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Abstract. Currently, standard treatment of patients with 
metastatic colorectal cancer (mCRC) comprises chemotherapy 
(CT) and/or biological therapy (BT) and/or best supportive 
care (BSC). The present study performed a meta‑analysis on 
five phase II‑III randomized clinical trials, which compared 
CT/BT/BSC as the control arm with the immune checkpoint 
inhibitors (ICIs) anti‑programmed cell death protein 1 (PD‑1) 
or its ligand (PD‑L1) alone or in combination with cytotoxic 
T lymphocyte antigen 4 or mitogen activated protein kinase 
kinase inhibitors as the experimental arm, to evaluate whether 
a standard approach could be overcome using the novel target 
therapy strategy. Pooled hazard ratio (HR) for progression‑free 
survival was 0.95 in favor of the experimental arm [95% confi‑
dence interval (CI), 0.74‑1.22; P=0.68]. Heterogeneity was 
significant: Cochran's Q, 21.0; P=0.0082; I2 index, 76%. 
Pooled HR for overall survival was 0.88 in favor of the 
experimental arm (95% CI, 0.75‑1.02; P=0.08). Heterogeneity 
was not significant (Cochran's Q, 6.0; P=0.31; I2 index, 16%). 
The present meta‑analysis demonstrated a trend toward the 
improvement of survival by PD‑1/PD‑L1 blockade in mCRC. 
Further homogeneous studies are necessary to strengthen 
these results, beyond the known benefits of ICIs in deficient 
mismatch repair/high microsatellite instability tumors.

Introduction

Colorectal cancer (CRC) is one of the most frequent causes 
of disease‑associated deaths in industrialized countries and 
ranks second in terms of cancer‑associated mortality world‑
wide (1). Despite the favorable contribution of screening 
programs, 25% of patients have advanced disease at diag‑
nosis and 25‑50%, who are at an early stage at diagnosis, 
develop metastatic disease over time (2). The prognosis of 
patients with metastatic CRC (mCRC) is poor despite the 
progress of multidisciplinary disease management as well 
as the current standard systemic treatment that consists of 
fluoropyrimidine‑based chemotherapy (CT) plus oxaliplatin 
and/or irinotecan combined with biological therapy (BT), such 
as monoclonal antibodies targeting VEGF or EGFR. Owing 
to these approaches, average survival has tripled to ~3 years 
in the last two decades compared with fluorouracil alone 
(11 months); however, the percentage of patients still alive at 
5 years remains only ~10% (3,4).

In this scenario, the challenge of immunotherapy (IT) has 
emerged with exciting long‑term responses. This has been 
firstly observed in tumors with poor prognosis, such as mela‑
noma and non‑small cell lung cancer (5). The up‑and‑coming 
efficacy of IT has been reported in other solid tumors, 
including gastrointestinal tumors, such as programmed death 
ligand 1 (PD‑L1)‑positive gastroesophageal junction and hepa‑
tocellular carcinoma (6).

Microsatellite instability (MSI) is a hypermutable pheno‑
type caused by the loss of DNA mismatch repair (MMR) 
activity (7). A total of ~15% of all patients with CRC have 
deficient MMR (dMMR)/high MSI (MSI‑H) tumors, 
two‑thirds of which are categorized as sporadic and one‑third 
as germline, while 3‑6% of patients with advanced CRC 
express a dMMR/MSI‑H status (8). The remaining patients 
are classified as proficient MMR (pMMR) or have microsat‑
ellite stable (MSS) tumors or tumors with low MSI, which 
indicates instability in <30% of the loci and is often regarded 
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as indistinct from MSS (9). In dMMR/MSI‑H signature, high 
tumor mutational burden (TMB; corresponding to ≥10 muta‑
tions per 106 DNA bases) and immune cells within the tumor 
microenvironment, such as tumor infiltrating lymphocytes and 
macrophages, plus interferon gamma signaling represent the 
biological background for the role of IT in CRC (10).

