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Background: Managements for refractory proficient mismatch repair (pMMR) or microsatellite stable 
(MSS) metastatic colorectal cancer (mCRC) were still challenging and controversial. Our study sought 
to investigate the efficacy and safety of anti-programmed cell death protein 1 (anti-PD-1) antibodies plus 
regorafenib in refractory pMMR/MSS mCRC.
Methods: We retrospectively analyzed the efficacy and safety of 103 pMMR/MSS mCRC patients treated 
with at least one dose of anti-PD-1 antibodies plus regorafenib (80 mg once daily for 21 days on/7 days off  
28 days as a cycle) between July 2019 and June 2021 at the Hunan Cancer Hospital. All patients had previously 
received at least second-line treatment. The patients were evaluated by computed tomography every 2 or 3 
treatment cycles until progression or being lost to follow-up. The primary end point was overall survival (OS).
Results: The median follow-up period was 5.30 (range, 0.50–22.50) months. The median OS (mOS) and 
medical progression-free survival (mPFS) were 8.40 and 2.50 months for the entire cohort, respectively. The 
mOS and mPFS were 16.07 and 3.10 months in patients who received >1 cycle of anti-PD-1 antibodies and 
regorafenib (n=55), which were significantly longer than 4.37 and 1.11 months in those received only 1 cycle 
(n=48) (both P<0.001, respectively). The Cox multivariate regression analysis demonstrated that the number 
of cycles of regorafenib plus PD-1 and previously undergone surgery were independent risk factors for OS, 
whereas Sintilimab was confirmed to have a significant better PFS compared to other anti-PD-1 antibodies. 
Of the 55 patients who were evaluated, 7 were diagnosed with a partial response (PR) and another 16 were 
diagnosed with stable disease (SD), but no patient showed a complete response (CR). Thus, the objective 
response rate (ORR) was 12.7% and the disease control rate was 41.8%. Treatment-related adverse events 
(TRAEs) of grade 3 or higher occurred in 13 (12.6%) patients.
Conclusions: The combination of regorafenib plus anti-PD-1 antibodies has a manageable safety 
profile and may improve prognosis for pMMR/MSS mCRC patients, especially those who received  
>1 cycle. Compared to the other anti-PD-1 antibodies, sintilimab may be more efficacious; however, further 
prospective studies need to be conducted to confirm our findings.
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Introduction

Colorectal cancer is the 3rd most common cancer and 
the 2nd most deadly cancer worldwide (1). There have 
been significant advances in its treatment in recent years; 
however, the prognosis for patients with metastatic 
colorectal cancer (mCRC) remains poor, and the 5-year 
overall survival (OS) rate of such patients is <15% (2). 
Anti-programmed cell death protein 1 (PD-1) antibody 
is more effective than conventional treatments of mCRC 
with deficient mismatch repair (dMMR) or microsatellite 
instability-high (MSI-H). The KEYNOTE-016 study 
showed that the objective response rate (ORR) of dMMR/
MSI-H mCRC patients treated with anti-PD-1 antibody 
was as high as 40%, while the ORR of refractory proficient 
mismatch repair (pMMR)/microsatellite stable (MSS) 
mCRC was 0% (3).

However, dMMR/MSI-H cases account for only 5% 
of patients with mCRC. Approximately 95% of mCRC 
patients are MSS; thus, the majority of mCRC patients do 
not benefit from immune monotherapy (4). Various immune 
combination methods are being actively explored. In the 
REGONIVO study, the mCRC cohort of 24 patients with 
pMMR/MSS had an ORR of 33%, a medical progression-
free survival (mPFS) of 7.9 months (5). With the addition 
of regorafenib, the efficacy of nivolumab was shown to 
increase significantly (6,7). The mechanism was explored in 
preclinical colorectal cancer models. Regorafenib is an anti-
angiogenic multitargeted tyrosine kinase inhibitor (TKI). 
It plays a synergistic role in the process of immunotherapy 
by changing the immune microenvironment of the tumor. 
Its mechanism is as follows: (I) it reduces tumor-associated 
macrophages (TAMs) in tumor models by inhibiting 
the colony-stimulating factor 1 receptor; (II) it reduces 
regulatory T cells by inhibiting vascular endothelial growth 
factor receptor 2; (III) it normalizes tumor vasculature 
and increases the infiltration of CD8 T cells; and (IV) it 
enhances immune activity by inhibiting the p38 kinase/
CREB1/KLF4 axis of TAMs (6,7).

