
JOURNAL OF CLINICAL ONCOLOGY O R I G I N A L R E P O R T

Philippe Armand and Margaret A. Shipp,

Dana-Farber Cancer Institute, Boston,

MA; Vincent Ribrag and Jean-Marie

Michot, Institut Gustave Roussy, Villejuif,

France; Pier Luigi Zinzani, Institute of
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A B S T R A C T

Purpose
Classical Hodgkin lymphoma (HL) frequently exhibits genetic alterations leading to overexpression
of the programmed death-1 (PD-1) ligands, suggesting a possible vulnerability to PD-1 blockade. The
phase Ib study KEYNOTE-013 (NCT01953692) tested the safety and efficacy of the anti–PD-1
antibody pembrolizumab in patients with hematologic malignancies. Based on its genetics, HL was
included as an independent cohort.

Methods
We enrolled patients with relapsed or refractory HL whose disease progressed on or after treatment
with brentuximab vedotin. Patients received pembrolizumab, 10 mg/kg every 2 weeks, until disease
progression occurred. Response to treatment was assessed at week 12 and every 8 weeks
thereafter. Principal end points were safety and complete remission (CR) rate.

Results
Thirty-one patients were enrolled; 55% had more than four lines of prior therapy, and 71% had
relapsed after autologous stem cell transplantation. Five patients (16%) experienced grade 3 drug-
related adverse events (AEs); there were no grade 4 AEs or deaths related to treatment. The CR rate
was 16% (90% CI, 7% to 31%). In addition, 48% of patients achieved a partial remission, for an
overall response rate of 65% (90%CI, 48% to 79%).Most of the responses (70%) lasted longer than
24 weeks (range, 0.14+ to 74+weeks), with a median follow-up of 17 months. The progression-free
survival rate was 69% at 24 weeks and 46% at 52 weeks. Biomarker analyses demonstrated a high
prevalence of PD-L1 and PD-L2 expression, treatment-induced expansion of T cells and natural killer
cells, and activation of interferon-g, T-cell receptor, and expanded immune-related signaling pathways.

Conclusions
Pembrolizumab was associated with a favorable safety profile. Pembrolizumab treatment induced
favorable responses in a heavily pretreated patient cohort, justifying further studies.

J Clin Oncol 34. © 2016 by American Society of Clinical Oncology

INTRODUCTION

Classic Hodgkin lymphoma (HL) is unusual
among malignancies in that the malignant
Hodgkin Reed-Sternberg (HRS) cells are
dispersed within an extensive inflammatory/
immune cell infiltrate.1 Despite this brisk T-cell–
rich infiltrate, there is little evidence of an effective
antitumor immune response in HL. Recent
studies suggest that HL may rely on the pro-
grammed death-1 (PD-1) signaling pathway to
evade antitumor immunity. In general, engage-
ment of the immune checkpoint receptor PD-1
on the T-cell surface by its ligands, PD-L1 and

PD-L2, triggers the transient downregulation of
T-cell function, which normally helps control
immune activity in settings of chronic antigen
exposure.2,3 Genetic analyses have shown that
HRS cells in classic HL frequently exhibit am-
plification of 9p24.1 and, as a result, overexpress
the associated gene products PD-L1 and PD-L2.4

This amplification event also involves the JAK2
locus; in turn, increased activity of the Jak/STAT
pathway further drives PD-L1 expression.4 Other
mechanisms, in particular, Epstein-Barr virus
infection, can also lead to PD-L1 overexpression
on the tumor cell surface.5 As a result of those
mechanisms, HL tumor cells frequently over-
express PD-L1 and PD-L2 on their surface, which

© 2016 by American Society of Clinical Oncology 1
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strongly suggests that HL has a unique, genetically determined
dependence on PD-1 for survival.

