), and

AZD8055 (mTOR inhibitor) (55–57), which provides a rationale

for individualized treatment.
Frontiers in Immunology 20190
In this study, LLPS gene was firstly used as a prognostic marker

for gastric cancer, and its biological mechanism, immune

characteristics and mutation spectrum were systematically explored,

which provided a new idea for clinical individualized

treatment.However, the study still has limitations: clinical samples

are needed for further validation; the specific mechanisms of the four

risk genes in LLPS and their interrelationships need to be explored in

depth.Nevertheless, this study provides important candidate
FIGURE 14

Verification Expression Levels of LLPS Genes Expression in GC Cell Lines. (A) The relative expression levels of DACT1, EZH2, PSPC, and PAK2 mRNA. (B)
Immunofluorescence of DACT1. (C) Immunofluorescence of PSPC1. (D-F) Western Blot of DACT1, EZH2, PAK2 and PSPC1.**P < 0.01, ***P < 0.001. Ns:
Not Significant.
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FIGURE 15

PSPC1 silencing inhibits the proliferation of GC in vitro. (A) RT-PCR verified the expression of depleted PSPC1 in the HGC-27. (B) RT-PCR verified the
expression of depleted PSPC1 in the AGS. (C) Western blot showing depleted PSPC1 expression by two independent shRNA (sh2 and sh3) in HGC-
27. (D) Western blot showing depleted PSPC1 expression by shRNA (sh3) in AGS. (E) Proliferation rates of PSPC1-depleted cells assessed by CCK8
assay in HGC-27. (F) Proliferation rates of PSPC1-depleted cells assessed by CCK8 assay in AGS. (G) Colony formation assay was performed on
HGC-27 and AGS cells treated with PSPC1 silencing to validate the growth ability of the indicated cells in vitro. (H) Representative images and
quantitative analysis of wound healing assay of AGS cells transfected with shRNA (sh3) and vector. **P < 0.01, ***P < 0.001, ****P < 0.0001.
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molecules for prognostic assessment and therapeutic target

development in gastric cancer.
5 Conclusion

In conclusion, our research identified 20 genes related to LLPS that

are linked to the prognosis of GC patients. By utilizing these genes, we

effectively categorized patients into two distinct subtypes, which have

different pathway activity, prognosis, clinicopathological features and

immune cell infiltration. In addition,we created a prognostic model

based on four of LLPS genes. Our results indicate that integrating

scores based on LLPS genes applied in clinical practice could serve as a

valuable instrument for predicting GC prognosis.
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Background: Cadonilimab, a bispecific antibody targeting programmed cell

death protein 1 (PD-1) and cytotoxic T-lymphocyte-associated protein 4

(CTLA-4), was the first agent of its class to demonstrate promising therapeutic

efficacy in combination with chemotherapy for patients diagnosed with

advanced gastric or gastroesophageal junction adenocarcinoma (GC/GEJC).

This economic evaluation aimed to determine whether cadonilimab plus

chemotherapy offers cost-effective benefits compared to chemotherapy alone

from both the U.S. and Chinese healthcare payer perspectives. In addition, we

estimated the pricing thresholds at which cadonilimab would be considered

economically viable as a first-line treatment.

Methods: We constructed a Markov model comprising three health states,

progression-free survival (PFS), progressive disease (PD), and death, spanning a

10-year time horizon. The clinical efficacy data were sourced from the

randomized phase 3 COMPASSION-15 trial. The cost and utility parameters

were derived from existing literature. The model calculates total costs, quality-

adjusted life-years (QALYs), and incremental cost-effectiveness ratios (ICERs).

Subgroup, scenario, and sensitivity analyses were performed, and price

simulations explored cost-effective thresholds at defined willingness-to-pay

(WTP) levels.

Results: In the base-case analysis, the cadonilimab plus chemotherapy provided

an incremental gain of 0.33 QALYs at an additional cost of $16,797.61, resulting in

an ICER of $50,582.10 per QALY, above the WTP threshold of China of

$40,354.27 per QALY. In the U.S. setting, although the combination therapy

achieved a slightly higher incremental QALY gain of 0.35 QALYs, the substantial

additional cost of $101,275.06 resulted in an unfavorable ICER of $290,498.45

per QALY, exceeding the U.S. WTP threshold of $150,000.00. Among Chinese

patients with a PD-L1 combined positive score (CPS) ≥5, the ICER was lower at

$37,499.27/QALY, rendering the therapy cost-effective. Simulations identified

cadonilimab pricing below $209.54/125 mg (China) and $826.46/125 mg (the

U.S.) as necessary for cost-effectiveness.
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Conclusion: Cadonilimab combined with chemotherapy may be cost-effective

in Chinese patients with elevated PD-L1 expression. However, its broader use in

other patient subgroups or countries requires significant price reductions. These

findings provide important guidance for future reimbursements and

pricing decisions.
KEYWORDS

cost-effectiveness, cadonilimab, PD-1/CTLA-4, gastric cancer, Markov model
Introduction

Gastric cancer (GC), including tumors located at the

gastroesophageal junction (GEJC), is the fourth most prevalent

malignancy globally and is a major contributor to cancer-related

mortality (1). In 2020, it accounted for approximately 1.1 million

new cases and over 768,000 deaths worldwide (2). Epidemiological data

reveal substantial regional disparities in disease burden: China reports

roughly 358,700 new GC/GEJC cases and more than 260,400 annual

deaths (3), while the United States reports around 30,300 new cases and

over 10,780 deaths each year (4). A critical shared challenge in both

regions is that most patients are diagnosed at an advanced stage, which

severely restricts treatment options and undermines long-term

prognosis. The most common histological type of gastric cancer is

adenocarcinoma, with the majority being human epidermal growth

factor receptor 2 (HER2)-negative (5, 6). Despite advances in medical

technology, more than 50% of patients with gastric cancer present with

metastatic and unresectable tumors at diagnosis. Anti-programmed cell

death protein-1 (PD-1) and programmed death ligand 1 (PD-L1)

inhibitors combined with chemotherapy have become the standard of

care for first-line treatment of HER2-negative, unresectable locally

advanced or metastatic gastric or gastroesophageal junction (GC/GEJ)

adenocarcinoma (7–11). Although the addition of a PD-1 inhibitor to

chemotherapy improves outcomes, survival benefits remain limited in

patients with low PD-L1 expression.

