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BACKGROUND
Programmed death 1 (PD-1) blockade has clinical benefit in microsatellite-instabil-
ity–high (MSI-H) or mismatch-repair–deficient (dMMR) tumors after previous ther-
apy. The efficacy of PD-1 blockade as compared with chemotherapy as first-line 
therapy for MSI-H–dMMR advanced or metastatic colorectal cancer is unknown.
METHODS
In this phase 3, open-label trial, 307 patients with metastatic MSI-H–dMMR 
colorectal cancer who had not previously received treatment were randomly as-
signed, in a 1:1 ratio, to receive pembrolizumab at a dose of 200 mg every 3 weeks 
or chemotherapy (5-fluorouracil–based therapy with or without bevacizumab or 
cetuximab) every 2 weeks. Patients receiving chemotherapy could cross over to 
pembrolizumab therapy after disease progression. The two primary end points 
were progression-free survival and overall survival.
RESULTS
At the second interim analysis, after a median follow-up (from randomization to data 
cutoff) of 32.4 months (range, 24.0 to 48.3), pembrolizumab was superior to chemo-
therapy with respect to progression-free survival (median, 16.5 vs. 8.2 months; hazard 
ratio, 0.60; 95% confidence interval [CI], 0.45 to 0.80; P = 0.0002). The estimated re-
stricted mean survival after 24 months of follow-up was 13.7 months (range, 12.0 to 
15.4) as compared with 10.8 months (range, 9.4 to 12.2). As of the data cutoff date, 
56 patients in the pembrolizumab group and 69 in the chemotherapy group had died. 
Data on overall survival were still evolving (66% of required events had occurred) and 
remain blinded until the final analysis. An overall response (complete or partial re-
sponse), as evaluated with Response Evaluation Criteria in Solid Tumors (RECIST), 
version 1.1, was observed in 43.8% of the patients in the pembrolizumab group and 
33.1% in the chemotherapy group. Among patients with an overall response, 83% in 
the pembrolizumab group, as compared with 35% of patients in the chemotherapy 
group, had ongoing responses at 24 months. Treatment-related adverse events of 
grade 3 or higher occurred in 22% of the patients in the pembrolizumab group, as 
compared with 66% (including one patient who died) in the chemotherapy group.
CONCLUSIONS
Pembrolizumab led to significantly longer progression-free survival than chemothera-
py when received as first-line therapy for MSI-H–dMMR metastatic colorectal cancer, 
with fewer treatment-related adverse events. (Funded by Merck Sharp and Dohme and 
by Stand Up to Cancer; KEYNOTE-177 ClinicalTrials.gov number, NCT02563002.)
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Colorectal cancer is clinically de-
fined by its tissue of origin in the colon or 
rectum, but it is a heterogeneous disease 

classified by its genetics.1-3 Despite well-known 
genetic differences in the disease, chemotherapy 
treatment of colorectal cancer is largely uniform. 
Patients with newly diagnosed metastatic colorec-
tal cancer are treated with 5-fluorouracil (5-FU)–
based regimens, such as FOLFOX (5-FU, oxalipla-
tin, and leucovorin) or FOLFIRI (5-FU, irinotecan, 
and leucovorin) alone or in combination with 
therapies that block epidermal growth factor re-
ceptor (EGFR) or vascular endothelial growth fac-
tor (VEGF) signaling.4-6

One well-described genetic subset of colorectal 
cancer is tumors with mismatch-repair deficiency 
(dMMR), which are found in 15% of all patients 
with colorectal cancer (12% of whom have spo-
radic cases, and 3% hereditary cases). The ma-
jority (approximately 80%) of cases of sporadic 
dMMR colorectal cancer are caused by methylation 
of the MLH1 gene promoter, whereas more than 
70% of hereditary cases are associated with germ-
line mutations in the MLH1 and MSH2 genes.7-11 
Both forms result in the inability of cells to 
recognize and repair spontaneous mutations, 
resulting in a very high tumor mutation burden 
as well as altered microsatellite sequences that 
render these tumors high in microsatellite insta-
bility (MSI-H).10 Mounting evidence suggests that 
MSI-H–dMMR tumors are less responsive to con-
ventional chemotherapy, but the literature to 
date has been inconclusive, and chemotherapy 
remains the standard of care for patients with 
MSI-H–dMMR colorectal cancer.12-14

Programmed death 1 (PD-1) blockade has 
emerged as highly effective therapy for patients 
with MSI-H–dMMR metastatic colorectal cancer 
that is refractory to standard chemotherapy com-
binations.15-18 The PD-1 inhibitors pembrolizumab 
and nivolumab led to durable response in some 
patients with previously treated MSI-H–dMMR 
metastatic colorectal cancer, a finding that con-
tributed to Food and Drug Administration approv-
als of pembrolizumab and nivolumab for patients 
with MSI-H–dMMR metastatic colorectal cancer 
that has progressed after treatment with a fluoro-
pyrimidine, oxaliplatin, and irinotecan.15-18

We conducted the randomized, phase 3, open-
label KEYNOTE-177 trial to evaluate the efficacy 
and safety of PD-1 blockade with pembrolizumab 
as compared with standard-of-care chemotherapy 

as first-line treatment for MSI-H–dMMR meta-
static colorectal cancer.

