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Summary
Background Microsatellite stable (MSS) and RAS-mutant metastatic colorectal cancer (mCRC) patients are
characterized by an immunosuppressive microenvironment and a low response rate to immunotherapy.
Chemotherapy and anti-angiogenesis therapy have been reported to potentially promote immunotherapy response.
This study aims to assess the preliminary anti-tumor activity and safety of sintilimab plus bevacizumab,
oxaliplatin and capecitabine as a treatment option for patients with RAS-mutant MSS mCRC.

Methods This study was an open-label, single-arm, phase II trial in China. Patients with unresectable, RAS-mutant
and MSS metastatic colorectal adenocarcinoma received treatment by intravenous sintilimab (200 mg, day 1) plus
bevacizumab (7.5 mg/kg, day 1), oxaliplatin (135 mg/m2, day 1) and oral capecitabine (1 g/m2, day 1–14) in each
21-day cycle. The primary endpoints included objective response rate (ORR) and adverse events. Biomarker
analysis was performed to identify potential predictors of good response to treatment. This study is registered
with ClinicalTrials.gov, number NCT04194359.

Findings Between April 2021 and December 2021, 25 patients were enrolled. Two (8%) patients showed complete
response (CR), 19 (76%) had partial response (PR) and 4 (16%) presented with stable disease. ORR reached 84% (95%
CI, 63.9–95.5) and the disease control rate was 100% (95% CI, 86.3–100). The median progression-free survival (PFS)
was 18.2 months for the full analysis set. The most common treatment-related adverse events (TRAEs) in all grades
were anemia (21/25, 84%), neutropenia (20/25, 80%), and hand-foot syndrome (14/25, 56%). The most frequent
grade 3 or 4 TRAEs were neutropenia (3/25, 12%) and increased alanine transaminase (2/25, 8%). No grade 5
adverse events occurred. In the exploration of biomarkers, 5 patients could be characterized as TTN/OBSCN
“double-hit” after treatment, and the copy number variants burden was significantly decreased in tumor tissues
after treatment compared with the baseline. Nanostring panel RNA sequencing analysis indicated a better tumor
immune microenvironment cell infiltration in CR/PR patients compared with non-CR/PR patients as well as the
PFS-long (≥12.5 months) group compared with the PFS-short group.

Interpretation Combination treatment with sintilimab plus bevacizumab, oxaliplatin and capecitabine as first-line
treatment demonstrated a promising antitumor activity and a manageable safety profile in RAS-mutant, MSS and
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unresectable mCRC. Exploratory biomarker assessment analysis showed that some RAS-mutant and MSS patients
changed into “immune-hot” subtype after the treatment.
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Research in context

Evidence before this study
FOLFOX/FOLFIRI plus bevacizumab are the first-line option for
patients with RAS-mutant, microsatellite stable, unresectable
metastatic colorectal cancer. Immune checkpoint inhibitors
are largely ineffective in microsatellite stable metastatic
colorectal cancer. Preclinical researches suggested the
combination of immunotherapy, standard first-line
chemotherapy and antiangiogenic therapy have a synergistic
effect to break the treatment predicament in those patients.
We searched PubMed, with no language restrictions, for
studies published between April 1, 2016, and April 1, 2023, on
immune checkpoint inhibitors for unresectable metastatic
colorectal cancer with RAS-mutant and microsatellite stable
status, using the search terms (“RAS mutation” AND
“microsatellite stable”) AND (“unresectable” OR “metastatic”)
AND (“colorectal cancer” OR “colon cancer” OR “rectal
cancer”) AND (“immunotherapy” OR “PD-1 blockade” OR
“anti-PD-1” OR “immune checkpoint inhibitor”) AND
(“antiangiogenesis” OR “bevacizumab”). We found report
from a phase II NIVACOR trials evaluate the efficacy of the
association between immune checkpoint agent (nivolumab)
with a triplet chemotherapy (FOLFOXIRI) and anti-VEGF

inhibitor (bevacizumab) in metastatic colorectal cancer RAS/
BRAF mutated, regardless of microsatellite status.

Added value of this study
This open-label phase II study showed that sintilimab plus
bevacizumab, oxaliplatin and capecitabine as first-line
combination treatment demonstrated a promising antitumor
activity and a manageable safety profile in RAS-mutant,
microsatellite stable, unresectable metastatic colorectal
cancer. And this treatment regime exerts certain advantages
in both ORR and median PFS in RAS-mutant and MSS mCRC
compared to similar studies.

