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CLINICAL TRIALS AND OBSERVATIONS
Five-year follow-up of KEYNOTE-087:
pembrolizumab monotherapy for relapsed/refractory
classical Hodgkin lymphoma
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KEY PO INT S

• Pembrolizumab
monotherapy can
produce durable
responses in a subset of
patients with R/R cHL.

• Second-course
pembrolizumab
frequently reinduces a
sustained response in
patients relapsing from
CR.
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Previous analyses of the phase 2 KEYNOTE-087 (NCT02453594) trial of pembrolizumab
monotherapy demonstrated effective antitumor activity with acceptable safety in
patients with relapsed or refractory (R/R) classical Hodgkin lymphoma (cHL). However,
long-term response durability and outcome of patients who receive a second course after
treatment discontinuation after complete response (CR) remain of clinical interest. We
present KEYNOTE-087 data after >5 years of median follow-up. Patients with R/R cHL and
progressive disease (PD) after autologous stem cell transplantation (ASCT) and brentux-
imab vedotin (BV; cohort 1), salvage chemotherapy and BV without ASCT (cohort 2), or
ASCT without subsequent BV (cohort 3), received pembrolizumab for ≤2 years. Patients in
CR who discontinued treatment and subsequently experienced PD were eligible for
second-course pembrolizumab. Primary end points were the objective response rate
(ORR) using blinded central review and safety. The median follow-up was 63.7 months.
ORR was 71.4% (95% confidence interval [CI], 64.8-77.4; CR, 27.6%; partial response,
uest on 24 April 2024
43.8%). Median duration of response (DOR) was 16.6 months; median progression-free survival was 13.7 months. A
quarter of responders, including half of complete responders, maintained a response for ≥4 years. Median overall
survival was not achieved. Among 20 patients receiving second-course pembrolizumab, ORR for 19 evaluable patients
was 73.7% (95% CI, 48.8-90.8); median DOR was 15.2 months. Any-grade treatment-related adverse events occurred
in 72.9% of patients and grade 3 or 4 adverse events occurred in 12.9% of patients; no treatment-related deaths
occurred. Single-agent pembrolizumab can induce durable responses, particularly in patients achieving CR. Second-
course pembrolizumab frequently reinduced sustained responses after relapse from initial CR.
Introduction
Previous studies have shown that immune checkpoint inhibition
targeting programmed death 1 (PD-1) is an effective thera-
peutic option for patients with relapsed or refractory (R/R)
classical Hodgkin lymphoma (cHL) who are ineligible for or
progress after autologous stem cell transplantation (ASCT), with
or without treatment with brentuximab vedotin (BV).1-4 As a
| VOLUME 142, NUMBER 10
result, the National Comprehensive Cancer Network treatment
guidelines recommend the use of the anti–PD-1 checkpoint
inhibitor pembrolizumab as an option for second-line treatment
in patients ineligible for ASCT or for patients with R/R cHL after
≥2 lines of systemic therapy.5 Pembrolizumab has been
approved by the US Food and Drug Administration for the
treatment of various solid and hematologic malignancies,
including R/R cHL.6 KEYNOTE-087 is a phase 2 study of
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pembrolizumab in patients with R/R cHL who were ineligible for
or progressed after ASCT and/or BV, which demonstrated
effective antitumor activity and a favorable safety profile in
previous analyses.1,2 With additional follow-up, it is now
possible to assess the potential for long-term benefits and the
ability to discontinue therapy in patients in complete remission
and restart treatment upon subsequent disease progression. To
this end, we present data from the KEYNOTE-087 study after
>5 years of follow-up.

Methods
Study design
KEYNOTE-087 is a multicenter, single-arm, multicohort, non-
randomized, phase 2 study of pembrolizumab in patients with
R/R cHL. The detailed study inclusion and exclusion criteria
have been previously described.1,2 Eligible adult patients had
R/R cHL that had progressed after the most recent therapy or
without a response to the most recent ASCT, with adequate
performance status and organ function. All patients provided
written informed consent. The study was approved by inde-
pendent institutional review boards at each study site and
conducted in accordance with the International Conference on
Harmonization Guidelines for Good Clinical Practice and the
Declaration of Helsinki.

