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Classical Hodgkin’s lymphoma
Classical Hodgkin’s lymphoma (cHL) is a lym-
phoproliferative malignant neoplasm that arises 
from clonal germinal center B cells. It represents 
around 10% of newly diagnosed lymphomas, 
with an estimated 8000 new cases and 1000 
deaths in 2017 in the United States.1 The disease 
exhibits a bimodal distribution, affecting primar-
ily young adults around 15–34 years of age and 
older adults around age 60.2 For early-stage cHL, 
combination chemotherapy regimens such as 
doxorubicin, bleomycin, vinblastine, dacarbazine 
(ABVD) or doxorubicin, vinblastine, mechlore-
thamine, vincristine, bleomycin, etoposide, pred-
nisone (Stanford V), with or without radiation 
therapy, are associated with 5-year progression-
free survival (PFS) rates ranging from 79% to 
90% or greater, depending on risk stratification.3,4 

For advanced-stage cHL, treatment with combi-
nation chemotherapy regimens such as ABVD, 
Stanford V and bleomycin, etoposide, doxoru-
bicin, cyclophosphamide, vincristine, procar-
bazine, prednisone (BEACOPP) leads to a 5-year 
failure-free survival of 71% for both ABVD and 
Stanford V,5 and a 10-year PFS of 69% and 75% 
for ABVD and BEACOPP, respectively.6 
Nevertheless, up to 30% of cHL patients suffer 
from primary refractory disease or recurrence 
after front-line therapy.7 In patients with chemo-
sensitive relapse, salvage chemotherapy followed 
by autologous stem-cell transplant (SCT) leads 
to 5-year PFS rates of 50–60%,8–12 compared 
with 5-year PFS rates of 40–45% for patients with 
primary refractory disease.8–10 Unfortunately, up 
to half of the patients treated with autologous 
SCT ultimately relapse.13
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Brentuximab vedotin (BV) (Adcetris, Seattle 
Genetics, Bothell, WA, USA) is an immune-toxin 
conjugate composed of an anti-CD30 antibody 
linked to monomethyl auristatin, a compound 
with antitubulin activity. BV is currently approved 
for treatment of relapsed/refractory cHL after 
autologous SCT, or in non-SCT candidates that 
failed at least two lines of combination chemo-
therapy. Treatment with BV in this setting dem-
onstrated an overall response rate (ORR) of 75%, 
including complete remission (CR) rate of 36% 
with a median PFS of 9.3 months that was shown 
in the phase II trial that led to Food and Drug 
Administration (FDA) approval.14 BV is also 
approved for maintenance therapy after autolo-
gous SCT in patients with a high risk of disease 
relapse, based on the results of the phase III 
AETHERA study in which treatment with BV 
showed improvement of PFS (43 months versus 
24 months) compared with controls after a 
median observation time of 30 months, despite 
the latest update showing a more modest, albeit 
sustained benefit with 3-year PFS rate of 61% for 
the BV arm and 43% for the placebo arm.15,16

A number of therapeutic strategies for cHL 
patients who relapse after autologous SCT and 
BV are available. Allogeneic SCT represents a 
potentially curative approach for these patients, 
with reported 5-year overall survival (OS) rates 
ranging from 30% to 40%.17–19 However, outside 
of allogeneic SCT, goals of therapy have been 
typically palliative until recently, as new thera-
peutic options are becoming available as described 
above. Treatment choice in this setting is strongly 
influenced by previous treatments, duration of 
response, and, more importantly, goal of care. 
Allogeneic SCT candidates are treated with addi-
tional multiagent systemic chemotherapy, with 
the goal of achieving the best possible response 
prior to transplant, while allogeneic SCT-
ineligible patients are treated with targeted small 
molecules and immune-modulatory agents for 
prolonged disease control. Alternatively, involved 
field radiation therapy and single-agent chemo-
therapy for symptom control are also viable 
options.20 A minority of asymptomatic cHL 
patients can be observed without treatment for a 
period of time.20

Research over the past few years has been focusing 
on the mechanisms through which malignant cells 
escape host immune surveillance. Numerous 
immune suppressive checkpoint molecules have 
been identified, with the best-characterized being 

the programmed cell death 1 (PD-1) and pro-
grammed death-ligand 1 (PD-L1) molecules. 
Inhibition of the interaction between PD-1 (on T 
cells) and PD-L1 (on lymphoma cells) with mono-
clonal antibodies leads to an enhanced antitumor 
response by reversing T cell exhaustion.21 In this 
review, we will focus on the pharmacology, thera-
peutic activity and tolerability of the PD-1 mono-
clonal antibody, pembrolizumab, in relapsed/
refractory cHL.

Pathophysiology of cHL and the role of 
PD-1/PD-L1 signaling
Reed–Sternberg cells are malignant B cells 
pathognomonic of cHL.22 The vast majority of 
the tumor is composed of a mixture of immune 
cells and stromal cells that together form a micro-
environment contributing to malignant cell sur-
vival, with CD4+ T helper and regulatory T cells 
representing the most abundant cellular compo-
nent, while Reed–Sternberg cells only represent 
1–5% of the cellularity.23–25 The vast majority of 
T cells express PD-1, a molecule that promotes 
self-tolerance24,26 through interaction with its 
ligands PD-L1 and PD-L2, which are expressed 
at high levels on Reed–Sternberg cells.27,28 While 
in healthy individuals PD-1 is expressed on acti-
vated T cells to prevent autoimmunity, activation 
of the PD-1–PD-L1 pathway in cHL diminishes 
T cell-mediated antitumor responses, thereby 
promoting a ‘tumor-friendly’ microenviron-
ment.29,30 Engagement of the PD-1 receptor leads 
to reduction of T cell receptor-mediated cytokine 
secretion and T cell expansion through suppres-
sion of signaling pathways such as the phosphati-
dylinositol 3-kinase (PI3K)–serine-threonine 
kinase Akt and the Ras-mitogen-activated and 
extracellular signal-regulated kinase (MEC)–
extracellular signal-regulated kinase (ERK) path-
ways.30–32 In most cases, high levels of PD-L1 and 
PD-L2 expression on Reed–Sternberg cells are 
secondary to amplification of 9p24.1, which con-
tains the CD274 and PDCD1LG2 genes encoding 
PD-L1 and PD-L2, respectively.28 The 9p24.1 
amplicon also contains the Janus kinase 2 (JAK2) 
locus, which positively contributes to PD-L1 
overexpression via the STAT signaling path-
way.28,33 Lastly, Epstein–Barr virus, which is 
commonly detected in mixed-cellularity and lym-
phocyte-depleted cHL, can induce PD-L1 
expression on Reed–Sternberg cells via latent 
membrane protein 1-mediated JAK/STAT sign-
aling.28,34 In a recent retrospective review of 108 
newly diagnosed cHL cases, 9p24.1 amplification 
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was associated with advanced stage and shorter 
PFS,28 suggesting that PD-L1 overexpression 
contributes to a more aggressive clinical course 
and poorer outcome.

Targeting the PD-1/PD-L1 axis in cHL
Engagement of PD-1/PD-L1 signaling is thought 
to facilitate the survival of malignant cells by pro-
moting evasion of the tumor-directed immune 
response and immune tolerance.35 Monoclonal 
antibodies against PD-1 have been successfully 
used in a wide range of solid tumors such as met-
astatic melanoma,36 non-small cell lung cancer,37 
advanced renal cell carcinoma,38 urothelial can-
cer,39 Merkel cell carcinoma,40 head and neck 
cancer,41 microsatellite instability-high colorectal 
carcinoma and upper gastrointestinal cancers.42

PD-L1 overexpression in Reed–Steinberg cells, 
which is genetically mediated in many cases, ren-
ders the PD-1/PD-L1 axis an attractive target for 
treatment of cHL.26 The safety and activity of 
nivolumab, a fully human monoclonal IgG4 anti-
body specific for PD-1, was tested in the phase I 
CheckMate-039 trial in cHL patients.43 Twenty-
three patients with relapsed or refractory cHL 
were enrolled in this study. Eight patients (35%) 
had been treated with six or more prior therapies, 
18 patients (78%) received BV, and 18 patients 
(78%) relapsed after an autologous SCT. Patients 
were treated with nivolumab 3 mg/kg every 2 
weeks until disease progression or unacceptable 
toxicity. Drug-related adverse events were 
reported in 18 patients (78%); the most common 
events included rash in five patients (22%) and 
thrombocytopenia in four patients (17%). Five 
patients (22%) experienced grade 3 drug-related 
adverse events which included hematologic events 
(myelodysplastic syndrome, leukopenia, lympho-
cytopenia and thrombocytopenia), gastrointesti-
nal events (pancreatitis, increased lipase level, 
colitis, gastrointestinal inflammation), pneumoni-
tis and stomatitis, with one event of each type 
observed in the study. Treatment with nivolumab 
resulted in a remarkable ORR of 87% with a CR 
rate of 17% at a median follow-up interval of 40 
weeks. PFS was 86% at 24 weeks, and 11 patients 
(48%) had ongoing response at the time of analy-
sis. At extended follow up of 86 weeks, 10 out of 
20 responders had a durable remission.44 Twelve 
patients (52%) ultimately discontinued treatment 
with nivolumab. Two of these (9%) discontinued 
secondary to toxicity (myelodysplastic syndrome 
and thrombocytopenia in one patient and 

pancreatitis in one patient), four patients (17%) 
stopped due to progressive disease (PD), and six 
patients (26%) pursued SCT (allogeneic in five 
patients and autologous in one patient).44

