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ab
stract

PURPOSE Merkel cell carcinoma (MCC) is an aggressive skin cancer often caused by the Merkel cell poly-

omavirus. Clinical trials of programmed cell death-1 pathway inhibitors for advanced MCC (aMCC) demonstrate

increased progression-free survival (PFS) compared with historical chemotherapy data. However, response

durability and overall survival (OS) data are limited.

PATIENTS AND METHODS In this multicenter phase II trial (Cancer Immunotherapy Trials Network-09/Keynote-

017), 50 adults naı̈ve to systemic therapy for aMCC received pembrolizumab (2 mg/kg every 3 weeks) for up to

2 years. Radiographic responses were assessed centrally per Response Evaluation Criteria in Solid Tumors

(RECIST) v1.1.

RESULTS Among 50 patients, the median age was 70.5 years, and 64% had Merkel cell polyomavirus–positive

tumors. The objective response rate (ORR) to pembrolizumab was 56% (complete response [24%] plus partial

response [32%]; 95% CI, 41.3% to 70.0%), with ORRs of 59% in virus-positive and 53% in virus-negative

tumors. Median follow-up time was 14.9 months (range, 0.4 to 36.4+ months). Among 28 responders, median

response duration was not reached (range, 5.9 to 34.5+ months). The 24-month PFS rate was 48.3%, and

median PFS time was 16.8 months (95% CI, 4.6 months to not estimable). The 24-month OS rate was 68.7%,

and median OS time was not reached. Although tumor viral status did not correlate with ORR, PFS, or OS, there

was a trend toward improved PFS and OS in patients with programmed death ligand-1–positive tumors. Grade 3

or greater treatment-related adverse events occurred in 14 (28%) of 50 patients and led to treatment dis-

continuation in seven (14%) of 50 patients, including one treatment-related death.

CONCLUSION Here, we present the longest observation to date of patients with aMCC receiving first-line anti–

programmed cell death-1 therapy. Pembrolizumab demonstrated durable tumor control, a generally man-

ageable safety profile, and favorable OS compared with historical data from patients treated with first-line

chemotherapy.

J Clin Oncol 37:693-702. © 2019 by American Society of Clinical Oncology

INTRODUCTION

Merkel cell carcinoma (MCC) is a rare and aggressive

skin cancer with an associated 5-year overall survival

(OS) rate of 14% to 27% for advanced or unresectable

disease.1 The annual incidence of new patients with

MCC in the United States increased by 95% between

2000 and 2013.2 This increase was driven mostly by

an increase in the number of persons older than age

60 years, the age at which MCC risk begins to in-

crease.2 Integration of the Merkel cell polyomavirus

(MCPyV) occurs in approximately 80% ofMCC tumors,

and persistent expression of MCPyV T-antigen onco-

proteins is required for virus-positive (VP) tumor cells

to proliferate.3,4 The remaining 20% of MCCs are

thought to be caused by ultraviolet light–mediated

DNA damage, on the basis of finding predominant

C.T transitions. This virus-negative (VN) MCC subset

has a tumor mutational burden that is, on average,

100-fold greater than the low mutational burden as-

sociated with VP-MCC.5-7

Multiple lines of evidence support the notion that MCC

is an immunogenic cancer, including the fact that

MCC incidence is greater than 10-fold higher in

chronically immunosuppressed persons.8,9 It is also

now clear that non–self-antigens are present in both

VP-MCC (in the form of MCPyV oncoproteins) and

ASSOCIATED

CONTENT

Appendix

Data Supplement

Podcast by Dr Drews

Author affiliations

and support

information (if

applicable) appear

at the end of this

article.

Accepted on

December 19, 2018

and published at jco.

org on February 6,

2019: DOI https://doi.

org/10.1200/JCO.18.

01896

Processed as a Rapid

Communication

manuscript.

Clinical trial

information:

NCT02267603.

