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abstract

PURPOSE Patients with relapsed or refractory primary mediastinal large B-cell lymphoma (rrPMBCL) have a poor
prognosis, and their treatment represents an urgent and unmet need. Because PMBCL is associated with
genetic aberrations at 9p24 and overexpression of programmed cell death-1 (PD-1) ligands (PD-L1), it is
hypothesized to be susceptible to PD-1 blockade.

METHODS In the phase IB KEYNOTE-013 (ClinicalTrials.gov identifier: NCT01953692) and phase II KEYNOTE-
170 (ClinicalTrials.gov identifier: NCT02576990) studies, adults with rrPMBCL received pembrolizumab for up
to 2 years or until disease progression or unacceptable toxicity. The primary end points were safety and objective
response rate in KEYNOTE-013 and objective response rate in KEYNOTE-170. Secondary end points included
duration of response, progression-free survival, overall survival, and safety. Exploratory end points included
association between biomarkers and pembrolizumab activity.

RESULTS The objective response rate was 48% (7 complete responses; 33%) among 21 patients in KEYNOTE-
013 and 45% (7 complete responses; 13%) among 53 patients in KEYNOTE-170. After a median follow-up time
of 29.1 months in KEYNOTE-013 and 12.5 months in KEYNOTE-170, the median duration of response was not
reached in either study. No patient with complete response experienced progression, including 2 patients with
complete response for at least 1 year off therapy. Treatment-related adverse events occurred in 24% of patients
in KEYNOTE-013 and 23% of patients in KEYNOTE-170. There were no treatment-related deaths. Among 42
evaluable patients, the magnitude of the 9p24 gene abnormality was associated with PD-L1 expression, which
was itself significantly associated with progression-free survival.

CONCLUSION Pembrolizumab is associated with high response rate, durable activity, and a manageable safety
profile in patients with rrPMBCL.
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INTRODUCTION

Primary mediastinal large B-cell lymphoma (PMBCL)
is a rare aggressive B-cell non-Hodgkin lymphoma of
thymic origin.1,2 PMBCL diagnosis is based on clinical
characteristics and distinct pathologic features. Al-
though a majority of newly diagnosed patients can be
cured with multiagent chemoimmunotherapy with or
without consolidative radiation,3-5 the outcome for
patients with relapsed or refractory PMBCL (rrPMBCL)
is poor, especially for patients who are ineligible for
or relapse after second-line autologous stem-cell
transplantation as a result of the aggressive and
chemotherapy-refractory nature of the disease.6-8

Treatment approaches outside of chemotherapy
have had mixed success. Axicabtagene ciloleucel is
approved in the United States for treatment of
rrPMBCL; however, there are no published reports of

its outcome specifically in patients with rrPMBCL,
because only 8 patients (7%) with rrPMBCL were
enrolled in the pivotal study.9 In addition, although
most cases of PMBCL are CD30 positive, the anti-
CD30 immunoconjugate brentuximab vedotin does
not seem to have significant activity in PMBCL.10

Frequent amplification and translocation events occur
at 9p24.1 in PMBCL, resulting in tumor expression of
the programmed cell death-1 (PD-1) ligands PD-L1
and PD-L2.11-14 This suggests susceptibility of PMBCL
to PD-1 blockade. Therefore, patients with PMBCL
were included in an expansion cohort of the
phase IB KEYNOTE-013 (ClinicalTrials.gov identifier:
NCT01953692) study of pembrolizumab, a human-
ized IgG4 monoclonal antibody targeting PD-1. The
phase II KEYNOTE-170 (ClinicalTrials.gov identifier:
NCT02576990) study of pembrolizumab in rrPMBCL
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was launched to confirm preliminary results from KEY-
NOTE-013 of an objective response rate of 41% and du-
rable remission in responders15 and to allow biomarker
analyses. We report results from all 53 patients in KEY-
NOTE-170 and extended follow-up of 21 patients in
KEYNOTE-013. These data were the basis for accelerated
approval of pembrolizumab in patients with rrPMBCL by the
US Food and Drug Administration in June 2018.

