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abstract

PURPOSE Genomes of tumors that are deficient in DNA mismatch repair (dMMR) have high microsatellite
instability (MSI-H) and harbor hundreds to thousands of somatic mutations that encode potential neoantigens.
Such tumors are therefore likely to be immunogenic, triggering upregulation of immune checkpoint proteins.
Pembrolizumab, an anti‒programmed death-1 monoclonal antibody, has antitumor activity against MSI-H/
dMMR cancer. We report data from the phase II KEYNOTE-158 study of pembrolizumab in patients with
previously treated, advanced noncolorectal MSI-H/dMMR cancer.

PATIENTS AND METHODS Eligible patients with histologically/cytologically confirmed MSI-H/dMMR advanced
noncolorectal cancer who experienced failure with prior therapy received pembrolizumab 200 mg once every
3 weeks for 2 years or until disease progression, unacceptable toxicity, or patient withdrawal. Radiologic imaging
was performed every 9 weeks for the first year of therapy and every 12 weeks thereafter. The primary end point
was objective response rate per Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1, as assessed
by independent central radiologic review.

RESULTS Among 233 enrolled patients, 27 tumor types were represented, with endometrial, gastric, chol-
angiocarcinoma, and pancreatic cancers being the most common. Median follow up was 13.4 months. Ob-
jective response rate was 34.3% (95% CI, 28.3% to 40.8%). Median progression-free survival was 4.1 months
(95%CI, 2.4 to 4.9months) andmedian overall survival was 23.5months (95%CI, 13.5months to not reached).
Treatment-related adverse events occurred in 151 patients (64.8%). Thirty-four patients (14.6%) had grade 3 to
5 treatment-related adverse events. Grade 5 pneumonia occurred in one patient; there were no other treatment-
related fatal adverse events.

CONCLUSION Our study demonstrates the clinical benefit of anti–programmed death-1 therapy with pem-
brolizumab among patients with previously treated unresectable or metastatic MSI-H/dMMR noncolorectal
cancer. Toxicity was consistent with previous experience of pembrolizumab monotherapy.

J Clin Oncol 38:1-10. © 2019 by American Society of Clinical Oncology

INTRODUCTION

Tumors with mismatch repair deficiency (dMMR)
represent approximately 2% to 4% of all diagnosed
cancers.1-4 These tumors arise in individuals with
a hereditary genetic syndrome—for example, Lynch
syndrome—or more often as sporadic cases and are
diagnosed with varying frequency across different
cancer types: in 17% to 33% of endometrial cancers,
9% to 22% of gastric cancers, 6% to 13% of colorectal
cancers, and with lower frequencies in other cancers
(eg, bladder, prostate, breast, renal cell, pancreatic,
small-cell lung, thyroid, sarcomas).5-7 Mismatch

repair–deficient tumors have a unique genetic sig-
nature, harboring 10- to 100-times more mutations
than mismatch repair‒proficient tumors.8 These tu-
mors are particularly susceptible to mutations in re-
petitive DNA sequences, termed microsatellites,
resulting in high levels of microsatellite instability
(MSI-H).5,8,9 This signature is the result of primary biallelic
defects in genes that govern DNAmismatch repair.5 In
Lynch syndrome, one allele is mutated in the germline
and a second mutation occurs spontaneously, whereas
in sporadic cases, one allele is spontaneously mutated
and the second is epigenetically silenced. The genes
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that govern mismatch repair include MLH1, MSH2,
MSH6, and PMS2.10 Cells from mismatch repair–deficient
tumors can express programmed death ligand 1 (PD-L1)
on their membrane.11 Furthermore, these tumors have
microscopic evidence of high numbers of infiltrating
lymphocytes, and it is common for these immune cells
to display upregulated checkpoint proteins, including
programmed death 1 (PD-1), cytotoxic T-lymphocyte‒
associated protein 4, and lymphocyte-activation gene
3.5,12-14 Immune cell infiltration may be a result of the high
number of mutations found in MSI-H/dMMR tumors, spe-
cifically frameshift mutations, resulting in mutant protein
neoantigens. It has been hypothesized that, when these are
presented by the major histocompatibility complex, the tu-
mor appears foreign to the patient’s immune system.5,12 This
immunogenic phenotype dictated by the tumor’s genotype
renders these tumors susceptible to a potent reactivation of
an antitumor response when treated with immune check-
point blockade.