Immune checkpoint inhibitors (ICIs) received accelerated 
Food and Drug Administration (FDA) regulatory approval on 
May 2017 for patients with dMMR/MSI‑H mCRC pretreated 
with standard therapeutical lines. This was based on the results 
obtained from the anti‑programmed cell death protein 1 
(PD‑1) humanized IgG4 monoclonal antibody, pembroli‑
zumab, across five uncontrolled, multi‑cohort, multicenter, 
single‑arm clinical trials (90 patients affected by CRC) (11). 
CheckMate‑142 was another notable study that obtained FDA 
approval in August 2017 for the anti‑PD‑1 fully human IgG4 
monoclonal antibody nivolumab. A total of 74 pretreated 
patients with dMMR/MSI‑H mCRC received nivolumab in 
monotherapy with a dose of 3 mg/kg every 2 weeks. Overall, 
these patients demonstrated an objective response rate (ORR) 
of 31%, a progression‑free survival (PFS) rate at 12 months 
of 48.4% and an overall survival (OS) rate at 12 months of 
73.8%, regardless of PD‑L1 expression level or BRAF/KRAS 
mutation status, with an acceptable rate of adverse events (12).

Thereafter, in July 2018, nivolumab plus the anti‑cytotoxic 
T‑lymphocyte antigen 4 (CTLA4) monoclonal antibody, 
ipilimumab, obtained regulatory approval owing to the results 
of further two cohorts developed by CheckMate‑142. In the 
Phase II CheckMate‑142/NCT02060188 trial, 119 patients with 
dMMR/MSI‑H mCRC were treated with 3 mg/kg nivolumab 
plus 1 mg/kg ipilimumab intravenously once every 3 weeks 
for four times followed by 3 mg/kg nivolumab once every 
2 weeks. Overall, these patients demonstrated an ORR of 58%, 
PFS rates at 12 and 24 months of 71 and 60%, respectively, and 
OS rates at 12 and 24 months of 85 and 74%, respectively, with 
treatment‑related grade (G)3‑4 manageable toxicity for 31% of 
them (13,14).

In the CheckMate‑142 study/LBA18_PR, 45 previously 
untreated patients with dMMR/MSI‑H mCRC received 
3 mg/kg nivolumab every 2 weeks and a low dose of 
1 mg/kg ipilimumab every 6 weeks until disease progres‑
sion. These patients demonstrated an ORR of 60% (complete 
response, 7%), a 12‑month PFS rate of 77% and a 12‑month 
OS rate of 83% at a median follow‑up of 13.8 months and an 
exceptionally low rate of G3‑4 adverse events (AEs; 16%) (15). 
More recently, KEYNOTE‑177 demonstrated that patients 
with dMMR/MSI‑H mCRC who received pembrolizumab 
as first line treatment had the probability of living without 
progression twice on average compared with patients under‑
going the conventional approach (16). Based on these data, 
the present meta‑analysis was designed with the aim to clarify 
and improve interpretation of the results of the heterogeneous 
studies currently available on ICIs in an advanced CRC setting.

Materials and methods

Systematic review and meta‑analysis. The present study 
was performed in accordance with the Preferred Reporting 
Items for Systematic Reviews and Meta‑analyses guidelines 
(PRISMA 2009 checklist) and their extensions (17,18). No 

study involving human participants and requiring ethics 
committee approval based on the Declaration of Helsinki and 
its subsequent revisions was conducted during the present 
investigation.

Eligibility criteria
Inclusion criteria. The trials, which may be prospective and 
randomized, concerned the diagnosis of chemo‑naive or 
non‑chemo‑naive mCRC. Abstracts that contained sufficient 
information detailing study design, patient characteristics 
and outcomes were considered. Patients in the experimental 
arm received treatment with a monoclonal antibody targeting 
PD‑1/PD‑L1 alone or in combination (ICI arm). Patients in the 
control arm received the standard of care with CT and/or BT 
and/or best supportive care (BSC) (CT/BT/BSC arm).

Exclusion criteria. Non‑comparative studies, non‑randomized 
clinical trials and studies that did not involve the target 
drugs of the present study were excluded. Studies that had no 
comparable endpoints, cost effective analyses or studies that 
were written in languages other than English were excluded. 
Trials with radiotherapy were also excluded due to major 
heterogeneity.

Data extraction and quality evaluation. The public databases 
MEDLINE (https://www.nlm.nih.gov/medline/index.html), 
PubMed (http://www.ncbi.nlm.nih.gov/pubmed), Embase 
(www.embase.com) and Central Registry of Controlled Trials 
of the Cochrane Library (www.cochranelibrary.com) were 
searched for entries from January 01, 1993 until June 15, 2021 
and abstracts and relevant full texts were retrieved. A Google 
academic search (scholar.google.com), including meeting 
abstracts, was also performed to track relevant references. 
The search included the following keywords: (‘Colorectal’ 
OR ‘colorectum’ OR ‘colon’ OR ‘rectum’ OR ‘rectal’) AND 
(‘adenocarcinoma’ OR ‘carcinoma’ OR ‘tumor’ OR ‘neoplasm’ 
OR ‘cancer’) AND (‘programmed cell death protein 1’ OR 
‘PD‑1’ OR ‘programmed death ligand 1’ OR ‘PD‑L1’ OR 
‘B7‑H1’ OR ‘CD274’ OR ‘checkpoint inhibitor’).

