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Abstract

Background This research aimed to assess the efficacy and safety of combining sintilimab with bevacizumab,
oxaliplatin, and capecitabine as a primary therapy for patients with RAS-mutated, microsatellite stable (MSS), and
metastatic colorectal cancer (mCRQ).

Methods In this prospective, open-label, single-arm, phase Il trial, eligible patients received up to 8 cycles of
capecitabine and oxaliplatin/bevacizumab plus sintilimab, followed by maintenance therapy with capecitabine,
bevacizumab, and sintilimab every three weeks until disease progression. Treatment response was evaluated every 2
cycles (6 weeks) according to the Response Evaluation Criteria in Solid Tumors version 1.1. The primary endpoint was
ORR, while the secondary endpoints included PFS and AEs.

Results The efficacy analysis and safety analysis included 33 patients. The overall response rate was 72.7%, and the
median PFS in the full analysis set was 12.9 months (95% Cl: 7.5-18.3), and median OS was not reached. Patients
with liver metastases demonstrated a higher ORR (20/24 [83.3%]) than those without (4/9 [44.4%], p=0.073), and the
median PFS was 14.7 for patients with liver metastases and 9.6 months for those without (HR: 1.05, 95%Cl: 0.34-3.24;
p=0.932). Most immune-related AEs had grades 1-2, and immunotherapy was discontinued in 4 patients due to
immune-related AEs. No treatment-related deaths occurred during the study.
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community.

metastases

Conclusions The therapeutic regimen showed encouraging antitumor effects and a favorable safety profile in
patients with RAS mutations, MSS, and mCRC, yielding durable results throughout an extended follow-up duration,
irrespective of the presence of liver metastases. This research is of great significance because it addresses the
limited treatment options in the field of MSS mCRC patients. By providing new treatment strategies or methods, it
brings more hope and choices to patients and offers valuable new insights and research directions to the medical

Clinical trial registration ClinicalTrials.gov: NCT06206096. Registered on May 26, 2021.
Keywords Microsatellite stable, Immune checkpoint inhibitor, Anti-angiogenesis, Metastatic colorectal cancer, Liver

Introduction

Metastatic colorectal cancer (mCRC) is a leading cause
of cancer-related morbidity and mortality worldwide
[1]. The combination of fluorouracil, oxaliplatin, and/
or irinotecan (CAPOX/FOLFOX/FOLFIRI) with beva-
cizumab is a first-line standard treatment option for
mCRC patients with RAS mutation or microsatellite sta-
bility (MSS) [2, 3]. RAS mutations account for 50—55% of
mCRC cases and are associated with poor prognosis [4,
5]. Furthermore, RAS-mutant mCRC exhibits an immu-
nosuppressive microenvironment [6]. Despite significant
improvements in clinical outcomes through optimized
chemotherapy and targeted therapies, these therapies are
still inadequate in delivering curative results for mCRC
patients. Consequently, it is essential to explore novel
strategies that specifically target the treatment of mCRC.

Over the past decade, significant progress has been
made in the clinical treatment of a variety of solid tumors
with the use of immune checkpoint inhibitors (ICIs),
benefiting patients with malignancies such as melanoma,
lung cancer, triple-negative breast cancer, advanced
hepatocellular carcinoma, and microsatellite instabil-
ity-high (MSI-H) metastatic colorectal cancer [7-10].
However, numerous clinical trials and case studies have
indicated that immunotherapy has limited efficacy in
treating colorectal cancer (CRC) [11]. Notably, MSS
tumors are predominantly marked by immunosuppres-
sion or an immunologically “barren” condition, stemming
from minimal or no T-cell infiltration and decreased
expression of checkpoint molecules [12, 13]. Therefore,
improving the efficacy of immunotherapy and exploring
new mechanisms for MSS metastatic CRC treatment are
crucial for enhancing the prognosis of cancer patients
[14, 15].

Combining ICIs with anti-angiogenic drugs is a prom-
ising novel approach for cancer treatment [16, 17].
Anti-angiogenic treatment has the potential to alter
the immunosuppressive tumor microenvironment by
restoring blood vessel normalization, which in turn
facilitates T-cell penetration and activation, and pro-
mots the efficacy of immunotherapy for solid tumors,
including CRC [18]. Notably, numerous preclinical

studies have confirmed the correlation between increased
CD8+T-cell infiltration and an enhanced antitumor
immune response, as well as increased tumor cell death
[19-21]. Therefore, the combination of ICIs and anti-
angiogenic agents, which regulate the tumor microenvi-
ronment, can enhance and synergize with the antitumor
immune response to ICIs [17].

However, limited data are available on combination
therapies involving anti-angiogenic agents, chemo-
therapy, and immunotherapy, especially for the Chinese
population. Furthermore, most Asians exhibit low tol-
erance to triple-drug chemotherapy regimens. In this
study, a more tolerable two-drug chemotherapy regimen
(capecitabine and oxaliplatin [CAPOX]) in combination
with bevacizumab and sintilimab was selected as the
first-line therapy for patients with RAS-mutant, MSS, and
mCRC. This study was conducted to assess the safety and
efficacy of this combination therapy and explore whether
this treatment can effectively enhance antitumor immune
responses, thereby paving the way for future randomized
studies.

Materials and methods

Study design and participants

The present study was a prospective, open-label, single-
arm, phase II trial conducted at the Fifth Medical Center
of the Chinese People’s Liberation Army General Hospi-
tal. The objective of this research was to assess the effi-
cacy and safety of sintilimab in conjunction with CAPOX
and bevacizumab as an initial therapy for patients with
RAS-mutant, MSS, and mCRC.