Pembrolizumab is a humanized immunoglobulin G4
monoclonal antibody that binds to the inhibitory immune
checkpoint receptor PD-1 expressed on lymphocytes,
blocking binding of its ligands PD-L1 and PD-L2, thereby
allowing reactivation of T-cell‒mediated tumor de-
struction.15 Because of the biologic role of MSI-H/dMMR in
tumor pathophysiology, there has been great interest in the
use of the MSI-H/dMMR biomarker as a potential predictor
of response to pembrolizumab treatment. An initial study
evaluated pembrolizumab therapy at 10 mg/kg every
2 weeks in 41 patients with MSI-H/dMMR cancer—both
colorectal and noncolorectal cancers—and microsatellite
stable colorectal cancer. Objective response rates (ORRs)
for MSI-H/dMMR colorectal cancer and MSI-H/dMMR
noncolorectal cancer were 40% (four of 10 patients) and
71% (five of seven patients), respectively, compared with
0% (zero of 18 patients) for microsatellite stable colorectal
cancer.16 These data support the hypothesis that MSI-H/
dMMR tumors are responsive to PD-1 inhibition with
pembrolizumab, and that study was followed by a com-
bined analysis of patients with MSI-H/dMMR cancer from
five clinical studies.17 Subsequently, pembrolizumab re-
ceived accelerated approval in the United States by the US
Food and Drug Administration in May 2017 for the treat-
ment of adult and pediatric patients with unresectable
or metastatic MSI-H/dMMR solid tumors that have pro-
gressed after prior standard treatment and have no satis-
factory alternative treatment options, or with MSI-H/dMMR
colorectal cancer that has progressed after treatment
with a fluoropyrimidine, oxaliplatin, and irinotecan. This
marked the first approval of a tumor-agnostic, histology-
independent cancer therapy in which treatment is based on
a common tumor biomarker rather than on the anatomic
location of origin.17,18 Pembrolizumab has subsequently
received a similar approval for advanced MSI-H cancer in
Japan.

Here, we present data prospectively evaluating the anti-
tumor activity and safety of pembrolizumab 200 mg
administered intravenously every 3 weeks in patients with
previously treated, advanced MSI-H/dMMR noncolorectal
cancer of one of 27 different histologies in the phase II
KEYNOTE-158 multicohort study (ClinicalTrials.gov iden-
tifier: NCT02628067).

PATIENTS AND METHODS

Study Design and Patients

KEYNOTE-158 is a nonrandomized, open-label, multisite
phase II study that enrolled patients with any of the fol-
lowing tumor types: anal carcinoma (cohort A); biliary
adenocarcinoma (except ampulla of Vater cancers; cohort
B); well- and moderately differentiated neuroendocrine
tumors of the lung, appendix, small intestine, rectum, or
pancreas (cohort C); endometrial carcinoma (except sar-
comas and mesenchymal tumors; cohort D); cervical
squamous cell carcinoma (cohort E); vulvar carcinoma
(cohort F); small-cell lung carcinoma (cohort G); meso-
thelioma (cohort H); papillary or follicular thyroid carcinoma
(cohort I); salivary gland carcinoma (sarcomas and mes-
enchymal tumors excluded; cohort J); or any other ad-
vanced solid tumor (with the exception of colorectal cancer)
that is MSI-H/dMMR (cohort K). We report outcomes for
patients with MSI-H/dMMR cancer who were enrolled in
the KEYNOTE-158 study from all cohorts, including
cohort K.