However, several subsequent studies of immune 
checkpoints inhibitors (ICIs) combined with small molecule 
TKIs have not replicated REGONIVO’s excellent results 
in pMMR/MSS mCRC patients. For example, Cousin 
and Ren et al. (8,9), found an ORR of 0%, and a mPFS of 
3.6 and 1.8 months, and a median OS (mOS) of 10.8 and  
7.8 months in their single-arm and phase-II trials, 
respectively (8,9). Notably, the efficacy of the combination 
treatment of regorafenib plus nivolumab in a North 

American population was not consistent with the results 
for a Japanese population. Indeed, the ORR in the North 
American population was only 7%.

So far, there are no large phase III randomized controlled 
studies to confirm the efficacy of regorafenib plus anti-
PD-1 antibodies. The sample size of previous studies 
was relatively small, and different studies combined with 
different anti-PD-1 antibodies. It is unknown which anti-
PD-1 antibody plus regorafenib may be more efficacious. 
In our study, regorafenib combined with 1 of 5 different 
types of anti-PD-1 antibodies. We sought to investigate the 
efficacy and safety of anti-PD-1 antibody plus regorafenib 
in refractory pMMR/MSS mCRC in real world and which 
anti-PD-1 antibody may be more efficacious combined with 
regorafenib. We present the following article in accordance 
with the STROBE reporting checklist (available at https://
atm.amegroups.com/article/view/10.21037/atm-22-3690/rc).

Methods

Study design

The primary end point was OS. The secondary end points 
were median mPFS, the incidence of treatment-related 
adverse events (TRAEs) and the ORR. We performed a 
retrospective analysis to examine the efficacy and safety 
in 103 patients treated with anti-PD-1 antibodies (i.e., 
nivolumab, pembrolizumab, camrelizumab, sintilimab, and 
toripalimab) plus regorafenib until disease progression or 
intolerant of toxicity or loss to follow-up in patients with 
refractory pMMR/MSS mCRC between July 2019 and 
June 2021 at the Hunan Cancer Hospital. PFS and OS were 
examined by a Kaplan-Meier analysis. The Cox regression 
model was used to analyze the influence of multiple factors 
on OS and PFS. The end of the follow-up period was 
September 6, 2021, and the median follow-up time was 5.30 
(range, 0.50–22.50) months.

Patients

The eligibility criteria for our study were at least 2 lines of 
standard chemotherapy, including fluorouracil, oxaliplatin, 
and irinotecan with or without targeted drugs, such as 
bevacizumab and cetuximab, for disease progression in 
pMMR/MSS mCRC patients. MMR or MSI testing was 
accomplished by examining either the loss of protein 
expression via an immunohistochemistry analysis of the 4 
MMR enzymes (i.e., MLH1, MSH2, MSH6, and PMS2) 

https://atm.amegroups.com/article/view/10.21037/atm-22-3690/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-3690/rc
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or a MMR gene analysis by polymerase chain reaction or 
next generation sequencing panel validation using formalin-
fixed paraffin-embedded tissue specimens. This study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The study was approved by the ethics 
board of Hunan Cancer Hospital (No. 2022-69) and 
informed consent was taken from all individual participants.

