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Abstract
BACKGROUND 
Microsatellite stable (MSS) metastatic colorectal cancer (mCRC) is characterized 
by an immunosuppressive tumor microenvironment, leading to limited efficacy of 
immunotherapy in these patients. Clinical trial data suggest that chemotherapy 
and anti-angiogenic therapy may have the potential to enhance the response to 
immunotherapy in these patients. However, whether these research findings can 
be “replicated” in clinical practice still requires further validation through real-
world studies. This study aims to evaluate the effectiveness and safety of chemo-
therapy combined with bevacizumab with or without anti-programmed death 1 
(PD-1) immunotherapy as the first-line regimen for MSS mCRC in the real world.

AIM 
To evaluate the effectiveness and safety of chemotherapy combined with beva-
cizumab with or without anti-PD-1 immunotherapy as the first-line regimen for 
MSS mCRC in the real world.

METHODS 
We conducted a retrospective analysis of patients with MSS mCRC diagnosed at 
Peking University First Hospital and Jilin Cancer Hospital between January 2020 
and December 2024. Patients were stratified into two treatment groups: (1) An 
experimental group receiving first-line chemotherapy combined with bevaci-
zumab and anti-PD-1 immunotherapy; and (2) A control group receiving chemo-
therapy plus bevacizumab alone. Propensity score matching was employed to 
balance baseline characteristics, including age, gender, Eastern Cooperative Onco-
logy Group performance status, number of metastatic sites, and primary tumor 
location. The primary endpoints were progression-free survival and overall 
survival, while secondary endpoints included disease control rate, objective 
response rate, and treatment-related adverse events. Survival outcomes were 
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assessed using Kaplan-Meier analysis with log-rank testing. Additionally, inverse probability of treatment 
weighting was applied for sensitivity analysis to validate the robustness of our findings.

RESULTS 
The propensity score matching analysis identified 103 well-balanced patient pairs with a median follow-up of 25.5 
months. The experimental group demonstrated numerically higher objective response (36.00% vs 23.08%, P = 0.309) 
and disease control rates (96.00% vs 91.03%, P = 0.6759) compared to the control group, though these differences 
were not statistically significant. Similarly, no significant survival benefit was observed for either progression-free 
survival [hazard ratio (HR) = 0.7076, 95% confidence interval (CI): 0.4069-1.23, P = 0.22] or overall survival (HR = 
1.154, 95%CI: 0.4712-2.827, P = 0.75). Multivariate analysis identified liver metastases as an independent poor 
prognostic factor (HR = 3.36, 95%CI: 1.71-6.60, P < 0.001), while subgroup analyses revealed potential benefits of 
the experimental regimen in male patients (HR = 0.33, 95%CI: 0.14-0.81, P = 0.025) and those with right-sided 
primary tumors (HR = 0.40, 95%CI: 0.17-0.95, P = 0.022). Safety profiles were comparable between groups, though 
elevated lactate dehydrogenase emerged as an independent risk factor for poorer outcomes in the experimental 
group (HR = 4.11, 95%CI: 1.02-16.55, P = 0.046).

CONCLUSION 
Chemotherapy combined with bevacizumab and anti-PD-1 immunotherapy could not demonstrate promising 
efficacy in treating MSS mCRC compared to the standard first-line chemotherapy regimen with bevacizumab. Male 
patients or those with right-sided mCRC may derive benefits from immune-based combination therapy. Further 
research is needed to investigate specific clinical characteristics or biomarkers to identify patients who may derive 
benefit from combined immunotherapy approaches.

Key Words: Microsatellite stable; RAS mutation; Metastatic colorectal cancer; Immune checkpoint inhibitors; Programmed 
death 1

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Patients with microsatellite stable metastatic colorectal cancer typically exhibit an immunosuppressive tumor 
microenvironment and demonstrate a low response rate to immunotherapy. Clinical trial data suggest that chemotherapy and 
anti-angiogenic therapy may have the potential to enhance the response to immunotherapy in these patients. However, 
whether these research findings can be “replicated” in clinical practice still requires further validation through real-world 
studies. This study aims to evaluate the effectiveness and safety of chemotherapy combined with bevacizumab with or 
without anti-programmed death 1 immunotherapy as the first-line regimen for microsatellite stable metastatic colorectal 
cancer in the real world.

Citation: Gao Z, Wang XY, Shen ZG, Liu JH, Wang XY, Wu SK, Jin X. Real-world comparison of chemotherapy plus bevacizumab 
with or without immunotherapy as first-line therapy in colorectal cancer. World J Gastroenterol 2025; 31(24): 108298
URL: https://www.wjgnet.com/1007-9327/full/v31/i24/108298.htm
DOI: https://dx.doi.org/10.3748/wjg.v31.i24.108298

INTRODUCTION
The standard treatment paradigm for metastatic colorectal cancer (mCRC) involves sequential fluorouracil-based 
chemotherapy (with oxaliplatin or irinotecan), vascular endothelial growth factor inhibitors (primarily bevacizumab), and 
epidermal growth factor receptor-targeted therapies (for RAS wild-type tumors)[1,2]. Despite these options, clinical 
outcomes remain suboptimal, with median progression-free survival (PFS) of 11 months for first-line therapy[3], 8.7 
months for second-line chemo-antiangiogenic combinations[3], and 5.6 months for third-line trifluridine/tipiracil plus 
bevacizumab[4]. Targeted-immunotherapy combinations demonstrate particularly poor outcomes (median PFS: 1.8 
months)[5]. These effects highlight the urgent need for new treatment strategies.

While immune checkpoint inhibitors (ICIs) have revolutionized treatment for deficient mismatch repair (dMMR)/
microsatellite instability-high colorectal cancer (CRC)[6], their efficacy remains limited in microsatellite stable (MSS) 
disease[7], which constitutes approximately 90% of proficient mismatch repair (pMMR) CRC cases[8]. Recent clinical 
trials exploring combination strategies demonstrate promising results: The AtezoTRIBE study reported improved PFS 
[12.9 months vs 11.4 months, hazard ratio (HR) = 0.78] with atezolizumab added to 5-fluorouracil, leucovorin, oxaliplatin, 
and irinotecan (FOLFOXIRI)/bevacizumab in pMMR patients[9]. The phase II CheckMate 9 × 8 trial investigated the 
efficacy of leucovorin, fluorouracil, and oxaliplatin (FOLFOX) chemotherapy combined with bevacizumab and nivolu-
mab vs FOLFOX plus bevacizumab [SOC (standard of care)] as first-line treatment for unresectable CRC patients. Results 
demonstrated that adding atezolizumab to first-line FOLFOXIRI plus bevacizumab may prolong PFS in mCRC, particu-

https://www.wjgnet.com/1007-9327/full/v31/i24/108298.htm
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larly benefiting patients with dMMR, high tumor mutational burden, or high immune scores, without additional safety 
concerns. Immunoscore may serve as a predictive biomarker for immunotherapy response in colorectal cancer[10]. 
Similarly, the METIMMOX trial showed a PFS benefit (6.6 months vs 5.6 months) for (fluorouracil, leucovorin, oxaliplatin) 
chemotherapy combined with nivolumab vs chemotherapy alone in MSS mCRC[11].

Based on the aforementioned research findings, both chemotherapy and bevacizumab can induce an immune-enriched 
tumor phenotype, thereby creating a more favorable immune microenvironment for immune checkpoint blockade. We 
have initiated a multicenter retrospective cohort study to evaluate the safety and efficacy of chemotherapy combined with 
bevacizumab and anti-programmed death 1 (PD-1) immunotherapy as the first-line treatment of MSS mCRC in the real 
world.

MATERIALS AND METHODS
Study design and participants
This study employed a multicenter retrospective cohort research design. Patients with MSS mCRC who were treated at 
Peking University First Hospital and Jilin Cancer Hospital between January 1, 2020 and December 30, 2024 were enrolled. 
The experimental group consisted of patients who received first-line treatment with chemotherapy combined with 
bevacizumab and anti-PD-1 immunotherapy, while the control group comprised patients who received conventional 
treatment (chemotherapy combined with bevacizumab).

Eligible patients met all of the following criteria: (1) Histologically confirmed unresectable metastatic colorectal 
adenocarcinoma with measurable disease per RECIST 1.1; (2) pMMR/MSS status with wild-type BRAF; (3) Receiving 
either chemotherapy/bevacizumab/anti-PD-1 combination or chemotherapy/bevacizumab alone; (4) No prior radiothe-
rapy or ≥ 4 weeks since last radiotherapy; and (5) Eastern Cooperative Oncology Group (ECOG) performance status ≤ 2. 
The exclusion criteria included: dMMR/microsatellite instability-high status or BRAF mutations, symptomatic brain 
metastases, uncontrolled infections, gastrointestinal dysfunction impairing drug absorption, or high-risk gastrointestinal 
complications.

The primary chemotherapy regimens were oxaliplatin-based [FOLFOX or capecitabine and oxaliplatin (CAPEOX) or 
irinotecan-based folinic acid, fluorouracil, and irinotecan]. Anti-PD-1 agents included five approved inhibitors (penpu-
limab, pembrolizumab, sintilimab, tislelizumab, toripalimab), combined with bevacizumab.

This retrospective study received ethical approval from Peking University First Hospital and Jilin Cancer Hospital with 
waived informed consent, adhering to Declaration of Helsinki principles while utilizing anonymized clinical data. The 
patient selection process is detailed in Figure 1.

Procedures
Follow-up data were prospectively collected through multiple sources including hospital records, telephone interviews, 
outpatient visits, and rehospitalization records. The collected parameters encompassed: (1) Baseline characteristics (age, 
sex, height, weight, ECOG performance status); (2) Tumor-related factors (primary location, number of metastatic sites, 
differentiation grade); and (3) Treatment response metrics (percentage reduction in tumor volume, PFS, overall survival 
(OS), follow-up duration, and survival status).

