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Regorafenib plus sintilimab as a salvage
treatment for microsatellite stable
metastatic colorectal cancer: a single-arm,
open-label, phase II clinical trial

Rui Liu 1,3 , Zhi Ji 1,3, Xia Wang1,3, Lila Zhu1, Jiaqi Xin1, Lijun Ma1, Jiayu Zhang1,
Shaohua Ge1, Le Zhang1, Yuchong Yang1, Tao Ning1, Ming Bai1, Jingjing Duan1,
Feixue Wang1, Yansha Sun1, Hongli Li 1 , Ting Deng 1 , Yi Ba 1,2 &
Jihui Hao 1

Immune checkpoint inhibitors (ICIs) have limited efficacy in microsatellite
stable (MSS) metastatic colorectal cancer (mCRC), and combination therapy
needs to be further explored. In this single-arm, open-label, phase II trial
(NCT04745130), we evaluate the efficacy and safety of the combination ther-
apy of antiangiogenesis (regorafenib) and ICI (sintilimab) in patients with MSS
mCRC. The primary endpoint is overall survival (OS). Secondary endpoints
include progression free survival (PFS), objective response rate (ORR), disease
control rate (DCR), duration of response (DoR) and safety. Themedian OS and
PFS are 14.1 months (95% CI: 10.5–17.7) and 4.1 months (95% CI: 3.4–4.8),
respectively. The ORR is 21.4%, DCR is 63.1%, and DoR is 13.0 months (95% CI:
2.5–23.5). Patients with RAS/RAF wild-type exhibit significantly longer median
OS (23.3 months, 95% CI: 10.0–36.6) compared to those with mutations
(12.1 months, 95% CI: 8.4–15.8). The combination therapy is well tolerated and
has limited toxicity. Biomarker analysis, including transcriptome sequencing
and multiplex immunohistochemistry staining are performed. The efficacy of
this combination treatment is tied to specific gene expressions governing
tumor metabolism. Moreover, the effectiveness of immunotherapy depends
on the abundance of immune cells, as well as the distance between immune
cells and tumor cells.

Colorectal carcinoma (CRC) is the third most prevalent malignancy
and represents the second leading cause of cancer-associated deaths
globally, accounting for an estimated over 1.9 million new cases
(including anal cancer) and 935,000 deaths in 20201. Approximately
23% of patients with CRC present with metastasis at the time of

diagnosis, contributing to the overall unfavorable prognosis of meta-
static CRC (mCRC), with a modest 5-year survival rate of only 15.6%2.
Systemic treatment for mCRC is based on palliative fluorouracil-based
chemotherapy regimens associated with agents targeting vascular
endothelial growth factor (VEGF) or epidermal growth factor receptor
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(EGFR)3. However, there are still only a handful of targeted therapeutic
agents for mCRC patients who have progressed upon second-line
treatment. A few agents (e.g., regorafenib, trifluridine/tipiracil, and
fruquintinib) have recently been tested for their therapeutic effect on
mCRC, each of which showed inferior efficacy in mCRC, with an
objective response rate (ORR) ranging from 1% to 4%4–7.

Immune checkpoint inhibitors (ICIs) targeting the programmed
cell death receptor-1/ligand-1 (PD-1/PD-L1) pathway have revolutio-
nized the landscape of cancer treatment and are now recognized as
evolving regimens for various cancers. In the management of mCRC,
ICIs have been specifically demonstrated to improve the clinical out-
comes of patients with microsatellite instable (MSI). However, this
subgroup represents a minimal portion of the broader mCRC patient
population8–11. Consequently, there persist unmet clinical needs in the
third-line treatment for mCRC patients with a microsatellite stable
(MSS)/mismatch repair proficient (pMMR) status, who do not exhibit
sensitivity to ICIs.

Sintilimab, a fully human IgG4 monoclonal antibody, selec-
tively binds to PD-1 on the surface of T cells to block the interaction
of PD-1 with its ligands (PD-L1 and PD-L2) and subsequently restores
the endogenous antitumor response of T cells12. On the other hand,
regorafenib functions as a multi-targeting tyrosine kinase inhibitor
(TKI) to target a diverse range of tyrosine kinases, including
VEGFRs, TIE2, PDGFR, FGFR, RET, and CSF1R. Through the inhibition
of these kinases, regorafenib exerts antitumor effects by down-
regulating angiogenesis, tumor cell proliferation, invasion, and
metastasis. It has been approved for the treatment of mCRC13.
Accumulating evidence indicates that the combination of
antiangiogenetic agents and PD-1 checkpoint inhibitors can colla-
boratively impact the tumor microenvironment by modulating
angiogenesis and antitumor immunity, leading to synergistic anti-
tumor effects14–18.

Variable clinical responses have been documented with the use
of TKIs targeting VEGFRs in combination with ICIs in the third-line
setting for patients with MSS mCRC. The REGONIVO study reported
an ORR of 36% (95% CI: 18.0–57.5%) with the combination of regor-
afenib and nivolumab (a PD-1 inhibitor) in Japanese patients19. And in
American patients, the combination of regorafenib and nivolumab
showed an ORR of 7% (95% CI: 2.4–15.9%)20. In contrast, the REGO-
MUNE study showed no objective response among the 43 patients
who were evaluated for assessing the treatment efficacy (an ORR of
0%) of regorafenib combined with avelumab (a PD-L1 inhibitor)21.
Additionally, two other phase Ib/II studies involving a limited cohort
of Chinese patients explored the combination of fruquintinib plus
sintilimab and regorafenib plus toripalimab and exhibited ORRs of
23.8% (95% CI: 8.2–47.2%) and 15.2% (95% CI: 5.7–32.7%),
respectively22,23.