A multicenter phase II trial of nivolumab by 
Younes and colleagues included 80 patients with 
relapsed/refractory cHL who were heavily pre-
treated (median of four prior therapies).17 All 
patients were previously treated with autologous 
SCT and BV. Six patients (8%) had more than 
two lines of prior BV. Overall, 43 patients (64%) 
showed no response to BV. An objective response 
to nivolumab was observed in 53 of 80 patients 
(66%) after a median follow up of 8.9 months. 
The most common toxicities included fatigue in 
20 patients (25%), infusion-related reaction in 16 
patients (20%), rash in 13 patients (16%), arthral-
gia in 11 patients (14%), pyrexia in 11 patients 
(14%), nausea in 10 patients (13%), diarrhea in 8 
patients (10%) and pruritus in 8 patients (10%).17 
Grade 3 or 4 adverse events included neutropenia 
in 4 of 80 patients (5%) and elevated lipase in 4 of 
80 patients (5%). At the time of analysis, 51 
patients (64%) remained on active treatment. Of 
those that discontinued nivolumab, 13 of 80 
patients (16%) stopped due to disease progres-
sion, and 4 (5%) stopped due to drug toxicity 
(one autoimmune hepatitis, one elevated alanine 
transaminase (ALT) level, one elevated aspartate 
aminotransferase (AST) level and one multiorgan 
failure). A total of 20 patients (25%) experienced 
serious adverse events of any cause, including 
pyrexia in 3 patients (4%) and malignant neo-
plasm progression, pneumonia, arrhythmia, men-
ingitis or infusion-related reaction in 2 patients 
(3%) each.17

Based on the results of this phase II trial, 
nivolumab became the first FDA-approved PD-1 
blocking antibody for the treatment of patients 
with cHL who have relapsed or progressed after 
autologous SCT and BV. These trials opened 
immune checkpoint inhibition as an effective and 
exciting new avenue that could revolutionize the 
future of cHL treatment.

Pharmacology of pembrolizumab
Pembrolizumab (Keytruda, Merck Oncology, 
Kenilworth, NJ, USA) is a fully humanized mono-
clonal IgG4 antibody that specifically binds to 
PD-1 with a greater affinity for PD-1 than 
nivolumab.45 Pembrolizumab is currently approved 
by the FDA for treatment of the following solid 
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tumors: unresectable or metastatic melanoma; 
metastatic non-small cell lung cancer with evi-
dence of PD-L1 expression; recurrent or meta-
static head and neck squamous cell cancer; locally 
advanced or metastatic urothelial carcinoma in 
patients who are not candidates for cisplatin-con-
taining therapy or that has progressed on such 
therapy; and microsatellite instability-high cancer 
that has progressed on other therapies.46 The FDA 
has also recently granted an accelerated approval 
to pembrolizumab for the treatment of adult and 
pediatric patients with cHL who are refractory or 
have relapsed after three or more prior lines of 
therapy.

In the initial clinical trial that subsequently led to 
FDA approval in melanoma, pembrolizumab was 
given at 10 mg/kg every 2 weeks or 10 mg/kg 
every 3 weeks.47 Three-week dosing intervals 
were found to be appropriate for maintaining 
clinically relevant concentrations between doses, 
while the every 2-week schedule was associated 
with greater toxicity.48 In the phase Ib KEYNOTE 
013 trial in relapsed/refractory cHL described 
below, pembrolizumab was given at a dose of 10 
mg/kg every 2 weeks.49 However, subsequent 
studies found a flat exposure–response in the dose 
range of 2–10 mg/kg; therefore, it was concluded 
that a fixed dose of 200 mg every 3 weeks and 
weight-based dose of 2 mg/kg provide similar 
exposure distributions.50,51 Like other therapeutic 
IgG monoclonal antibodies, pembrolizumab has 
a low volume of distribution and a half-life of 
approximately 3 weeks.48

Activity of pembrolizumab in relapsed/
refractory cHL
The initial evidence of pembrolizumab safety and 
activity in relapsed/refractory cHL comes from a 
phase Ib study (KEYNOTE-013).49 One of the 
cohorts included 31 patients with relapsed or 
refractory cHL with failure to BV. Of these 
patients, 22 patients (71%) had received prior 
autologous SCT, 8 patients (26%) were SCT-
ineligible, and 1 patient (10%) refused SCT. 
Patients were treated with pembrolizumab 10 mg/
kg every 2 weeks (equivalent to the maximum tol-
erated dose determined in solid tumors)50 for up 
to 2 years or until disease progression or unac-
ceptable toxicity. Results were encouraging and 
comparable to nivolumab: ORR was 65%, with 5 
patients (16%) achieving a CR and 15 patients 
(48%) attaining a partial response (PR); 16 of the 
20 responding patients achieved their best 

response at approximately 12 weeks. PFS rates of 
69% were observed at 24 weeks and 46% at 1 
year. Interestingly, the ORR to pembrolizumab 
was lower in transplant-naïve patients, compared 
with patients who had failed autologous SCT 
(44% versus 73%, respectively). A total of 15 of 
16 analyzed tumor samples (94%) were positive 
for PD-L1 expression; 9 of 10 patients (90%) 
were found to express PD-L2. Flow cytometric 
analysis showed an increase in absolute numbers 
of CD4 and CD8 T cells and NK cells in the 
peripheral blood of treated patients. Furthermore, 
RNA profiling using a NanoString platform on 
the peripheral blood of patients with paired pre- 
and post-treatment samples showed significant 
upregulation of CXCL9, CXCL10, HLA-DRA, 
IDO1 and STAT1, consistent with an interferon 
gamma (IFN-γ)-induced signature, similar to 
what was previously seen in melanoma.52 These 
results positioned pembrolizumab as an attractive 
immunomodulatory agent that can induce high 
and durable responses in heavily pretreated cHL.

The subsequent phase II KEYNOTE-087 study 
investigated the activity of pembrolizumab in 
patients with cHL who had failed either autolo-
gous SCT, BV or both. A total of 210 patients 
were included in three cohorts: 69 patients had 
failed autologous SCT and subsequent BV ther-
apy (cohort 1); 81 patients were ineligible for 
autologous SCT due to chemo-resistant disease 
and had failed BV therapy (cohort 2); 60 patients 
had progressed after autologous SCT but had not 
received BV after SCT, although 25 of these 
patients had received BV before SCT (cohort 
3).53 Overall, 67 patients had bulky lymphade-
nopathy and 67 patients had B symptoms at base-
line. Patients received a median of four prior lines 
of therapy, and 76 patients had prior radiation 
therapy. Patients were treated with pembroli-
zumab 200 mg every 3 weeks for a maximum of 
24 months or until discontinuation due to disease 
progression, intolerable toxicity or investigator 
decision. Median exposure to pembrolizumab 
was 8.3 months and patients received a median of 
13 cycles. ORR was 69% across all cohorts, 74% 
in cohort 1 (with 15 CRs and 36 PRs), 64% in 
cohort 2 (with 20 CRs and 32 PRs) and 70% in 
cohort 3 (with 12 CRs and 30 PRs). Five patients 
in cohort 1 (7%), 17 patients in cohort 2 (21%) 
and 8 patients in cohort 3 (13%) developed dis-
ease progression. Subgroup analysis across 
cohorts showed similar ORRs between patients 
that received fewer than three versus three or more 
prior therapies (71% versus 69%), and a 
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remarkable ORR of 57% in patients who were 
refractory to all prior therapies. Ten patients went 
on to receive an allogeneic SCT, while four 
underwent autologous SCT. Median duration of 
response and OS were not reached at the time of 
publication, and the 9-month OS and PFS rates 
were 98% and 63%, respectively. Authors investi-
gated a PD-L1 expression score that included 
assessments of PD-L1 expression by tumor cell 
staining intensity (intensity score 0–3) and mem-
brane staining score (0%; >0 to <50%; ⩾50% to 
<100%, 100%), as well as histiocyte staining 
intensity (score 1–3), and correlated their find-
ings with the clinical response. It was found that 
64% of patients had a maximal score across all of 
these staining modalities, while 88% or greater 
stained maximally in at least one of the modali-
ties. Patients with lower staining intensity and 
membrane staining scores appeared to have a 
greater chance of PD on pembrolizumab, 
although the vast majority of patients received 
high staining scores. Based on the results of this 
trial, the FDA granted expedited approval to 
pembrolizumab for treatment of cHL patients 
who are refractory or have relapsed after three or 
more prior therapies.

Although pembrolizumab is generally well toler-
ated, grade 3–4 adverse events have been 
described. To reduce the incidence and the sever-
ity of adverse events, low-dose pembrolizumab 
regimens have been investigated. In a recent 
report by Chan and colleagues, five patients with 
relapsed or refractory cHL were treated with 
pembrolizumab at approximately 2 mg/kg every 3 
weeks.54 All patients were refractory to at least 
one regimen of combination chemotherapy, and 
one patient had relapsed after a previous autolo-
gous SCT. The number of prior treatments 
ranged from one to six, and four of five patients 
previously received BV. ORR was 100%, with 
four patients (80%) achieving a CR after a median 
cumulative dose of 495 mg and one patient 
achieving a PR after a cumulative dose of 400 mg. 
One of the patients who achieved CR went on to 
autologous SCT, and the other three patients 
remained in CR at the time of last follow up, after 
a range of 14–25 cycles of pembrolizumab. The 
patient who achieved PR eventually developed 
disease progression and was started on BV. 
Although these results suggest that pembroli-
zumab treatment is highly effective at a lower 
(and more cost-effective) dose, this approach 
requires further validation in a larger cohort of 
cHL patients.

The studies described above are summarized in 
Table 1.

