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Comparative efficacy and safety of anti-PD-1 therapies used in 
metastatic colorectal cancer: a systematic review and network 
meta-analysis
Qinbo Wang, Qirong Tan, Junrong Chen, Yingjuan Ou, Lihong Huang, Wenfeng Li, Xiaoyan Li, Guozeng Ye

Abstract
Objective: Systemic studies on anti-PD-1 therapy in patients with metastatic colorectal cancer (mCRC) with microsatellite instability or mismatch repair 
defects are lacking. We aimed to summarize the evidence regarding the efficacy and safety of pembrolizumab, nivolumab, ipilimumab, and tislelizumab 
in mCRC. Methods: Network meta-analyses (NMAs) can provide comparative efficacy and safety data for clinical decision-making. In this NMA, eligible 
publications from PubMed, EMBASE, Web of Science, and Cochrane Library from 2016 to April 2023 were identified through a systematic literature review. 
Literature screening and data extraction were performed according to established criteria. The quality of the literature was evaluated using the Cochrane 
risk of bias tool, and statistical analysis was performed using Revman5.4 and R language. The main outcome indicators, DCR, ORR, PFS, and OS, were 
used to evaluate the effectiveness of the drugs, and the main outcome indicators AE and SAE were used to evaluate the safety of each program.  Results: 
Fifteen studies with a sample size of 798 patients were included. In terms of effectiveness, the disease control rate DCR of PD-1 inhibitors was 0.727[95% 
CI:0.654-0.794]; objective response rate ORR was 0.448[95% CI:0.382-0.514]; and the 1-year progression-free survival rate was 0.551[95% CI:0.458-0.642]. 
The 1-year overall survival rate was 0.790[95% CI:0.705-0.865]. The adverse events associated with anti-PD-1 were 0.567[95% CI:0.344-0.778] in terms of 
safety. The total incidence of grade 3 or higher adverse events was 0.241[95% CI:0.174-0.313]. In the subgroup analysis results, the incidence of DCR in 
the nivolumab + ipilimumab group was 0.826[95% CI:0.780-0.869], the ORR was 0.512[95% CI:0.377-0.647], and the PFS was 0.668[95% CI:0.516-0.804]. 
The incidence of AE was 0.319 [95% CI:0.039-0.700] and SAE was 0.294 [95% CI:0.171-0.433].  Conclusions: The efficacy of nivolumab + ipilimumab was 
superior to that of pembrolizumab and nivolumab, with a low incidence of side effects and controllable safety..
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INTRODUCTION
Globally, colorectal cancer (CRC) is one of the major causes 
of cancer-related death, and its related morbidity is steadily 
increasing in both developed and developing countries, ranking 
third in the world.1 More than 900,000 people die from CRC 
every year, ranking second in mortality rate and second only 
to lung cancer.2 Micro-satellites are short and repetitive DNA 
sequences found throughout the tumor genome. Compared 
to normal tissues, the occurrence of new alleles due to the 
insertion or deletion of repeat units at a microsatellite site 
in a tumor is called microsatellite instability (MSI). Defects in 
DNA mismatch repair in tumor cells can lead to microsatellite 
instability. Clinically, microsatellite instability (MSI) and DNA 
mismatch repair defects (dMMR) are important tumor markers 
with far-reaching significance for tumor diagnosis, treatment, 
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and prognosis.3-4

Nearly 15% of colorectal cancer patients are characterized 
by this unstable phenotype, known as mismatch repair 
defect/high microsatellite instability (dMMR/MSI-H), and 
its percentage is related to tumor stage.5 Although early 
screening reduces the risk of onset and death of colorectal 
cancer, 25%-50% of patients still develop metastasis after 
early diagnosis, and approximately 25% of patients are already 
in the advanced stage at the time of diagnosis, which often 
results in poor treatment.6-7 At this point, immunotherapy for 
metastatic colorectal cancer with mismatch repair defects/high 
microsatellite instability (dMMR/MSI-H) was developed.8-9 With 
the development of oncology, immunology, and other related 
disciplines, previous studies have shown that immunotherapy 
has effective and lasting antitumor clinical benefits in dMMR/
MSI-H metastatic colorectal cancer.10

Although immune checkpoint inhibitors have been used in 
the treatment of colorectal cancer,11 the efficacy and safety of 
PD-1 inhibitors in dMMR/MSI-H patients with mCRC remain 
uncertain. This study aimed to systematically summarize 
the available evidence and provide an efficient overview of 
published meta-analyses (MAs) on the efficacy and safety of 
pembrolizumab, nivolumab, ipilimumab, and tislelizumab 
monotherapy or combination therapy in patients with 
metastatic colorectal cancer with microsatellite instability 
or mismatch repair defects (dMMR/MSI-H), and hopefully 
support clinical decision-making. 