The main eligibility criteria included the presence of
histologically confirmed unresectable colorectal adeno-
carcinoma, a RAS mutation identified through genetic
sequencing and MSS determined by polymerase chain
reaction, age of 18-75 years, an Eastern Cooperative
Oncology Group performance status of 0-1 [22], and
adequate organ function. Patients who had received
adjuvant or neoadjuvant chemotherapy or radiotherapy
within six months before study enrollment were ineli-
gible. In addition, patients with known BRAF mutations
and Her-2 positivity, uncontrolled hypertension despite
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optimal drug treatment, active autoimmune diseases, or
immunodeficiency were also excluded. Eligible mCRC
patients underwent screening within 28 days prior to the
start of treatment. The complete flow diagram of partici-
pants in the study is shown in Fig. 1.

Procedure

Patients who met the criteria were administered CAPOX/
bevacizumab combined with sintilimab for a maxi-
mum of 8 cycles, followed by a maintenance regimen of
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capecitabine and bevacizumab, along with sintilimab,
administered every three weeks until there was evidence
of disease progression, intolerable toxicity, or a decision
was made by either the patient or the physician. Beva-
cizumab was infused intravenously at a dose of 7.5 mg/
kg every three weeks, and sintilimab, a recombinant,
fully human IgG4 anti-PD-1 monoclonal antibody, was
given at a dose of 200 mg via intravenous infusion with
the same frequency; subsequently, oxaliplatin was admin-
istered every three weeks at a dose of 130 mg/m2, while

43 RAS mut. MSS, unresected

patients were recruited

mCRC
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Fig. 1 Study flow diagram
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capecitabine was taken orally at a dose of 1 g/m? twice
daily for continuous oral administration over 14 days.
The CAPOX regimen was selected due to its demon-
strated efficacy and manageable toxicity profile in various
clinical settings. Additionally, it offers the convenience of
oral administration, which can improve patient compli-
ance compared to other regimens that require intrave-
nous infusion. We evaluated treatment response every
two cycles (6 weeks) using computed tomography or
magnetic resonance imaging according to the Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.1
(Fig. 2).

We evaluated the objective response rate (ORR), dis-
ease control rate (DCR), progression-free survival (PES),
and adverse events (AEs) for each patient. The primary
endpoint was the investigator-assessed ORR, and the
secondary endpoints were PFS and AEs. PFS was deter-
mined as the duration from the start of antineoplas-
tic treatment to the initial record of tumor progression
or death from any cause. The objective response rate
(ORR) was determined by the percentage of patients who
achieved either a complete response (CR) or a partial
response (PR) as their best overall response. The disease
control rate (DCR) was computed as the percentage of
patients who reached a CR, PR, or stable disease as their
optimal overall response. Patients who were alive and
had no disease progression at the time of the last tumor
assessment were censored.

AEs were summarized and categorized by the inves-
tigators using the National Cancer Institute Common
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Terminology Criteria for Adverse Events (version 5.0)
[23] to determine potential associations with the study
treatment. Immune-related AEs (irAEs) of grades 1-4,
possibly related to the research regimen, were reported.

Statistical analysis

Based on an exact single-stage binomial design, a sample
size of 30 patients with evaluable endpoints provided at
least 80% power to detect an improvement in ORR from
the historical report of 45-70% at a one-sided a level of
5% [24—26]. Considering a dropout rate of approximately
10%, the total sample size for this study was planned to be
33 patients. We conducted additional exploratory analy-
sis to detect potential differences in treatment effects and
prognosis between patients with and without liver metas-
tases (LM), and the P value of the interaction was calcu-
lated to quantify the underlying effect.

PES was estimated using the Kaplan-Meier method
and compared using the Cox proportional risk model
according to the presence of LM. PFES is presented as haz-
ard ratios (HRs) with 95% confidence intervals (CIs). Sta-
tistical comparison of the ORR and DCR was performed
using Fisher’s exact test according to the presence of LM.
Patient clinical baseline characteristics and safety data
were summarized using descriptive statistics.

All patients who underwent at least one cycle of the
research regimen were included in the full analysis and
safety analysis. However, only those patients with assess-
able lesions were considered for the efficacy analysis. For
the comparative analysis of PFS and ORR, a p-value <0.05

Inductive therapy

Maintenance therapy

Bevacizumab(7.5mg/kg.d0)
Oxaliplatin (135mg/m2.d1)
Capecitabine(1g/m2 bid,d1-14)
Sintilimab(200mg,d2)

3w, up to 8 cycles

Patients

Bevacizumab(7.5mg/kg.d0)
Capecitabine(1g/m2 bid d1-14)
Sintilimab(200mg.d2)

g3w, until PD or intolerable toxicity
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Fig. 2 Flowchart of participants in the study
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was deemed statistically significant. Statistical analyses
were conducted utilizing R version 4.2.3 and GraphPad
Prism 10.

Results

Patient characteristics

Between January 1, 2021, and December 31, 2023, a
total of 43 patients were screened for phase II clinical
trials. Finally, 33 eligible patients were enrolled in this
study. All patients received a minimum of one cycle and
a maximum of eight cycles of protocol-specific therapy,

Table 1 Baseline demographic and clinical characteristics
Patients (n=33)

Characteristics

Age, years, median (IQR), n (%) 57 (53-61)
<60 22 (66.7%)
>60 11 (33.3%)
Sex

Female 17(51.5%)
Male 16 (48.5%)
ECOG performance status, n (%)

0 12 (36.4%)
1 21 (63.6%)
Primary cancer site, n (%)

Right colon 11 (33.3%)
Left colon 12 (36.4%)
rectum 10(30.3%)
Primary tumor resection, n (%)

Yes 15(54.5%)
No 18(45.5%)
metastatic disease location, n (%)

Liver 24 (72.7%)
Lung 10 (30.3%)
Lymph node 23 (69.7%)
Other 10 (30.3%)
Number of metastatic sites, n (%)

<2 22 (66.7%)
>2 11 (33.3%)
RASstatus, n (%)

KRAS

codon 12 20(60.6%)
codon 13 5(15.2%)
codon 12 and 13 2 (6.1%)
NRAS 2(6.1%)
Other 4(12.1%)
PD-L1 expression, CPS, n (%)

CPS<1 5(15.2%)
CPS>1 4(12.1%)
Unknown 24 (72.7%)
TMB (mut/Mb), n (%)

TMB <5 4(12.1%)
TMB =5 1(3.1%)
Unknown 28(84.8%)

Abbreviations: CPS, Combined positive score; ECOG, Eastern Cooperative
Oncology Group; IQR, Interquartile range; TMB, Tumor mutational burden;
PD-1, Programmed cell death-1; PD-L1, Programmed cell death ligand-1
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followed by maintenance therapy. At the cutoff date (Feb-
ruary 29, 2024), 11 patients were still receiving treatment,
and the median follow-up period was 17.5 months (95%
CI: 12.9 to 22.1 months).

