
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

BLOOD RESEARCH VOLUME 55ㆍNUMBER 2
June 2020

ORIGINAL
ARTICLE

Immune checkpoint inhibitors in patients with pretreated HodgkinÊs
lymphoma: a Korean single-center, retrospective study

Joon Young Hur1,2, Sang Eun Yoon1, Seok Jin Kim1, Won Seog Kim1

1Division of Hematology-Oncology, Department of Medicine, Samsung Medical Center, Sungkyunkwan University School of 
Medicine, Seoul, 2Division of Hematology and Oncology, Department of Internal Medicine, Hanyang University Guri Hospital, Guri, 
Korea

p-ISSN 2287-979X / e-ISSN 2288-0011
https://doi.org/10.5045/br.2020.2020014
Blood Res 2020;55:85-90.

Received on January 22, 2020
Revised on April 18, 2020
Accepted on June 11, 2020

Background
Immune checkpoint inhibitors have demonstrated efficacy in the treatment of classical 
Hodgkin’s lymphoma (cHL). We analyzed the efficacy and safety of pembrolizumab or 
nivolumab in patients with pretreated cHL. 

Methods
Clinical data from the cancer chemotherapy registry of Samsung Medical Center were 
retrospectively analyzed to study patients with cHL treated with pembrolizumab or nivo-
lumab between Oct 2015 and Dec 2018. 

Results
Of the 20 patients, seven (35%) were enrolled in the study after a relapse following autolo-
gous hematopoietic stem cell transplantation (ASCT) and 12 (60%) after a relapse follow-
ing receipt of brentuximab vedotin (BV). Sixteen (80%) patients received pembrolizumab, 
and four (20%) patients received nivolumab. The complete remission rate was 45% (9/20), 
and 30% (6/20) of patients achieved partial remission, for an overall response rate (RR) 
of 75% [15/20; 95% confidence interval (CI), 34.7‒93.3]. With a median follow-up dura-
tion of 14 months, the median PFS was 18 months (95% CI, 2.4‒33.5 mo), and the median 
OS was 36 months [95% CI, 36-not applicable (NA) mo]. Pembrolizumab and nivolumab 
were generally well tolerated.

Conclusion
In this study, pembrolizumab and nivolumab both demonstrated clinical efficacy and tol-
erability in patients with cHL who failed previous chemotherapy or ASCT.
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INTRODUCTION

The incidence of classical Hodgkin’s lymphoma (cHL) has 
been reported to be 0.4 per 100,000 person-years, constituting 
approximately 6% of all lymphomas in Korea [1]. Although 
the incidence of cHL was lower in Korea than in Western 
countries, the distributions of histological subtypes were sim-
ilar [1]. To prevent T-cells from damaging normal cells, 
several immune system checkpoints exist, where undesirable 
immune responses can be inhibited or blocked [2]. One in-
hibitory immune checkpoint is the programmed cell death 
1 (PD-1) pathway. Recently, PD-1 inhibitors including nivo-
lumab and pembrolizumab were evaluated for treatment of 

patients with cHL showing disease progression during or 
following first-line chemotherapy [3]. The impressive results 
of nivolumab in relapsed and refractory cHL led to the U.S. 
Food and Drug Administration (FDA) approval in 2016 [4, 5]. 
Prior to nivolumab, brentuximab vedotin (BV) was the only 
FDA approved cHL therapy after failure of autologous hema-
topoietic stem cell transplantation (ASCT), and there were 
no approved cHL therapies after failure of both ASCT and 
BV [6]. Another anti-PD-1 monoclonal antibody, pem-
brolizumab, was studied in a phase 1 trial published in 2016 
(Keynote 013) [7]. A single-arm, phase II study of pem-
brolizumab in patients with relapsed or refractory cHL 
(KEYNOTE-087) showed that pembrolizumab was associated 
with high response rates and an acceptable safety profile 
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Table 1. Patient characteristics.