Eligible patients were age 18 years or older with a histo-
logically/cytologically confirmed advanced—unresectable
and/or metastatic—incurable noncolorectal solid tumor
with disease progression on or intolerance to prior standard
therapy. In addition, patients had measurable disease per
RECIST version 1.1, as assessed by independent central
radiologic review; an Eastern Cooperative Oncology Group
performance status of 0 or 1; and adequate organ function
as determined by laboratory assessments. Patients were
excluded if they had received any prior anticancer
monoclonal antibody or investigational agent 4 weeks or
less, or chemotherapy, targeted small-molecule therapy, or
radiation therapy 2 weeks or less before initiating study
treatment; immunodeficiency or systemic steroids 7 days or
less before study treatment; active autoimmune disease
requiring systemic treatment 2 years or less before study
treatment, with the exception of replacement therapy (eg,
thyroxine, insulin, or physiologic corticosteroid replacement
therapy for adrenal/pituitary insufficiency); active CNS
metastases (previously treated brain metastases were
permitted if stable) or carcinomatous meningitis (excluded
regardless of clinical stability); active noninfectious pneu-
monitis or active infection requiring systemic therapy; prior
anti‒PD-1, ‒PD-L1, or ‒PD-L2 therapy; history of HIV;
active hepatitis B or C infection; and live vaccine 30 days or
less before study treatment.
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The study was conducted in accordance with the Decla-
ration of Helsinki. Patients provided written informed
consent. The protocol and all amendments were approved
by the institutional review boards or ethics committee at
each participating institution.

Procedures

Eligible patients received intravenous pembrolizumab
200 mg once every 3 weeks for 35 cycles—approximately
2 years—or until documented disease progression, un-
acceptable toxicity, intercurrent illness preventing addi-
tional treatment administration, or patient/investigator
decision. A flat 200-mg pembrolizumab dose was selected
on the basis of the antitumor activity and consistent
pharmacokinetics observed at this dose in other tumor
types.19 Patients who achieved a complete response could
stop study treatment after receiving at least eight admin-
istrations of pembrolizumab. Patients who had confirmed
disease progression but were benefiting clinically without
additional increase in tumor burden at confirmation could
continue pembrolizumab therapy.

Radiologic imaging—computed tomography (preferred) or
magnetic resonance imaging—was performed every
9 weeks during year 1 and every 12 weeks thereafter.
Response was assessed per RECIST version 1.1 by in-
dependent central radiologic review. Adverse events were
monitored throughout the study and for 30 days—90 days
for serious adverse events—after discontinuing pem-
brolizumab and were graded by study investigators using
National Cancer Institute Common Terminology Criteria for
Adverse Events version 4. After patients discontinued or
completed study treatment, survival was assessed every
12 weeks.

TABLE 1. Baseline Demographics and Disease Characteristics

Demographic or Characteristic
Evaluable Patients

(N = 233)

Median age, years (range) 60.0 (20-87)

$ 65 87 (37.3)

Sex

Male 96 (41.2)

Female 137 (58.8)

ECOG performance status

0 113 (48.5)

1 120 (51.5)

Disease stage

MX 1 (0.4)

M0 10 (4.3)

M1 212 (91.0)

Unknown 10 (4.3)

Brain metastases 4 (1.7)

Median sum of target lesions at baseline,
mm (range)

65.8 (10.2-394.5)

Prior (neo) adjuvant therapy 55 (23.6)

Prior lines of therapy for recurrent/
metastatic disease

0* 7 (3.0)

1 87 (37.3)

2 61 (26.2)

3 41 (17.6)

$ 4 37 (15.9)

Cancer type of primary diagnosis

Endometrial 49 (21.0)

Gastric 24 (10.3)

Cholangiocarcinoma 22 (9.4)

Pancreatic 22 (9.4)

Small intestine 19 (8.2)

Ovarian 15 (6.4)

Brain 13 (5.6)

Sarcoma 9 (3.9)

Neuroendocrine tumor 7 (3.0)

Cervical 6 (2.6)

Prostate 6 (2.6)

Adrenocortical 5 (2.1)

Breast 5 (2.1)

Thyroid 5 (2.1)

Urothelial 5 (2.1)

Mesothelioma 4 (1.7)

Small-cell lung cancer 4 (1.7)

Renal 3 (1.3)

(continued in next column)