The demographics and baseline characteristics of par-
ticipants are shown in Table 1. Patients had a median
age of 57 years (IQR: 53-61). Among the 33 patients, 11
(33.3%) had right-sided tumors, 24 (72.7%) had hepatic
metastasis, 27 (81.9%) had KRAS codon 12 or 13 mutant
or comutant tumors, 2 (6.1%) had NRAS mutant tumors,
and 14 (42.4%) underwent palliative surgery for primary
tumor lesions. The efficacy analysis and safety analysis
included all 33 patients. Among the 9 patients with avail-
able PD-L1 immunohistochemistry scores, 4 had a com-
bined positive score>1. Tumor mutation burden (TMB)
data were available for five individuals; four patients had
a TMB <5 mut/Mb, while only one patient had a TMB=>5
mut/Mb (TMB =5.3 mut/MB).

Efficacy

Among the 33 patients with measurable disease at base-
line, 4 (12.1%) achieved CR, and 20 (60.6%) achieved PR,
resulting in an overall response rate of 72.7% (95%CI:
55.8-84.9%). In addition, 8 (24.2%) patients experienced
disease stabilization, achieving a DCR of 96.9% (95%Cl:
84.7-99.5%). The most significant percentage change in
the diameter of the target lesion from the baseline among
all patients and the liver metastasis group are depicted in
Fig. 3A and B. On the cutoft day, 22 patients had progres-
sive disease, 11 patients were still receiving treatment,
and 6 patients had discontinued therapy (3 due to CR and
3 due to refusals) (Fig. 3C).

Moreover, among patients with LM (n=24), 3 (12.5%)
had a CR, 17 (70.8%) had a PR, and 3 (12.5%) had stable
diseases (Table 2). In the group without liver metasta-
sis, one patient reached a CR, three patients achieved a
PR, and five patients experienced SD. Patients with LM
had a greater ORR (20/24, 83.3%) than those without LM
(ORR: 4/9 [44.4%], P=0.073).

Survival

According to Kaplan-Meier estimations, the median PFS
in the full analysis set was 12.9 months (95% CI: 7.5-18.3)
(Fig. 4A), and median OS was not reached. The median
PFS was 14.7 months (95% CIL: 4.7-24.7) in patients
with LM and 9.6 months (95% CI: 4.9-14.3) in patients
without LM (HR: 1.05, 95% CI: 0.34-3.24, p=0.932;
Fig. 4B). Among the 33 patients, 14 and 3 underwent
palliative surgery for primary tumor lesions before and
after the initiation of combination therapy, respectively,
and 4 successfully attained CR status with the assistance
of a multidisciplinary team. We conducted an explor-
atory subgroup analysis for PFS stratified by gender,
age, ECOG, Primary cancer site, Liver metastasis, Lung
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Fig. 3 (A) Waterfall plot of the maximum percent change in tumor size from baseline in all patients with measurable lesions (n=33). (B) Waterfall plot of
the maximum percent change in tumor size from baseline in the liver metastates group (n=24). (C) Swimmer plots of all patients (n=33)

Table 2 Tumor response

All Liver Non-liver
patients(n=33) metastases(n=24) metastases(n=9)

CR, (n) 4 3 1

PR, (n) 20 17 3

SD, (n) 8 3 5

PD, (n) 1 1 0

ORR, n 24 (72.7%) 20 (83.3%) 4(44.4%)

(%)

DCR, n 32 (97.0%) 23 (95.8%) 9(100%)

(%))

Abbreviations: CR, complete response; PR, partial response; SD, stable disease;
PD, progress disease;

ORR, objective response rate; DCR, disease control rate

All patients
medianPFS:12.9m(95%Cl,7.5-18.3m)

1.004 -

0.75

0.50

0.25

0.00

Progression Free Survival Probability =

0 3 6 9 12 15 18 21 24 27 30
Time(months)

metastasis, Lymph node metastasis, Number of metasta-
ses, Primary tumor resection, Ras status, PD-L1 expres-
sion, and TMB. In our subgroup analysis, primary cancer
site in left colon or rectal cancer and number of metas-
tases <2 showed a significantly better prognosis (Fig. 5).

Safety

All 33 patients received at least one cycle of the proto-
col-specified treatment and were evaluated for safety.
Overall, the treatment was shown to be well tolerated.
Table 3 provides a summary of treatment-related adverse
events (TRAEs) and irAEs. The most prevalent TRAEs
of all grades were anemia (23/33, 70%), vomiting/nau-
sea (16/33, 48%), neutropenia (15/33, 45%), neurological