With the clinical availability of monoclonal antibodies tar-
geting PD-1, it is now possible to counter the reliance of tumors on
the PD-1 pathway and increase antitumor immunity. This strategy
has already achieved successful results in solid tumors, with trials
showing significant clinical activity across a range of cancer
types.6-9 PD-1 blockade has also shown promising preliminary
results in a number of hematologic malignancies.10-13 Pembro-
lizumab is a humanized, high-affinity, IgG4 monoclonal antibody
directed against PD-1. Pembrolizumab has demonstrated clinical
activity in several tumor types, including melanoma and non–
small-cell lung cancer.7,14 Based on the known genetic deregulation
of 9p24.1 in classical HL, this tumor type was included as an
independent cohort in a phase Ib study of pembrolizumab in
hematologic malignancies (KEYNOTE-013; ClinicalTrials.gov,
NCT01953692). Here, we report the results of pembrolizumab
treatment in those patients.

METHODS

Patients
The cohort of patients with HL described here was a part of the

multicohort, open-label, phase Ib trial KEYNOTE-013, designed to
evaluate the safety and antitumor activity of pembrolizumab in pa-
tients with select hematologic malignancies. Patients in this cohort
were 18 years of age or older with a confirmed diagnosis of classic HL.
They had to have relapsed or refractory disease, and to have relapsed
after, be ineligible for, or refused autologous stem-cell transplantation
(ASCT). In addition, patients were required to have received bren-
tuximab vedotin (BV) treatment. Other inclusion criteria were Eastern
Cooperative Oncology Group performance status , 2 with adequate
hematologic, renal, hepatic, and coagulation parameters. Principal
exclusion criteria were active or past documented autoimmune dis-
ease, clinically active CNS involvement, evidence of interstitial lung
disease, second malignancy, or HIV infection. Patients who received
previous treatment with checkpoint or T-cell costimulatory blockade,
systemic immunosuppressive therapy within 7 days, or allogeneic
stem cell transplantation within 5 years from the start of study
treatment were also excluded. All patients provided written informed
consent. The study protocol was approved by the independent in-
stitutional review boards or ethics committees at each study site and
conducted in accordance with the Declaration of Helsinki and the
International Conference on Harmonization Guidelines for Good
Clinical Practice.

Study Design
Patients were treated with pembrolizumab administered in-

travenously at a dose of 10 mg/kg every 2 weeks. Response to treatment
was assessed by computed tomography and positron emission tomo-
graphy scan after 12 weeks of treatment and every 8 weeks thereafter.
Patients who received pembrolizumab for at least 24 weeks and for at
least two treatments beyond confirmed complete remission (CR) could
discontinue therapy at the discretion of the investigator. Patients with
radiographic progressive disease (PD) at week 12 who were clinically
stable could remain on therapy until PD was confirmed by a follow-up
scan or longer if they were experiencing clear clinical benefit despite PD.
Otherwise, treatment was continued up to 2 years or until confirmed
disease progression or unacceptable toxicity. The primary objective of
this study was to assess CR rate (CRR) at any time, as determined by
investigator review and defined according to the International

Harmonization Project (IHP) criteria.15 The main secondary end points
were safety, overall response rate (ORR), and duration of response.
Adverse events (AEs) were monitored throughout the trial and graded
per the National Cancer Institute Common Terminology Criteria for
Adverse Events, version 4.0.16

All patients who received at least one dose of pembrolizumab were
included in the safety analysis; patients with at least one postbaseline
assessment were included in the efficacy analysis. Responses (CR, partial
remission [PR], stable disease, or PD) were classified according to IHP
criteria.15 ORR was defined as the proportion of patients who achieved
either a CR or a PR. The best overall response was defined as the best
response during the period between the first dose and the first efficacy
assessment showing PD, or, in the absence of PD, the last efficacy as-
sessment before subsequent therapy. Duration of response was defined as
the time between the first response and the date of first documented disease
progression, or, in the absence of PD, the last efficacy assessment before
subsequent therapy. For CRR and ORR, 90% confidence intervals (CIs)
were calculated based on the binomial distribution. This design had an
approximate power of 80% to detect a 20% improvement in CRR
under the null hypothesis that CRR is 10%, with a one-sided type I error
rate of 5%.

