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Abstract 
Background:  We pooled data from 2 cohorts of immune checkpoint inhibitors-treated microsatellite instability-high/mismatch repair-deficient 
(MSI/dMMR) metastatic colorectal cancer patients to evaluate the prognostic value of RAS/BRAFV600E mutations and Lynch syndrome (LS).
Patients and Methods:  Patients were defined as LS-linked if germline mutation was detected and as sporadic if loss of MLH1/PMS2 expres-
sion with BRAFV600E mutation and/or MLH1 promoter hypermethylation, or biallelic somatic MMR genes mutations were found. Progression-
free survival (PFS) and overall survival (OS) were adjusted on prognostic modifiers selected on unadjusted analysis (P < .2) if limited number of 
events.
Results:  Of 466 included patients, 305 (65.4%) and 161 (34.5%) received, respectively, anti-PD1 alone and anti-PD1+anti-CTLA4 in the total 
population, 111 (24.0%) were treated in first-line; 129 (28.8%) were BRAFV600E-mutated and 153 (32.8%) RAS-mutated. Median follow-up was 
20.9 months. In adjusted analysis of the whole population (PFS/OS events = 186/133), no associations with PFS and OS were observed for 
BRAFV600E-mutated (PFS HR= 1.20, P = .372; OS HR = 1.06, P = .811) and RAS-mutated patients (PFS HR = 0.93, P = .712, OS HR = 0.75, P = 
.202). In adjusted analysis in the Lynch/sporadic status-assigned population (n = 242; PFS/OS events = 80/54), LS-liked patients had an improved 
PFS compared to sporadic cases (HR = 0.49, P = .036). The adjusted HR for OS was 0.56 with no significance (P = .143). No adjustment on 
BRAFV600E mutation was done due to collinearity.
Conclusion:  In this cohort, RAS/BRAFV600E mutations were not associated with survival while LS conferred an improved PFS.
Key words: deficient mismatch repair; metastatic colorectal cancer; immune checkpoint inhibitors; Lynch syndrome; RAS mutation; BRAF mutation.

Implications for Practice
Patients with MSI-H/dMMR metastatic colorectal cancer (mCRC) treated with immune checkpoint inhibitors had impressive survival 
results. In this population, RAS and BRAFV600E mutations in tumor are not prognostic factors for progression-free survival (PFS) and overall 
survival. In the absence of a standardized definition, an algorithm presented in this study based on immunochemistry and molecular data, 
define patients with MSI-H/dMMR mCRC, Lynch syndrome, and sporadic cases. In this population, patients with Lynch syndrome had 
better PFS compared with those with sporadic cases.
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Introduction
Immune checkpoint inhibitors (ICIs) have revolutionized the 
treatment and prognosis of microsatellite instability-high/mis-
match repair-deficient (MSI-H/dMMR) metastatic colorectal 
cancer (mCRC). Several phase II trials showed that anti- 
programmed cell death-1 (PD1) either as monotherapy or 
in combination with anti-cytotoxic T-lymphocyte-associated 
antigen-4 (CTLA4) exhibited high efficacy and survival bene-
fit in MSI-H/dMMR mCRC.1-3 The phase III KEYNOTE-177 
study demonstrated superiority for first-line pembrolizumab 
over chemotherapy in terms of median progression-free sur-
vival (PFS) of 16.5 vs. 8.2 months; hazard ratio (HR) = 0.60, 
95% CI, 0.45-0.80, P = .0002).4 The KEYNOTE-177 study 
did not report a statistically significant overall survival (OS) 
benefit with pembrolizumab vs. chemotherapy per the pub-
lished statistical plan; this was likely due to high rate (60%) 
of crossover to ICIs in the chemotherapy arm after progres-
sion.5 Based on these data, pembrolizumab was approved by 
the Food and Drug Administration and European Medicines 
Agency. Despite high rates of response and a clinical benefit 
with ICIs, 20%-31% of patients with MSI-H/dMMR mCRC 
experience primary resistance, frequently resulting in delaying 
other effective therapies, autoimmune toxicities, and signif-
icant collective cost.1,3,4 Thus, it is crucial to identify a sub-
population of MSI-H/dMMR mCRC patients with primary 
resistance to ICIs.