In terms of the third-line treatment of mCRC with targeted
combination immunotherapy, clear predictors of efficacy are lacking.
Subgroup analyses in the REGONIVO and REGOTORI studies revealed
varied ORRs based on clinicopathological characteristics. In the
REGONIVO study, patients with lung metastases had a higher ORR
(50%), while those with liver metastases had a lower ORR (15.4%)19. In
the REGOTORI study, patients with liver metastases had a lower ORR
(8.7%) than those without (30.0%). Gut microbiome analysis identi-
fied a higher abundance of Clostridium difficile in non-responders22,24.
Molecular markers also showed differences, whereby CPS > 1 and a
high TMBwere correlatedwith a higher ORR, while the impact of RAS
mutations varied between studies. Immune microenvironment ana-
lysis in the REGOMUNE study suggested there were associations
between macrophage infiltration and a poor progression free survi-
val (PFS)/overall survival (OS), and CD8+ T-cell infiltration and
improved outcomes21. However, the results may have been biased
due to the limited sample size, requiring confirmation from larger
populations.

In this work, we evaluate the efficacy and safety of sintilimab plus
regorafenib for the treatment of MSS mCRC. The combination regi-
men iswell tolerated and offers a longer survival benefit, particularly in
patients with RAS/RAF wild-type. Sequential biomarker analysis,
including transcriptome sequencing and multiplex immunohis-
tochemistry staining between the treatment-sensitive and treatment-
resistant patients reveal several putative biomarkers and immune
microenvironment characteristics.

Results
Baseline patient characteristics
A total of 103 patients were enrolled in the study between November
2020 and February 2023 (Fig. 1). The median patient age was 57 years
old, ranging from 28 to 75 years old. Among the enrolled patients, 61
(59.2%) were male, and 87 (84.5%) were patients with left-side CRC.
Additionally, 53 (51.5%) patients expressed RAS/RAF wild-type, while
49 (47.6%) had multiple organ metastasis. Notably, 83.5% of the
patients had undergone prior anti-VEGF, and 45.6% had received anti-
EGFR therapy. The patients’ detailed baseline characteristics are pre-
sented in Table 1.

Efficacy
The trial enrollment process is visually depicted in Fig. 1. As of June 7,
2023, the median follow-up length was 19.9 months (95% CI:
12.8–27.0). All the trial participants had at least one oncological ima-
ging assessment. Scheduled visit has all been completed in the trial and
the survival follow up is still in progress. Among the 103 patients, 55
patients experienced a fatal event, leading to a median OS (mOS) of
14.1 months (95% CI: 10.5–17.7) (Fig. 2a), and 6-month OS rate of 85.4%
(95% CI: 78.5–92.4%). Furthermore, univariate analysis of OS revealed
significant differences in gender, EasternCooperativeOncologyGroup
performance scale (ECOG PS) score, liver metastasis, and RAS/RAF

111 patients assessed for eligibility

8 excluded

3 not meet the trial criteria

2 withdrew consent

3 others

103 eligible and received treatment:

Regorafenib 80 mg po, day 1–21, q4w.

Sintilimab 200 mg ivggt, day 1, q3w.

103 evaluated for efficacy and safety

0 lost to follow-up

67 completed treatment

36 still receiving treatment

9 discontinued treatment or dose  

adjustment due to adverse events

78 disease progression

55 death

Fig. 1 | Flow chart for patient inclusion in the study and data analysis. Patients
meeting the enrollment criteria received regorafenib and sintilimab until disease
progression or the occurrence of an intolerable adverse event.

Article https://doi.org/10.1038/s41467-025-56748-3

Nature Communications |         (2025) 16:1481 2

www.nature.com/naturecommunications


gene status (Fig. 2b). RAS/RAF gene subgroups, as depicted through
Kaplan-Meier survival curves and the Log-rank test, showed mOS of
23.3 months (95% CI: 10.0–36.6) in patients with RAS/RAF wild-type,
significantly outperforming the mutant patients with mOS of
12.1 months (95% CI: 8.4–15.8) (Fig. 3a). It was found that patients
without liver metastasis had mOS of 19.2 months (95% CI: 15.2–23.2)
and median PFS (mPFS) of 5.4 months (95% CI: 1.1–9.7), both of which
were significantly better than those with liver metastasis (Fig. 3b, c).

Seventy-eight patients experienced disease progression or death,
leading to a mPFS of 4.1 months (95% CI: 3.4–4.8) (Fig. 4a), and the
outcomes of theunivariate analysis ofmPFS are detailed inFig. 4b.One
patient (1.0%) achieved complete response (CR), 21 patients (20.4%)
achievedpartial remission (PR), and 43patients (41.7%) achieved stable
disease (SD) according to the RECIST 1.1 criteria, with an ORR of 21.4%
(95% CI: 13.3–29.4%) and a disease control rate (DCR) of 63.1% (95% CI:
53.6–72.6%) (Fig. 5a). The patients who achieved an objective response
had a duration of response (DoR) of 13.0 months (95% CI: 2.5–23.5)
(Fig. 5b). In this study, 41 patients underwent follow-up therapy,
including 36 patients (35.0%) on targeted therapy, 31 patients (30.1%)
on chemotherapy, 6 patients (5.8%) on immunotherapy, 3 patients
(2.9%) on radiation therapy, and 4 patients (3.9%) on other therapy.