Implications of all the available evidence
Our study provides further evidence of the clinical activity of
immune checkpoint inhibitors combined with antiangiogenic
therapy and chemotherapy as first-line combination
treatment in RAS-mutant, microsatellite stable, unresectable
metastatic colorectal cancer. Exploratory biomarker
assessment analysis showed that some RAS-mutant and MSS
patients changed into “immune-hot” subtype after the
treatment.
Introduction
In to the Global Cancer Statistics 2020, colorectal cancer
(CRC) remains the second most common cause of
cancer-related mortality in the world.1 According to the
latest Chinese Cancer Report, CRC was the fourth
leading cause of cancer-related deaths in China.2 More
specifically, both the incidence and mortality of CRC
show a trend of growing year by year.2 Among people
newly diagnosed with CRC, 20% have distant metasta-
ses.3,4 A poor 5-year survival rate of less than 20% was
observed in metastatic colorectal cancer (mCRC).3,4

The standard of therapy for mCRC patients consti-
tutes chemotherapy regimens based on fluorouracil,
oxaliplatin and/or irinotecan combined with agents tar-
geting angiogenesis (bevacizumab) or the epidermal
growth factor receptor (cetuximab) based on the RAS
and BRAF status.5,6 The proportion of RAS gene
mutation in mCRC reaches 50–56%.7–9 In mCRC pa-
tients with RAS mutation, a bevacizumab regimen
combined with chemotherapy is the standard first-line
treatment.5,6 However, compared with the RAS wild-
type mCRC, patients with RAS mutation have a poor
prognosis and short survival time.10 It has also been
shown that RAS mutant mCRC has an immunosup-
pressive microenvironment.11 Thus, improving the
effectiveness of its first-line treatment has become a
current treatment challenge.

In recent years, immune checkpoint inhibitors have
pioneered new treatment regimens and dramatically
improved the prognosis due to their long-term durable
responses in several solid cancers including malignant
melanoma and lung cancer. However, immune check-
point inhibitors are largely ineffective in microsatellite
stable (MSS) mCRC, and only a small set of mCRC with
www.thelancet.com Vol 62 August, 2023
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microsatellite instability-high (MSI-H) status shows
effective responses.12,13 This may be related to the low
expression of tumor-specific antigens, antigen presen-
tation defect and overactivation of intrinsic immuno-
suppressive pathways in MSS mCRC cases.14,15

Remarkably, MSS patients comprise the majority
(about 95%) of mCRC.12,16 Thus, new approaches to
improve the response of immunotherapy are required
for this subtype.

The interaction between the upregulation of angio-
genic signaling pathways and tumor immune suppres-
sion has been confirmed.17,18 Vascular endothelial
growth factor (VEGF) reduced tumor-antigen presenta-
tion by suppressing the maturation of dendritic cells
and upregulating the expression of programmed death-
ligand 1 (PD-L1) on dendritic cells to suppress the
function of CD8+ T cells.18,19 The upregulation of VEGF/
vascular endothelial growth factor receptor (VEGFR)
pathway also enhances the proliferation of regulatory T
cells and induces the imbalance of M1 and M2 macro-
phages.18,20 Antiangiogenic therapy can reverse the
immunosuppressive tumor microenvironment by
normalizing blood vessels and secondarily induce T-cell
infiltration and activation to promote immunotherapy in
solid cancers including CRC.21

Preclinical research revealed that oxaliplatin could
induce CT26 (murine colon cancer cell with MSS status
and KRAS G12D mutation) immunogenic tumor cell
death and increase CD8+ T cell infiltration at the tumor
site.22–24 In vivo, 5-fluorouracil could eliminate second-
arily enhanced T cell-dependent antitumor responses by
myeloid-derived suppressor cells through increasing
IFN-γ production by tumor-specific CD8+ T cells infil-
trating the tumor.25 These data provide the rationale that
chemotherapy could induce immunogenicity in tumors
with an additive or synergistic benefit when combined
with immune checkpoint blockers.26

Herein, we report the efficacy, safety and biomarker
results of the phase II study investigating the combi-
nation of sintilimab plus bevacizumab, oxaliplatin and
capecitabine as first-line therapy in patients with RAS-
mutant, MSS, unresectable mCRC.
Methods
Study design and participants
The present study is an open-label, single-arm, phase II
trial performed at the Second Affiliated Hospital of
Zhejiang University School of Medicine in China to
assess the antitumor activity and safety of sintilimab
plus bevacizumab, oxaliplatin and capecitabine as first-
line treatment in mCRC patients with RAS-mutant,
MSS status. This study is registered with
ClinicalTrials.gov, number NCT04194359. Eligible pa-
tients were aged 18–75 years with histologically
confirmed metastatic colorectal adenocarcinoma and
unresectable mCRC confirmed by a multidisciplinary
www.thelancet.com Vol 62 August, 2023
team (MDT). They presented RAS mutation and BRAF
wild-type status by gene sequencing and MSS, as
confirmed by polymerase chain reaction (PCR) using a
panel of six mononucleotide repeat markers (BAT-25,
BAT-26, NR-21, NR-24, NR-27, and MONO-27). Inclu-
sion and exclusion criteria are available in
Supplementary Methods. The manuscript adheres to
CONSORT reporting guidelines.