Me thods

Patients

Eligible patients were 18 years of age or older and 
had MSI-H–dMMR stage IV colorectal cancer with 
measurable disease according to Response Eval-
uation Criteria in Solid Tumor (RECIST), version 
1.1, as confirmed with radiologic assessment by 
local investigators; an Eastern Cooperative Oncol-
ogy Group (ECOG) performance-status score of 
0 or 1 (on a 6-point scale, with higher scores 
reflecting greater disability); and adequate organ 
function. Patients could have received previous 
adjuvant chemotherapy for colorectal cancer if 
the earlier treatment had been completed at least 
6 months before randomization.

Trial Design and Treatment

This multicenter, international, open-label, phase 3 
trial was conducted at 192 sites in 23 countries. 
Patients were randomly assigned in a 1:1 ratio to 
pembrolizumab at a dose of 200 mg every 3 weeks 
intravenously or to the investigator’s choice of 
chemotherapy determined within 3 days before 
randomization. The choices of chemotherapy were 
as follows: mFOLFOX6, administered intravenous-
ly, consisting of oxaliplatin (85 mg per square 
meter of body-surface area delivered as a 2-hour 
infusion on day 1), leucovorin (400 mg per square 
meter administered as a 2-hour infusion on day 1), 
and 5-fluoropyrimidine (400 mg per square meter 
on day 1, followed by 1200 mg per square meter for 
2 days for a total of 2400 mg per square meter 
delivered by continuous infusion over 46 to 48 
hours); mFOLFOX6 plus bevacizumab (5 mg per 
kilogram of body weight administered intrave-
nously on day 1); mFOLFOX6 plus cetuximab 
(400 mg per square meter administered intrave-
nously over 2 hours [first infusion] followed by 
250 mg per square meter administered as one 
1-hour infusion weekly); FOLFIRI, administered 
intravenously, consisting of irinotecan (180 mg per 
square meter delivered over 30 to 90 minutes on 
day 1), leucovorin (400 mg per square meter deliv-
ered by infusion over 30 to 90 minutes on day 1), 
and 5-fluoropyrimidine (400 mg per square me-
ter administered as a bolus on day 1, followed by 
1200 mg per square meter per day for 2 days for 
a total of 2400 mg per square meter delivered 
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by continuous infusion over 46 to 48 hours); 
FOLFIRI plus bevacizumab; or FOLFIRI plus ce-
tuximab (with bevacizumab and cetuximab ad-
ministered at the same doses as those listed above 
with mFOLFOX6). All the chemotherapy regimens 
were repeated every 2 weeks. The investigator’s 
choice of chemotherapy combination was deter-
mined before randomization. Treatment was con-
tinued for a maximum of 35 treatments with 
pembrolizumab or until disease progression, de-
velopment of unacceptable toxic effects, illness, or 
a decision by the physician or patient to withdraw 
from the trial.

Randomization was performed centrally with 
the use of an interactive voice-response system and 
integrated Web-response system. Patients ran-
domly assigned to chemotherapy could cross over 
to pembrolizumab (to receive a maximum of 35 
treatments) after disease progression (defined ac-
cording to RECIST, version 1.1, and confirmed by 
independent central reviewers who were unaware 
of the treatment assignments), at the discretion of 
the investigator. Metastasectomy with curative in-
tent, with or without resection of the primary 
tumor (if resection was not previously performed), 
was permitted at the discretion of the investigator.

Assessments

Mismatch repair status was determined locally by 
immunohistochemical analysis of the DNA mis-
match repair proteins MLH1, MSH2, MSH6, and 
PMS2 and was classified as dMMR by the absence 
of expression of MMR proteins. MSI-H status was 
determined locally by polymerase-chain-reaction–
based analysis of three to five tumor microsatel-
lite loci. Tumors were classified as MSI-H when 
at least two allele shifts among the three to five 
analyzed were detected. Tumor response was as-
sessed according to RECIST, version 1.1, by blinded 
independent central review at week 9 and then 
every 9 weeks. Disease progression was verified 
by imaging, performed at a central location. Dur-
ing follow-up, survival was assessed every 9 weeks. 
Adverse events were evaluated throughout the trial 
and at 30 days (and at 90 days for serious adverse 
events) after treatment discontinuation and were 
graded according to the National Cancer Institute 
Common Terminology Criteria for Adverse Events, 
version 4.0.