Safety
The median duration of exposure was 4.1 (2.1–7.2) months for regor-
afenib and 4.1 (2.2–7.2) months for sintilimab. Nine patients dis-
continued the treatment or had their dose adjusted due to adverse
events. A comprehensive safety analysis of all the treated patients
showed that 96.1% experienced at least one treatment-related adverse
event (TRAE), with 8.7% experiencing a grade 3 TRAE. There was no
grade 4–5 TRAE or serious adverse event (SAE), and no death attrib-
uted to TRAE. Common TRAE (i.e., those with an incidence of >10%)
were asthenia (29.1%), hand-foot syndrome (27.2%), gastrointestinal
symptoms (25.2%), mucositis (17.5%), skin rash (16.5%), hypertension
(16.5%), and anorexia (14.6%). The most common grade 3 TRAE inclu-
ded hand-foot syndrome (2.9%) and skin rash (2.9%) (Table 2).

Biomarker analysis
We analyzed 20 samples (ten treatment-sensitive patients achieved
disease remission RECIST responders, while ten treatment-resistant
patients experienced rapid disease progression RECIST non-respon-
ders), and tissues were selected from the diagnostic biopsy or initial
resection of CRC lesion, using the DNBSEQ platform, yielding an
average of 6.19G of data per sample, with a genome match rate of
23.95% and a gene setmatch rate of 5.05%. A total of 17,196 genes were
detected, and differential expression analysis identified 4135 genes as
differentially expressed genes (DEGs). Furthermore, a gene heatmap
(Fig. 6a) was used to illustrate the relative expression levels of genes in
the treatment-sensitive and resistant groups, whereas a volcano plot
(Fig. 6b) showed that there were 2497 upregulated and 1638 down-
regulated genes in the treatment-sensitive group compared to the
treatment-resistant group. Kyoto Encyclopedia of Genes andGenomes
(KEGG) analysis highlighted the differential expression genes were
involved in metabolic pathways, acute myeloid leukemia, platinum
drug resistance, P53 signaling pathway, ErbE signaling pathway, etc.,
with the metabolic pathway being the most significant (Fig. 6c). The
metabolic pathways included lipid, carbohydrate, and amino acid
(Fig. 6d). Gene Set Enrichment Analysis (GSEA) analysis showed the
differential genes were enriched in multiple metabolism-related and
immune-related pathways (Fig. 6e).

The top 20 DEGs underwent immune microenvironment corre-
lation analysis (Fig. 7a), validated with The Cancer Genome Atlas
(TCGA) data. The immunity scores were higher for the downregulated
genes (ULBP1, HOXB9) in the treatment-sensitive group with low
expression (Fig. 7b). A comparison of tumorous and para-tumorous
tissues revealed that the expression patterns of the upregulated genes
(DYRK2, ID4) in the treatment-sensitive group were low expressed in
the tumor tissues, and the downregulated genes (TRMT112, ULBP1) in
the treatment-sensitive group were high expressed in the tumor tis-
sues (Fig. 7c). GSEA immune cell analysis demonstrated higher
immune cell expression levels, for the upregulated genes (DYRK2, ID4)
in the treatment-sensitive group with high expression (Fig. 7d). Meta-
bolic pathway analysis indicated the glycine, serine, and threonine
metabolic pathways were negatively correlated with the upregulated
genes in the treatment-sensitive group (DYRK2), and positively cor-
relatedwith the downregulated genes in the treatment-sensitive group
(ULBP1) (Fig. 7e). Validation with the TCGA database suggested a role
of these genes in regulating the immune microenvironment and
influencing treatment outcome.

In order to delve deeper into the correlation between immune cell
infiltration and therapeutic effect, we selected tissue samples from 15
patients each in both treatment-sensitive and treatment-resistant
groups for comprehensive immunohistochemical analysis. UsingDAPI,
panCK, FoxP3, CD103, CD68, PD-L1, CD20, and CD8 staining, we elu-
cidated the tumor immunemicroenvironment (Fig. 8a, b). Subsequent
analysis of various marker-positive cell density showed a significant
higher density of CD8+T cells in the treatment-sensitive group com-
pared to the treatment-resistant group, without significant difference

Table 1 | Baseline Characteristics

Demographics Number (N = 103) Percentage (%)
Age, Median (IQR) 57 (48,64)

Sex

Male 61 59.2

Female 42 40.8

ECOG

ECOG 0 21 20.4

ECOG 1 68 66.0

ECOG 2 14 13.6

Primary tumor location

Left-side 87 84.5

Right-side 16 15.5

Metastasis

Single organ metastasis 54 52.4

Multiple organ metastasis (>1) 49 47.6

Metastasis site (Non-exclusive)

Lung 36 35.0

Liver 63 61.2

Peritoneum 17 16.5

RAS/RAF genotype

Wild-type 53 51.5

Mutant-type 50 48.5

Previous history of targeted therapy (Non-exclusive)

Anti-VEGF monoclonal antibody 86 83.5

Anti-EGFR monoclonal antibody 47 45.6

Number of prior lines of systemic therapy

2 74 71.8

≥3 29 28.2

Subsequent therapy (Non-exclusive)

No 62 60.2

Targeted therapy 36 35.0

Chemotherapy 31 30.1

Immunotherapy 6 5.8

Radiation therapy 3 2.9

Others 4 3.9

IQR interquartile range, ECOG Eastern Cooperative Oncology Group,VEGF vascular endothelial
growth factor, EGFR epidermal growth factor receptor.