Biomarker Assessment
Immunohistochemistry. PD-L1 expression was determined using ei-

ther fresh or archival formalin-fixed, paraffin-embedded tissue sectioned at
4 to 5 microns, with a proprietary assay developed at QualTek Molecular
Laboratories (Newtown, PA) in collaboration with Merck (Kenilworth,
NJ). The assay used the 22C3 anti–PD-L1 murine monoclonal antibody
(Merck Research Laboratories, Palo Alto, CA) as the primary reagent, and
Envision FLEX+ (Dako, Carpinteria, CA) ancillary reagents for antigen
retrieval, as the secondary antibody, and for chromogenic development.
Staining was automated on the Techmate 500 (no longer commercially
available). Scoring was performed by a board-certified pathologist. PD-L1
was considered positive if at least 1% of HL cells (including HRS cells and
variants) demonstrated at least partial membrane staining with moderate
or strong intensity.

Sections cut from formalin-fixed, paraffin-embedded tissue
blocks were deparaffinized and rehydrated with serial passage through
changes of xylene and graded ethanols for PD-L2 immunohisto-
chemistry (IHC). All slides were subjected to heat-induced epitope
retrieval in Envision FLEX Target Retrieval Solution, High pH (K8012;
Dako). Endogenous peroxidase in tissues was blocked by incubation of
slides in 3% hydrogen peroxide solution prior to incubation with
primary antibody (anti–PD-L2 clone 3G2; Merck Research Labora-
tories) for 60 minutes. Antigen-antibody binding was visualized via
application of the FLEX+ polymer system (K8012; Dako) and ap-
plication of 3,39 diaminobenzidine chromogen (K4368, Dako).
Stained slides were counterstained with hematoxylin, cover slips were
placed, and the slides were reviewed. For PD-L2 expression, a semi-
quantitative 0 to 5 scoring system (0 = negative; 1 = rare; 2 = low; 3 =
moderate; 4 = high; 5 = very high), incorporating combined preva-
lence of tumor and nontumor cell staining, was applied.

Flow cytometry. The pharmacodynamic effect of pembrolizumab
on lymphocytes was evaluated in peripheral blood specimens collected
from patients with HL at pretreatment, cycle 7 predose, or discontinuation
time points, using an analytically validated flow cytometric assay. Briefly,
peripheral blood was collected in sodium heparin anticoagulant
vacutainer tubes and maintained at ambient temperature. Then, 100 mL of
sodium-heparin–anticoagulated peripheral blood was incubated in the
dark at ambient temperature with a cocktail of fluorochrome-conjugated
monoclonal antibodies specific to cell-surface antigens differentially
expressed on lymphocytes. After RBC lysis and washing, the cells were
fixed in 2% paraformaldehyde buffer and acquired on a BD FACSCanto II
flow cytometer (BD Biosciences, San Jose, CA) to collect a minimum of
30,000 CD3+ lymphocyte events. Listmode files were analyzed offline
using WinList software 7.0 (Verity Software House, Topsham, ME). CD3,
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CD4, CD7, CD8, CD16, CD34, CD45, and CD56 were used to assess the
frequency of T-cell subsets and NK cells. AWBC differential was used to
calculate absolute T- and NK-cell counts. A signed rank test was used to
evaluate the significance of the changes from pretreatment to cycle 7
in lymphocyte subsets. No adjustment was made for multiple testing.