End Points

The two primary end points were progression-free 
survival (the time from randomization to first dis-

ease progression, as assessed by central review 
according to RECIST, version 1.1, or death from 
any cause) and overall survival (the time from 
randomization to death from any cause). Second-
ary end points included overall response (complete 
or partial response) as determined by central re-
view according to RECIST, version 1.1, and safety. 
Exploratory end points included the duration of 
response (the time from first complete or partial 
response to first disease progression) as deter-
mined by central review according to RECIST, 
version 1.1.

Trial Oversight

The trial was designed by academic investigators 
and employees of the sponsor (Merck Sharp and 
Dohme). An external, independent data monitor-
ing committee reviewed interim trial results to 
ensure patient safety and to assess efficacy at pre-
specified interim analyses. The protocol (avail-
able with the full text of this article at NEJM.org) 
and all amendments were approved by the appro-
priate institutional review board or ethics com-
mittee at each participating institution. All pa-
tients provided written informed consent before 
entering the trial.

All the authors attest that the trial was con-
ducted in accordance with standards of Good 
Clinical Practice. All the authors had access to 
the data, were involved in the writing or critical 
review and editing of the manuscript, and vouch 
for the accuracy and completeness of the data re-
ported and for the fidelity of the trial to the proto-
col. The first draft was written by the lead author 
and senior author with assistance from a medical 
writer employed by the sponsor.

Statistical Analysis

Efficacy was assessed in the intention-to-treat 
population, which consisted of all patients who 
underwent randomization. Safety was assessed 
in the as-treated population, which included pa-
tients who underwent randomization and received 
at least one dose of trial medication. The Kaplan–
Meier method was used to estimate progression-
free survival and duration of response. In the 
analysis of progression-free survival, data for pa-
tients who were alive without disease progression 
were censored as of the time of the last imaging 
assessment; data for patients who had surgery 
with curative intent were censored as of the date 
of surgery. Deaths that occurred without disease 
progression were included as events in the evalu-
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ation of progression-free survival. For the analy-
sis of overall survival, data for patients without 
documented death at data cutoff were censored 
as of the last known date the patients were alive. 
We used a log-rank test to assess between-group 
differences in progression-free survival. Hazard 
ratios and associated 95% confidence intervals 
were calculated with the use of a Cox propor-
tional-hazards model with Efron’s method of 
handling ties. The proportional-hazards assump-
tion of progression-free survival was examined by 
both graphical and analytic methods. If the curves 
were not parallel, violation of the proportional-
hazards assumption would be examined by com-
plementary analyses such as an analysis that uses 
restricted mean survival time (the area under the 
survival curve up to the specific time point). Dif-
ferences in response rates were assessed with the 
method of Miettinen and Nurminen.

The graphical method of Maurer and Bretz was 
used to strictly control the type I error rate across 
both primary end points and interim analyses at a 
one-sided alpha level of 2.5%. The Lan–DeMets 
(O’Brien) alpha spending function was used to 
construct group sequential boundaries to control 
the type I error rate. Two interim analyses and a 
final analysis were planned. The first interim 
analysis (interim progression-free survival and 
overall survival analyses) was planned to occur 
after 162 patients had disease progression or died 
and 6 months after the last patient underwent 
randomization. The current second interim analy-
sis (final analysis of progression-free survival and 
interim analysis of overall survival) was planned 
to take place after 209 patients had disease pro-
gression or died or 24 months after the last pa-
tient underwent randomization, whichever oc-
curred first; we calculated that the study would 
then have approximately 98% power to detect a 
hazard ratio of 0.55 for progression-free survival 
in the analysis of superiority of pembrolizumab 
over chemotherapy, at a one-sided alpha level of 
1.25%. The prespecified P-value boundary for 
superiority of pembrolizumab over chemothera-
py with respect to progression-free survival was 
P = 0.0117. The statistical analysis plan is avail-
able with the protocol at NEJM.org.