Safety and tolerability
Physiologically, PD-1–PD-L1 interactions lead to 
attenuation of immune response to prevent auto-
immunity. By unbalancing the immune system, 
checkpoint inhibitors generate dysimmune toxici-
ties, termed immune-related adverse events 
(IRAEs), which mainly include rash, acute pneu-
monitis, colitis, thyroiditis, hypophysitis, hepatitis, 
nephritis, pancreatitis, rheumatoid arthritis, type I 
diabetes and uveitis.55–58 Most of these adverse 
events respond to discontinuation of the drug while 
treatment with steroids continues. Other immuno-
suppressive agents such as mycophenolate mofetil 
and tumor necrosis factor antagonists are used for 
more severe steroid-refractory cases.59–61 Biopsies 
of affected organs have demonstrated inflammatory 
changes such as mucosal infiltration with neutro-
phils and increased CD3+ CD8+ intraepithelial 
lymphocytes in cases of microscopic colitis.62 
Nonetheless, treatment with pembrolizumab is 
generally well tolerated in both solid tumors and 
cHL.

In the phase I study of pembrolizumab in cHL, 
68% of patients experienced at least one drug-
related adverse event, with the most frequent 
being hypothyroidism (16%), diarrhea (16%), 
nausea (13%) and pneumonitis (10%).49 Grade 3 
events occurred in five patients and included coli-
tis, transaminitis, nephrotic syndrome, joint 
swelling, back pain and axillary pain. Two patients 
discontinued pembrolizumab due to grade 2 
pneumonitis and grade 3 nephrotic syndrome; 
both of these patients received steroid treatment. 
There were no grade 4 treatment-related adverse 
events.

In the landmark phase II study, safety analysis 
indicated that pembrolizumab was well tolerated.53 
Grade 1–2 infusion-related reactions occurred in 
10 patients (5%). The most common drug-related 
adverse events included hypothyroidism (12%), 
pyrexia (11%), fatigue (9%) and rash (8%). The 
highest severity of drug-related adverse events was 
grade 3, with the most common being neutropenia 
(2%), dyspnea (1%) and diarrhea (1%). Twenty-
six patients (12%) had to interrupt treatment due 
to drug-related adverse events, and nine patients 
(4%) had to discontinue treatment because of 
drug-related adverse events including myocarditis, 
myelitis, myositis, pneumonitis, infusion-related 
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reactions and cytokine release syndrome. Notably, 
two patients died from sepsis and acute graft-ver-
sus-host disease (aGVHD) during the follow-up 
period, with both deaths not attributed to pem-
brolizumab. Finally, among five patients treated 
with a lower dose of pembrolizumab, adverse 
events included grade 1 diarrhea that responded to 
budesonide and grade 1 eczema that responded to 
local treatment.54 None of the patients had to dis-
continue pembrolizumab due to intolerable 
adverse effects in this small case series.

Checkpoint inhibitors pre- and 
postallogeneic SCT
Although clinical trials with pembrolizumab have 
demonstrated promising results in relapsed/refrac-
tory cHL patients, the only curative approach for 
this patient population remains allogeneic SCT. 

As discussed previously, pembrolizumab can 
induce remissions in patients who relapse after 
autologous SCT and may be considered for use as 
salvage therapy and a bridge to allogeneic SCT for 
patients who show disease response and are appro-
priate transplant candidates. However, increased 
risk of aGVHD- and GVHD-related mortality 
after blockade of PD-1 activity has been demon-
strated in murine models.63,64

In humans, limited data exist on the use of PD-1 
inhibitors before or after allogeneic SCT for 
relapsed and refractory cHL, and even fewer data 
exist on pembrolizumab specifically. In a recent 
retrospective study, El Cheikh and colleagues 
analyzed the toxicity and outcome of 11 cHL 
patients who had received nivolumab before or 
after allogeneic SCT.65 Nine patients received 
nivolumab before allogeneic SCT, and two 

Table 1.  Published studies that tested or reviewed activity of pembrolizumab in relapsed or refractory Hodgkin’s lymphoma.

ClinicalTrials.
gov identifier

Type Title Population Outcome Adverse events

NCT01953692 Phase Ib Programmed 
death-1 
blockade with 
pembrolizumab 
in patients with 
classical Hodgkin’s 
lymphoma after 
brentuximab 
vedotin failure49

31 relapsed or 
refractory cHL 
patients previously 
treated with BV 
and relapsed after; 
ineligible for or 
refused autologous 
SCT

ORR 65% (90% CI 
48–79%); CR 16% 
(90% CI 7–31%); 
PR 48%; PFS 69% 
at 24 weeks and 
46% at 52 weeks

Hypothyroidism 
(16%), diarrhea 
(16%), nausea (13%) 
and pneumonitis 
(10%); Grade 3 AEs 
in four patients. Two 
patients discontinued 
treatment due to AEs

NCT02453594 Phase II Study of 
pembrolizumab 
(MK-3475) in 
participants 
with relapsed 
or refractory 
classical Hodgkin’s 
lymphoma 
(MK-3475-087/
KEYNOTE-087)53

210 patients 
with relapsed/
refractory cHL 
who progressed or 
did not respond to 
either autologous 
SCT followed by BV 
(cohort 1), salvage 
chemotherapy 
followed by BV 
(cohort 2) or 
autologous SCT 
(cohort 3)

ORR 69.0% (95% 
CI 62.3–75.2%), 
CR 22.4% (95% 
CI 16.9–28.6%). 
ORRs were 73.9% 
for cohort 1, 
64.2% for cohort 
2, and 70.0% 
for cohort 3. 31 
patients had a 
response ⩾6 
months

Immune-mediated 
events in 28.6% 
of patients, most 
common AEs 
hypothyroidism 
(12.4%) and pyrexia 
(10.5%)

  Retrospective Low-dose 
pembrolizumab 
for relapsed/
refractory 
Hodgkin’s 
lymphoma: high 
efficacy with 
minimal toxicity54

Five patients 
refractory to 1–6 
therapy modalities. 
four of five patients 
had previously 
received BV

ORR 100%, CR 
80% at median 
follow up of 18 
months

Grade 1 diarrhea in 
20%; grade 1 eczema 
(20%)

AEs, adverse events; BV, brentuximab vedotin; cHL, classical Hodgkin’s lymphoma; CI, confidence interval; CR, complete remission; ORR, overall 
response rate; PFS, progression-free survival; PR, partial response; SCT, stem-cell transplant.
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patients received nivolumab for relapse after allo-
geneic SCT. Of the nine cHL patients who 
received nivolumab prior to allogeneic SCT, one 
patient (11%) had primary refractory disease and 
the rest had relapsed disease following SCT, with 
seven (78%) who also failed BV post-autologous 
SCT. Patients received nivolumab for a median 
of eight cycles before allogeneic SCT, and the 
median time between the last dose of nivolumab 
and allogeneic SCT was 44 days. At the time of 
transplant, three patients (33%) were in CR, four 
(44%) in PR and two (22%) had PD. None of the 
patients experienced graft rejection; however, all 
the patients (100%) developed aGVHD (grade 2 
in three patients, grade 3 in five patients, grade 4 
in one patient), and two patients (22%) also 
developed mild to severe chronic GVHD. Acute 
GVHD resolved in six of nine patients (67%) by 
the end of the study (time of follow up 5–19 
months). At last follow up, eight of nine patients 
(89%) treated with nivolumab prior to transplant 
were alive, seven (78%) in CR and one (11%) 
with stable disease. However, three patients 
(33%) had ongoing complications at the time of 
last follow up, including one (22%) with incom-
plete red blood cell recovery and hemolytic ane-
mia, one (22%) with hemorrhagic cystitis, 
recurrent cytomegalovirus (CMV) infection and 
pneumonia, and one (22%) with recurrent CMV 
and pneumonia. Of the two patients who received 
nivolumab after the transplant, one patient 
received nivolumab upon disease relapse 10 
months after a second allogeneic SCT. Within 10 
days from completing cycle 1, this patient devel-
oped severe grade 3 aGVHD with ocular, liver 
and skin involvement. He was treated with ster-
oids and ruxolitinib. GVHD was controlled but 
he died from mucormycosis 13 weeks after receiv-
ing nivolumab therapy while in CR documented 
by imaging. The second cHL patient also relapsed 
9 months after a second allogeneic SCT. This 
patient was treated with nivolumab, and 3 weeks 
after first dose developed grade 3 steroid-respon-
sive aGVHD of the skin and gastrointestinal tract 
and steroid-resistant GVHD of the liver requiring 
ruxolitinib, cyclosporine and extracorporeal pho-
tophoresis. At the last follow up, 8 months after 
nivolumab, this patient was in CR and on treat-
ment for GVHD. Neither of these two patients 
had evidence of GVHD prior to nivolumab 
treatment.

Another retrospective study investigated the 
efficacy and safety of administering PD-1 inhib-
itors before allogeneic SCT. A total of 39 

patients with lymphoma were enrolled, and 31 
(79%) had relapsed or refractory cHL.66 Overall, 
28 (72%) of enrolled patients received 
nivolumab (in four cases, in combination with 
another immune checkpoint inhibitor, ipili-
mumab, that targets CTLA-4), and 11 (28%) 
received pembrolizumab. A median of eight 
cycles of a PD-1 inhibitor were administered. 
For the cHL patients, 1-year OS and PFS rates 
were 90% and 74%, respectively. Although sur-
vival rates were high, 14 cHL patients (45%) 
developed aGVHD, including 8 patients (26%) 
with grade 3–4 aGVHD. Three treatment-
related deaths (8%) were reported in the cHL 
group. Two of these three patients (6%) devel-
oped a noninfectious febrile syndrome, which 
began approximately 1 week after transplant, 
followed by a fatal hyperacute grade 4 GVHD. 
Two cHL patients (6%) developed sinusoidal 
obstruction syndrome (SOS) that required 
treatment with steroids and defibrotide, and 
central venovenous hemofiltration in one case. 
One of these two patients ultimately died, and 
the other recovered completely. Acute GVHD 
occurred in all four patients who received 
nivolumab in combination with ipilimumab, 
leading to a significantly higher 6-month rate of 
grade 3–4 aGVHD in these patients compared 
to those who received a single PD-1 inhibitor 
(75% versus 17%, p = 0.01).