Peripheral blood parameters were obtained within 7 days prior to initiating combination therapy (chemotherapy plus 
bevacizumab and anti-PD-1 immunotherapy). These included neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-
monocyte ratio, platelet-to-lymphocyte ratio, body mass index, advanced lung cancer inflammation index (= body mass 
index × albumin/NLR), and systemic immune-inflammation index (= platelets × neutrophils/lymphocytes).

The study’s primary endpoint was PFS, defined as the interval from enrollment to first documented disease pro-
gression (RECIST v1.1) or death from any cause, whichever occurred first. Secondary endpoints comprised: (1) OS (time 
from enrollment to death, with censoring at last follow-up for surviving patients); (2) Objective response rate (ORR, 
proportion achieving complete or partial response per RECIST v1.1); (3) Disease control rate (DCR, proportion with 
complete/partial response or stable disease); and (4) Treatment-emergent adverse events (graded by CTCAE v4.0). The 
database was locked in January 2025 for final analysis.

Statistical analysis
To minimize confounding effects between the experimental and control groups, we employed propensity score matching 
(PSM) with a 1:4 nearest-neighbor matching ratio, balancing key baseline characteristics including age, sex, ECOG 
performance status, metastasis pattern, and primary tumor location. Categorical variables were analyzed using χ2 or 
Fisher’s exact tests, while continuous variables were compared via Mann-Whitney U tests. Survival outcomes were 
evaluated using Kaplan-Meier analysis with log-rank testing, and independent prognostic factors were identified through 
Cox proportional hazards regression models [reporting HRs with 95% confidence intervals (CIs)].

For continuous hematological biomarkers, optimal prognostic cutoffs were determined using the survminer package’s 
surv_cutpoint algorithm stratifying patients into high- and low-expression cohorts[12]. The predictive performance of 
hematological indicators for immunotherapy response in MSS mCRC was quantified through receiver operating charac-
teristic curve analysis. All statistical computations were performed using R (version 4.4.2), with two-tailed P-values < 0.05 
considered statistically significant.
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Figure 1 Flow chart of patient inclusion. MSS: Microsatellite stable; mCRC: Metastatic colorectal cancer; PD-1: Programmed death 1.

Sensitivity analysis
To mitigate potential biases and ensure the robustness of our findings, we conducted three complementary sensitivity 
analyses: (1) Comprehensive univariate and multivariate regression analyses; (2) PSM with varying matching ratios (1:1 
to 1:3) to assess PFS and OS; and (3) Inverse probability of treatment weighting to adjust for baseline characteristics and 
evaluate treatment outcomes.

RESULTS
Patients
Following 1:4 PSM, the final cohort consisted of 103 patients, including 25 in the experimental group (chemotherapy plus 
bevacizumab and anti-PD-1 immunotherapy) and 78 in the control group (chemotherapy plus bevacizumab alone). The 
cohort comprised 63 males (61.2%) and 40 females (38.8%), with 43 patients (41.7%) aged over 60 years. Clinicopatho-
logical characteristics revealed 39 cases (37.9%) of right-sided colon cancer, 88 patients (85.4%) who had undergone 
primary tumor resection, and 29 patients (28.2%) with metastases involving two or more organs. Molecular analysis 
showed that all patients exhibited pMMR, while RAS mutations were detected in 60 cases (58.3%). Detailed baseline 
characteristics are presented in Table 1, and covariate balance between the two groups was confirmed (Supplementary 
Figure 1A).

Effectiveness
With a median follow-up duration of 25.5 months (as of December 2024), the overall cohort demonstrated a median PFS 
of 10.5 months and OS of 37.2 months. In subgroup analysis, the experimental group achieved a median PFS of 11.9 
months compared to 9.7 months in the control group. However, this difference in PFS did not reach statistical significance 
(HR = 0.7076, 95%CI: 0.4069-1.23, P = 0.22) (Figure 2A). Similarly, no significant difference was observed in OS between 
groups (HR = 1.154, 95%CI: 0.4712-2.827, P = 0.75) (Figure 2B). Regarding response rates, the experimental group 
demonstrated an ORR of 36.00% vs 23.08% in the control group (P = 0.309), while the DCR reached 96.00% and 91.03%, 
respectively (P = 0.6759) (Table 2). Collectively, these results suggest comparable efficacy between the two treatment 
approaches without statistically significant differences in survival outcomes or response rates.

Sensitivity analysis
In the unadjusted original cohort analysis, the experimental group showed significantly superior PFS compared to 
controls (HR = 0.414, 95%CI: 0.2462-0.6972, P = 0.037; Figure 3A), while OS remained comparable between groups (HR = 
1.268, 95%CI: 0.7562-2.125, P = 0.61; Figure 3B). Cox regression analyses confirmed the proportional hazards assumption 
(all P > 0.05) and identified absence of liver metastases as an independent predictor for improved PFS (P < 0.001; Table 3). 

https://f6publishing.blob.core.windows.net/deec37a4-3037-47f4-8d87-c5e3d27455b2/108298-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/deec37a4-3037-47f4-8d87-c5e3d27455b2/108298-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/deec37a4-3037-47f4-8d87-c5e3d27455b2/108298-supplementary-material.pdf
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Table 1 Baseline characteristics and treatment details of patients in the matched cohort, n (%)

Characteristics Levels Control group (n = 78) Experiment group (n = 25) P value

> 60 33 (42.3) 10 (40) 1.000Age

≤ 60 45 (57.7) 15 (60) -

Male 48 (61.5) 15 (60) 1.000Gender

Female 30 (38.5) 10 (40) -

1 75 (96.2) 23 (92) 0.759ECOG

2 3 (3.8) 2 (8) -

Right colon 27 (34.6) 12 (48) 0.335Primary tumor location

Left colon and rectum 51 (65.4) 13 (52) -

No 12 (15.4) 3 (12) 1.000Primary tumor surgery

Yes 66 (84.6) 22 (88) -

1 55 (70.5) 19 (76) 0.783Number of metastatic organs

≥ 2 23 (29.5) 6 (24) -

No 37 (47.4) 9 (36) 0.441Liver metastasis

Yes 41 (52.6) 16 (64) -

No 58 (75.3) 19 (76) 1.000Lung metastasis

Yes 19 (24.7) 6 (24) -

Unknown 16 (20.5) 8 (32) 0.496

Wild-type 15 (19.2) 4 (16) -

RAS

Mutation 47 (60.3) 13 (52) -

The control group received chemotherapy combined with bevacizumab. The experimental group received chemotherapy combined with bevacizumab and 
anti-programmed death 1 immunotherapy. ECOG: Eastern Cooperative Oncology Group.

Table 2 Comparison of short-term efficacy between two groups of microsatellite stable metastatic colorectal cancer

Group Number PR SD PD ORR (%) DCR (%)

Control group 78 18 53 7 23.08 91.03

Experimental group 25 9 15 1 36.00 96.00

χ2 value - 1.0348 0.2377 - 1.0348 -

P value - 0.309 0.6258 0.67591 0.309 0.67591

1Fisher’s exact test.
The control group received chemotherapy combined with bevacizumab. The experimental group received chemotherapy combined with bevacizumab and 
anti-programmed death 1 immunotherapy. PR: Partial response; SD: Stable disease; PD: Progressive disease; ORR: Objective response rate; DCR: Disease 
control rate.

Sensitivity analyses demonstrated robust and consistent findings across statistical methods. For PFS, inverse probability 
of treatment weighting (IPTW) analysis showed stable results (P = 0.2398; Figure 4A), with balanced baseline character-
istics after IPTW adjustment (Supplementary Figure 1B). Furthermore, PSM analyses using varying matching ratios (1:1 
to 1:3) confirmed no significant differences in PFS outcomes (Figure 4B-D). Similarly, for OS, the IPTW approach 
demonstrated consistent findings (P = 0.5632; Figure 5A), and PSM results remained stable across all tested matching 
ratios (Figure 5B-D). These comprehensive sensitivity analyses collectively reinforce the reliability of the primary study 
outcomes.

Safety
The safety evaluation revealed comparable toxicity profiles between treatment groups, with no statistically significant 
differences in adverse event incidence. While the experimental group exhibited numerically higher rates of grade 1-2 
hypothyroidism (7.7% vs 0.0%, P = 0.057) and rash (7.7% vs 0.0%, P = 0.057) compared to controls, these differences did 

https://f6publishing.blob.core.windows.net/deec37a4-3037-47f4-8d87-c5e3d27455b2/108298-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/deec37a4-3037-47f4-8d87-c5e3d27455b2/108298-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/deec37a4-3037-47f4-8d87-c5e3d27455b2/108298-supplementary-material.pdf
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Table 3 Univariate and multivariate Cox analysis of the effect of prognostic factors in the original cohort, n (%)

Dependent: Survival (OS/30, status OS) All patients HR (univariable) HR (multivariable)

Male 87 (64.0) - -Gender

Female 49 (36.0) 0.83 (0.45-1.50, P = 0.531) 1.02 (0.56-1.91, P = 0.928)

> 60 60 (44.1) - -Age

≤ 60 76 (55.9) 1.20 (0.67-2.14, P = 0.540) 1.00 (0.56-1.80, P = 0.995)

1 125 (91.9) - -ECOG

2 11 (8.1) 1.14 (0.41-3.19, P = 0.803) -

1 80 (58.8) - -Number of metastatic organs

≥ 2 56 (41.2) 1.50 (0.85-2.64, P = 0.163) -

Right colon 51 (37.5) - -Primary tumor location

Left colon and rectum 85 (62.5) 1.15 (0.64-2.07, P = 0.631) -

No 53 (39.0) - -Liver metastasis

Yes 83 (61.0) 3.34 (1.73-6.46, P < 0.001) 3.36 (1.71-6.60, P < 0.001)

No 94 (69.1) - -Lung metastasis

Yes 42 (30.9) 0.65 (0.34-1.24, P = 0.192) -

Unknown 26 (19.1) - -

Wild type 24 (17.6) 1.00 (0.41-2.43, P = 0.993) -

RAS

Mutation 86 (63.2) 0.89 (0.42-1.90, P = 0.767) -

Control group 108 (79.4) - -Group

Experimental group 28 (20.6) 0.80 (0.34-1.89, P = 0.607) 0.80 (0.34-1.91, P = 0.620)

OS: Overall survival; HR: Hazard ratio; ECOG: Eastern Cooperative Oncology Group.