Patients were enrolled into 3 cohorts: patients whose disease
did not respond to or progressed after ASCT and subsequent
BV (cohort 1); patients who were unable to achieve a response
(ie, complete response [CR] or partial response [PR]) to salvage
chemotherapy, did not receive ASCT, and progressed after BV
(cohort 2); and patients who did not respond to or whose dis-
ease progressed after ASCT and did not receive subsequent BV
(cohort 3). All patients in the study received pembrolizumab 200
mg intravenously every 3 weeks for up to 2 years or until disease
progression (PD), unacceptable adverse events (AEs), illness
preventing further treatment administration, or investigator/
patient withdrawal. Patients who achieved CR and had received
at least 6 months of treatment with at least 2 doses after CR
were allowed to discontinue study treatment before 2 years;
those who subsequently experienced PD and did not receive
any anticancer treatment because the last dose of pem-
brolizumab were eligible for a second course of pembrolizumab
for up to an additional 17 cycles (~1 year).

Assessments
Response assessments were performed using positron emission
tomography and computed tomography starting at screening.
Computed tomography was performed every 12 weeks for
subsequent response assessments, and positron emission
tomography was performed at weeks 12 and 24 to confirm CR
and PD, as clinically indicated. Disease assessments were per-
formed until PD, the start of new anticancer treatment, death,
patient withdrawal of consent, or the end of the study. The
primary end points were safety and objective response rate
(ORR) assessed per the 2007 International Working Group
Revised Response Criteria for Malignant Lymphomas (IWG
2007) using blinded independent central review (BICR).7

Secondary end points included ORR per the Lugano 2014
Criteria using BICR,8 duration of response (DOR), progression-
free survival (PFS) per the IWG 2007 criteria using BICR, and
overall survival (OS). The second-course treatment ORR, DOR,
and PFS per the IWG 2007 criteria by investigator assessment,
5-YEAR FU OF PEMBROLIZUMAB MONOTHERAPY IN R/R CHL
as well as second-course OS, were exploratory. AEs were
monitored and graded according to the National Cancer Insti-
tute’s Common Terminology Criteria for Adverse Events,
version 4.0, until 30 days after the last study dose for all AEs and
90 days after the last study dose for serious AEs.

Statistical analyses
Efficacy and safety were analyzed in all patients who received at
least 1 dose of the study treatment. ORR and CR were assessed
for the overall population and for each cohort. The ORR using
BICR involved the point estimate and 95% 2-sided binomial
exact confidence interval (CI) using the Clopper-Pearson
method. PFS, OS, and DOR were estimated using the Kaplan-
Meier method. Summary statistics were provided for the
safety end points. The data cutoff date was 15 March 2021.

Results
Patients
Baseline patient characteristics have been previously pre-
sented.1,2 Forty-six percent of patients in the overall population
were female. The median age was 35 years (range, 18-76),
46.2% were female, 91.4% were aged <65 years, median prior
lines of systemic therapy was 4 (range, 1-12), and 83.3% had
prior treatment with BV. Seventy-one patients (33.8%) had pri-
mary refractory disease9 and 122 patients (58.1%) were refrac-
tory to their last line of therapy. A total of 210 patients were
enrolled in the 3 cohorts (69 in cohort 1, 81 in cohort 2, and 60
in cohort 3); 46 patients (21.9%) completed the study treatment,
and 164 (78.1%) discontinued the study, most commonly
because of PD (41.0%), achievement of CR (13.3%), AEs (8.6%),
or physician decisions (4.8%) (supplemental Table 1; available
on the Blood website).

Efficacy for the total population and by cohort
At data cutoff, the median follow-up (time from first study dose
to data cutoff) was 63.7 months (range, 59.8-68.7). The ORR for
the overall population per the IWG 2007 criteria using BICR was
71.4% (95% CI, 64.8-77.4), with a CR rate of 27.6% and a PR rate
of 43.8% (Figure 1). The ORRs for cohorts 1 to 3 were 78.3%,
64.2%, and 73.3%, respectively. Results per the Lugano 2014
criteria using BICR were similar to the ORR per IWG 2007
criteria in the total population (ORR, 73.3% [95% CI, 66.8-79.2]
and by cohort (Figure 1).

The median DOR for the overall population per IWG 2007
criteria was 16.6 months (95% CI, 11.8-27.1), and 24.8% of the
patients, maintained responses for ≥4 years per Kaplan-Meier
estimates (Figure 2A). The median DOR for patients in cohorts
1 to 3 was 25.0, 11.1, and 24.4 months, respectively. The
median PFS for the overall population was 13.7 months (95% CI,
11.1-19.4), and the 5-year PFS rate was 14.2% (Figure 2B). The
median PFS for patients in cohorts 1 to 3 was 16.4, 11.1, and
19.7 months, respectively. The median OS was not reached
(NR) for all patients and for patients in each cohort, and the
5-year OS rate for the overall population was 70.7% (Figure 2C).