R esult s

Patients and Treatment

Between February 11, 2016, and February 19, 2018, 
a total of 852 patients at 192 sites in 23 countries 

Table 1. Demographic and Patient Characteristics at Baseline.*

Characteristic
Pembrolizumab 

(N = 153)
Chemotherapy† 

(N = 154)

Median age (range) — yr 63.0 (24–93) 62.5 (26–90)

≥65 years of age — no. (%) 73 (48) 71 (46)

Male sex — no. (%) 71 (46) 82 (53)

ECOG performance-status score of 0 — 
no. (%)‡

75 (49) 84 (55)

MSI-H§ — no. (%) 153 (100) 153 (99)

Region — no. (%)

Asia 22 (14) 26 (17)

Western Europe or North America 109 (71) 113 (73)

Rest of world 22 (14) 15 (10)

Primary tumor location — no. (%)

Right side 102 (67) 107 (69)

Left side 46 (30) 42 (27)

Other site or site missing¶ 5 (3) 5 (3)

Stage — no. (%)

Recurrent metachronous‖ 80 (52) 74 (48)

Newly diagnosed with metastatic 
disease

73 (48) 80 (52)

Prior systemic therapy — no. (%)

Adjuvant 33 (22) 37 (24)

Neoadjuvant with or without adju-
vant systemic therapy

5 (3) 8 (5)

None 115 (75) 109 (71)

Mutation status — no. (%)

BRAF, KRAS, NRAS all wild type 34 (22) 35 (23)

KRAS or NRAS mutant 33 (22) 41 (27)**

BRAFV600E mutant 34 (22) 43 (28)**

Could not be evaluated for BRAF, 
KRAS, or NRAS††

52 (34) 38 (25)

*  Data shown are for the intention-to-treat population. Percentages may not 
total 100 because of rounding.

†  Eleven patients received mFOLFOX6 (5-FU, oxaliplatin, and leucovorin) 
only, 64 received mFOLFOX6 plus bevacizumab, 5 received mFOLFOX6 
plus cetuximab, 16 received FOLFIRI (5-FU, irinotecan, and leucovorin) 
alone, 36 received FOLFIRI plus bevacizumab, and 11 received FOLFIRI plus 
cetuximab.

‡  An Eastern Cooperative Oncology Group (ECOG) performance-status score 
of 0 indicates fully active.

§  Microsatellite-instability–high (MSI-H) status was determined locally by 
means of a polymerase-chain-reaction or immunohistochemical test.

¶  The tumor site was classified as other if primary tumors were located on 
both the left and right sides.

‖  Recurrence was defined as a secondary colorectal cancer occurring 6 months 
or more after the index cancer.

**  Three patients who had both a BRAFV600E mutation and a KRAS or NRAS 
mutation are included.

††  Patients could not be evaluated for BRAF, KRAS, or NRAS if no BRAFV600E, 
KRAS, or NRAS mutation was present and if at least one of the mutation 
statuses was undetermined or missing or the type of BRAF mutation was 
not BRAFV600E.
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were screened, and 307 were randomly assigned 
to receive pembrolizumab (153 patients) or chemo-
therapy (154 patients) (Fig. S1 in the Supplemen-
tary Appendix, available at NEJM.org). Eleven pa-
tients randomly assigned to the chemotherapy 
group did not begin trial treatment. Demographic 
and baseline characteristics, including previous 
receipt of adjuvant or neoadjuvant therapy, were 
generally well balanced between groups. The me-
dian age of the patients was 63 years (range, 24 to 
93); 209 patients (68%) had tumors on the right 
side, 153 (50%) had new diagnoses of colorectal 
cancer, and 77 (25%) had BRAFV600E mutant tumors 
(Table 1). At the data cutoff date of February 19, 
2020, the median trial follow-up (the time from 
randomization to data cutoff) was 32.4 months 
(range, 24.0 to 48.3). A total of 153 patients in the 
pembrolizumab group and 143 in the chemothera-
py group received at least one dose of trial treat-
ment (as-treated population). The median duration 
of treatment exposure was 11.1 months (range, 
0.0 to 30.6) in the pembrolizumab group and 5.7 
months (range, 0.1 to 39.6) in the chemotherapy 
group. A total of 57 patients in the pembrolizumab 
group completed 35 treatments; 2 patients in the 
pembrolizumab group and 6 in the chemotherapy 
group were still receiving treatment (Fig. S1).