Cadonilimab is a human tetravalent bispecific IgG1 antibody

with a symmetric IgG single-chain variable fragment (scFv) structure

and an Fc-null design to eliminate antibody-dependent cellular

cytotoxicity (ADCC), antibody-dependent cellular phagocytosis

(ADCP), complement-dependent cytotoxicity (CDC), and cytokine

release. Fc receptor-mediated effector functions can eliminate or

impair lymphocytes expressing PD-1 and cytotoxic T-lymphocyte-

associated protein 4 (CTLA-4), thereby reducing their antitumor

activity (Supplementary Figure 1). Moreover, immune-related

adverse events (irAEs) induced by checkpoint inhibitors have been

associated with the recruitment of immune cells bearing Fc receptors

(12, 13). Cadonilimab has shown promising clinical activity and

manageable safety in patients with gastric or GEJ adenocarcinoma,

regardless of PD-L1 expression (14).

In the phase 3 COMPASSION-15 trial (15), both progression-

free survival (PFS) and overall survival (OS) significantly improved
02196
in the cadonilimab group. In the intention-to-treat (ITT)

population, the median OS was 15.0 months versus 10.8 months;

in patients with PD-L1 combined positive score (CPS) ≥5, the

median OS was not reached versus 10.6 months; and in those with

PD-L1 CPS <5, it was 14.8 months versus 11.1 months. The median

PFS was 7.0 months in the cadonilimab group compared to 5.3

months in the placebo group. Among patients with PD-L1 CPS ≥5,

PFS was 6.9 months with cadonilimab and 4.6 months with placebo,

while in the PD-L1 CPS <5 group, PFS was 6.9 months versus

5.5 months.

Cadonilimab is the world’s first PD-1/CTLA-4 bispecific

antibody tumor immunotherapy drug developed independently in

China and provides critical evidence supporting updates to clinical

practice guidelines for gastric cancer. Despite its clinical potential,

there is no comprehensive evidence of its economic value.

Cadonilimab has been granted orphan drug status and fast-track

designation by the U.S. FDA and is expected to receive market

approval as early as 2026. As a next-generation immunotherapy

agent, it is projected to be a key component of the global oncology

market, which is valued at nearly USD 100 billion. However, its high

price triggered two rounds of price reductions in China, from

$1,856.30 to $865.80, and then to $261.17 per 125 mg, raising

concerns about affordability and cost-effectiveness. The absence of

pricing information in the U.S. further complicates economic

evaluations. Additionally, cadonilimab may soon be included in

National Comprehensive Cancer Network (NCCN) Guidelines

(16), underscoring the need for cost-effectiveness data to inform

clinical and policy decisions in both regions.

This study aimed to assess the cost-effectiveness of cadonilimab

in combination with chemotherapy versus chemotherapy alone as

first-line treatment for advanced GC/GEJC from both U.S. and

Chinese healthcare payer perspectives, thereby informing future

drug pricing and reimbursement decisions.
Methods

Patient enrollment and intervention

This study followed the Consolidated Health Economic

Evaluation Reporting Standards (CHEERS) guidelines (17).
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Eligible patients were between 18 and 75 years of age and had

histologically confirmed, locally advanced, unresectable, or

metastatic GC/GEJC. None of the patients had previously

received systemic therapy for advanced disease. Patient

characteristics and inclusion criteria were consistent with those

described in the COMPASSION-15 clinical trial.

The participants were randomly assigned to receive either

cadonilimab (10 mg/kg, administered intravenously) or a placebo

every 21 days for up to 24 months. Both groups received concurrent

chemotherapy with capecitabine (1,000 mg/m² orally, twice daily on

days 1–14) and oxaliplatin (130 mg/m² intravenously on day 1),

repeated in 21-day cycles for up to six cycles (XELOX regimen).

Following the combination phase, the patients continued with

cadonilimab or placebo as monotherapy.

Subsequent treatments, including PD-1 inhibitors, targeted

agents, chemotherapy, or best supportive care, were performed in

accordance with the NCCN (16) and Chinese Society of Clinical

Oncology (CSCO) guidelines for gastric cancer (18) and were

consistent with post-treatment strategies used in the

COMPASSION-15 trial (15). Tumor assessments were performed

every six weeks during the first 54 weeks after enrollment and every

nine weeks thereafter.

Adverse events (AEs) were monitored with a particular focus on

severe (grade ≥3) events occurring in more than 3% of patients.

These included anemia, neutropenia, thrombocytopenia, and

hypokalemia (Table 1).
Model structure

A three-state Markov model was constructed using TreeAge Pro

2022 (Williamstown, MA, USA) and R version 4.2.4 (Vienna,
Frontiers in Immunology 03197
Austria). Health states included PFS, progressive disease (PD),

and death (Figure 1). The model employed a 3-week cycle length

over a 10-year time horizon, representing the lifetime of the patient

population and capturing over 99% mortality.

The analysis was conducted from the perspective of healthcare

payers in both China and the United States. The Chinese model

adopted a system-wide healthcare payer perspective, whereas the

U.S. analysis focused on direct medical costs relevant to both public

and private payers (25).
Outcomes

The model evaluated total life years, quality-adjusted life years

(QALYs), incremental cost-effectiveness ratios (ICERs),

incremental net health benefits (INHB), and incremental net

monetary benefits (INMB). Annual discount rates were applied to

both costs and utilities—3% for the U.S. and 5% for China—in

accordance with established pharmacoeconomic guidelines (26, 27).

