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Abstract

Background and objective Immune checkpoint inhibitor (ICI) therapies have shown promising prospects in colorectal cancer
(CRC) immunotherapy; many clinical trials have been carried out. In this study, we sought to evaluate the efficacy and safety
of ICI therapies in CRC by presenting a meta-analysis of relevant studies.

Methods Databases including PubMed, Embase, Cochrane Library, and Web of Science were systematically searched for
studies concerning the efficacy and safety of ICI in colorectal cancer. The reported odds ratio (OR) or weighted mean dif-
ference (WMD) with 95% confidence intervals (CIs) of overall survival (OS), progression-free survival (PFS), objective
response rate (ORR), disease control rate (DCR), treatment-related adverse events (TRAEs), and TRAEs > 3 in the included
studies were analyzed by fixed effects/random effects models.

Results Three studies involving 667 patients with colorectal cancer were included in our meta-analysis. No significant dif-
ference between the immune checkpoint inhibitor therapies and conventional therapies in OS (WMD =0.73, 95% CI—3.09,
4.54; p=0.71), in ORR (OR=1.54, 95% CI 0.98, 2.40; p=0.06), and in DCR (OR=0.97, 95% CI 0.36, 2.61; p=0.95).
The median PF'S of the ICI therapy group was shorter than that of the conventional therapy group (WMD = —0.10, 95%
CI-0.18,-0.02; p=0.02). At the same time, we also could not find a significant difference between the immune check-
point inhibitor therapies and conventional therapies in TRAEs (OR=1.56,95% CI 0.11, 22.09; p=0.74) and in TRAEs >3
(OR=0.94,95% C10.16, 5.65; p=0.95).

Conclusion Immune checkpoint inhibitor therapies could not improve all survival endpoints to advanced or metastatic colo-
rectal cancer patients. Whether immune checkpoint inhibitors should be the first choice of therapies for colorectal cancer
patients with undetermined microsatellite status or not able to determine microsatellite status needs more related studies to
prove.
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Introduction

Globally, colorectal cancer is the fourth most fatal cancer,
with approximately 0.9 million annual mortalities. It is the
second most common tumor among women and the third
most common tumor among men [1]. Colorectal cancer
accounts for about 10% of all annually diagnosed cancers
and cancer-related mortalities [2]. Morbidity and mortality
rates are highest in the developed countries. By the year
2035, annual global incidences of colorectal cancer are pre-
dicted to increase to 2,500,000 [3].

Since clinical symptoms of colorectal cancer occur
late, most patients are diagnosed when the disease is in the
advanced stages [1]. Depending on cancer characteristics, first-
line therapy for advanced CRC is combination chemotherapy
plus an anti-epidermal growth factor receptor (EGFR) anti-
body or anti-vascular endothelial growth factor (VEGF) [4,
5]; however, progression-free survival time for most patients
is within 9—12 months [6—13]. Therefore, there is a need to
develop effective therapeutic options with fewer side effects.

Immunotherapy has improved tumor treatment [14]. In this
context, metastatic colorectal cancer represents an intriguing
entity, with a minority (4-5%) of tumors which harbor micro-
satellite instability (MSI) and/or mismatch repair deficiency

(dMMR) being highly sensitive to immune checkpoint inhibi-
tors, while a vast majority of immunologically “cold” tumors
are refractory to immunotherapeutic strategies [15]. It has
been confirmed that immune checkpoint inhibitors play an
important role in colorectal cancer patients that are mismatch
repair deficient (AIMMR) [16, 17]. Some humanized monoclo-
nal antibodies, including ipilimumab, nivolumab, pembroli-
zumab, avelumab, atezolizumab, and durvalumab among oth-
ers, have been developed. These drugs have been approved
for use in malignant cancers such as melanoma, non—small
cell lung cancer, urothelial carcinoma, Hodgkin’s lymphoma,
and head and neck squamous carcinoma among others [18].
The National Comprehensive Cancer Network guidelines rec-
ommend pembrolizumab or nivolumab as second-line thera-
peutic options especially for patients with AMMR/MSI-high
mCRC [19]. However, questions remain concerning the role
of immune checkpoint inhibitors (ICIs) for the treatment of
microsatellite-stable (MSS) and mismatch repair—proficient
(PMMR) CRC. It has not been established if the efficacy of
immune checkpoint inhibitors is superior to that of other ther-
apies for colorectal cancer, whether with pMMR or dAMMR.
Therefore, we performed a meta-analysis of various clinical
trials involving colorectal cancer to evaluate the safety and
efficacy of immune checkpoint inhibitors.
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Methods

The systematic review protocol for this study was registered
in PROSPERO (registration number CRD42021238819).