Primary End Point

The median progression-free survival was 16.5 
months (95% confidence interval [CI], 5.4 to 32.4) 
with pembrolizumab and 8.2 months (95% CI, 
6.1 to 10.2) with chemotherapy. The prespecified 
statistical criteria for superiority of pembrolizumab 
over chemotherapy were met (hazard ratio, 0.60; 
95% CI, 0.45 to 0.80; P = 0.0002) (Fig. 1). The es-
timated percentages of patients alive and progres-
sion-free at 12 months and at 24 months were 
55.3% (95% CI, 47.0 to 62.9) and 48.3% (95% CI, 
39.9 to 56.2), respectively, in the pembrolizumab 
group and 37.3% (95% CI, 29.0 to 45.5) and 18.6% 
(95% CI, 12.1 to 26.3), respectively, in the chemo-
therapy group. Because the proportional-hazards 
assumption was violated, an analysis of restricted 
mean survival time was performed. The estimat-
ed restricted mean survival time for progression-
free survival after 24 months of follow-up was 
13.7 months (95% CI, 12.0 to 15.4) in the pem-
brolizumab group as compared with 10.8 months 
(95% CI, 9.4 to 12.2) in the chemotherapy group. 
Progression-free survival was consistently longer 
with pembrolizumab than with chemotherapy 
across key prespecified subgroups tested (Fig. 2).

Radiographic Response

An overall response (complete or partial response) 
was observed in 43.8% (95% CI, 35.8 to 52.0) of 
the patients in the pembrolizumab group as com-
pared with 33.1% (95% CI, 25.8 to 41.1) in the 
chemotherapy group, with complete responses in 
11% and 4%, respectively (Table 2 and Fig. S2). 
The percentage of patients with progressive dis-
ease was higher in the pembrolizumab group 
than in the chemotherapy group (29.4% vs. 12.3%). 
Nine patients in the pembrolizumab group and 
19 in the chemotherapy group could not be evalu-
ated for best response or a radiographic assess-
ment was not performed.

Duration of Response

Of patients with a complete or partial response 
at 24 months, 83% in the pembrolizumab group 
had ongoing responses, as compared with 35% 
in the chemotherapy group (Table S2). The median 
duration of response was not reached (range, 2.3+ 
to 41.4+, with the plus sign indicating no progres-
sive disease at the time of the last assessment) in 
the pembrolizumab group and was 10.6 months 
(range, 2.8 to 37.5+) in the chemotherapy group 

Figure 1. Progression-free Survival in Patients with MSI-H–dMMR  
Metastatic Colorectal Cancer.

Shown are Kaplan–Meier estimates of progression-free survival among pa-
tients with microsatellite-instability–high (MSI-H) or mismatch-repair–defi-
cient (dMMR) colorectal cancer. The analysis was performed in the inten-
tion-to-treat population. Tick marks represent data censored at the time of 
the last imaging assessment. Progression-free survival was assessed ac-
cording to the Response Evaluation Criteria in Solid Tumors (RECIST), ver-
sion 1.1, by independent central reviewers who were unaware of the group 
assignments. The P value shown met the prespecified statistical criterion 
(P = 0.0117) for superiority of pembrolizumab over chemotherapy.
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(Fig. S3). Fourteen patients (9%) in the pembro-
lizumab group and 13 (8%) in the chemotherapy 
group had surgery with curative intent during 
the initial treatment phase.

Overall Survival

At the time of data cutoff, data on overall sur-
vival were still evolving, with 125 of the required 
190 events for the final analysis of overall sur-
vival having occurred. As of the data cutoff date, 
56 patients in the pembrolizumab group and 69 
in the chemotherapy group had died. The inde-
pendent data monitoring committee recommend-
ed that the trial continue without changes to the 
final analysis for assessment of overall survival 
until 190 overall deaths have occurred or until 
12 months after the second interim analysis. 
Crossover will be a factor in the assessment of 

overall survival. At the time of data cutoff, 56 of 
154 patients (36%) randomly assigned to the 
chemotherapy group had crossed over to the 
pembrolizumab group after disease progression 
was confirmed. An additional 35 patients in the 
chemotherapy group received anti–PD-1 or anti–
programmed death ligand 1 (anti–PD-L1) thera-
pies outside the trial, for an effective crossover 
rate to anti–PD-1 or anti–PD-L1 therapy of 59% 
in the intention-to-treat population.

Safety

Adverse events occurred in 149 of 153 patients 
(97%) in the pembrolizumab group and in 142 
of 143 patients (99%) in the chemotherapy group 
(Table 3). Adverse events of grade 3 or higher oc-
curred in 86 patients (56%) in the pembrolizumab 
group as compared with 111 (78%) in the chemo-

Figure 2. Progression-free Survival in Key Subgroups of Patients with MSI-H–dMMR Metastatic Colorectal Cancer.