Efficacy using best objective response
A total of 58 patients across the 3 cohorts achieved CR (cohort 1,
n = 17; cohort 2, n = 21; and cohort 3, n = 20) (supplemental
Table 2). The median DOR for all patients who achieved CR
7 SEPTEMBER 2023 | VOLUME 142, NUMBER 10 879
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Figure 1. ORR per IWG 2007 and Lugano 2014 criteria for the overall population and by cohort. NA, not assessed; SD, stable disease.
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was not reached (95% CI, 16.1 months-not reached [NR]), and
the proportion of patients who remained in complete response
after ≥4 years was 51.6%, per Kaplan-Meier estimates (Figure 3A;
supplemental Table 2). The median PFS was 56.5 months (95%
CI, 21.7-NR), and the 5-year PFS rate was 44.3% (Figure 3B;
supplemental Table 2). The median OS was NR, and the 5-year
OS rate was 82.8% (Figure 3C; supplemental Table 2).

Among the 58 patients who achieved CR, 10 patients received
allogeneic stem-cell transplant (SCT). Five patients achieved CR
with pembrolizumab and then proceeded to allogeneic SCT.
The other 5 patients achieved CR to pembrolizumab, subse-
quently progressed, and then underwent allogeneic SCT. The
median DOR for patients who received allogeneic stem
cell transplantation was 13.6 months (95% CI, 2.8-NR)
(supplemental Figure 1A), and the median PFS was 36.9 months
(95% CI, 5.3-57.6) (supplemental Figure 2A). Of the 48 patients
who achieved CR and did not undergo subsequent allogeneic
SCT, the median DOR was NR (95% CI, 16.8-NR) (supplemental
Figure 1B), and the median PFS was 56.5 months (95% CI, 27.6-
NR) (supplemental Figure 2B).

For patients with CR who received pembrolizumab for <1 year
(21 patients), ≥1 year to <2 years (32 patients), and ≥2 years
(5 patients), the median (95% CI) duration of CR was 14.5
(8.5-16.8), not reached (31.2-NR) and 13.8 (5.6-NR) months,
respectively; 62.2% in the ≥1 year to <2 years group and 40.0%
in the ≥2 years group had a response ≥4 years per Kaplan-Meier
estimates (supplemental Table 3)

Forty-six patients who achieved CR per BICR did not receive a
second course of pembrolizumab. Of these patients, 13 (28.3%)
had an ongoing response at the data cutoff. The median (95% CI)
DOR was not reached (26.8-NR); 67.4% of patients had a response
of ≥4 years per Kaplan-Meier estimate (supplemental Table 4).

Of the 92 patients who achieved PR (37 in cohort 1, 31 in cohort 2,
and 24 in cohort 3), 2 patients underwent SCT, 15 patients started
880 7 SEPTEMBER 2023 | VOLUME 142, NUMBER 10
new anticancer treatment, 4 patients were lost to follow-up, and 5
patients had disease progression or died after ≥2 missed visits.
The median DOR for all patients who achieved PR was 11.1
months (95% CI, 8.2-16.8), and the proportion of patients who
remained in PR for ≥3 years was 3.0%, per Kaplan-Meier estimates
(Figure 3A; supplemental Table 2). Among the patients who
achieved PR, the median PFS was 13.8 months (95% CI, 12.0-22.1)
and the 3-year PFS rate was 10.3% (Figure 3B; supplemental
Table 2). The median OS for all patients who achieved PR was
not reached (95% CI, NR-NR), and the 5-year OS rate was 75.5%
(Figure 3C; supplemental Table 2).