Study selection and data collection process. The studies were 
examined independently by two investigators (MSR, MR) to 
verify concordance with the eligibility criteria. Variables, such 
as the number of enrolled patients, year of publication, the 
treatment program and efficacy endpoints, were extracted and 
evaluated. All patients were considered for PFS, OS, ORR and 
safety profile. Any discrepancy was resolved by an arbitrator 
(MGZ).

Summary measures and statistical analysis. The hazard ratios 
(HRs) for PFS and OS and the relative ratios (RRs) for ORR 
and for risk of G≥3 AEs, with their corresponding confidence 
intervals (CIs), were derived from each included study and 
were compared in the two groups, ICI vs. CT/BT/BSC arm. 
The percentage of objective responses (for example, complete 
or partial response according to the Response Evaluation 
Criteria in Solid Tumors) and toxicities (G3, 4 and 5 AEs) were 
collected along with their CIs, separately, for each treatment 
arm of each study (19,20). The pooled HRs for PFS and OS 
were calculated using the random‑effects model, to generate 
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a more conservative estimate than a fixed‑effects model. The 
pooled RRs for ORR and for G≥3 AEs were also calculated 
using the random‑effects model. HRs, RRs and CIs were 
translated into logarithm (log) of the HRs, log of the RRs and 
the corresponding variances. Each study (log)HR and (log)RR 
were weighted by the inverse of their variance. Weights were 
considered equal to the inverse of the reported within‑study 
variance plus the between‑study variance component τ2. 
The moment estimator of the between‑study variance was 
used. The Cochran's Q statistics and the associated test were 
calculated to assess between‑study heterogeneity. In addition 
to Cochran's Q, the I2 statistics, which express the percentage 
of the total observed variability due to heterogeneity, were 
also calculated to give an improved measure of the inter‑trial 
consistency. For higher values of the I2 index, heterogeneity 
is improved (an I2 index of 25, 50 and 75% corresponds to 
low, medium and high heterogeneity, respectively). Forest plots 
were reported to display the meta‑analysis results. Publication 
bias was examined in funnel plots using a regression symmetry 
test. The analyses were conducted using the R package 
Metafor (Viechtbauer W, 2010; https://doi.org/10.18637/jss.
v036.i03) and figures were produced using the R base graphics 
functions (R Core Team, 2014; http://www.R‑project.org/). 
P<0.05 was considered to indicate a statistically significant 
difference (21‑23).

Results

Study selection. Published within the 1993‑2021 timeframe, 
1,399 articles were contained in the bibliographic databases. 
All non‑related topic studies, non‑comparative studies, 
non‑randomized clinical trials and duplicates were excluded. 
The remaining 17 articles were further reviewed as potential 
candidates for the present meta‑analysis, but only five articles 
met the aforementioned inclusion criteria. The searching and 
selection process is outlined in Fig. 1.

Individual study characteristics and results. The included 
studies were conducted on chemo‑naive or non‑chemo‑naive 
mCRC. The total number of patients from all trials was 1,423. 
The characteristics and efficacy results of the selected studies 
are reported in Table I.

Pembrolizumab. Besides the phase Ib basket tr ial 
KEYNOTE‑028, which demonstrated a favorable safety profile 
in 23 pretreated PD‑L1‑positive patients with mCRC (24), the 
efficacy of pembrolizumab, which binds to the PD‑1 receptor 
and blocks its interactions with ligands PD‑L1 and PD‑L2, 
was evaluated in the phase 2 study KEYNOTE‑016. This 
trial reported an immune‑related ORR of 40% and a 20‑week 
immune‑related PFS rate of 78% in a cohort of 41 patients 