Shown are hazard ratios for progression-free survival with pembrolizumab as compared with chemotherapy in pre-
specified subgroups in the intention-to-treat population. The Cox proportional-hazards model with Efron’s method 
of handling ties was used to assess the magnitude of the treatment difference between groups. Eastern Cooperative 
Oncology Group (ECOG) performance-status scores range from 0 to 5, with higher scores reflecting greater disability.
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therapy group; the most common of these events 
were decreased neutrophil count (0% vs. 17%), 
neutropenia (0% vs. 15%), and diarrhea (6% vs. 
11%). A total of 21 patients (14%) in the pembro-
lizumab group and 17 (12%) in the chemotherapy 
group discontinued treatment owing to adverse 
events. Grade 5 adverse events occurred in 6 pa-
tients (4%) in the pembrolizumab group and in 
7 patients (5%) in the chemotherapy group. Ad-
verse events attributed by the investigator to treat-
ment occurred in 122 patients (80%) in the pem-
brolizumab group as compared with 141 (99%) in 
the chemotherapy group. Treatment-related events 
of grade 3 or higher occurred in 33 patients (22%) 
and 94 patients (66%), respectively, including one 
death in the chemotherapy group (Table S2).

Immune-mediated adverse events and infu-
sion reactions occurred in 47 patients (31%) in 
the pembrolizumab group as compared with 18 
(13%) in the chemotherapy group. Grade 3 or 4 
events of interest occurred in 14 patients (9%) and 
3 patients (2%), respectively (Table 3), with coli-
tis (3%) and hepatitis (3%) most common in the 
pembrolizumab group and infusion reactions (1%) 
and severe skin reactions (1%) most common in 
the chemotherapy group. No grade 5 immune-
mediated adverse events were observed.

Discussion

This randomized phase 3 trial showed that front-
line pembrolizumab was superior to chemothera-
py with respect to progression-free survival in 
patients with MSI-H–dMMR metastatic colorectal 
cancer. The beneficial effect was observed gen-
erally across key patient subgroups and supports 
previous data showing the benefit of pembroli-
zumab monotherapy in MSI-H–dMMR solid tu-
mors.15-17,19

This trial also provides prospective data on 
progression-free survival with chemotherapy alone 
or in combination with bevacizumab or cetuximab 
in patients with MSI-H–dMMR metastatic colorec-
tal cancer as first-line treatment. The median pro-
gression-free survival of 8.2 months and the 
overall response of 33.1% observed with chemo-
therapy are consistent with data suggesting lim-
ited efficacy of chemotherapy in patients with 
MSI-H–dMMR metastatic colorectal cancer.12-14

The radiographic response was consistent with 
the results in previous studies of MSI-H–dMMR 
tumors that showed higher complete response 
rates with pembrolizumab or other immune check-
point inhibitors than with chemotherapy.16-21 In 
contrast, more patients had progressive disease 

Table 2. Antitumor Activity in the Intention-to-Treat Population.

Variable
Pembrolizumab 

(N = 153)
Chemotherapy 

(N = 154)

Overall response*

No. of patients 67 51

% (95% CI) 43.8 (35.8 to 52.0) 33.1 (25.8 to 41.1)

Best response — no. (%)†

Complete response 17 (11.1) 6 (3.9)

Partial response 50 (32.7) 45 (29.2)

Stable disease 32 (20.9) 65 (42.2)

Progressive disease 45 (29.4) 19 (12.3)

Could not be evaluated or no assessment made‡ 9 (5.9) 19 (12.3)

Median time to response (range) — mo 2.2 (1.8 to 18.8) 2.1 (1.7 to 24.9)

Median duration of response (range) — mo§ NR (2.3+ to 41.4+) 10.6 (2.8 to 37.5+)

Response duration of ≥24 months — %§ 82.6 35.3

*  Overall response was defined as a confirmed complete response or partial response. The denominators for the per-
centages are patients in the intention-to-treat population, which included all patients who underwent randomization. 
Patients who could not be evaluated, who had no assessment available, or who did not start either therapy (11 patients 
in the chemotherapy group) were not excluded from this analysis.

†  Percentages may not total 100 because of rounding.
‡  This category includes patients for whom no postbaseline imaging was performed.
§  The Kaplan–Meier method for censored data was used to calculate duration. A plus sign indicates no progressive dis-

ease by the time of the last assessment. NR denotes not reached.
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Table 3. Adverse Events in the As-Treated Population.*

Event
Pembrolizumab 

(N = 153)
Chemotherapy 

(N = 143)

Any Grade ≥3 Any Grade ≥3

number of patients (percent)

Any adverse event† 149 (97) 86 (56) 142 (99) 111 (78)

Diarrhea 68 (44) 9 (6) 89 (62) 16 (11)

Fatigue 58 (38) 6 (4) 72 (50) 13 (9)

