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Introduction
Classical Hodgkin’s lymphoma (HL) remains the 
most common lymphoma of adolescents and 
young adults, with an estimated 8500 new cases 
per year.1,2 Although up to 80% of HL patients 
are cured with first-line chemotherapy, either 
alone or combined with radiation, a cure for 
patients with relapsed and refractory (R/R) HL 
remains challenging, and approximately 1150 pri-
marily young patients succumb to this disease 
annually in the United States (US).1,3

Hodgkin Reed–Sternberg (HRS) tumor cells 
have a unique appearance characterized by a large 
nucleus, at least one large nucleoli, a large Golgi 
apparatus, and abundant cytoplasm.4–6 HRS cells 
originate from germinal center B-cells, but have 
lost expression of the B-cell receptor and only 
faintly express common B-cell markers and tran-
scription factors, such as CD19, CD20, and 
CD79a.7,8 Moreover, HL is unique among lym-
phomas and other tumors in that the HRS tumor 
cells comprise <1% of the total tumor volume. 

HRS cells are dependent upon anti-apoptotic and 
pro-survival signals from the tumor microenvi-
ronment (TME) for growth and survival. The 
TME is composed of a mixture of immune cells 
and stroma, including T-lymphocytes, natural 
killer (NK) cells, monocytes, macrophages, and 
dendritic cells.9 In this review we will discuss how 
novel agents targeting the immune microenviron-
ment have shown efficacy in R/R HL.

Evasion of immune surveillance
The binding of the programmed death receptor 1 
(PD-1) immune checkpoint protein on T-cells to 
its ligand, programmed death ligand-1 (PD-L1) 
on tumor cells, impairs the immune system’s 
ability to recognize and eliminate tumor cells in 
many malignancies.10–13 HRS cells express high 
levels of PD-L1 due to multiple mechanisms, 
including the amplification of chromosome 
9p24.1 and constitutive activator protein 1 (AP1) 
signaling.14,15 In Epstein–Barr virus (EBV)-
positive tumors, EBV latent membrane protein 1 
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(LMP1) is also described as increasing PD-L1 
promoter activity via JAK3.16 This PD-1/PD-L1 
interaction facilitates HRS cell evasion of 
immune surveillance and survival within the 
TME.17,18

Genetic aberrancies and loss of HLA class I and 
II expression are additional immunologic dys-
regulations described in HL.5 Class II transacti-
vator (CIITA) gene alterations have been 
identified in HL and lead to overexpression of 
PD-L1 and PD-L2, as well as downregulation of 
surface human leukocyte antigen (HLA) class II 
expression, further reducing tumor cell immuno-
genicity.19 In addition, inactivating mutations in 
the β-2-microglobulin (B2M) gene in HRS cells 
leads to the loss of HLA (class I) expression.20 
Although HLA class I negative HRS cells could 
be putatively targeted by NK cells or cytotoxic 
T-cells, the antigens HLA-G and HLA-E, found 
in HRS cells, are protective against these mecha-
nisms.5 EBV-positive tumors may alter HLA 
class I and II signaling, while EBV-negative 
tumors more commonly lose HLA expression 
altogether.21–23

HRS cells further escape effector T-cell elimina-
tion by altering their own immune microenviron-
ment (TME) through the secretion of chemokines, 

such as CCL4, CCL17/TARC, and CCL22/
MDC, that attract protective CD4+ T-cells, 
mast cells, and macrophages24 (Figure 1). 
Eosinophils, monocytes, dendritic cells, NK cells, 
neutrophils, and activated fibroblasts are also 
recruited by and interact directly with HRS cells 
in the TME.6,25 CD4+ T-cells are hyporespon-
sive to T-cell receptor stimulation and suppress 
the activation and proliferation of effector 
T-cells.26 HRS cells and surrounding regulatory 
T-cells (Tregs), secrete interleukin (IL)-10 to fur-
ther inhibit the surrounding NK cells and effector 
T-cells.24 Other cytokines involved in tumor 
expansion and recruitment of CD4+ T-cells and 
Tregs include IL-7, transforming growth factor-
beta (TGF-β), and galectin-1.27 CD137, which is 
ectopically expressed by HRS cells leads to 
enhanced growth of HRS cell lines and escape 
from immune surveillance via IL-13 secre-
tion.28,29 Both autocrine and paracrine growth 
factor signaling within the TME allow the HRS 
cells to proliferate and evade the host 
immunity.5,25

This knowledge has contributed to the develop-
ment of checkpoint blockade therapy (CBT) for 
relapsed HL, now approved for this indication, 
which has been a paradigm shift for the manage-
ment of this population.