Volume 37, Issue 9 693

http://jco.org
http://jco.org
http://ascopubs.org/doi/full/10.1200/JCO.18.01896
http://ascopubs.org/doi/full/10.1200/JCO.18.01896
http://ascopubs.org/doi/full/10.1200/JCO.18.01896


VN-MCC (as ultraviolet-induced neoantigens).4,5,7 Until

recently, cytotoxic chemotherapy was the only systemic

treatment option for advanced MCC (aMCC), and it offered

limited benefit, with a median progression-free survival

(PFS) time of approximately 90 days.10,11 Recent clinical

trials of programmed cell death-1 (PD-1) pathway inhibitors

in patients with aMCC, as first-line or later therapy, have

demonstrated increased PFS and OS compared with his-

torical data from patients receiving chemotherapy.12-14 In

2017, avelumab (anti–programmed death ligand-1 [PD-

L1]) became the first drug of any kind to receive US Food

and Drug Administration (FDA) approval for treating met-

astatic MCC in adult and pediatric patients, on the basis of a

trial in chemotherapy-refractory patients showing a 33%

objective response rate (ORR) with sustained partial and

complete responses, indicating durable tumor re-

gression.12 More recently, avelumab was explored in the

first-line treatment setting for metastatic MCC, with a 62%

objective response rate; responses seemed to be durable

over a median follow-up period of 5.1 months.14 In a

phase II trial including 25 treatment-naı̈ve or treatment-

experienced patients with aMCC, nivolumab (anti–PD-1)

demonstrated an ORR of 64%, and median PFS and OS

were not reached during a 51-week observation period.15

Finally, we have described the durable efficacy of pem-

brolizumab (anti–PD-1) as first-line therapy for aMCC in a

preliminary report of 26 patients who experienced an ORR

of 56%.13 Outcomes from these clinical trials have led to

rapid changes in National Comprehensive Cancer Network

guidelines for aMCC, in advance of FDA approvals. In 2016,

National Comprehensive Cancer Network guidelines listed

chemotherapy as the sole treatment option for aMCC; in

2017, pembrolizumab was recommended after chemo-

therapy; and in 2018, avelumab, nivolumab, and pem-

brolizumab were all recommended as preferred first-line

therapies, ahead of chemotherapy.16

To further explore long-term outcomes from first-line anti–

PD-1 therapy in aMCC, we now provide follow-up on the

expanded phase II Cancer Immunotherapy Trials Network

(CITN)-09/Keynote-017 trial of pembrolizumab (ClinicalTrials.

gov identifier: NCT02267603). These data represent the

longest follow-up for any anti–PD-1/PD-L1 drug administered

in the first-line treatment setting for aMCC.

PATIENTS AND METHODS

Patients

Patients with distant metastatic or recurrent locoregional

MCC not amenable to definitive surgery or radiation therapy

who had measurable disease per Response Evaluation

Criteria in Solid Tumors (RECIST) v1.1 were enrolled.17

Eligibility and exclusion criteria were previously pub-

lished.13 Patients who had received prior systemic therapy

for aMCC were excluded; adjuvant chemotherapy received

greater than 6 months before initiating study treatment was

allowed. An initial cohort of 26 patients was enrolled

between January and December of 2015, and interim

results for this group of patients were reported.13 The

protocol was then amended to enroll 24 additional patients

(March 2016 to May 2017). Results from the full 50-patient

cohort are reported here. All patients in this study were

treated at sites in the United States.

Study oversight was previously reported.13 Briefly, the study

was conducted in accordance with the Declaration of

Helsinki and the International Conference on Harmoniza-

tion Guidelines for Good Clinical Practice. All patients

provided written informed consent before study entry. The

protocol was approved by the institutional review board at

each participating center.

Study Design

This was a phase II, open-label, nonrandomized multi-

center study in which at least one response among the first

nine treated patients was required (Simon two-stage de-

sign)18 to proceed to enroll the initial target of 25 patients.

On the basis of early encouraging results,13 a decision was

made to expand the cohort to 50 patients. Patients received

pembrolizumab 2 mg/kg intravenously every 3 weeks.

Treatment continued for up to 2 years or until the devel-

opment of unacceptable adverse event(s), progressive

disease, a complete response with at least 24 weeks of

therapy and at least two treatments beyond the date of

confirmed complete response, withdrawal of consent, or

physician discretion.

Disease Assessment

Computed tomography scans were performed at screening,

12 weeks after starting therapy, and at 9-week intervals

thereafter, as previously described.13 After 1 year of

treatment, the scan frequency was decreased to 12-week

intervals. Patients who had disease progression per RECIST

v1.1 were allowed to continue therapy if asymptomatic, if

the Eastern Cooperative Oncology Group performance

status was less than or equal to 1, and if there was no

evidence of rapid progression, with re-evaluation 4 weeks

later to assess for delayed response or additional disease

progression. RECIST-based evaluations of scans were

initially conducted at the institutional level, followed by

central radiologic review (reported herein).