Molecular heterogeneity of MSI-H/dMMR mCRC prob-
ably impairs prognosis and the efficacy of ICIs. Notably, 
the role of RAS/BRAFV600E mutational status and the ori-
gin of DNA MMR system (Lynch syndrome vs. sporadic 
CRC) in the efficacy of ICIs for MSI-H/dMMR mCRC is  
uncertain.2-5 For stage III colon patients with cancer receiv-
ing adjuvant FOLFOX, BRAF, or KRAS mutations are inde-
pendently associated with shorter survival in those with 

microsatellite-stable colon cancer, but not MSI tumors.6,7 In 
mCRC, RAS/BRAFV600E mutations are well-known molecular 
modifiers of prognosis with an impact on anti-cancer thera-
pies such as anti-EGFR targeted strategies. The results of an 
analysis of PFS in pre-specified subgroup of RAS mutated 
MSI-H/dMMR mCRC in the KEYNOTE 177 study call into 
question the superiority of pembrolizumab in this subpopu-
lation (HR = 1.14, 95% CI, 0.68-2.07). Yet, RAS mutational 
status data were lacking in 30% of patients and this lack of 
effect was less apparent in the OS subgroup analysis (HR = 
0.92, 95% CI, 0.48-1.75).4,5

It is known that Lynch-associated CRCs (germline 
mutations in MMR genes [MLH1, PMS2, MSH2, MSH6, 
EPCAM]) have distinct pathway of tumorigenesis and clin-
icopathologic features that sporadic tumors (MLH1 pro-
moter hypermethylation or biallelic somatic mutations).8-10 
Several studies have shown that Lynch-associated CRC or 
endometrial cancer generally presents with more pronounced 
local T-cell infiltration and even a higher mutational burden 
compared with sporadic MSI-H CRC, which can support 
different responses to ICIs.11,12 Published data from clinical 
trials of MSI-H CRC have not shown any significant dif-
ference in the efficacy among patients with known Lynch 
syndrome.1-3 However, these trials lacked rigorous crite-
ria for distinguishing Lynch-related tumors from sporadic. 
In fact, only proven germline MMR gene mutation should 
confirm Lynch-associated CRC. Whereas those with loss of 
MLH1/PMS2 expression associated with MLH1 promoter 
hypermethylation or BRAFV600E mutation and with biallelic 
somatic mutations of MMR genes should be classified as 
sporadic (Fig. 1).

Here we evaluate the impact of RAS/BRAFV600E mutational 
status and Lynch syndrome on prognosis of patients with 
MSI-H/dMMR mCRC treated with ICIs.

Figure 1. The algorithm for the Lynch syndrome classification according to the order of execution of MSI PCR test and MMR IHC test. IHC, 
immunohistochemistry; MMR, mismatch repair gene; MSI-H, microsatellite instability-high; PCR, polymerase chain reaction.
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Methods
Patients
In this international multicenter study, we analyzed data from 
2 pre-existing prospective cohorts of MSI-H/dMMR mCRC 
patients who received anti-PD1 monotherapy or the anti-PD1 
plus anti-CTLA4 combination. The first immuno-MSI French 
cohort included all consecutive MSI-H/dMMR mCRC 
patients treated at Saint-Antoine Hospital (Paris, France) from 
February 2015 to December 2021. This cohort was approved 
by the ethics committee (N°2020-CER 2020-6). The second 
multicentric international cohort included MSI-H/dMMR 
patients with mCRC treated at centers in Italy, Spain, and the 
United States between November 2014 and November 2021. 
Ethical approval for the second cohort was provided by the 
Institutional Review Board of Fondazione IRCCS Instituto 
Nazionale dei Tumori of Milan (INT 117/15).

Molecular Data
MSI-H/dMMR status was determined by immunohistochem-
istry and/or multiplex polymerase chain reaction. RAS (KRAS 
and NRAS)/BRAFV600E mutational status, MLH1 promoter 
hypermethylation status, and MMR germline mutations test-
ing were done using local practice according to international 
guidelines.

We developed Lynch/sporadic classification algorithm by 
interrogating available immunochemistry and molecular data. 
Patients were considered to have Lynch syndrome-associated 
CRC only in case of determined germline mutation and were 
deemed to have sporadic CRC only if loss of MLH1/PMS2 
protein expression associated with BRAFV600E mutation and/
or hypermethylation of MLH1 promoter or biallelic somatic 
mutations of MMR genes (Fig. 1).