Nausea 47 (31) 4 (3) 85 (59) 6 (4)

Abdominal pain 37 (24) 8 (5) 42 (29) 8 (6)

Decreased appetite 36 (24) 0 58 (41) 7 (5)

Vomiting 33 (22) 2 (1) 53 (37) 7 (5)

Arthralgia 28 (18) 1 (1) 7 (5) 0

Pyrexia 28 (18) 1 (1) 20 (14) 0

Anemia 27 (18) 8 (5) 32 (22) 15 (10)

Pruritus 25 (16) 0 12 (8) 1 (1)

Back pain 26 (17) 2 (1) 24 (17) 1 (1)

Constipation 26 (17) 0 45 (31) 0

Cough 26 (17) 0 23 (16) 0

Aspartate aminotransferase increase 24 (16) 4 (3) 12 (8) 3 (2)

Dizziness 24 (16) 0 27 (19) 0

Alanine aminotransferase increase 22 (14) 4 (3) 16 (11) 3 (2)

Blood alkaline phosphatase increase 22 (14) 4 (3) 6 (4) 2 (1)

Dyspnea 21 (14) 1 (1) 15 (10) 0

Headache 21 (14) 0 22 (15) 0

Rash 20 (13) 1 (1) 16 (11) 1 (1)

Upper abdominal pain 20 (13) 2 (1) 11 (8) 1 (1)

Nasopharyngitis 20 (13) 0 10 (7) 0

Asthenia 19 (12) 3 (2) 31 (22) 6 (4)

Dry skin 19 (12) 0 13 (9) 0

Hypertension 19 (12) 11 (7) 16 (11) 7 (5)

Hypothyroidism 19 (12) 0 3 (2) 0

Pain in extremity 18 (12) 0 11 (8) 1 (1)

Peripheral edema 18 (12) 0 12 (8) 2 (1)

Dry mouth 17 (11) 0 9 (6) 0

Upper respiratory tract infection 16 (10) 0 8 (6) 0

Urinary tract infection 14 (9) 1 (1) 16 (11) 4 (3)

Hypokalemia 13 (8) 2 (1) 24 (17) 9(6)

Alopecia 11 (7) 0 29 (20) 0

Stomatitis 10 (7) 0 43 (30) 6 (4)

Dyspepsia 9 (6) 0 16 (11) 0

Mucosal inflammation 7 (5) 0 27 (19) 1 (1)

Weight decreased 7 (5) 1 (1) 17 (12) 1 (1)
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as the best response with pembrolizumab than 
with chemotherapy (29.4% vs. 12.3%). After an 
initial crossing of the progression-free survival 
Kaplan–Meier curves, a pronounced separation of 
the curves for pembrolizumab and chemotherapy 
was observed, which indicated a meaningful long-
term benefit with pembrolizumab. In addition, 
the difference in restricted mean survival time, 
a complementary analysis for progression-free 
survival performed when the proportional-haz-

ards assumption is violated, favored pembroli-
zumab. Because the treatment effect can change 
over time when the proportional-hazards as-
sumption is violated, evaluation of the treatment 
effect must consider multiple factors, including 
the hazard ratios for progression-free survival, the 
median progression-free survival time, progres-
sion-free survival rates over time, and the restricted 
mean survival time, to reflect the totality of the 
data. Differences in these factors were consis-

Event
Pembrolizumab 

(N = 153)
Chemotherapy 

(N = 143)

Any Grade ≥3 Any Grade ≥3

number of patients (percent)

Peripheral sensory neuropathy 3 (2) 0 31 (22) 3 (2)

Neutrophil count decrease 2 (1) 0 33 (23) 24 (17)

Neutropenia‡ 3 (2) 0 30 (21) 22 (15)

Epistaxis 2 (1) 0 23 (16) 0

Peripheral neuropathy 1 (1) 0 27 (19) 1 (1)

PPE syndrome 1 (1) 0 25 (17) 1 (1)

White-cell count decrease 1 (1) 0 17 (12) 6 (4)

Adverse events of interest§ 47 (31) 14 (9) 18 (13) 3 (2)

Hypothyroidism 19 (12) 0 3 (2) 0

Colitis 10 (7) 5 (3) 0 0

Hyperthyroidism 6 (4) 0 0 0

Pneumonitis 6 (4) 0 1 (1) 0

Adrenal insufficiency 4 (3) 2 (1) 0 0

Hepatitis 4 (3) 4 (3) 0 0

Infusion reactions 3 (2) 0 11 (8) 1 (1)

Severe skin reactions 2 (1) 2 (1) 2 (1) 2 (1)

Thyroiditis 2 (1) 0 0 0

Hypophysitis 2 (1) 0 0 0

Myocarditis 0 0 1 (1) 0

Nephritis 1 (1) 0 0 0

Pancreatitis 1 (1) 1 (1) 0 0

Type 1 diabetes mellitus 1 (1) 1 (1) 0 0

Myositis 1 (1) 0 0 0

*  The as-treated population included all patients who underwent randomization and received at least one trial treatment. 
PPE denotes palmar–plantar erythrodysesthesia syndrome.