NanoString analysis. Interferon gamma (IFN-g) is involved in the
regulation and differentiation of immune cells and in immune activa-
tion,17-20 so we also performed RNA profiling in blood from patients pre-
and posttreatment to detect whether IFN-g pathways were induced by
treatment with pembrolizumab. Other previously identified immune-
related gene signatures were also evaluated.21 Per blood sample at
baseline and cycle 7, 50 ng of total RNA, in a final volume of 5 mL, was
mixed with a 39 biotinylated capture probe and a 59 reporter probe tagged
with a fluorescent barcode from the desired gene expression code set.
Probes and target transcripts were hybridized overnight at 65°C for 12 to
16 hours per manufacturers’ recommendations. Hybridized samples
were run on the NanoString nCounter preparation station (NanoString
Technologies, Seattle, WA) using the high-sensitivity protocol, in which
excess capture and reporter probes were removed and transcript-specific
ternary complexes were immobilized on a streptavidin-coated cartridge.
The samples were scanned at maximum scan resolution using the
nCounter Digital Analyzer (NanoString Technologies). NanoString data
for each individual sample were normalized by quantile normalization.
Gene counts reported by NanoString were used as input variables with
a reference distribution generated by using a pool of counts from all
samples and 794 genes (excluding data from positive and negative control
probes). After performing quantile normalization, a log10 transformation
was applied. A paired t test was applied to pre- and postdose patient
blood samples to test for significance and P values were adjusted for
multiple testing by the Benjamini and Hochberg method to control the
false discovery rate.

RESULTS

Patients
Thirty-one patients with relapsed or refractory classic HLwere

enrolled in this cohort between December 2013 and September
2014. All had at least one postbaseline scan and were included in
the efficacy and safety analyses. The median age of the patients was
32 years (range, 20 to 67 years). All patients previously received BV
therapy; 22 (71%) had previously undergone ASCT, eight (26%)
were ineligible for transplantation because of chemoresistant
disease, and one (3%) had declined transplantation (Table 1).
Fifty-five percent of patients had received five or more lines of
prior therapy (range, two to 15 lines).

Safety
AEs of any grade and attribution were reported in 30 of the 31

patients (97%). Overall, 68% of patients experienced one or more
AEs that were deemed related to study treatment. The most
common treatment-related AEs (Table 2) were hypothyroidism
(16%), diarrhea (16%), nausea (13%), and pneumonitis (10%).
Five patients (16%) experienced the following seven treatment-
related severe (grade 3) AEs: colitis, increased ALT and AST levels,
nephrotic syndrome, joint swelling, back pain, and axillary pain
(Table 2). Two patients discontinued treatment because of an AE
(grade 2 pneumonitis and grade 3 nephrotic syndrome), and both
of these patients received steroids for treatment of the AE. There
were no grade 4 treatment-related AEs and no deaths related to

study treatment. No instances of treatment-related hepatitis,
hypophysitis, or uveitis were reported.

Efficacy
All 31 patients enrolled had at least one postbaseline evalu-

ation and, therefore, were evaluable for efficacy. Five of the 31
patients (16%; 90% CI, 7% to 31%) achieved a CR as their best
response (Table 3). In addition, 15 patients (48%) achieved a PR,
for an ORR of 65% (90% CI, 48% to 79%). Seven patients (23%)
had stable disease, and four (13%) had PD. Overall, 28 patients
(90%) experienced some reduction in tumor burden from
baseline as best response (Fig 1A). Tumor size changes from
baseline demonstrated, in general, reduced tumor burden over
time (Fig 1B). Among the 22 patients who had received a prior
ASCT, three (14%) achieved CR and 13 (59%) achieved PR, for an
ORR of 73%; among the remaining nine patients, two (22%)
achieved CR and two (22%) achieved PR, for an ORR of 44%
(Table 3).

At the time of data cutoff on October 27, 2015, the median
follow-up for surviving patients was 17.6 months (range, 10.6 to
22.5 months). Twenty-three patients discontinued pembrolizumab
treatment as of the data lock date: 15 because of PD, two because
of an AE (pneumonitis and nephrotic syndrome), three to undergo
allogeneic stem cell transplantation, one because of therapy
switching (to pegylated liposomal doxorubicin), one in CR
(allowed by protocol), and one because of consent withdrawal.
Among the 20 responding patients, 70% had a duration of
response$ 24 weeks (range, 0.14+ to 74+ weeks), and the majority
(80%) of these patients achieved their best response around the
time of the first assessment at 12 weeks (Fig 1C). The progression-
free survival and overall survival rates at 24 weeks were 69% and

Table 1. Patient Characteristics at Baseline (safety analysis set)

Characteristic
Total Patient Population

(N = 31), No. (%)