Chinese cost data were converted to 2024 U.S. dollars using an

exchange rate of $1 = ¥7.1217 and were adjusted for inflation using

the local consumer price index. The willingness-to-pay (WTP)

thresholds were set at $40,354.27 per QALY in China (three times

the national gross domestic product per capita) and $150,000 per

QALY in the U.S., consistent with standards established by the

WHO and U.S. healthcare payers (28).
Clinical data inputs

Probabilities for OS and PFS were extracted from Kaplan–Meier

(KM) curves in the ASTRUM-005 trial using the GetData Graph
TABLE 1 Key clinical input data.

Parameters Baseline value
Range

Distribution Reference
Minimum Maximum

Survival model for OS

Cadonilimab plus chemotherapy
Meanlog=2.7363
Sdlog=0.9902

Lognormal (15)

chemotherapy
Shape=2.0400
Scale=11.3080

Loglogistic (15)

Survival model for PFS

Cadonilimab plus chemotherapy
Mu=1.9580
Sigma=0.9908
Q=-0.4756

Generalized gamma (15)

chemotherapy
Meanlog=1.6818
Sdlog=0.7658

Lognormal (15)

Survival model for OS (CPS ≥5)

Cadonilimab plus chemotherapy
Meanlog=2.8810
Sdlog=1.1670

Lognormal (15)

(Continued)
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TABLE 1 Continued

Parameters Baseline value
Range

Distribution Reference
Minimum Maximum

Survival model for OS (CPS ≥5)

chemotherapy
Shape=1.9017
Rate=0.1390

Gamma (15)

Survival model for PFS (CPS ≥5)

Cadonilimab plus chemotherapy
Meanlog=2.1741
Sdlog=0.9829

Lognormal (15)

chemotherapy
Meanlog=1.6784
Sdlog=0.7388

Lognormal (15)

Survival model for OS (CPS <5)

Cadonilimab plus chemotherapy
Meanlog=2.6772
Sdlog=0.9669

Lognormal (15)

chemotherapy
Meanlog=2.4639
Sdlog=0.8078

Lognormal (15)

Survival model for PFS (CPS <5)

Cadonilimab plus chemotherapy
Meanlog=2.0993
Sdlog=0.9096

Lognormal (15)

chemotherapy
Meanlog=1.6956
Sdlog=0.7848

Lognormal (15)

Drug cost, $/per cycle

Cost of Cadonilimab 1305.87 1044.70 1567.04 Gamma Local charge

Cost of Tislelizumab 352.03 281.62 422.44 Gamma Local charge

Cost of Oxaliplatin 166.25 133.00 199.50 Gamma Local charge

Cost of Capecitabine 44.06 35.25 52.87 Gamma Local charge

Cost of 5-FU 126.87 101.50 152.24 Gamma Local charge

Cost of Cisplatin 34.66 27.73 41.59 Gamma Local charge

Cost of Paclitaxel 212.61 170.09 255.13 Gamma Local charge

Cost of Ramucirumab 2106.24 1702.93 2554.39 Gamma Local charge

Testing for PD-L1 protein
biomarker

567.64 454.11 681.17 Gamma Local charge

Cost of the laboratory test 106.61 85.29 127.93 Gamma (19)

Enhanced CT 171.03 136.82 205.24 Gamma Local charge

Cost of end-of-life 1460.30 1168.24 1752.36 Gamma (20)

Best supportive care 164.57 92.16 138.24 Gamma (20)

Cost of drug administration per unit 134.93 107.94 161.92 Gamma (21, 22)

Proportion of receiving subsequent treatment in Cadonilimab plus chemotherapy group

PD-L1/PD-1 Medication 11.50% 9.20% 13.80% Beta (15)

Chemotherapy Regimen 34.40% 27.52% 41.28% Beta (15)

Targeted therapy 11.10% 8.88% 13.32% Beta (15)

Proportion of receiving subsequent treatment in Chemotherapy group

PD-L1/PD-1 Medication 22.30% 17.84% 26.76% Beta (15)

(Continued)
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Digitizer (http://getdata-graph-digitizer.com), and individual

patient data were reconstructed following the method described

by Guyot et al. (29).

Due to limited follow-up, extrapolation was required to extend

survival estimates across the model’s full time horizon (30). The

reconstructed time-to-event data were then fitted with a series of

parametric models, including classic models (exponential, Weibull,

Gompe r t z , g amma , l o g - l o g i s t i c , l o g - n o rma l , a nd

generalized gamma).
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Model selection was guided by a combination of statistical

goodness-of-fit based on the Akaike information criterion (AIC),

extrapolation performance based on log likelihood (LogLik), and

visual inspection. Using this framework, the most suitable

parametric model was chosen to extrapolate KM curves for OS

and PFS beyond the follow-up period of the COMPASSION-15 trial

(consistent with the trial referenced earlier for treatment protocols)

(Figures 2–4). Before implementing the Cox proportional hazards

(PH) model, the PH assumption—a core prerequisite for valid
TABLE 1 Continued

Parameters Baseline value
Range

Distribution Reference
Minimum Maximum

Proportion of receiving subsequent treatment in Chemotherapy group

Chemotherapy Regimen 47.90% 38.32% 57.48% Beta (15)

Targeted therapy 20.30% 16.24% 24.36% Beta (15)

Cost of AEs, $

Anemia 669.45 535.56 803.34 Gamma (23)

Decreased platelet count 1054.22 843.38 1265.06 Gamma (23)

Decreased neutrophil count 544.19 435.35 653.03 Gamma (23)

Hypokalemia 3000.00 2400.00 3600.00 Gamma (23)

Utilities

Utility of PFS 0.797 0.638 0.956 Beta (24)

Utility of PD 0.577 0.462 0.692 Beta (24)

Disutility estimates

Anemia 0.07 0.06 0.084 Beta (23)