B s .
Liver Metastasis
Z 1,001 medianPFS(@5%Cl)
§ Absence  9.6m(4.9-14.3m)
g 0.75 A — Presence 14.7m(4.7-24.7m)
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& 0.251
& HR = 1.05 (95%CI,0.34-3.24)
2 | P=0932
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Fig. 4 (A) Kaplan-Meier curves of PFS for all patients. PFS: progression-free survival. (B) Kaplan-Meier curves of PFS according to the presence of liver

metastates for all patients
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Characteristics Total(N) HR (95% CI) P value
Gender 33 !
Female 17 Reference 1
Male 16 0.629(0.239-1.656) ‘e 0.348
Age 33 !
<60 22 Reference i
260 11 0.562(0.196-1.612) ro— 0.284
ECOG 33 :
0 12 Reference |
1 21 1.257(0.441-3.587) +—o— 0.669
Primary cancer site 33 ! 0.04
Right Colon 1" Reference 1
Left Colon 12 0.366(0.114-1.177) v 0.092
Rectum 10 0.219(0.059-0.811) - 0.023
Liver metastasis 33 |
No 24 Reference :
Yes 9 0.952(0.309-2.939) — 0.932
Lung metastasis 33 1
No 10 Reference X
Yes 23 0.768(0.249-2.364) +o— 0.645
Lymph node metastasis 33 1
No 10 Reference :
Yes 23 1.722(0.555-5.342) -:—0—~ 0.347
Number of metastases 33 1
<2 22 Reference :
>2 11 3.210(1.197-8.608) :'—0—’- 0.02
Primary tumor resection 33 |
No 15 Reference :
Yes 18 0.480(0.178-1.293) -k 0.147
Ras status 33 ! 0.307
Kras 27 Reference :
Nras 2 0.388(0.106-1.416) L 0.152
other 4 0.698(0.111-4.384) '-0:—' 0.701
PD-L1 expression 33 1 0.422
CPS =1 5 Reference :
CPS <1 4 4.104(0.422-39.916) —— 0.224
Unknown 24 3.811(0.497-29.249) ~r—— 0.198
TMB(mut/Mb) 33 : 0.608
TMB <5 4 Reference :
TMB 25 1 1.710(0.173-16.948) +~tTe— 0.647
Unknown 28 0.681(0.191-2.427) ret—i 0.553
01234

Fig. 5 Subgroup analyses for progressive-free survival in our study. Subgroups including gender, age, ECOG, Primary cancer site, Liver metastasis, Lung
metastasis, Lymph node metastasis, Number of metastasis, Primary tumor resection, Ras status, PD-L1 expression, and TMB were analyzed. Abbreviations:
ECOG, Eastern Cooperative Oncology Group; PD-L1, programmed cell death-ligand 1; TMB, Tumaor Mutation Burden

toxicity (9/33, 27%), hand-foot syndrome (11/33, 33%),
and fatigue (10/33, 30%). The most prevalent grade 3 or 4
TRAEs were Hand-foot syndrome (2/33, 6%) and transa-
minitis (2/33, 6%).

All-grade irAEs with potential immunologic etiol-
ogy occurred in the following percentages of patients
in the sintilimab combined with bevacizumab/CAPOX
group: 12% (skin), 3% (gastrointestinal), 12% (lung), 9%
(endocrine), and 9% (liver/pancreatic). Most irAEs had
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Table 3 Treatment-related adverse events since the initiation of treatment

TRAEs, n(%) Patients (n=33)

Any grade Grade 1 Grade 2 Grade 3 Grade 4

Chemo-related adverse events
Anemia 23(70%) 16(48%) 7(21%) 0 0
Vomiting/Nausea 16(48%) 11(33%) 5(15%) 0 0
Neutropenia 15(45%) 9(27%) 5(15%) 1(3%) 0
Hand-foot syndrome 11(33%) 7(21%) 2(6%) 2(6%) 0
Neurological toxicity 9(27%) 8(24%) 1(3%) 0 0
Fatigue 10(30%) 4(12%) 5(15%) 1(3%) 0
Hypertension 8(24%) 5(15%) 3(9%) 0 0
Transaminitis 8(24%) 4(12%) 2(6%) 2(6%) 0
Thrombocytopenia 5(15%) 2(6%) 2(6%) 1(3%) 0
Diarrhea 5(15%) 1(3%) 4(12%) 0 0
Constipation 4(12%) 2(6%) 2(6%) 0 0
Immune-related adverse events
Skin toxicity 4(12%) 1(3%) 2(6%) 1(3%) 0
lung toxicity 4(12%) 1(3%) 3(9%) 0 0
Liver/Pancreas toxicity 3(9%) 1(3%) 1(3%) 1(3%) 0
Endocrine toxicity 3(9%) 1(3%) 2(6%) 0 0
Gastrointestinal toxicity 1(3%) 1(3%) 0 0 0
Any event leading to 4(12%) 0 2(6%) 2(6%) 0
Discontinuation
Any event leading to death 0 0 0 0

grades 1-2, and immunotherapy was discontinued in
four patients due to irAEs (two with pneumonia, one
with hepatitis, and one with colitis). PD-1 inhibitors were
reintroduced after the resolution of immune-related
toxic effects in 2 patients with colitis and pneumonia.
No deaths attributed to the treatment were reported
throughout the course of the study. For managing these
events, we follow established guidelines, which typically
involve the use of immunosuppressive agents like ste-
roids, with adjustments based on the severity and specific
type of irAE.

Discussion

In this research, we evaluated the efficacy and safety of
sintilimab plus bevacizumab in conjunction with CAPOX
chemotherapy as the first-line treatment for patients
with advanced CRC. To our knowledge, this study is the
largest prospective trial to assess the combined efficacy
of ICIs plus anti-angiogenic agents in combination with
chemotherapy in previously untreated RAS-mutant,
MSS, and metastatic CRC patients in China.