N %

Age, years
   Median (range) 34 (22–79)
   Age≥65 4 20
Sex
   Male 13 65
   Female 7 35
Histology
   Nodular sclerosis 9 45
   Mixed cellularity 6 30
   Subtype indeterminate 5 25
ECOG performance status
   0 12 60
   1 5 25
   2 3 15
EBV in-situ hybridization
   Negative 6 30
   Positive 7 35
   Unknown 7 35
B symptom
   No 18 90
   Yes 2 10
Stage
   I 1 5
   II 4 20
   III 6 30
   IV 9 45
Extranodal involvement
   Lung 9 45
   Bone 7 35
   Liver 2 10
Prior ASCT 7 35
Prior radiotherapy, No. 4 20
Prior brentuximab vedotin, No. 12 60
Prior chemotherapies, No.
   1–3 14 70
   ≥4 6 30

Abbreviations: ASCT, autologous hematopoietic stem cell transplantation; 
EBV, Epstein-Barr virus; ECOG, eastern cooperative oncology group. 

in patients with relapsed or refractory cHL [8].
We analyzed the efficacy and safety of pembrolizumab 

or nivolumab in patients with cHL after previous chemo-
therapy or ASCT at a single cancer center institute. To our 
knowledge, this is the first real-world study to assess treat-
ment patterns and outcomes in Korean patients with cHL.

MATERIALS AND METHODS

This study using the cancer registry of Samsung Medical 
Center (SMC) was retrospectively reviewed and approved 
by the SMC Institutional Review Board (Seoul, Korea). All 
patients gave written informed consent prior to starting ther-
apy, according to institutional guidelines. We reviewed the 
medical records of patients with cHL who were treated with 
pembrolizumab or nivolumab as second-line or later therapy 
between Oct 2015 and Dec 2018. The eastern cooperative 
oncology group (ECOG) performance status was also assessed. 
Criteria for study inclusion were as follows: 1) histologically 
confirmed diagnosis of cHL arising from lymph node and/or 
extranodal organs, 2) 18 years of age or older, and 3) ASCT 
or prior chemotherapy such as ABVD (doxorubicin, bleomy-
cin, vinblastine, dacarbazine) and BV. 

Pembrolizumab 100 or 200 mg was administered intra-
venously every three weeks, and nivolumab 3 mg/kg was 
administered intravenously every two weeks. During the 
treatment period, laboratory and imaging assessments were 
performed. The laboratory assessments included complete 
blood count (CBC) with differential, serum urea, serum crea-
tinine, aspartate aminotransferase (AST), alanine amino-
transferase (ALT), total bilirubin, alkaline phosphatase, lac-
tate dehydrogenase (LDH), and Epstein-Barr virus (EBV). 
The immunohistochemistry (IHC) staining of programmed 
cell death - ligand 1 (PD-L1) 22C3 using monoclonal mouse 
anti-PD-L1 clone 22C3 was reviewed. The PD-L1 tumor 
proportion score (TPS) was calculated as the percentage of 
viable tumor cells showing partial or complete membrane 
staining at any intensity. Positron emission tomography 
(PET) and computed tomography (CT) scans of all involved 
sites were evaluated before starting PD-1 inhibitors. To eval-
uate clinical response to nivolumab or pembrolizumab, pa-
tients underwent CT or PET scans at weeks 12, 24, and 
36, or 60 weeks. We evaluated efficacy assessments using 
the revised response criteria for malignant lymphomas [9]. 
The best overall response was defined as the best response 
between the date of the first dose and the last efficacy assess-
ment before subsequent therapy. Pembrolizumab or nivolu-
mab was continued until complete response, disease pro-
gression, or excessive toxic effects.

The primary endpoint of the present study was overall 
response rate (RR). Secondary endpoints were progression-free 
survival (PFS), overall survival (OS), and safety. The time 
from the first day of pembrolizumab or nivolumab admin-
istration to the date of documented disease progression or 
death was considered PFS. The time from the first day of 
pembrolizumab or nivolumab administration to the date of 

death was considered OS. Cox proportional hazards model 
was used in univariate analysis to identify significant prog-
nostic factors for PFS and OS. All P-values were two-sided, 
with P＜0.05 indicating statistical significance. All analyses 
were performed using R for Windows v3.3.2 software (R 
Core Team, Vienna, Austria; http://www.r-project.org).