Among the 23 patients who achieved stable disease, the
median PFS was 8.3 months (95% CI, 5.6-11.1) and the 3-year
PFS rate was 5.3% (Figure 3B). The median OS was not
reached (95% CI, 26.8-NR), and the 5-year OS rate was 53.7%
(Figure 3C). Among the 33 patients with disease progression,
the median PFS was 2.8 months (95% CI, 2.7-2.8) (Figure 3B).
The median OS was 62.9 months (95% CI, 36.4-NR), and the
5-year OS rate was 50.6% (Figure 3C).
Efficacy in patients who received a second-course
treatment per investigator review
Twenty patients who achieved CR per the investigator’s
assessment (12 of these patients also achieved CR using BICR)
and experienced disease progression received second-course
pembrolizumab (10 in cohort 1, 7 in cohort 2, and 3 in cohort
3) (supplemental Figure 3). The median duration of the initial
response before second-course treatment was 27.2 months
(95% CI, 16.8-30.2). Ten patients completed 17 additional
cycles of pembrolizumab, and 1 patient was still in the second
treatment at the data cutoff. One patient was not included in
the response analysis of patients who received second-course
pembrolizumab because response data were not available at
the time of data cutoff. The ORR per the IWG 2007 criteria for
the 19 evaluable patients was 73.7% (95% CI, 48.8-90.8), with
ARMAND et al
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Figure 2. Kaplan-Meier estimates for the overall popu-
lation and by cohort. (A) Response duration; (B) PFS;
(C) OS.
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7 patients (36.8%) achieving CR and 7 patients (36.8%)
achieving PR (Table 1). The ORR for patients in cohorts 1 to 3
per IWG 2007 criteria was 77.8%, 85.7%, and 33.3%, respec-
tively. The median DOR for all patients who received the
882 7 SEPTEMBER 2023 | VOLUME 142, NUMBER 10
second-course treatment was 15.2 months (95% CI, 3.9-32.9)
(Figure 4A). Of patients who experienced a CR to second-
course treatment (n = 7), the median DOR was 21.8 months
(95% CI, 7.3-NR). The median PFS was 17.2 months (95% CI,
ARMAND et al



Table 1. Summary of overall response per the IWG 2007 criteria by investigator assessment in patients who received
second-course treatment and had response data at data cutoff

Cohort 1 (n = 9) Cohort 2 (n = 7) Cohort 3 (n = 3) Total (n = 19)

ORR, % (95% CI) 77.8 (40.0-97.2) 85.7 (42.1-99.6) 33.3 (0.8-90.6) 73.7 (48.8-90.8)

BOR, n (%)

CR 1 (11.1) 6 (85.7) 0 (0) 7 (36.8)

PR 6 (66.7) 0 (0) 1 (33.3) 7 (36.8)

SD 1 (11.1) 0 (0) 2 (66.7) 3 (15.8)

PD 1 (11.1) 1 (14.3) 0 (0) 2 (10.5)

One patient was not included because response data were not available at the time of data cutoff.

BOR, best overall response; SD, stable disease. D
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6.6-25.2), and the 2-year PFS rate was 38.1% (Figure 4B). The
median OS was NR, and the 2-year and 3-year OS rates were
94.1% and 87.4%, respectively (Figure 4C). Two patients
received a subsequent allogeneic stem cell transplantation after
second-course pembrolizumab.

Safety
Adverse events occurred in 205 patients (97.6%) and 153
patients (72.9%) experienced treatment-related AEs. The most
commonly reported treatment-related AEs occurring in >10% of
patients were hypothyroidism (14.3%), pyrexia (11.4%), fatigue
(11.0%), and rash (11.0%) (Table 2; supplemental Table 5).
Grade 3 or 4 treatment-related AEs occurred in 27 patients
(12.9%) and the AEs most commonly reported (occurring in ≥2
patients) were neutropenia (2.4%), pericarditis (1.0%), and
diarrhea (1.0%). Fourteen patients (6.7%) discontinued the
study because of treatment-related AEs. No treatment-related
deaths were reported. Treatment-related AEs according to
the cohort are presented in supplemental Table 3.

Among the patients who received second-course pem-
brolizumab (n = 20), 19 (95.0%) experienced a treatment-
related AE and the most common AEs (≥15%) were fatigue
(20.0%), diarrhea, muscle spasms, and rash (15.0% each)
(supplemental Table 6). Seven grade 3 treatment-related AE
occurred in 6 patients; no grade 4 or 5 events occurred. None
of the patients discontinued second-course pembrolizumab or
died because of treatment-related AEs.
n 24 April 2024
Discussion
Previous studies have demonstrated robust antitumor activity
and manageable safety of pembrolizumab in R/R cHL.1,2,4,10

The superior PFS associated with this therapy compared with
BV was demonstrated in a phase 3 randomized, open-label
KEYNOTE-204 study of pembrolizumab or BV in patients with
R/R cHL, who were refractory to or ineligible for ASCT (N =
304).10 The present results confirmed that the safety profile of
pembrolizumab was maintained with additional follow-up, with
no new toxicity signals. In addition, this study allowed us to
address the important clinical question of response durability in
patients with R/R cHL. With long-term follow-up, we report that
a subset of patients, comprising a quarter of responders and
half of complete responders, can obtain durable benefits (with
more than 4 years of response duration) regardless of previous
5-YEAR FU OF PEMBROLIZUMAB MONOTHERAPY IN R/R CHL
receipt and timing of BV. Although it is still too early to spec-
ulate on an even longer time horizon, the shape of the DOR
curves (Figures 2A and 3A) suggests the provocative possibility
that these responders may remain in remission for an extended
period of time, even beyond the currently reported 5-year time
point.