Sex
Male 18 (58)
Female 13 (42)

Age, years, median (range) 32 (20 to 67)
Histology
Nodular sclerosis 30 (97)
Mixed cellularity 1 (3)

Bulky disease, $ 10 cm 2 (6)
Prior brentuximab failure 31 (100)
Best response to brentuximab
Complete or partial response 10 (32)
Stable disease 9 (29)
Progressive disease 9 (29)
Unknown 3 (10)

Prior therapies, No.
2 1 (3)
3 9 (29)
4 4 (13)
$ 5 17 (55)

Refractory to the most recent therapy 21 (68)
Prior autologous stem-cell transplantation 22 (71)
Transplantation ineligible 8 (26)
Refused transplantation 1 (3)
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100%, respectively (Fig 2). Progression-free survival at 52 weeks
was 46%.

Correlative Studies
There were 28 tumor samples available from screening from

25 patients. Of those, 16 samples were evaluable from 16 distinct
patients (nonevaluable samples [n = 9] were due to inadequate
sample or non–tumor-containing tissue); 15 (94%) were PD-L1

positive in the tumor cells. Of 10 available samples from 10 patients
at cycle 7, five were evaluable (three of which were also evaluable at
screening), and four of those (80%) were PD-L1 positive. Addi-
tionally, among 10 patients assessed at baseline for PD-L2 expression
by IHC, nine (90%) showed high levels of PD-L2 staining. Among
the nine patients with evaluable baseline and on-treatment samples
for flow cytometry analysis, we detected a significant increase in the
absolute number of total T cells, CD4 and CD8 T subsets, as well as
NK cells in the peripheral blood between baseline and cycle 7 (or the
time of discontinuation if before cycle 7) (Fig 3). Gene signatures
that were previously found to be associated with response to PD-1
blockade21 were evaluated using the NanoString platform. The
IFN-g–induced signature was calculated as the average of the
normalized expression levels of CXCL9, CXCL10, HLA-DRA,
IDO1, IFN-g, and STAT1. Among 19 patients with available
paired samples, the IFN-g–induced signature was significantly
upregulated after pembrolizumab treatment (adjusted P = .017).
In addition, significant increases in gene signatures encompassing
T-cell receptor signaling (adjusted P = .004) and expanded
immune-related genes (adjusted P = .005) were also observed.
However, neither the increase in circulating immune cell subsets
nor any of the gene signatures or single-gene expressions at
baseline appeared to predict response in this small cohort.

DISCUSSION

This study enrolled heavily pretreated patients, all of whom had
previously received BV. Despite this, PD-1 blockade with pem-
brolizumab was associated with a high overall response rate of
65% at 12 weeks with a favorable safety profile. Moreover, 90% of
the patients had some evidence of tumor shrinkage on treatment.
Although the follow-up is still relatively short, many responses
were ongoing. The safety profile was acceptable and concordant
with that of pembrolizumab in solid tumors. There were no
life-threatening or fatal treatment-related events in this study.
Our results overall are consistent with those using another PD-1
antibody (nivolumab) in a similar patient population.10 In the
present work, the response rate of pembrolizumab appeared lower
in transplantation-naive patients, who composed 30% of the
evaluable patients compared with patients who relapsed after
ASCT (44% v 73%). This is consistent with prior studies doc-
umenting, in general, a lower response rate and worse prognosis
for patients ineligible for ASCT because of lack of response to

Table 3. Antitumor Activity of Pembrolizumab (efficacy analysis set)

Best Overall Response

Total (N = 31)

Progressed After
Transplantation

(n = 22)
Transplantation Ineligible

(n = 9*)

No. % (90% CI†) No. % (90% CI†) No. % (90% CI†)

Overall response rate 20 65 (48 to 79) 16 73 (53 to 87) 4 44 (17 to 75)
Complete remission 5 16 (7 to 31) 3 14 (4 to 32) 2 22 (4 to 55)
Partial remission 15 48 (33 to 64) 13 59 (40 to 77) 2 22 (4 to 55)

Stable disease 7 23 (11 to 38) 4 18 (7 to 37) 3 33 (10 to 66)
Progressive disease 4 13 (5 to 27) 2 9 (2 to 26) 2 22 (4 to 55)

*One patient refused transplantation and was included in the transplantation ineligible group. That patient achieved a complete remission as best response.
†Based on binomial exact confidence interval method.