RESULTS

Patient characteristics are given in Table 1. As shown, 
among the 20 patients, 65% were men, and the median 
age was 34 years (range, 22–79). There were 4 patients aged  
65 or older. Medical records from 16 eligible patients who 
were treated with pembrolizumab and 4 patients with nivolu-
mab for relapsed or refractory cHL were reviewed. Of those 
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Fig. 1. Responses shown as (A)
waterfall plot and (B) swimmer 
plot. 

treated with pembrolizumab, 10 had been treated with pem-
brolizumab 100 mg every 3 weeks and 6 with pembrolizumab 
200 mg. Efficacy did not differ significantly between the 
doses. Of 20 patients, most had been treated with ABVD 
chemotherapy (90%), 12 (60%) received BV before im-
munotherapy, and 7 (35%) had relapsed/refractory disease 
after ASCT. Only 3 patients had available data on PD-L1 
expression: one patient with PD-L1 (22C3) 100%, and the 
others with PD-L1 (22C3) 50% and 40%, respectively. 
Extranodal disease involving lung, bone, liver, or pleura was 
found in 70% of the patients (14/20). 

Patients received pembrolizumab for a total of 171 cycles 
(median, 13; range, 1–24) and nivolumab for 67 cycles 
(median, 15; range, 5–24). Of 20 patients, nine showed com-
plete responses to immunotherapy (45%) and six showed 
partial responses (30%). The objective response rate was 
75% [15/20; 95% confidence interval (CI), 34.7–93.3]. The 
maximum reduction in tumor burden from baseline for each 
patient is shown in Fig. 1A. Of 9 patients with complete 
response, 7 had received previous treatment with brentuximab. 
Of the 15 patients who had a complete or partial response, 
4 (26.6%) had the first response by 10 weeks (range, 8 to 
16 wk) (Fig. 1B). At the time of data collection with a median 
follow-up duration of 14 months, the median PFS was 18 
months (95% CI, 2.4–33.5, Fig. 2A), and the median OS 

was 36 months (95% CI, 36-NA mo, Fig. 2B).
Of the 11 patients (55%) who discontinued treatment, 

2 (10%) had complete remission, 1 (5%) had toxic effects 
(cardiac myocarditis), 7 (35%) had progressive disease during 
treatment, and 1 (5%) elected to undergo ASCT. Two patients 
showed complete remission after pseudoprogression when 
treated with pembrolizumab. Univariate analysis results for 
PFS and OS are shown in Table 2. PFS was not significantly 
influenced by age, performance status, EBV, prior ASCT, 
or type of PD-1 inhibitors (pembrolizumab vs. nivolumab). 
Univariate analysis revealed that ECOG performance status 
(0–1 vs. 2) was a significant prognostic factor for overall 
survival (P=0.016).

Pembrolizumab or nivolumab was generally well tolerated. 
The most common treatment-related adverse events (AEs) 
(Table 3) were fever (15%), aminotransferase increase (10%), 
fatigue (5%), and neutropenia (5%). Immune-related AEs 
resulting in treatment discontinuation were observed in 2 
patients who both received steroids. Of 20 patients, one 
had pembrolizumab-associated myocarditis. After pem-
brolizumab was administered for 10 cycles, a 32-year-old 
woman presented with new, progressive dyspnea that had 
developed during the previous week. Echocardiography re-
vealed pericardial and pleural effusion. Heart biopsy revealed 
lymphohistiocytic infiltration with myocyte damage, con-
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Fig. 2. Kaplan-Meier curves of progression-free survival (A) and overall survival (B) for all patients.

Table 2. Univariate analysis of prognostic factors for survival.

Variables
PFS OS

HR 95% CI P HR 95% CI P

Age, ≥65 vs. ＜65 0.52 0.06–4.38 0.549 2.74 0.36–21.03 0.332
EBV, positive vs. negative 0.28 0.03–2.72 0.270 0.54 0.05–5.95 0.613
ECOG, 0 or 1 vs. 2 2.31 0.43–12.54 0.331 18.81 1.72–206.00 0.016
Prior ASCT, yes vs. no 0.56 0.10–3.03 0.505 0.56 0.06–5.55 0.622
Pembrolizumab vs. nivolumab 0.58 0.11–3.18 0.530 0.53 0.05–5.19 0.609

Abbreviations: AASCT, autologous hematopoietic stem cell transplantation; CI, confidence interval; EBV, Epstein-Barr virus; ECOG, eastern 
cooperative oncology group; HR, hazard ratio; OS, overall survival; PFS, progression free survival.

Table. 3. Most commonly observed adverse events (N=20).