Objectives

The primary objective of this study was to determine the

efficacy of pembrolizumab as first-line therapy for patients

with aMCC. The primary end point was ORR measured by

RECIST v1.1. Secondary end points included duration of

response (DOR), PFS, and OS. Adverse events were

assessed according to National Cancer Institute Common

Terminology Criteria for Adverse Events version 4.0.19 Ex-

ploratory objectives included correlation of clinical outcomes

with analyses of the pretreatment tumor microenvironment,

including tumor MCPyV status and PD-L1 expression.

694 © 2019 by American Society of Clinical Oncology Volume 37, Issue 9

Nghiem et al

http://ClinicalTrials.gov
http://ClinicalTrials.gov


Specimen Acquisition

Pretreatment (immediate or archival) tumor biopsy samples

were obtained on all patients, and formalin-fixed paraffin-

embedded tumor biopsies or sectioned slides were col-

lected and stored for later use. Blood samples were drawn

for correlative laboratory analyses at baseline and at the

time of subsequent imaging studies. Serum was collected

and processed at local sites and cryopreserved.

Tumor MCPyV Status Determination

Patients were determined to have VP-MCC if they were

found to have small T-antigen–specific antibodies in their

serum via a customized Luminex immunoassay (Thermo-

Fisher Scientific, Waltham, MA)20 or large T-antigen ex-

pression in tumor biopsies via immunohistochemistry

(IHC).21,22

PD-L1 IHC

PD-L1 staining (anti–PD-L1 clone 22C3; Merck Research

Laboratories, Kenilworth, NJ) was performed at QualTek

Molecular Laboratories (Newtown, PA) on formalin-fixed

paraffin-embedded sections from pretreatment MCC bi-

opsies, as previously described.13 Specimens were scored

as PD-L1 positive for tumor cell or immune cell expression if

at least 1% of the cell type of interest expressed cell surface

PD-L1.

Statistical Analysis

Objective response (primary end point), PFS, OS, and

safety were assessed in all 50 participants. The DOR was

evaluated in responders, defined as those who had a

confirmed complete or partial response. Objective re-

sponse and disease control were evaluated with point

estimates and 95% CIs on the basis of the exact binomial

method. DOR, PFS, and OS were estimated using the

Kaplan-Meier method for censored data. Participant flow

through the trial, baseline characteristics, and adverse

events were summarized by descriptive statistics. Objective

response, PFS, and OS were analyzed on the basis of the

PD-L1 and MCPyV status of each tumor. Fisher’s exact test

was used to assess associations between objective re-

sponse and PD-L1 expression or viral status. Data were

analyzed using SAS version 9.4 (SAS Institute, Cary, NC).

The database cutoff date was February 6, 2018. The study

is ongoing for follow-up but was completely enrolled at the

time of the database cutoff.

RESULTS

Patient Characteristics and Treatments Received

Fifty patients with aMCC and Eastern Cooperative Oncology

Group performance status of 0 to 1 were enrolled from

January 2015 to May 2017 and received at least one dose

of pembrolizumab. Patients received a median of 10.5

doses of pembrolizumab (standard deviation, 10.92 doses;

range, 1.0 to 35.0 doses), and the median duration

of treatment was 6.6 months (standard deviation,

7.73 months; range, 1 day to 23.6 months). Data were

analyzed as of February 6, 2018. Median follow-up time at

the time of database cutoff was 14.9 months (range, 0.4 to

36.4+ months).

Baseline patient and tumor characteristics are listed in

Table 1. As is typical for MCC, the median age was

TABLE 1. Baseline Patient and Tumor Characteristics

Characteristic

All Patients

(N = 50), No. (%)*

Age at enrollment, years

, 65 10 (20)

$ 65 40 (80)

Mean (SD) 70.1 (8.6)

Median (range) 70.5 (46-91)

Sex

Female 16 (32)

Male 34 (68)

AJCC disease stage at study entry

IIIB, unresectable 7 (14)

IV 43 (86)

ECOG performance status†

0 24 (48)

1 26 (52)

Baseline extent of disease, mm (n = 47)‡

Mean (SD) 64.3 (48.4)

Median (range) 56 (15-284)

Tumor Merkel cell polyomavirus status§

Positive 32 (64)

Negative 18 (36)

PD-L1 expression on tumor cells§ 47

Positive 23 (49)

Negative 24 (51)

PD-L1 expression on immune cells§ 47

Positive 41 (87)

Negative 6 (13)

PD-L1 expression on tumor and immune cells§ 47

Positive 41 (87)

Negative 6 (13)

Abbreviations: AJCC, American Joint Committee on Cancer; ECOG, Eastern

Cooperative Oncology Group; PD-L1, programmed death ligand-1; SD, standard

deviation.