The combination of PD-1/PD-L1-targeting agents and
anti-angiogenic drugs with standard doublet or triplet
regimens has been explored in numerous clinical trials,
yielding consistent results. Several clinical studies have
confirmed the synergistic antitumor effects of this com-
bination. AtezoTRIBE, a multicenter, open-label, ran-
domized, controlled phase II study, suggested that the
addition of atezolizumab to first-line FOLFOXIRI com-
bined with bevacizumab may improve PFS in patients

with mCRC while maintaining a good safety profile [13,
27]. It should be noted that patients in the AtezoTribe
study were exclusively Italians, with PD-L1 monoclo-
nal antibody selected as the treatment modality [13]. In
addition, the NIVACOR trial, a phase II research study,
was structured to evaluate the effectiveness and safety
of nivolumab in conjunction with FOLFOXIRI/beva-
cizumab as a first-line therapy for patients with mCRC
harboring RAS/BRAF mutations [28]. This clinical trial
revealed that, regardless of MMR status, combination
therapy showed promising efficacy in mCRC patients
with RAS/BRAF mutations, with an acceptable toxicity
profile [29]. Moreover, CheckMate 9x8 [30] evaluated
the efficacy of NIVO+mFOLFOX6/BEV compared to
mFOLFOX6/BEV as the first-line treatment for mCRC
patients. Although the primary endpoint of this study,
PFS, was not achieved, the combination of nivolumab and
standard of care (SOC) demonstrated superior PFS rates,
increased tumor response rates, and a longer duration
of response than SOC at 12 months. Notably, patients
with KRAS mutations who received nivolumab+SOC
had longer PFS than those who received SOC (12.0 vs.
10.3, HR: 0.41, 95% CI: 0.17-0.96); the finding is consis-
tent with that in our study. Furthermore, Xu et al. [31]
compared serplulimab plus HLX04 and XELOX ver-
sus placebo plus bevacizumab and XELOX as first-line
treatment for mCRC in a phase II/III study. They found
that serplulimab plus HLX04 and XELOX significantly
prolonged PFS, improved other efficacy endpoints, and
demonstrated manageable safety. Similarly, patients with
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KRAS mutations had better PFS than those in the control
group (17.2 vs. 10.1, HR: 0.40, 95% CI: 0.17-0.95). KRAS
status was a predictor for MSS, mCRC patients treated
with PD-1 inhibitors plus XELOX and bevacizumab.

The combination of anti-angiogenic therapy and PD-1
monoclonal antibodies has shown encouraging effects on
several types of tumors, including MSI-H CRC. However,
this combination has limited benefits for RAS variant
MSS mCRC patients with LM [32, 33]. The microenvi-
ronment of LM is reportedly associated with a relatively
high proportion of immunosuppressive cells [34, 35].
Several studies have indicated that patients with LM
exhibit a decreased response to immunotherapy, presum-
ably due to the accumulation of immunosuppressive cells
in LM [36-40]. A comparative analysis of the immune
microenvironment between primary gastric tumors
and LM was conducted using multiple immunohisto-
chemistry (mIHC) [41]. Compared with primary gastric
tumors, LM were found to contain a higher concentra-
tion of immunosuppressive cells, such as regulatory
T cells, myeloid-derived suppressor cells, and tumor-
associated macrophages, along with fewer CD8+ T cells,
as revealed by mIHC. In this present study, we investi-
gated the therapeutic outcomes of combined treatment
with PD-1 antibodies and anti-angiogenic inhibitors for
patients with or without LM. Our research proved that
combination treatment with sintilimab, anti-angiogenic
therapy, and chemotherapy was safe and efficient in
previously untreated RAS-mutant, MSS, and mCRC
patients. The ORR of 72.7% in all patients indicates a
significantly higher proportion of patients experiencing
tumor shrinkage or stabilization compared to the typi-
cal response rates observed with standard treatments.
This suggests that our treatment approach may be more
effective in controlling tumor growth and achieving clini-
cal benefits for patients. The median PFS of 12.9 months
represents a notable extension compared to the PFS typi-
cally seen with standard therapies. This longer duration
of disease control can translate into improved quality of
life for patients, as it allows them to maintain their daily
activities and reduces the need for additional treatments
or interventions during this period. Notably, patients
with LM at treatment initiation seemed to have higher
response rates than those without LM (ORR: 83.3% vs.
44.4.7%, P=0.073). In addition, patients with LM exhib-
ited a trend toward prolonged PFS compared to those
without LM, although the difference did not reach statis-
tical significance as determined by the log-rank test (PES:
14.7 vs. 9.6 months, P=0.932). The finding is consistent
with results from a previous study in the first-line setting
combined with chemotherapy [42]. This phenomenon
is intriguing, and we hypothesize that the benefit could
be attributed to the combination of chemotherapy with
immunotherapy and anti-angiogenic therapy, as well
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as the transition from second-line therapy to first-line
therapy. However, given the limited sample size of this
study, it is not possible to draw definitive conclusions
regarding the prediction of LM. It is necessary to explore
the biological mechanisms underlying the differential
response in patients with liver metastases more deeply.
The liver’s ability to promote immune tolerance can influ-
ence the response to treatments, as it can regulate sys-
temic immune function and support metastatic seeding
[43]. Besides, the interactions between tumor cells and
the hepatic microenvironment, including immune cells
such as Kupffer cells and hepatic stellate cells, can affect
treatment outcomes [44]. Further fundamental research
is necessary to determine the specific mechanisms
involved.

To identify predictive biomarkers for combination ther-
apy, several studies, including the REGONIVO study, are
evaluating the association between immune-related or
angiogenesis-related features of tumors and immunologi-
cal determinants of clinical benefits. In the REGONIVO
study with a limited number of CRC patients, exploratory
analysis revealed no clear relationship between PD-L1
expression or TMB and treatment outcomes [45]. The
analysis of additional biomarkers using pre- and post-
treatment biopsy samples is still ongoing to elucidate the
immunological effects of this combination. In addition,
Yuan et al. conducted a phase II study of combination
treatment with sintilimab plus bevacizumab/CAPOX as
the first-line treatment in RAS-mutant, MSS, and unre-
sectable mCRC patients [42]. They found no signifi-
cant differences in RAS mutation types, TMB or PD-L1
expression between patients with CR/PR and those with-
out. Additional investigations with a larger sample size
are crucial to elucidate the impact of these clinical factors
on the effectiveness of combination therapy.

