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Key Points

• Pembrolizumab
provided durable
responses over long-
term follow-up in a sub-
set of heavily pretreated
patients with classical
Hodgkin lymphoma.

• Pembrolizumab had
a favorable safety profile
in heavily pretreated
patients with classical
Hodgkin lymphoma over
long-term follow-up.

The KEYNOTE-013 study was conducted to evaluate pembrolizumab monotherapy in

hematologic malignancies; classical Hodgkin lymphoma (cHL) was an independent

expansion cohort. We present long-term results based on .4 years of median follow-up for

the cHL cohort. The trial enrolled cHL patients who experienced relapse after, were

ineligible for, or declined autologous stem cell transplantation and experienced progression

with or did not respond to brentuximab vedotin. Patients received IV pembrolizumab

10 mg/kg every 2 weeks for up to 2 years or until confirmed progression or unacceptable

toxicity. Primary end points were safety and complete response (CR) rate by central review.

Enrolled patients (N 5 31) had received a median of 5 therapies (range, 2 to 15). After

a median follow-up of 52.8 months (range, 7.0 to 57.6 months), CR rate was 19%, andmedian

duration of response (DOR) was not reached; 24-month and 36-month DOR rates were both

50% by the Kaplan-Meier method. Median overall survival was not reached; 36-month

overall survival was 81%. Six patients (19%) experienced grade 3 treatment-related adverse

events (AEs); there were no grade 4 or 5 treatment-related AEs. With long-term follow-up

among a heavily pretreated cohort, pembrolizumab had a favorable safety profile; some

patients maintained long-term response with pembrolizumab years after end of treatment.

This trial was registered at www.clinicaltrials.gov as #NCT01953692.

Introduction

Most patients with classical Hodgkin lymphoma (cHL) are cured after combination chemotherapy with or
without radiation. Patients who experience relapse or are refractory to first-line treatment are treated with
salvage chemotherapy, and, if eligible, those with chemosensitive disease undergo autologous stem cell
transplantation (ASCT).1 Patients who are refractory to salvage chemotherapy or experience relapse
after ASCT may benefit from additional chemotherapy or use of brentuximab vedotin (BV), but outcomes
are historically poor.2 Results of the phase 1b KEYNOTE-013 study (#NCT01953692) and the phase
2 KEYNOTE-087 study (#NCT02453594) demonstrated strong antitumor activity with pembrolizumab,
a programmed death 1 (PD-1) inhibitor, in patients with relapsed/refractory cHL.3-5 Based on
KEYNOTE-087 results, pembrolizumab was approved by the US Food and Drug Administration for adult
and pediatric patients with relapsed/refractory cHL.6 Other PD-1 inhibitors have also shown activity in
cHL7-9; however, durability of responses with PD-1 inhibitor monotherapy remains to be established, and
it is unknown whether benefit is maintained after treatment discontinuation. To better understand
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durability of responses, outcomes after .4 years of median follow-
up for the KEYNOTE-013 cHL cohort are reported.

Methods

Detailed methods have been published previously.4 The protocol
was approved by an independent institutional review board or the

ethics committees of the participating institutions. The study was
conducted according to the principles of the Declaration of
Helsinki, and all patients provided written informed consent.
Patients had confirmed cHL and experienced relapse after, were
ineligible for, or declined to undergo ASCT, and either experienced
progression with or did not respond to BV. Patients received
10mg/kg of pembrolizumab IV every 2 weeks for up to 2 years or until
confirmed progression or unacceptable toxicity. At the investigator’s
discretion, patients with complete response (CR) could discontinue
pembrolizumab after receiving $24 weeks of treatment, with $2
doses administered after confirmed CR. Weight-based pembrolizu-
mab dosing provides equivalent efficacy to the fixed-dose regimen of
200 mg every 3 weeks approved for cHL.10,11

Primary end points were safety and CR rate. Secondary end points
were objective response rate (ORR), duration of response (DOR),
progression-free survival (PFS), and overall survival (OS). Responses
(CR, partial response [PR], stable disease, progressive disease [PD])
were determined by central review using International Harmonization
Project 2007 criteria.12 For CR rate and ORR, 95% confidence
intervals (CIs) were calculated based on binomial distribution. DOR,
PFS, andOSwere estimated using the Kaplan-Meier method. Patients
who underwent stem cell transplantation (SCT) or initiated another
anticancer therapy without experiencing PD were censored on the
date of their last assessment before SCT or new anticancer therapy for
DOR and PFS analyses. Patients who experienced progression or
died after .1 missed disease assessment were censored at their last
assessment without PD for DOR. Adverse events (AEs) were graded
per Common Terminology Criteria for Adverse Events, version 4.0.13

Immune-mediated AEs were based on a list of terms specified by the
sponsor and reported regardless of attribution to study treatment or
immune relatedness. The safety population included all patients who
received$1 dose of pembrolizumab; the efficacy population included
all patients who had$1 postbaseline assessment. Data cutoff was 28
September 2018.