Procedures
As shown in Fig. 1A, eligible patients received treatment
with intravenous sintilimab (200 mg, day 1), bev-
acizumab (7.5 mg/kg, day 1), oxaliplatin (135 mg/m2,
day 1) and oral capecitabine (1 g/m2, day 1–14) in each
21-day cycle. Up to 8 courses of inductive therapy would
be given. Patients with objective response or stable dis-
ease (SD) would continue to receive sintilimab (200 mg,
day 1) plus bevacizumab (7.5 mg/kg, day 1) and oral
capecitabine (1 g/m2, day 1–14) in each 21-day cycle as
maintenance therapy until the confirmation of disease
progression, death, unacceptable toxicity, or withdrawal
of consent. We assessed response to treatment every 2
cycles (6 weeks) using CT or MRI based on Response
Evaluation Criteria in Solid Tumors (RECIST) (version
1.1) criteria. Adverse events were monitored and graded
using the National Cancer Institute Common Termi-
nology Criteria for Adverse Events (version 5.0).

Outcomes
The primary endpoints included objective response rate
(ORR) according to RECIST version 1.1 and safety
(adverse events and serious adverse events), and the
secondary endpoints were disease control rate (DCR)
and progression-free survival (PFS). ORR was defined as
the proportion of patients with a best objective response
of complete response (CR) or partial response (PR) ac-
cording to RECIST criteria (version 1.1). DCR was
defined as the proportion of patients with CR, PR, or SD
according to RECIST criteria (version 1.1), while PFS
was defined as the time from enrollment to the first
documented disease progression according to RECIST
version 1.1, or to death from any cause, whichever
occurred first.

Biomarker analysis
Baseline and/or post-treatment biopsy or operative
specimens were obtained as required from patients for
exploratory biomarker assessment. PD-L1 expression
level, whole exome sequencing (WES), Nanostring panel
RNA sequencing, Cell infiltration analysis, tumor im-
mune microenvironment (TIME) signature analysis,
Gene set enrichment and pathway analysis are available
in Supplementary Methods.

Statistical analysis
According to previous studies, the ORR of doublet
chemotherapy plus bevacizumab as the first line of
3
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Fig. 1: (A) Flowchart of therapeutic regimen. (B) Flow diagram of participants in the study.

Articles

4

treatment is approximately 55% (H0 = 55%) in CRC.27–30

We expected that the regimen of sintilimab plus bev-
acizumab, oxaliplatin and capecitabine could increase
the ORR from 55% to 80% (H1 = 80%), and a sample
size of 22 patients would provide at least 81% power to
detect this estimated improvement at a one-sided α level
of 5%. Considering an approximate drop-out incidence
of 10%, a total sample size of 25 patients was planned
for this study.

The full analysis set (FAS) and safety analysis set
(SAS), both of which comprised all eligible patients who
received at least one dose of sintilimab plus
www.thelancet.com Vol 62 August, 2023
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Characteristics Patients (n = 25)

Age, years, median (IQR), n (%) 60 (56–65)

<60 10 (40%)

≥60 15 (60%)

Sex, n (%)

Male 18 (72%)

Female 7 (28%)

ECOG performance status, n (%)

0 7 (28%)

1 18 (72%)

Primary tumor location, n (%)

Left colon and rectum 16 (64%)

Right colon 9 (36%)

Number of metastatic organs, n (%)

1 16 (64%)

≥2 9 (36%)

Metastatic organa, n (%)

Liver 15 (60%)

Lung 7 (28%)

Lymph node 10 (40%)

Other 3 (12%)

RAS mutation type, n (%)

KRAS codon 12 14 (56%)

KRAS codon 13 5 (20%)

NRAS 2 (8%)

Others 4 (16%)

PD-L1 expression, CPS, n (%)

CPS ≤1 17 (68%)

CPS ＞1 3 (12%)

Unknown 5 (20%)

TMB (mut/Mb), median (IQR), n (%) 5.23 (3.56–10.03)

TMB ＜5 8 (32%)

TMB ≥5, ≤10 4 (16%)

TMB >10 5 (20%)

Unknown 8 (32%)

Abbreviations: CPS, combined positive score; ECOG, Eastern Cooperative
Oncology Group; IQR, interquartile range; TMB, tumor mutation burden.
aMultiple answers allowed.