This study has several limitations. First, the primary
limitation of this study was its small sample size and sin-
gle-arm nature, necessitating confirmation of the results
through phase III randomized controlled trials with
stratified subgroups based on factors such as the pres-
ence of liver metastases and other relevant biomarkers.
Small sample sizes can compromise a study’s ability to
detect even moderate or small effects, leading to under-
estimation of treatment effectiveness and highly vari-
able results that are sensitive to outliers. Despite these
limitations, findings can still provide valuable insights
for clinical decision-making, suggesting areas for fur-
ther exploration. To enhance future research, it’s crucial
to consider statistical power in study design, promoting
collaboration and data sharing to increase sample sizes
and improve the generalizability of results. Second, we
only summarized the clinical efficacy, survival, and safety
data. Thus, some of our findings need further validation
through additional basic research. Additionally, we did
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not perform an exploratory analysis of potential bio-
markers to forecast the efficacy of combination therapy.

Conclusions

The combination of CAPOX/bevacizumab plus sintil-
imab as a first-line therapy showed promising antitumor
efficacy and a favorable safety profile for RAS-mutant,
MSS, and mCRC patients, with enduring positive results
over an extended follow-up period, regardless of LM.
More extensive basic research with a larger sample size
is needed to elucidate the mechanisms underlying the
enhanced treatment efficacy observed in patients with
LM.

Acknowledgements

We express our sincere gratitude to each participant and their families for
their contribution to this clinical study. Additionally, we thank the staff for their
invaluable support in the treatment and management of the patients.

Author contributions

GHD, ZKW and QLH contributed to the conception and design of the

study. YRW, RJ, HYS, YM, MJF, FFL, YS, YSJ, and YYZ contributed to the data
collection, analysis and interpretation. YRW and RJ contributed to manuscript
preparation, editing and review. All authors reviewed and approved the final
submitted manuscript.

Funding
This research did not obtain any direct grants from public, commercial, or non-
profit funding agencies.

Data availability

Due to patient privacy and consent restrictions, the clinical trial data provided
in this article have not been made publicly available. However, interested
parties can obtain the data by contacting the corresponding author upon
reasonable request. The use of the data must comply with the requirements
set by China’s Department of Human Genetic Resources Management and
specific regulations in other countries or regions.

Declarations

Ethics approval and consent to participate

The protocol was approved by the Ethics Committee of the Chinese PLA
General Hospital (52020-530-02). This study was conducted in accordance
with the Helsinki Declaration. Written informed consent forms regarding the
research procedures were obtained from all patients prior to their enrollment.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Medical School of Chinese PLA, Beijing, China

2Depar‘[ment of Medical Oncology, The First Medical Center, Chinese
People’s Liberation Army General Hospital, Beijing 100853, China
3Department of Oncology, The Fifth Medical Center of PLA General
Hospital, Beijing 100071, China

Received: 26 September 2024 / Accepted: 21 February 2025
Published online: 07 March 2025

Page 10 of 11

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, Bray
F. Global Cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021;71(3):209-49.

2. Benson AB,Venook AP, Al-Hawary MM, Cederquist L, Chen Y-J, Ciombor KK,
Cohen S, Cooper HS, Deming D, Engstrom PF, et al. NCCN guidelines insights:
Colon cancer, version 2.2018. J Natl Compr Canc Netw. 2018;16(4):359-69.

3. Biller LH, Schrag D. Diagnosis and treatment of metastatic colorectal cancer:
A review. JAMA. 2021,325(7):669-85.

4. Sorich MJ, Wiese MD, Rowland A, Kichenadasse G, McKinnon RA, Karapetis
CS. Extended RAS mutations and anti-EGFR monoclonal antibody survival
benefit in metastatic colorectal cancer: a meta-analysis of randomized,
controlled trials. Ann Oncol. 2015;26(1):13-21.

5. Cremolini C, Loupakis F, Antoniotti C, Lupi C, Sensi E, Lonardi S, Mezi S, Toma-
sello G, Ronzoni M, Zaniboni A, et al. FOLFOXIRI plus bevacizumab versus
FOLFIRI plus bevacizumab as first-line treatment of patients with metastatic
colorectal cancer: updated overall survival and molecular subgroup analyses
of the open-label, phase 3 TRIBE study. Lancet Oncol. 2015;16(13):1306-15.

6. Patelli G, Tosi F, Amatu A, Mauri G, Curaba A, Patané DA, Pani A, Scaglione
F, Siena S, Sartore-Bianchi A. Strategies to tackle RAS-mutated metastatic
colorectal cancer. ESMO Open. 2021;6(3):100156.

7. Schachter J, Ribas A, Long GV, Arance A, Grob J-J, Mortier L, Daud A,

Carlino MS, McNeil C, Lotem M, et al. Pembrolizumab versus ipilim-
umab for advanced melanoma: final overall survival results of a multi-
centre, randomised, open-label phase 3 study (KEYNOTE-006). Lancet.
2017;390(10105):1853-62.

8. Giustini N, Bazhenova L. Recognizing prognostic and predictive biomark-
ers in the treatment of Non-Small cell lung Cancer (NSCLC) with immune
checkpoint inhibitors (ICls). Lung Cancer (Auckl). 2021;12:21-34.

9. Mittendorf EA, Zhang H, Barrios CH, Saji S, Jung KH, Hegg R, Koehler A, Sohn
J, Iwata H, Telli ML, et al. Neoadjuvant Atezolizumab in combination with
sequential nab-paclitaxel and anthracycline-based chemotherapy versus pla-
cebo and chemotherapy in patients with early-stage triple-negative breast
cancer (IMpassion031): a randomised, double-blind, phase 3 trial. Lancet.
2020;396(10257):1090-100.