Article https://doi.org/10.1038/s41467-025-56748-3

Nature Communications |         (2025) 16:1481 3

www.nature.com/naturecommunications


Fig. 2 | Kaplan-Meier curves and subgroup analysis of OS. a Kaplan-Meier curves
of OS. ThemOSwas 14.1months (95% CI: 10.5–17.7) and 6-month OS rate was 85.4%
(95% CI: 78.5–92.4%). The 95% CIs for point estimates are shown in gray shading.
Data are presented as median (95% CI). b Forest plot for the subgroup analysis of
OS. Univariate analysis of OS revealed significant differences in gender, ECOG, liver

metastases, and RAS/RAF genemutations. Data are presented asHazard Ratio (95%
CI). Source data are provided as a Source Data file. OS overall survival, mOSmedian
OS, ECOG Eastern Cooperative Oncology Group, VEGF vascular endothelial growth
factor, EGFR epidermal growth factor receptor.
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Fig. 3 | Kaplan-Meier curves of RAS/RAF mutation status and live metastasis
status. aKaplan-Meier curves ofOSbyRAS/RAFmutation status. ThemOSwas23.3
months (95%CI: 10.0–36.6) in patients with wild-type RAS/RAF genes, themOSwas
12.1 months (95% CI: 8.4–15.8) in patients with mutant-type RAS/RAF genes.
b Kaplan-Meier curves of OS by live metastasis status. The mOS was 19.2 months
(95% CI: 15.2–23.2) in patients with liver metastasis, the mOSwas 12.4 months (95%

CI: 11.0–13.9) in patients without liver metastasis. c Kaplan-Meier curves of PFS by
live metastasis status. The mPFS was 5.4 months (95% CI: 1.1–9.7) in patients with
liver metastasis, the mPFS was 3.1 months (95% CI: 1.7–4.5) in patients without liver
metastasis. Two-sided Log-rank test was used for survival comparison in (a–c).
Source data are provided as a Source Data file. OS overall survival, mOSmedianOS,
PFS progression free survival, mPFS median PFS.
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found in other marker-positive cells between the two groups (Fig. 8c).
Furthermore, we conducted an advance analysis on cell distance
within the tumor immune microenvironment. For example, the dis-
tance from CD8+ to CK+ signifies the proximity between the nearest

CD8+ cell and CK+ cell (Fig. 8d). Our findings indicated that the mean
distance of CD8+ cells to CK+ cells was significantly shorter in the
treatment-sensitive group than in the treatment-resistant group.
Conversely, the mean distance of other immune cell marker-positive

Fig. 4 | Kaplan-Meier curves and subgroup analysis of PFS. a Kaplan-Meier
curves of PFS. The mPFS was 4.1 months (95% CI: 3.4–4.8). The 95% CIs for point
estimates are shown in gray shading. Data are presented asmedian (95%CI).b Forest

plot for the subgroup analysis of PFS. Univariate analysis of PFS revealed significant
differences in gender. Data are presented as Hazard Ratio (95% CI). Source data are
provided as a Source Data file. PFS progression free survival, mPFS median PFS.
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cells (FoxP3, CD103, CD68, PD-L1, CD20) to CK+ cells did not exhibit
significant difference between the two groups (Fig. 8e).

Discussion
Combining antiangiogenic therapy targeting with immunotherapy pre-
sents a promising approach for treating “cold tumor”MSSCRC patients.
However, the efficacy of antiangiogenic agents combined with immu-
notherapy in MSS CRC needs further clarification, as previous studies
have shown mixed results. The present study focused on sintilimab in
combination with regorafenib for treating mCRC, involving the largest
Chinese sample size (103 participants) yet in this area. The present study
suggests that combining regorafenib with sintilimab in the treatment of
mCRC surpasses the efficacy of regorafenib alone (ORR: 1–4%; OS:
6.4–8.8 months)4, achieving a higher ORR and prolonged OS (ORR:
21.4%; OS: 14.1 months). In addition, regorafenib has many other sites
besides antiangiogenesis, and whether inhibition of these sites can
increase the efficacy of immunotherapy needs to be further explored.

In the American study, the ORR of regorafenib combined with
nivolumab was 7%, the mPFS was 1.8 months, and the mOS was
11.9 months, and no more than 3 systemic treatment regimens were
required before enrollment20. In the LEAP-017 study, lenvatinib com-
bined with pembrolizumab had an ORR of 10.4%, mPFS of 3.8 months,

Fig. 5 | Tumor remission and duration of response. a Best percentage change in
target lesion size frombaseline. According to the RECIST 1.1 criteria, ORRwas 21.4%
(95% CI: 13.3–29.4%) and DCR was 63.1% (95% CI: 53.6–72.6%). b Kaplan–Meier
curves for the DoR. The patients who achieved an objective response had a DoR of

13.0 months (95% CI: 2.5–23.5). The 95% CIs for point estimates are shown in blue
shading. Data are presented as median (95% CI). Source data are provided as a
Source Data file. ORR objective response rate, DCR disease control rate, DoR
duration of response.