Results

Among 31 patients enrolled in the cHL cohort, median follow-
up was 52.8 months (range, 7.0 to 57.6 months). Among 18
responders, median follow-up was 52.7 months (range, 50.0 to
56.6 months). Baseline characteristics have been published
elsewhere.4 The median number of previous therapies was 5
(range, 2 to 15). At data cutoff, 6 patients (19%) had completed
2 years of treatment and 25 (81%) had discontinued study
medication because of PD (15 patients; 48%), AEs (3 patients;
10%), physician decision (3 patients; 10%), CR (2 patients;

Table 1. Treatment-related AEs (N 5 31)

AEs n (%)

Any grade (‡2 patients)

Any 22 (71)

Diarrhea 7 (23)

Hypothyroidism 4 (13)

Nausea 4 (13)

Pneumonitis 4 (13)

Dyspnea 3 (10)

Fatigue 3 (10)

Abdominal distension 2 (6)

Arthralgia 2 (6)

Increased aspartate aminotransferase level 2 (6)

Asthenia 2 (6)

Increased blood creatine phosphokinase level 2 (6)

Chills 2 (6)

Decreased appetite 2 (6)

Hypertriglyceridemia 2 (6)

Thyroiditis 2 (6)

Vomiting 2 (6)

Increased weight 2 (6)

Xerosis 2 (6)

Grade 3

Any 6 (19)

Colitis 1 (3)

Axillary pain 1 (3)

Increased aspartate aminotransferase level 1 (3)

Back pain 1 (3)

Joint swelling 1 (3)

Nephrotic syndrome 1 (3)

Dyspnea 1 (3)

There were no grade 4 or 5 treatment-related AEs.

Table 2. Best objective tumor response in the total population and by key patient subgroups

Total population,

N 5 31

Response by baseline transplantation status and BV status Response by refractory status to first therapy

Received BV after

unsuccessful ASCT, n5 16

Received BV and ASCT

ineligible, n 5 8

Received BV before

unsuccessful ASCT, n 5 7

Refractory to first

therapy, n 5 11

Not refractory to first

therapy, n 5 20

ORR (CR 1 PR),
% (95% CI)

58.1 (39.1-75.5) 68.8 (41.3-89.0) 37.5 (8.5-75.5) 57.1(18.4-90.1) 54.5 (23.4-83.3) 60.0 (36.1-80.9)

Response, n (%)

CR 6 (19.4) 3 (18.8) 2 (25.0) 1 (14.3) 3 (27.3) 3 (15.0)

PR 12 (38.7) 8 (50.0) 1 (12.5) 3 (42.9) 3 (27.3) 9 (45.0)

SD 7 (22.6) 3 (18.8) 3 (37.5) 1 (14.3) 4 (36.4) 3 (15.0)

PD 6 (19.4) 2 (12.5) 2 (25.0) 2 (28.6) 1 (9.1) 5 (25.0)
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7%), protocol violation (1 patient; 3%), and patient decision
(1 patient; 3%).

Treatment-related AEs occurred in 22 patients (71%), and grade 3
to grade 5 treatment-related AEs occurred in 6 (19%). The most

common treatment-related AEs were diarrhea (7 patients; 23%),
hypothyroidism, nausea, and pneumonitis (4 patients each; 13%).
Six patients (19%) experienced grade 3 treatment-related AEs
(no grade 4 or 5 treatment-related AEs; Table 1). Three patients
(10%) discontinued because of treatment-related AEs. Overall, 14
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Figure 1. Kaplan-Meier analysis of DOR in the total popula-

tion. NR, not reached.
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Figure 2. Time to response and DOR in the total

population. Six patients died after the study because of

malignant neoplasm progression (n 5 4), veno-occlusive

liver disease (n 5 1), and an unknown cause (n 5 1).
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patients (45%) experienced immune-mediated AEs and infusion
reactions, most commonly hypothyroidism (5 patients; 16%) and
pneumonitis (4 patients; 13%; supplemental Table 1). Three
patients (10%) experienced grade 3 immune-related AEs (colitis
in 2 patients; nephrotic syndrome in 1 patient).