Overall, these results support the feasibility and 
the activity of PD1/PD-L1 signaling inhibitors as 
a bridge to allogeneic SCT. However, they also 
provide insight into the risks of rapid-onset, 
potentially fatal GVHD in this setting, and 
prompted the FDA to issue a warning for use of 
allogeneic SCT after therapy with PD-1 inhibi-
tors. Furthermore, there was a higher incidence 
of rare GVHD syndromes such as SOS and non-
infectious febrile syndrome, as well as signs of 
drug-induced necrosis observed on liver biopsy 
obtained from the fatal case of SOS, suggesting 
that these symptoms were specific to immune 
effects of the PD-1 blockade. Interestingly, 
although there is an overall higher incidence of 
grade 3–4 aGVHD in patients who received 
peripheral blood stem cells versus those that 
received bone marrow grafts and in those with an 
unmatched donor versus matched, this did not 
seem to result in a significant difference in out-
come. Results from prospective studies are 
needed to definitively assess the risk of GVHD in 
cHL patients undergoing allogeneic SCT after 
treatment with checkpoint inhibitors.
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Correlative studies from Merryman and col-
leagues showed that patients treated with check-
point inhibitors prior to allogeneic SCT had a 
decreased ratio of CD4+ T regulatory cells 
(CD3+/CD4+/Foxp3+) to conventional CD4+ 
T cells (CD3+/CD4+/Foxp3−) up to 1 month 
after transplant.66 Reduced ratios of regulatory 
versus conventional CD4+ T cells early after 
transplant have been associated with higher inci-
dence of aGVHD in recipients of mismatched 
allogeneic SCT.67 Although treatment with check-
point inhibitors is usually held for at least a month 
prior to allogeneic SCT, several studies suggest 
that the immune impact of checkpoint inhibitors 
continues well beyond what is predicted by phar-
macokinetic studies. Interestingly, in the retro-
spective study by Merryman and colleagues, 
analysis of clinical predictors of survival and 
GVHD showed that duration of time between the 
last dose of PD-1 blockade and allogeneic SCT 
did not predict GVHD incidence and did not 
influence disease outcomes at 1 year. Ongoing 
and future studies will help to better define the 
timing of allogeneic SCT following treatment with 
checkpoint inhibitors. In addition, several strate-
gies are being explored to reduce the incidence 
and the severity of checkpoint-inhibitor-induced 
GVHD, with one of these being high-dose cyclo-
phosphamide given as GVHD prophylaxis.68

Several case reports and a limited number of 
larger-scale retrospective studies investigated the 
efficacy and toxicity of checkpoint inhibitors in the 
postallogeneic SCT setting.69–72 The activity and 
safety of single-agent nivolumab was assessed in a 
retrospective study of 20 cHL patients relapsing 
after allogeneic SCT.73 Patients had a median of 
seven lines of therapy. ORR was 95% with a CR 
rate of 42% and a PR rate of 52%, and 1-year PFS 
and OS rates were 58.2% and 78.7%, respectively. 
Nine patients (45%) had a prior history of 
aGVHD, three patients (15%) had prior history of 
chronic GVHD (cGHVD) and one patient (5%) 
had both acute and chronic GVHD. Six patients 
(30%) developed aGVHD after a single infusion 
of nivolumab, which prompted discontinuation of 
the drug. Five of the six patients had grade 3–4 
GVHD with involvement of one or both of the 
liver and skin. Notably, all of these patients had a 
history of aGVHD prior to nivolumab therapy. 
Overall, 95% of the patients responded to stand-
ard GVHD therapy, with two responding to high-
dose steroids and three requiring intravenous 
cyclosporine for steroid-refractory GVHD. Two 
of the six patients died as a result of GVHD 

(febrile multiorgan dysfunction and GVHD of the 
liver). Patients that developed nivolumab-trig-
gered aGVHD appeared to have a shorter time 
between allogeneic SCT and nivolumab adminis-
trations than did those who did not develop 
GVHD [median 8.5 months (range 2–19 months) 
versus 28.5 months (range 7–111 months); p = 
0.0082]. None of the enrolled patients developed 
cGVHD by the time of most recent follow up.

Case reports include a report of fatal GVHD 
attributed to pembrolizumab therapy in a 29-year-
old man who had relapsed nodular sclerosing 
cHL. This patient’s treatment history included 
ABVD chemotherapy followed by salvage chemo-
therapy and autologous SCT at first relapse, and 
subsequently BV followed by allogeneic SCT 
with fludarabine-total body irradiation nonmye-
loablative conditioning.74 His postallogeneic SCT 
course was complicated by steroid-responsive 
GVHD. This patient developed multiorgan 
GVHD that started within a week of drug admin-
istration, was refractory to therapy with steroids, 
basiliximab and antithymocyte globulin, and was 
ultimately fatal. Tolerance of pembrolizumab in 
two patients treated for cHL relapsed after alloge-
neic SCT and with history of prior GVHD has 
also been reported. These two patients did not 
experience GVHD reactivation following treat-
ment with pembrolizumab.75

A retrospective review of 31 patients with relapsed 
cHL after allogeneic SCT also showed significant 
response rates to single-agent PD-1 inhibitor.76 A 
total of 31 patients from 10 transplant centers 
were reviewed; 30 of them had relapsed cHL (one 
had both cHL and follicular lymphoma). Of 
these, 87% received at least one salvage therapy 
that included BV (52%), lenalidomide (10%), 
donor lymphocyte infusion (16%) or ipilimumab 
(10%). Ten of these patients received pembroli-
zumab 200 mg every 3 weeks, while the rest were 
treated with nivolumab at 3 mg/kg every 2 weeks. 
Treatment with checkpoint inhibitors was started 
an average of 2.2 years after allogeneic SCT. 
Encouraging responses were reported, with ORR 
of 79% in 30 evaluable cHL patients, with 21 of 
31 patients (68%) alive at median follow up of 
428 days. Seventeen patients (55%) developed 
GVHD, with six cases of aGVHD, seven cases of 
cGVHD and four overlapping cases, after a 
median of one dose of PD-1 inhibitor for aGVHD 
and two doses for chronic and overlapping 
GVHD. Acute GVHD developed after a median 
of 16 days following administration of PD-1 
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inhibitor, overlapping GVHD after a median of 
21 days, and cGVHD after a median of 14 days. 
Most common organs involved were liver and 
skin. GVHD (acute or chronic) was defined as 
treatment-emergent if it either occurred after 
starting PD-1 inhibitor in a patient without prior 
GVHD history or recurred in a patient with previ-
ous history of GVHD and required GVHD-
directed therapy. Treatment-emergent aGVHD 
occurred in 10 patients (32%) and was severe in 6 
(19%). Nine of 10 patients with aGVHD required 
a secondary GVHD-directed therapy due to inad-
equate response to steroids, and eventually 5 
(50%) of these patients responded to treatment, 
achieving either a CR or PR after receiving a 
median of three treatment modalities (treatments 
included steroids, calcineurin inhibitor, mycophe-
nolate mofetil, antithymocyte globulin and extra-
corporeal photopheresis). Four of five patients 
who did not respond to therapy died, with GVHD 
cited as the primary cause of death. Chronic 
GVHD occurred in 11 patients (31%), and in 
four of these patients overlapping GVHD was 
diagnosed. Four of seven patients who developed 
treatment-emergent cGVHD died, with GVHD 
cited as the primary cause of death, and three 
patients were reported to be alive at the last follow 
up. There were a median of two systemic cGVHD 
treatments, and treatment modalities included 
systemic steroids, mycophenolate mofetil, siroli-
mus and extracorporeal photopheresis.

These case reports and retrospective studies indi-
cate that treatment of relapsed and refractory 
cHL patients after allogeneic SCT with check-
point inhibitors induces high rates of durable 
responses. However, this approach is associated 
with high frequency of aGVHD, including treat-
ment-refractory and fatal cases. The incidence of 
aGVHD appears to be higher in patients with 
prior history of GVHD, but GVHD has also been 
observed in cHL patients without prior GVHD. 
Given the fact that the largest studies described 
above are retrospective, randomized controlled 
prospective studies are needed to better evaluate 
the risk–benefit balance of this approach in a 
patient population with limited effective thera-
peutic options.

Ongoing trials with single-agent 
pembrolizumab and novel combination 
strategies
There are 14 ongoing clinical trials investigating the 
activity of pembrolizumab in cHL (summarized in 

Table 2), with 13 trials actively recruiting patients. 
While most of these trials are designed to include 
patients with relapsed or refractory cHL after multi-
ple lines of therapy, ‘Pembrolizumab and involved 
site radiation therapy for early-stage relapsed or pri-
mary refractory Hodgkin lymphoma’ [ClinicalTrials.
gov identifier: NCT03179917] is designed to assess 
pembrolizumab combined with involved field radia-
tion therapy in patients with primary refractory 
early-stage cHL, and ‘PET-directed therapy with 
pembrolizumab and combination chemotherapy in 
treating patients with previously untreated classical 
Hodgkin lymphoma’ [ClinicalTrials.gov identifier: 
NCT03226249] is designed to test pembrolizumab 
in combination with adriamycin, vinblastin, dacar-
bazine (AVD) in previously untreated cHL. Results 
from the latter will provide useful information 
regarding the activity of pembrolizumab in  
patients with a nearly intact immune system. 
‘Pembrolizumab after ASCT for Hodgkin lym-
phoma, DLBCL and T-NHL’ [ClinicalTrials.gov 
identifier: NCT02362997] is an interesting phase II 
study designed to determine the role of pembroli-
zumab administered as consolidation therapy after 
autologous SCT in patients with relapsed/refractory 
cHL or other lymphoid malignancies.