Table 2 | Treatment-related adverse events

Any grade (%) Grade 3 (%)

Asthenia 30 (29.1%) 1 (1.0%)

Hand-foot syndrome 28 (27.2%) 3 (2.9%)

Gastrointestinal symptoms 26 (25.2%) 0

Mucositis 18 (17.5%) 1 (1.0%)

Skin rash 17 (16.5%) 3 (2.9%)

Hypertension 17 (16.5%) 1 (1.0%)

Anorexia 15 (14.6%) 0

Hypothyroidism 10 (9.7%) 1 (1.0%)

Fever 5 (4.9%) 1 (1.0%)

Platelet count decreased 2 (2.0%) 0

Creatinase abnormality 1 (1.0%) 0

ALT/AST increased 1 (1.0%) 0

Alopecia 1 (1.0%) 0

Data are n (%).
ALT Alanine aminotransferase, AST Aspartate aminotransferase.
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Fig. 6 | Analysis of the differentially expressed genes between the treatment-
sensitive and resistant groups. a A total of 4135 differentially expressed genes
were identified in this study, and the gene heatmap shows the relative expression
levels of the genes in the treatment-sensitive and treatment-resistant groups.
bVolcano plot showing that a total of 2497 geneswere upregulated and 1638 genes
were downregulated in the treatment-sensitive group compared with the

treatment-resistant group. c,dKEGG analysis showing the gene enrichment related
to multiple metabolic pathways, including lipid metabolism, carbohydrate meta-
bolism, amino acid metabolism. e GSEA analysis showing the gene enrichment
related to multiple metabolism-related and immune-related pathways. Source data
are provided as a Source Data file.
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Fig. 7 | Analysis of the differential genes about the immunemicroenvironment.
a The 20 most statistically significant molecules were selected based on the gene
heatmap. b Immunity scores derived from TCGA showing that the downregulated
genes (ULBP1, HOXB9) in the treatment-sensitive group with low expression had
higher immunity scores (n = 454). c Comparison of the tumorous (n = 454) and
para-tumorous (n = 41) tissues derived from TCGA showing that the upregulated
genes (DYRK2, ID4) and downregulated genes (TRMT112, ULBP1) in the treatment-
sensitive groupwere low and high expressed in tumor tissues, respectively. dGSEA
immune cell analysis derived from TCGA showing that the upregulated genes

(DYRK2, ID4) in the treatment-sensitive group with high expression had higher
immune cell expression (n = 454). Centers, boxes, and whiskers indicate medians,
quantiles, and minima/maxima, respectively, in (b–d), and two-sided Wilcoxon
rank-sum test was used for comparison in (b–d). e Metabolic pathway analysis
derived from TCGA showing that the glycine, serine and threonine metabolic
pathways were negatively correlated with the genes upregulated in the treatment-
sensitive group (DYRK2) and positively correlatedwith the genes downregulated in
the treatment-sensitive group (ULBP1), with Spearman’s rank correlation test
applied.
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and mOS of 9.8 months25. Although the result of the LEAP-017 study
was negative, the subgroup analysis suggested that the Asian popula-
tion wasmore likely to benefit from this treatmentmode. In our study,
there were at least two previous systemic treatment regimens, but the

effective rate and survival data were further improved, suggesting that
Chinese patients could benefit more from regorafenib with sintilimab.
We found patients without livermetastasis had anmOS of 19.2months
(95% CI: 15.2–23.2) and mPFS of 5.4 months (95% CI: 1.1–9.7), better

Fig. 8 | Result ofmultiplex immunohistochemical analysis. a,bAmong all stains,
DAPI (dark blue) for nucleus, panCK (light blue) for cancer cells, FoxP3 (red) for
FoxP3 (+) Treg cells, CD103 (orange) for CD103 (+) T cells, CD68 (green) for CD68
(+) macrophages, PD‐L1 (purple) for PD-L1 (+) cells, CD20 (yellow) for CD20 (+) B
cells, and CD8 (pink) for CD8 (+) T cells. Staining was performed only once in (a, b).
c Comparison of cell density between treatment-sensitive (n = 15) and treatment-

resistant groups (n = 15). d Cell distance within the tumor immune microenviron-
ment. e Comparison of cell distance to CK+ cells between treatment-sensitive
(n = 15) and treatment-resistant groups (n = 15). Centers, boxes, and whiskers indi-
cate medians, quantiles, and minima/maxima, respectively, in (c, e), and two-sided
Wilcoxon rank-sum test was used for comparison. Source data are provided as a
Source Data file.
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than thosewith livermetastasis. The sameconclusionwas addressed in
the American study, and none of the patients with ORR had liver
metastasis at baseline20. The subgroup analysis in LEAP-017 study also
suggested that patients without liver metastasis were more likely to
benefit from lenvatinib combinedwithpembrolizumab25. Translational
research has shown that the expression of positive immune cells (such
as CD8+T cells) was significantly reduced in patients with liver
metastasis compared with patients without liver metastasis, leading to
an inhibitory immune microenvironment26, which may contribute to
the poor outcomes in patients with liver metastasis.