Figure 1.  Tumor microenvironment.
Figure 1. HRS cells further escape effector T-cell elimination by altering their own immune microenvironment through the 
secretion of cytokines and chemokines which attract protective CD4+ T-cells, mast cells, and macrophages, while inhibiting 
the function of the surrounding natural killer cells and effector T-cells.
HRS, Hodgkin Reed–Sternberg.
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Treatment with checkpoint blockade
The PD-1 inhibitors nivolumab and pembroli-
zumab are now US Food and Drug Administration 
(FDA) approved for the treatment of relapsed 
HL. Nivolumab is US FDA approved for the 
treatment of adult patients with HL that have 
relapsed or progressed after autologous hemat-
opoietic stem cell transplantation (HSCT) and 
the anti-CD 30 antibody drug conjugate (ADC) 
brentuximab vedotin (BV) or after three or more 
lines of systemic therapy that includes autologous 
HSCT.30 In a phase I dose-escalation trial, 23 
patients with R/R HL were treated with nivolumab 
3 mg/kg every 2 weeks with an objective response 
rate (ORR) of 87%. A total of six (26%) of these 
patients achieved a complete response (CR). 
Responses were durable for many, lasting over 1 
year in eight patients.31 A larger, follow-up phase 
II study of patients with recurrent HL receiving 
nivolumab after failure of autologous stem cell 
transplantation (ASCT) and subsequent BV 
showed an ORR of 66.3% at a median follow up 
of 8.6 months. The CR and partial response (PR) 
rates were 8.8% and 57.5%, respectively. At 
6 months the progression-free survival (PFS) was 
76.9%, and the overall survival (OS) rate was 
98.7%. Evaluable patients who achieved CR were 
more likely to have higher level 9p24·1 altera-
tions, whereas those with progressive disease were 
more likely to have lower level 9p24·1 alterations. 
Patients whose HRS cells exhibited PD-L1/PD-L2 
amplification and increased PD-L1 expression, 
based upon fluorescence in situ hybridization, 
were also more likely to attain CR. However, the 
majority of patients with 9p24·1 polysomy or 
PD-L1 expression in the lower quartile achieved a 
PR. Nivolumab was well tolerated, with the most 
common adverse events (AEs) of any grade 
including fatigue, infusion reactions, and rash. 
The most common grade 3–4 AEs were neutro-
penia and increased lipase levels.32

Pembrolizumab, a second PD-1 inhibitor, has 
also showed similar activity in R/R HL. The 
KEYNOTE-013 phase I study included heavily 
pretreated R/R HL patients, all of whom pro-
gressed after treatment with BV. Of 31 total 
patients, 55% had at least five prior therapies, and 
71% had prior ASCT. With pembrolizumab 
10 mg/kg given every 2 weeks the ORR was 65%, 
with a CR rate of 16%. At 24 weeks the PFS was 
69% and at 52 weeks PFS was 46%.33 In the fol-
lowing KEYNOTE-087 phase II study, 210 
patients with R/R HL were divided into three 

categories, based upon: whether they progressed 
after ASCT and subsequent BV (1), ASCT with-
out subsequent BV (2), or salvage chemotherapy 
and BV (ASCT ineligible due to chemoresistant 
disease (3).34 All patients received pembroli-
zumab 200 mg every 3 weeks, with an ORR of 
69% and a CR rate of 22.4%. Transplant-
ineligible patients had an ORR of 64.2%, while 
the transplanted groups had ORR 73.9% and 
70.0% respectively. In additional subgroup analy-
sis, the trial also found that the ORRs were simi-
lar for patients who had already received at least 
three lines of therapy as compared with those who 
had not (68.7% versus 71.4%). Median OS was 
not reached, but at 9 months the OS was 97.5% 
and PFS was 63.4%. Most of the patients’ tumors 
were PD-L1 positive, but clinical activity was still 
seen in patients with low PD-L1 expression. The 
most common AEs of all grade were hypothyroid-
ism (12.4%) and pyrexia (10.5%), but the most 
common grade 3/4 AEs were neutropenia (2.4%), 
dyspnea (1%), and diarrhea (1%). Overall, treat-
ment was well tolerated, and this study led to US 
FDA approval of pembrolizumab for HL relapsed 
after three or more prior lines of therapy.35