Treatment

The patients were treated orally with regorafenib (80 mg  
once daily for 21 days on/7 days off, over a 28-day cycle), 
combined with 1 of the 5 anti-PD-1 antibodies (i.e., 
nivolumab, pembrolizumab, camrelizumab, sintilimab, or 
toripalimab). The anti-PD-1 antibody was administered 
intravenously on day 1, and its recommended dosage was as 
follows: nivolumab: 240 mg, every 2 weeks; pembrolizumab, 
camrelizumab, and sintilimab: 200 mg every 3 weeks; and 
toripalimab: 240 mg every 3 weeks.

Assessment

The patients were evaluated by computed tomography 
every 2 or 3 treatment cycles until disease progression or 
being lost to follow-up. Tumor response was evaluated 
as per the Response Evaluation Criteria in Solid Tumors 
(RECIST; version 1.1). ORR was defined as the proportion 
of complete responses (CRs) and partial responses (PRs). 
Disease control rate was defined as the addition of (CR 
+ PR) rate and stable disease (SD) rate. PFS was defined 
from the beginning of treatment to the date of disease 
progression or death due to any cause. OS was defined from 
the beginning of treatment to the date of death. Adverse 
events were evaluated according to the National Cancer 
Institute Common Terminology Criteria for Adverse Events 
5.0 (NCI-CTCAE 5.0).

Statistical analysis

The analysis population included all the patients who 
received their 1st dose of regorafenib plus an anti-PD-1 
antibody before June 2021, and for whom clinical data for 
at least 1 subsequent day were available. PFS and OS in the 
regorafenib plus anti-PD-1 antibodies cohort were examined 
by a Kaplan-Meier analysis. Hazard ratios (HRs) and 
associated 95% confidence intervals (CIs) were calculated 
using a Cox proportional-hazards model. The proportional-
hazards assumption of OS was examined by both graphical 

and analytical methods. Additionally, this analysis included 
adjustments for varying confounding and risk factors. The 
results are reported as point estimates and 95% CIs. All the 
statistical tests were two-sided. The analyses were performed 
with the use of R software (version 3.6.0).

Results

Patient characteristics

A total of 103 pMMR/MSS mCRC patients were included 
in this study. Their baseline characteristics are listed in 
Table 1. The patients had a median age of 56.0 (range, 20.0– 
79.0) years, and a median of 2 (range, 1–19) cycles of 
regorafenib plus PD-1 administration. All the patients 
received ≥2 previous lines of chemotherapy with or without 
targeted drugs, such as bevacizumab and cetuximab, 45 
(43.7%) patients received at least 3 lines of treatment, and 
65 (63.1%) patients did not receive any treatment after 
regorafenib plus PD-1 administration. A total of 59 (57.3%) 
patients had liver metastases, and 45 (43.7%) had lung 
metastases. Among the 103 patients, 66 (64.0%) received 
sintilimab, 18 (17.5%) received toripalimab, 10 (9.7%) 
received nivolumab, 8 (7.8%) received camrelizumab, and 1 
(1.0%) received pembrolizumab combined with regorafenib.

Efficacy

The mOS of for the entire 103 patients was 8.40 months 
(Figure 1A). The mOS was 16.07 months for patients who 
received >1 cycle and 4.37 months for patients who received 
only 1 cycle (P<0.0001; Figure 1B). No difference was found 
in terms of OS between patients in the sintilimab group 
vs. patients in the other anti-PD-1 antibody groups (8.97 
vs. 6.67 months, P=0.92; Figure 1C). The mOS were also 
comparable in patients with or without liver metastases (6.40 
vs. 9.93 months, P=0.36; Figure 1D).