Table 1: Baseline demographic and clinical characteristics.
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bevacizumab, oxaliplatin and capecitabine, were used to
conduct the efficacy and safety assessment, respectively.
Patients that underwent surgical treatment were
excluded from the per-protocol set (PPS). We used the
Kaplan–Meier method for estimating PFS.

Statistical analyses were conducted using SAS soft-
ware (V9.4, SAS Institute, Cary, NC, USA) and R (V4.0,
R Foundation for Statistical Computing, https://www.R-
project.org/). The log-rank test was used as primary
analysis for comparison between metastasis subgroups.
Differences between efficacy response subgroups were
analyzed using the (nonparametric) Wilcoxon’ s rank-
sum test (Mann–Whitney U-test), whereas differences
between pre-treatment and post-treatment specimens
were analyzed using Wilcoxon’ s signed-rank test. 95%
confidence intervals (CIs) for the response rate were
calculated using the Clopper-Pearson method. All re-
ported P values are two sided and a P value < 0.05 were
considered statistically significant.

Ethics statement
The trial was conducted in accordance with the Inter-
national Conference on Harmonization Guidelines for
Good Clinical Practice, the Declaration of Helsinki, and
applicable local regulations. The protocol was reviewed
and approved by the Ethics Committee of the Second
Affiliated Hospital of Zhejiang University School of
Medicine (Approval Number: 2020-552), and all patients
provided written informed consent before study
enrolment.

Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report. All authors verified that this study was
done according to the protocol and was attested for data
accuracy and completeness. All authors had full access
to all of the data in the study and accepted responsibility
for the decision to submit the final manuscript for
publication.
Results
Patients
This study enrolled 25 eligible patients between April
2021 and December 2021. A total of 25 patients were
included in FAS and SAS (Fig. 1B). All patients were
treated with at least one dose of protocol-specified
treatment. Seven patients were still being treated with
maintenance therapy at the data cut-off day (November
30, 2022), and the median follow-up duration was 16.5
months (ranging from 6.6 to 22.1 months, interquartile
range (IQR) 14.7–18.7). Six (24%) patients underwent
surgical treatment and unexpectedly achieved no evi-
dence of disease (NED) status. Thus, 19 patients were
included in PPS. One patient underwent palliative sur-
gery of metastases after disease progression. One
www.thelancet.com Vol 62 August, 2023
patient reached clinical CR (cCR) after treatment of
sintilimab plus bevacizumab, oxaliplatin and
capecitabine.

The baseline and disease characteristics of the
enrolled patients are shown in Table 1. At baseline, the
median age was 60 years (range 45–74, IQR 56–65).
Most patients were male (18/25, 72%). The primary
tumor site was right-sided colon in 36% (9/25) and left-
sided colon and rectum in 64% (16/25) of patients. The
Eastern Cooperative Oncology Group (ECOG) status
was 0/1 in 100% of cases. The most frequent types of
metastases were liver (15 patients, 60%), lymph node
(10 patients, 40%), and lung (7 patients, 28%). KRAS
codon 12 mutation and KRAS codon 13 mutation were
detected in 56% (14/25) and 20% (5/25) patients,
5
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All patients (N = 25) Liver metastasis (N = 15) Other metastasis (N = 10)

Best overall response

Complete response (CR), n (%) 2 (8%) 0 2 (20%)

Partial response (PR), n (%) 19 (76%) 14 (93%) 5 (50%)

Stable disease (SD), n (%) 4 (16%) 1 (7%) 3 (30%)

Progressive disease (PD), n (%) 0 0 0

ORR, n (%, 95% CI) 21 (84%, 63.9–95.5%) 14 (93.3%, 68.1–99.8%) 7 (70%, 34.8–93.3%)

DCR, n (%, 95% CI) 25 (100%, 86.3–100%) 15 (100%, 78.2–100%) 10 (100%, 69.2–100%)

Abbreviations: ORR, objective response rate; DCR, disease control rate.

Table 2: Efficacy outcomes.
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respectively. In a total of 20 patients with PD-L1
immunohistochemistry (IHC) results, the combined
positive score (CPS) of 3 patients was >1. Among the 17
patients with tumor mutation burden (TMB) results, a
median TMB of 5.23 mut/Mb (IQR 3.56–10.03) and
TMB >10 mut/Mb was observed in 5 patients.

