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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%ClI: 0.4712-2.827, P = 0.75). Multivariate analysis identified liver metastases as an independent poor
prognostic factor (HR = 3.36, 95%Cl: 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; R4S 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
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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 (AIMMR)/
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 x 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-
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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 2 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 x albumin/NLR), and systemic immune-inflammation index (= platelets x 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 y* 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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Patients with MSS mCRC receiving anti-PD-1
immunotherapy at Peking University First
Hospital and Jilin Cancer Hospital between
January 2020 and December 2024 (7 = 171)

Randomly select patients with MSS mCRC
receiving standard therapy at Peking University
First Hospital and Jilin Cancer Hospital between
January 2020 and December 2024 (7 = 200)

Exclude second-line treatment
(m = 55) and third or further-
line treatment (7 = 76)

Exclude postoperative adjuvant
treatment and not receiving first-line
treatment in our hospitals (7 = 63)

Potential patients (7 = 40) Potential patients (7 = 137)

Exclude (7 = 12) Exclude (7 = 29)

Without bevacizumab (7 = 10)
Combination therapy with
cetuximab (7 = 2)

Missing clinical follow-up and survival
information after one treatment (7 = 18)
Combination therapy with cetuximab (7 = 11)

Eligible patients (7 = 28) Eligible patients (7 = 108)

Exclude (7 = 30)

Propensity score matching (1:4)

Chemotherapy combined with bevacizumab Chemotherapy combined with
and anti-PD-1 immunotherapy (7 = 25) bevacizumab (7 = 78)

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%ClI: 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%ClI: 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).
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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
Age > 60 33 (42.3) 10 (40) 1.000
<60 45 (57.7) 15 (60) -
Gender Male 48 (61.5) 15 (60) 1.000
Female 30 (38.5) 10 (40) -
ECOG 1 75 (96.2) 23 (92) 0.759
2 3(3.8) 2(8) -
Primary tumor location Right colon 27 (34.6) 12 (48) 0.335
Left colon and rectum 51 (65.4) 13 (52) -
Primary tumor surgery No 12 (15.4) 3(12) 1.000
Yes 66 (84.6) 22 (88) -
Number of metastatic organs 1 55 (70.5) 19 (76) 0.783
22 23 (29.5) 6 (24) -
Liver metastasis No 37 (47.4) 9 (36) 0.441
Yes 41 (52.6) 16 (64) -
Lung metastasis No 58 (75.3) 19 (76) 1.000
Yes 19 (24.7) 6 (24) -
RAS Unknown 16 (20.5) 8(32) 0.496
Wild-type 15 (19.2) 4 (16) -
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

¥ value - 1.0348 0.2377 - 1.0348 -

P value - 0.309 0.6258 0.6759' 0.309 0.6759'

IFisher’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
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Table 3 Univariate and multivariate Cox analysis of the effect of prognostic factors in the original cohort, n (%)

Dependent: Survival (0S/30, status OS) All patients HR (univariable) HR (multivariable)
Gender Male 87 (64.0) - -

Female 49 (36.0) 0.83 (0.45-1.50, P = 0.531) 1.02 (0.56-1.91, P = 0.928)
Age > 60 60 (44.1) - -

<60 76 (55.9) 1.20 (0.67-2.14, P = 0.540) 1.00 (0.56-1.80, P = 0.995)
ECOG 1 125 (91.9) - -

2 11 (8.1) 1.14 (0.41-3.19, P = 0.803) -
Number of metastatic organs 1 80 (58.8) - -

22 56 (41.2) 1.50 (0.85-2.64, P = 0.163) -
Primary tumor location Right colon 51 (37.5) - -

Left colon and rectum 85 (62.5) 1.15 (0.64-2.07, P = 0.631) -
Liver metastasis No 53 (39.0) - -

Yes 83 (61.0) 3.34 (1.73-6.46, P < 0.001) 3.36 (1.71-6.60, P < 0.001)
Lung metastasis No 94 (69.1) - -