Decreased platelet count 0.11 0.09 0.132 Beta (23)

Decreased neutrophil count 0.20 0.16 0.240 Beta (23)

Hypokalemia 0.04 0.09 0.14 Beta (23)

Risk for main AEs in Cadonilimab plus chemotherapy group

Anemia 10.20% 8.16% 12.24% Beta (15)

Decreased platelet count 28.50% 22.80% 34.20% Beta (15)

Decreased neutrophil count 15.10% 12.08% 18.12% Beta (15)

Hypokalemia 5.90% 4.72% 7.08% Beta (15)

Risk for main AEs in Chemotherapy group

Anemia 12.50% 10.00% 15.00% Beta (15)

Decreased platelet count 25.00% 20.00% 30.00% Beta (15)

Decreased neutrophil count 14.80% 11.84% 17.76% Beta (15)

Hypokalemia 1.00% 0.08% 0.12% Beta (15)

Discount rate 5% 4.00% 6.00% Beta

BMI/m2 1.72

Weight/kg 65

$1 = ¥7.0467 40,354.27
OS, overall survival; PFS, progression-free survival; PD, progression disease; CPS, PD-L1 combined of positive score; AE, adverse event; BMI, body mass index.
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FIGURE 1

Markov model structure.
FIGURE 2

The Kaplan-Meier: (A) overall survival curves of Cadonilimab plus chemotherapy group, (B) overall survival curves of Chemotherapy group, (C)
progression-free survival curves of Cadonilimab plus chemotherapy group, (D) progression-free survival curves of Chemotherapy group.
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model inference—was validated using two complementary

methods: visual inspection of log-log survival curves and

quantitative assessment of Schoenfeld residuals (31, 32). While

the PH assumption yielded p-values > 0.05 for both OS and PFS

across all patient groups (nominally suggesting the assumption was

satisfied), two critical observations indicated potential violation:

crossing cumulative hazard curves between the treatment and

control arms, and a non-horizontal trend in the smoothed

Schoenfeld residuals. The variation in predicted hazards across

different parameter distributions is shown in Figures 5–7. The

corresponding survival function parameters are detailed in

Tables 2–4.
Cost inputs

This analysis focused exclusively on the direct medical costs

associated with the management of GC/GEJC. These costs include

drug acquisition, laboratory testing, enhanced computed

tomography (CT), intravenous drug administration, subsequent
Frontiers in Immunology 07201
therapies, best supportive care, end-of-life care, and management

of severe adverse events (grade 3 or 4). Medication prices were

obtained from public Chinese databases and institutional pricing

schedules, whereas other cost components were derived from

published economic evaluations and relevant literature.

Owing to the absence of a listed market price for cadonilimab in

the United States, its cost was estimated using a comparative

approach. Specifically, pricing was approximated based on

analogous immunotherapies such as toripalimab and tislelizumab

(33). Drug prices for both China and the U.S. were converted to U.S.

dollars and adjusted using a price index to ensure cross-national

comparability. Tables 1 and 5 summarize the clinical and cost

parameters used in this analysis (19–23, 28, 34, 35).
Quality-of-life inputs

Health outcomes in the model were adjusted using utility values

obtained from previously published sources, as EQ-5D-5L

(European Quality of Life-5 Dimension-5 Level) data were not
FIGURE 3

The Kaplan-Meier of CPS ≥ 5: (A) overall survival curves of Cadonilimab plus chemotherapy group, (B) overall survival curves of Chemotherapy
group, (C) progression-free survival curves of Cadonilimab plus chemotherapy group, (D) progression-free survival curves of Chemotherapy group.
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directly reported in the COMPASSION-15 trial. Utility values were

anchored on a scale ranging from 0 (representing death) to 1

(representing perfect health).

For patients in the PFS state, the utility was set at 0.797 based on

data from the TOGA trial and calculated using the Japanese

EuroQol (EQ-5D) scoring algorithm (24). The utility for patients

in the PD state was 0.577, derived from evaluations conducted by

the National Institute for Health and Clinical Excellence (NICE).

Quality-of-life decrements (disutilities) associated with severe

adverse events, including anemia, thrombocytopenia, neutropenia,

and hypokalemia, were also incorporated into the model (24). All

AEs were assumed to occur during the initial treatment cycle, with

detailed incidence rates provided in Table 1.
Subgroup analyses

To explore heterogeneity in cost-effectiveness outcomes,

subgroup analyses were performed for patients with PD-L1 CPS

≥5 and CPS <5 in both China and the United States. These analyses
Frontiers in Immunology 08202
employed the same modeling structure and assumptions as those

used in the base-case scenario. Due to the lack of subgroup-specific

data on follow-up treatments, adverse event rates, or healthcare

resource utilization in the COMPASSION-15 trial, these parameters

were assumed to be consistent with those observed in the overall

study population.
Price simulation

Owing to uncertainties in the key input parameters, particularly

drug pricing, scenario analyses were conducted to evaluate a range

of potential pricing outcomes. In the Chinese context, cost-

effectiveness was assessed with and without the inclusion of a

patient assistance program. The price of cadonilimab varied

between $0 and $2,000 per 625 mg dose, and outcomes were

compared against the country-specific WTP threshold of

$40,354.27 per QALY.