Efficacy
Among the 25 patients who were eligible and assessable
for efficacy in the FAS, an objective response was
recorded in 21 (84%) based on RECIST version 1.1,
while the DCR was 100%. Patients with liver metastases
(N = 15) presented a higher ORR (14/15, 93%) compared
to the overall ORR (84%). Two (8%) patients showed
cCR, including one confirmed to be pathological CR after
surgical resection. Nineteen patients (76%) had PR and 4
patients (16%) had SD (Table 2). All 25 patients showed
tumor shrinkage, with the best percent change in the
Fig. 2: (A) Waterfall plot of the best percent change in target lesion diam
patients. (C) Kaplan–Meier curves of PFS for the full analysis set (n = 25).
Kaplan–Meier curves of PFS classified by metastatic organs for the full an
target lesion diameter from baseline shown in Fig. 2A.
The median PFS in the FAS according to Kaplan–Meier
estimations was 18.2 months (95% CI, 8.93-NA)
(Fig. 2C), and the median PFS in the PPS was 9.9
months (95% CI, 6.5-NA) (Fig. 2D). Median PFS was
18.2 months (95% CI 6.97–NA) in the patients with liver
metastasis and 10.3 months (3.17–NA) in the patients
with non-liver metastasis (HR 0.61, log-rank test
P = 0.37, Fig. 2E). Seven patients were still receiving
maintenance therapy at the data cut-off day (Fig. 2B). Of
the 25 patients, 6 underwent surgical treatment and
achieved NED status under the guidance of MDT,
including 5 with unexpected conversion of liver metas-
tases and 1 with retroperitoneal lymph node metastases
(Supplemental Figure S1). One patient underwent palli-
ative surgery of metastases after disease progression.

Moreover, patient No.1 discontinued treatment after
receiving 6 cycles of protocol-specified treatment.
eter from baseline (full analysis set, n = 25). (B) Swimmer plots of
(D) Kaplan–Meier curves of PFS for the per-protocol set (n = 19). (E)
alysis set.

www.thelancet.com Vol 62 August, 2023
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Fig. 3: Radiological and pathological response to protocol-specified treatment in representative patients. (A) Radiological response from patient
No.1. (B) Representative PD-L1 IHC staining of pretreatment specimens of patient No.1. (C) H&E staining of post-treatment specimen of patient
No.4 showing pathological CR compared to pre-treatment.
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However, until the latest follow-up date, target lesions of
liver metastases continued to shrink (Fig. 3A). Notably,
the CPS of PD-L1 of pretreatment specimens of this
patient was 20 (Fig. 3B). As shown in Fig. 3C, the H&E
staining of post-treatment specimen of patient No.4
achieved pathological CR.

Safety
All twenty-five patients received at least one dose of
protocol-specified treatment and were evaluated for
safety. Treatment was generally well tolerated. The
treatment-related adverse events (TRAEs) and
immune-related adverse events were summarized in
Table 3. At the data cut-off date (November 30, 2022),
the most common TRAEs in all grades were anemia
(21/25, 84%), neutropenia (20/25, 80%), nausea (14/
25, 56%), hand-foot syndrome (14/25, 56%), leukocy-
topenia (14/25, 56%), and hypertension (14/25, 56%).
The most frequent grade 3 or 4 TRAEs were neu-
tropenia (3/25, 12%) and increased alanine
www.thelancet.com Vol 62 August, 2023
transaminase (2/25, 8%). No grade 5 adverse events
occurred during the study.

Biomarkers
Our small-sample analysis did not identify any signifi-
cant differences in the biomarkers of PD-L1 expression,
RAS mutation type and TMB between the CR/PR and
non-CR/PR patients.

WES was carried out in 64% (16/25) of patients in
this study. As shown in Fig. 4A, the most frequently
altered genes at baseline (T1) were KRAS, TP53 and
APC. In addition, TP53, ZNF430, ATM, and ZNF429
had significant differences in the frequency of genomic
alterations between the PFS <12.5 and ≥ 12.5 months
groups (Fig. 4A). When comparing the genomic alter-
ations of 7 patients who underwent surgical treatment
in the baseline (T1) with those after treatment (T1a),
KRAS mutations were not detected in 4 patients, and 5
patients had TTN/OBSCN “double-hit” in tumor tissues
after treatment (Fig. 4B). Interestingly, the CNV burden
7
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TEAEs, n (%) Patients (N = 25)

Grade 1 Grade 2 Grade 3 Grade 4 Any grade

Anemia 19 (76%) 2 (8%) 0 0 21 (84%)

Neutropenia 16 (64%) 1 (4%) 2 (8%) 1 (4%) 20 (80%)

Nausea 11 (44%) 3 (12%) 0 0 14 (56%)