TABLE 1. Baseline Demographics and Disease Characteristics
(continued)

Demographic or Characteristic
Evaluable Patients

(N = 233)

Salivary 2 (0.9)

Anal 1 (0.4)

Head and neck squamous cell
carcinoma

1 (0.4)

Nasopharyngeal 1 (0.4)

Retroperitoneal 1 (0.4)

Testicular 1 (0.4)

Tonsil 1 (0.4)

Vaginal 1 (0.4)

Vulvar 1 (0.4)

NOTE. Data are presented as No. (%), unless otherwise noted.
Abbreviation: ECOG, Eastern Cooperative Oncology Group.
*Patients did not receive systemic chemotherapy; two of the six

patients received adjuvant/neoadjuvant therapy without recurrence
within 12 months after completing treatment or received definitive
therapy.
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MSI/dMMR Testing

Tumor mismatch repair (MMR)/MSI status was de-
termined by examining either the loss of protein expres-
sion by immunohistochemistry of four MMR enzymes
(MLH1/MSH2/MSH6/PMS2) or analysis of five tumor
microsatellite loci using polymerase chain reaction
(PCR)–based assays (either the five mononucleotide loci
[BAT25, BAT26, NR21, NR24, Mono27] or the five mixed
mononucleotide and dinucleotide loci [BAT25, BAT26, Di
5S346, Di 2S123, Di 17S250]), respectively. Tumors were
classified as MSI-H/dMMR when expression as detected
by immunohistochemistry of at least one of four MMR
proteins was absent, or when at least two allelic loci size
shifts among the five analyzed microsatellite markers were
detected by PCR. For enrollment in cohort K, testing was
performed locally and only patients with tumors that were
MSI-H/dMMRwere eligible. For cohorts A to J, PCR-based
central testing evaluating the five mononucleotide loci
(BAT25, BAT26, NR21, NR24, Mono27) was performed
to retrospectively identify enrolled patients with MSI-H/dMMR
tumors.

Outcomes

The primary end point was ORR, defined as the proportion
of patients with confirmed complete/partial response per
RECIST version 1.1 by independent central radiologic re-
view. Secondary end points included duration of response,
defined as the time from first documented evidence of
complete/partial response until the first documented sign of
disease progression or death from any cause, whichever
occurred first; progression-free survival, defined as the time
from first dose of study medication to the first documented
disease progression per RECIST version 1.1 by in-
dependent central radiologic review or death from any
cause, whichever occurred first; overall survival, defined as
the time from the date of first dose of study medication to
the date of death from any cause; and safety and
tolerability.

Statistical Analysis

Efficacy and safety analyses included all patients who re-
ceived at least one dose of pembrolizumab. For ORR, point
estimates and exact Clopper-Pearson CIs were provided.
Duration of response, progression-free survival, and overall
survival were evaluated using the Kaplan-Meier method.
Patients who did not achieve a response were excluded
from the duration-of-response analysis. Patients without
a progression-free survival or overall survival event were
censored at last assessment.

RESULTS

Patients

Between February 1, 2016, and May 8, 2018, 233 patients
withMSI-H/dMMR noncolorectal cancer from 55 sites in 18
countries were enrolled. All enrolled patients were included
in efficacy and safety analyses (Appendix Fig A1, online
only). Median age of enrolled patients was 60.0 years, the
majority were women (58.8% [137 of 233 patients]), and
a majority had received two or more prior therapies
(Table 1). In total, 27 tumor types were represented among
enrolled patients, most commonly endometrial cancer,
gastric cancer, cholangiocarcinoma, pancreatic cancer,
cancer of the small intestine, and ovarian cancer (Table 1
and Appendix Fig A2, online only).

At the data cutoff for this analysis (December 6, 2018),
median follow-up duration was 13.4 months (range, 0.4 to
34.2 months). One hundred fourteen patients were being
followed at the data cutoff, with study treatment ongoing in
36 patients (15.5%). Among patients who discontinued
treatment (n = 163), reasons for discontinuation were
progressive disease (n = 119; 51.1%) and adverse event
(n = 29), patient withdrawal (n = 8), complete response (n =
3; per protocol, after receiving at least eight cycles of
pembrolizumab), physician decision (n = 2), received
excluded medication (n = 1), and lost to follow up (n = 1;
Appendix Fig A1). Thirty-four patients completed pem-
brolizumab treatment.