PFS and ORR were evaluated in 55 patients, as the 
remaining 48 patients lost radiological assessment. The 
mPFS was 2.50 months for all patients (Figure 2A). The 
mPFS was significantly longer in patients who received 
>1 cycle than that in patients who received only 1 cycle 
(3.10 vs. 1.11 months, P<0.0001; Figure 2B). Similarly, PFS 
was improved from 1.61 to 3.30 months patients received 
sintilimab, compared with those receiving other anti-PD-1 
antibodies (P=0.0089; Figure 2C). Whereas in those with 
or without liver metastases, the mPFS was comparable 
(2.37 vs. 3.13 months, P=0.12; Figure 2D). Seven of the  
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Table 1 Baseline demographic and clinical characteristics (n=103)

Characteristics N (%)

Sex

Male 56 (54.4)

Female 47 (45.6)

Age (years)

Median (range) 56.0 (20.0–79.0)

<60 76 (73.8)

≥60 27 (26.2)

ECOG PS

0 36 (35.0)

1 61 (59.2)

2 5 (4.8)

3 1 (1.0)

Primary tumor location

Right colon 24 (23.3)

Left colon 27 (26.2)

Rectum 52 (50.5)

Histological type of primary

Adenocarcinoma 97 (94.2)

Mucinous adenocarcinoma 6 (5.8)

Metastases location

Liver metastases 59 (57.3)

Lung metastases 45 (43.7)

Lymph node metastases 36 (34.9)

Bone metastases 12 (11.6)

Peritoneal metastases 14 (13.5)

Adrenal metastases 2 (1.9)

Ovarian metastases 4 (3.8)

Numbers of metastatic sites

1 site 37 (35.9)

≥2 sites 66 (64.1)

Previous treatment agents

5-fluorouracil 103 (100.0)

Oxaliplatin 100 (97.1)

Irinotecan 101 (98.1)

Bevacizumab 87 (84.5)

Cetuximab 35 (34.0)

Regorafenib 8 (7.8)

PD-1 3 (2.9)

Fruquintinib 11 (10.7)

Table 1 (continued)

Table 1 (continued)

Characteristics N (%)

Radiotherapy

Yes 27 (26.2)

No 76 (73.8)

Surgery

Yes 77 (74.8)

No 26 (25.2)

Previous lines of chemotherapy

2 lines 58 (56.3)

≥3 lines 45 (43.7)

Gene mutation status

RAS wild type 31 (30.1)

RAS mutant type 40 (38.8)

BRAF mutant type 6 (5.8)

Unknown 26 (25.3)

PD-L1 expression level

PD-L1 CPS <1 9 (8.7)

PD-L1 CPS ≥1 3 (2.9)

Unknown 91 (88.4)

PD-1

Sintilimab 66 (64.0)

Nivolumab 10 (9.7)

Toripalimab 18 (17.5)

Camrelizumab 8 (7.8)

Pembrolizumab 1 (1.0)

Cycles of regorafenib plus PD-1

1 48 (46.6)

≥2 55 (53.4)

MMR or MSI status

pMMR or MSS 103 (100.0)

dMMR or MSI-H 0 (0.0)

Lines of treatment after regorafenib plus PD-1

No 65 (63.1)

1 line 32 (31.0)

≥2 lines 6 (5.9)

ECOG PS, Eastern Cooperative Oncology Group performance 
status; PD-1, programmed cell death 1; PD-L1, programmed cell 
death-ligand 1; CPS, combined positive score; MMR, mismatch 
repair; MSI, microsatellite instability; pMMR, proficient MMR; 
MSS, microsatellite stable; dMMR, deficient MMR; MSI-H,  
MSI-high.
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Figure 1 The Kaplan-Meier curves of OS. (A) The Kaplan-Meier curves for OS in all patients. (B) The Kaplan-Meier curves for the OS of 
patients who received >1 cycle vs. only 1 cycle. (C) The Kaplan-Meier curves for the OS of patients in the sintilimab group vs. patients in 
the other anti-PD-1 antibody groups. (D) The Kaplan-Meier curves for the OS of patients with liver metastases vs. patients without liver 
metastases. OS, overall survival; CI, confidence interval; NA, not available; PD-1, programmed cell death protein 1.

difference was not significant (17.4% vs. 9.4%, P=0.355; 
Table 2).