Hand-foot syndrome 8 (32%) 6 (24%) 0 0 14 (56%)

Leukocytopenia 8 (32%) 6 (24%) 0 0 14 (56%)

Aspartate transaminase increased 7 (28%) 5 (20%) 1 (4%) 0 13 (52%)

Lipase increased 12 (48%) 0 0 0 12 (48%)

Proteinuria 10 (40%) 0 0 0 10 (40%)

Thrombocytopenia 7 (28%) 3 (12%) 0 0 10 (40%)

Vomiting 9 (36%) 0 0 0 9 (36%)

Hypothyroidism 7 (28%) 0 0 0 7 (28%)

Triglycerides increased 6 (24%) 1 (4%) 0 0 7 (28%)

Fatigue 6 (24%) 1 (4%) 0 0 7 (28%)

Blood bilirubin increased 3 (12%) 3 (12%) 1 (4%) 0 7 (28%)

Alanine transaminase increased 3 (12%) 2 (8%) 2 (8%) 0 7 (28%)

Peripheral neurotoxicity 13 (52%) 0 0 0 13 (52%)

Hoarseness 5 (20%) 0 0 0 5 (20%)

Rash 2 (8%) 1 (4%) 1 (4%) 0 4 (16%)

Thyroiditis 3 (12%) 0 0 0 3 (12%)

Diarrhea 2 (8%) 0 0 0 2 (8%)

Troponin increased 2 (8%) 0 0 0 2 (8%)

Fever 0 2 (8%) 0 0 2 (8%)

Alkaline phosphatase increased 1 (4%) 0 0 0 1 (4%)

Amylase increased 0 1 (4%) 0 0 1 (4%)

Hypertension 12 (48%) 2 (8%) 0 0 14 (56%)

Table 3: Treatment-emergent adverse events (TEAEs) since the initiation of protocol-specified treatment.
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was significantly decreased in tumor tissues after treat-
ment (T1a) compared with the baseline (T1) (Fig. 4C
and D).

The transcriptional profiling of baseline tissue sam-
ples was performed to compare CR/PR and non-CR/PR
patients to find possible pretreatment biomarkers that
can be predictive of the therapy of sintilimab plus bev-
acizumab, oxaliplatin and capecitabine. When
comparing CR/PR patients, biopsies in non-CR/PR pa-
tients revealed a higher transcriptional level of CCR4,
CD28, MLANA, PMS2 and TNFSF13B (Fig. 5A and B).
Gene set enrichment analysis (GSEA) was conducted to
identify the biological function of the changed genes
between the two groups, which revealed that genes were
significantly enriched in “interferon alpha/beta
signaling” (Fig. 5C). Meanwhile, different TIME cell
infiltration scores of the baseline tumor specimen were
analyzed. The scores of chemokines, CTL levels and
gene expression profiling (GEP) were significantly
higher in CR/PR patients (Fig. 5D). These results indi-
cated that there was a better TIME cell infiltration in
CR/PR patients compared with non-CR/PR patients,
which needs to be confirmed by further research.

Transcriptional profiling results analysis and GSEA
pathway enrichment analysis of baseline tissue samples
were also performed between PFS-short (<12.5 months)
and PFS-long (≥12.5 months) groups (Fig. 6A–C).
Specifically, according to the cell type score, compared
with the PFS-short group, the PFS-long group had a
higher score of exhausted CD8+ T cells (Fig. 6D).