TABLE 2. Best Overall Response per RECIST Version 1.1 by
Independent Central Radiologic Review

Response
Evaluable Patients

(N = 233)

Objective response

No. (%; 95% CI) 80 (34.3; 28.3 to 40.8)

Median time to response, months
(range)*

2.1 (1.3-10.6)

Median duration of response,
months† (range)

NR (2.9-31.3+)

Best overall response, No. (%)

Complete response 23 (9.9)

Partial response 57 (24.5)

Stable disease 42 (18.0)

Progressive disease 92 (39.5)

Nonevaluable 2 (0.9)

No assessment‡ 17 (7.3)

Kaplan-Meier estimate of patients with
extended duration of response,
months†, No. (%)

$ 12 58 (86.9)

$ 18 40 (79.9)

$ 24 14 (77.6)

NOTE. Efficacy analyses included all patients who received at least
one dose of pembrolizumab. Only confirmed responses are included.

Abbreviations: +, no progressive disease by the time of last disease
assessment; NR, not reached.

*Assessed in patients who had a best overall response of complete
or partial response (n = 80).

†From product-limit (Kaplan-Meier) method for censored data.
‡Includes patients without a postbaseline assessment of response.
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Efficacy

Among 233 patients with MSI-H/dMMR cancer who were
enrolled in the study and received pembrolizumab (and
were therefore included in efficacy analyses), 23 (9.9%)
had a confirmed complete response and 57 (24.5%) had
a confirmed partial response per RECIST version 1.1 as
assessed by independent central radiologic review
(Table 2). Investigator assessment of response and central

assessment of response were highly concordant (Appendix
Table A1, online only). ORR was 34.3% (95% CI, 28.3% to
40.8%; Table 2). Among patients who achieved an ob-
jective response, median time to response was 2.1 months
(range, 1.3 to 10.6months). Median duration of response had
not been reached (range, 2.9 to 31.31 months; 1 indicates
no progressive disease by the time of last disease assess-
ment) at the time of this analysis (Fig 1A). In Kaplan-Meier
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FIG 1. (A) Duration of response by
RECIST version 1.1 per independent
central radiologic review. Tick marks
represent censored patients. Analysis
included all patients with a confirmed
complete or partial response. Patients
with an ongoing response are those
whose disease had not progressed,
had not initiated a new anticancer
treatment, and had not died at the
time of analysis. (B) Best percentage
change from baseline in tumor size by
RECIST version 1.1 per independent
central radiologic review. Analysis
included all patients who received at
least one dose of study treatment and
had at least one evaluable postbase-
line tumor assessment.
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analyses, 86.9% of patients were estimated to have re-
sponse durations of 12months or longer and 77.6% to have
response durations of 24 months or longer (Table 2).
Reductions from baseline in sum of target lesion diameters
were observed in 57.1% (133 of 233) patients, with 44.2%
(103 of 233) experiencing a reduction in tumor size of 30%
or greater (Fig 1B). Reductions from baseline were ob-
served in the majority of tumor types. The most common
tumor type with a reduction from baseline in tumor size was
endometrial cancer. Among the 47 patients with endo-
metrial cancer with change from baseline data, 37 had
a reduction in tumor size (33 of 47 had a$ 30% reduction).
For the seven tumor types with greatest enrollment,
complete responses occurred most frequently in patients
with endometrial (n = 8) and gastric cancer (n = 4; Table 3).

At the time of analysis, 160 (68.7%) of 233 patients had
experienced disease progression (RECIST version 1.1,
central review), median progression-free survival was
4.1 months (95% CI, 2.4 to 4.9 months), and estimated 12-
and 24-month progression-free survival rates were 33.9%
and 29.3%, respectively (Fig 2A). At the time of analysis,
113 (48.5%) of 233 patients had died, median overall
survival was 23.5 months (95% CI, 13.5 months to not
reached), and estimated 12- and 24-month overall survival
rates were 60.7% and 48.9%, respectively (Fig 2B). Me-
dian progression-free survival and median overall survival
for the seven largest tumor cohorts are summarized in
Table 3.