Univariate and multivariate analysis

As shown in Table 3, univariate analysis found that patients 
who received >1 cycle of regorafenib plus PD-1, previously 
undergone surgery and with only one metastatic site 
had longer OS (all P<0.05). There were no significant 
differences in OS in terms of sex, Eastern Cooperative 
Oncology Group (ECOG), radiotherapy, primary 
tumor location, pathological type, liver metastases, lung 
metastases, gene mutation status, different types of PD-1, 
and previous lines of chemotherapy (P>0.05). Considering it 
has been well-established that radiotherapy was significantly 
associated with immune response and based on previous 
univariate analysis, we included significant variables (all 
P<0.05) in the above univariate analysis and radiotherapy 
for multivariate analysis. Further multivariate analysis 
confirmed that only receiving >1 cycle of regorafenib 

plus PD-1 (HR: 0.21; 95% CI: 0.12–0.38; P<0.001) and 
previously undergoing surgery (HR: 0.51; 95% CI: 0.27–
0.93; P=0.029) were independent predictors for OS (Table 4).

With respect to PFS, multivariate analysis which enrolled 
all the variables in Table 5, confirmed that receiving >1 cycle 
of regorafenib plus PD-1 (HR: 0.12; 95% CI: 0.05–0.31; 
P<0.001) and sintilimab (HR: 0.55; 95% CI: 0.31–0.99; 
P=0.044) were significantly associated with PFS (Table 5).

Safety

Of the 103 patients assessed for toxicity, 88 (85.4%) had 
a grade TRAEs, of whom the majority had grade 1 or 2 
TRAEs (72.9%). The most common severe adverse events (≥ 
grade 3) were an aspartate aminotransferase (AST) increase 
(4 patients, 3.8%), an alanine aminotransferase (ALT) 
increase (3 patients, 2.9%), hypothyroidism (3 patients, 
2.9%), a hemoglobin decrease (3 patients. 2.9%), and 
palmar-plantar erythrodysesthesia (2 patients, 1.9%). The 
results are set out in Table 6.
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Discussion

In recent years, immunotherapy has significantly improved 
the ORR, PFS, and OS of patients with dMMR/MSI-H 
mCRC, which is characterized by a high tumor mutation 
burden (TMB), robust Th1-type immune infiltration, and 
the high expression of multiple immune checkpoints, such 
as PD-1, programmed cell death-ligand 1 (PD-L1), and 

cytotoxic T-lymphocyte-associated protein 4 (CTLA-4).  
PMMR/MSS mCRC is characterized by a lower TMB 
and less immune infiltration (10). Some studies have 
reported that dMMR/MSI-H patients possess higher tumor 
infiltration levels of CD3+, CD8+ and CD45RO+ T cells than 
pMMR/MSS patients (11,12). Thus, pMMR/MSS mCRC, 
which accounts for 95% of mCRC, has been considered a 
biomarker of resistance to checkpoint inhibitors (13,14). 

Table 2 Best tumor responses of evaluable patients (RECIST 1.1)

Response Evaluable patients (n=55) Patients with liver metastases (n=32) Patients without liver metastases (n=23)

CR 0 (0.0) 0 (0.0) 0 (0.0)

PR 7 (12.7) 3 (9.4) 4 (17.4)

SD 16 (29.1) 8 (25.0) 8 (34.8)

Progressive disease 32 (58.2) 21 (65.6) 11 (47.8)

ORR 7 (12.7) 3 (9.3) 4 (17.4)

Disease control rate 23 (41.8) 11 (34.4) 12 (52.2)

Data are presented as n (%). RECIST, Response Evaluation Criteria in Solid Tumors; CR, complete response; PR, partial response; SD, 
stable disease; ORR, objective response rate.