*Values are numbers of patients, with percentages in parentheses, unless

otherwise noted.

†ECOG performance status of 2 or greater was an exclusion criterion for

enrollment.

‡Sum in millimeters of the diameters of tumor target lesions per Response

Evaluation Criteria in Solid Tumors (RECIST) v1.1 in 47 evaluable patients assessed

by blinded independent central review.

§Please see Appendix Tables A1 and A2 (online only) for additional details.
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FIG 1. Tumor regression in patients with advanced Merkel cell carcinoma (aMCC) receiving pembrolizumab. (A) Waterfall plot showing the maximum

change in tumor burden (sum of target lesion measurements) compared with baseline for 45 radiographically evaluable patients. Patients with Merkel cell

polyomavirus–positive tumors are indicated by blue bars. Horizontal dotted lines indicate Response Evaluation Criteria in Solid Tumors (RECIST) v1.1 for

partial response (30% or greater decrease in sum of target lesion diameters from baseline, assuming no new lesions) and progressive disease (20% or

greater increase in sum of target lesion diameters). Five patients are not depicted; three patients did not have measurable target lesions per RECIST v1.1 at

baseline, and two patients with clinical disease progression did not undergo repeat imaging of target lesions. (B) Spider plot showing response kinetics in

patients with aMCC receiving pembrolizumab. Percent change in sum of target lesion diameters from baseline is depicted for 45 evaluable patients, based

on serial measurements performed approximately every 9 to 12 weeks. (C) Swimmer plot showing durability of response among 28 patients with aMCC who

experienced a confirmed partial or complete response to pembrolizumab. In this group of patients, median time to response was 2.8 months (range, 1.5 to

9.7 months). Median duration of response was not reached at the time of data analysis (range, 5.9 to 34.5+ months). Dashed vertical line represents

maximumduration of therapy per protocol. (D) Kaplan-Meier curve showing duration of response (DOR) among the 28 patients depicted in panel C. Patients

without an event were censored (tick mark) at the last disease assessment date. NR, not reached.
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70.5 years (range, 46 to 91 years), and 80% of patients

were older than age 65 years. At the time of study en-

rollment, 43 patients (86%) had stage IV disease and seven

(14%) had unresectable stage IIIB disease. No patient had

previously received systemic therapy for aMCC; however,

three patients had received adjuvant chemotherapy greater

than 6 months before beginning study treatment. Forty-two

patients (84%) had previous surgery for MCC, and 35

patients (70%) had previous radiation treatment of MCC.

Thirty-two patients (64%) had MCPyV-positive tumors.

Clinical Activity

The characteristics of aMCC response to first-line anti–PD-1

therapy are shown in Figures 1A to 1D. Forty-five patients

were radiographically evaluable for response including the

target lesions according to RECIST v1.1, per central review

(Fig 1A). Five patients were unevaluable; three of these

patients had no radiographically measurable target lesions

at baseline, and two had clinical evidence of disease

progression but no on-treatment imaging of target lesions

(one patient died before postbaseline assessment, and the

other patient had magnetic resonance imaging of the spine

showing progression of nontarget lesions per investigator

review). Overall target lesion reduction by at least 30%

occurred in 31 (69%) of 45 evaluable patients and was not

related to tumor viral status. The kinetics of change in tumor

burden over time on therapy is shown in Figure 1B. The

majority of tumor regressions were rapid and durable.

Among responders, the median time to response was

2.8 months (range, 1.5 to 9.7 months), which corre-

sponded to the first planned imaging assessment at

12 weeks after treatment initiation. The treatment courses

of 28 patients who achieved an objective response

(complete or partial response) are depicted in Figure 1C. At

the time of data analysis, 20 of 28 responses were ongoing,

and the median durability of response had not been

reached. The Kaplan-Meier estimation of response durability

at 24 months was 79.1% (Fig 1D). The durability of re-

sponses observed with first-line pembrolizumab therapy

compares favorably to historical data from patients receiving

first-line chemotherapy for aMCC (Appendix Fig A1A, online

only).10

The ORR among all 50 patients, defined by at least one on-

treatment tumor assessment and one confirmatory as-

sessment performed at least 4 weeks later, was 56% (28

responses [12 complete responses and 16 partial re-

sponses]; 95% CI for ORR, 41.3% to 70.0%; Table 2). Five

patients (10%) had stable disease (95% CI, 3.3% to

21.8%), and 16 patients (32%) had progressive disease

(95% CI, 19.5% to 46.7%). There was no significant dif-

ference between the response rates in patients with VP-

MCC (59%; 19 of 32 patients) compared with patients with

VN-MCC (53%; nine of 17 patients; P = .765).