Radiological Analyses
Tumor radiological assessment was done ≤28 days before the 
first dose (baseline) of ICI and every 6-10 weeks, thereafter, 
according to different protocols. The radiological response 
was evaluated by the Response Evaluation Criteria in Solid 
Tumors (RECIST) 1.1 criteria with the possibility to pursue 
treatment beyond initial RECIST 1.1-defined progression at 
the treating physician’s discretion in case of clinical benefit. 
In this multicenter cohort, scans were not reviewed centrally 
for the purposes of this study. When a pseudoprogression was 
suspected, treatment beyond RECIST 1.1 progressive disease 
was conditional to a locally confirmatory imaging done at 
4-8 weeks after the first evidence of progression. In this case, 
confirmed primary progression was defined according to 
immune RECIST (iRECIST) criteria and imaging was retro-
spectively and locally reviewed by an experienced radiologist 
according to RECIST 1.1 and iRECIST (confirmed progres-
sive disease).13

Statistical Analysis
Categorical variables were described by numbers and per-
centages and continuous variables by means, SDs, and mini-
mum and maximum values.

The primary endpoint was PFS defined as time from the 
first injection of ICIs to the first disease progression per iRE-
CIST or death from any cause. Secondary endpoints were 
OS, defined as time from the first injection of ICIs to death, 
whatever the cause and overall response rate, defined as the 

proportion of patients achieving partial or complete response 
according to iRECIST criteria. Survival curves were generated 
using the Kaplan-Meier method. Cox regression models were 
used to compare OS and PFS between groups. The results 
were expressed as hazard ratios with 95% CIs. The following 
risk factors were studied: BRAFV600E, RAS mutational status 
Lynch syndrome, age at start of ICI therapy, sex, sidedness 
(left vs. right), treatment type (anti-PD1 vs. anti-PD1 plus 
anti-CTL4), Eastern Oncology Cooperative Group perfor-
mance score (ECOG PS; 0 vs. 1 vs. 2), primary tumor sur-
gery (yes vs. no), number of metastatic sites (≥ 2 vs. 1), ICIs 
used in first-line (yes vs. no). The number of variables selected 
for adjusted analysis was limited to 5 events per variable and 
selected with a P-value of < .20 in unadjusted analysis if nec-
essary. Center was considered as stratification variable. Risk 
proportionality hypothesis was checked for all variables and 
for continuous variable, log linearity hypothesis was checked. 
BRAFV600E and Lynch syndrome were analyzed separately due 
to collinearity. Models were performed in patients with avail-
able data for all studied variables.

Given the molecular precision required for classification of 
patient according to our algorithm, a large number of patients 
with an indeterminate Lynch syndrome or sporadic was 
expected, therefore we planned to perform 2 analyses includ-
ing (1) patients with known RAS/BRAFV600E status and (2) 
patients with known Lynch syndrome/sporadic status. A log-
rank test was used to compare PFS between groups according 
to germline mutation in Lynch patients. All superiority tests 
were 2-sided and P-values of <.05 were considered signifi-
cant. Statistical analyses were performed using SAS software 
(version 9.4; SAS Institute Inc., Cary, NC).