A number of ongoing studies are exploring the 
activity of pembrolizumab in combination with 
other biologic agents in relapsed/refractory cHL. 
KEYNOTE 145 [ClinicalTrials.gov identifier: 
NCT02362035] is a phase I/II clinical trial test-
ing the safety and activity of the combination of 
pembrolizumab and acalabrutinib, a second-gen-
eration Bruton’s tyrosine kinase inhibitor (BTK), 
in patients with relapsed/refractory B cell malig-
nancies including cHL. At the time of writing, the 
trial is ongoing but not actively recruiting patients. 
It will be interesting to learn about activity of 
pembrolizumab combined with a selective BTK 
inhibitor that does not have interleukin-2-induci-
ble T cell kinase (ITK)-inhibitory activity on 
which Th2 cells and possibly regulatory T cells 
rely for activation and proliferation.77

Other novel agents are also on the horizon for the 
treatment of cHL. Treatment with single-agent 
lenalidomide has been reported to induce an ORR 
of 19% in heavily pretreated relapsed/refractory 
cHL patients.78 Lenalidomide directly induces 
malignant B cell death and enhances antitumor 
response through inhibition of regulatory T cells 
and stimulation of cytotoxic T and NK cells. Given 
the differences in mechanism of action, combina-
tion of lenalidomide with pembrolizumab may 
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Table 2.  Ongoing trials evaluating response of Hodgkin’s lymphoma to pembrolizumab at various stages of disease.

ClinicalTrials.
gov identifier

Phase Title HL patient population Recruiting?

Previously untreated cHL

NCT03226249 II Phase II study of PET-directed frontline 
therapy with pembrolizumab and AVD 
for patients with classical Hodgkin 
lymphoma

Previously untreated classical 
Hodgkin’s lymphoma

Yes

Primary refractory early-stage cHL

NCT03179917 II Pembrolizumab and involved site 
radiation therapy for early stage 
relapsed or primary refractory Hodgkin 
lymphoma

Patients with relapsed or refractory 
stage I–II classical Hodgkin’s 
lymphoma. Possible prior 
treatments include chemotherapy 
alone or combined with radiation. 
In cases of prior combined therapy, 
area of relapse is outside the 
previous radiation field

Yes

Combination with biologic agents

NCT02665650 Ib A phase Ib dose escalation study 
to assess the safety of AFM13 in 
combination with pembrolizumab in 
patients with relapsed or refractory 
classical Hodgkin lymphoma 
(KEYNOTE-206)

CD30+ classical Hodgkin’s 
lymphoma, relapsed or refractory 
after standard therapy including BV, 
SCT, or both

Yes

NCT02875067 I/II Safety and efficacy study of combination 
of pembrolizumab and lenalidomide, in 
patients with relapsed non-Hodgkin and 
Hodgkin lymphoma

History of at least two prior 
therapies, not eligible for SCT

Yes

NCT02362035 I/II A phase Ib/II proof-of-concept study 
of the combination of ACP-196 
(acalabrutinib) and pembrolizumab in 
subjects with hematologic malignancies

Diagnosis of a hematologic 
malignancy without central nervous 
system involvement

No

NCT03150329 I A phase I study of pembrolizumab plus 
vorinostat for relapsed or refractory 
diffuse large B-cell lymphoma, 
follicular lymphoma, and Hodgkin 
lymphoma

Relapsed or refractory classical 
Hodgkin’s lymphoma (all 
histological subtypes except 
nodular lymphocyte predominant), 
stable, partial response or disease 
progression after at least one prior 
regimen, ineligible or declining SCT

Yes

NCT03179930 II Combination therapy with entinostat 
and pembrolizumab in relapsed and 
refractory lymphomas

Hodgkin’s lymphoma patients that 
have received at least two prior 
regimens

Yes

NCT03236935 Ib Phase Ib trial of L-NMMA in 
combination with pembrolizumab in 
patients with melanoma, non-small cell 
lung cancer, head and neck squamous 
cell carcinoma, classical Hodgkin 
lymphoma, urothelial carcinoma, or 
microsatellite instability-high/mismatch 
repair deficient cancer

Classical Hodgkin’s lymphoma that 
has relapsed after three or more 
lines of therapy or is refractory to 
treatment

Not yet
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ClinicalTrials.
gov identifier

Phase Title HL patient population Recruiting?

NCT03010176 I Study of MK-1454 alone or in 
combination with pembrolizumab in 
participants with advanced/metastatic 
solid tumors or lymphomas (MK-1454-
001)

Histologically or cytologically 
confirmed advanced/metastatic 
solid tumor or lymphoma of 
any type that is refractory to all 
treatment known to confer clinical 
benefit and can be tolerated by the 
patient

Yes

Combination with salvage chemotherapy

NCT03077828 II Phase II trial of pembrolizumab 
in combination with ICE salvage 
chemotherapy for relapsed/refractory 
Hodgkin lymphoma

Relapsed/refractory Hodgkin’s 
lymphoma, with at least one but 
no more than two lines of prior 
chemotherapy

Not yet

Other

NCT02684292 III A phase III, randomized, open-label, 
clinical trial to compare pembrolizumab 
with brentuximab vedotin in subjects 
with relapsed or refractory classical 
Hodgkin lymphoma

Relapsed/refractory classical 
Hodgkin’s lymphoma in BV-naïve 
patients that progressed or did not 
respond to auto-SCT, or salvage 
chemotherapy. Patients who are not 
candidates for auto-SCT received at 
least two chemotherapy regimens 
and are BV-naïve are eligible

Yes

NCT02362997 II A phase II study of pembrolizumab  
(MK-3475) after autologous  
stem-cell transplantation in patients 
with relapsed/refractory classical 
Hodgkin lymphoma and, diffuse large B 
cell lymphoma and T-cell non-Hodgkin 
lymphoma

Classical Hodgkin’s lymphoma that 
failed to achieve CR after initial 
chemotherapy regimen or relapsed 
and was treated with auto-SCT for 
chemo-sensitive diseases

Yes

BV, brentuximab vedotin; CR, complete remission; SCT, stem-cell transplant.

Table 2. (Continued)

produce an additive or even synergistic effect. At 
the time of writing, this approach is being investi-
gated in a trial enrolling patients with cHL or non-
Hodgkin’s lymphoma who have received at least 
two prior therapies and are not eligible for SCT 
[ClinicalTrials.gov identifier: NCT02875067].

AFM13 is a bispecific anti-CD30/CD16 antibody 
designed to enhance NK cell-mediated antitumor 
activity, with activity in relapsed or refractory 
cHL. In a phase I trial, 3 of 26 evaluable patients 
(12%) treated with single-agent AFM13 achieved 
a PR and 13 patients (50%) achieved stable dis-
ease (SD), with an overall disease control rate of 
62%.79,80 ‘Study of the combination of AFM13 
and pembrolizumab in patients with relapsed  
or refractory classical Hodgkin lymphoma’ 
[ClinicalTrials.gov identifier: NCT02665650] is 
a phase Ib trial designed to assess the safety and 

activity of AFM13 in combination with pembroli-
zumab in patients with relapsed/refractory cHL.

Other agents currently under investigation in com-
bination with pembrolizumab include two histone 
deacetylase (HDAC) inhibitors, vorinostat and 
entinostat. It has been reported that treatment 
with HDAC inhibitors favors a T helper 1 immune 
response, enhances antitumor immunity by 
HDAC11-mediated upregulation of OX40L, and 
downregulates tumor suppressor T cells in the 
tumor microenvironment, in addition to directly 
inhibiting lymphoma cell growth.81–83 However, 
treatment with single-agent HDAC inhibitors has 
shown modest activity in relapsed and refractory 
cHL patients, with ORR of just 4% (vorinostat) 
and 12% (entinostat). Given the ability of HDAC 
inhibitors to induce upregulation of PD-L1 and 
PD-L2,84 one trial is investigating a combination 
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of vorinostat with pembrolizumab in cHL patients 
with SD, PR or PD after at least one prior regimen 
and who are ineligible for or decline SCT 
[ClinicalTrials.gov identifier: NCT03150329]. 
Another trial investigates a combination of enti-
nostat with pembrolizumab in cHL patients who 
have received at least two prior regimens 
[ClinicalTrials.gov identifier: NCT03179930].

Additionally, L-NG-monomethyl arginine 
(L-NMMA), a nitric oxide synthase inhibitor 
thought to be able to enhance immune-mediated 
antitumor responses,85 and MK-1454, an agonist 
of stimulator of interferon genes protein (STING) 
with potential immunoactivating and antineoplas-
tic activities, are being tested in combination with 
pembrolizumab in cHL. Finally, because single-
agent BV and single-agent nivolumab have 
induced high response rates in cHL, the combina-
tion of these drugs is currently being investigated 
in both the relapsed/refractory setting as well as 
newly diagnosed, elderly cHL patients. To our 
knowledge, the combination of pembrolizumab 
and BV is not currently being evaluated. However, 
there is an ongoing phase III study comparing the 
activity of single-agent BV versus pembrolizumab 
in relapsed/refractory cHL patients [ClinicalTrials.
gov identifier: NCT02684292].