Two representative patients with objective responses are

depicted in Figures 2A and 2B. The first patient is a 92-

year-old woman with MCC metastatic to multiple organs

who experienced substantial tumor regression at the first

on-treatment radiologic evaluation. A partial response was

ongoing 13 months after treatment initiation, as assessed

by the investigator in June 2018 (Fig 2A). The second

patient is a 72-year-old man with MCC metastatic to

multiple sites, who received two doses of pembrolizumab in

February 2015. He experienced a partial response but

developed treatment-related hepatitis, requiring discon-

tinuation of pembrolizumab and administration of systemic

corticosteroid therapy. Tumors continued to shrink with-

out additional pembrolizumab therapy, with complete

resolution of all target lesions as of February 2018, 3 years

after treatment initiation (Fig 2B). Consistent with previ-

ous reports, administration of corticosteroids did not

seem to interfere with this patient’s ongoing antitumor

response.23

PFS and OS

PFS and OS estimates for first-line pembrolizumab therapy

in aMCC are shown in Figures 3A and 3B. The median PFS

time was 16.8 months (95% CI, 4.6 months to not esti-

mable), and the Kaplan-Meier estimate of PFS rate at

24 months was 48.3% (Fig 3A). Median OS had not been

reached at the time of analysis (95% CI, 26.0 months to not

estimable; Fig 3B). The Kaplan-Meier estimate for OS rate

at 24 months was 68.7%. The PFS and OS data observed

here with pembrolizumab therapy compare favorably to

historical data obtained from patients who received first-line

chemotherapy for aMCC (Appendix Figs A1B and A1C,

respectively).10,11 There was no significant difference in OS

or PFS when comparing patients with VP-MCC with patients

with VN-MCC (P = .48 and P = .77, respectively; Appendix

Figs A2A and A2B, online only).

Safety

Safety data are listed in Table 3. Treatment-related adverse

events (TRAEs) of any grade occurred in 48 (96%) of 50

TABLE 2. Summary of Best Response by Blinded Independent Central Review per

Response Evaluation Criteria in Solid Tumors (RECIST) v1.1

Response Evaluation*

No. of Patients

(N = 50) % 95% CI (%)†

CR 12 24 13.1 to 38.2

PR 16 32 19.5 to 46.7

Objective response (CR plus PR) 28 56 41.3 to 70.0

SD 5 10 3.3 to 21.8

Disease control (CR plus PR plus SD) 33 66 51.2 to 78.8

Progressive disease 16 32 19.5 to 46.7

No assessment‡ 1 2 0.1 to 10.6

Abbreviations: CR, complete response; PR, partial response; SD, stable disease.

*Only confirmed responses are included.

†Based on binomial exact CI method.

‡One patient had a baseline tumor assessment but could not be reassessed after

starting therapy as a result of illness and death before the first on-treatment scan.
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patients, with grade 3 or greater TRAEs observed in 14

(28%) of 50 patients. Seven patients (14%) discontinued

pembrolizumab therapy as a result of TRAEs. There was

one death attributed to study therapy; the death occurred in

a 73-year-old male patient with widely metastatic MCC and

pre-existing atrial fibrillation who developed pericardial and

pleural effusions 1 day after a single infusion of pem-

brolizumab. This patient withdrew from the trial and died

10 days after starting pembrolizumab treatment. Although

evaluation was incomplete, progressive MCC and wors-

ening pericardial and pleural effusions likely contributed to

this patient’s death.

Before

Treatment

3 Months

Before Treatment 2 Months (end of treatment) 36 Months

A

B

FIG 2. Response to pembrolizumab in two patients with metastatic Merkel cell carcinoma (MCC).

(A) A 92-year-old woman with a history of a virus-negative primary MCC on the scalp in 2016

developed cervical adenopathy and multiple liver lesions. Liver biopsy revealed metastatic MCC.