In the United States, where a formal list price for cadonilimab is

currently unavailable, an estimated cost of $8,600 per 750 mg dose
FIGURE 4

The Kaplan-Meier of CPS <5: (A) overall survival curves of Cadonilimab plus chemotherapy group, (B) overall survival curves of Chemotherapy group,
(C) progression-free survival curves of Cadonilimab plus chemotherapy group, (D) progression-free survival curves of Chemotherapy group.
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was used. This estimate was based on price comparisons with other

anti-PD-1 agents, including toripalimab and tislelizumab. Scenario

analyses in the U.S. setting varied the price from $0 to $10,000 per

dose to identify the maximum price at which cadonilimab would

remain cost-effective under a $150,000 WTP threshold.
Scenario analysis

To address potential inconsistencies between the base-case

discount rates (3% for the U.S., 5% for China) and World Health

Organization (WHO) recommendations, an additional scenario was

run where China’s discount rate was lowered to 3% (matching the

U.S. rate). This analysis evaluated how aligning discount rates across

regions would impact cost-effectiveness conclusions, particularly for

long-term survival outcomes. Given the volatility of the yuan–dollar

exchange rate in 2024–2025, a second scenario incorporated

Purchasing Power Parity (PPP) adjustments to currency conversion

—replacing the base-case market exchange rate with 2024
Frontiers in Immunology 09203
International Monetary Fund (IMF) PPP values (￥1 = $0.2825,

equivalent to ￥3.54 = $1). Concurrently, China’s WTP

threshold was adjusted to $20,243.85 per QALY to align

with PPP-adjusted economic benchmarks, ensuring cross-

country comparability of cost-effectiveness results under a

standardized economic metric.
Sensitivity analysis

The robustness of the model outcomes was evaluated using one-

way sensitivity analysis (OWSA) and probabilistic sensitivity

analysis (PSA). In the OWSA, each key parameter was

independently varied by ±20% from its base-case value to

determine its influence on the ICER. The results were visualized

using tornado diagrams to identify the most influential variables.

For the PSA, all model inputs were sampled simultaneously

based on appropriate probability distributions, beta for probabilities

and utility values, and gamma for cost parameters. A total of 10,000
FIGURE 5

Comparison of fitted proportional hazards survival models with observed kaplan–meier curves: (A) overall survival curves of Cadonilimab plus
chemotherapy group, (B) overall survival curves of Chemotherapy group, (C) progression-free survival curves of Cadonilimab plus chemotherapy
group, (D) progression-free survival curves of Chemotherapy group.
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Monte Carlo simulations were performed to quantify the

uncertainty in ICER estimates and to calculate the likelihood that

cadonilimab plus chemotherapy would be deemed cost-effective at

different WTP thresholds.
Results

Base-case analysis

Over a 10-year time horizon, the base-case analysis indicated

that patients receiving cadonilimab in combination with

chemotherapy achieved 1.01 QALYs at a total cost of $28,528.60.

In contrast, those treated with chemotherapy alone accrued 0.67

QALYs at a cost of $11,730.98. This resulted in an incremental gain

of 0.33 QALYs and an additional cost of $16,797.61, yielding an

ICER of $5 ,0582.10 per QALY for the combinat ion

therapy (Table 6).
Frontiers in Immunology 10204
When compared to China’s WTP threshold of $40,354.27 per

QALY, this ICER exceeded the acceptable limit. Consequently, the

incremental net health benefit (INHB) was -0.08 QALYs, and the

incremental net monetary benefit (INMB) was -$3,396.52,

suggesting that cadonilimab plus chemotherapy is not cost-

effective in the Chinese healthcare setting (Table 6).

In the U.S. scenario, the ICER for cadonilimab plus chemotherapy

was estimated at $347,127.52 per QALY—well above the U.S. WTP

threshold of $150,000.00. The corresponding INHB and INMB values

were -0.41 QALYs and -$61,121.30, respectively, further supporting the

conclusion that the combination regimen is not economically favorable

under the current U.S. pricing assumptions (Table 6).
Subgroup analysis

Among patients with a PD-L1 CPS ≥5, the ICER for

cadonilimab plus chemotherapy was $37,499.27 per QALY—
FIGURE 6

Comparison of fitted proportional hazards survival models with observed kaplan–meier curves of CPS ≥ 5: (A) overall survival curves of Cadonilimab
plus chemotherapy group, (B) overall survival curves of Chemotherapy group, (C) progression-free survival curves of Cadonilimab plus
chemotherapy group, (D) progression-free survival curves of Chemotherapy group.
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below China’s WTP threshold of $40,354.27 (Table 6). The

corresponding INHB and INMB were 0.04 QALYs and $1,674.96,

respectively, indicating that cadonilimab was cost-effective in this

clinically responsive subgroup.

In contrast, for patients with a PD-L1 CPS <5, the ICER was

$66,013.60 per QALY, exceeding the WTP threshold. The INHB

was –0.16 QALYs and the INMB was –$6,355.16, suggesting that

cadonilimab was not cost-effective in this lower PD-L1 expression

group (Table 6).

In the U.S. setting, the ICER for cadonilimab plus

chemotherapy reached $240,877.66 per QALY in the PD-L1 CPS

≥5 group and $398,852.61 per QALY in the CPS <5 group, both of

which far exceeded the WTP threshold of $150,000.00 (Table 6).

The corresponding INHBs were -0.38 and -0.43 QALYs, while the

INMBs were -$56,677.19 and -$64,728.99, respectively. These

findings indicate that cadonilimab was not cost-effective in either

subgroup within the U.S. healthcare context, despite differential

clinical responsiveness.
Frontiers in Immunology 11205
Price simulation

Figure 8 illustrated the results of the price simulation analysis

across a range of cadonilimab pricing scenarios. In China, the ICER

increased proportionally as the price varied from $0 to $2,000 per 625

mg dose. A similar trend was observed in the United States, where the

price range examined ranged from $0 to $10,000 per 750 mg dose.

According to the respective WTP thresholds, cadonilimab

would be considered cost-effective in China if the price was below

$209.54 per 125 mg. In the U.S., the threshold for cost-effectiveness

was $826.46 per 125 mg.
Scenario analysis

Scenario analysis evaluating a 3% discount rate for China

showed the ICER of cadonilimab plus chemotherapy decreased to

$48,678.70 per QALY, though the reduction was minimal (Table 7).
FIGURE 7

Comparison of fitted proportional hazards survival models with observed kaplan–meier curves of CPS <5: (A) overall survival curves of Cadonilimab
plus chemotherapy group, (B) overall survival curves of Chemotherapy group, (C) progression-free survival curves of Cadonilimab plus
chemotherapy group, (D) progression-free survival curves of Chemotherapy group.
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TABLE 2 The Akaike information criteria (AIC), Bayesian information criteria (BIC) and Log likelihood (LogLik).