In this context, it is important to understand the predictors of
long-term benefits. Consistent with previous studies,3 the best
predictor of long-term benefit to date is the depth of radio-
graphic response. In fact, all patients in the long-term response
group (>4 years) were complete responders, and conversely,
among patients achieving CR, more than half remained in CR
after 4 years. This provides actionable information for patients
considering additional therapies, such as stem cell trans-
plantation during pembrolizumab-induced remission. Our
results also raise the question of whether the CR rate may be a
useful surrogate of the long-term benefit of PD-1 blockade–
based combination therapies, although this hypothesis
requires validation. Conversely, patients who did not achieve
CR with pembrolizumab had poorer outcomes, with very few
long-term remissions maintained. This raises the question of
whether these patients are best served by consolidation stra-
tegies. Of note, the outcomes of patients in our cohort who
received allogeneic stem cell transplantation appeared less
favorable than those in the larger series11; this likely reflects the
small number of patients concerned and limited follow-up.

An additional benefit of the long-term follow-up of KEYNOTE-
087 patients is the ability to report outcomes for patients who
enter CR and whose disease subsequently progresses.
Although the numbers were small and the follow-up for the
second course was short, our results suggest that retreatment
with pembrolizumab provides a high probability (74%) of
achieving a second remission, making this an excellent choice
of therapy for such patients; they also support the ability to stop
treatment before 2 years in patients achieving CR with first-
course pembrolizumab. However, the DOR curve (Figure 4A)
suggests that a few patients in this setting will maintain remis-
sion beyond ~3 years, which may be relevant to decisions
regarding stem cell transplantation consolidation. In addition,
the promising antitumor activity of the second-course therapy
raises the possibility that combining pembrolizumab with other
agents in this setting (eg, chemotherapy) may provide another
important salvage option.
7 SEPTEMBER 2023 | VOLUME 142, NUMBER 10 883
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Figure 4. Kaplan-Meier estimates for patients who
received second-course treatment. (A) Duration of the
second response; (B) PFS; (C) OS.
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Similarly, favorable results were preliminarily reported with
long-term follow-up of the PD-1 inhibitor nivolumab in a phase
2 CheckMate-205 study.12 One notable difference between the
2 studies is that patients on CheckMate-205 continued treat-
ment until PD, whereas patients on KEYNOTE-087 received a
maximum of 2 years of treatment (for first-course therapy).
Given the overall similarity of long-term PFS and DOR between
the studies and acknowledging the perils of cross-trial com-
parisons, one may reasonably conclude that there is no
884 7 SEPTEMBER 2023 | VOLUME 142, NUMBER 10
apparent benefit of continuing PD-1 blockade treatment
beyond 2 years in patients with R/R cHL.

In conclusion, the current analysis reports long-term data on
patients with R/R cHL treated with PD-1 blockade. This
confirmed the strong activity of pembrolizumab in this setting,
without any new safety concerns. More importantly, it demon-
strates the ability of some patients (approximately one-quarter
of responders and one-half of complete responders) to
ARMAND et al



Table 2. Treatment-related adverse events

TRAEs
n (%) for overall population,

N = 210

Any-grade TRAE 153 (72.9)

TRAEs ≥5%

Hypothyroidism 30 (14.3)

Pyrexia 24 (11.4)

Fatigue 23 (11.0)

Rash 23 (11.0)

Diarrhea 17 (8.1)

Headache 16 (7.6)

Nausea 15 (7.1)

Arthralgia 13 (6.2)

Cough 13 (6.2)

Pruritus 13 (6.2)

Infusion-related reaction 11 (5.2)

Neutropenia 11 (5.2)

Grade 3 or 4 TRAEs 27 (12.9)

Grade 3 or 4 TRAEs in ≥2
patients

Neutropenia 5 (2.4)

Pericarditis 2 (1.0)

Diarrhea 2 (1.0)

TRAE, treatment–related adverse event.
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maintain durable remission, the importance of radiographic
depth of response as a predictor of long-term benefit, and the
feasibility of stopping treatment for patients in CR and resuming
following disease progression. Such information may be valu-
able in guiding therapy choices for patients with R/R cHL, as
well as for informing decisions regarding possible consolidation
of remission for responders.
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