The patient began pembrolizumab in May 2017. She experienced a partial response at 3 months,

which was ongoing 13 months after treatment initiation (June 2018). Computed tomography scan

images are from baseline and at 3 months (time of response). Yellow arrowheads (left panels) and

red circles (right panels) indicate regressing cervical adenopathy and liver metastases, re-

spectively. Treatment-related adverse effects included grade 1 pruritus, anterior uveitis, and

creatinine elevation. As of July 2018, the patient’s Eastern Cooperative Oncology Group per-

formance status (ECOG PS) was stable (ECOG PS of 1), and she continued to receive pem-

brolizumab per protocol. (B) A 72-year-old man developed a virus-negative primary MCC on the

scalp in September 2014, which was treated with wide surgical excision. In December 2014,

metastatic MCC was identified in the parotid gland, cervical lymph nodes, and numerous sites in

the liver (yellow arrowheads). The patient began pembrolizumab therapy in February 2015. After

two doses, he experienced a partial response (middle panel), but developed grade 4 immune-

mediated hepatitis (peak AST and ALT of 1,223 and 1,281 IU/L, respectively; upper normal limits

for AST and ALT are 38 and 48 IU/L, respectively), necessitating discontinuation of pem-

brolizumab and administration of corticosteroid therapy in March 2015. Hepatic aminotrans-

ferases normalized by June 2015. Importantly, the patient’s target lesions continued to shrink with

continued observation and no additional cancer therapy and completely resolved by February

2018 (left panel; yellow arrows indicate prior locations of liver metastases). The patient was

asymptomatic and without evidence of disease as of August 2018.
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Tumor PD-L1 Assessments and Correlations With

Clinical Outcomes

PD-L1 expression was determined via IHC in pretreatment

tumor specimens from 47 of the 50 patients. PD-L1 can be

expressed on tumor cells and/or tumor-infiltrating immune

cells including macrophages, which are prominent in

MCC.24-26 We assessed PD-L1 expression on tumor cells,

infiltrating immune cells, or any cell type in the tumor

specimen (tumor cells and infiltrating immune cells),

similar to methods currently used in various commercial

analytic PD-L1 IHC assays.27,28 Twenty-three (49%) of 47

specimens showed PD-L1 expression on 1% or more of

tumor cells, and 41 (87%) of 47 specimens had 1% or

greater PD-L1–positive immune cells. There was a trend for

specimens containing PD-L1–positive tumor cells to also be

MCPyV positive, as we previously reported in a smaller

cohort of specimens from this trial (P = .125; Appendix

Table A1, online only).13 Among 46 evaluable patients, PD-

L1 expression did not correlate with response (Appendix

Table A2, online only). There was a trend toward improved

OS and PFS in patients with PD-L1 positivity greater than a

1% threshold on tumor cells, but this did not reach sta-

tistical significance (P = .057 for OS; P = .128 for PFS;

Appendix Figs A3A and A3B, online only). There was no

significant correlation between PD-L1 expression scored on

any cell type and OS or PFS (P = .9460 for OS; P = .8477 for

PFS; Appendix Figs A3C and A3D).

DISCUSSION

Immunotherapy has revolutionized the treatment land-

scape for patients with aMCC, which until recently carried

a uniformly poor prognosis. This rare malignancy was

considered an orphan disease but is receiving increasing

attention not only because of its responsiveness to anti–PD-

1/PD-L1 therapies, but also because of its intriguing biology.

Its two major subtypes, virus induced and carcinogen (ul-

traviolet light) induced, have dichotomous genetic profiles

with exceedingly low versus strikingly high tumor mutational

burdens, respectively.5-7 However, as shown here, patients

with either MCC subtype who received first-line pem-

brolizumab therapy experienced similarly high response

rates, PFS, and OS. This provides compelling evidence that

both the quality and quantity of tumor antigens are important

factors driving antitumor immunity and tumor rejection.

Clinical outcomes reported here exceed expectations drawn

from the chemotherapy literature10,11 and provide the longest

follow-up to date in patients with aMCC receiving anti–PD-1/

PD-L1 therapy as first-line therapy.