MATERIALS AND METHODS
Literature search 

The PubMed, EMBASE, Web of Science, and Cochrane Library 
databases were searched Jan from 2016 to April 2023, and 
patients with mCRC and dMMR/MSI-H included identified 
systemic monotherapy or systemic therapy and reported 
efficacy or safety, search terms included metastatic colorectal 
cancer, pembrolizumab, nivolumab, ipilimumab, tislelizumab, 
microsatellite instability, and DNA mismatch repair. The search 
was limited to papers published in English or in international 
scientific journals. Conference abstracts were excluded as they 
usually present the results of preliminary analyses, which later 
appear as full-text publications. The references were screened 
to identify additional eligible publications that might have been 
missed by the electronic search.

Eligibility criteria

Patients with pathologically confirmed MCRCS, which can also 
be referred to as “Stage IV CRC”, “Advanced CRC” or “first-line 
treatment failure CRC”. The MSI/MMR status of the patient was 
clearly described as MSI-H/dMMR. The intervention methods 
included anti-PD-1 monotherapy or combination therapy with 
other drugs. Patients were at least 12 years old and were not 
restricted by gender, nationality or race. Literatures were 
excluded from experience summary, case reports and reviews.

Main outcome indicators: (1) objective response rate (ORR), 
(2) disease control rate (DCR), (3) incidence of adverse 

events (AE), (4) incidence of serious adverse events (SAE), (5) 
complete response rate (CR), (6) partial response rate (PR), 
(7) stable disease (SD), (8) progressive disease (PD), (9) 1-year 
progression-free survival rate (PFS), (10) 1-year overall survival 
rate (OS), DCRS and ORRs were evaluated according to RECIST 
version 1.1. In addition, SAE refers to grade 3 and above adverse 
events. In this study, ORR, DCR, PFS, and OS indices were used 
to evaluate the effectiveness of the drug, AE and SAE outcome 
indices were used to evaluate the safety of the drug, and other 
indices were used as reference indices when the main outcome 
indices were not statistically significant.

Literature screening and data extraction

Two researchers independently selected the literature, and the 
literature retrieved using the search strategy was summarized 
and imported into Endnote20. Repeated literature was excluded 
by automatic re-checking, and non-conforming literature was 
excluded by manual re-checking for a second time. The full 
text of the remaining literature was obtained and carefully 
read, and the literature to be studied was included according 
to the established criteria. Finally, we compare the results of 
the screening, disagreement through discussion, or by third 
party participation decision. Data extracted from the literature 
included author, publication year, intervention regimen, drug 
dose, sample size, follow-up time and outcome indicators.

Quality evaluation of the literatures

Cochrane bias risk assessment tool was used to evaluate 
the quality of the included studies from six dimensions, and 
selection bias was used to evaluate the generation of random 
sequences and allocation hiding. The bias dimension was used 
to evaluate whether the subjects and test personnel were 
blinded. The measurement bias dimension evaluation blinded 
the outcome evaluator, completeness of the results of the 
follow-up bias dimension evaluation data, and whether the 
report bias evaluation selectively reported the study results 
and evaluated other sources of bias. 

Statistical Analysis

R software was used for statistical analysis, and was statistical 
significance was set at P < 0.05. I2 was used to quantify 
the heterogeneity among the multiple research results. 
Heterogeneity was considered when I2 was less than 50%. A 
random effects model and double arcsine conversion were 
used in this study. Subgroup analysis was used to explore the 
source of heterogeneity, which was divided into monotherapy 
and combination therapy subgroups, including pembrolizumab, 
nivolumab and ipilimumab subgroups, and the Egger test was 
used to evaluate publication bias.