Results
Population
A total of 466 MSI-H/dMMR patients with mCRC 
treated with ICIs were included (Fig. 2); 448 (96.1%) 
had known RAS/ BRAFV600E status, 111 (24.0%) received 
ICIs in first-line, 305 (65.4%) received anti-PD1 alone, 
and 161 (34.5%) the anti-PD1 plus anti-CTLA4 combi-
nation. The prevalence of BRAFV600E mutation was 28.8% 
(129/448), RAS mutation was 34.1% (153/448), and of 
RAS/BRAFV600E wild type was 37.1% (166/448). Baseline 
characteristics of the patients in the whole study cohort are 
shown in Table 1. In total, 118 (25.3%) patients were diag-
nosed with Lynch syndrome and 124 (26.6%) with spo-
radic CRC (Fig. 2). Table 2 shows characteristics of these 2 
groups. Compared with sporadic CRC, patients with Lynch 
syndrome were younger (49.8 vs. 66.4 years), were often 
male (67.8% vs. 41,1%), had fewer right-sided tumors 
(61.8% vs. 2.3%), had higher prevalence of RAS muta-
tion (46.6% vs. 8.1%), and lower prevalence of BRAFV600E 
mutation (0.8% vs. 75.8%). There were no differences in 
main clinical characteristics (age, sex, number of prior che-
motherapy lines, number of metastatic sites, and ECOG 
PS) between patients with undetermined germline mutation 
status and those with known Lynch syndrome and sporadic 
CRC (Table 2). BRAFV600E mutation was more frequent in 
patients with determined Lynch syndrome/sporadic than in 
those undertermined (39.3% vs. 15.2%) while RAS muta-
tion was more observed in patients with undetermined 
Lynch syndrome (39.3% vs. 26.9%).
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RAS and BRAFV600E Mutational Status
In the population with known RAS and BRAFV600E status  
(n = 448), 194 PFS events were observed. The median  
follow-up was 20.9 months. In adjusted analysis of 443 
patients with data available for all selected variables (186 
events observed), no association with PFS was observed for 
BRAFV600E mutation (PFS HR = 1.20, 95% Cl, 0.80-1.79,  
P = .372) and RAS mutation (PFS HR = 0.93, 95% Cl, 0.64-
1.36, P = .712; Table 3). There were 138 OS events observed. 
In adjusted analysis with selected variables (133 events 
observed) (Supplementary Table S1), no association between 
OS and BRAFV600E mutation (HR = 1.06, 95% Cl, 0.66-1.70, 
P = .811) and RAS mutation (HR =0.75, 95% CI, 0.48-1.17, 
P = .202; Supplementary Table S1) was observed.

Lynch vs. Sporadic
In the population with determined Lynch and sporadic status 
(n = 242), 84 PFS events were observed. In unadjusted and 
adjusted analysis of 231 patients with data available for all 
selected variables (80 events observed), Lynch syndrome was 
associated with fewer PFS events compared with sporadic 
type (HR = 0.40, 95% CI, 0.25-0.64, P < .001 and HR = 0.49, 
95% CI, 0.25-0.96, P = .036, respectively; Table 4 and Fig. 
3). The type of germinal mutation in case of Lynch syndrome 
did not appear to impact the ICIs effect on PFS in the analysis 
with a limited number of patients (n = 104, Supplementary 
Fig. S1). There were 58 OS events were observed. Adjusted 
HR for analysis of OS in patients with known Lynch syn-
drome compared with those with sporadic CRC (54 events 
observed) was 0.56 (95% CI, HR = 0.25-1.22, P = .143; 
Supplementary Table S2).

Discussion
Our study was undertaken to answer the clinical questions in 
a cohort of MSI-H/dMMR mCRC patients about the impact 
of RAS/BRAFV600E mutational status and Lynch syndrome/
sporadic CRC on the efficacy of ICIs. We show that RAS 
and BRAFV600E mutations do not seem to be molecular mod-
ifiers of prognosis in patients who were treated with ICIs. 
This finding is not in line with PFS data on RAS mutation 

Table 1. Baseline characteristics of the combined cohort of 466 included 
patients with MSI-H/dMMR mCRC treated with ICIs.

Characteristics Total number and percentage

Sex

  Male 257 (55.2%)

  Female 209 (44.8%)

Age at start of ICI therapy, years, 
mean ± SD (range)

58.2 ± 14.9 (18.0%-91.0%)

Tumor sidedness

  Right sided 309 (66.9%)

  Left sided 153 (33.1%)

Primary tumor surgery 423 (90.8%)

BRAFV600E

  Wild type 319 (68.5%)

  Mutated 129 (27.7%)

  Undetermined 18 (3.9%)

RAS

  Wild type 295 (63.3%)

  Mutated 153 (32.8%)

  Undetermined 18 (3.9%)

  RAS/BRAFV600E wild type 166 (35.6%)

Treatment type

  Anti-PD1 monotherapy 305 (65.5%)

  Anti-PD1 + anti-CTL4 161 (34.5%)

No. of prior treatment lines

  0 111 (23.9%)

  ≥1 354 (76.1%)

No. of metastatic sites

  1 196 (42.1%)

  ≥2 270 (57.9%)

ECOG performance score

  0 230 (49.5%)

  1 206 (44.3%)

  2 29 (6.2%)

Abbreviations: ECOG, Eastern Oncology Cooperative Group; ICI, immune 
checkpoint inhibitor.