ORR was 58% (95% CI, 39% to 76%); 6 patients (19%) achieved
CR and 12 (39%) achieved PR (Table 1). Response rates were
assessed in key subgroups (Table 2). ORR was 69% (95%CI, 41%
to 89%) among patients who received BV after ASCT and
subsequent PD and 57% (95% CI, 18% to 90%) among patients
who received BV before ASCT and subsequent PD. Among
patients who received BV after being deemed ineligible for ASCT,

ORR was 38% (95%CI, 9% to 76%).When evaluated by response
to first therapy, ORR was 55% (95% CI, 23% to 83%) and 60%
(95% CI, 36% to 81%) among patients who were and those who
were not refractory to their first therapy, respectively (Table 2).

Among 18 responders, median DOR was not reached (95% CI,
3.7 months to not reached) (Figure 1). Estimated DOR $12
months, $24 months, and $36 months was 70%, 50%, and 50%,
respectively. Among responders, 8 experienced disease progres-
sion (Figure 2). Of 6 patients who achieved CR then discontinued
pembrolizumab, 3 subsequently underwent allogeneic stem cell
transplant and 1 underwent ASCT followed by allogeneic stem cell
transplant. Of 12 patients who achieved PR then discontinued
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Figure 3. Kaplan-Meier analysis of PFS and OS in

the total population. (A) PFS in the total population and

by best response (responders vs nonresponders). (B) OS

in the total population.
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pembrolizumab, 4 subsequently underwent allogeneic SCT and 1
underwent ASCT.

Median PFS in the total population was 11.4 months (95% CI, 4.9
to 27.8 months) and the 24-month PFS rate was 30% (Figure 3A).
Median PFS was 24.2 months (95% CI, 6.4 months to not reached)
among responders (24-month PFS rate 50%) and 2.8 months
(95% CI, 1.5 to 6.5 months) among nonresponders. Median OS in
the total population was not reached; 24- and 36-month OS rates
were 87% and 81%, respectively (Figure 3B). Six deaths occurred,
all in nonresponders (Figure 2).

Discussion

Results of this long-term follow-up analysis of KEYNOTE-013
showed durable antitumor activity of pembrolizumab monotherapy
in heavily pretreated patients with relapsed/refractory cHL. Phase
2 studies of PD-1 blockade that followed KEYNOTE-013 (for
example, KEYNOTE-087 and CheckMate 205) had larger sample
sizes and, therefore, more robust estimates of response rate and
safety.5,7 Fortunately, those estimates are similar to those of
KEYNOTE-013 (for example, ORR 58% in KEYNOTE-013 vs 72%
in KEYNOTE-087, with 71% vs 73% incidence of treatment-related
AEs).5 These similarities lend support to the hypothesis that the
long-term results presented here reliably reflect the long-term
benefit of pembrolizumab in this patient population, despite the
smaller sample size of the phase 1 cohort.

One limitation of this study is that data on responses were censored
at the date of last assessment prior to any stem-cell transplant (in
the absence of PD). Subsequent data on continued duration of
remission are not available. This limits our ability to estimate what
the long-term durability of responses from pembrolizumab alone
would have been in the entire population of responders. Because
data on outcome after subsequent therapy were not collected in
this study, we also cannot use this data set to examine the outcome
of postpembrolizumab salvage therapy. Significant controversy
remains regarding the optimal use and timing of allogeneic SCT
after PD-1 blockade. Because transplantation in this study (as in all
others) was performed at the discretion of treating clinicians, our
data do not allow us to comment on this question or on the
contribution of transplantation to long-term survival.

Another limitation is that the small patient numbers used for subgroup
response evaluation and the resulting large CIs preclude robust
conclusions; the differences noted here should be considered
hypothesis generating only. Although this phase 1 study reports data
on pembrolizumab monotherapy and thus cannot be directly
compared with available data on BV efficacy and safety, the ongoing
phase 3 KEYNOTE-204 study (NCT02684292) evaluates the safety
and efficacy of pembrolizumab monotherapy compared with BV in
relapsed/refractory cHL, and results from this study should shed light
on the relative efficacy and safety of each drug.

Additionally, the dose used in this study is different from the
currently used (and approved) dose. Although the optimal dose has
been shown, after the design of this study, to be 200 mg every 3
weeks, studies have shown no significant exposure dependency for
safety or efficacy with doses of 2 to 10 mg/kg, and weight-based
pembrolizumab dosing provides equivalent exposure to the fixed-
dose regimen of 200 mg every 3 weeks.10,11

Despite these limitations, the long-term results presented here
may add important information about the durability of response of
pembrolizumab monotherapy in patients with relapsed/refractory
cHL. Among this population of heavily pretreated patients with cHL
for whom BV therapy was ineffective, some maintained a long-term
response with median DOR not reached after.4 years of follow-up. It
will be important to understand the characteristics of patients who have
such durable responses and who probably should not receive further
therapy after remission with pembrolizumab or who would be good
candidates to receive pembrolizumab earlier in the treatment course.
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