Yes 42 (30.9) 0.65 (0.34-1.24, P = 0.192) -
RAS Unknown 26 (19.1) = =

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

Mutation 86 (63.2) 0.89 (0.42-1.90, P = 0.767) -
Group Control group 108 (79.4) - -

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.
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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%ClI: 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 (%)

Control group (n=78)

Experimental group (n = 25) P value for grade P value for grade

Toxicities

Grade0 Grade1-2 Grade3-4 Grade0 Grade1-2 Grade3-4 12 34
Anemia 13 (50.0) 12 (50.0) 0 (0) 53 (70.6) 24 (28.2) 1(12) 0.1831° 1
Neutropenia 18 (69.2)  6(26.9) 1(3.8) 40 (51.8) 30 (38.8) 8 (9.4) 0.2807° 0.4488"
Leukocytopenia 19 (731)  5(23.1) 1(3.8) 47 (60.0) 28 (36.5) 3(35) 0.2164° 1
Thrombocytopenia 18 (69.2) 7 (30.8) 0 (0) 44 (55.3) 30 (40.0) 4 (47) 0.4782° 0.5698"
Proteinuria 23(923) 2(7.7) 0 (0) 64 (812) 14 (18.8) 0 (0) 0.3454" 1°
Aspartate transaminase 12 (462) 13 (53.8) 0 (0) 46 (57.6) 30 (40.0) 2 (2.4) 0.3363° 1°
increased
Alanine transaminase 14 (53.8) 11 (46.2) 0(0) 50 (63.5) 26 (35.3) 1(1.2) 0.4667° 1°
increased
Alkaline phosphatase 18 (69.2) 7 (30.8) 0 (0) 62 (77.6) 16 (22.4) 0 (0) 0.6126° 1
increased
Blood bilirubin increased 22(84.6) 3 (15.4) 0 (0) 57 (647) 20 (34.1) 1(12) 0.07312° 1
Triglycerides increased 13 (50.0) 10 (42.3) 2(7.7) 53 (67.1) 22 (29.4) 3 (3.5) 0.3894° 0.5926"
Hypothyroidism 23(923) 2(7.7) 0 (0) 78 (100)  0(0) 0 (0) 0.0571° 1
Nausea 11 (423) 14 (57.7) 0 (0) 31 (412) 46 (57.6) 1(1.2) 0.9765 1°
Vomiting 11 (423) 14 (57.7) 0 (0) 47 (58.8) 30 (40.0) 1(1.2) 0.1901° 1
Fatigue 23(923) 2(7.7) 0 (0) 58(72.9) 20 (27.1) 0 (0) 0.09078" 1°
Fever 24(96.2) 1(3.8) 0 (0) 77.(988)  1(1.2) 0 (0) 0.4283" 1°
Rash 23(923) 2(7.7) 0 (0) 78 (100)  0(0) 0 (0) 0.05711° 1°
Diarrhea 24(96.2) 1(38) 0 (0) 72(92.9) 4(47) 2 (24) 1° 1°
Peripheral neurotoxicity 24(962) 1(3.8) 0 (0) 75(965)  2(24) 1(12) 0.5698" 1
Hand-foot syndrome 23(923) 1(3.8) 1(3.8) 72(929)  5(5.9) 1(1.2) 1° 0.4283"
Hypertension 24(962) 1(3.8) 0 (0) 77 (98.8)  0(0) 1(1.2) 0.2427° 1

3P values were calculated by y test.

PP 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 (10°/L) 61+£22 3.5-9.5
ANC (10°/L) 59+11.1 1.8-6.3
ALC (10°/L) 1.6£0.6 1132
AMC (10°/L1) 04+0.2 0.1-0.6
PLT (10°/L) 253.5+79.7 125-350
AEC (10°/L) 03+05 0.02-0.52
RDW (%) 14.7 £3.2 11.6-14.8
FIB (g/L) 37+15 2-4
Dimer (ng/mL) 879.3 +1162.6 0-500
LDH (IU/L) 257.5 +150.4 109-245
ALB (g/L) 415+40 40-55
CEA (ng/mL), 1 (%) 10 (35.7) 0-5