This combination regimen demonstrated effectiveness, especially
in patients with RAS/RAF wild-type CRC, exhibiting a mOS of
23.3 months (95% CI: 10.0–36.6) comparing with 12.1 months (95% CI:
8.4–15.8) in RAS/RAF mutant-type patients. However, there was no
significant difference in mPFS between the two groups, but as time
went on, the survival benefits of RAS/RAF wild-type patients became
more andmore obvious, and the PFS rates at 12months and 18months
were higher than those of RAS/RAF mutant-type patients. Since the
majority (60.2%) of patients did not receive follow-up therapy, we
believe that the survival benefit was due to the combination of
regorafenib and sintilimab. Some patients have long-lasting ther-
apeutic benefits and imaging data of two patients with PFS over
24 months were included in the Supplementary Note 1 in the Supple-
mentary Information file. However the subgroup analysis in LEAP-017
study suggested that patients with RAS mutant-type were more likely
to benefit from lenvatinib combined with pembrolizumab25. Regor-
afenib had relatively clear combined immune targets, which improved
the survival benefits of RAS/RAF wild-type patients enrolled in this
study. However the targets of regorafenib and lenvatinib are different,
and it is reasonable to assume that the combined effect of lenvatinib
with immunotherapy was limited due to its target.

Analyses suggested that CRC samples with NRAS mutations had
an increased infiltration of M1/M2 macrophages and CD56 bright NK
cells, while SMAD4mutationswere correlatedwith higher CD8+T cells
and M1 macrophages. Conversely, PIK3CA mutation led to more M2
macrophages and fewer CD8+T cells. The presence of other immune
checkpoints in PD-L1 negative CRC tumor immune macrophages
suggested diverse tumor immune microenvironment types were
influenced by different mutations27. Investigating the molecular
underpinning of this divergence, the existing literature highlights the
negative correlation between KRAS G12D point mutation in non-small
cell lung cancer andPD-L1 levels, aswell as reducedCD8+ Tcells due to
the secretion of chemokine CXCL10/CXCL11. CRC specimens have
exhibiteddiminished cytotoxic CD8+T-cell infiltration inKRASmutant
tumors, leading to poor responses to PD-1 monoclonal antibody and
T-cell therapy. This may be related to the sensitization of cytotoxic
T cells by lactate produced by KRAS mutant tumor cells through the
NF-κB pathway, leading to tumor cell death28. Another study exploring
the efficacyof cetuximab in combinationwith immunotherapy inKRAS
wild-type patients showed a 47% augmentation in the number of
cytotoxic T cells in the tumor after such treatment. The tumor
microenvironment was characterized by a large number of TIM3+ and
CTLA4+ cells and fewer activated OX40+ cells29. Side by side, it was
elucidated that KRASwild-type patients exhibit amore robust immune
microenvironment.

The effectiveness of antiangiogenic-targeted drugs combined
with immunotherapy in MSS CRC relies on the immune micro-
environment, which exhibits distinct phenotypes, broadly categorized
as immune inflamed, immune exclusion, and immune desert types30.
Most MSS CRC falls into the latter two categories, limiting the efficacy
of immunotherapy. To further explore the interplay between immune
cell infiltration and therapeutic response, we conducted extensive
immunohistochemical staining, which showed a significantly higher
density ofCD8+T cells and shorter distanceofCD8+ cells toCK+ cells in
the treatment-sensitive group compared to the treatment-resistant

group. The REGOMUNE trial further corroborated the pivotal role of
CD8+ T cells in combination immunotherapy, demonstrating that
increased tumor infiltration of CD8+ T cells during cycle 2, day 1, was
associated with superior outcomes compared to baseline21. In the first-
line ATEZOTRIBE study of mCRC, the Immunoscore Immune-
Checkpoint (IC) were evaluated with patient outcomes, which includ-
ing densities, proximity, and clustering of PD-L1 cells andCD8T cells in
the tumor core. And patients with Immunoscore IC-high tumors
derived higher benefit from the addition of atezolizumab31. This sug-
gests that the effectiveness of immunotherapy is influenced not only
by the quantity of immune cells but also by their spatial position
proximity to tumor cells.

GSEA analysis was performed and showed there were genetic
differences in the activation and depletion pathways of CD8+ T cells
between the treatment-sensitive and treatment-resistant groups in the
trial, emphasizing the crucial role of CD8+ T cells in immunotherapy.
Previous literature supports the idea that regorafenib enhances
immunotherapy efficacy by increasing the CD8+ T-cell proportion and
decreasing theTreg cell ratio in the tumor immunemicroenvironment.
This study’s findings, which are consistent with existing conclusions
from previous studies, affirm the significance of CD8+ T cells in the
explored targeted therapy combination immunotherapy, highlighting
their pivotal role in the treatment approach for patients withMSSCRC.
KEGG analysis was performed and revealed metabolic pathway-
specific expressions, especially in glycine, serine, and threonine
metabolism, themetabolism of linoleic acid, themetabolic differences
of retinol, and so on. Malignant cells reprogram metabolic processes
for unrestricted survival, with glycine and serine potentially exerting
immunosuppressive effects32,33. Abnormalities in tumor metabolic
pathways may contribute to resistance in MSS CRC. This study pro-
poses that regorafenib, by interacting with multiple targets in malig-
nant cells and inhibiting metabolic pathways, can enhance targeted
combined immunity against cancer cells, addressing potential resis-
tance mechanisms, which has been further explored in the ongoing
research.

In the initial design of this study, we assumed an event rate of 70%
based on data from the literature. However, the actual event rate
observed in the study was 53%, a difference that may be attributed to
factors such as patient characteristics, treatment efficacy, or follow-up
duration. The lower-than-expected event rate has the potential to
impact the statistical power of the study. To address this challenge, we
reassessed the sample size and adjusted it according to the actual
event rate. Despite the lower event rate, we implemented appropriate
measures, including increasing the sample size, to ensure the scientific
rigor and statistical reliability of the study’s conclusions. Future
research should consider the potential variability in event rates and
incorporate sensitivity analyses during the design phase to manage
similar uncertainties.