Literature search strategies

Electronic databases, including PubMed, Embase, Cochrane
Library, and Web of Science, were searched. We searched
the literature from inception to March 2021 without restric-
tion of language. In our search strategy, the MeSH terms
combined with related words and keywords were adjusted
to comply with the relevant rules in each database. Search
terms included “colorectal neoplasm,” “colorectal tumor,”
“b7 h1 antigen,” “cd274 antigen,” “programmed cell death
protein 1 inhibitor,” “programmed death ligand 1 inhibitor,”
“immune checkpoint inhibitors,” “nivolumab,” “pembroli-
zumab,” “atezolizumab,” “durvalumab,” “avelumab,” and
“ipilimumab.” All entries that satisfied these criteria were
manually retrieved.

Inclusion and exclusion criteria

The inclusion criteria for eligible studies were (i) confirmed
diagnosis of colorectal cancer; (ii) data on overall survival
(0OS) or progression-free survival (PFS) were available for
evaluating the efficacy of immune checkpoint inhibitors;
(iii) security indicators, including treatment-related adverse
events (TRAESs), grade >3 TRAEs were directly provided or
could be calculated; and (iv) RCTs, irrespective of the blind-
ing method or lack of, were also included. Animal studies,
reviews, editorials, comments, meetings, or case reports
were excluded. Studies with duplicate publications, unbal-
anced matching procedures, or incomplete data were also
excluded.

Data extraction

Two reviewers (Fang xj and Lin x1) independently extracted
the data according to the prescribed selection criteria. Dif-
ferences in opinion were resolved by discussion between
the authors or by obtaining an opinion from a third evalua-
tor. The following data were extracted: the name of the first
author, year of publication, number of patients, study design,
age, gender, tumor types, previous treatment, organ status,
Eastern Cooperative Oncology Group (ECOG) performance
status, intervention methods, and statistical data including
OS, PFS, ORR, DCR, TRAEs, and grade >3 TRAESs. Where
necessary, corresponding authors were contacted to obtain
supplementary information.

@ Springer

Fig. 2 Forest plots of different subgroups. a OS time. b Median PFS»
time. ¢ ORR. d DCR. e TRAESs. f TRAEs >3. CI confidence interval,
OS overall survival, PFS progression-free survival, ORR objective
response rate, DCR disease control rate, TRAESs treatment-related
adverse events, OR odd risk, WMD weighted mean difference

Quality assessment

Cochrane Collaboration’s tool for assessing risk of bias
was used for assessing the quality of each included study
(Fig. 1b). For evaluating selection bias, performance bias,
detection bias, attrition bias, reporting bias, and other bias,
there were seven items provided by the tool. They con-
tained random sequence generation, allocation conceal-
ment, blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data, selective
reporting, and other bias. Each item was answered with one
of the three replies: low risk, unclear risk, and high risk to
assess the bias.

Statistical analysis

Data were extracted from the primary studies and analyzed
using Review Manager (version 5.3, Cochrane Collabora-
tion, Oxford, UK). We expressed results for dichotomous
outcomes as odd risk with 95% confidence intervals (CIs)
and continuous outcomes as weighted mean difference. In
the absence of statistical heterogeneity, a fixed effects model
was used to pool data. In cases of statistical heterogeneity
(»<0.05, 2> 50%), a random effects model was used.

Results
Search results

From the systematic database search, we retrieved 6152 arti-
cles. Based on the inclusion criteria, at total of 6149 articles
were excluded, with 3 [20-22] articles being eligible for the
meta-analysis (Fig. 1a). From the included studies, a total of
667 patients were enrolled. Characteristics of all included
studies are shown in Table 1.

Meta-analysis
Overall survival (OS)

Data on median overall survival outcomes for the 360
CRC patients were obtained. There was no significant
difference between the outcomes of immune checkpoint
inhibitor therapy and conventional therapy (WMD =0.73,
95% CI—3.09, 4.54; p=0.71). Significant heterogeneity
was observed in these studies (p =0.03; >=80%:; Fig. 2a).
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Progression-free survival (PFS)

For the 667 CRC patients, the median progression-free sur-
vival time of the immune checkpoint inhibitor therapy group
was significantly shorter than that of the conventional ther-
apy group (WMD= —0.10,95% CI—-0.18,—0.02; p=0.02).
Significant heterogeneity was not observed in these studies
(p=0.48; I’ =0%; Fig. 2b).