RESULTS
According to the literature search strategy, 442 studies were 
retrieved, including 96 studies from PubMed database, 299 
studies from EMBASE database, and 47 studies from Cochrane 
database. The literature was sorted, duplicates were removed, 
titles and abstracts were read, and the full text was reviewed. 
The literature screening flow chart (Figure 1) showed that 15 
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Results of literature quality evaluation

Owing to the characteristics of single-arm trials, only four 
studies used randomized controlled trials, seven of which were 
open trials, three of which had incomplete outcome data. The 
higher risk of bias was evaluated in three aspects: random 
sequence generation, assignment hiding, and incomplete 
outcome data (S). 

Validity and Subgroup Analysis

Disease control rate (DCR) and Objective response rate (ORR)

A total of 564 patients included in the study assessed disease 
control rate (DCR) for immunotherapy for metastatic colorectal 
cancer (Figure 3A). There was high heterogeneity among the 
studies (P<0.01, I2=75.26%), and the overall DCR incidence 
was 0.727 [95%CI: 0.654-0.794]. The incidence of DCR in the 
pembrolizumab group was 0.673 [95%CI: 0.5777-0.763]. 
The incidence of DCR in the nivolumab group was 0.792 
[95%CI: 0.710-0.864]. The incidence of DCR in the nivolumab 
+ ipilimumab group was 0.826 [95%CI: 0.780-0.869]. There 
were 366 patients recorded objective response rate (ORR) 
of immunotherapy for metastatic colorectal cancer (Figure 
3B). There was heterogeneity among the studies (P<0.01, 
I2=68.75%), and the overall ORR incidence was 0.448 [95%CI: 
0.382-0.514]. In subgroup analysis, the heterogeneity of 
pembrolizumab group was (P=0.26, I2=20.22%), and the ORR 
was 0.415 [95%CI: 0.355-0.476], which was not statistically Figure 1. Flow diagram of the study selection process

Table 1. Characteristics of studies included in the meta-analysis

Author, Year Intervention Dosage Median Survival 
Time (MST)

Subjects 
(n)

Male 
ratio (%)

Median 
age Outcomes

Sinicrope FA,201812 Pembrolizumab 200mg q3w 13.5 24 N/A N/A ①	 ②⑤-⑨

Kawazoe A,202013 Pembrolizumab 200mg q3w 10.4 10 50 53 ①	 -⑧

Shiu KK,202014 Pembrolizumab 200mg iv q3w 32.4 153 46 63 ①	 ②④-⑨

Kuang C,202015 Pembrolizumab 200mg iv q3w 24 30 54.8 61 ①	 -⑧

Yoshino T,202116 Pembrolizumab 200mg iv q3w 28.7 22 46.4 61.9 ①-⑥⑨⑩

Ghaus A,202217 Pembrolizumab 200mg iv q3w 9 39 N/A 68 ①	 ②④-⑧⑩

Leal AD,201718 Pembrolizumab 2mg/kg q3w,200mg q3w 29 19 59 48.6 ①②④-⑩

Omar NEH,201919 Pembrolizumab 200mg q3w 41 9 N/A N/A ①	 ②④-⑧⑩

Le DT,202020 Pembrolizumab 200mg iv q3w 31.3 61 59 53 ①-⑩

24.2 63 52 59 ①	 -⑩

Bergamo F,201821 Nivolumab 3mg/kg q2w 21 74 N/A N/A ①	 -⑩

LenZ HJ,202122 Nivolumab + Ipilimumab N:3mg/kg q2w
I:1mg/kg q6w 29 45 N/A 66 ①	 ②④-⑩

CohenR,202223 Nivolumab + Ipilimumab N:3mg/kg q3w/q2w
I:1mg/kg q3w 34.5 57 52.6 56.5 ①②④-⑩

Andre T,202224 Nivolumab + Ipilimumab N:3mg/kg q3w/q2w
I:1mg/kg q3w 50.9 119 59 58 ①	 -⑩

Lam JJM,202025 Nivolumab + Ipilimumab N:3mg/kg q3w
I:1mg/kg q3w 12 46 44.9 57 ①	 ②⑤-⑧

Andre T,201726 Nivolumab + Ipilimumab N:3mg/kg q3w/q2w
I:1mg/kg q3w ≥6 27 N/A N/A ①	 -⑧

studies were qualitatively and comprehensively included in the 
meta-analysis. The basic information of the included literatures 
was obtained (Table 1), and 15 studies were selected.
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Figure 2. Bias risk bar chart
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significant due to P>0.05. The incidence of ORR in the and 
nivolumab group was 0.480 [95%CI: 0.356-0.606]. The ORR in 
the nivolumab + ipilimumab group was 0.512 [95%CI: 0.377-
0.647]. The results suggested that the group of nivolumab + 
ipilimumab has a better DCR and ORR than pembrolizumab 
group.