10.  Wang R, Lin N, Mao B, Wu Q. The efficacy of immune checkpoint inhibi-
tors in advanced hepatocellular carcinoma: a meta-analysis based on
40 cohorts incorporating 3697 individuals. J Cancer Res Clin Oncol.
2022;148(5):1195-210.

11. Baraibar |, Mirallas O, Saoudi N, Ros J, Salva F, Tabernero J, Elez E. Combined
Treatment with Immunotherapy-Based Strategies for MSS Metastatic
Colorectal Cancer. Cancers (Basel) 2021, 13(24).

12. Ganesh K, Stadler ZK, Cercek A, Mendelsohn RB, Shia J, Segal NH, Diaz LA.
Immunotherapy in colorectal cancer: rationale, challenges and potential. Nat
Rev Gastroenterol Hepatol. 2019;16(6):361-75.

13. Antoniotti C, Rossini D, Pietrantonio F, Catteau A, Salvatore L, Lonardi S,
Boquet I, Tamberi S, Marmorino F, Moretto R, et al. Upfront FOLFOXIRI plus
bevacizumab with or without Atezolizumab in the treatment of patients
with metastatic colorectal cancer (AtezoTRIBE): a multicentre, open-label,
randomised, controlled, phase 2 trial. Lancet Oncol. 2022;23(7):876-87.

14.  Vincent J, Mignot G, Chalmin F, Ladoire S, Bruchard M, Chevriaux A, Martin F,
Apetoh L, Rébé C, Ghiringhelli F. 5-Fluorouracil selectively kills tumor-associ-
ated myeloid-derived suppressor cells resulting in enhanced T cell-depen-
dent antitumor immunity. Cancer Res. 2010;70(8):3052-61.

15. Tesniere A, Schlemmer F, Boige V, Kepp O, Martins |, Ghiringhelli F, Aymeric L,
Michaud M, Apetoh L, Barault L, et al. Immunogenic death of colon cancer
cells treated with oxaliplatin. Oncogene. 2010;29(4):482-91.

16. Brest P Mograbi B, Pagés G, Hofman P, Milano G. Checkpoint inhibitors and
anti-angiogenic agents: a winning combination. Br J Cancer 2023.

17. Hong JH, Woo IS. Metronomic chemotherapy as a potential partner of
immune checkpoint inhibitors for metastatic colorectal cancer treatment.
Cancer Lett. 2023;565:216236.

18. Chen DS, Mellman I. Elements of cancer immunity and the cancer-immune
set point. Nature. 2017;541(7637):321-30.

19.  Dings RPM, Vang KB, Castermans K, Popescu F, Zhang Y, Oude Egbrink MGA,
Mescher MF, Farrar MA, Griffioen AW, Mayo KH. Enhancement of T-cell-medi-
ated antitumor response: angiostatic adjuvant to immunotherapy against
cancer. Clin Cancer Res. 2011;17(10):3134-45.

20. Schmittnaegel M, Rigamonti N, Kadioglu E, Cassara A, Wyser Rmili C, Kiial-
ainen A, Kienast Y, Mueller H-J, Ooi C-H, Laoui D et al. Dual angiopoietin-2



Wang et al. BMC Cancer

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

(2025) 25:422

and VEGFA Inhibition elicits antitumor immunity that is enhanced by PD-1
checkpoint Blockade. Sci Transl Med 2017, 9(385).

Martino EC, Misso G, Pastina P, Costantini S, Vanni F, Gandolfo C, Botta C,
Capone F, Lombardi A, Pirtoli L, et al. Immune-modulating effects of bevaci-
zumab in metastatic non-small-cell lung cancer patients. Cell Death Discov.
2016;2:16025.

Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R,
Dancey J, Arbuck S, Gwyther S, Mooney M, et al. New response evaluation
criteria in solid tumours: revised RECIST guideline (version 1.1). Eur J Cancer.
2009;45(2):228-47.

Dueck AC, Mendoza TR, Mitchell SA, Reeve BB, Castro KM, Rogak LJ, Atkinson
TM, Bennett AV, Denicoff AM, O'Mara AM, et al. Validity and reliability of the
US National Cancer institute’s Patient-Reported outcomes version of the
common terminology criteria for adverse events (PRO-CTCAE). JAMA Oncol.
2015;1(8):1051-9.

Stintzing S, Fischer von Weikersthal L, Decker T, Vehling-Kaiser U, Jéger E,
Heintges T, Stoll C, Giessen C, Modest DP, Neumann J, et al. FOLFIRI plus
cetuximab versus FOLFIRI plus bevacizumab as first-line treatment for
patients with metastatic colorectal cancer-subgroup analysis of patients with
KRAS: mutated tumours in the randomised German AlO study KRK-0306. Ann
Oncol. 2012;23(7):1693-9.

Diaz-Rubio E, Gdmez-Espafia A, Massuti B, Sastre J, Reboredo M, Manzano
JL, Rivera F, Safont MJ, Montagut C, Gonzélez E, et al. Role of Kras status

in patients with metastatic colorectal cancer receiving first-line chemo-
therapy plus bevacizumab: a TTD group cooperative study. PLoS ONE.
2012,7(10):e47345.

TangW,Ren L, LiuT, Ye Q WeiY, He G, Lin Q, Wang X, Wang M, Liang F, et al.
Bevacizumab plus mFOLFOX6 versus mFOLFOX6 alone as First-Line treat-
ment for RAS mutant unresectable colorectal Liver-Limited metastases: the
BECOME randomized controlled trial. J Clin Oncol. 2020;38(27):3175-84.
Antoniotti C, Borelli B, Rossini D, Pietrantonio F, Morano F, Salvatore L, Lonardi
S, Marmorino F, Tamberi S, Corallo S, et al. AtezoTRIBE: a randomised phase

II' study of FOLFOXIRI plus bevacizumab alone or in combination with Atezoli-
zumab as initial therapy for patients with unresectable metastatic colorectal
cancer. BMC Cancer. 2020;20(1):683.