Type of
distribution

Cadonilimab plus
chemotherapy (OS)

Chemotherapy (OS)
Cadonilimab plus
chemotherapy (PFS)

Chemotherapy(PFS)

AIC BIC LogLik AIC BIC LogLik AIC BIC LogLik AIC BIC LogLik

Exponential 1284.687 1288.407 -641.344 1488.312 1492.032 -743.156 1195.999 1199.719 -596.999 1360.303 1364.023 -679.151

Gamma 1260.438 1267.878 -628.219 1438.741 1446.182 -717.371 1171.728 1179.169 -583.864 1298.264 1305.705 -647.132

Generalized gamma 1252.248 1263.409 -623.124 1438.235 1449.395 -716.117 1152.010 1163.171 -573.005 1278.456 1289.617 -636.228

Gompertz 1278.451 1285.892 -637.226 1463.253 1470.693 -729.626 1195.445 1202.886 -595.722 1351.569 1359.010 -673.785

Weibull 1264.650 1272.091 -630.325 1443.448 1450.888 -719.724 1179.156 1186.597 -587.578 1314.639 1322.080 -655.319

Log-logistic 1256.508 1263.949 -626.254 1437.368 1444.808 -716.684 1158.399 1165.839 -577.199 1279.473 1286.913 -637.736

Lognormal 1251.234 1258.674 -623.617 1437.727 1445.168 -716.863 1152.9990 1160.440 -574.499 1277.656 1285.097 -636.828
F
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OS, overall survival; PFS, progression-free survival; AIC, Akaike information criterion; BIC, Bayesian information criterion; LogLik, Log likelihood.
TABLE 3 The Akaike information criteria (AIC), Bayesian information criteria (BIC) and Log likelihood (LogLik) (CPS ≥5).

Type of distribution

Cadonilimab plus
chemotherapy (OS)

Chemotherapy(OS)
Cadonilimab plus
chemotherapy (PFS)

Chemotherapy (PFS)

AIC BIC LogLik AIC BIC LogLik AIC BIC LogLik AIC BIC LogLik

Exponential 431.287 434.040 -214.620 673.620 676.562 -335.810 428.832 431.585 -213.416 630.366 633.307 -314.183

Gamma 429.017 434.525 -212.477 655.971 661.855 -325.986 422.720 428.227 -209.360 595.904 601.788 -295.952

Generalized gamma 427.851 436.112 -210.906 657.836 666.661 -325.918 416.104 424.365 -205.052 593.860 602.685 -293.930

Gompertz 432.654 438.161 -214.296 664.185 670.068 -330.092 430.376 435.884 -213.188 620.211 626.095 -308.106

Weibull 429.856 435.363 -212.895 657.056 662.939 -326.528 425.200 430.707 -210.600 601.944 607.828 -298.972

Log-logistic 427.599 433.106 -211.774 656.027 661.911 -326.014 417.733 423.240 -206.866 592.798 598.681 -294.399

Lognormal 426.077 431.584 -211.016 658.737 664.621 -327.369 415.505 421.012 -205.752 591.928 597.811 -293.964
OS, overall survival; PFS, progression-free survival; AIC, Akaike information criterion; BIC, Bayesian information criterion; LogLik, Log likelihood; CPS, PD-L1 combined of positive score.
TABLE 4 The Akaike information criteria (AIC), Bayesian information criteria (BIC) and Log likelihood (LogLik) (CPS <5).

Type of distribution

Cadonilimab plus
chemotherapy (OS)

Chemotherapy (OS)
Cadonilimab plus
chemotherapy (PFS)

Chemotherapy (PFS)

AIC BIC LogLik AIC BIC LogLik AIC BIC LogLik AIC BIC LogLik

Exponential 698.054 701.110 -348.027 723.001 725.991 -360.500 648.459 651.515 -323.229 655.088 658.078 -326.544

Gamma 684.856 690.969 -340.428 695.367 701.348 -345.683 634.040 640.152 -315.020 631.682 637.663 -313.841

Generalized gamma 682.361 691.529 -338.180 695.279 704.250 -344.639 626.171 635.340 -310.086 614.320 623.291 -304.160

Gompertz 694.703 700.816 -345.352 709.257 715.238 -352.629 647.587 653.699 -321.793 655.037 661.018 -325.519

Weibull 687.161 693.274 -341.581 698.274 704.255 -347.137 638.087 644.200 -317.044 640.021 646.002 -321.793

Log-logistic 682.887 688.999 -339.443 694.586 700.567 -345.293 628.307 634.419 -312.153 618.165 624.146 -307.082

Lognormal 680.510 686.623 -338.255 693.371 699.352 -344.685 625.246 631.359 -310.623 616.300 622.280 -306.150
OS, overall survival; PFS, progression-free survival; AIC, Akaike information criterion; BIC, Bayesian information criterion; LogLik, Log likelihood; CPS, PD-L1 combined of positive score.
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For this scenario, PSA results indicated a 29.57% probability that

the regimen would be cost-effective at China’s defined WTP

threshold. Under PPP-adjusted currency conversion, the ICER of

the combination regimen was 25,374.68 per QALY—still exceeding

the PPP−aligned WTP of 20,243.85 per QALY (Table 7). PSA

findings for this scenario showed a 24.86% probability of cost-

effectiveness at the defined WTP threshold.
Frontiers in Immunology 13207
Sensitivity analysis

The OWSA results for the overall population and all subgroups in

both China and the U.S. are presented in Figures 9–11. The ICER was

most sensitive to variations in the cost of cadonilimab, utility values for

the PFS and PD health states, and the proportion of patients receiving

targeted therapy during subsequent treatment. Despite these
frontiersin.or
TABLE 5 Key clinical input data (US).