METHODS

Patients

Eligible patients were age 18 years or older with a diagnosis
of PMBCL (according to the WHO classification of neo-
plasms of the hematopoietic and lymphoid tissues).16

Patients had to have experienced relapse after or be in-
eligible for (or refused) autologous stem-cell transplantation
in KEYNOTE-013. Patients ineligible for autologous stem-
cell transplantation had to have relapsed or refractory
disease after at least 2 prior lines of therapy in KEYNOTE-
170. In addition, patients had to have an Eastern Co-
operative Oncology Group performance status of 0 or 1
(on a 5-point scale, with higher scores indicating in-
creasing disability) and adequate organ function. Principal
exclusion criteria included active CNS involvement, auto-
immune disease with systemic treatment within the past
2 years, history of pneumonitis, or prior checkpoint- or
costimulatory-directed immunotherapy. Full eligibility cri-
teria are provided in the Protocol.

Trial Design and Treatment

KEYNOTE-013 is an international, phase IB, open-label,
multicohort study of pembrolizumab in patients with he-
matologic malignancies. KEYNOTE-170 is an international,
phase II, open-label, multicenter, multicohort study
assessing the efficacy and safety of pembrolizumab in
patients with relapsed or refractory PMBCL or Richter
syndrome. In KEYNOTE-013, the initial 10 patients re-
ceived pembrolizumab 10 mg/kg every 2 weeks. Per
amendment 4, the remaining 11 patients in KEYNOTE-013
and all patients in KEYNOTE-170 received pembrolizumab
200 mg every 3 weeks beginning on day 1 of each treat-
ment cycle. Pembrolizumab was continued for a maximum
of 35 cycles or up to 2 years until documented disease
progression by investigator, unacceptable toxicity, or pa-
tient withdrawal.

Assessments

Disease response assessments were performed by positron
emission tomography and computed tomography at week
12 and then every 8 weeks (first 10 patients) or at weeks 6
and 12 and then every 9 weeks (subsequent 11 patients) in
KEYNOTE-013 or at week 12 and then every 12 weeks in
KEYNOTE-170. Disease assessments were performed until
disease progression by investigator, new anticancer ther-
apy, withdrawal of consent, or death. Responses were
assessed by central review (as a prespecified analysis in

KEYNOTE-170 and as a post hoc analysis in KEYNOTE-
013) using International Working Group 2007 criteria17 and
Lugano criteria.18 Survival was assessed every 12 weeks
during follow-up. Adverse events were assessed throughout
treatment and for 30 days thereafter (90 days for serious
events and events of interest) and were graded according
to Common Terminology Criteria for Adverse Events,
version 4.03.

Biomarker Analyses

Fluorescence in situ hybridization was performed on
formalin-fixed tumor sections to assess copy number
changes.19 Malignant cells were identified by means of
nuclear morphologic features, and the average number of
9p24.1 (target) signals per cell, average number of peri-
centric (control) probe signals per cell, and ratio of total
number of target signals to total number of control probe
signals were calculated from 50 nuclei per sample. Nuclei
with a target–to–control probe ratio of at least 3:1 were
classified as amplified, and those with a probe ratio of. 1:1
but , 3:1 were classified as having a relative 9p24.1 copy
gain. Nuclei with a probe ratio of 1:1 and. 2 copies of each
probe were classified as polysomic. Nuclei with a 1:1 ratio
and 2 copies of each probe were classified as disomic.
Immunohistochemical staining was performed using an
automated staining system (BOND-III; Leica Biosystems,
Wetzlar, Germany), and a PD-L1 antibody (E1L3N; Cell
Signaling Technology, Danvers, MA) according to the
recommended protocol. Each sample was examined by 2
pathologists, and a consensus modified H-score ranging
from 0-300 was generated, where H-score is defined as the
product of the percentage of malignant tumor cells with
membranous staining for PD-L1 (0-100) and the intensity of
the membranous staining, where 0 indicates no staining, 1
indicates weak staining, 2 indicatesmoderate staining, and 3
indicates strong staining.19,20 Details on categorizing PD-L1
H-score levels are provided in the Appendix (online only).