18 (64.3)
CA199 (IU/mL), 1 (%) 19 (67.9) 0-37

9 (32.1)

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.
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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)
Age > 60 10 (35.7) - -

<60 18 (64.3) 1.47 (0.52-4.15, P = 0.466) -
Gender Male 15 (53.6) - -

Female 13 (46.4) 1.34 (0.52-3.41, P = 0.543) -
Location Right colon 15 (53.6) - -

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)
Number of metastatic organs 1 22 (78.6) - -

22 6(21.4) 0.90 (0.26-3.14, P = 0.870) -
Liver metastasis No 10 (35.7) - -

Yes 18 (64.3) 0.73 (0.27-1.99, P = 0.540) -
Lung metastasis No 21 (75.0) - -

Yes 7 (25.0) 1.20 (0.42-3.42, P = 0.727) -
RAS Unknown 8 (28.6) - -

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

Mutation 15 (53.6) 1.52 (0.42-5.52, P = 0.524) -
CEA 1 10 (35.7) - -

2 18 (64.3) 2.11 (0.74-6.01, P = 0.161) -
CA199 1 19 (67.9) - -

2 9(32.1) 3.70 (1.27-10.77, P = 0.016) 2.56 (0.43-15.18, P = 0.301)
NLR <3.96 23 (82.1) - -

>3.96 5(17.9) 4.72 (1.24-17.88, P = 0.023) 1.79 (0.19-17.36, P = 0.614)
LMR <6.45 25 (89.3) - -

> 6.45 3 (10.7) 2.44 (0.67-8.84, P = 0.174) -
BMI <18.73 3 (10.7) - -

>18.73 25 (89.3) 4.38 (0.56-34.10, P = 0.159) -
ALI <205.20 9(32.1) - -

>205.20 19 (67.9) 0.37 (0.14-1.00, P = 0.049) 0.33 (0.14-13.15, P = 0.805)
SII <926.18 21 (75.0) - -

>926.18 7 (25.0) 3.11 (1.10-8.81, P = 0.033) 2.54 (0.32-20.29, P = 0.379)
ALLC <485 8 (28.6) - -

>4.85 20 (71.4) 3.51 (1.12-11.04, P = 0.032) 11.52 (0.52-256.63, P = 0.123)
ANC <313 13 (46.4) - -

>3.13 15 (53.6) 2.56 (0.95-6.89, P = 0.064) 0.51 (0.07-3.53, P = 0.493)
ALC <115 7 (25.0) - -

>1.15 21 (75.0) 1.87 (0.53-6.60, P = 0.332) -
AMC <032 7 (25.0) - -

>0.32 21 (75.0) 3.38 (0.96-11.90, P = 0.058) 1.30 (0.15-11.13, P = 0.814)
AEC <015 16 (57.1) - -

>0.15 12 (42.9) 2.52 (0.98-6.46, P = 0.055) 0.54 (0.10-3.07, P = 0.488)
RDW <13 6 (21.4) - -
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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)
LDH <199 13 (46.4) = =
>199 15 (53.6) 3.44 (1.24-9.54, P =0 .018) 411 (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%Cl 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.
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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 x 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%ClI: 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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Variable Count Percent HR (95%CI) P value P for interaction

Overall 103 100 —'—; 0.71(0411t01.23) 022

Age ! 0.161
=60 43 17 —'ﬁ— 0.45(0.17t0 1.16) 0.098
<=60 60 58.3 —°f— 0.97 (0.49t0 1.95) 0.936

Gender ! 0.025
Male 63 612 —— E 0.33(0.14t00.81) 0.015
Female 40 38.8 —f—'—> 1.35(0.5910 3.09) 0.479

ECOG | 0997
0-1 98 95.1 s 0.70 (0.40t0 1.22) 0.203
2 5 49 |

Primary tumor location E 0.022
Right colon 39 379 —— 0.40 (0.17 t0 0.95) 0.039
Left colon and rectum 64 62.1 —%—'—’ 144 (06810 3.04) 0.336

Liver metastasis E 0.726
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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; Cl: Confidence interval.
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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.
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