Progression-free survival (PFS) and overall survival rate (OS) 
Nine studies evaluated 1-year progression-free survival for 
immunotherapy of metastatic colorectal cancer, including 334 
patients (Figure 4A). Heterogeneity existed among the studies 
(P<0.01, I2=77.16%), and the overall 1-year progression-free 
rate was 0.551 [95%CI: 0.4588-0.642]. The subgroup analysis 
showed that the incidence of PFS in the pembrolizumab group 
was 0.497 [95%CI: 0.393-0.601]. In the nivolumab group, the 
value was 0.614 [95%CI: 0.462 to 0.756]. The incidence rate 
was 0.668 in the nivolumab + ipilimumab group [95%CI: 0.516-
0.804]. In conclusion, the 1-year progression-free survival rate 
was highest in the nivolumab + ipilimumab group. 

Thirteen studies evaluated the 1-year overall survival rate of 
immunotherapy for metastatic colorectal cancer, including 
391 patients (Figure 4B). Heterogeneity existed among 
studies (P<0.01, I2=70.96%), and 1-year overall survival was 
0.790 [95%CI: 0.75-0.865]. The subgroup analysis showed 
that the incidence of OS in pembrolizumab group was 0.802 
[95%CI: 0.638-0.929]. In the nivolumab group, the value was 
0.768 [95%CI: 0.717-0.75617]. The incidence was 0.787 in the 
nivolumab + ipilimumab group [95%CI: 0.724-0.844]. There 
was no statistical significance in the nivolumab group (P=0.34, 
I2=9.9%) and the nivolumab + ipilimumab group (P=0.37, 
I2=0.14%), P > 0.05.

Security Analysis 

Adverse event (AE) and Serious adverse events (SAE)

Adverse effects of immunotherapy for metastatic colorectal 
cancer were reported in 13 studies, involving 431 patients 
(Figure 5A). There was significant heterogeneity among the 
studies (P<0.01, I2=97.24%), and the overall incidence of 
adverse events was 0.567 [95%CI: 0.344-0.778]. The incidence 
of AE was 0.723 [95%CI: 0.466-0.924] in the pembrolizumab 
group, 0.295 [95%CI: 0.067-0.059] in the nivolumab group, 
and 0.319 [95%CI: 0.039-0.700] in the nivolumab + ipilimumab 
group. This indicated that the risk of AE was higher in the 
pembrolizumab group, followed by the nivolumab + ipilimumab 
and nivolumab monotherapy groups.

Fourteen studies involving 214 patients evaluated the incidence 
of grade 3 or higher adverse events in immunotherapy 
for metastatic colorectal cancer (Figure 5B). There was 
heterogeneity among the studies (P<0.01, I2=77.58%), and the 
overall incidence of grade 3 or higher adverse events was 0.241 
[95%CI: 0.174-0.313]. The incidence of SAE was 0.213 [95%CI: 
0.128-0.311] in the pembrolizumab group, 0.277 [95%CI: 
0.174-0.392] in the nivolumab group, and 0.294 [95% CI: 0.171-
0.433] in the nivolumab + ipilimumab group. In conclusion, 
the incidence of serious adverse reactions was higher in the 
nivolumab + ipilimumab group than in the nivolumab and 
pembrolizumab groups.

Publication Bias

The Egger test was used to evaluate the publication bias of each 
outcome indicator, and it is generally believed that a significant 
publication bias exists when p < 0.05 (Table 2). The Egger test 
of disease-stable SD showed publication bias, which may have 
been caused by small sample study effects. The P-values of the 

 
Figure 3. Forest plot (DCR, ORR)
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Figure 4. Forest plot (PFS, 0S)

Figure 5. Forest plot (AE, SAE)
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other outcome indicators were all greater than 0.05, indicating 
that there was no significant publication bias in other included 
studies.