Objective response rate (ORR)

There was no significant difference in ORR between the two
groups (OR=1.54,95% CI 0.98, 2.40; p=0.06). Significant
heterogeneity was not observed in these studies (p=0.91;
I?=0%; Fig. 2¢).

Disease control rate (DCR)

There was no significant difference in DCR between the
immune checkpoint inhibitor therapy group and the con-
ventional therapy group (OR=0.97, 95% CI 0.36, 2.61;
p=0.95). Significant heterogeneity was found in these stud-
ies (p=0.003; I =83%; Fig. 2d).

Treatment-related adverse events (TRAEs)

Incidences of TRAESs in the immune checkpoint inhibitor
therapy group and conventional therapy group were 97.0%
and 95.1%, respectively, a difference that was not significant
(OR=1.56,95% CI0.11,22.09; p=0.74). Significant heter-
ogeneity was observed in these studies (p =0.007; I> =80%;
Fig. 2e). Incidences of TRAEs >3 in the immune checkpoint
inhibitor therapy and conventional therapy groups were
52.4% and 59.5%, respectively, a difference that was not sig-
nificant (OR=0.94, 95% CI1 0.16, 5.65; p=0.95). Significant
heterogeneity was observed in these studies (p <0.00001;
P=96%; Fig. 2f).

Discussion

This is the first meta-analysis to evaluate the efficacy and
safety of immune checkpoint inhibitors, including PD-1,
PD-L1, and CTLA-4 antibodies, as therapeutic options for
colorectal cancer. We found that differences in overall sur-
vival outcomes were not significant between the immune
checkpoint inhibitor group and the group with other thera-
peutic options (including chemotherapy and best support-
ive care). Treatment with immune checkpoint inhibitors
was associated with poor progression-free survival. In
objective response and disease control rates, there was no
significant difference between the two groups. More than
half of patients in the immune checkpoint inhibitor therapy

@ Springer

group exhibited > 3TRAEs, with the incidence in the immune
checkpoint inhibitor therapy group being lower than that of
the conventional therapy group. However, ORs for TRAES
and > 3TRAEs were not significantly different between the
immune checkpoint inhibitor therapy and the conventional
therapy groups. ICI therapy did not exhibit any particular
advantage over conventional therapy in advanced CRC
patients. Moreover, incidences of adverse events in the ICI
therapy group were not significantly lower than those of the
conventional therapy group in advanced CRC patients.

It has been shown that compared to chemotherapy,
immune checkpoint inhibitors exhibit unique response and
survival outcomes for patients with advanced mismatch
repair—deficient/microsatellite-unstable (AMMR/MSI)
colorectal cancer, but have shown disappointing results in
mismatch repair—proficient/microsatellite-stable (pMMR/
MSS) colorectal cancer patients [15, 19, 23]. Negative
results could be attributed to the lack of comparisons of
the efficacy and safety of immune checkpoint inhibitors
in dMMR/MSI colorectal cancer and pMMR/MSS colo-
rectal cancer. Currently, the number of RCTs evaluating
the efficacy and safety of immune checkpoint inhibitors in
dMMR/MSI colorectal cancer and pMMR/MSS colorectal
cancer is very small. More RCTs are needed to confirm
our results.

This study is associated with some limitations. First, we
only used three RCTs. The sample size was relatively small.
Second, we generally analyzed dMMR/MSI and pMMR/
MSS colorectal cancer patients, and we did not perform
subgroup analysis based on colorectal cancer microsatellite
status. Studies should aim at evaluating whether the efficacy
and safety of immune checkpoint inhibitors change accord-
ing to the microsatellite status of CRC. Finally, despite
applications of the random effects model, there was sub-
stantive heterogeneity in some of the results. We could not
use subgroup and sensitivity analyses because the number
of the included studies was relatively small.

Conclusion

Immune checkpoint inhibitor therapies have no particular
advantage over non-immune checkpoint inhibitor therapies.
Moreover, incidences of adverse events due to immune
checkpoint inhibitor therapy are not significantly lower than
those of non-immune checkpoint inhibitor therapy. There-
fore, under the existing evidence, immune checkpoint inhibi-
tors should not be first choice therapies for colorectal cancer
patients with undetermined microsatellite status.
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