Figure 2 The Kaplan-Meier curves of PFS. (A) The Kaplan-Meier curves for the PFS of all patients. (B) The Kaplan-Meier curves for 
the PFS of patients who received >1 cycle vs. only 1 cycle. (C) The Kaplan-Meier curves for the PFS of patients in the sintilimab group vs. 
patients in the other anti-PD-1 antibody groups. (D) The Kaplan-Meier curves for the PFS of patients with liver metastases vs. patients 
without liver metastases. PFS, progression-free survival; CI, confidence interval; NA, not available; PD-1, programmed cell death protein 1.
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Table 3 Univariate analysis of OS of 103 patients

Characteristics HR 95% CI P

Sex 0.059

Male Reference

Female 1.68 (0.98, 2.89)

ECOG PS 0.72

0–1 Reference

≥2 0.81 (0.25, 2.61)

Cycles of regorafenib plus PD-1 <0.001

1 Reference

>1 0.19 (0.11, 0.35)

Surgery 0.0074

No Reference

Yes 0.45 (0.25, 0.81)

Radiotherapy 0.093

No Reference

Yes 0.55 (0.28, 1.1)

Primary tumor location 0.1

Left side Reference

Right side 1.64 (0.91, 2.97)

Pathological type 1

Adenocarcinoma Reference

Mucinous adenocarcinoma 1 (0.31, 3.22)

Liver metastases 0.39

No Reference

Yes 1.27 (0.74, 2.19)

Lung metastases 0.14

No Reference

Yes 0.66 (0.38, 1.15)

Gene mutation status 0.44

RAS mutant type Reference (0.4, 1.49)

RAS wild type 0.77

Numbers of metastatic sites 0.035

1 site Reference

≥2 sites 1.89 (1.05, 3.42)

Table 3 (continued)

Table 3 (continued)

Characteristics HR 95% CI P

Treatment 0.73

The other PD-1 Reference

Sintilimab 0.9 (0.51, 1.6)

Previous lines of chemotherapy 0.75

≥3 Reference

2 0.91 (0.53, 1.58)

OS, overall survival; ECOG PS, Eastern Cooperative Oncology 
Group performance status; PD-1, programmed cell death 
protein 1; HR, hazard ratio; CI, confidence interval.

Table 4 Multivariate Cox regression analysis of OS of 103 patients

Characteristics HR 95% CI P

Cycles of regorafenib plus PD-1 <0.001

1 Reference

>1 0.21 (0.12, 0.38)

Surgery 0.029

No Reference

Yes 0.51 (0.27, 0.93)

Numbers of metastatic sites 0.051

1 site Reference

≥2 sites 1.89 (1, 3.57)

Treatment 0.92

The other PD-1 Reference

Sintilimab 0.97 (0.54, 1.74)

Radiotherapy 0.43

No Reference

Yes 0.74 (0.34, 1.58)

OS, overall survival; PD-1, programmed cell death protein 1; HR, 
hazard ratio; CI, confidence interval.

55 patients (12.7%) were confirmed to have a PR, and 
another 16 (29.1%) had SD, but none had a CR. Thus, the 
ORR was 12.7%, and the disease control rate was 41.8%. 
The ORR of patients without liver metastases was higher 
than the ORR of those with liver metastases, but the 
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Table 5 Multivariate Cox regression analysis of PFS of 55 patients

Characteristics HR 95% CI P

Cycles of regorafenib plus PD-1 <0.001

1 Reference

>1 0.12 (0.05, 0.31)

Treatment 0.044

The other PD-1 Reference

Sintilimab 0.55 (0.31, 0.99)

Sex 0.77

Male Reference

Female 0.91 (0.51, 1.65)

Radiotherapy 0.86

No Reference

Yes 0.94 (0.49, 1.81)

Previous lines of chemotherapy 0.99

≥3 lines Reference

2 line 1 (0.56, 1.76)

PFS, progression-free survival; PD-1, programmed cell death 
protein 1; HR, hazard ratio; CI, confidence interval.