A major limitation of this study is its nonrandomized design.
Randomized controlled clinical trials could provide the most reliable
evidence about the effects of a new drug. However, with a mPFS and a
mOS of 4.1 and 14.1 months, respectively, our results compared
favorably with those of regorafenib in the CORRECT study (mPFS:
1.9 months, mOS: 6.4 months) and CONCUR study (mPFS: 3.2months,
mOS: 8.8 months)4,5. However, only a randomized controlled trial
couldprovide themost credible efficacyof regorafenib combinedwith
sintilimab versus regorafenib alone. On the other hand, there may be
bias in the enrollment, with a small number of patients with poor
physical status excluded, and these patients may be at higher risk for
adverse events that could negatively affect outcomes. In addition,
during our enrollment period, there was no unified standard for PD-L1
expression detection scheme in China, so the expression of PD-L1 was
not required in our research scheme. And the predictive effect of PD-L1
expression on immunotherapy efficacy in mCRC patients remains
unclear, so we did not report the results regarding PD-L1 expression.
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In conclusion, the combination of regorafenib and sintilimab was
well tolerated in advanced MSS CRC patients, showing improved
antitumor effects compared to the monotherapy of either agent.
Moreover, the combination regimen offered a longer survival benefit,
particularly in patients with the RAS/RAFwild-type gene. The observed
outcomes suggest a potentially favorable tumor microenvironment
for immunotherapy, warranting further trial through a larger cohort of
this regimen in patients with this subtype of CRC.

Methods
Study design
This prospective phase II clinical trial was designated as a single-arm,
single-center study, and was conducted at the Department of Gastro-
intestinal Oncology, Tianjin Medical University Cancer Institute and
Hospital. Ethical approval was obtained from the Ethics Committee of
Tianjin Medical University Cancer Institute and Hospital (Number:
E2020608), aligned with the Declaration of Helsinki. This study was
registered at https://www.clinicaltrials.gov before patient enrollment
(clinical trial identifier NCT04745130). The trial primarily enrolled
patients aged ≥18 years old with confirmed inoperable recurrent or
mCRC and progression on at least two lines of standard systemic
therapy. The inclusion criteria comprised status of MSS, ECOG PS
score of 0–2, and presence of at least onemeasurable lesion according
to RECIST 1.1 criteria, along with an adequate bone marrow and organ
function; whereas the exclusion criteria were prior treatment with
regorafenib or anti-PD-L1/PD-L2/CTLA4 antibodies, with details avail-
able in the Supplementary Note 2 in the Supplementary Information
file. The first patient was enrolled on March 1st, 2021, and the last was
recruited on February 25, 2023. Data are recorded by clinical research
associates, based on medical files in Tianjin Medical University Cancer
Institute and Hospital from March 1st, 2021 to June 7, 2023.

Sample size estimation for this exploratory single-arm trial was
conducted utilizing the one-sample Log-rank test. Based on historical
data, themOS for CRC patients treatedwith regorafenibmonotherapy
is 8.8 months. Notably, a clinical phase II study, REGOMUNE, reported
a mOS of 10.8 months for patients with advanced CRC receiving
regorafenib combinedwith avelumab. In the initial designof this study,
based on previous literature and related research, it was assumed that
the addition of sintilimab to regorafenib could elevate the median OS
from 8.8 months to 13.5 months, with an anticipated hazard ratio of
0.65 and event rate of 70%. This assumption was used to calculate the
sample size to ensure that, with a two-sided significance level (α) of
0.05 and a power of 0.80, the number of events was 48, the initially
calculated sample size was 68 participants. Considering a dropout rate
of 20%, the initially sample size was determined to be 82 patients.
However, during the actual study, we observed that the event rate was
~60%, which was significantly lower than the initially assumed 70%. To
ensure the statistical power and reliability of the study results, we
recalculated the sample size based on the actual event rate. The new
calculation indicated that, with an anticipated hazard ratio of 0.65,
event rate of 60%, a two-sided significance level (α) of 0.05, and a
power of 0.80, theminimum required sample size was calculated to be
80 patients. Considering a dropout rate of 20%, the final sample size
wasdetermined tobe96patients. A total of 103 patientswere included
in this study, which met the sample size required for the study.

In the initial stage of this study, we intended to enroll two cohorts
of patients, one with wild-type RAS/ RAF and no prior treatment with
cetuximab, receiving treatment with regorafenib in combination with
cetuximab and sintilimab. However, with the recommendation of
guideline and release of results from relevant phase III trials, the value
and survival benefits of EGFR antibodies in frontline treatment for
patients with wild-type RAS/ RAF mCRC have been approved. As a
result, almost all of these patients received frontline treatment with
cetuximab in clinical practice, making it very difficult to enroll patients

into this cohort, ultimately leading to a suspension of enrollment for
this cohort.