Trial Oversight

The study was designed by academic advisors and em-
ployees of Merck Sharp & Dohme, a subsidiary of Merck &
Co., Inc (Kenilworth, NJ; MSD). The protocol was approved
by the appropriate institutional review board or ethics
committee at participating institutions. All patients provided
voluntary written informed consent. All authors attest that
the trial was conducted in accordance with the protocol and
all amendments and Good Clinical Practice. All authors
had full access to the data and were involved in writing,
reviewing, or editing drafts of the article and vouch for the
accuracy and completeness of data analyses. Assistance in
preparation of the article was provided by a medical writer
employed by MSD.

End Points

The primary end points were safety and objective response
by investigator assessment in KEYNOTE-013 and objec-
tive response by central review in KEYNOTE-170. Key
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secondary end points included duration of response,
progression-free survival, and overall survival in both
studies, and safety and tolerability in KEYNOTE-170.
Exploratory end points included response to pem-
brolizumab assessed by Lugano 2014 criteria and the
relationship between biomarkers and antitumor activity
in KEYNOTE-170.18

Statistical Analyses

Safety and efficacy analyses were performed in all patients
as treated in both studies. The response rate was assessed
by point estimate, with associated 95% CIs calcu-
lated using the Clopper-Pearson method. Kaplan-Meier
estimates were used to assess duration of response,
progression-free survival, and overall survival. Summary
statistics were provided for safety analyses in both studies.
Details on statistical analysis of association between sur-
vival and PD-L1 H-score are provided in the Appendix. In
KEYNOTE-013, a sample size of 78 patients with non-
Hodgkin lymphoma (including rrPMBCL) was planned.
This provided approximately 80% power to detect a 14%
difference in response under the null hypothesis of a re-
sponse rate of 25% with 1-sided a of 5% if the true re-
sponse rate was 39%. In KEYNOTE-170, 53 patients were
enrolled to obtain a planned sample size of 50 patients if
6% of enrolled patients would not be treated. This provided
approximately 88% power, at a 1-sided nominal a = .025,
to detect an objective response rate of 35% or greater with
pembrolizumab compared with a fixed control rate of 15%
(based on historical data) using the exact binomial test. The
full statistical analysis plan is provided in the protocol.

RESULTS

Patients

From February 14, 2014, to September 19, 2016, 21
patients with rrPMBCL were enrolled in KEYNOTE-013, and

from February 16, 2016, to May 15, 2017, 53 patients with
rrPMBCL were enrolled in KEYNOTE-170 (Fig 1). Baseline
characteristics were similar between the 2 studies
(Table 1). Patients received a median of 3 prior lines of
therapy in KEYNOTE-013 (range, 2-9 prior lines) and in
KEYNOTE-170 (range, 2-8 prior lines). All patients in both
studies received prior rituximab; 15 patients (71%) in
KEYNOTE-013 and 17 patients (32%) in KEYNOTE-170
received prior radiation, and 8 patients (38%) in KEYNOTE-
013 and 14 patients (26%) in KEYNOTE-170 underwent
prior transplantation (Table 1). The median duration of
follow-up (defined as the time from random assignment to
death or the date of data cutoff for those who were alive)
was 29.1 months (range, 0.6-49.6 months) as of April 4,
2018, in KEYNOTE-013 and 12.5 months (range, 0.1-25.6
months) as of April 13, 2018, in KEYNOTE-170. As of April
4, 2018, 17 patients (81%) had discontinued therapy, and
4 patients (19%) had completed at least 2 years of treat-
ment in KEYNOTE-013. As of April 13, 2018, 39 patients
(74%) had discontinued treatment, 2 patients (4%) had
completed 2 years of treatment, and 12 patients (23%)
remained on treatment in KEYNOTE-170. At data cutoff, no
patient in KEYNOTE-013 and 12 patients in KEYNOTE-170
remained on treatment (Fig 1).