The combination of nivolumab with ipilimumab, 
a CTLA-4 inhibitor, typically provides higher 
ORR and OS rates in solid tumors as compared 
with PD-1 monotherapy due to the synergism in 
their mechanisms of action.36,37 CTLA-4 inhibi-
tors affect the immune-priming phase by support-
ing T-cell activation and proliferation, while 
PD-1 inhibitors allow for effector T-cell function 
against tumor. Together these actions help the 
immune system to recognize the tumor as foreign 
and mount an attack. However, as a result of 
immune enhancement, combination checkpoint 
blockade often results in greater immune-related 
toxicity.36,38,39 Checkmate 039 examined this 
combination in 65 patients with R/R hematologic 
malignancies and found that for the 31 patients 
with HL, the efficacy and toxicity profile of the 
combination was similar to that seen with anti-
PD-1 therapy alone. Of note, these patients were 
predominantly transplant-naïve. However, there 
was no clear additive or synergistic benefit for 
dual checkpoint blockade in this study.40

Given the promising results with PD-1 inhibition, 
new strategies to leverage the immune system and 
alter the tumor microenvironment in HL are 
actively being investigated. Combinations of 
chemotherapy plus immunotherapy and targeted 
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agents with immunotherapy are currently in clini-
cal trials. The ECOG-ACRIN sponsored phase I 
clinical trial, E4412, examined the safety and effi-
cacy of treatment with the combinations of BV 
1.8 mg/kg + ipilimumab at 1 mg or 3 mg (arms 
a–c), and nivolumab 3 mg/kg + BV at 1.2 mg/kg 
or 1.8 mg/kg (arms d–f) in patients with R/R HL. 
In arms a–c for 19 patients the therapy was well 
tolerated with no dose-limiting toxicities noted 
during dose escalation. There were four grade 
3–4 AEs: rash, vomiting, neuropathy, and throm-
bocytopenia. The ORR for 12 evaluable patients 
was 67% with a CR of 42%. With a median fol-
low up of 0.66 years, the median PFS was 
0.74 years and the OS was not reached.41 For the 
19 patients who received BV + nivolumab, the 
regimen was generally well tolerated and highly 
active. A patient who was heavily pretreated 
developed grade 5 pneumonitis and four addi-
tional patients experienced grade 3 AEs: rash, 
pruritis, typhlitis, and neutropenia. A total of 18 
patients were evaluable for response, with an 
ORR of 89% and a CR rate of 61%.42 The 
6-month PFS was 93%, with a median follow up 
of 0.84 years, and the median OS was not reached.

Interim results of an additional phase I/II study of 
the combination of BV (1.8 mg/kg) and nivolumab 
for R/R HL recently showed an ORR of 82% and 
a CR rate of 61%, which is similar to the prior 
results. Grade 3 or higher events occurred in 31% 
of patients.43 The combination of BV + nivolumab 
in both studies demonstrates a higher ORR than 
seen in the phase II trials of nivolumab or BV mon-
otherapy, and a significantly higher CR rate.31,32,44 
Longer follow up will provide further data on the 
durability of CRs and PRs. Correlative tumor 
biopsies and next generation sequencing are also 
being explored for a greater understanding of the 
role of the effect of CBT on the HL TME.

The strategy of dual checkpoint blockade com-
bined with ADC was presented at the American 
Society of Hematology (ASH) meeting in 2018. 
The arms g–i of protocol E4412, which combined 
ipilimumab and nivolumab with BV, showed an 
ORR of 82%, with a CR of 68% in 22 patients 
with R/R HL. For patients who received at least 
three cycles of therapy, the ORR was 95% with a 
CR rate of 84%. This study is now a randomized 
phase II study comparing the doublet regimen  
of BV/nivolumab with the triplet of BV/ 
nivolumab/ipilimumab in patients with R/R HL 

(ClinicalTrials.gov identifier: NCT01896999);45 
it is open through the Cancer Trials Support 
Unit. Additionally, there are trials currently inves-
tigating the combination of nivolumab and chem-
otherapy for R/R HL. The chemotherapeutic 
agents being studied include gemcitabine, benda-
mustine, ifosfamide, carboplatin, and etoposide 
(ClinicalTrials.gov identifiers: NCT03016871, 
NCT03739619).