Figure 1. Flow chart of the literature search used in the present meta‑analysis.
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with treatment‑refractory dMMR/MSI‑H mCRC (25,26). 
The KEYNOTE‑164 study confirmed the antitumor activity 
of pembrolizumab in 61 patients with treatment‑refractory 
dMMR/MSI‑H mCRC, with an ORR of 33%, a PFS of 
2.3 months and an OS of 31.4 months at a median follow‑up 
of 31.3 months. In a cohort of 63 patients treated with >1 prior 
line of therapy, ORR was 33%, PFS was 4.1 months, and OS 
was not reached at a median follow‑up of 24.2 months (27). 
KEYNOTE‑177 is a phase 3, open‑label trial, which random‑
ized 307 patients with treatment‑naive dMMR/MSI‑H mCRC 
to receive pembrolizumab 200 mg intravenously every 3 weeks 
for up to 35 cycles or the standard care CT, with or without 
the biological agents bevacizumab (anti‑VEGF) or cetuximab 
(anti‑EGFR). Patients receiving CT could crossover to pembro‑
lizumab after progression. Median follow up was 44.5 months 
with pembrolizumab and 44.4 months with CT. PFS was 
markedly increased in the pembrolizumab arm vs. the CT arm 
(HR, 0.59); however, only a trend toward the improvement of 
survival was reached with pembrolizumab with respect to CT 
(HR, 0.74; P=0.0359; for OS significance, the P‑value had to 
meet a prespecified one‑sided α=0.0246; Table I) (16). Data 
reported at the 2021 Gastrointestinal Cancer Symposium and 
at the 2021 American Society of Clinical Oncology Annual 
Meeting revealed that the benefit of first line pembrolizumab 
continued beyond disease progression on the subsequent line 
of treatment, despite the high crossover to IT (36% of patients 
of the CT arm plus an additional 37 patients who received 
an ICI outside of the study, for an effective crossover rate of 
60%). The second PFS (PFS2; the time from randomization to 
disease progression on the next line of therapy or death from 
any cause) was 24.9 months in the CT arm (62% PFS2 events) 
and 54.0 months in the ICI arm (44% PFS2 events), with an 
HR of 0.61 (95% CI, 0.44‑0.83) (16,28).

Durvalumab. In a phase I study, 11 patients with mCRC, 
unselected for MMR status, were treated with durvalumab, a 
human IgG1 monoclonal antibody directed against the PD‑L1 
receptor, plus tremelimumab, a monoclonal antibody directed 
against the CTLA4 protein, reaching one partial response and 
three stable disease (29). In the phase II trial CCTG CO.26, 
180 patients with refractory mCRC, were randomized 2:1 to 
receive durvalumab (1,500 mg intravenously every 28 days), 
associated for the first four cycles to tremelimumab (75 mg 
intravenously), vs. BSC, after failure of all standard regimens. 
No patients with known dMMR/MSI‑H tumors were enrolled. 
At a median follow‑up of 15.2 months, OS was significantly 
in favor of the experimental arm, where the two‑sided P‑value 
was considered statistically significant if <0.10 (HR, 0.72; 
P=0.07; Table I). In patients confirmed to have pMMR/MSS, 
the HR for OS was 0.66 in favor of the combined arm (90% CI, 
0.49‑0.89; P=0.02). No significant difference was reported 
in median PFS (HR, 1.01; P=0.97). The disease control rate 
(DCR) was statistically superior for the ICI arm (P=0.006; 
Table I). Quality of life was preserved, although there was a 
higher frequency of AEs in the durvalumab plus tremelim‑
umab arm (30).

Atezolizumab. The humanized IgG1 monoclonal antibody 
atezolizumab dually blocks the PD‑L1 and B7.1 receptors, 
binding to PD‑L1 and reactivating the antitumor immune 

response (25). In preclinical studies, an enhanced immune 
response was observed by adding mitogen activated protein 
kinase kinase (MEK)‑inhibitors to PD‑1/PD‑L1 inhibi‑
tors (31). In a phase Ib trial with atezolizumab plus the MEK 
inhibitor cobimetinib, seven responses were observed: A total 
of six with pMMR/MSS and one with dMMR/MSI‑H tumors 
among 84 patients with mCRC (32). The following multicenter, 
open‑label, phase 3 trial IMblaze 370 randomized 363 patients 
with mCRC with a 2:1:1 modality. After ≥2 previous CT regi‑
mens, patients received atezolizumab 840 mg intravenously 
every 2 weeks plus cobimetinib 60 mg orally once daily 
for 21 days every 28 days (183 patients) vs. atezolizumab 
1,200 mg intravenously every 3 weeks (90 patients) or the 
multi‑kinase inhibitor regorafenib 160 mg orally once daily for 
21 days every 28 days (90 patients). dMMR/MSI‑H patients 
were not to exceed 5%. At a median follow up of 7.3 months, 
the primary endpoint OS did not improve by the combination 
treatment with respect to regorafenib (HR, 1.00; P=0.99) or by 
atezolizumab monotherapy vs. regorafenib (HR, 1.19; P=0.34). 
G3‑4 AEs were prevalent in the combination and regorafenib 
arms (33).