Parameters Baseline value
Range

Distribution Reference
Minimum Maximum

Drug cost, $/per cycle

Cost of Cadonilimab 8640.00 6912.00 10368.00 Gamma Estimated

Cost of Pembrolizumab 11520.60 9216.48 13824.72 Gamma (34)

Cost of Oxaliplatin 40.95 31.45 47.17 Gamma (34)

Cost of Capecitabine 56.00 87.92 131.88 Gamma (34)

Cost of 5-FU 50.17 40.14 60.20 Gamma (34)

Cost of Cisplatin 42.32 36.63 54.95 Gamma (34)

Cost of Paclitaxel 40.06 32.36 48.54 Gamma (34)

Cost of Ramucirumab 13124.36 10499.49 15749.23 Gamma (34)

Cost of the laboratory
test

111.65 89.32 133.98 Gamma (34)

Enhanced CT 424.35 339.48 509.22 Gamma (34)

Testing for PD-L1
protein biomarker

459.00 367.20 550.80 Gamma (34)

Cost of end-of-life 21603.00 17282.40 25923.60 Gamma (28)

Best supportive care 3049.00 2439.20 3658.80 Gamma (28)

Cost of drug
administration first hour

142.55 114.04 171.06 Gamma (34)

Administration
intravenous, additional
hour

30.68 24.54 36.82 Gamma (34)

Cost of AEs, $

Anemia 20260.00 6352.80 9529.20 Gamma (35)

Decreased platelet count 22698.00 10484.00 15726.00 Gamma (35)

Decreased neutrophil
count

17181.00 10484.00 15726.00 Gamma (35)

Hypokalemia 25326.00 6705.75 10058.63 Gamma (35)

Discount rate 3% 0.02 0.04 Beta

BMI/m2 2.1

Weight/kg 75
AE, adverse event; BMI, body mass index.
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sensitivities, the differences in health outcomes between treatment

strategies were sufficiently large that parameter variations did not

alter the overall conclusions, except in the CPS ≥5 subgroup in

China, where the ICER was influenced by changes in drug cost and

health state utilities.

The PSA findings are shown in Figures 12–17. In a Chinese setting,

the probability that cadonilimab plus chemotherapy would be cost-

effective at the definedWTP threshold was 23.35% for the overall cohort,

64.37% for the CPS ≥5 subgroup, and 3.20% for the CPS <5 subgroup. In

the U.S., the corresponding probabilities were 2.30% for the overall

cohort, 1.48% for the CPS ≥5 subgroup, and 0.09% for the CPS <5

subgroup. These results further support the conclusion that cadonilimab

plus chemotherapy offers limited economic value at the current price.
Discussion

Cadonilimab, the first PD-1/CTLA-4 bispecific antibody

approved for solid tumors, demonstrated notable clinical efficacy

in improving both OS and PFS in patients with unresectable or

metastatic GC/GEJC, as shown in the COMPASSION-15 trial.

Results from a Bayesian network meta-analysis further supported

its superiority: cadonilimab plus chemotherapy offered the greatest

OS and PFS benefits among various ICI-based regimens, including

nivolumab, pembrolizumab, sintilimab, tislelizumab, and

sugemalimab, for HER2-negative GC/GEJC patients with positive

PD-L1 CPS (36). This advancement marks a significant milestone in

the era of bispecific antibodies for solid tumor immunotherapy and

may reshape the global immunotherapy landscape.
Frontiers in Immunology 14208
Despite this clinical promise, our cost-effectiveness analysis

revealed that cadonilimab plus chemotherapy is not economically

viable as first-line treatment for most GC/GEJC patient groups in

China under current or projected pricing. This conclusion was

validated by scenario analyses: both PPP-adjusted currency

conversion and a 3% discount rate (as a sensitivity check)

confirmed the robustness of the base-case findings. Notably,

however, the combination regimen was cost-effective in the PD-

L1 CPS ≥5 subgroup—with an ICER of $37,499.27 per QALY,

below China’s WTP threshold of $40,354.27. Corresponding INHB

and INMB values were also positive, further supporting the use of

cadonilimab in this clinically responsive population.

This subgroup-specific value is particularly relevant in the

Chinese healthcare context, where cadonilimab has already

undergone significant price reductions: following the 2024

national medical insurance negotiations, it was included in the

2025 national medical insurance catalog for cervical cancer

(effective January 1, 2025). While GC/GEJC were not included in

this round due to timing constraints, the rapid approval and price

reduction of cadonilimab offer meaningful hope for GC/GEJC

patients. Our findings provide strong evidence to support its

future inclusion in medical insurance for GC/GEJC. This aligns

with the broader landscape of ICIs’ cost-effectiveness analysis in

China: nivolumab and pembrolizumab have been shown to be

uneconomical (37–39), while the economic value of tislelizumab,

sugemalimab, and sintilimab remains controversial (33, 40–44) —

consistent with our results.

Conversely, in the United States, the ICERs were $290,498.45,

$240,877.66, and $398,852.61 per QALY for the overall population,
TABLE 6 The base case analysis.