The TIME changes in pre-treatment and post-
treatment were also analyzed in our study (Fig. 7).
GEP score (Fig. 7A and B) and T cell markers (Fig. 7C
and D) were evaluated in post treatment tissues (AT)
compared to those in pretreatment tissues (BT).
Discussion
This phase II study reached its primary endpoint and
showed that the addition of sintilimab to first-line
bevacizumab plus oxaliplatin and capecitabine might
improve ORR and PFS, and these were also safe and
tolerable in mCRC patients with MSS status and RAS
mutation. Compared with the approximately 43–59%
ORR and 8–9 months PFS of standard first-line
doublet chemotherapy plus bevacizumab in RAS-
mutant mCRC,27–30 our trial reached an ORR value
of 84% and PFS of 18.2 months in the FAS. Our re-
sults provided a desirable synthetic strategy that
combined immunotherapy, targeted therapy, and
chemotherapy in patients with MSS status and RAS-
mutant mCRC.
www.thelancet.com Vol 62 August, 2023
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Fig. 4: WES analysis. (A) Overall frequency of top 30 gene alterations at baseline (T1) between the PFS ＜12.5 (N = 5) and ≥12.5 months
(N = 11) groups. (B) Frequency of genomic alterations of 7 patients underwent surgical treatment between the baseline (T1) and after
treatment (T1a). (C–D) CNV burden of patients (N = 7) between the baseline (T1) and after treatment (T1a). Each point in the boxplot
represents for one sample. Whiskers show the minimum and maximum of all the data. The horizontal line in the box represents the median,
and the top and bottom of each box indicate the 25th and 75th percentile. The significance for differences between T1 and T1a was tested
using Wilcoxon’ s rank-sum test. Statistical tests were two sided.
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Recently, a number of similar studies have yielded
preliminary findings, such as CheckMate 9 × 8, Atezo-
TRIBE, NIVACOR Trial and so on. The CheckMate
9 × 8 evaluated nivolumab in combination with
mFOLFOX6 plus bevacizumab for the treatment of first-
line mCRC.31 Although the primary endpoint of PFS
was not met, nivolumab combined with mFOLFOX6
plus bevacizumab achieved higher PFS rates after 12
months. Specifically, a marked benefit was observed
with the addition of nivolumab to mFOLFOX6 plus
bevacizumab in consensus molecular subtype (CMS) 3
patients (median PFS of 16.1 months vs 8.7 months) in
exploratory subgroup analyses. Coincidentally, the
mCRC patients with MSS status and KRAS mutation
enrolled in our study were exactly CMS 3 type. In the
proficient mismatch repair (pMMR) subgroup of the
AtezoTRIBE trial, for patients allocated to the atezoli-
zumab group (FOLFOXIRI + bevacizumab + atezolizu-
mab), a median PFS of 12.9 months was reported
compared with 11.4 months in the control group
www.thelancet.com Vol 62 August, 2023
(FOLFOXIRI + bevacizumab). In addition, the ORR and
DCR were 59% vs 64%, and 92% vs 93%, respectively.32

The NIVACOR trial assessed the efficacy and safety of
nivolumab in combination with FOLFOXIRI and bev-
acizumab in the first-line setting in patients with RAS/
BRAF-mutant mCRC. In the subgroup analysis of MSS
patients, the ORR was 78.9%, DCR was 96.2%, and the
median PFS was 9.8 months (95% CI 8.18–15.24).33 It
could be seen that our treatment with sintilimab plus
bevacizumab, oxaliplatin and capecitabine exerts certain
advantages in both ORR and median PFS in RAS-
mutant and MSS mCRC.

In addition, the NICHE study of neoadjuvant
immunotherapy for colon cancer is also noteworthy.
Patients were treated with a single dose of ipilimumab
1 mg/kg and two doses of nivolumab 3 mg/kg and
underwent surgery within 6 weeks. Thirty patients with
pMMR tumors were evaluable for efficacy analyses.
Pathologic response was observed in 9/30 (30%, 95% CI
14–46%) patients. The NICHE study was the first
9
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Fig. 5: Comparison of expression of immune-related genes and cell type scores between CR/PR (N = 7) and non-CR/PR patients (N = 7). (A–B)
Expression of immune-related genes per pretreatment sample (BT) of response and non-response groups. (C) GSEA pathway enrichment
analysis of different expressed genes between CR/PR and non-CR/PR patients. (D) Different cell type scores in per pretreatment sample of CR/PR
and non-CR/PR patients. Each point in the boxplot represents for one sample. Whiskers show the minimum and maximum of all the data. The
horizontal line in the box represents the median, and the top and bottom of each box indicate the 25th and 75th percentile. The significance for
differences between CR/PR and non-CR/PR patients was tested using Wilcoxon’ s rank-sum test. Statistical tests were two sided.

Articles

10
neoadjuvant immunotherapy study in colon cancer. And
it suggests that pMMR colon cancer is not completely
unresponsive to immunotherapy. For pMMR/MSS tu-
mors, identifying potential biomarkers that distinguish
responders from non-responders to immunotherapy in
CRC is the focus of future research.

Interestingly, in our study, 24% (6/25) of patients
underwent R0 surgical resection and unexpectedly ach-
ieved NED status. A pooled analysis of 11 studies
showed 28.1% R0 resection rate of overall metastases in
triplet chemotherapy (FOLFOXIRI) plus bevacizumab.34

Meanwhile, the R0 resection rate in a phase II study
(BeTRI) of FOLFOXIRI plus bevacizumab as initial
chemotherapy for patients with untreated mCRC was
22.7%.35 Another pooled analysis of 29 published trials
including 3500 patients suggested that the resection rate
of any metastatic site was 9.3% and the resection rate of
only liver metastases was 18% for the FOLFIRI plus
bevacizumab regimen.36 Our findings could also provide
some references for additional insights into the appli-
cation of sintilimab plus bevacizumab, oxaliplatin and
capecitabine as a conversion regimen for patients with
MSS and RAS-mutant mCRC.