Figure 2 After propensity score-matching analysis of progression-free survival and overall survival. A: After propensity score-matching analysis 
of progression-free survival (ratio = 4); B: After propensity score-matching analysis of overall survival (ratio = 4).

not reach statistical significance. Importantly, the incidence of grade 3-4 adverse events was similar between groups, 
demonstrating comparable treatment tolerability (Table 4).

Subgroup analysis
Male patients demonstrated significantly improved outcomes with chemotherapy combined with bevacizumab and anti-
PD-1 immunotherapy (HR = 0.33, 95%CI: 0.14-0.81, P = 0.015). Similarly, patients with right-sided primary tumors 
showed enhanced treatment response (HR = 0.40, 95%CI: 0.17-0.95, P = 0.039) (Figure 6).
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Table 4 Treatment-emergent adverse events in the 103 patients of the matched dataset, n (%)

Experimental group (n = 25) Control group (n = 78)
Toxicities

Grade 0 Grade 1-2 Grade 3-4 Grade 0 Grade 1-2 Grade 3-4
P value for grade 
1-2

P value for grade 
3-4

Anemia 13 (50.0) 12 (50.0) 0 (0) 53 (70.6) 24 (28.2) 1 (1.2) 0.1831a 1b

Neutropenia 18 (69.2) 6 (26.9) 1 (3.8) 40 (51.8) 30 (38.8) 8 (9.4) 0.2807a 0.4488b

Leukocytopenia 19 (73.1) 5 (23.1) 1 (3.8) 47 (60.0) 28 (36.5) 3 (3.5) 0.2164a 1b

Thrombocytopenia 18 (69.2) 7 (30.8) 0 (0) 44 (55.3) 30 (40.0) 4 (4.7) 0.4782a 0.5698b

Proteinuria 23 (92.3) 2 (7.7) 0 (0) 64 (81.2) 14 (18.8) 0 (0) 0.3454b 1b

Aspartate transaminase 
increased

12 (46.2) 13 (53.8) 0 (0) 46 (57.6) 30 (40.0) 2 (2.4) 0.3363a 1b

Alanine transaminase 
increased

14 (53.8) 11 (46.2) 0 (0) 50 (63.5) 26 (35.3) 1 (1.2) 0.4667a 1b

Alkaline phosphatase 
increased

18 (69.2) 7 (30.8) 0 (0) 62 (77.6) 16 (22.4) 0 (0) 0.6126a 1b

Blood bilirubin increased 22 (84.6) 3 (15.4) 0 (0) 57 (64.7) 20 (34.1) 1 (1.2) 0.07312b 1b

Triglycerides increased 13 (50.0) 10 (42.3) 2 (7.7) 53 (67.1) 22 (29.4) 3 (3.5) 0.3894a 0.5926b

Hypothyroidism 23 (92.3) 2 (7.7) 0 (0) 78 (100) 0 (0) 0 (0) 0.0571b 1b

Nausea 11 (42.3) 14 (57.7) 0 (0) 31 (41.2) 46 (57.6) 1 (1.2) 0.9765a 1b

Vomiting 11 (42.3) 14 (57.7) 0 (0) 47 (58.8) 30 (40.0) 1 (1.2) 0.1901a 1b

Fatigue 23 (92.3) 2 (7.7) 0 (0) 58 (72.9) 20 (27.1) 0 (0) 0.09078b 1b

Fever 24 (96.2) 1 (3.8) 0 (0) 77 (98.8) 1 (1.2) 0 (0) 0.4283b 1b

Rash 23 (92.3) 2 (7.7) 0 (0) 78 (100) 0 (0) 0 (0) 0.05711b 1b

Diarrhea 24 (96.2) 1 (3.8) 0 (0) 72 (92.9) 4 (4.7) 2 (2.4) 1b 1b

Peripheral neurotoxicity 24 (96.2) 1 (3.8) 0 (0) 75 (96.5) 2 (2.4) 1 (1.2) 0.5698b 1b

Hand-foot syndrome 23 (92.3) 1 (3.8) 1 (3.8) 72 (92.9) 5 (5.9) 1 (1.2) 1b 0.4283b

Hypertension 24 (96.2) 1 (3.8) 0 (0) 77 (98.8) 0 (0) 1 (1.2) 0.2427b 1b

aP values were calculated by χ2 test.
bP values were calculated by Fisher’s exact test.
The control group received chemotherapy combined with bevacizumab. The experimental group received chemotherapy combined with bevacizumab and 
anti-programmed death 1 immunotherapy.

Exploratory biomarker analysis
Our investigation of baseline hematological parameters identified several factors associated with improved PFS in pa-
tients receiving chemotherapy combined with bevacizumab and anti-PD-1 immunotherapy (Table 5). Univariate analysis 
demonstrated significant benefits for patients with right-sided colorectal cancer, normal carbohydrate antigen 199 levels, 
low NLR, high advanced lung cancer inflammation index, low systemic immune-inflammation index, low absolute 
leukocyte count, high red blood cell distribution width, and low lactate dehydrogenase (LDH) levels. Multivariate 
analysis established LDH as an independent prognostic risk factor (HR = 4.11, 95%CI: 1.02-16.55, P = 0.046) (Table 6).

The predictive value of LDH was further substantiated by receiver operating characteristic analysis, showing area 
under the curve values of 0.81, 0.71, and 0.79 for predicting treatment response at 9 months, 12 months, and 15 months 
respectively (Table 7, Figure 7A). When stratifying patients by the optimal LDH cutoff value, survival analysis revealed 
significantly prolonged PFS in the low-LDH group compared to the high-LDH group (P = 0.013) (Figure 7B).

DISCUSSION
For patients with MSS CRC, who account for nearly 90% of the population, the overall efficacy of immunotherapy is poor
[13]. Currently, strategies to overcome this challenge mainly include exploring biomarkers that can more accurately 
predict therapeutic efficacy or attempting to convert “cold tumors” into “hot tumors” through combination therapies[14]. 
For instance, studies have demonstrated that Immunoscore is currently promising biomarker for predicting therapeutic 
benefits from immune combination therapy[15]. Notably, responders to immune combination therapy exhibited signi-
ficantly higher densities of CD8+ T cells, regulatory T cells, and M2 macrophages compared to non-responders[16]. 
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Table 5 Baseline hematological prognostic indicators markers for patients receiving chemotherapy combined with bevacizumab and 
anti-programmed death 1 immunotherapy, mean ± SD

Characteristics Stats Normal range

Height (cm) 162.6 ± 8.2 140-190

Weight (kg) 61.0 ± 8.9 40-100

ALLC (109/L) 6.1 ± 2.2 3.5-9.5 

ANC (109/L) 5.9 ± 11.1 1.8-6.3

ALC (109/L) 1.6 ± 0.6 1.1-3.2

AMC (109/L) 0.4 ± 0.2 0.1-0.6

PLT (109/L) 253.5 ± 79.7 125-350

AEC (109/L) 0.3 ± 0.5 0.02-0.52

RDW (%) 14.7 ± 3.2 11.6-14.8

FIB (g/L) 3.7 ± 1.5 2-4

Dimer (ng/mL) 879.3 ± 1162.6 0-500

LDH (IU/L) 257.5 ± 150.4 109-245

ALB (g/L) 41.5 ± 4.0 40-55

10 (35.7)CEA (ng/mL), n (%)

18 (64.3)

0-5

19 (67.9)CA199 (IU/mL), n (%)

9 (32.1)

0-37

ALLC: Absolute leukocyte count; ANC: Absolute neutrophil count; ALC: Absolute lymphocyte count; AMC: Absolute monocyte count; PLT: Platelet; AEC: 
Absolute eosinophil count; RDW: Red blood cell distribution width; FIB: Fibrinogen; LDH: Lactate dehydrogenase; ALB: Albumin; CEA: 
Carcinoembryonic antigen; CA199: Carbohydrate antigen 199.

Figure 3 Kaplan-Meier curve of original cohort. A: In the original cohort (progression-free survival); B: In the original cohort (overall survival).