Treatment Cost QALY
Incremental

cost
Incremental

QALY
INHB INMB ICER

Cadonilimab plus chemotherapy(China) 28528.60 1.01
16797.61 0.33 -0.08 -3396.52 50582.10

Chemotherapy(China) 11730.98 0.67

Cadonilimab plus chemotherapy(CPS ≥5)(China) 32039.12 1.18
21999.87 0.59 0.04 1674.96 37499.27

Chemotherapy(CPS ≥5)(China) 10039.25 0.59

Cadonilimab plus chemotherapy(CPS <5)(China) 27699.35 0.91
16349.88 0.25 -0.16 -6355.16 66013.60

Chemotherapy(CPS <5)(China) 11349.47 0.66

Cadonilimab plus chemotherapy(US) 191469.60 1.04
101275.06 0.35 -0.33 -48981.29 290498.45

Chemotherapy(US) 90194.54 0.69

Cadonilimab plus chemotherapy(CPS ≥5)(US) 225496.39 1.22
150226.89 0.62 -0.38 -56677.19 240877.66

Chemotherapy(CPS ≥5)(US) 75269.50 0.60

Cadonilimab plus chemotherapy(CPS <5)(US) 190095.49 0.93
103745.44 0.26 -0.43 -64728.99 398852.61

Chemotherapy(CPS <5)(US) 86350.04 0.67
fron
QALY, Quality-adjusted life year; ICER, Incremental cost-effectiveness ratio; INMB, the incremental net monetary benefits; INHB, the incremental net health benefits; CPS, PD-L1 combined of
positive score.
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FIGURE 8

Price simulation: (A) China, (B) The U.S.
TABLE 7 Scenario analysis.

Treatment Cost QALY Incremental cost Incremental QALY INHB INMB ICER

Cadonilimab plus chemotherapy(China) 29119.94 1.04
16970.62 0.35 -0.07 -2902.11 48678.70

Chemotherapy(China) 12149.32 0.69

Cadonilimab plus chemotherapy(CPS ≥5)
(China)

14311.46 1.01
8426.58 0.33 -0.08 -1703.88 25374.68

Chemotherapy(CPS ≥5)(China) 5884.89 0.67
F
rontiers in Immunology
 15209
 fron
QALY, Quality-adjusted life year; ICER, Incremental cost-effectiveness ratio; INMB, the incremental net monetary benefits; INHB, the incremental net health benefits; CPS, PD-L1 combined of
positive score.
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CPS ≥5, and CPS <5 groups, respectively—all well above the

$150,000.00 WTP threshold. This is consistent with prior findings

that pembrolizumab, nivolumab, and tislelizumab also lack

economic viability in the U.S. GC/GEJC setting (39, 45–47).

Notably, our ICER for cadonilimab is relatively closer to the U.S.

WTP threshold than other ICIs, suggesting that further Network
Frontiers in Immunology 16210
Meta-analyses or real-world studies may help clarify its comparative

economic value.

Although cadonilimab has already undergone significant price

reductions in China, its price remains undetermined in many other

markets. Ongoing global trade tensions and tariff policies, particularly

between China and the U.S., add to pricing uncertainty, potentially
FIGURE 9

The tornado diagram of one-way sensitivity analysis: (A) China, (B) The U.S.
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limiting access to high-value cancer therapies. Our price simulation

provides important insights into pricing thresholds that could render

cadonilimab cost-effective: below $1,047.71 per cycle in China and

$4,958.77 per cycle in the U.S. Clinically, given its demonstrated

safety and efficacy advantages (and lack of obvious economic

disadvantages in select subgroups), we recommend that physicians

tailor treatment plans to patients’ disease profiles (e.g., PD-L1 status)
Frontiers in Immunology 17211
and financial capacities—prioritizing the most effective regimens

when affordable. These findings can inform health insurance

reimbursement adjustments and guide drug tiering in clinical

practice guidelines.

Sensitivity analyses identified the cost of cadonilimab and utility

values for PFS and PD as the most influential parameters on the

ICER, highlighting the critical role of drug pricing and patient
FIGURE 10

The tornado diagram of one-way sensitivity analysis in CPS ≥5 group: (A) China, (B) The U.S.
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quality of life in determining economic value. The very low cost-

effectiveness probabilities observed in the PSA further validated the

robustness of our base-case conclusions.

To our knowledge, this study is the first to assess the cost-

effectiveness of cadonilimab, a second-generation PD-1 inhibitor,

combined with chemotherapy as a first-line therapy for GC/GEJC

from both the U.S. and Chinese payer perspectives. Importantly,

key model parameters (e.g., utility values, costs of best supportive
Frontiers in Immunology 18212
care, and end-of-life care) were derived from GC/GEJC-specific

studies to minimize input uncertainty.

Nonetheless, this study has several limitations that must be

acknowledged. First, the clinical trial data used for modeling were

derived exclusively from a Chinese population, which may limit

their applicability to U.S. healthcare systems. Second, the model

was based on data from a controlled clinical trial, which

introduced inherent uncertainty. Although real-world patients
FIGURE 11

The tornado diagram of one-way sensitivity analysis in CPS <5 group: (A) China, (B) The U.S.
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often receive multiple lines of therapy, our model incorporates

only up to second-line treatment, potentially introducing bias.

Lastly, subsequent treatment proportions were reported at the

single-agent level, which may have affected the accuracy of the

post-progression cost estimates. Future studies that incorporate

broader real-world data are required to validate and refine

these findings.
Frontiers in Immunology 19213
Conclusions

In China, cadonilimab combined with chemotherapy was cost-

effective in patients with PD-L1 CPS ≥5, with an ICER of $37,499.27

per QALY—below the national WTP threshold of $40,354.27 per

QALY. However, at current or projected prices, the therapy

exceeded the WTP thresholds for all other subgroups in both
FIGURE 12

The cost-effectiveness acceptability curve: (A) China, (B) The U.S.
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FIGURE 13

The cost-effectiveness acceptability curve in CPS ≥5 group: (A) China, (B) The U.S.
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FIGURE 14

The cost-effectiveness acceptability curve in CPS <5 group: (A) China, (B) The U.S.
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FIGURE 15

The cost-effectiveness probabilistic scatter plot: (A) China, (B) The U.S.
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FIGURE 16

The cost-effectiveness probabilistic scatter plot in CPS ≥5 group: (A) China, (B) The U.S.
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FIGURE 17

The cost-effectiveness probabilistic scatter plot in CPS <5 group: (A) China, (B) The U.S.
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China and the United States. These findings highlight the need to

align clinical innovations with economic value to inform rational

and equitable oncological treatment decisions.
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