In exploratory biomarker analysis, we used assays
from DNA and RNA levels, as well as multi-dimensional
analysis from efficacy response (CR/PR vs non-CR/PR),
PFS-long and PFS-short, pre-treatment and post-
treatment. It has been reported that CRC with TTN/
OBSCN “double-hit” was an “immune-hot” subtype
with potentially better immunotherapeutic efficacy and a
predictor of favorable prognosis.37 In hepatobiliary can-
cers, Yang X et al. showed that copy number variants
(CNV) could predict the efficacy of immune checkpoint
inhibitor-based therapy, which was inversely associated
with survival38; patients with lower CNV risk scores had
longer overall survival and PFS than those with higher
CNV risk scores. In our study, 5 of 7 patients featured
TTN/OBSCN “double-hit” in tumor tissues after treat-
ment. In addition, the CNV burden was significantly
decreased after treatment with sintilimab plus bev-
acizumab, oxaliplatin and capecitabine. Our NanoString
results indicated that there was a better TIME cell
www.thelancet.com Vol 62 August, 2023
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Fig. 6: Comparison of expression of immune-related genes and cell type scores between PFS-short (＜12.5 months, N = 4) and PFS-long (≥12.5
months, N = 4) groups. (A–B) Expression of immune-related genes per pretreatment sample (BT) PFS-short and PFS-long groups. (C) GSEA
pathway enrichment analysis results of different expressed genes between PFS-short and PFS-long groups. (D) Cell type scores in per pre-
treatment sample of PFS-short and PFS-long groups. Each point in the boxplot represents for one sample. Whiskers show the minimum and
maximum of all the data. The horizontal line in the box represents the median, and the top and bottom of each box indicate the 25th and 75th
percentile. The significance for differences between PFS-short and PFS-long groups was tested using Wilcoxon’ s rank-sum test. Statistical tests
were two sided.
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infiltration in CR/PR patients compared with non-CR/
PR patients, as well as in post-treatment samples
compared with baseline samples. To some extent, these
RAS-mutant and MSS patients changed into an “im-
mune-hot” subtype after treatment with a regimen of
sintilimab plus bevacizumab, oxaliplatin and capecita-
bine. The specific mechanisms behind these findings
deserve further exploration.

We acknowledge that this phase II trial has several
limitations. First, it had a single-arm design without a
control group, which may induce some selection bias.
Second, this single-center trial had a limited sample
size. Moreover, the absence of overall survival analysis
made it uncertain whether this regimen confers long-
term survival benefits. The efficacy and safety of sinti-
limab plus bevacizumab, oxaliplatin and capecitabine
need to be further evaluated in a randomized controlled
study using a larger sample size. We are currently
www.thelancet.com Vol 62 August, 2023
launching a phase III, randomized, open-label, multi-
centric clinical trial (NCT05171660) to further analyze
the effects, safety, and prognostic biomarkers of sintili-
mab plus bevacizumab, oxaliplatin and capecitabine as
first-line treatment in RAS mutant, MSS mCRC patients
when compared with that of bevacizumab plus oxali-
platin and capecitabine. This upcoming trial will recruit
494 patients from 20 centers randomly (1:1) dissemi-
nated into two groups.

In summary, sintilimab plus bevacizumab, oxalipla-
tin and capecitabine as first-line combination treatment
demonstrated a high ORR, DCR and a manageable
safety profile in RAS-mutant, MSS and unresectable
mCRC assessed by MDT. This suggests that sintilimab
plus bevacizumab, oxaliplatin and capecitabine is a
promising combination strategy that is expected to
provide more clinical benefits. Exploratory biomarker
assessment analysis revealed that RAS-mutant and MSS
11
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Fig. 7: TIME changes between lesions of pre-treatment and post-treatment in CR/PR patients (N = 3). (A–B) Pre-to-post-treatment changes of
GEP score in CR/PR patients. (C–D) Pre-to-post-treatment changes of T cell markers in CR/PR patients. Each point in the boxplot represents for
one sample. Whiskers show the minimum and maximum of all the data. The horizontal line in the box represents the median, and the top and
bottom of each box indicate the 25th and 75th percentile. The significance for differences between pre-treatment and post-treatment samples
was tested using Wilcoxon’ s signed-rank test. Statistical tests were two sided.
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patients changed into an “immune-hot” subtype after
treatment with a regimen of sintilimab plus bev-
acizumab, oxaliplatin and capecitabine.
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