In summary, the role of pembrolizumab as a single 
agent and in combination with other biological/
immunomodulatory agents is being investigated at 
different stages of cHL. Ongoing and future studies 
will clarify sequential or combined use of pembroli-
zumab as well as its role in treatment-naïve patients.

Pembrolizumab in other hematologic 
malignancies
Interestingly, pembrolizumab has shown signifi-
cant activity in other hematologic malignancies.86 
A total of 42% of malignant cells in primary 
mediastinal B cell lymphoma (PMBCL) were 
found to express PD-L1.87 A phase I trial of pem-
brolizumab in 17 evaluable patients with relapsed/
refractory PMBCL showed an ORR of 41%, with 
duration of response ranging from 2.4 months to 
22.5 months, and six ongoing responses at the 
time of report after a median follow up of 11.3 
months.88 The activity of pembrolizumab was 
evaluated in a phase II trial in patients with 
chronic lymphocytic leukemia (CLL) and 
Richter’s transformation, showing an ORR of 
44% in Richter’s patients but no activity in 16 
relapsed CLL patients.89 Interestingly, the median 

OS in the Richter’s patient cohort was 10.7 
months, which is significantly longer than pre-
dicted survival in patients with Richter’s transfor-
mation (about 4 months), and median OS was 
not reached in Richter’s patients who previously 
progressed on ibrutinib.89 Significant responses 
with ORR of 38% was also achieved in patients 
with mycosis fungoides or Sezary syndrome who 
were treated with a median of four prior thera-
pies, and 89% of responses lasted for at least 32 
weeks.90 Lastly, a recent case report suggests that 
pembrolizumab may be effective in relapsed/
refractory mediastinal gray-zone lymphomas.91 
The activity of single-agent pembrolizumab is 
currently being evaluated in relapsed/refractory 
gray-zone lymphoma, primary central nervous 
system lymphoma, and other extranodal diffuse 
large B cell lymphomas [ClinicalTrials.gov iden-
tifier: NCT03255018]. Further studies are 
required to determine the therapeutic role of 
pembrolizumab in these diseases.

Conclusion
The PD-1-directed monoclonal antibody pem-
brolizumab has shown significant activity and 
an acceptable toxicity profile in cHL and in a 
subset of non-Hodgkin’s lymphoma patients.92 
Pembrolizumab is currently FDA-approved for 
the treatment of cHL patients who are refrac-
tory or have relapsed after three or more prior 
therapies. In both the phase I and II studies, 
CRs are achieved by only 16–20% of patients. 
Although more mature data are needed, it 
appears that heavily pretreated patients who 
failed both autologous SCT and BV can achieve 
and maintain a PR, indicating that CR is not 
necessary to obtain significant clinical benefit. 
Although pembrolizumab was reported to have 
greater affinity for PD-1 compared to nivolumab, 
recent data suggest these two drugs are inter-
changeable and differences in activity may be 
due to patient selection and trial design rather 
than drug-related reasons.93

Although the development of checkpoint inhibi-
tors has led to the introduction of practice-chang-
ing therapies for patients with cHL, many 
questions remain to be answered. The rationale 
of combining systemic chemotherapy with a 
checkpoint inhibitor in treatment-naïve cHL 
patients is to obtain maximal therapeutic effect in 
patients with an intact immune system. The ques-
tion that ongoing and future clinical trials will 
need to answer is how much improvement can be 
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achieved on the excellent front-line success rates 
with conventional systemic chemotherapy. The 
activity of checkpoint inhibitors may be attenu-
ated in heavily pretreated cHL patients due to a 
deficient immune system. On the other hand, 
cHL appears in most cases to have a genetic 
dependence on the PD-1–PD-L1 axis, making 
this disease particularly sensitive to PD-1 inhibi-
tion. This may be an even bigger factor in 
relapsed/refractory cHL patients with higher 
mutational load and neoantigen expression, sug-
gesting that checkpoint inhibition might be a bet-
ter approach in the relapsed/refractory setting 
despite a weaker immune system. Alternatively, 
checkpoint inhibitors could be given prior to con-
ventional chemotherapy to avoid their related 
immune suppression, or after chemotherapy to 
reduce the risk of relapse. Lastly, the combination 
of checkpoint inhibitors with biological/immune-
modulatory agents is an area of active investiga-
tion, with the rationale of targeting the tumors 
with biologically independent but interrelated 
mechanisms.

Growing evidence highlights the risk of severe 
and occasionally fatal GVHD when pembroli-
zumab is given prior to or after allogeneic SCT 
for cHL. Lack of prospective randomized studies 
and relatively short follow up in the published 
clinical trials do not allow conclusions to be 
drawn. Checkpoint inhibitor therapy should be 
used with caution before and after allogeneic 
SCT, and the risk–benefit balance should be 
carefully evaluated on an individual basis.

Authorship and contribution
PS and LA both wrote this article.

Funding
This research received no specific grant from any 
funding agency in the public, commercial or not-
for-profit sectors.

Conflict of interest statement
The authors declare that there is no conflict of 
interest.

References
	 1.	 Siegel RL, Miller KD and Jemal A. Cancer 

statistics, 2017. Cancer J Clin 2017; 67: 7–30.

	 2.	 Cartwright RA and Watkins G. Epidemiology of 
Hodgkin’s disease: a review. Hematol Oncol 2004; 
22: 11–26.

	 3.	 Engert A, Plütschow A, Eich HT, et al. Reduced 
treatment intensity in patients with early-stage 
Hodgkin’s lymphoma. N Engl J Med 2010; 363: 
640–652.

	 4.	 Advani RH, Hoppe RT, Baer D, et al. Efficacy 
of abbreviated Stanford V chemotherapy and 
involved-field radiotherapy in early-stage 
Hodgkin lymphoma: mature results of the G4 
trial. Ann Oncol 2013; 24: 1044–1048.

	 5.	 Gordon LI, Hong F, Fisher RI, et al. Randomized 
phase III trial of ABVD versus Stanford V with 
or without radiation therapy in locally extensive 
and advanced-stage Hodgkin lymphoma: an 
intergroup study coordinated by the Eastern 
Cooperative Oncology Group (E2496). J Clin 
Oncol 2013; 31: 684–691.

	 6.	 Vassilakopoulos TP and Johnson PWM. HD2000 
update in Hodgkin lymphoma: ABVD or 
BEACOPP? J Clin Oncol 2016; 34:  
3584–3585.

	 7.	 Canellos GP, Rosenberg SA, Friedberg JW, et al. 
Treatment of Hodgkin lymphoma: a 50-year 
perspective. J Clin Oncol 2014; 32: 163–168.

	 8.	 Horning SJ, Chao NJ, Negrin RS, et al. High-
dose therapy and autologous hematopoietic 
progenitor cell transplantation for recurrent 
or refractory Hodgkin’s disease: analysis of 
the Stanford University results and prognostic 
indices. Blood 1997; 89: 801–813.

	 9.	 Lavoie JC, Connors JM, Phillips GL, et al. High-
dose chemotherapy and autologous stem cell 
transplantation for primary refractory or relapsed 
Hodgkin lymphoma: long-term outcome in the 
first 100 patients treated in Vancouver. Blood 
2005; 106: 1473–1478.

	10.	 Gerrie AS, Power MM, Shepherd JD, et al. 
Chemoresistance can be overcome with high-
dose chemotherapy and autologous stem-cell 
transplantation for relapsed and refractory 
Hodgkin lymphoma. Ann Oncol 2014; 25: 
2218–2223.

	11.	 Linch DC, Winfield D, Goldstone AH, et al. 
Dose intensification with autologous bone-
marrow transplantation in relapsed and resistant 
Hodgkin’s disease: results of a BNLI randomised 
trial. Lancet 1993; 341: 1051–1054.

	12.	 Chopra R, McMillan AK, Linch DC, et al. The 
place of high-dose BEAM therapy and autologous 
bone marrow transplantation in poor-risk 
Hodgkin’s disease: a single-center eight-year 
study of 155 patients. Blood 1993; 81: 1137–
1145.

	13.	 Dean RM, Sweetenham JW, Jin T, et al. Risk 
factors and outcomes for relapse after autologous 

https://journals.sagepub.com/home/tah


Therapeutic Advances in Hematology 9(4)

102	 journals.sagepub.com/home/tah

stem cell transplantation for Hodgkin lymphoma. 
Blood 2007; 110: 1903.

	14.	 Younes A, Gopal AK, Smith SE, et al. Results of 
a pivotal phase II study of brentuximab vedotin 
for patients with relapsed or refractory Hodgkin’s 
lymphoma. J Clin Oncol 2012; 30: 2183–2189.

	15.	 Moskowitz CH, Nademanee A, Masszi T, et al. 
Brentuximab vedotin as consolidation therapy 
after autologous stem-cell transplantation in 
patients with Hodgkin’s lymphoma at risk 
of relapse or progression (AETHERA): a 
randomised, double-blind, placebo-controlled, 
phase 3 trial. Lancet 2015; 385: 1853–1862.

	16.	 Sweetenham JW, Walewski J, Nadamanee A, 
et al. Updated efficacy and safety data from 
the AETHERA trial of consolidation with 
brentuximab vedotin after Autologous Stem 
Cell Transplant (ASCT) in Hodgkin lymphoma 
patients at high risk of relapse. Biol Blood Marrow 
Transplant 22: S36–S37.