Furthermore, extensive research has identified tertiary lymphoid structures (TLS) as key prognostic biomarkers in 
colorectal cancer[17]. A notable study revealed that the presence of mature TLS can independently predict the efficacy of 
ICIs in solid tumors, irrespective of programmed death-ligand 1 expression levels[18]. Given these findings, TLS holds 
significant potential in overcoming current challenges in immunotherapy response prediction. Among these, combined 
chemotherapy and targeted therapy are popular areas of exploration[19,20]. ICIs combined with chemotherapy has 
become the first-line standard treatment for many solid tumors[21-23]. Immunotherapy and chemotherapy complement 
each other, with potential mechanisms including synergistic effects, reduced inhibition, increased immune cells, and the 
formation of immune memory[24].
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Table 6 Univariate and multivariate Cox analysis of prognostic factors in microsatellite stable metastatic colorectal cancer patients 
receiving chemotherapy combined with bevacizumab and anti-programmed death 1 immunotherapy, n (%)

Dependent: Survival (PFS/30, status) All HR (univariable) HR (multivariable)

> 60 10 (35.7) - -Age

≤ 60 18 (64.3) 1.47 (0.52-4.15, P = 0.466) -

Male 15 (53.6) - -Gender

Female 13 (46.4) 1.34 (0.52-3.41, P = 0.543) -

Right colon 15 (53.6) - -Location

Left colon and rectum 13 (46.4) 4.02 (1.38-11.70, P = 0.011) 1.34 (0.25-7.36, P = 0.733)

1 22 (78.6) - -Number of metastatic organs

≥ 2 6 (21.4) 0.90 (0.26-3.14, P = 0.870) -

No 10 (35.7) - -Liver metastasis

Yes 18 (64.3) 0.73 (0.27-1.99, P = 0.540) -

No 21 (75.0) - -Lung metastasis

Yes 7 (25.0) 1.20 (0.42-3.42, P = 0.727) -

Unknown 8 (28.6) - -

Wild type 5 (17.9) 1.61 (0.34-7.57, P = 0.544) -

RAS

Mutation 15 (53.6) 1.52 (0.42-5.52, P = 0.524) -

1 10 (35.7) - -CEA

2 18 (64.3) 2.11 (0.74-6.01, P = 0.161) -

1 19 (67.9) - -CA199

2 9 (32.1) 3.70 (1.27-10.77, P = 0.016) 2.56 (0.43-15.18, P = 0.301)

≤ 3.96 23 (82.1) - -NLR

> 3.96 5 (17.9) 4.72 (1.24-17.88, P = 0.023) 1.79 (0.19-17.36, P = 0.614)

≤ 6.45 25 (89.3) - -LMR

> 6.45 3 (10.7) 2.44 (0.67-8.84, P = 0.174) -

≤ 18.73 3 (10.7) - -BMI

> 18.73 25 (89.3) 4.38 (0.56-34.10, P = 0.159) -

≤ 205.20 9 (32.1) - -ALI

> 205.20 19 (67.9) 0.37 (0.14-1.00, P = 0.049) 0.33 (0.14-13.15, P = 0.805)

≤ 926.18 21 (75.0) - -SII

> 926.18 7 (25.0) 3.11 (1.10-8.81, P = 0.033) 2.54 (0.32-20.29, P = 0.379)

≤ 4.85 8 (28.6) - -ALLC

> 4.85 20 (71.4) 3.51 (1.12-11.04, P = 0.032) 11.52 (0.52-256.63, P = 0.123)

≤ 3.13 13 (46.4) - -ANC

> 3.13 15 (53.6) 2.56 (0.95-6.89, P = 0.064) 0.51 (0.07-3.53, P = 0.493)

≤ 1.15 7 (25.0) - -ALC

> 1.15 21 (75.0) 1.87 (0.53-6.60, P = 0.332) -

≤ 0.32 7 (25.0) - -AMC

> 0.32 21 (75.0) 3.38 (0.96-11.90, P = 0.058) 1.30 (0.15-11.13, P = 0.814)

≤ 0.15 16 (57.1) - -AEC

> 0.15 12 (42.9) 2.52 (0.98-6.46, P = 0.055) 0.54 (0.10-3.07, P = 0.488)

≤ 13 6 (21.4) - -RDW
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> 13 22 (78.6) 0.23 (0.07-0.76, P = 0.016) 0.26 (0.04-1.51, P = 0.133)

≤ 199 13 (46.4) - -LDH

> 199 15 (53.6) 3.44 (1.24-9.54, P =0 .018) 4.11 (1.02-16.55, P = 0.046)

PFS: Progression-free survival; HR: Hazard ratio; CEA: Carcinoembryonic antigen; CA199: Carbohydrate antigen 199; NLR: Neutrophil-to-lymphocyte 
ratio; LMR: Lymphocyte-to-monocyte ratio; BMI: Body mass index; ALI: Advanced lung cancer inflammation index; SII: Systemic immune-inflammation 
index; ALLC: Absolute leukocyte count; ANC: Absolute neutrophil count; ALC: Absolute lymphocyte count; AMC: Absolute monocyte count; AEC: 
Absolute eosinophil count; RDW: Red blood cell distribution width; LDH: Lactate dehydrogenase.

Table 7 The predictive value of lactate dehydrogenase in microsatellite stable metastatic colorectal cancer patients receiving 
chemotherapy combined with bevacizumab and anti-programmed death 1 immunotherapy

Time AUC 95%CI Cut-off Sensitivity Specificity

9 months 0.81 0.63-0.98 154 0.89 0.75

12 months 0.71 0.47-0.95 343 0.84 0.73

15 months 0.79 0.54-1.04 232 0.93 0.71

AUC: Area under the curve; CI: Confidence interval.

Figure 4 Sensitivity analysis of progression-free survival. A: After propensity score-matching analysis in progression-free survival (PFS) (ratio = 1); B: 
After propensity score-matching analysis in PFS (ratio = 2); C: After propensity score-matching analysis in PFS (ratio = 2); D: After inverse probability of treatment 
weighting analysis (PFS).
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Figure 5 Sensitivity analysis of overall survival. A: After propensity score-matching analysis in overall survival (OS) (ratio = 1); B: After propensity score-
matching analysis in OS (ratio = 2); C: After propensity score-matching analysis in OS (ratio = 3); D: After inverse probability of treatment weighting analysis (OS).

Recent years have witnessed numerous promising clinical trials investigating ICI combination therapies for MSS-type 
mCRC patients[25-27]. Among these, the combination of ICIs with anti-angiogenic agents and chemotherapy has demon-
strated particularly remarkable efficacy, emerging as the most promising therapeutic strategy for MSS-type mCRC. The 
CheckMate 9 × 8 trial evaluated nivolumab plus modified folinic acid, fluorouracil, and oxaliplatin regimen and beva-
cizumab as first-line treatment for mCRC. While the primary PFS endpoint wasn’t met, the combination achieved a 
higher 12-month PFS rate[10]. Similarly, the NIVACOR trial assessed nivolumab with FOLFOXIRI/bevacizumab in RAS/
BRAF-mutant mCRC, showing promising results in MSS subgroup analysis (ORR: 78.9%; DCR: 96.2%; median PFS: 9.8 
months, 95%CI: 8.18-15.24)[28], suggesting potential benefits for MSS CRC patients from immune-chemotherapy combin-
ations. The BBCAP study demonstrated outstanding efficacy of sintilimab plus bevacizumab and CAPEOX in RAS-
mutant/MSS mCRC (ORR: 84%; DCR: 100%; mPFS: 17.9 months in full analysis set), with manageable safety profiles[29]. 
The Capability-01 trial explored chidamide plus sintilimab ± bevacizumab in chemotherapy-refractory MSS/pMMR 
mCRC, achieving median PFS of 7.3 months (ORR: 44%; DCR: 72%) with favorable tolerability[30], providing a viable 
later-line option for traditionally ICI-resistant MSS/pMMR mCRC.

However, it must be acknowledged that clinical trials are highly selective in terms of patient enrollment, limiting their 
generalizability, and treatment effects may be overestimated. Moreover, in clinical practice, the treatment of MSS 
metastatic CRC is more complex due to drug availability and patient tolerance, including decisions on whether to use 
immune-chemotherapy combinations with bevacizumab, and the choice of immune drugs. In this study, we aimed to 
assess whether immune-chemotherapy combinations with bevacizumab for advanced MSS CRC in the real world are 
superior to traditional first-line chemotherapy regimens. Our results showed no significant differences in PFS (P = 0.22) or 
OS (P = 0.75) between the two groups.

Studies have found gender differences in immune characteristics among different cancer types[31]. For example, males 
with melanoma tend to have high levels of immune response-related features[31], while females with non-small cell lung 
cancer tend to have high levels of immune response-related features[32]. Our subgroup analysis showed that male 
patients are more likely to benefit from immune-combination therapy. For left- and right-sided CRC, single-cell tran-
scriptome analysis revealed significant differences in immune suppression patterns of left- and right-sided CRC in the 
tumor microenvironment, with ICIs potentially being more effective for right-sided CRC[33]. Similarly, our subgroup 
analysis similarly found that patients with right-sided CRC may benefit from immune-combination therapy.
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Figure 6 Forest plots depict the hazard ratios and 95% confidence intervals for progression-free survival by subgroup. ECOG: Eastern 
Cooperative Oncology Group; HR: Hazard ratio; CI: Confidence interval.

Figure 7 Lactate dehydrogenase as a predictive biomarker of progression-free survival. A: Receiver operating characteristic curves of lactate 
dehydrogenase (LDH) at 9 months, 12 months, and 15 months before patients receiving chemotherapy combined with bevacizumab and anti-programmed death 1 
immunotherapy; B: Survival curves of LDH before patients receiving chemotherapy combined with bevacizumab and anti-programmed death 1 immunotherapy (high 
group: LDH ≥ 199 mmol/L and low group LDH < 199 mmol/L). AUC: Area under the curve.