Efficacy

The objective response rate by central review per In-
ternational Working Group 2007 criteria was 48% (95% CI,
26% to 70%) in KEYNOTE-013 and 45% (95% CI, 32%
to 60%) in KEYNOTE-170. Overall, 7 patients (33%) in
KEYNOTE-013 and 7 patients (13%) in KEYNOTE-170
achieved a complete response; 11 patients (21%) had
complete response by Lugano criteria in KEYNOTE-170.
The median time to response was 2.7 months (range, 1.4-
3.4 months) in KEYNOTE-013 and 2.9 months (range, 2.4-
8.5 months) in KEYNOTE-170. The median duration of
response was not reached in KEYNOTE-013 (range, 1.9+

Patients treated (N = 21)*

Patients still on treatment 
(n = 0)

Patients completed                         (n = 4)
Discontinued                                  (n = 17)
   As a result of progressive           (n = 8) 
      disease
   As a result of clinical                   (n = 5) 
      progression‡ 
   As a result of physician/patient  (n = 3) 
      decision
   As a result of adverse event       (n = 1)

Patients treated (N = 53)†

Patients still on treatment 
(n = 12)

Patients completed                         (n = 2)
Discontinued                                 (n = 39)
   As a result of progressive           (n = 17) 
      disease 
   As a result of clinical                   (n = 13) 
      progression‡ 

   As a result of physician/patient  (n = 3) 
      decision 
   As a result of adverse event       (n = 1)
   As a result of complete response (n = 1)

FIG 1. Study flow. (*) KEYNOTE-013. (†) KEYNOTE-170. (‡) Clinical progression refers to patients who, based on
clinical signs and symptoms or pathologic findings, had malignant neoplasm progression but did not have
progression according to the protocol-specified imaging response criteria (International Working Group 2007) or
for whom imaging was not able to be performed for assessment.
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to 39.8+ months), with 78% of patients having response
durations of$ 12months (Appendix Fig A1, online only), or
in KEYNOTE-170 (range, 1.1+ to 22.0+months; Table 2), with
76% of patients having response durations of $ 12 months
(Appendix Fig A1). Thirteen (72%) of 18 evaluable patients
in KEYNOTE-013 (Fig 2A) and 30 (75%) of 40 evaluable
patients in KEYNOTE-170 (Fig 2B) had an overall reduction
from baseline in target lesion size. Two patients in KEY-
NOTE-013 (Fig 2C) and 1 patient in KEYNOTE-170 (Fig 2D)
converted from partial response to complete response after
approximately 1 year. In KEYNOTE-013, 4 patients who
completed 2 years of treatment remained in complete
response at data cutoff, 2 for. 1 year off treatment (Fig 2C)
without any additional therapy. No patient with complete
response per central review on either study had

experienced progression (Figs 2C and 2D). One of these
patients, while on study treatment, had imaging consistent
with stable disease per investigator. After demonstration of
residual disease by a subsequent biopsy, the patient dis-
continued study treatment and went on to additional
therapy. In addition, the 4 patients with complete response
per Lugano 2014 criteria only had not experienced pro-
gression either by the data cutoff date. Nine patients from
both studies were treated past progression per central
review (3 patients on KEYNOTE-013 and 6 patients on
KEYNOTE-170) and had at least 1 subsequent imaging
assessment. One patient had a partial response, and 8 had
continued progressive disease. Nine patients had sub-
sequent stem-cell transplantation, 4 with autografts and 5
with allografts. The median duration of follow-up was
14.4 months for all 9 patients. At data cutoff, all patients
with autografts were alive and reported as remaining in
complete response. Of patients with allografts, 3 were alive
and in remission, 1 was alive with relapsed disease, and 1
died of progressive disease.

Median progression-free survival was 10.4 months (95%
CI, 3.4 months to not reached) in KEYNOTE-013 and
5.5 months (95% CI, 2.8 to 12.1 months) in KEYNOTE-
170. Estimated progression-free survival rates at 12months
were 47% and 38% in KEYNOTE-013 and KEYNOTE-170,
respectively (Fig 3A). At data cutoff, 11 patients (53%) in
KEYNOTE-013 and 24 patients (45%) in KEYNOTE-170
had died. Median overall survival was 31.4 months (95%
CI, 4.9 months to not reached) in KEYNOTE-013 and was
not reached (95% CI, 7.3 months to not reached) in
KEYNOTE-170. The estimated percentages of patients alive
at 12 months were 65% and 58% in KEYNOTE-013 and
KEYNOTE-170, respectively (Fig 3B). In KEYNOTE-170,
among patients who died, 6 died within 30 days and 11
died within 60 days of beginning study treatment. Most had

TABLE 1. Baseline Characteristics

Characteristic
KEYNOTE-013

(N = 21)
KEYNOTE-170

(N = 53)