	17.	 Younes A, Santoro A, Shipp M, et al. Nivolumab 
for classical Hodgkin lymphoma after autologous 
stem-cell transplantation and brentuximab 
vedotin failure: a prospective phase 2 multi-
cohort study. Lancet Oncol 2016; 17: 1283–1294.

	18.	 Corradini P, Sarina B and Farina L. Allogeneic 
transplantation for Hodgkin’s lymphoma. Br J 
Haematol 2011; 152: 261–272.

	19.	 Thomson KJ, Peggs KS, Smith P, et al. 
Superiority of reduced-intensity allogeneic 
transplantation over conventional treatment 
for relapse of Hodgkin’s lymphoma following 
autologous stem cell transplantation. Bone 
Marrow Transplant 2008; 41: 765–770.

	20.	 Alinari L and Blum KA. How I treat relapsed 
classical Hodgkin lymphoma after autologous 
stem cell transplant. Blood 2016; 127: 287–295.

	21.	 Lee J, Ahn E, Kissick HT, et al. Reinvigorating 
exhausted T cells by blockade of the PD-1 
pathway. Forum Immunopathol Dis Ther 2015; 6: 
7–17.

	22.	 Foss HD, Reusch R, Demel G, et al. Frequent 
expression of the B-cell-specific activator protein 
in Reed–Sternberg cells of classical Hodgkin’s 
disease provides further evidence for its B-cell 
origin. Blood 1999; 94: 3108–3113.

	23.	 Pileri SA, Ascani S, Leoncini L, et al. Hodgkin’s 
lymphoma: the pathologist’s viewpoint. J Clin 
Pathol 2002; 55: 162–176.

	24.	 Steidl C, Connors JM and Gascoyne RD. 
Molecular pathogenesis of Hodgkin’s lymphoma: 
increasing evidence of the importance of the 
microenvironment. J Clin Oncol 2011; 29: 
1812–1826.

	25.	 Poppema S, Bhan A, Reinherz E, et al. In 
situ immunologic characterization of cellular 
constituents in lymph nodes and spleens involved 
by Hodgkin’s disease. Blood 1982; 59: 226–232.

	26.	 Jelinek T, Mihalyova J, Kascak M, et al. PD-1/
PD-L1 inhibitors in haematological malignancies: 
update 2017. Immunology 2017; 152: 357–371.

	27.	 Menter T, Bodmer-Haecki A, Dirnhofer S, et al. 
Evaluation of the diagnostic and prognostic 
value of PDL1 expression in Hodgkin and B-cell 
lymphomas. Hum Pathol 2016; 54: 17–24.

	28.	 Roemer MGM, Advani RH, Ligon AH, et al. PD-
L1 and PD-L2 genetic alterations define classical 
Hodgkin lymphoma and predict outcome. J Clin 
Oncol 2016; 34: 2690–2697.

	29.	 Keir ME, Latchman YE, Freeman GJ, et al. 
Programmed death-1 (PD-1): PD-ligand 1 
interactions inhibit TCR-mediated positive 
selection of thymocytes. J Immunol 2005; 175: 
7372–7379.

	30.	 Freeman GJ, Long AJ, Iwai Y, et al. Engagement 
of the PD-1 immunoinhibitory receptor by 
a novel B7 family member leads to negative 
regulation of lymphocyte activation. J Exp Med 
2000; 192: 1027–1034.

	31.	 Parry RV, Chemnitz JM, Frauwirth KA, et al. 
CTLA-4 and PD-1 receptors inhibit T-cell 
activation by distinct mechanisms. Mol Cell Biol 
2005; 25: 9543–9553.

	32.	 Patsoukis N, Brown J, Petkova V, et al. Selective 
effects of PD-1 on Akt and Ras pathways regulate 
molecular components of the cell cycle and 
inhibit T cell proliferation. Sci Signal 2012; 5: 
ra46.

	33.	 Green MR, Monti S, Rodig SJ, et al. Integrative 
analysis reveals selective 9p24.1 amplification, 
increased PD-1 ligand expression, and further 
induction via JAK2 in nodular sclerosing 
Hodgkin lymphoma and primary mediastinal 
large B-cell lymphoma. Blood 2010; 116: 3268–
3277.

	34.	 Green MR, Rodig S, Juszczynski P, et al. 
Constitutive AP-1 activity and EBV infection 
induce PD-L1 in Hodgkin lymphomas and 
posttransplant lymphoproliferative disorders: 
implications for targeted therapy. Clin Cancer Res 
2012; 18: 1611–1618.

	35.	 Bardhan K, Anagnostou T and Boussiotis VA. 
The PD1:PD-L1/2 pathway from discovery to 
clinical implementation. Front Immunol 2016; 7: 
550.

	36.	 Hao C, Tian J, Liu H, et al. Efficacy and safety 
of anti-PD-1 and anti-PD-1 combined with 
anti-CTLA-4 immunotherapy to advanced 

https://journals.sagepub.com/home/tah


P Shindiapina and L Alinari 

journals.sagepub.com/home/tah	 103

melanoma: a systematic review and meta-analysis 
of randomized controlled trials. Medicine 2017; 
96: e7325.

	37.	 He J, Hu Y, Hu M, et al. Development of 
PD-1/PD-L1 pathway in tumor immune 
microenvironment and treatment for non-small 
cell lung cancer. Sci Rep 2015; 5: 13110.

	38.	 Stukalin I, Alimohamed N and Heng DYC. 
Contemporary treatment of metastatic renal cell 
carcinoma. Oncol Rev 2016; 10: 295.

	39.	 Bidnur S, Savdie R and Black PC. Inhibiting 
immune checkpoints for the treatment of bladder 
cancer. Bladder Cancer 2016; 2: 15–25.

	40.	 Nghiem PT, Bhatia S, Lipson EJ, et al. PD-1 
blockade with pembrolizumab in advanced 
Merkel-cell carcinoma. N Engl J Med 2016; 374: 
2542–2552.

	41.	 Moy JD, Moskovitz JM and Ferris RL. Biological 
mechanisms of immune escape and implications 
for immunotherapy in head and neck squamous 
cell carcinoma. Eur J Cancer 2017; 76: 152–166.

	42.	 Myint ZW and Goel G. Role of modern 
immunotherapy in gastrointestinal malignancies: 
a review of current clinical progress. J Hematol 
Oncol 2017; 10: 86.

	43.	 Ansell SM, Lesokhin AM, Borrello I, et al. PD-1 
blockade with nivolumab in relapsed or refractory 
Hodgkin’s lymphoma. N Engl J Med 2015; 372: 
311–319.

	44.	 Ansell S, Armand P, Timmerman JM, et al. 
Nivolumab in patients (Pts) with relapsed or 
refractory classical Hodgkin lymphoma (R/R 
cHL): clinical outcomes from extended follow-up 
of a phase 1 study (CA209-039). Blood 2015; 
126: 583.

	45.	 Mahoney KM, Freeman GJ and McDermott DF. 
The next immune-checkpoint inhibitors: PD-1/
PD-L1 blockade in melanoma. Clin Ther 2015; 
37: 764–782.

	46.	 Freshwater T, Kondic A, Ahamadi M, et al. 
Evaluation of dosing strategy for pembrolizumab 
for oncology indications. J Immunother Cancer 
2017; 5: 43.

	47.	 Robert C, Schachter J, Long GV, et al. 
Pembrolizumab versus ipilimumab in advanced 
melanoma. N Engl J Med 2015; 372:  
2521–2532.

	48.	 Ahamadi M, Freshwater T, Prohn M, 
et al. Model-based characterization of the 
pharmacokinetics of pembrolizumab: a 
humanized anti-PD-1 monoclonal antibody in 
advanced solid tumors. CPT Pharmacometrics Syst 
Pharmacol 2017; 6: 49–57.

	49.	 Armand P, Shipp MA, Ribrag V, et al. 
Programmed death-1 blockade with 
pembrolizumab in patients with classical Hodgkin 
lymphoma after brentuximab vedotin failure. J 
Clin Oncol 2016; 34: 3733–3739.

	50.	 Patnaik A, Kang SP, Rasco D, et al. Phase I 
study of pembrolizumab (MK-3475; anti-PD-1 
monoclonal antibody) in patients with advanced 
solid tumors. Clin Cancer Res 2015; 21: 4286–
4293.

	51.	 Freshwater T, Kondic A, Ahamadi M, et al. 
Evaluation of dosing strategy for pembrolizumab 
for oncology indications. J Immunother Cancer 
2017; 5: 43.

	52.	 Ribas A, Robert C, Hodi FS, et al. Association of 
response to programmed death receptor 1 (PD-
1) blockade with pembrolizumab (MK-3475) 
with an interferon-inflammatory immune gene 
signature. J Clin Oncol 2015; 33: 3001.

	53.	 Chen R, Zinzani PL, Fanale MA, et al. Phase II 
study of the efficacy and safety of pembrolizumab 
for relapsed/refractory classic Hodgkin 
lymphoma. J Clin Oncol 2017; 35: 2125–2132.

	54.	 Chan TSY, Luk TH, Lau JSM, et al. Low-dose 
pembrolizumab for relapsed/refractory Hodgkin 
lymphoma: high efficacy with minimal toxicity. 
Ann Hematol 2017; 96: 647–651.

	55.	 Byrd JC, O’Brien S and James DF. Ibrutinib in 
relapsed chronic lymphocytic leukemia. N Engl J 
Med 2013; 369: 1277–1279.

	56.	 Eigentler TK, Hassel JC, Berking C, et al. 
Diagnosis, monitoring and management of 
immune-related adverse drug reactions of 
anti-PD-1 antibody therapy. Cancer Treat Rev 
2016; 45: 7–18.