Safety

Overall, 151 patients (64.8%) had treatment-related
adverse events and 34 (14.6%) had grade 3 to 5
treatment-related adverse events, one of which was grade 5
(pneumonia). Eighteen patients (7.7%) had serious
treatment-related adverse events, and 22 (9.4%) dis-
continued treatment because of a treatment-related ad-
verse event (Table 4). The most common treatment-related
adverse events of any grade were fatigue (n = 34; 14.6%),
pruritus (n = 30; 12.9%), diarrhea (n = 28; 12.0%), and

asthenia (n = 25; 10.7%; Table 4). The most frequently
occurring grade 3 treatment-related adverse events were
increased gamma-glutamyltransferase (n = 4; 1.7%) and
pneumonitis (n = 3; 1.3%). Three patients had grade
4 treatment-related adverse events: one patient had
Guillain-Barre syndrome (a patient with gastric cancer),
one had increased ALT, and one had both decreased
neutrophil count and enterocolitis. Steroid treatment was
not required by the patient who experienced elevated blood
gamma-glutamyltransferase.

Immune-mediated adverse events and infusion reactions,
regardless of attribution to treatment or immune relatedness
by the investigator, occurred in 54 patients (23.2%). Twelve
patients (5.2%) discontinued treatment because of an
immune-mediated adverse event or infusion reaction. Most
events were grade 1 and 2 in severity, with 14 patients
(6.0%) having grade 3 and 4 immune-mediated adverse
events. The most common events were hypothyroidism,
hyperthyroidism, colitis, and pneumonitis (Table 4). Grade
3 immune-mediated adverse events were pneumonitis (n =
3; 1.3%); severe skin reactions (n = 3; 1.3%); hepatitis (n =
2; 0.9%); and hyperthyroidism, colitis, type 1 diabetes
mellitus, Guillain-Barre syndrome, and pancreatitis (all n = 1;
0.4%). Two patients had grade 4 immune-mediated adverse
events (Guillain-Barre syndrome and colitis; n = 1; 0.4%).
There were no fatal immune-mediated adverse events or
infusion reactions (Table 4).

DISCUSSION

Results from our trial, KEYNOTE-158, support the use of
pembrolizumab for the treatment of previously treated
MSI-H/dMMR advanced noncolorectal cancer, regardless
of anatomic site or origin or tumor histology. Overall, ORR
per RECIST version 1.1 was 34.3%, and approximately one
third of patients with an objective response had a complete
response. Most importantly, tumor responses were durable:
the median duration of response has not yet been reached
and it was estimated that more than three quarters of

TABLE 3. Antitumor Activity for Tumor Types With Greatest Enrollment

Tumor Type No.
CR,
No.

PR,
No. ORR, % (95% CI)

Median PFS, Months
(95% CI)

Median OS, Months
(95% CI)

Median DOR, Months
(range)

Endometrial 49 8 20 57.1 (42.2 to 71.2) 25.7 (4.9 to NR) NR (27.2 to NR) NR (2.9 to 27.0+)

Gastric 24 4 7 45.8 (25.6 to 67.2) 11.0 (2.1 to NR) NR (7.2 to NR) NR (6.3 to 28.4+)

Cholangiocarcinoma 22 2 7 40.9 (20.7 to 63.6) 4.2 (2.1 to NR) 24.3 (6.5 to NR) NR (4.1+ to 24.9+)

Pancreatic 22 1 3 18.2 (5.2 to 40.3) 2.1 (1.9 to 3.4) 4.0 (2.1 to 9.8) 13.4 (8.1 to 16.0+)

Small intestine 19 3 5 42.1 (20.3 to 66.5) 9.2 (2.3 to NR) NR (10.6 to NR) NR (4.3+ to 31.3+)