Median age, years (range) 31 (22-62) 33 (20-61)

Female, No. (%) 14 (67) 30 (57)

ECOG PS, No. (%)

0 10 (48) 23 (43)

1 11 (52) 30 (57)

No prior transplantation, No. (%) 13 (62) 39 (74)

Prior lines of therapy

Median (range) 3 (2-9) 3 (2-8)

$ 2, No. (%) 21 (100) 53 (100)

Primary refractory disease, No. (%)* 1 (5) 16 (30)

Prior radiation, No. (%) 15 (71) 17 (32)

Prior rituximab, No. (%) 21 (100) 53 (100)

Abbreviation: ECOG PS, Eastern Cooperative Oncology Group performance
status.
*Refractory to all regimens.

TABLE 2. Antitumor Activity in Patients With rrPMBCL Treated With Pembrolizumab
Response KEYNOTE-013 (N = 21) KEYNOTE-170 (N = 53)

Response, % (95% CI)

Overall response* 48 (26 to 70) 45 (32 to 60)

Complete response 33 (15 to 57) 13 (6 to 25)

Partial response 14 (3 to 36) 32 (20 to 46)

Stable disease 24 (8 to 47) 9 (3 to 21)

Progressive disease 19 (5 to 42) 23 (12 to 36)

Nonevaluable† 5 (0 to 24) 0

No assessment† 5 (0 to 24) 23 (12 to 36)

Median time to response, months (range) 2.7 (1.4-3.4) 2.9 (2.4-8.5)

Median duration of response, months (range) Not reached (1.9+ to 39.8+) Not reached (1.1+ to 22.0+)

Abbreviation: rrPMBCL, relapsed or refractory primary mediastinal large B-cell lymphoma.
*Assessment of response per International Working Group Cheson 2007 criteria.
†Patients who were not evaluable or who discontinued treatment or died before the first imaging assessment (no assessment) were considered

nonresponders in all analyses.
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high-risk disease characteristics at study entry (Appendix
Table A1, online only).

Safety

Treatment-related events of any grade occurred in 15
patients (71%) in KEYNOTE-013 and 30 patients (57%) in
KEYNOTE-170 (Appendix Table A2, online only). Grade 3

or 4 treatment-related adverse events occurred in 5 pa-
tients (24%) and 12 patients (23%) in KEYNOTE-013 and
KEYNOTE-170, respectively; the most common adverse
event (incidence$ 10%) was neutropenia, which occurred
in 3 patients (14%) in KEYNOTE-013 and 7 patients (13%)
in KEYNOTE-170. One patient each discontinued treat-
ment as a result of treatment-related febrile neutropenia in
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FIG 2. Antitumor activity in patients with relapsed or refractory primary mediastinal large B-cell lymphoma (rrPMBCL) treated with pem-
brolizumab. Percent change from baseline in target lesion size for evaluable patients by central review in (A) KEYNOTE-013 and (B) KEYNOTE-
170 and treatment exposure and duration of response in (C) KEYNOTE-013 and (D) KEYNOTE-170. Eighteen patients in KEYNOTE-013 and 40
patients in KEYNOTE-170 were evaluable (had at least 1 postbaseline disease imaging assessment). Patients had stable disease (SD) unless
otherwise indicated. CR, complete response; PD, progressive disease; PR, partial response.
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KEYNOTE-013 and increased AST in KEYNOTE-170 (Ap-
pendix Table A2). In KEYNOTE-170, 3 patients (6%) died
of adverse events considered not related to treatment by
investigator (1 patient each from Aspergillus infection,
cardiac tamponade, and myocardial infarction).

Adverse events of interest, based on a list of terms specified
by the sponsor and considered regardless of attribution by
investigator, occurred in 4 patients (19%) in KEYNOTE-013
and 6 patients (11%) in KEYNOTE-170 (Appendix Table
A2). Grade 3 myositis (KEYNOTE-013) and grade 4
pneumonitis (KEYNOTE-170) occurred in 1 patient each.
No patient in either study discontinued treatment or died as
a result of an adverse event of interest.