Study procedure
Patients meeting the enrollment criteria were administered regor-
afenib orally at 80mgdaily for 3weeks followedby a 1-week break, and
intravenous sintilimab at 200mg on day 1 and then once every
3 weeks. Treatment persisted until disease progression, the occur-
rence of an intolerable adverse event, the investigator’s decision to
discontinue, or patient withdrawal from the study (see Fig. 1 for the
study flow chart). Sintilimab was used for no more than 24 months.
Fixed doses were used for both drugs, with dose adjustments of
regorafenib allowedduring its usebasedonpatient tolerance,while no
dose adjustment was allowed for sintilimab. Depending on the patient
expiring an adverse event, the use of either or both drugs could be
suspended at the discretion of the patient. Permanent discontinuation
wasmandated if the suspension of regorafenib exceeded 4 weeks, and
if sintilimab had two or more suspensions. Tumor assessments were
performed using contrast-enhanced CT/MRI according to RECIST 1.1
criteria every two cycles at baseline, and every 3 months after com-
pletion of the study treatment. The patients would be followed up for
survival status every 3months up to 24months (or until death). Safety
profiles were assessed based on National Cancer Institute Common
TerminologyCriteria for Adverse Events Version 5.0 (NCI CTCAE5.0) at
baseline and at the end of each treatment cycle until 90 days post-
study treatment. Selected patients’ tumor tissue samples underwent
baseline RNA sequencing and multiplex immunohistochemistry ana-
lysis to characterize the combination’s effects on the tumor and
immune microenvironment and identify potential clinical benefit
predictive biomarkers.

Outcomes
This study choseOS as its primary endpoint, whichwasmeasured from
the initiation of study treatment to death from any cause, whereas the
secondary study endpoints were designated as the ORR, DCR, DoR,
PFS, and safety. ORR was determined by the proportion of patients
achieving a confirmed CR and PR based on RECIST1.1 criteria; DCRwas
defined as the proportion of patients who showed a CR, PR, or SD state
per the RECIST1.1 criteria; DoR was calculated from the first assess-
ment of CR or PR to the first occurrence of disease progression or
death, whichever came first; and PFS was defined as the duration from
the initiation of study treatment to the earliest instance of progression
or death from any cause, whichever occurred first. Lastly, safety eva-
luations were graded using the common toxicity criteria outlined in
the NCI CTCAEV5.0. Since PD-1 checkpoint inhibitors have residual
efficacy for a longer duration, in addition, recommendations issued by
the NHS in 2020 regarding clinical cancer research during the COVID-
19 period34, we changed primary endpoint to OS before enrollment,
which was also been amended in our protocol.

Statistical analysis
The statistical analysis was performed utilizing SPSS 22.0 software,
with measurement information presented through the median and
quartiles [M(P25–P75)] based on the data distribution, while catego-
rical information was delineated using constitutive ratios. The Kaplan-
Meier method was used to estimate the OS, PFS, and DoR. Survival
comparison between groups utilized the Log-rank test, and the Cox
proportional hazard risk model facilitated between-group analyses for
the OS and PFS, along with estimating the corresponding 95% con-
fidence intervals (95% CI). The median follow-up time for survival was
calculated with the reverse Kaplan-Meier method. The Clopper-
Pearson method was also used to assess the 95% CI for the ORR,
with differences evaluated using Chi-squared or Fisher’s exact tests.
The significance level was set at α =0. 05 (two-sided).
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Sequencing
Rolling cycle amplification was employed for the replication of single-
stranded circular DNA molecules, resulting in the generation of DNA
nanoballs (DNB) harboring multiple DNA copies. These high-quality
DNBs were then loaded into patterned nanoarrays using a high-
intensity DNA nanochip technique. The sequencing process was
facilitated through combinatorial probe-anchor synthesis.

Gene quantification differential expression analysis
The gene expression levels were computed using RSEM (v1.3.1).
Heatmaps visualizing the gene expression differences across various
samples were generated with pheatmap (v1.0.8). Differential expres-
sion analysis utilized DESeq2(v1.4.5), employing a significance thresh-
old Q ≤0.05.

Gene annotation
To comprehend the phenotypic changes, the annotated differentially
expressed genes underwent KEGG and GSEA enrichment analysis
conducted with Phyper (https://en.wikipedia.org/wiki/
Hypergeometric_distribution) based on a hypergeometric test. The
significant levels for the terms andpathwayswere correctedbyQ value
with a rigorous threshold of Q ≤0.05.

Multiplex immunohistochemistry staining
The investigate of tumor cells and immune cells in the immune
microenvironment involved conducting multiplex immunohis-
tochemistry following the Opal 7-Color Manual IHC Kit protocol. Pri-
mary antibodies used included panCK, FoxP3, CD103, CD68, PD-L1,
CD20, and CD8. Imaging and scanning of Slides were performed using
a PerkinElmer VectraX® platform. The results were meticulously cho-
sen and batch analyzed using PerkinElmer Inform software, with the
threshold value of eachmarker identified and illustrated by the Inform
Score, which allowed for potential adjustment of cut-offs based on the
score map and original staining images. Quantification of positively
stained cells was accomplished using an R script.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
Transcriptome sequencing in our study are available in the Genome
Sequence Archive under the accession code HRA009402. Due to data
privacy laws related to patient consent to data sharing, sequencing
data is available under controlled access and data should only be used
for research purposes. Due to patient privacy concerns, CT scans and
pathology images are not shared publicly. Within 3 years of the pub-
lication of this paper, personal data and statistical analysis plans may
bemade available upon reasonable request. Qualified researcherswith
Physician Qualification Certificate may make requests for data by
contacting corresponding author at liurui9003@163.com. The study
protocol is included as Supplementary Note 2 in the Supplementary
Information file. All remaining data are available within the article,
Supplementary Information or Source Data file. Source data are pro-
vided with this paper.
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