MODUL is a multicenter phase 2 randomized trial with an 
adaptable signal‑seeking approach based on biomarker‑driven 
maintenance therapy, following the first line standard treatment 
of mCRC. The study treatment is divided into an induction 
therapy (FOLFOX regimen plus bevacizumab for 16 weeks) 
and a maintenance phase for patients without progressive 
disease, with the assignment in a cohort through tumor tissue 
biomarkers assessment, and post‑treatment follow‑up. The 
cohorts developed to date were ‘BRAF V600E‑mutated’ 
(Cohort 1) and ‘No Biomarker‑BRAF wild‑type’ (Cohort 2). 
Patients were randomized (2:1) to: i) Fluoropyrimidine plus 
cetuximab plus the inhibitor of the mutated BRAF kinase 
vemurafenib for Cohort 1‑experimental; ii) fluoropyrimidine 
plus bevacizumab plus atezolizumab for Cohort 2‑experi‑
mental; and iii) fluoropyrimidine plus bevacizumab as the 
control arm for all cohorts. Among the 824 patients screened, 
696 were enrolled to induction therapy. In the primary analysis 
of Cohort 2, among 445 patients with BRAF wild‑type mCRC 
randomized to maintenance treatment (297 patients in fluo‑
ropyrimidine/bevacizumab + atezolizumab; 148 patients in 
fluoropyrimidine/bevacizumab), no statistically significant 
difference in the primary endpoint PFS was observed, with 
an HR of 0.92 (95% CI, 0.72‑1.17; P=0.48) at a median follow 
up of 10.5 months. In the updated analysis, at a median follow 
up of 18.7 months, the HR for PFS was 0.96 (P=0.727). No 
advantage in OS was reported either (34,35).

BACCI is a phase II randomized trial conducted in the 
USA with the aim to co‑target the PD‑1/PD‑L1 and the VEGF 
axes in 133 patients with refractory mCRC, randomized 2:1 
to capecitabine 850‑1,000 mg/m2 bidaily, days 1‑14, plus 
bevacizumab 7.5 mg/kg, day 1, plus atezolizumab 1,200 mg, 
day 1 every 21 days (experimental arm) vs. capecitabine 
plus bevacizumab plus placebo (control arm). A previous 
line with bevacizumab, but not with anti‑PD‑1/PD‑L1, was 
allowed. The primary endpoint was PFS and the secondary 
endpoints were ORR, OS and safety. At a median follow‑up 
of 12.35 months, with 128 patients included in the analysis, 
the study reached its prespecified primary endpoint in favor 
of the atezolizumab arm (110 events required to achieve a PFS 
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HR of 0.65 at one‑sided α=0.1 and 80% power), with an HR 
of 0.725 and a one‑sided log‑rank P‑value of 0.051. In patients 
with pMMR/MSS (86.7% of the control arm vs. 85.7% of the 
experimental arm), the HR for PFS was 0.67 (0.44‑1.03) in 
favor of the experimental arm (36).

Meta‑analysis results
Efficacy. The present study evaluated the PFS and OS to 
establish the efficacy of the ICI arm vs. the CT/BT/BSC 
arm. Pooled HR for PFS was 0.95 in favor of the ICI arm 
(95% CI, 0.74‑1.22; P=0.68; Fig. 2). Heterogeneity was signifi‑
cant: Cochran's Q, 21.0; P=0.0082; I2 index, 76%. Pooled HR 
for OS was 0.88 in favor of the ICI arm (95% CI, 0.75‑1.02; 
P=0.08; Fig. 2). Heterogeneity was not significant (Cochran's Q, 
6.0; P=0.31; I2 index, 16%). Forest plots are presented in Fig. 2. 
Data on ORRs are heterogeneous among trials. Therefore, 
the pooled ratio of the ORRs in the experimental arm/control 
arm was calculated, suggesting 1.36 in favor of the ICI arm 
(95% CI, 1.03‑1.80; P=0.027; data not shown).

Safety. Data on toxicity are highly heterogeneous (Table II). 
The pooled ratio of the risk of G≥3 AEs resulted in 0.87 in 
favor of the experimental arm (95% CI, 0.40‑1.90; P=0.72; 
data not shown).