Biomarkers of aMCC response to pembrolizumab, if

identified, could further refine treatment strategies. PD-L1

expression assessed by IHC in pretreatment tumors pro-

vides a marker favoring the likelihood of anti–PD-1/PD-L1

response in various cancer types, and commercial tests are

now FDA approved to guide such therapies for non–small-

cell lung cancer and select other malignancies.29 Herein,

we report a trend for PD-L1 expression on tumor cells to

correlate with an improved PFS and OS in patients with

aMCC receiving pembrolizumab. Similarly, Kaufman

et al30 reported a trend for higher response rates in

chemotherapy-refractory patients with aMCC receiving

avelumab, whose pretreatment tumor specimens harbored

PD-L1–positive tumor cells. Future research will focus on

advanced multiplex and multidimensional tissue markers

for their ability to predict anti–PD-1/PD-L1 response in

MCC, and early results suggest that the distance between
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FIG 3. Progression-free survival (PFS) and overall survival (OS) analyses. (A) Kaplan-Meier curve depicting PFS among 50 patients with advanced Merkel

cell carcinoma (aMCC) receiving pembrolizumab. PFS was measured from the time of treatment initiation until either disease progression (Response

Evaluation Criteria in Solid Tumors [RECIST] v1.1) or death, whichever occurred first. At 24 months, estimated PFS was 48.3%. Median PFS was 16.8

months (95%CI, 4.6months to not estimable). (B) Kaplan-Meier curve depicting OS among 50 patients with aMCC receiving pembrolizumab. At 24months,

estimated OS was 68.7%. Median OS was not reached at the time of the analysis (95% CI, 26.0 months to not estimable).

Journal of Clinical Oncology 699

Durable Tumor Control With Pembrolizumab for Advanced MCC



PD-1 and PD-L1 may be a better predictor of response than

PD-L1 expression alone in this tumor type.31

Pseudo-progression after initiation of immune checkpoint

inhibitor therapy has been described in several other tumor

types.32 For MCC, pseudo-progression has not been

prominently observed in clinical trial reports to date13,14,30 or

within the present cohort. The rapidity of response to im-

mune therapy for MCC (most responses evident by the time

of first scan) may mean that it is difficult to detect pseudo-

progression, even when it may occur in MCC.

Additional challenges remain to optimize the utility of

pembrolizumab in aMCC. Although the majority of 28

objective responders in this report remained in response

with a median of 14.9 months of follow-up, eight patients

experienced relapse. In-depth studies of pre- and post-

treatment tumor biopsies are ongoing in an attempt to

unravel factors underlying primary and acquired resistance

to pembrolizumab in MCC. Furthermore, although pem-

brolizumab was generally safe in this elderly patient pop-

ulation (80% of patients were age 65 years or older), 28% of

patients experienced a grade 3 or greater TRAE, and there

was one death attributed to study treatment. Future studies

to optimize treatment regimens, including dose-intensity

and treatment duration, may mitigate risk in patients with

MCC. Finally, the neoadjuvant and/or adjuvant application

of anti–PD-1/PD-L1 therapies in patients with MCC at high

risk for postsurgical relapse may be of benefit, and such

trials are now in progress (ClinicalTrials.gov identifiers:

NCT03271372 and NCT02488759). The rapid response

kinetics of MCC to pembrolizumab demonstrated here, with

most objective responses documented at the earliest

evaluation point at 12 weeks, suggest that a short course of

neoadjuvant anti–PD-1 may be efficacious. Indeed, in a

recent report, a 4-week course of preoperative anti–PD-1

(nivolumab) was associated with notable response rates by

radiographic and pathologic criteria.33 Additional in-

vestigations will determine whether the application of anti–

PD-1/PD-L1 drugs in stage II to III MCC, in the pre- or

postsurgical setting, can extend PFS and OS, providing

additional effective treatments for patients who previously

had limited options.
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TABLE 3. Adverse Events

Adverse Event*

No. of Patients (%)

(N = 50)

Any adverse event 50 (100)

Treatment-related adverse event† 48 (96)

Grade 1 or 2 treatment-related adverse event 34 (68)

Grade $ 3 treatment-related adverse event 14 (28)

Treatment-related adverse event leading to

discontinuation of pembrolizumab

7 (14)‡

Adverse events of special interest§

Adrenal insufficiency 1 (2)

Colitis 1 (2)

Hyperthyroidism 1 (2)

Hypothyroidism 3 (6)

Infusion-related reaction 1 (2)

Myocarditis 1 (2)

Pancreatitis 2 (4)

Pneumonitis 3 (6)

Rash maculopapular 2 (4)

Thyroiditis 1 (2)

*Graded according to National Cancer Institute Common Terminology Criteria for

Adverse Events, Version 4.0.19 Nonserious adverse events within 30 days after the

last dose of pembrolizumab and serious adverse events within 90 days after last

dose are included.

†Determined by the investigator to be related to the study drug.

‡Includes one treatment-related death.