Our multicenter retrospective cohort study has several limitations that warrant consideration. Firstly, the retrospective 
design with a small sample size inherently limits data robustness. Although the experimental group showed a trend 
toward improved PFS with combination therapy, it failed to demonstrate statistical significance, likely due to insufficient 
statistical power. These results should therefore be interpreted with caution and require validation in larger prospective 
studies. Secondly, a critical gap in our analysis was the inability to assess programmed death-ligand 1 expression levels, 
precluding any evaluation of their potential correlation with anti-PD-1 immunotherapy efficacy. This biomarker 
information could have provided valuable insights into treatment response variability. Third, therapeutic heterogeneity 
may have impacted our findings. The study incorporated multiple chemotherapy regimens (FOLFOX, folinic acid, 
fluorouracil, and irinotecan, and CAPEOX) and five different anti-PD-1 agents, creating substantial variability that could 
obscure true efficacy comparisons between treatment approaches.
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CONCLUSION
Chemotherapy combined with bevacizumab and anti-PD-1 immunotherapy could not provide benefits for MSS mCRC 
patients in first-line therapy. The subgroup analysis indicates that male patients or those with right-sided mCRC may 
derive benefits from the combination therapy. LDH is an indicator for predicting the efficacy of combined immuno-
therapy.

ACKNOWLEDGEMENTS
We are grateful to the patients and their families for supporting the study.

FOOTNOTES
Author contributions: Gao Z and Wang XY collected data; Gao Z and Wang XY wrote the manuscript; Gao Z, Shen ZG, Liu JH, Wang XY, 
and Wu SK analyzed the data; Wu SK and Jin X conceived of the review and edited the manuscript; and all authors read and approved 
the final manuscript.

Supported by the National High Level Hospital Clinical Research Funding (Multi-Center Clinical Research Project of Peking University 
First Hospital), No. 2022CR65.

Institutional review board statement: This study was approved by the Ethics Committee of Peking University First Hospital, approval 
No. 2025R0190-0001; and Jilin Cancer Hospital, approval No. 202501-003-01.

Informed consent statement: The informed consent was waived by the Institutional Review Board.

Conflict-of-interest statement: All the authors report no relevant conflicts of interest for this article.

Data sharing statement: The datasets generated during and/or analyzed during the current study are available from the corresponding 
author on reasonable request.

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

Country of origin: China

ORCID number: Zhao Gao 0009-0007-6128-4042; Shi-Kai Wu 0009-0003-9525-4870; Xuan Jin 0000-0002-9665-5356.

S-Editor: Bai Y 
L-Editor: A 
P-Editor: Wang WB

REFERENCES
1 Cervantes A, Adam R, Roselló S, Arnold D, Normanno N, Taïeb J, Seligmann J, De Baere T, Osterlund P, Yoshino T, Martinelli E; ESMO 

Guidelines Committee. Metastatic colorectal cancer: ESMO Clinical Practice Guideline for diagnosis, treatment and follow-up. Ann Oncol 
2023; 34: 10-32 [RCA] [PMID: 36307056 DOI: 10.1016/j.annonc.2022.10.003] [FullText]

2 Benson AB, Venook AP, Adam M, Chang G, Chen YJ, Ciombor KK, Cohen SA, Cooper HS, Deming D, Garrido-Laguna I, Grem JL, Haste P, 
Hecht JR, Hoffe S, Hunt S, Hussan H, Johung KL, Joseph N, Kirilcuk N, Krishnamurthi S, Malla M, Maratt JK, Messersmith WA, Meyerhardt 
J, Miller ED, Mulcahy MF, Nurkin S, Overman MJ, Parikh A, Patel H, Pedersen K, Saltz L, Schneider C, Shibata D, Shogan B, Skibber JM, 
Sofocleous CT, Tavakkoli A, Willett CG, Wu C, Gurski LA, Snedeker J, Jones F. Colon Cancer, Version 3.2024, NCCN Clinical Practice 
Guidelines in Oncology. J Natl Compr Canc Netw 2024; 22: e240029 [RCA] [PMID: 38862008 DOI: 10.6004/jnccn.2024.0029] [FullText]

3 Wang F, Dai G, Deng Y, Tang Y, Wang W, Niu Z, Bi F, Zhu L, Guo Z, Yan J, Hu B, Tao M, Yang S, Zhang S, Wen L, Xu R. Efficacy and 
safety of chemotherapy combined with bevacizumab in Chinese patients with metastatic colorectal cancer: A prospective, multicenter, 
observational, non-interventional phase IV trial. Chin J Cancer Res 2021; 33: 490-499 [RCA] [PMID: 34584374 DOI: 
10.21147/j.issn.1000-9604.2021.04.06] [FullText] [Full Text(PDF)]

4 Prager GW, Taieb J, Fakih M, Ciardiello F, Van Cutsem E, Elez E, Cruz FM, Wyrwicz L, Stroyakovskiy D, Pápai Z, Poureau PG, Liposits G, 
Cremolini C, Bondarenko I, Modest DP, Benhadji KA, Amellal N, Leger C, Vidot L, Tabernero J; SUNLIGHT Investigators. Trifluridine-
Tipiracil and Bevacizumab in Refractory Metastatic Colorectal Cancer. N Engl J Med 2023; 388: 1657-1667 [RCA] [PMID: 37133585 DOI: 
10.1056/NEJMoa2214963] [FullText]
Fakih M, Raghav KPS, Chang DZ, Larson T, Cohn AL, Huyck TK, Cosgrove D, Fiorillo JA, Tam R, D'Adamo D, Sharma N, Brennan BJ, 
Wang YA, Coppieters S, Zebger-Gong H, Weispfenning A, Seidel H, Ploeger BA, Mueller U, Oliveira CSV, Paulson AS. Regorafenib plus 

5

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0009-0007-6128-4042
http://orcid.org/0009-0007-6128-4042
http://orcid.org/0009-0003-9525-4870
http://orcid.org/0009-0003-9525-4870
http://orcid.org/0000-0002-9665-5356
http://orcid.org/0000-0002-9665-5356
https://referencecitationanalysis.com/articles?id=10.1016%2fj.annonc.2022.10.003
http://www.ncbi.nlm.nih.gov/pubmed/36307056
https://dx.doi.org/10.1016/j.annonc.2022.10.003
https://dx.doi.org/10.1016/j.annonc.2022.10.003
https://dx.doi.org/10.1016/j.annonc.2022.10.003
https://referencecitationanalysis.com/articles?id=10.6004%2fjnccn.2024.0029
http://www.ncbi.nlm.nih.gov/pubmed/38862008
https://dx.doi.org/10.6004/jnccn.2024.0029
https://dx.doi.org/10.6004/jnccn.2024.0029
https://dx.doi.org/10.6004/jnccn.2024.0029
https://referencecitationanalysis.com/articles?id=10.21147%2fj.issn.1000-9604.2021.04.06
http://www.ncbi.nlm.nih.gov/pubmed/34584374
https://dx.doi.org/10.21147/j.issn.1000-9604.2021.04.06
https://dx.doi.org/10.21147/j.issn.1000-9604.2021.04.06
https://dx.doi.org/10.21147/j.issn.1000-9604.2021.04.06
https://rcastoragev2.blob.core.windows.net/851a2b8800e86381f71da036955e4c8f/PMC8435824.pdf
https://rcastoragev2.blob.core.windows.net/851a2b8800e86381f71da036955e4c8f/PMC8435824.pdf
https://rcastoragev2.blob.core.windows.net/851a2b8800e86381f71da036955e4c8f/PMC8435824.pdf
https://referencecitationanalysis.com/articles?id=10.1056%2fnejmoa2214963
http://www.ncbi.nlm.nih.gov/pubmed/37133585
https://dx.doi.org/10.1056/NEJMoa2214963
https://dx.doi.org/10.1056/NEJMoa2214963
https://dx.doi.org/10.1056/NEJMoa2214963


Gao Z et al. Anti-PD-1 immunotherapy in MSS mCRC

WJG https://www.wjgnet.com 14 June 28, 2025 Volume 31 Issue 24

nivolumab in patients with mismatch repair-proficient/microsatellite stable metastatic colorectal cancer: a single-arm, open-label, multicentre 
phase 2 study. EClinicalMedicine 2023; 58: 101917 [RCA] [PMID: 37090438 DOI: 10.1016/j.eclinm.2023.101917] [FullText]

6 André T, Shiu KK, Kim TW, Jensen BV, Jensen LH, Punt C, Smith D, Garcia-Carbonero R, Benavides M, Gibbs P, de la Fouchardiere C, 
Rivera F, Elez E, Bendell J, Le DT, Yoshino T, Van Cutsem E, Yang P, Farooqui MZH, Marinello P, Diaz LA Jr; KEYNOTE-177 
Investigators. Pembrolizumab in Microsatellite-Instability-High Advanced Colorectal Cancer. N Engl J Med 2020; 383: 2207-2218 [RCA] 
[PMID: 33264544 DOI: 10.1056/NEJMoa2017699] [FullText]

7 Le DT, Uram JN, Wang H, Bartlett BR, Kemberling H, Eyring AD, Skora AD, Luber BS, Azad NS, Laheru D, Biedrzycki B, Donehower RC, 
Zaheer A, Fisher GA, Crocenzi TS, Lee JJ, Duffy SM, Goldberg RM, de la Chapelle A, Koshiji M, Bhaijee F, Huebner T, Hruban RH, Wood 
LD, Cuka N, Pardoll DM, Papadopoulos N, Kinzler KW, Zhou S, Cornish TC, Taube JM, Anders RA, Eshleman JR, Vogelstein B, Diaz LA Jr. 
PD-1 Blockade in Tumors with Mismatch-Repair Deficiency. N Engl J Med 2015; 372: 2509-2520 [RCA] [PMID: 26028255 DOI: 
10.1056/NEJMoa1500596] [FullText]