Figure 2. Flow chart of the study with reasons for Lynch and sporadic indeterminations in excluded patients.
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reported from the post-hoc subgroup analysis of the phase 
III Keynote 177 trial. However, the trial did not determine 
RAS status for all patients (30% of patients had no muta-
tional status data) so this could have led to selection bias.4 
Nonetheless, previous phase II studies have also highlighted 
no impact of RAS mutation on PFS.1-3 Similar results were 
reported in phase II and III trials subgroups analysis in terms 
of BRAFV600E mutation.1-4

This work presented a large international cohort study of 
patients treated for mCRC by ICIs with a strict definition 
of Lynch syndrome. Our data suggest that Lynch syndrome 
is protective against PFS events. Lynch syndrome-associated 
tumors have different clinical, histological, and immunolog-
ical features, notably higher T cells infiltration, than their 
sporadic counterparts.8-10 Data from the subgroup analyses 
of previous prospective phase II trials did not support any 
differences in survival between these 2 groups of patients, 
but characterization of Lynch syndrome in these studies 
was done by investigators based on past medical history 
and other available factors collected from clinical records 
only without a defined algorithm, which could have led to 
misclassifications. The classification in the mentioned stud-
ies was done by investigators based on past medical history 
collected from clinical records only or on other available 
factors.1-3 The method used in this international study was 
based on rigorous classification with the concurrent use of 
immunochemistry and our designed molecular-based labora-
tory practice algorithm. Indeed, assigning correctly to Lynch 
or sporadic MSI-H/dMMR mCRC subgroups demands data, 
which are not always available or asked in routine practice 
such as MLH1 promoter methylation status testing or bi- 
allelic somatic mutational status analysis in absence of  
germline mutation (Fig 2). In our study, we did not find signifi-
cant differences in OS between Lynch and sporadic groups. A 
possible reason for this lack of benefit in OS may be the low 
power to detect significance due to not sufficient valid sample 
size. However, it should be pointed out that our data are con-
sistent with the literature since the NICHE-2 trial recently 
showed that preoperative 1-month therapy with ipilimumab 
and nivolumab achieved an increased pathological complete 
response rate in patients with Lynch syndrome-associated 
versus sporadic MSI-H primary colon cancer.14 Also, the 
promising results of organ preservation strategies with 100% 
clinical complete response in patients with MSI-H rectal can-
cer may be partially related to the over-representation of 
Lynch syndrome in patients developing MSI-H cancers in the 
rectum.15 Finally, our data are biologically sound since a pre-
vious study demonstrated significantly superior tumor muta-
tional burden in patients with MSH2/MSH6 deficiency and 
this may lead to increase the immunogenicity of the tumor 
and, potentially, improved outcomes on immunotherapy, as 
we showed here.16

In spite of the strengths, this study has some limitations. 
Regarding the analysis of the role of Lynch vs. sporadic 
cases, a large number of cases were excluded (n = 224) due 
to the absence of molecular data and because they may have 
potentially biased the selection. The comparison of the pop-
ulation with determined Lynch syndrome/sporadic and the 
population with excluded cases indicated that there were 
more BRAFV600E-mutated mCRC in the analyzed popula-
tion while RAS mutation was more frequent in the popu-
lation with undetermined Lynch syndrome and sporadic 
CRC (Table 2). This observation is consistent with the fact C
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that BRAFV600E mutation is a major factor in our algorithm 
to clearly distinguish Lynch syndrome and sporadic CRC. 
Although BRAFV600E mutation was not a prognostic factor in 
this ICIs-treated MSI-H/dMMR population, it was a selec-
tive marker for sporadic cases. We did find that the highest 
proportion of BRAFV600E mutation was seen in the sporadic 
group (75.8%). Moreover, on the molecular level, some mis-
classifications could persist in our study and in clinical prac-
tice due to the marginal phenomenon of germline MLH1 
promoter hypermethylation. Still, the analysis of determined 

Lynch syndrome/sporadic and excluded cases populations 
also found that patients matched for clinical prognostic fac-
tors, namely age, performance status, number of previous 
lines for mCRC received, and number of metastatic sites.