	57.	 Michot JM, Bigenwald C, Champiat S, et al. 
Immune-related adverse events with immune 
checkpoint blockade: a comprehensive review. 
Eur J Cancer 2016; 54: 139–148.

	58.	 EMA. European Medicines Agency Keytruda 
Product Information (Keytruda -EMEA/
H/C/003820 -PSUSA-10403-201703).

	59.	 Weber JS, Dummer R, de Pril V, et al. MDX010-
20 Investigators. Patterns of onset and resolution 
of immune-related adverse events of special 
interest with ipilimumab. Cancer 2013; 119: 
1675–1682.

	60.	 Doherty GJ, Duckworth AM, Davies SE, 
et al. Severe steroid-resistant anti-PD1 T-cell 
checkpoint inhibitor-induced hepatotoxicity driven 
by biliary injury. ESMO Open 2017; 2: e000268.

	61.	 Hofmann L, Forschner A, Loquai C, et al. 
Cutaneous, gastrointestinal, hepatic, endocrine, 

https://journals.sagepub.com/home/tah


Therapeutic Advances in Hematology 9(4)

104	 journals.sagepub.com/home/tah

and renal side-effects of anti-PD-1 therapy. Eur J 
Cancer 2016; 60: 190–209.

	62.	 Collins M, Michot JM, Danlos FX, et al. 
Inflammatory gastrointestinal diseases associated 
with PD-1 blockade antibodies. Ann Oncol 2017; 
28: 2860–2865.

	63.	 Saha A, Aoyama K, Taylor PA, et al. Host 
programmed death ligand 1 is dominant over 
programmed death ligand 2 expression in 
regulating graft-versus-host disease lethality. 
Blood 2013; 122: 3062–3073.

	64.	 Fujiwara H, Maeda Y, Kobayashi K, et al. 
Programmed death-1 pathway in host tissues 
ameliorates Th17/Th1-mediated experimental 
chronic graft-versus-host disease. J Immunol 
2014; 193: 2565–2573.

	65.	 El Cheikh J, Massoud R, Abudalle I, et al. 
Nivolumab salvage therapy before or after 
allogeneic stem cell transplantation in Hodgkin 
lymphoma. Bone Marrow Transplant 2017; 52: 
1074–1077.

	66.	 Merryman RW, Kim HT, Zinzani PL, et al. 
Safety and efficacy of allogeneic hematopoietic 
stem cell transplant after PD-1 blockade in 
relapsed/refractory lymphoma. Blood 2017; 129: 
1380–1388.

	67.	 Fujioka T, Tamaki H, Ikegame K, et al. 
Frequency of CD4+FOXP3+ regulatory T-cells 
at early stages after HLA-mismatched allogeneic 
hematopoietic SCT predicts the incidence of 
acute GVHD. Bone Marrow Transplant 2012; 48: 
859.

	68.	 Raiola A, Dominietto A, Varaldo R, et al. 
Unmanipulated haploidentical BMT following 
non-myeloablative conditioning and post-
transplantation CY for advanced Hodgkin’s 
lymphoma. Bone Marrow Transplant 2014; 49: 
190–194.

	69.	 Godfrey J, Bishop MR, Syed S, et al. PD-1 
blockade induces remissions in relapsed  
classical Hodgkin lymphoma following  
allogeneic hematopoietic stem cell 
transplantation. J Immunother Cancer  
2017; 5: 11.

	70.	 Klobuch S, Weber D, Holler B, et al. Potential 
role of the PD-1/PD-L1 axis in the immune 
regulation of chronic GVHD. Oncol Res Treat 
2017; 40: 447–450.

	71.	 McDuffee E, Aue G, Cook L, et al. Tumor 
regression concomitant with steroid-refractory 
GvHD highlights the pitfalls of PD-1 blockade 
following allogeneic hematopoietic stem cell 
transplantation. Bone Marrow Transplant 2017; 
52: 759–761.

	72.	 Mori S, Ahmed W, Patel RD, et al. Steroid 
refractory acute liver GVHD in a Hodgkin’s 
patient after allogeneic stem transplant cell 
transplantation following treatment with anti 
PD-1 antibody, nivolumab, for relapsed disease. 
Biol Blood Marrow Transplant 22: S392–S393.

	73.	 Herbaux C, Gauthier J, Brice P, et al. Efficacy 
and tolerability of nivolumab after allogeneic 
transplantation for relapsed Hodgkin lymphoma. 
Blood 2017; 129: 2471–2478.

	74.	 Singh AK, Porrata LF, Aljitawi O, et al. 
Fatal GvHD induced by PD-1 inhibitor 
pembrolizumab in a patient with Hodgkin’s 
lymphoma. Bone Marrow Transplant 2016; 51: 
1268–1270.

	75.	 Villasboas JC, Ansell SM and Witzig TE. 
Targeting the PD-1 pathway in patients with 
relapsed classic Hodgkin lymphoma following 
allogeneic stem cell transplant is safe and 
effective. Oncotarget 2016; 7: 13260–13264.

	76.	 Haverkos BM, Abbott D, Hamadani M, et al. 
PD-1 blockade for relapsed lymphoma post-
allogeneic hematopoietic cell transplant: high 
response rate but frequent GVHD. Blood 2017; 
130: 221–228.

	77.	 Wu J, Liu C, Tsui ST, et al. Second-generation 
inhibitors of Bruton tyrosine kinase. J Hematol 
Oncol 2016; 9: 80.

	78.	 Fehniger TA, Larson S, Trinkaus K, et al. 
A phase 2 multicenter study of lenalidomide 
in relapsed or refractory classical Hodgkin 
lymphoma. Blood 2011; 118: 5119–5125.

	79.	 Wu J, Fu J, Zhang M, et al. AFM13: a first-in-
class tetravalent bispecific anti-CD30/CD16A 
antibody for NK cell-mediated immunotherapy. J 
Hematol Oncol 2015; 8: 96.

	80.	 Rothe A, Sasse S, Topp MS, et al. A phase 
1 study of the bispecific anti-CD30/CD16A 
antibody construct AFM13 in patients with 
relapsed or refractory Hodgkin lymphoma. Blood 
2015; 125: 4024–4031.

	81.	 Kirschbaum MH, Goldman BH, Zain JM, et al. 
A phase 2 study of vorinostat for treatment 
of relapsed or refractory Hodgkin lymphoma: 
SWOG S0517. Leuk Lymphoma 2012; 53: 
259–262.

	82.	 Kim K, Skora AD, Li Z, et al. Eradication of 
metastatic mouse cancers resistant to immune 
checkpoint blockade by suppression of myeloid-
derived cells. Proc Natl Acad Sci USA 2014; 111: 
11774–11779.

	83.	 Buglio D, Khaskhely NM, Voo KS, et al. 
HDAC11 plays an essential role in regulating 

https://journals.sagepub.com/home/tah


P Shindiapina and L Alinari 

journals.sagepub.com/home/tah	 105

OX40 ligand expression in Hodgkin lymphoma. 
Blood 2011; 117: 2910–2917.

	84.	 Woods DM, Sodré AL, Villagra A, et al. HDAC 
inhibition upregulates PD-1 ligands in melanoma 
and augments immunotherapy with PD-1 
blockade. Cancer Immunol Res 2015; 3: 1375–
1385.

	85.	 Zhang L, Zeng M and Fu BM. Inhibition of 
endothelial nitric oxide synthase decreases breast 
cancer cell MDA-MB-231 adhesion to intact 
microvessels under physiological flows. Am J 
Physiol 2016; 310: H1735–H1747.

	86.	 Jelinek T, Mihalyova J, Kascak M, et al. PD-1/
PD-L1 inhibitors in haematological malignancies: 
update 2017. Immunology 2017; 152: 357–371.

	87.	 Kiyasu J, Miyoshi H, Hirata A, et al. Expression 
of programmed cell death ligand 1 is associated 
with poor overall survival in patients with diffuse 
large B-cell lymphoma. Blood 2015; 126: 2193–
2201.

	88.	 Zinzani PL, Ribrag V, Moskowitz CH, et al. 
Phase 1b study of pembrolizumab in patients 
with relapsed/refractory primary mediastinal 

large B-cell lymphoma: results from the ongoing 
KEYNOTE-013 trial. Blood 2016; 128: 619.

	89.	 Ding W, LaPlant BR, Call TG, et al. 
Pembrolizumab in patients with CLL and Richter 
transformation or with relapsed CLL. Blood 
2017; 129: 3419–3427.

	90.	 Khodadoust M, Rook AH, Porcu P, et al. 
Pembrolizumab for treatment of relapsed/
refractory mycosis fungoides and Sezary 
syndrome: clinical efficacy in a Citn multicenter 
phase 2 study. Blood 2016; 128: 181.

	91.	 Melani C, Major A, Schowinsky J, et al. PD-1 
blockade in mediastinal gray-zone lymphoma. N 
Engl J Med 2017; 377: 89–91.

	92.	 Gravelle P, Burroni B, Péricart S, et al. 
Mechanisms of PD-1/PD-L1 expression and 
prognostic relevance in non-Hodgkin lymphoma: 
a summary of immunohistochemical studies. 
Oncotarget 2017; 8: 44960–44975.

	93.	 Fessas P, Lee H, Ikemizu S, et al. A molecular 
and preclinical comparison of the PD-1-targeted 
T-cell checkpoint inhibitors nivolumab and 
pembrolizumab. Semin Oncol 2017; 44: 136–140.

Visit SAGE journals online 
journals.sagepub.com/
home/tah

SAGE journals

https://journals.sagepub.com/home/tah
https://journals.sagepub.com/home/tah
https://journals.sagepub.com/home/tah