8 Acha-Sagredo A, Andrei P, Clayton K, Taggart E, Antoniotti C, Woodman CA, Afrache H, Fourny C, Armero M, Moinudeen HK, Green M, 
Bhardwaj N, Mikolajczak A, Rodriguez-Lopez M, Crawford M, Connick E, Lim S, Hobson P, Linares J, Ignatova E, Pelka D, Smyth EC, 
Diamantis N, Sosnowska D, Carullo M, Ciraci P, Bergamo F, Intini R, Nye E, Barral P, Mishto M, Arnold JN, Lonardi S, Cremolini C, 
Fontana E, Rodriguez-Justo M, Ciccarelli FD. A constitutive interferon-high immunophenotype defines response to immunotherapy in 
colorectal cancer. Cancer Cell 2025; 43: 292-307.e7 [RCA] [PMID: 39824178 DOI: 10.1016/j.ccell.2024.12.008] [FullText]

9 Antoniotti C, Rossini D, Pietrantonio F, Salvatore L, Lonardi S, Tamberi S, Marmorino F, Moretto R, Prisciandaro M, Tamburini E, Tortora 
G, Passardi A, Bergamo F, Raimondi A, Ritorto G, Borelli B, Conca V, Ugolini C, Aprile G, Antonuzzo L, Gelsomino F, Martinelli E, Pella N, 
Masi G, Boni L, Galon J, Cremolini C. Upfront Fluorouracil, Leucovorin, Oxaliplatin, and Irinotecan Plus Bevacizumab With or Without 
Atezolizumab for Patients With Metastatic Colorectal Cancer: Updated and Overall Survival Results of the ATEZOTRIBE Study. J Clin Oncol 
2024; 42: 2637-2644 [RCA] [PMID: 38865678 DOI: 10.1200/JCO.23.02728] [FullText]

10 Lenz HJ, Parikh A, Spigel DR, Cohn AL, Yoshino T, Kochenderfer M, Elez E, Shao SH, Deming D, Holdridge R, Larson T, Chen E, Mahipal 
A, Ucar A, Cullen D, Baskin-Bey E, Kang T, Hammell AB, Yao J, Tabernero J. Modified FOLFOX6 plus bevacizumab with and without 
nivolumab for first-line treatment of metastatic colorectal cancer: phase 2 results from the CheckMate 9X8 randomized clinical trial. J 
Immunother Cancer 2024; 12: e008409 [RCA] [PMID: 38485190 DOI: 10.1136/jitc-2023-008409] [FullText]

11 Ree AH, Šaltytė Benth J, Hamre HM, Kersten C, Hofsli E, Guren MG, Sorbye H, Johansen C, Negård A, Bjørnetrø T, Nilsen HL, Berg JP, 
Flatmark K, Meltzer S. First-line oxaliplatin-based chemotherapy and nivolumab for metastatic microsatellite-stable colorectal cancer-the 
randomised METIMMOX trial. Br J Cancer 2024; 130: 1921-1928 [RCA] [PMID: 38664577 DOI: 10.1038/s41416-024-02696-6] [FullText]

12 Kassambara A, Kosinski M, Biecek P. survminer: Drawing Survival Curves using 'ggplot2'. CRAN: Contributed Packages 2016 [DOI: 
10.32614/cran.package.survminer] [FullText]

13 Cai L, Chen A, Tang D. A new strategy for immunotherapy of microsatellite-stable (MSS)-type advanced colorectal cancer: Multi-pathway 
combination therapy with PD-1/PD-L1 inhibitors. Immunology 2024; 173: 209-226 [RCA] [PMID: 38517066 DOI: 10.1111/imm.13785] [Full
Text]

14 Li Y, Cheng Z, Li S, Zhang J. Immunotherapy in colorectal cancer: Statuses and strategies. Heliyon 2025; 11: e41354 [RCA] [PMID: 39811287 
DOI: 10.1016/j.heliyon.2024.e41354] [FullText]

15 Moretto R, Rossini D, Catteau A, Antoniotti C, Giordano M, Boccaccino A, Ugolini C, Proietti A, Conca V, Kassambara A, Pietrantonio F, 
Salvatore L, Lonardi S, Tamberi S, Tamburini E, Poma AM, Fieschi J, Fontanini G, Masi G, Galon J, Cremolini C. Dissecting tumor 
lymphocyte infiltration to predict benefit from immune-checkpoint inhibitors in metastatic colorectal cancer: lessons from the AtezoT RIBE 
study. J Immunother Cancer 2023; 11: e006633 [RCA] [PMID: 37085190 DOI: 10.1136/jitc-2022-006633] [FullText] [Full Text(PDF)]

16 Takei S, Tanaka Y, Lin YT, Koyama S, Fukuoka S, Hara H, Nakamura Y, Kuboki Y, Kotani D, Kojima T, Bando H, Mishima S, Ueno T, 
Kojima S, Wakabayashi M, Sakamoto N, Kojima M, Kuwata T, Yoshino T, Nishikawa H, Mano H, Endo I, Shitara K, Kawazoe A. Multiomic 
molecular characterization of the response to combination immunotherapy in MSS/pMMR metastatic colorectal cancer. J Immunother Cancer 
2024; 12: e008210 [RCA] [PMID: 38336371 DOI: 10.1136/jitc-2023-008210] [FullText]

17 Lv J, Zhang X, Zhou M, Yan J, Chao G, Zhang S. Tertiary lymphoid structures in colorectal cancer. Ann Med 2024; 56: 2400314 [RCA] 
[PMID: 39575712 DOI: 10.1080/07853890.2024.2400314] [FullText] [Full Text(PDF)]

18 Vanhersecke L, Brunet M, Guégan JP, Rey C, Bougouin A, Cousin S, Moulec SL, Besse B, Loriot Y, Larroquette M, Soubeyran I, 
Toulmonde M, Roubaud G, Pernot S, Cabart M, Chomy F, Lefevre C, Bourcier K, Kind M, Giglioli I, Sautès-Fridman C, Velasco V, Courgeon 
F, Oflazoglu E, Savina A, Marabelle A, Soria JC, Bellera C, Sofeu C, Bessede A, Fridman WH, Loarer FL, Italiano A. Mature tertiary 
lymphoid structures predict immune checkpoint inhibitor efficacy in solid tumors independently of PD-L1 expression. Nat Cancer 2021; 2: 
794-802 [RCA] [PMID: 35118423 DOI: 10.1038/s43018-021-00232-6] [FullText]

19 Ji K, Jia H, Liu Z, Yu G, Wen R, Zhang T, Peng Z, Man W, Tian Y, Wang C, Ling Q, Zhang W, Zhou L, Liu M, Zhu B. New insight in 
immunotherapy and combine therapy in colorectal cancer. Front Cell Dev Biol 2024; 12: 1453630 [RCA] [PMID: 39839672 DOI: 
10.3389/fcell.2024.1453630] [FullText]

20 Jiao J, Wu Y, Wu S, Jiang J. Enhancing Colorectal Cancer Treatment Through VEGF/VEGFR Inhibitors and Immunotherapy. Curr Treat 
Options Oncol 2025; 26: 213-225 [RCA] [PMID: 40045029 DOI: 10.1007/s11864-025-01306-8] [FullText]

21 He M, Zheng T, Zhang X, Peng Y, Jiang X, Huang Y, Tan B, Yang Z. First-line treatment options for advanced non-small cell lung cancer 
patients with PD-L1 ≥ 50%: a systematic review and network meta-analysis. Cancer Immunol Immunother 2022; 71: 1345-1355 [RCA] [PMID: 
34657171 DOI: 10.1007/s00262-021-03089-x] [FullText]

22 Cortes J, Cescon DW, Rugo HS, Nowecki Z, Im SA, Yusof MM, Gallardo C, Lipatov O, Barrios CH, Holgado E, Iwata H, Masuda N, Otero 
MT, Gokmen E, Loi S, Guo Z, Zhao J, Aktan G, Karantza V, Schmid P; KEYNOTE-355 Investigators. Pembrolizumab plus chemotherapy 
versus placebo plus chemotherapy for previously untreated locally recurrent inoperable or metastatic triple-negative breast cancer (KEYNOTE-
355): a randomised, placebo-controlled, double-blind, phase 3 clinical trial. Lancet 2020; 396: 1817-1828 [RCA] [PMID: 33278935 DOI: 
10.1016/S0140-6736(20)32531-9] [FullText]

23 Janjigian YY, Shitara K, Moehler M, Garrido M, Salman P, Shen L, Wyrwicz L, Yamaguchi K, Skoczylas T, Campos Bragagnoli A, Liu T, 
Schenker M, Yanez P, Tehfe M, Kowalyszyn R, Karamouzis MV, Bruges R, Zander T, Pazo-Cid R, Hitre E, Feeney K, Cleary JM, Poulart V, 
Cullen D, Lei M, Xiao H, Kondo K, Li M, Ajani JA. First-line nivolumab plus chemotherapy versus chemotherapy alone for advanced gastric, 
gastro-oesophageal junction, and oesophageal adenocarcinoma (CheckMate 649): a randomised, open-label, phase 3 trial. Lancet 2021; 398: 
27-40 [RCA] [PMID: 34102137 DOI: 10.1016/S0140-6736(21)00797-2] [FullText] [Full Text(PDF)]
Haynes J, Manogaran P. Mechanisms and Strategies to Overcome Drug Resistance in Colorectal Cancer. Int J Mol Sci 2025; 26: 1988 [RCA] 24