†  Reported are adverse events that occurred in at least 10% of patients in any group. Grade 3 or higher events among 
these events are reported.

‡  Neutropenia is the clinical diagnosis resulting from decreased neutrophil count.
§  Adverse events of interest (immune-mediated adverse events and infusion reactions) were derived from a list of terms 

specified by the sponsor, regardless of attribution to any trial treatment by investigators. All adverse events of interest 
are reported.

Table 3. (Continued.)
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tently favorable for pembrolizumab as compared 
with chemotherapy in the KEYNOTE-177 trial. 
These data support the benefit of pembrolizumab 
in patients with MSI-H–dMMR metastatic colorec-
tal cancer.

Many markers of progressive disease during 
the first months of PD-1 blockade therapy have 
been proposed for MSI-H–dMMR tumors, includ-
ing low tumor mutation burden, Janus kinase 
mutations, loss of beta-2-microglobulin that could 
impair antigen presentation by major histocom-
patibility complex I, misdiagnosed MSI-H–dMMR, 
and pseudoprogression, but these data remain 
inconclusive.15,16,22-24 With respect to the biomark-
ers in our data set, tumors containing hot-spot 
mutations in RAS genes did not have a progres-
sion-free survival benefit with PD-1 blockade 
therapy, although the small sample size and high 
percentage of missing information on mutation 
status limit this interpretation. Although the 
mechanism of resistance is unknown, it is rea-
sonable to postulate that adding chemotherapy 
or anti–cytotoxic T-lymphocyte–associated pro-
tein 4 (CTLA-4) to PD-1 blockade could overcome 
this apparent resistance in the subgroup of pa-
tients whose cancer does not respond to pembro-
lizumab alone. However, the added toxic effects 
of these combinations must be carefully consid-
ered given the prolonged clinical benefit from 
pembrolizumab alone for the majority of pa-
tients. Randomized phase 3 studies evaluating 
first-line chemotherapy with or without atezolizu-
mab (ClinicalTrials.gov number, NCT02997228) 
or nivolumab with or without ipilimumab 
(NCT04008030) in MSI-H–dMMR metastatic 
colorectal cancer are ongoing.

Additional observations in this data set in-
cluded the finding that approximately one third 
of patients had tumors on the left side, high-
lighting the importance of testing for MSI-H–
dMMR in all colorectal cancers, not just tumors 
on the right side. Second, although a substantial 
proportion of MSI-H–dMMR tumors are heredi-
tary, the effect of hereditary as compared with 
sporadic tumors on the response to PD-1 block-
ade could not be determined because consent for 
germline testing was not obtained. However, 
BRAFV600E mutations in MSI-H–dMMR tumors can 
be considered a surrogate for sporadic disease, 
and we observed that patients with BRAFV600E mu-
tant tumors and those with wild-type MSI-H–
dMMR tumors benefitted equally from PD-1 block-
ade. Future studies are needed to evaluate the 

influence of hereditary dMMR on the response 
to PD-1 blockade in this patient population.

The safety profile of pembrolizumab in the 
current trial is consistent with that observed with 
pembrolizumab across multiple tumor types.25-27 
With the exception of immune-mediated or infu-
sion-related adverse events, chemotherapy was 
associated with more grade 3 or higher adverse 
events, including one treatment-related death.

Although the trial met the prespecified statis-
tical criteria for the superiority of pembrolizumab 
over chemotherapy, overall survival is not report-
ed. The independent data monitoring committee 
recommended the continued masking of overall 
survival data until 190 deaths for the final 
analysis of overall survival have been observed or 
12 months have elapsed since the last data review. 
The trial was considered to be successful if pem-
brolizumab was superior to chemotherapy with 
respect to either primary end point.

These data represent another step forward for 
biomarker-driven studies targeting MSI-H–dMMR 
colorectal cancers. Treatment with pembrolizumab 
led to significantly longer progression-free sur-
vival and fewer treatment-related adverse events 
than chemotherapy. As a result, pembrolizumab 
should be considered an option for initial therapy 
for patients with MSI-H–dMMR metastatic colorec-
tal cancer.
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