Recently, regorafenib plus anti-PD-1 antibodies have 
shown encouraging anti-tumor activities in pMMR/MSS 
mCRC patients (5,15). Regorafenib can modulate the 
tumor immune microenvironment via the polarization of 
antigen-presenting cells, particularly macrophages, and 
induce the p38MAPK/Creb1/Klf4 signaling pathway, which 
can activate TAMs, and in turn, the subsequent production 
of pro-inflammatory cytokines [i.e., interleukin (IL)-10,  
IL-12, and IL-23] can activate cytotoxic T cells (7,16). 
Thus, regorafenib may enhance the anti-tumor activity of 
anti-PD-1 antibody.

Conventional treatment options for chemotherapy 
refractory mCRC include regorafenib, single-agent 
fruquintinib, and TAS-102 (trifuridine/tipiracil) for 
patients whose disease has progressed after antiangiogenic 
treatment. Such patients have ORRs of 1–5%, an mPFS 
of around 2 months, and an mOS of 6–8 months (17-20). 
Our study demonstrated that patients who received anti-
PD-1 antibody plus regorafenib had a better ORR (12.7%) 
than those who received regorafenib alone (ORR: 1–4%) 
as a standard 3rd-line regimen for mCRC, especially those 
without liver metastases (ORR 17.4%) (18,19). In our study, 
mPFS and mOS were not significantly prolonged, and 

only 55 of the 103 patients received ≥2 cycles of treatment. 
Among those who received ≥2 cycles of treatment, their 
mPFS and mOS were significantly prolonged to 3.10 and 
16.07 months, respectively. These results are consistent with 
those of REGOTORI study (21). In the REGONIVO trial, 
the ORR of the mCRC cohort of 24 patients with pMMR/
MSS was 33%, and the mPFS of 7.9 months was better than 
that of other ICI combined TKI studies, including those in 
our study.

There are a number of possible explanations for the 
conflicting results. First, the ICIs included PD-1, PD-L1, 
and CTLA-4 inhibitors; however, there are many types of 
PD-1 and PD-L1 inhibitors, and the differences between 
them have not yet been compared. Different studies also 
used different ICIs. In our study, patients received 5 types 
of anti-PD-1 antibodies (i.e., nivolumab, pembrolizumab, 
camrelizumab, sintilimab, and toripalimab), among which 
sintilimab prolonged mPFS more than the other anti-PD-1 
antibodies. The baseline characteristics of the patients also 
differed.

Second, there were inconsistencies in the patient inclusion 
criteria among the studies. In the REGONIVO study, all 
patients in the mCRC cohort had an ECOG performance 
status (PS) of 0, and most patients did not have RAS 
mutations. These patients had a good prognosis, but they do 
not reflect populations in routine clinical practice (5). Third, 
in the REGONIVO trial, only 1 patient (2%) discontinued 
the treatment because of TRAEs. However, in a North 
American trial of regorafenib plus nivolumab, the initial dose 
of regorafenib of 80 mg once daily for 3 weeks on, 1 week off, 
was increased to 120 mg for 3 weeks on 1 week off from the 
2nd cycle, and 8 patients (11%) discontinued the treatment. 
It may be for these reasons that the efficacy of nivolumab 
combined with regorafenib in the Japanese population was 
better than that of other ICI combined regorafenib studies, 
including those used in our study.

In our study, the ORR was higher in the non-liver 
metastatic subgroup than the liver metastatic subgroup 
(17.4% vs. 9.4%), which is consistent with the findings 
of the study on regorafenib plus nivolumab in the North 
American population (22% vs. 0%). One study reported 
that liver metastasis is associated with resistance to 
checkpoint inhibitor therapy, as the liver has a relatively 
high fraction of immunosuppressive cells (22). That study 
also showed that the PFS of the sintilimab group was 
significantly increased compared to the PFS of other anti-
PD-1 antibody groups. A phase 1b study of fruquintinib 
plus sintilimab showed encouraging anti-tumor activity in 
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Table 6 TRAEs

Adverse events Any grade Grade 1 Grade 2 ≥ Grade 3

All 88 (85.4) 46 (44.7) 29 (28.2) 13 (12.6)