Publication bias. No asymmetry was detected in the 
funnel plots for PFS and OS, with symmetry P‑values of 
0.94 and 0.49 with Egger's symmetry test, respectively, 
providing no statistical evidence of the presence of publica‑
tion bias (Fig. 3).

Discussion

During the last two decades, the ‘CT‑only’ approach for 
mCRC has been evolving through its combination with 
biological agents targeting EGFR or angiogenesis, involving 
research of novel specific molecular therapeutic targets, 
based on emerging biomarkers of tumor cell signaling 
cascades (for example, HER2, BRAF, MEK, neurotrophic 
tyrosine receptor kinase and c‑Met) and mediators of immune 
response elicitation. IC pathways, such as the PD‑1/PD‑L1 
and the CD28/CTLA4 systems, serve an important role in 
the maintenance of self‑tolerance and for limiting collateral 
tissue damage during anti‑microbial immune defense. They 
can be exploited by tumor cells to evade anti‑tumor immunity, 
reducing the cytotoxic activity of T cells, which protects tumor 
cells from apoptosis (37). In this context, ICIs proved to hold 
a notable capability to switch on the immune surveillance 
against cancer (38). Phase I trials reported favorable activity 
of ICIs in solid tumors (39); however, in CRC, objective 
responses were observed only for a small subset of patients 
with dMMR/MSI‑H (5% of mCRCs).

Advantages for this population were confirmed in the 
more advanced phases of clinical studies, highlighting 
the predictive value of the MMR status and guiding the 
performance of new studies in this direction (for example, 
the COMMIT‑NCT02997228 study in first line or the 
ATOMIC‑NCT02912559 in adjuvant setting) (40‑42). 
He et al (43) performed a meta‑analysis of six early phase 
studies for a total of 297 patients with mCRC who progressed 
during or after ≥1 previous line of systemic treatment and 

Table II. Data on toxicity reported in the eligible studies.

  No. of enrolled  
Trial Arms patients Grade ≥3 adverse events (C vs. E) (Refs.)

BACCI  C: Capecitabine + bevacizumab +  128 Hypertension 7 vs. 9%, Hand‑foot syndrome 4 (36)
 placebo; E: Capecitabine +  vs. 6%, Diarrhea 2 vs. 7% 
 bevacizumab + atezolizumab   
KEYNOTE‑177  C: SOC CT +/‑bevacizumab/ 307 Total 66 vs. 22% (16)
 cetuximab; E: Pembrolizumab   
CCTG CO.26 C: BSC; E: Durvalumab + treme 180 Total 20 vs. 64% (reported version of CTCAE,  (30)
 limumab + BSC  4.0); Predominant in E: Abdominal pain, 
   fatigue, white blood cells and eosinophils 
   increase 
MODUL C: Fluoropyrimidine + bevaci 445 Ongoing (35)
 zumab; E: Fluoropyrimidine   
  + bevacizumab + atezolizumab   
COTEZO C: Regorafenib; E1:  363 Total C 58 vs. E1 31% vs. E2 61%; Predominant  (33)
IMblaze370 Atezolizumab; E2:  in E2: Diarrhea (11%), anemia (6%), increased 
 Atezolizumab + cobimetinib  serum creatine 
   phosphokinase (7%) and fatigue 
   (4%) + two treatment‑related deaths (sepsis);  
   In C: One treatment‑related 
   death (intestinal perforation). 

BSC, best supportive care; C, control arm; CT, chemotherapy; CTCAE, common terminology criteria for adverse events; E, experimental arm; SOC, standard of care.
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received nivolumab (two studies) or pembrolizumab (four 
studies). The pooled 1‑year OS rate, the PFS rate, the ORR 
and the DCR were 64.2, 38.4, 19.7 and 56.5%, respectively. 
The outcome was improved in the dMMR/MSI‑H subgroup 
(34% for ORR), with a decrease in the high heterogeneity 
observed when the studies involving pMMR/MSS cases were 
excluded (43).