These results need to be prospectively validated in sub-
group analysis with the addition of Lynch/sporadic cases 
strictly defined by the algorithm. If doing so, this classifica-
tion could be used for stratification of MSI-H/dMMR mCRC 
patients in ICIs-based trials given the absence of a uniform 
standard.

Table 3. Unadjusted and adjusted hazard ratios for progression-free survival (PFS) in 443 patients with known RAS and BRAFV600E mutational status.*

Variable Unadjusted Adjusted

HR (CI 95%) P-value HR (CI 95%) P-value

BRAFV600E mutated vs. BRAFV600E wild type 1.48 (1.10-2.00) .010 1.20 (0.80-1.79) .372

RAS mutated vs. RAS wild type 0.76 (0.55-1.04) .088 0.93 (0.64-1.36) .712

Age at start of ICI therapy** .007 .072

48-59 vs. 18-47 1.36 (0.86-2.15) 1.13 (0.70-1.81)

60-69 vs. 18-47 2.06 (1.34-3.18) 1.76 (1.09-2.85)

70-91 vs. 18-47 1.72 (1.11-2.67) 1.63 (0.97-2.74)

Female vs. male 1.09 (0.81-1.45) .575 0.94 (0.69-1.27) .680

Left sided vs. right sided 1.01 (0.74-1.37) .946 1.16 (0.82-1.63) .403

Anti-PD1 + anti-CTL4 vs. anti-PD1 0.44 (0.31-0.61) <.001 0.50 (0.34-0.73) <.001

ECOG performance score <.001 <.001

  1 vs. 0 1.90 (1.40-2.57) 2.01 (1.44-2.81)

  2 vs. 0 3.27 (1.87-5.72) 3.45 (1.84-6.49)

  ≥2 metastatic sites vs. 1 metastatic site 1.21 (0.90-1.62) .219 1.04 (0.76-1.43) .799

  ≥1 prior treatment lines vs. 0 prior treatment lines 1.81 (1.20-2.72) .004 2.09 (1.34-3.27) .001

  Primary tumor surgery vs. no primary tumor surgery 0.76 (0.46-1.26) .291 0.78 (0.46-1.32) .351

*Only patients with all the data variables available.
**The continuous age variable did not meet the proportionality of risk assumption, so it was analyzed in classes defined from quartiles.
Abbreviations: ECOG, Eastern Oncology Cooperative Group; HR, hazard ratio; ICI, immune checkpoint inhibitor.

Table 4. Unadjusted and adjusted hazard ratios for progression-free survival in 231 patients with determined Lynch syndrome and sporadic status.*

Variable Unadjusted Adjusted

HR (CI 95%) P-value HR (CI 95%) P-value

Lynch vs. sporadic 0.40 (0.25-0.64) <.001 0.49 (0.25-0.96) .036

Age at start of ICI therapy 1.03 (1.01-1.04) <.001 1.01 (0.99-1.03) .618

Female vs. male 1.43 (0.92-2.22) .109 1.04 (0.64-1.68) .877

Left-sided vs. right-sided 0.88 (0.53-1.47) .627

Anti-PD1 + anti-CTL4 vs. anti-PD1 0.45 (0.28-0.75) .002 0.63 (0.36-1.08) .090

RAS mutated + vs. RAS wild-type 0.50 (0.28-0.89) .018 0.86 (0.43-1.73) .682

ECOG performance score <.001 .011

  1 vs. 0 2.22 (1.35-3.63) 1.92 (1.14-3.23)

  2 vs. 0 4.31 (1.84-10.1) 3.35 (1.35-8.32)

  ≥2 Metastatic sites vs. 1 metastatic site 1.06 (0.68-1.67) .793

  ≥1 Prior treatment line vs. no prior treatments lines 1.15 (0.67-1.99) .612

  Primary tumor surgery vs. no primary tumor surgery 0.56 (0.29-1.08) .083 0.55 (0.27-1.12) .101

*Only patients with all the data variables available.
Abbreviations: ECOG, Eastern Oncology Cooperative Group; HR, hazard ratio; ICI, immune checkpoint inhibitor.
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Conclusion
This study demonstrated that RAS and BRAFV600E mutations 
do not impact prognosis of MSI-H/dMMR patients treated 
with ICIs. Lynch syndrome-associated CRC might have a bet-
ter survival compared with sporadic CRC, but this result will 
require further confirmation studies.
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