https://referencecitationanalysis.com/articles?id=10.1016%2fj.eclinm.2023.101917
http://www.ncbi.nlm.nih.gov/pubmed/37090438
https://dx.doi.org/10.1016/j.eclinm.2023.101917
https://dx.doi.org/10.1016/j.eclinm.2023.101917
https://dx.doi.org/10.1016/j.eclinm.2023.101917
https://referencecitationanalysis.com/articles?id=10.1056%2fnejmoa2017699
http://www.ncbi.nlm.nih.gov/pubmed/33264544
https://dx.doi.org/10.1056/NEJMoa2017699
https://dx.doi.org/10.1056/NEJMoa2017699
https://dx.doi.org/10.1056/NEJMoa2017699
https://referencecitationanalysis.com/articles?id=10.1056%2fnejmoa1500596
http://www.ncbi.nlm.nih.gov/pubmed/26028255
https://dx.doi.org/10.1056/NEJMoa1500596
https://dx.doi.org/10.1056/NEJMoa1500596
https://dx.doi.org/10.1056/NEJMoa1500596
https://referencecitationanalysis.com/articles?id=10.1016%2fj.ccell.2024.12.008
http://www.ncbi.nlm.nih.gov/pubmed/39824178
https://dx.doi.org/10.1016/j.ccell.2024.12.008
https://dx.doi.org/10.1016/j.ccell.2024.12.008
https://dx.doi.org/10.1016/j.ccell.2024.12.008
https://referencecitationanalysis.com/articles?id=10.1200%2fjco.23.02728
http://www.ncbi.nlm.nih.gov/pubmed/38865678
https://dx.doi.org/10.1200/JCO.23.02728
https://dx.doi.org/10.1200/JCO.23.02728
https://dx.doi.org/10.1200/JCO.23.02728
https://referencecitationanalysis.com/articles?id=10.1136%2fjitc-2023-008409
http://www.ncbi.nlm.nih.gov/pubmed/38485190
https://dx.doi.org/10.1136/jitc-2023-008409
https://dx.doi.org/10.1136/jitc-2023-008409
https://dx.doi.org/10.1136/jitc-2023-008409
https://referencecitationanalysis.com/articles?id=10.1038%2fs41416-024-02696-6
http://www.ncbi.nlm.nih.gov/pubmed/38664577
https://dx.doi.org/10.1038/s41416-024-02696-6
https://dx.doi.org/10.1038/s41416-024-02696-6
https://dx.doi.org/10.1038/s41416-024-02696-6
https://dx.doi.org/10.32614/cran.package.survminer
https://dx.doi.org/10.32614/cran.package.survminer
https://dx.doi.org/10.32614/cran.package.survminer
https://referencecitationanalysis.com/articles?id=10.1111%2fimm.13785
http://www.ncbi.nlm.nih.gov/pubmed/38517066
https://dx.doi.org/10.1111/imm.13785
https://dx.doi.org/10.1111/imm.13785
https://dx.doi.org/10.1111/imm.13785
https://referencecitationanalysis.com/articles?id=10.1016%2fj.heliyon.2024.e41354
http://www.ncbi.nlm.nih.gov/pubmed/39811287
https://dx.doi.org/10.1016/j.heliyon.2024.e41354
https://dx.doi.org/10.1016/j.heliyon.2024.e41354
https://dx.doi.org/10.1016/j.heliyon.2024.e41354
https://referencecitationanalysis.com/articles?id=10.1136%2fjitc-2022-006633
http://www.ncbi.nlm.nih.gov/pubmed/37085190
https://dx.doi.org/10.1136/jitc-2022-006633
https://dx.doi.org/10.1136/jitc-2022-006633
https://dx.doi.org/10.1136/jitc-2022-006633
https://rcastoragev2.blob.core.windows.net/2874c9937814d66a637ba1df5b794e6e/jitc-2022-006633.PMC10124320.pdf
https://rcastoragev2.blob.core.windows.net/2874c9937814d66a637ba1df5b794e6e/jitc-2022-006633.PMC10124320.pdf
https://rcastoragev2.blob.core.windows.net/2874c9937814d66a637ba1df5b794e6e/jitc-2022-006633.PMC10124320.pdf
https://referencecitationanalysis.com/articles?id=10.1136%2fjitc-2023-008210
http://www.ncbi.nlm.nih.gov/pubmed/38336371
https://dx.doi.org/10.1136/jitc-2023-008210
https://dx.doi.org/10.1136/jitc-2023-008210
https://dx.doi.org/10.1136/jitc-2023-008210
https://referencecitationanalysis.com/articles?id=10.1080%2f07853890.2024.2400314
http://www.ncbi.nlm.nih.gov/pubmed/39575712
https://dx.doi.org/10.1080/07853890.2024.2400314
https://dx.doi.org/10.1080/07853890.2024.2400314
https://dx.doi.org/10.1080/07853890.2024.2400314
https://rcastoragev2.blob.core.windows.net/c800cd7d51ca5cb8d459200746b9bfd8/IANN_56_2400314.pdf
https://rcastoragev2.blob.core.windows.net/c800cd7d51ca5cb8d459200746b9bfd8/IANN_56_2400314.pdf
https://rcastoragev2.blob.core.windows.net/c800cd7d51ca5cb8d459200746b9bfd8/IANN_56_2400314.pdf
https://referencecitationanalysis.com/articles?id=10.1038%2fs43018-021-00232-6
http://www.ncbi.nlm.nih.gov/pubmed/35118423
https://dx.doi.org/10.1038/s43018-021-00232-6
https://dx.doi.org/10.1038/s43018-021-00232-6
https://dx.doi.org/10.1038/s43018-021-00232-6
https://referencecitationanalysis.com/articles?id=10.3389%2ffcell.2024.1453630
http://www.ncbi.nlm.nih.gov/pubmed/39839672
https://dx.doi.org/10.3389/fcell.2024.1453630
https://dx.doi.org/10.3389/fcell.2024.1453630
https://dx.doi.org/10.3389/fcell.2024.1453630
https://referencecitationanalysis.com/articles?id=10.1007%2fs11864-025-01306-8
http://www.ncbi.nlm.nih.gov/pubmed/40045029
https://dx.doi.org/10.1007/s11864-025-01306-8
https://dx.doi.org/10.1007/s11864-025-01306-8
https://dx.doi.org/10.1007/s11864-025-01306-8
https://referencecitationanalysis.com/articles?id=10.1007%2fs00262-021-03089-x
http://www.ncbi.nlm.nih.gov/pubmed/34657171
https://dx.doi.org/10.1007/s00262-021-03089-x
https://dx.doi.org/10.1007/s00262-021-03089-x
https://dx.doi.org/10.1007/s00262-021-03089-x
https://referencecitationanalysis.com/articles?id=10.1016%2fs0140-6736(20)32531-9
http://www.ncbi.nlm.nih.gov/pubmed/33278935
https://dx.doi.org/10.1016/S0140-6736(20)32531-9
https://dx.doi.org/10.1016/S0140-6736(20)32531-9
https://dx.doi.org/10.1016/S0140-6736(20)32531-9
https://referencecitationanalysis.com/articles?id=10.1016%2fs0140-6736(21)00797-2
http://www.ncbi.nlm.nih.gov/pubmed/34102137
https://dx.doi.org/10.1016/S0140-6736(21)00797-2
https://dx.doi.org/10.1016/S0140-6736(21)00797-2
https://dx.doi.org/10.1016/S0140-6736(21)00797-2
https://pmc.ncbi.nlm.nih.gov/articles/PMC8436782/pdf/nihms-1735507.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC8436782/pdf/nihms-1735507.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC8436782/pdf/nihms-1735507.pdf
https://referencecitationanalysis.com/articles?id=10.3390%2fijms26051988


Gao Z et al. Anti-PD-1 immunotherapy in MSS mCRC

WJG https://www.wjgnet.com 15 June 28, 2025 Volume 31 Issue 24

[PMID: 40076613 DOI: 10.3390/ijms26051988] [FullText] [Full Text(PDF)]
25 Fang X, Zhu N, Zhong C, Wang L, Li J, Weng S, Hu H, Dong C, Li D, Song Y, Xu D, Wang J, Sun L, Wang J, Wang Z, Cao H, Liao X, Yu 

N, Xiao Q, Mi M, Zhang S, Ding K, Yuan Y. Sintilimab plus bevacizumab, oxaliplatin and capecitabine as first-line therapy in RAS-mutant, 
microsatellite stable, unresectable metastatic colorectal cancer: an open-label, single-arm, phase II trial. EClinicalMedicine 2023; 62: 102123 
[RCA] [PMID: 37554125 DOI: 10.1016/j.eclinm.2023.102123] [FullText] [Full Text(PDF)]

26 Thibaudin M, Fumet JD, Chibaudel B, Bennouna J, Borg C, Martin-Babau J, Cohen R, Fonck M, Taieb J, Limagne E, Blanc J, Ballot E, 
Hampe L, Bon M, Daumoine S, Peroz M, Mananet H, Derangère V, Boidot R, Michaud HA, Laheurte C, Adotevi O, Bertaut A, Truntzer C, 
Ghiringhelli F. First-line durvalumab and tremelimumab with chemotherapy in RAS-mutated metastatic colorectal cancer: a phase 1b/2 trial. 
Nat Med 2023; 29: 2087-2098 [RCA] [PMID: 37563240 DOI: 10.1038/s41591-023-02497-z] [FullText] [Full Text(PDF)]

27 Damato A, Iachetta F, Antonuzzo L, Nasti G, Bergamo F, Bordonaro R, Maiello E, Zaniboni A, Tonini G, Romagnani A, Berselli A, 
Normanno N, Pinto C. Phase II study on first-line treatment of NIVolumab in combination with folfoxiri/bevacizumab in patients with 
Advanced COloRectal cancer RAS or BRAF mutated - NIVACOR trial (GOIRC-03-2018). BMC Cancer 2020; 20: 822 [RCA] [PMID: 
32867715 DOI: 10.1186/s12885-020-07268-4] [FullText] [Full Text(PDF)]