Biomarker

In 42 evaluable samples, PD-L1 expression ranged from an
H-score of 0-270 (Fig 4A). In 40 samples evaluable for
9p24.1 status by fluorescence in situ hybridization, 9p24.1
ranged from single copy loss (n = 1; 2%) to disomy (n = 1;
2%), polysomy (n = 9; 22%), copy gain (n = 19; 48%),
amplification (n = 6; 15%), or rearrangements (n = 4; 10%
[including 3 balanced and 1 unbalanced]) involving PDL1/
PDL2. A significant increase in PD-L1 expression was
observed with increasing levels of PDL1/PDL2 DNA copy
number gain (Fig 4A). The objective response rate was
25% for patients with a PD-L1 H-score of 0, 42% for pa-
tients with a PD-L1 H-score of 1-99, and 64% for patients

with PD-L1 H-score of $ 100 (P = .22). PD-L1 expression
level was also significantly associated with progression-free
survival (Fig 4B).

DISCUSSION

Outcomes are poor for patients with PMBCL that has pro-
gressed or relapsed after frontline therapy. Conventional
chemotherapy is often ineffective in this setting, and the
CD30-targeted drug brentuximab vedotin is associated
with limited activity.10 In this analysis of 74 patients with
rrPMBCL, we establish the clinical benefit and safety of
pembrolizumab in this patient population. The safety profile
of pembrolizumabwas predictable,manageable, and similar
to that in other settings. Responses were similar, with almost
half of all patients in both studies having an objective re-
sponse and a third of patients in KEYNOTE-013 achieving
a complete response. Although the complete response rate
was lower in KEYNOTE-170, it is possible that some re-
sponses may deepen with longer follow-up. In addition,
responses were durable, with more than three quarters of
responding patients remaining in remission for longer than
1 year. Patients with complete response seemed to derive
durable benefit from pembrolizumab, with no relapses re-
ported at data cutoff in 17 patients with complete response
by International Working Group or Lugano criteria; 2 patients
remained in complete response after 2 years of treatment
and . 1 year off therapy. In addition, all 4 patients who
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FIG 3. Survival in patients with relapsed or refractory primary mediastinal large B-cell lymphoma (rrPMBCL) treated with pembrolizumab. (A)
Progression-free survival measured from first dose to first documented disease progression or death from any cause among 21 patients (KEYNOTE-013)
and 53 patients (KEYNOTE-170) with rrPMBCL who received pembrolizumab. The estimated rates of patients alive and progression free at 12 months
were 47% (KEYNOTE-013) and 38% (KEYNOTE-170), with median progression-free survival times of 10.4 months (95% CI, 3.4 months to not reached)
among patients in KEYNOTE-013 and 5.5months (95%CI, 2.8 to 12.1months) among patients in KEYNOTE-170. (B) Overall survival measured from first
dose to death from any cause. The estimated rates of overall survival at 12 months were 65% (KEYNOTE-013) and 58% (KEYNOTE-170), with median
overall survival times of 31.4 months (95% CI, 4.9 months to not reached) among patients in KEYNOTE-013 and not reached (95% CI, 7.3 months to not
reached) in KEYNOTE-170.
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stopped study treatment with less than a complete response
and who went on to autologous stem-cell transplantation
remained alive and in complete response, despite all of

these patients exhibiting chemotherapy-refractory disease
before study enrollment. Although the small numbers allow
only a tentative hypothesis, they raise the question of
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chromogenic immunohistochemistry (positive staining indicated by brown coloration) and strong PD-L1 expression
by the malignant cells (modified H-score, 240). (A, left, bottom) Photomicrograph of the same sample analyzed for
PDL1/PDL2 copy number by fluorescence in situ hybridization (FISH; red = PDL1; green = PDL2; yellow = PDL1/
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cells (classified as amplified). (A, right) Distribution of PD-L1 H-scores across 36 patients (excluding rear-
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Progression-free survival of 42 patients for whom PD-L1 H-score was determined and divided according to those
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determined by the log-rank test. Cox regression with hazard ratios (HRs), 95% CIs, and Wald P values are also
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whether PD-1 blockade in this setting might resensitize
tumors to chemotherapy, as recently suggested.21-23 If this
can be further validated, it could have profound implication
for the management of patients with rrPMBCL.