These data are consistent with the results of the present 
meta‑analysis, conducted with the aim to evaluate the role of 
ICIs when compared with standard treatment for advanced 

CRC, regardless of the PD‑1/PD‑L1 expression level, MMR 
status and line of therapy. Advantages in pooled PFS and OS 
were obtained in favor of the experimental arm, although 
without statistical significance potentially due to the different 
patient characteristics among trials. The favorable results of 
the CCTG CO.26 trial, where the P‑value was considered 
significant if <0.10, and that of the BACCI trial, which reached 
its pre‑specified primary endpoint (progression‑free survival), 
emerged even if treatment‑refractory patients affected by 
pMMR/MSS mCRC were included. The negative results 
regarding IMblaze 370, where the recruitment of patients 
with dMMR/MSI‑H was capped at 5%, and MODUL studies 
weighed against these outcomes. However, the particularity 
of the MODUL study design, where atezolizumab was 
evaluated in patients with BRAF wild‑type mCRC as a main‑
tenance‑therapy after first line therapy, should be considered.

Despite the inclusion in the present meta‑analysis of the 
MODUL trial and other trials that enrolled metastatic refrac‑
tory patients, the present study observed a counterbalance 
in the KEYNOTE‑177 study due to the success of pembro‑
lizumab as first line therapy specifically for patients with 
dMMR/MSI‑H mCRC. Notably, heterogeneity for OS was 
not significant. Available data on ORR from the single trials 
are very heterogeneous, reaching >30% in both experimental 
and control arms in KEYNOTE‑177, while in the remainder 
of studies the ORR results were <9%. As the ORRs were not 
reported in all studies, or were based on an exceptionally low 
number of events, which corresponds to low statistical weight, 
the present study calculated the pooled ratio of the ORRs. 
This was driven by the predominant result of KEYNOTE‑177 
and was statistically significant in favor of the ICI arm (1.36; 
P=0.027). Regarding toxicity, the G≥3 AEs were also hetero‑
geneous among the single studies and the pooled ratio of the 
risk of G≥3 AEs (0.87; in favor of the experimental arm) was 
affected by the >3‑times risk of G≥3 AEs of the CCTG CO.26 

Figure 2. Forest plots of PFS and OS. Five trials reported on PFS. Pooled HR for PFS was 0.95 in favor of the experimental arm (95% CI, 0.74‑1.22; P=0.68). 
Heterogeneity was significant: Cochran's Q, 21.0; P=0.0082; I2 index, 76%. Five trials reported on OS. Pooled HR for OS was 0.88 in favor of the experimental 
arm (95% CI, 0.75‑1.02; P=0.08). Heterogeneity was not significant (Cochran's Q, 6.0; P=0.31; I2 index, 16%). *Signal‑seeking trial (phase 2, randomized). BSC, 
best supportive care; C, control arm; CI, confidence interval; CT, chemotherapy; E, experimental arm; 5‑FU/LV, 5‑fluorouracil/leucovorin; HR, hazard ratio; 
N, number of patients; OS, overall survival; PFS, progression‑free survival; SOC, standard of care.

Figure 3. Funnel plots of PFS and OS for publication bias. No asymmetry 
was detected (symmetry P=0.94 for PFS and P=0.49 for OS, respectively), 
providing no statistical evidence of the presence of publication bias. OS, 
overall survival; PFS, progression‑free survival. 
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experimental arm, while inverted results were observed in 
KEYNOTE‑177.

The unmet endpoints of prolonged survival in the described 
searches, in particular due to the population with unknown 
MMR status, that may include non‑responder cases, reinforced 
the need for sensitizing the tumor microenvironment to IT. This 
is more evident for the vast majority of tumors that have lower 
levels of immune inflammation, such as pMMR/MSS CRC, 
whose resistance to the innovative IC blockade represents a 
serious hurdle (44). Therefore, the best use of IC targeting still 
needs guidance through molecular biomarkers and biological 
pathways. The underlying mechanism of the emphasized 
success of IT in the dMMR/MSI‑H CRC population remains 
unclear, although a high TMB was reported in this subgroup 
and improved outcomes were indicated for tumors, among 
which CRC, with high TMB with respect to low TMB (even 
if the cut‑off critical value, which is different for cancer 
types in predicting ICIs efficacy, still needs to be defined), 
independently by PD‑L1 expression (45,46). Tumor‑related 
neoantigens derived from mutations could activate immune 
cells and increase T‑cell tumor infiltration.