§All adverse events of special interest, regardless of attribution.
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FIG A1. Kaplan-Meier curves showing response characteristics of pembrolizumab-treated patients in the current trial,

compared with published cohorts of patients with advanced Merkel cell carcinoma (aMCC) (continued on following page)
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(Continued). treated with chemotherapy. Blue circles represent Kaplan-Meier estimates of pembrolizumab data at the

indicated time points. Kaplan-Meier estimates of historical first-line chemotherapy cohort data from Iyer et al10 (2016) and

from Cowey et al11 (2017) are also indicated. (A) Median duration of response among 28 patients with aMCC who ex-

perienced a partial or complete response (RECIST v1.1) to pembrolizumab was not reached (NR) at the time of analysis

(range, 5.9 to 34.5+ months, where + indicates an ongoing response). In contrast, Iyer et al10 reported that only 6% of

chemotherapy responses persisted at 18 to 24 months. (B) Median progression-free survival (PFS) was 16.8 months for

pembrolizumab (95% CI, 4.6 months to not estimable), as compared with historical data from patients receiving first-line

chemotherapy, whosemedian PFS was 3.1months as reported by Iyer et al10 (red X’s) and 4.6months (95%CI, 3.0 to 7.0

months) as reported by Cowey et al11 (teal circles). (C) Median overall survival (OS) for pembrolizumab had not been

reached at the time of analysis (95% CI, 26.0 months to not estimable). Historical first-line chemotherapy data reported

median OS durations of 9.5months (Iyer et al10) and 10.2months (95%CI, 7.4 to 15.2 months; Cowey et al11). Tickmarks

indicate censored events, defined for PFS as the time to the last assessment before the date of data analysis for patients

without disease progression or death and defined for OS as the time to the last known alive date before the date of data

analysis for patients without a death.
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FIG A2. Kaplan-Meier curves showing (A) overall survival (OS) and (B) progression-free survival (PFS) of

pembrolizumab-treated patients, according to tumor Merkel cell polyomavirus (MCPyV) status. There was no sta-

tistically significant correlation of OS or PFS with MCPyV status. P values are based on log-rank test.
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FIG A3. Kaplan-Meier curves showing progression-free survival (PFS) and overall survival (OS) of pembrolizumab-treated patients, according to tumor

specimen programmed death ligand-1 (PD-L1) expression status. (A) OS and (B) PFS by PD-L1 expression on the surface of tumor cells only. (C) OS and (D)

PFS by PD-L1 status on any cell type (tumor cells plus infiltrating immune cells). Patients with PD-L1 expression on tumor cells seemed to have improved OS

and PFS, although these trends did not reach statistical significance (P = .057 for OS; P = .128 for PFS). P values are based on log-rank test.

Journal of Clinical Oncology

Durable Tumor Control With Pembrolizumab for Advanced MCC



TABLE A2. Objective Response by PD-L1 Expression on Tumor Cells, Immune

Cells, or Any Cell Type (tumor cells and infiltrating immune cells)

Response P value†

PD-L1 expression on tumor cells

Positive (n = 23) Negative (n = 24)*

CR + PR 14 13 1

SD + PD 9 10

PD-L1 expression on immune cells

Positive (n 5 41)* Negative (n 5 6)

CR + PR 24 3 0.68

SD + PD 16 3

PD-L1 expression on tumor 1 immune cells

Positive (n 5 41)* Negative (n 5 6)

CR + PR 24 3 0.68

SD + PD 16 3

Abbreviations: CR, complete response; PD, progressive disease; PD-L1,

programmed death ligand-1; PR, partial response; SD, stable disease.

*One patient did not have response assessment and was excluded from analysis.

†Fisher’s exact test was used to assess associations between objective response

and PD-L1 expression or viral status.

TABLE A1. Correlation Between MCPyV Status and PD-L1 Expression on Tumor

Cells, Immune Cells, or Any Cell Type (tumor cells and infiltrating immune cells)

Tumor MCPyV status P value*

PD-L1 expression on tumor cells

Positive (n 5 23) Negative (n 5 24)

Positive 18 13 0.125

Negative 5 11

PD-L1 expression on immune cells

Positive (n 5 41) Negative (n 5 6)

Positive 28 3 0.395

Negative 13 3

PD-L1 expression on tumor 1 immune cells

Positive (n 5 41) Negative (n 5 6)

Positive 28 3 0.395

Negative 13 3

Abbreviations: MCPyV, Merkel cell polyomavirus; PD-L1, programmed death

ligand-1.

*Fisher’s exact test was used to assess associations between objective response

and PD-L1 expression or viral status.
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