These results validate the hypothesis that PMBCL, with
its frequent 9p24.1 aberrations, is dependent on the
PD-1 pathway for survival. This is supported by biomarker
analyses showing that PD-L1 expression was strongly
associated with the magnitude of 9p24 abnormality as
determined by fluorescence in situ hybridization and
with clinical outcome, as shown with classical Hodgkin
lymphoma.20 Additional studies are needed to confirm
these biomarker results and to optimize the H-score
thresholds.

KEYNOTE-170 also supported the feasibility of dedicated
studies in PMBCL, which is important because this disease
has a unique biology and may not show the same vul-
nerabilities as diffuse large B-cell lymphoma, with which it
is often grouped in clinical trials. Additional studies will
explore the activity of PD-1 blockade in combination with
other agents in rrPMBCL and with chemotherapy in
frontline treatment. If successful, this latter avenue could
increase the cure rate of chemotherapy in PMBCL or allow
de-escalation of chemotherapy in some patients. In sum-
mary, these data demonstrated that treatment with pem-
brolizumab is an effective and safe option in patients with
rrPMBCL who experience relapse after or are ineligible for
autologous stem-cell transplantation.
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APPENDIX

Biomarker Analyses

Programmed cell death-1 (PD-L1) H-scores were categorized a priori
into 3 groups (prior to analyses of association with outcome): 0, absent
expression; 1-99, low expression; and $100, high expression, cor-
responding to ~50% PD-L1–positive cells.

Statistical Analysis

Log-rank tests were used to assess differences in progression-free
survival and overall survival for PD-L1 H-score groups. Cox regression
was used to estimate hazard ratios, and 95% confidence intervals with
Wald P values are reported for model covariates. The association of
PD-L1 H-score with FISH 9p24.1 status was assessed using the
Kruskal-Wallis rank-sum test, and that of PD-L1 H-score with response
using the Fisher’s exact test.
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TABLE A1. Disease Characteristics of Patients With rrPMBCL Who Died Within
60 Days of Receiving Study Treatment (KEYNOTE-170)

Characteristic
All Treated
(N = 53)

Alive
(n = 30)

Died £ 60 days
(n = 11)

Ann Arbor Stage III/IV 28 (53) 14 (47) 8 (73)

Median LDH in IU/L,
range

247 (131-2119) 208 (131- 805) 706 (221-2119)

LDH .1 x ULN 25 (47) 6 (20) 10 (91)

Bulky disease 13 (25) 3 (10) 6 (55)

NOTE. Data presented as No. (%) unless otherwise stated.
Abbreviations: LDH, lactate dehydrogenase; rrPMBCL, relapsed or refractory

primary mediastinal large B-cell lymphoma; ULN, upper limit of normal.

TABLE A2. Treatment-related adverse events in patients with rrPMBCL treated with pembrolizumab

Treatment-Related Events
KEYNOTE-013

(N = 21)
KEYNOTE-170

(N = 53)

Any 15 (71) 30 (57)

Grade 3-4 5 (24) 12 (23)

Led to discontinuation* 1 (5) 1 (2)

Led to death 0 0

$ 10% incidence in either group Grade 1-2 Grade 3-4 Grade 1-2 Grade 3-4

Neutropenia 0 3 (14) 3 (6) 7 (13)

Diarrhea 4 (19) 0 1 (2) 0

Nausea 4 (19) 0 1 (2) 0

Decreased appetite 3 (14) 0 0 0

Immune-mediated adverse events and infusion reactions

Any 4 (19) 6 (11)

Grade 3-4 1 (5) 1 (2)

Led to discontinuation 0 0

Led to death 0 0

. 0% incidence in either group Grade 1-2 Grade 3-4 Grade 1-2 Grade 3-4

Hypothyroidism 2 (9) 0 4 (8) 0

Hyperthyroidism 0 0 2 (4) 0

Colitis 1 (5) 0 0 0

Myositis 0 1 (5) 0 0

Thyroiditis 0 0 1 (2) 0

Pneumonitis 0 0 0 1 (2)

NOTE. Data presented as No. (%).
Abbreviation: rrPMBCL, relapsed or refractory primary mediastinal large B-cell lymphoma.
*One patient each discontinued due to febrile neutropenia (KEYNOTE-013) and increased aspartate aminotransferase (KEYNOTE-170).
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