Sensitivity Analysis

Sensitivity analysis was performed on all indicators in this 
study, the result of the sample DCR indicator showed the 
heterogeneity did not change significantly after the deletion of 
references individually, indicating the robustness and reliability 
of the combined results of the meta-analysis (Figure 6).

DISCUSSION
Colorectal cancer is caused by environmental, genetic, and 
other factors. Conventional treatments include traditional 
chemotherapy, radiotherapy and surgery. In recent years, 
although great progress has been made in the treatment of 

colorectal cancer, the treatment effect of advanced colorectal 
cancer is still not ideal, and the prognosis is poor. Immune 
checkpoint inhibitors have been shown to shine in gastric 
cancer and non-small cell cancer,27,28 and immunosuppressive 
agents have shown good efficacy in the treatment of 
advanced colorectal cancer patients.29 The KEYNOTE016 
study administered pembrolizumab 10mg/kg every 2 weeks 
to patients who had failed standard therapy. The primary 
endpoint was objective response rate (ORR), which was 40%, 
71%, and 0%, respectively.30 It can be seen that patients with 
advanced dMMR colorectal cancer can benefit from PD-1 
inhibitor monotherapy.31 The 2020 KEYNOTE-177 study showed 
that pembrolizumab significantly prolonged PFS over standard 
chemotherapy, with a median PFS16.5 months (5.4 to 32.4 
months) vs 8.2 months (6.1 to 10.2 months).32 The ORR was as 
high as 67% in the pembrolizumab group, compared with 51% 
in the chemotherapy group.33 Immunotherapy is becoming the 
first-line treatment for MSI-H/dMMR patients with mCRC. 

According to the standard strategy developed in this study, 
there is no relevant literature on the use of tirellizumab in 
the treatment of advanced metastatic colorectal cancer, 
and its efficacy, safety, and economy are unknown. Only 
pembrolizumab, nivolumab and ipilimumab, which are PD-1 
inhibitors, were included in study. The Cochrane risk assessment 
tool was used for quality evaluation of the literature. Nine 
studies, Andre T,2017 et al, were non-randomized trials 
assessed as high risk in random sequence generation and LE 
DT, and seven studies, 2020 et al, were open trials and assessed 
as high-risk factors in allocation hiding. Therefore, we added 
the MINOROS quality evaluation to the nine studies of non-
randomized trials, and the result was 13-14 points, indicating 
that the included literature was of high quality. Since all of 

Table 2. Egger test publication bias

Parameter t value P value

Objective response rate (ORR) -0.47 0.6456

Disease control rate (DCR) 0.39 0.7024

Incidence of adverse events (AE) -1.39 0.1906

Incidence of serious adverse events (SAE) -1.39 0.2182

Complete response rate (CR) 0.68 0.5112

Partial response rate (PR) -0.74 0.4708

Stable disease (SD) 2.36 0.0377*

Progressive disease (PD) -0.62 0.7954

Progression-free survival rate (PFS) 1.09 0.3128

Overall survival rate (OS) 0.37 0.7228

Figure 6. Sensitivity chart (DCR)
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these researchers met our requirements, our study included 
a one-arm trial and a two-arm trial for meta-analysis. Median 
progression-free survival and median overall survival were not 
found in individual studies at the end of follow-up; therefore, 
our outcome measures used 1-year progression-free survival 
and 1-year overall survival. When data records were missing, 
we tried to contact the author or publisher for information but 
received no response. 