In support of this hypothesis, MSI‑H CRC has abun‑
dant lymphocyte infiltrates and strong expression of IC 
proteins (47). Strategies to also trigger immune activity in the 
pMMR/MSS CRC population consist of increasing the muta‑
tional load, creating neoantigens or potentiating the immune 
infiltrate. For this purpose, ICIs are studied in association 
with radiotherapy or bispecific antibody therapy or cytotoxic 
agents and/or other agents targeting angiogenesis or other 
signaling pathway molecules. For example, those involved in 
the RAS‑RAF‑MEK‑ERK or PI3K‑AKT‑mTOR cascades. 
Other regimens, which may potentially elicit an immune 
response in pMMR/MSS mCRC, combine IT with the 
DNA‑damaging agents poly‑ADP‑ribose polymerase inhibi‑
tors or with cyclo‑oxygenase 2 inhibitors or using adoptive 
cell therapy with chimeric antigen receptor T cells expressing 
anti‑PD‑1/PD‑L1. Finally, targeting WNT/β‑catenin signaling, 
whose activation is more frequent in pMMR/MSS CRC 
and is involved in the mechanism of immune exclusion, is 
under consideration to improve IT efficacy; this is achieved 
by inducing transcriptional repression of chemokine genes, 
such as C‑C motif chemokine 4, which is important for the 
intratumoral homing of dendritic cells to the tumor bed. The 
latest emerging trials that involved combination strategies to 
overcome resistance are reported in Table III (48‑66).

Novel prognostic/predictive factors are under evalua‑
tion in dMMR/MSI‑H mCRC. For example, circulating 
tumor DNA and microbiota in the phase II randomized trial 
SAMCO‑PRODIGE 54 (comparing the anti‑PD‑L1 avelumab 
with standard second line treatment) (67). Predictor variables 
of the response to IT are a more urgent requirement for 
patients with pMMR/MSS CRC (68,69). Associations between 
PD‑L1 expression levels and drug efficacy are limited in CRC. 
However, in the ultramutated phenotype (~1% of pMMR CRCs) 
of the DNA polymerase ε, which is characterized by the loss 
of its exonuclease activity, an upregulation of IC genes, such as 
PD‑1/PD‑L1 and CTLA4, accompanied by increased immuno‑
genicity, has been associated with clinical advantages similar 
to dMMR tumors (70,71). Furthermore, a 44‑gene signature 
assay identified 25% of pMMR tumors that possess an innate 

immune response ability, associated with the upregulation of 
PD‑L1 and indoleamine 2,3‑dioxygenase 1, which is similar 
to 80% of the dMMR population (72). A favorable prognostic 
role in early CRC, without predictive value for ICIs, has been 
highlighted for the high immunoscore revealed in the majority 
of dMMR/MSI‑H and in a subgroup of pMMR/MSS CRCs, 
which was based on CD3+ and CD8+ infiltrating lymphocyte 
density in the center and invasive margins of the tumor (73).

Forkhead box P3 (FOXP3)‑low non‑suppressive T cells 
that are recruited in the presence of tumor colonization by 
Fusobacterium nucleatum have been observed in an MSI‑H 
tumor microenvironment; while in MSS tumors, FOXP3‑high 
immunosuppressive T‑regulatory cells are predominant with 
associated immune response silencing (74). Identification of 
the FOXP3 T cell subtype infiltration in tumor tissues and 
its variation during treatment may be useful in predicting 
antitumor activity and/or resistance to IT. Despite limitations 
(for instance, different molecular expression between primary 
and metastatic sites or between chemo‑naive and pretreated 
patients), the CRC consensus molecular subtype (CMS) clas‑
sification could also contribute, beyond the MMR status, to 
identify tumors with an ideal ground for IT. As opposed to 
the ‘hot’ CMS1 (or ‘immune’; mainly dMMR/MSI‑H tumors, 
exhibiting high TMB and high frequency of BRAF mutations) 
and CMS4 (or ‘mesenchymal’; tumors with stromal infiltra‑
tion, angiogenesis activation and involvement of TGF‑β), the 
‘cold’ CMS2 (or ‘canonical’; with WNT and MYC activation) 
and CMS3 (or ‘metabolic’; with cancer‑cell metabolic dysreg‑
ulation and KRAS mutation), would require major strategies 
against their escape mechanisms to ICI activity (75).

The present meta‑analysis highlighted favorable results of 
IT in mCRC, supporting the role of ICIs as a first choice for 
patients with dMMR/MSI‑H, although the small number of 
trials used may be a limitation of the present study. Efforts are 
ongoing to evaluate the most effective approach in pMMR/MSS 
mCRC, where the tumor microenvironment conversion from 
an immune‑silenced to an immune‑activated phenotype could 
be a means to maximize the benefit of ICIs. Further investiga‑
tions are needed in researching novel combination treatments 
to overcome resistance and optimize outcomes in the majority 
of patients with CRC.
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