All grades Grade 3 or 4

No. % No. %

Fever 3 15 0 0
Aminotransferase increase 2 10 0 0
Fatigue 1 5 0 0
Neutropenia 1 5 1 5
Thrombocytopenia 1 5 0 0
Pneumonitis 1 5 1 5
Myocarditis 1 5 1 5
Hypothyroidism 1 5 0 0
Nausea 1 5 0 0
Vomiting 1 5 0 0

sistent with lymphocytic myocarditis. She recovered rapidly 
after steroid therapy. There were no grade 4 treatment-related 
AEs and no deaths related to immunotherapy. 

DISCUSSION

This study analyzed the clinical outcomes of PD-1 im-
munotherapy in patients with cHL who had been treated 
with previous chemotherapy or ASCT. Although conven-
tional therapy (i.e., ABVD, BV) for cHL is associated with 
a high rate of cure (80%), up to 20% of patients will have 
relapsed or refractory disease [10]. In heavily pretreated pa-
tients with relapsed or refractory cHL, the majority of whom 
experienced relapse after ASCT and BV treatment, the use 
of nivolumab was associated with an overall response rate 
of 66–87% and a rate of PFS of 77–86% at 24 weeks [5, 
11]. We await the results of randomized studies such as 
the ongoing phase III study comparing brentuximab with 
nivolumab in combination versus brentuximab alone in pa-
tients with relapsed/refractory cHL (NCT03138499). Several 
ongoing trials are investigating the efficacy of pem-
brolizumab in various settings, including a phase III 
head-to-head trial of pembrolizumab and brentuximab in 
patients with relapsed/refractory cHL (NCT 02684292).

 As far as we know, this is the first real world study 
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of PD-1 inhibitors in Korean patients with cHL. In 2015, 
when immunotherapy was introduced into clinical practice 
of cHL, some patients with cHL in this study were treated 
with low-dose pembrolizumab. A previous study showed 
that low-dose pembrolizumab (median dose 100 mg; range, 
100–200 mg, every 3 wk) was highly efficacious, achieving 
responses with minimal toxicity and at lower costs [12].

Some patients who has an increase in the size of lesions 
at response assessment were noted to have late response 
[13]. The previous studies described these unique response 
patterns, termed pseudoprogression [14]. An analysis of pem-
brolizumab in patients with advanced melanoma found that 
3.6% (seven of 192 patients) experienced progressive disease 
at first assessment, followed by clinical response at second 
assessment [15]. In this study, two patients had definite clin-
ical improvement despite imaging data indicating progression. 
Clinicians should be aware of the potential for pseudoprog-
ression in patients showing clinical improvement.

 Seven (35%) patients had progressive disease during 
treatment. One of them was transformed into diffuse large 
B cell lymphoma (DLBCL) and treated with RCHOP (rituximab, 
cyclophosphamide, doxorubicin, vincristine, and pre-
dnisone). Of seven patients, two received ASCT after PD-1 
inhibitors, but both showed progression. Three patients were 
treated with another PD-1 inhibitor, and one patient died 
of aspiration pneumonia.

The exact mechanism of PD-1 inhibitors in cHL remains 
unknown, and more research is needed. In cHL, alterations 
in chromosome 9p24.1 increase the abundance of PD-1 li-
gands and promote their induction through the Janus kinase–
signal transducer and activator of transcription signaling, 
defining the PD-1 pathway as a rational therapeutic target 
[16].

 Immune checkpoint blockade can have adverse in-
flammatory effects, which are often termed immune-related 
adverse events, involving the gastrointestinal tract, endocrine 
glands, skin, liver, lung, and heart [17]. Immune-mediated 
pneumonitis, colitis, hepatitis, hypophysitis, and thyroiditis 
are less common toxic effects of PD-1 antibody [18]. Surprisingly, 
there was a life-threatening or fatal treatment-related event 
(myocarditis) in this study. She is now regularly watching 
the progress without further chemotherapy with a complete 
remission. There are rare cases of immune checkpoint in-
hibitor-induced myocarditis [19]. As a result of recent data, 
in heavily pretreated disease, immune checkpoint inhibitors 
are moving to earlier lines of treatment [20]. 

In this study, pembrolizumab or nivolumab demonstrated 
clinical efficacy and tolerability in patients with cHL who 
failed previous chemotherapy or ASCT. Further inves-
tigations of immune checkpoint inhibitors and combinatory 
approaches in relapsed or refractory cHL are needed.
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