Ovarian 15 3 2 33.3 (11.8 to 61.6) 2.3 (1.9 to 6.2) NR (3.8 to NR) NR (4.2 to 20.7+)

Brain 13 0 0 0.0 (0.0 to 24.7) 1.1 (0.7 to 2.1) 5.6 (1.5 to 16.2) ‒

NOTE. Efficacy analyses included all patients who received at least one dose of pembrolizumab. Only confirmed responses are included. Response was
assessed per RECIST version 1.1 by independent central radiologic review.
Abbreviations: +, no progressive disease by the time of last disease assessment; CR, complete response; DOR, duration of response; NR, not reached;

ORR, objective response rate; OS, overall survival; PFS, progression-free survival; PR, partial response.
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responders have had durable responses of 24 months or
longer in a Kaplan-Meier analysis. Progression-free survival
and overall survival outcomes were encouraging. The es-
timated 24-month overall survival rate was 48.9%.

KEYNOTE-158 enrolled 233 patients with MSI-H/dMMR
noncolorectal cancer, which represents the largest cohort
of this type treated with an immunotherapy agent to our
knowledge. A broad range of solid tumors were represented
in the study population with the most common being en-
dometrial cancer, gastric cancer, cholangiocarcinoma,
pancreatic cancer, cancer of the small intestine, and
ovarian cancer. In our study, MMR/MSI status was eval-
uated by either immunohistochemistry assessing four MMR

enzymes or PCR-based assessment of five microsatellite
loci optimized to detect MSI in colorectal cancer. The latter
approach may fail to detect some noncolorectal cancers
since these five microsatellites may be less relevant in other
tumor types. Molecular diagnostic tests that evaluate scores
of microsatellites using next-generation sequencing will be
important to evaluate the prevalence of MSI-H in non-
colorectal cancers.20

Reductions in tumor burden from baseline, measured as
the sum of target lesion diameters, occurred in the majority
of enrolled tumor types. Moreover, almost one half of pa-
tients experienced 30% or greater reductions from base-
line. Patients with MSI-H/dMMR endometrial cancer had
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particularly positive outcomes, with 70% (33 of 47 with
change from baseline data) experiencing a tumor size
reduction of 30% or more.

Outcomes in KEYNOTE-158 are consistent with the earlier
reports that led to the accelerated approval of pem-
brolizumab for MSI-H/dMMR cancer in the United States
by the FDA. In an analysis of 46 patients with MSI-H/
dMMR noncolorectal cancer, 25 (54%) had an objective
response (KEYNOTE-016).7 Similarly, in an analysis of
59 patients with treatment-refractory MSI-H/dMMR
noncolorectal cancers from five single-arm studies—

including 19 patients from KEYNOTE-158, and the re-
mainder from one of the following: KEYNOTE-016, KEY-
NOTE-164, KEYNOTE-012, or KEYNOTE-028—27
patients (46%) experienced an objective response to
pembrolizumab monotherapy.17 In addition to the anti-
tumor activity of single-agent pembrolizumab in MSI-H/dMMR
noncolorectal cancer, pembrolizumab has also demon-
strated activity in patients with MSI-H/dMMR colorectal
cancer, with ORRs ranging from 36% to 52%.7,16,17

Similarly, a recent study evaluated another PD-1 in-
hibitor, nivolumab, and reported an ORR of 31% for
patients with previously treated recurrent or metastatic
MSI-H/dMMR colorectal cancer.21 Together, combined
data for MSI-H/dMMR colorectal and noncolorectal
cancer demonstrate that PD-1 blockade provides durable
responses for MSI-H/dMMR cancer regardless of the
tumor type. Although these studies were all single-arm
open-label trials, they provide compelling evidence of
pembrolizumab activity in this setting. It is also important
to note that in KEYNOTE-158, the inclusion of a com-
parator arm would have been particularly challenging
given the broad range of tumor types of enrolled patients
and that all had experienced treatment failure on or in-
tolerance to standard therapy.