Based on the results of the meta-analysis, the disease control 
rate for evaluating the effectiveness of PD-1 inhibitors was 0.727 
[95%CI: 0.654 to 0.794]. ORR was 0.448 [95%CI: 0.382-0.514]. 
The 1-year progression-free survival rate was 0.551 [95%CI: 
0.4588-0.642]. The 1-year overall survival rate was 0.790 
[95%CI: 0.705-0.865]. Adverse events evaluated for the safety 
of PD-1 inhibitors was 0.567 [95%CI: 0.344-0.778]. The overall 
incidence of grade 3 and above adverse events was 0.241 SAE 
[95%CI: 0.174-0.313], consistent with the results of most studies; 
immunotherapy resulted in good outcomes for patients with 
advanced colorectal cancer. Owing to the characteristics of the 
one-arm trial, there was significant heterogeneity among the 
results of various studies. We conducted a subgroup analysis 
to explore the sources of heterogeneity. The subgroups were 
divided into pembrolizumab group, nivolumab group, and 
nivolumab + ipilimumab group based on whether the median 
follow-up time was greater than 25 months. The median 
follow-up time was correlated only with SD heterogeneity, 
and the type of PD-1 inhibitor selected: pembrolizumab or 
nivolumab correlated with AE, DCR, and PD heterogeneity. The 
type of PD-1 inhibitor selected: pembrolizumab+ ipilimumab or 
nivolumab + ipilimumab was associated with DCR, PR, and PD.

In the efficacy results of subgroup analysis, the DCR of 
pembrolizumab group was 0.673 [95% CI: 0.5777-0.763], the 
PFS was 0.497 [95% CI: 0.393-0.601], and the OS was 0.802 
[95% CI: 0.638-0.929]. In the nivolumab group, the DCR was 
0.792 [95% CI: 0.710-0.864], the ORR was 0.480 [95% CI: 0.76-
0.606], and the PFS was 0.614 [95% CI: 0.462-0.756]. The OS was 
0.768 [95% CI: 0.717-0.75617]. The incidence of DCR was 0.826 
[95% CI: 0.780-0.869], ORR was 0.512 [95% CI: 0.377-0.647], 
and PFS was 0.668 [95% CI: 0.516-0.804] in the nivolumab + 
ipilimumab group. When the result is P > 0.05, it is generally 
considered that the difference is not statistically significant, 
so we excluded this outcome indicator from the comparison 
of efficacy or safety. The analysis showed that nivolumab plus 
ipilimumab achieved good results in the treatment of patients 
with microsatellite instability or mismatch repair defect (MSI-H/
dMMR) metastatic colorectal cancer.

For the safety assessment of PD-1 inhibitors, we selected AE 
and SAE (grade 3 or above) as indicators. Among the subgroup 
analysis results, the incidence of AE in the pembrolizumab 
group was 0.723 [95%CI: 0.466-0.924] and that of SAE was 
0.213 [95%CI: 0.128-0.311]. The incidence of AE in the 
nivolumab group was 0.295 [95% CI: 0.067-0.059] and SAE was 
0.277 [95%CI: 0.174-0.392]. The incidence of AE was 0.319 
[95%CI: 0.039-0.700] and SAE was 0.294 [95%CI: 0.171-0.433] 
in the nivolumab + ipilimumab group. The incidence of AE 
was higher in the pembrolizumab group, while there was no 
significant difference in the incidence of AE and SAE between 

the nivolumab and nivolumab + ipilimumab groups, and the 
safety was higher than that in the pembrolizumab group. We 
conducted publication bias and sensitivity analysis of the safety 
and effectiveness results. In view of the large heterogeneity 
and small sample size of the one-arm test, it is not appropriate 
to use funnel plot asymmetry to assess publication bias. In 
this study, the Egger test was used, which can more accurately 
detect publication bias. The sensitivity analysis showed that 
the results were robust and reliable. The results of this study 
indicate that PD-1 inhibitors play an important role in the 
effectiveness of immunotherapy for advanced colorectal 
cancer. In subgroup analysis, the efficacy of nivolumab plus 
ipilimumab was superior to that of pembrolizumab and 
nivolumab. In terms of safety, the incidence of side effects in 
the nivolumab and nivolumab + ipilimumab groups were low, 
and safety was controllable.

This study has some limitations. Most of the projects in this 
study were single-arm trials with small sample sizes and large 
differences in treatment cycles and follow-up times, which 
would affect the statistical results and have certain limitations. 
Therefore, more reliable and high-quality clinical studies are 
required to confirm our findings. The results of the meta-
analysis depended on all included studies. Some uncontrollable 
factors, such as lack of standardized and rigorous design, small 
sample size, and publication bias of experimenters, will affect 
the statistical results. The results of the meta-analysis are also 
constantly updated, and more high-quality trials are needed to 
support the conclusions.
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