Damato A, lachetta F, Antonuzzo L, Nasti G, Bergamo F, Bordonaro R, Maiello
E, Zaniboni A, Tonini G, Romagnani A, et al. Phase Il study on first-line treat-
ment 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(1):822.

Damato A, Bergamo F, Antonuzzo L, Nasti G, lachetta 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 Il NIVACOR trial. Front Oncol. 2021;11:766500.

Lenz H-J, Parikh A, Spigel DR, Cohn AL, Yoshino T, Kochenderfer M, Elez E,
Shao SH, Deming D, Holdridge R et al. 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(3).

Xu R-H,Wang F, Peng J, Liang X, Cheng Y, Deng Y, Chen K, Zhang M, Zhang J,
Wang W et al. First-line Serplulimab plus HLX04 and XELOX versus placebo
plus bevacizumab and XELOX in metastatic colorectal cancer: A phase 2/3
study. 2024, 42(3_suppl):124-124.

Fakih M, Sandhu J, Lim D, Li X, Li S, Wang C. Regorafenib, Ipilimumab, and
nivolumab for patients with microsatellite stable colorectal Cancer and
disease progression with prior chemotherapy: A phase 1 nonrandomized
clinical trial. JAMA Oncol. 2023;9(5):627-34.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

Page 11 of 11

Fakih M, Raghav KPS, Chang DZ, Larson T, Cohn AL, Huyck TK, Cosgrove D,
Fiorillo JA, Tam R, DAdamo D, et al. Regorafenib plus nivolumab in patients
with mismatch repair-proficient/microsatellite stable metastatic colorectal
cancer: a single-arm, open-label, multicentre phase 2 study. EClinicalMedi-
cine. 2023,58:101917.

Brodt P. Role of the microenvironment in liver metastasis: from Pre- to pro-
metastatic niches. Clin Cancer Res. 2016;22(24):5971-82.

Van den Eynden GG, Majeed AW, lllemann M, Vermeulen PB, Bird NC, Hayer-
Hansen G, Eefsen RL, Reynolds AR, Brodt P. The multifaceted role of the micro-
environment in liver metastasis: biology and clinical implications. Cancer Res.
2013;73(7):2031-43.

Lee JC, Mehdizadeh S, Smith J, Young A, Mufazalov I1A, Mowery CT, Daud A,
Bluestone JA. Regulatory T cell control of systemic immunity and immuno-
therapy response in liver metastasis. Sci Immunol 2020, 5(52).

Yu J, Green MD, Li S, Sun 'Y, Journey SN, Choi JE, Rizvi SM, Qin A, Waninger

JJ, Lang X, et al. Liver metastasis restrains immunotherapy efficacy via
macrophage-mediated T cell elimination. Nat Med. 2021,27(1):152-64.
Tumeh PC, Hellmann MD, Hamid O, Tsai KK, Loo KL, Gubens MA, Rosenblum
M, Harview CL, Taube JM, Handley N, et al. Liver metastasis and treatment
outcome with Anti-PD-1 monoclonal antibody in patients with melanoma
and NSCLC. Cancer Immunol Res. 2017,5(5):417-24.

Pires da Silva |, Lo S, Quek C, Gonzalez M, Carlino MS, Long GV, Menzies AM.
Site-specific response patterns, pseudoprogression, and acquired resistance
in patients with melanoma treated with ipilimumab combined with anti-
PD-1 therapy. Cancer. 2020;126(1):86-97.

Kumagai S, Koyama S, Itahashi K, Tanegashima T, Lin Y-T, Togashi Y, Kamada
T, Irie T, Okumura G, Kono H et al. Lactic acid promotes PD-1 expression in
regulatory T cells in highly glycolytic tumor microenvironments. Cancer Cell
2022,40(2).

Yukami H, Kawazoe A, Lin Y-T, Koyama S, Fukuoka S, Hara H, Takahashi N,
Kojima T, Asayama M, Yoshii T, et al. Updated efficacy outcomes of Anti-PD-1
antibodies plus multikinase inhibitors for patients with advanced gastric
Cancer with or without liver metastases in clinical trials. Clin Cancer Res.
2022,28(16):3480-8.

Fang X, Zhu N, Zhong C,Wang L, Li J, Weng S, Hu H, Dong C, Li D, Song Y,

et al. 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 Il trial. EClinicalMedicine.
2023;62:102123.

Zhu C, Liao J-Y, Liu Y=Y, Chen Z-Y, Chang R-Z, Chen X-P, Zhang B-X, Liang J-N.
Immune dynamics shaping pre-metastatic and metastatic niches in liver
metastases: from molecular mechanisms to therapeutic strategies. Mol
Cancer. 2024;23(1):254.

GaoY, Chen S,Wang H,Wu C, An R, Li G, Yang M, Zhou Y, Zhou Y, Xie X, et al.
Liver metastases across cancer types sharing tumor environment immuno-
tolerance can impede immune response therapy and immune monitoring. J
Adv Res. 2024;61:151-64.

Fukuoka S, Hara H, Takahashi N, Kojima T, Kawazoe A, Asayama M, Yoshii T,
Kotani D, Tamura H, Mikamoto Y, et al. Regorafenib plus nivolumab in patients
with advanced gastric or colorectal cancer: an Open-Label, Dose-Escalation,
and Dose-Expansion phase Ib trial (REGONIVO, EPOC1603). J Clin Oncol.
2020;38(18):2053-61.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Efficacy and safety of sintilimab plus bevacizumab and CAPOX as first-line treatment for patients with ﻿RAS﻿-mutant, microsatellite stable, metastatic colorectal cancer
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study design and participants
	﻿Procedure
	﻿Statistical analysis

	﻿Results
	﻿Patient characteristics
	﻿Efficacy
	﻿Survival
	﻿Safety

	﻿Discussion
	﻿Conclusions
	﻿References