28 Damato A, Bergamo F, Antonuzzo L, Nasti G, Iachetta F, Romagnani A, Gervasi E, Larocca M, Pinto C. FOLFOXIRI/Bevacizumab Plus 
Nivolumab as First-Line Treatment in Metastatic Colorectal Cancer RAS/BRAF Mutated: Safety Run-In of Phase II NIVACOR Trial. Front 
Oncol 2021; 11: 766500 [RCA] [PMID: 34970487 DOI: 10.3389/fonc.2021.766500] [FullText] [Full Text(PDF)]

29 Yuan Y, Zhu N, Fang X, Zhong C, Li D, Wang L, Li J, Weng S, Hu H, Dong C, Song Y, Xu D, Wang J, Sun L, Liao X, Yu N, Zhang S, Ding 
K. Prognosis of patients with liver single-organ metastases: Updated survival results of BBCAPX-II. J Clin Oncol 2025; 43: 157-157 [DOI: 
10.1200/jco.2025.43.4_suppl.157] [FullText]

30 Wang F, Jin Y, Wang M, Luo HY, Fang WJ, Wang YN, Chen YX, Huang RJ, Guan WL, Li JB, Li YH, Wang FH, Hu XH, Zhang YQ, Qiu 
MZ, Liu LL, Wang ZX, Ren C, Wang DS, Zhang DS, Wang ZQ, Liao WT, Tian L, Zhao Q, Xu RH. Combined anti-PD-1, HDAC inhibitor and 
anti-VEGF for MSS/pMMR colorectal cancer: a randomized phase 2 trial. Nat Med 2024; 30: 1035-1043 [RCA] [PMID: 38438735 DOI: 
10.1038/s41591-024-02813-1] [FullText]

31 Ye Y, Jing Y, Li L, Mills GB, Diao L, Liu H, Han L. Sex-associated molecular differences for cancer immunotherapy. Nat Commun 2020; 11: 
1779 [RCA] [PMID: 32286310 DOI: 10.1038/s41467-020-15679-x] [FullText] [Full Text(PDF)]

32 Vavalà T, Catino A, Pizzutilo P, Longo V, Galetta D. Gender Differences and Immunotherapy Outcome in Advanced Lung Cancer. Int J Mol 
Sci 2021; 22: 11942 [RCA] [PMID: 34769372 DOI: 10.3390/ijms222111942] [FullText] [Full Text(PDF)]

33 Liu B, Li S, Cheng Y, Song P, Xu M, Li Z, Shao W, Xin J, Fu Z, Gu D, Du M, Zhang Z, Wang M. Distinctive multicellular 
immunosuppressive hubs confer different intervention strategies for left- and right-sided colon cancers. Cell Rep Med 2024; 5: 101589 [RCA] 
[PMID: 38806057 DOI: 10.1016/j.xcrm.2024.101589] [FullText]

http://www.ncbi.nlm.nih.gov/pubmed/40076613
https://dx.doi.org/10.3390/ijms26051988
https://dx.doi.org/10.3390/ijms26051988
https://dx.doi.org/10.3390/ijms26051988
https://rcastoragev2.blob.core.windows.net/ffd5a477ac55290f13ba05adb0851dff/ijms-26-01988.pdf
https://rcastoragev2.blob.core.windows.net/ffd5a477ac55290f13ba05adb0851dff/ijms-26-01988.pdf
https://rcastoragev2.blob.core.windows.net/ffd5a477ac55290f13ba05adb0851dff/ijms-26-01988.pdf
https://referencecitationanalysis.com/articles?id=10.1016%2fj.eclinm.2023.102123
http://www.ncbi.nlm.nih.gov/pubmed/37554125
https://dx.doi.org/10.1016/j.eclinm.2023.102123
https://dx.doi.org/10.1016/j.eclinm.2023.102123
https://dx.doi.org/10.1016/j.eclinm.2023.102123
https://rcastoragev2.blob.core.windows.net/ad1ea1aa25d51fb71f0f25bcd079ebc1/main.PMC10404864.pdf
https://rcastoragev2.blob.core.windows.net/ad1ea1aa25d51fb71f0f25bcd079ebc1/main.PMC10404864.pdf
https://rcastoragev2.blob.core.windows.net/ad1ea1aa25d51fb71f0f25bcd079ebc1/main.PMC10404864.pdf
https://referencecitationanalysis.com/articles?id=10.1038%2fs41591-023-02497-z
http://www.ncbi.nlm.nih.gov/pubmed/37563240
https://dx.doi.org/10.1038/s41591-023-02497-z
https://dx.doi.org/10.1038/s41591-023-02497-z
https://dx.doi.org/10.1038/s41591-023-02497-z
https://rcastoragev2.blob.core.windows.net/1a2ad03db671318b73f8d67446da189b/41591_2023_2497_MOESM1_ESM.pdf
https://rcastoragev2.blob.core.windows.net/1a2ad03db671318b73f8d67446da189b/41591_2023_2497_MOESM1_ESM.pdf
https://rcastoragev2.blob.core.windows.net/1a2ad03db671318b73f8d67446da189b/41591_2023_2497_MOESM1_ESM.pdf
https://referencecitationanalysis.com/articles?id=10.1186%2fs12885-020-07268-4
http://www.ncbi.nlm.nih.gov/pubmed/32867715
https://dx.doi.org/10.1186/s12885-020-07268-4
https://dx.doi.org/10.1186/s12885-020-07268-4
https://dx.doi.org/10.1186/s12885-020-07268-4
https://rcastoragev2.blob.core.windows.net/0113a11de6f89575aa40c8c1056f9ac3/PMC7457535.pdf
https://rcastoragev2.blob.core.windows.net/0113a11de6f89575aa40c8c1056f9ac3/PMC7457535.pdf
https://rcastoragev2.blob.core.windows.net/0113a11de6f89575aa40c8c1056f9ac3/PMC7457535.pdf
https://referencecitationanalysis.com/articles?id=10.3389%2ffonc.2021.766500
http://www.ncbi.nlm.nih.gov/pubmed/34970487
https://dx.doi.org/10.3389/fonc.2021.766500
https://dx.doi.org/10.3389/fonc.2021.766500
https://dx.doi.org/10.3389/fonc.2021.766500
https://rcastoragev2.blob.core.windows.net/9cef6ceffc829b5d32755c2e1787d43e/PMC8712943.pdf
https://rcastoragev2.blob.core.windows.net/9cef6ceffc829b5d32755c2e1787d43e/PMC8712943.pdf
https://rcastoragev2.blob.core.windows.net/9cef6ceffc829b5d32755c2e1787d43e/PMC8712943.pdf
https://dx.doi.org/10.1200/jco.2025.43.4_suppl.157
https://dx.doi.org/10.1200/jco.2025.43.4_suppl.157
https://dx.doi.org/10.1200/jco.2025.43.4_suppl.157
https://referencecitationanalysis.com/articles?id=10.1038%2fs41591-024-02813-1
http://www.ncbi.nlm.nih.gov/pubmed/38438735
https://dx.doi.org/10.1038/s41591-024-02813-1
https://dx.doi.org/10.1038/s41591-024-02813-1
https://dx.doi.org/10.1038/s41591-024-02813-1
https://referencecitationanalysis.com/articles?id=10.1038%2fs41467-020-15679-x
http://www.ncbi.nlm.nih.gov/pubmed/32286310
https://dx.doi.org/10.1038/s41467-020-15679-x
https://dx.doi.org/10.1038/s41467-020-15679-x
https://dx.doi.org/10.1038/s41467-020-15679-x
https://rcastoragev2.blob.core.windows.net/fa37ad064e210a57ac8c32bcf20f7ed1/PMC7156379.pdf
https://rcastoragev2.blob.core.windows.net/fa37ad064e210a57ac8c32bcf20f7ed1/PMC7156379.pdf
https://rcastoragev2.blob.core.windows.net/fa37ad064e210a57ac8c32bcf20f7ed1/PMC7156379.pdf
https://referencecitationanalysis.com/articles?id=10.3390%2fijms222111942
http://www.ncbi.nlm.nih.gov/pubmed/34769372
https://dx.doi.org/10.3390/ijms222111942
https://dx.doi.org/10.3390/ijms222111942
https://dx.doi.org/10.3390/ijms222111942
https://rcastoragev2.blob.core.windows.net/2fe7ba6937c56e5d28939599fdeddf05/PMC8584562.pdf
https://rcastoragev2.blob.core.windows.net/2fe7ba6937c56e5d28939599fdeddf05/PMC8584562.pdf
https://rcastoragev2.blob.core.windows.net/2fe7ba6937c56e5d28939599fdeddf05/PMC8584562.pdf
https://referencecitationanalysis.com/articles?id=10.1016%2fj.xcrm.2024.101589
http://www.ncbi.nlm.nih.gov/pubmed/38806057
https://dx.doi.org/10.1016/j.xcrm.2024.101589
https://dx.doi.org/10.1016/j.xcrm.2024.101589
https://dx.doi.org/10.1016/j.xcrm.2024.101589


Published by Baishideng Publishing Group Inc 

7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA 

Telephone: +1-925-3991568 

E-mail: office@baishideng.com 

Help Desk: https://www.f6publishing.com/helpdesk 

https://www.wjgnet.com

© 2025 Baishideng Publishing Group Inc. All rights reserved.

mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study design and participants
	Procedures
	Statistical analysis
	Sensitivity analysis

	RESULTS
	Patients
	Effectiveness
	Sensitivity analysis
	Safety
	Subgroup analysis
	Exploratory biomarker analysis

	DISCUSSION
	CONCLUSION
	ACKNOWLEDGEMENTS
	FOOTNOTES
	REFERENCES