The most common treatment-related adverse events of any
grade were fatigue, pruritus, diarrhea, and asthenia. Severe
toxicity occurred at a low rate, especially when considered in
the context of the cytotoxic chemotherapy agents that many
patients in this population had previously received. Grade
3 treatment-related adverse events occurred in approxi-
mately one tenth of patients, with the most common being
increased gamma-glutamyltransferase and pneumonitis.
Three patients had grade 4 treatment-related adverse
events, and one patient died as a result of a treatment-related
adverse event of pneumonia. The pattern of immune-
mediated adverse events and infusion reactions was as
anticipated after pembrolizumab administration and was
consistent with that observed previously across multiple
tumor types.7,17 Grade 3 or 4 immune-mediated adverse
events occurred in 14 patients and were overall manageable
as most were grade 3 in severity.

In summary, this study demonstrates the durable clin-
ical benefit of pembrolizumab treatment in patients
with metastatic or unresectable MSI-H/dMMR non-
colorectal cancer who have experienced progression on
or been intolerant to earlier treatment. Moreover, the
results observed in this study support the tumor-
agnostic approval of intravenous pembrolizumab at
200 mg every 3 weeks for the treatment of advanced
MSI-H/dMMR cancer, regardless of anatomic tumor
location.

TABLE 4. Incidence of Adverse Events

Adverse Event

Patients (N = 233)

Any Grade, No.
(%)

Grade 3-4*,
No. (%)

Treatment-related adverse events

Any 151 (64.8) 34 (14.6)

Occurring in $ 5% of patients

Fatigue 34 (14.6) 2 (0.9)

Pruritus 30 (12.9) 0

Diarrhea 28 (12.0) 0

Asthenia 25 (10.7) 1 (0.4)

Hypothyroidism 19 (8.2) 0

Arthralgia 18 (7.7) 0

Nausea 15 (6.4) 0

Rash 12 (5.2) 0

Immune-mediated adverse events
and infusion reactions†

Hypothyroidism 21 (9.0) 0

Hyperthyroidism 12 (5.2) 1 (0.4)

Pneumonitis 9 (3.9) 3 (1.3)

Colitis 9 (3.9) 2 (0.9)

Hepatitis 4 (1.7) 2 (0.9)

Severe skin reactions 3 (1.3) 3 (1.3)

Myositis 3 (1.3) 0

Type 1 diabetes mellitus 2 (0.9) 1 (0.4)

Infusion reactions 2 (0.9) 0

Nephritis 2 (0.9) 0

Guillain-Barre syndrome 1 (0.4) 1 (0.4)

Pancreatitis 1 (0.4) 1 (0.4)

NOTE. Events are listed in order of descending frequency. Safety
analyses included all patients who received at least one dose of
pembrolizumab.

*There was one grade 5 treatment-related adverse event
(pneumonia).

†Based on a list specified by the sponsor and considered regardless
of attribution to treatment or immune relatedness by investigator.
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APPENDIX

Patients with MSI-H/dMMR cancer treated
with pembrolizumab 200 mg every 3 weeks

for up to 35 cycles 
(N = 233)

Included in analysis of
efficacy and safety 

(n = 233)

Discontinued treatment                   (n = 163)
         Progressive disease                     (n = 119)

           Adverse event                                (n = 29)
             Patient withdrawal                           (n = 8)
             Complete response                          (n = 3)
             Physician decision                           (n = 2)
             Received excluded medication       (n = 1)

 Completed                                          (n = 34)
Ongoing                                              (n = 36)

             Lost to follow-up                              (n = 1)

FIG A1. Study profile. Data cutoff date for analyses
was December 6, 2018. Efficacy and safety analyses
included all patients who received at least one dose of
study treatment. MSI-H/dMMR, mismatch repair
deficient/microsatellite instability high.
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FIG A2. Distribution of tumor cohorts included in KEYNOTE-158.

TABLE A1. Concordance Between Investigator Response Assessment and
Independent Central Radiologic Assessment
Central Radiologic
Assessment

Investigator
Responses

Investigator Non-
Responses Total

Central Radiology
Responses

71 9 80

Central Radiology
Non-Responses

13 140 153

Total 84 149 233
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