Palmar-plantar erythrodysesthesia 14 (13.6) 7 (6.7) 5 (4.8) 2 (1.9)

Hypertension 4 (3.8) 1 (0.9) 3 (2.9) 0 (0.0)

Rash 8 (7.8) 5 (4.8) 3 (2.9) 0 (0.0)

Fatigue 0 (0.0) 1 (0.9) 3 (2.9) 0 (0.0)

Mucositis 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Anorexia 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Nausea 19 (0.9) 1 (0.9) 0 (0.0) 0 (0.0)

Vomiting 1 (0.9) 1 (0.9) 0 (0.0) 0 (0.0)

Leukopenia 7 (6.7) 6 (5.8) 0 (0.0) 1 (0.9)

Neutropenia 4 (3.8) 3 (2.9) 1 (0.9) 0 (0)

Hemoglobin decreased 15 (14.6) 7 (6.7) 5 (4.8) 3 (2.9)

Platelet count decreased 3 (2.9) 3 (2.9) 0 (0) 0 (0)

AST increase 28 (27.2) 21 (20.3) 3 (2.9) 4 (3.8)

ALT increase 26 (25.2) 19 (18.4) 4 (3.8) 3 (2.9)

TBIL increase 23 (22.3) 18 (17.4) 4 (3.8) 1 (0.9)

Hyperthyroidism 69 (5.8) 3 (2.9) 3 (2.9) 0 (0)

Hypothyroidism 13 (12.6) 4 (3.8) 6 (5.8) 3 (2.9)

Data are presented as n (%). TRAEs, treatment-related adverse events; AST, aspartate aminotransferase; ALT, alanine aminotransferase; 
TBIL, total bilirubin.

refractory mCRC. The ORR was 27.3% and the mPFS 
was 6.9 months in the 5-mg intermittent cohort. Sintilimab 
may be more suitably combined with TKIs than other anti-
PD-1 antibodies, but further prospective studies need to be 
conducted to confirm this.

Despite some interesting findings, our study had some 
limitations. First, it was a retrospective, single-center 
study, and lacking of controlled group. As a result, there 
was no way to fully record the adverse events of patients 
outside the hospital and the incidence of adverse events 
may be underestimated. In addition, the exact reasons for 
termination of further treatment and evaluation could not 
been investigated, possible reasons including the COVID-19 
pandemic, different medical insurance, and TRAEs, which 
might affect OS and PFS. Second, there were 5 different 
types of anti-PD-1 antibodies used in our study, the price 
and related adverse events might be different, which might 
also impact the patients’ compliance with treatments. Third, 
we did not compare the combination of regorafenib plus 

anti-PD-1 antibody with regorafenib alone, so it’s uncertain 
how much they contributed to efficacy and adverse events. 
Last but not least, only about half of the entire patients 
(55/103, 53.3%) could been assessed by radiological 
evaluation, which might impair the second end point of the 
present study, such as ORR and mPFS.

To date, all the studies conducted on ICIs combined with 
TKIs for refractory mCRC have been phase Ib/II clinical 
or retrospective studies, and the results of these studies 
are inconsistent. Large randomized controlled trials need 
to be conducted to confirm the findings. In our study, we 
found that more cycles of combined therapy led to a greater 
survival benefit, and sintilimab appeared to have better anti-
tumor activity than the other anti-PD-1 antibodies. Further 
studies need to be conducted to confirm these findings 
and a dominant population needs to be selected for ICI 
combined with TKI therapy.

In conclusion, in this retrospective cohort study 
including the largest sample size so far investigating efficacy 
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and safety of anti-PD-1 antibodies plus regorafenib in 
refractory pMMR/MSS mCRC, we revealed that this 
combination treatments had a manageable safety profile 
and could improve prognosis of those patients, especially in 
those receiving >1 cycle. Compared to the other anti-PD-1 
antibodies, sintilimab appears to be more efficacious, but 
further prospective studies need to be conducted.
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