Table 2. Drug-Related Adverse Events (safety analysis set)

Treatment-Related AEs
Total Patient Population

(N = 31), No. (%)

Treatment-related AEs of any grade related
to study drug in two or more patients

Endocrine
Hypothyroidism 5 (16)
Thyroiditis 2 (6)

GI
Diarrhea 5 (16)
Nausea 4 (13)
Constipation 2 (6)
Vomiting 2 (6)

General
Asthenia 2 (6)
Chills 2 (6)
Fatigue 2 (6)
Xerosis 2 (6)

Investigations
ALT level increased 2 (6)
AST level increased 2 (6)
Increased blood creatine
phosphokinase level

2 (6)

Metabolism and nutrition
Decreased appetite 2 (6)
Hypertriglyceridemia 2 (6)

Respiratory
Dyspnea 2 (6)
Pneumonitis 3 (10)

Treatment-related AEs of grade $ 3
ALT level increased* 1 (3)
AST level increased* 1 (3)
Axillary pain 1 (3)
Back pain† 1 (3)
Colitis 1 (3)
Joint swelling 1 (3)
Nephrotic syndrome† 1 (3)

Abbreviation: AE, adverse event.
*Occurred in the same patient.
†Occurred in the same patient.
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Fig 1. Response to treatment. (A) Maximum percentage
change from baseline in target lesions. (B) Change from
baseline in target lesions. (C) Treatment exposure and re-
sponse duration. Three patients had a formal response
assessment before the protocol-required time point of 12
weeks. One patient only received one dose of pem-
brolizumab, discontinued treatment because of toxicity at 4
weeks, and had nonprotocol scans to assess response,
which showed CR. The other two patients had nonprotocol
scans to confirm the clinical impression of progressive
disease before the 12-week time point. Abbreviations: CR,
complete response; PD, progressive disease; PR, partial
response; SD, stable disease.
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standard-dose salvage regimens.22-24 Larger studies are needed to
confirm whether this patient population is, indeed, also less likely
to respond to PD-1 blockade.

The CR rate in our cohort, however, was lower than expected
when the study was initially designed. In fact, the primary hypothesis
of the study was not met because the lower bound of the 90% CI for
CRR did not exclude the 10% null hypothesis. Since the time of
study design, it has become apparent that CRs are not commonly
achieved with checkpoint blockade in solid tumors or hematologic
malignancies.7,10,14 Yet PRs can be durable, suggesting that the
achievement of CR with checkpoint blockade is not necessary to
derive significant clinical benefit. This was the case in the current
study, as well, in which many of the PRs were ongoing at the time of
analysis despite patients’ extensive histories of prior treatments.

The high response rate to PD-1 blockade seen in this study
supports the hypothesis that classic HL is highly dependent on the
PD-1 pathway for survival. The genetically defined sensitivity to

PD-1 blockade in HL distinguishes this tumor from most other
solid and hematologic malignancies, and could explain why the
therapeutic response to PD-1 blockade in HL is higher than in any
other tumor type studied to date. In HL, the frequent coampli-
fication of PD-L1 and PD-L2 at the 9p24.1 locus suggests that PD-1
receptor blockade may be preferable to selectively targeting the PD-
L1 ligand. Our results also suggest that treatment with pem-
brolizumab promotes expansion of T-cell and NK-cell populations
in the peripheral blood and upregulates IFN-g–activated pathways,
suggesting that modulation of the PD-1/PD-L1 axis activates
T-cell/IFN-g signaling pathways. Those analyses were exploratory,
and larger studies are needed to confirm these findings. Overall, the
results presented here, together with their strong scientific un-
derpinning, provide a compelling rationale for the further de-
velopment of PD-1 blockade in HL.
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