Beyond checkpoint: other novel targets
While chimeric antigen receptor (CAR) T-cells 
have transformed the treatment of relapsed dif-
fuse large B-cell lymphoma, they have yet to make 
a significant impact in the R/R HL space. Whether 
this is due to the immune protective nature of the 
TME in HL or to the choice of target antigen 
(most of the patients treated by CD30 CARs have 
received prior treatment with CD30 targeting 
agents such as BV) has yet to be determined. 
There are two trials that have recently described 
the effect of CD30-targeted CAR T-cells. In the 
first study, 16 patients with R/R HL (all previ-
ously treated with BV) and 2 patients with non-
Hodgkin’s lymphoma were conditioned with 
bendamustine/fludarabine and treated with a 
CD30-targeted CAR (ATLCAR.30). Overall, 
four patients were excluded from analysis due to 
CR prior to infusion of the CAR. Of the 14 
remaining patients, 3 developed cytokine release 
syndrome (CRS), 1 with grade 1 which resolved 
spontaneously, and 2 with grade 2, responding to 
tocilizumab. There was no neurotoxicity 
observed. The ORR was 7 (50%): CR was 6 
(43%) and there was 1 (7%) PR. At a median fol-
low up of 138 days, the median PFS was 129 
days. At 1 year, two patients remained in CR.46 
Similarly, in the RELY-30 trial, CD30 CAR 
T-cells were infused in patients after receiving the 
lymphodepleting combination of cyclophospha-
mide and fludarabine. Of eight patients, six (75%) 
had a CR lasting up to 6 months, while the other 
two patients progressed. This methodology of 
CAR T-cell delivery was also found to be well tol-
erated, with four patients experiencing grade 1 
CRS and six patients developing a transient mac-
ulopapular rash.47 No other toxicity was reported. 
Both CAR T-cell products were found to be well 
tolerated and effective in these studies. A longer 
duration of follow up and greater patient num-
bers are required to get a true sense of the tolera-
bility and durability of this therapy.
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Novel PD-1 antibodies have also been described. 
Tislelizumab, a humanized immunoglobulin (Ig)
G4, presented early data at the ASH. In a multi-
center, phase II trial of 70 patients in China the 
ORR was 85.7% with a CR rate of 61.4% at a 
median follow up of 7.9 months. The medication 
was generally well tolerated, with the rate of AEs 
being similar to that of other PD-1 inhibitors.48 It is 
unclear whether the higher CR rate seen with this 
agent compared with other single-agent PD-1 
inhibitors is a function of the drug itself, the patient 
population, or other factors. Further study is 
warranted.

Checkpoint blockers may also resensitize HL 
patients to subsequent therapy. In a multicenter, 
retrospective study of 81 R/R HL patients who 
had received a median of four therapies prior to 
CBT, the ORR post-CBT was 62% with a 42% 
CR. Responses were independent of the post-
CBT treatment regimen and included both 
patients who responded and did not respond to 
CBT. Among patients with a CR or PR to CBT 
itself, the ORR to post-CBT was 42%, in contrast 
with an ORR of 20% for nonresponders to CBT. 

It is hypothesized that the CBT may sensitize the 
lymphoma to the subsequent therapy and that the 
response to post-CBT correlates with the response 
to CBT itself in the HL population.49 Larger, 
prospective studies are needed to confirm this 
intriguing hypothesis.

For patients who relapse on immune-based ther-
apy, novel targeted therapy remains an active area 
of investigation. Bruton’s tyrosine kinase (BTK) 
inhibition has been shown to suppress phosphoi-
nositide 3-kinase (PI3K), mammalian target of 
rapamycin (mTOR), FAS (also known as CD95 
or Apo-1; a tumor necrosis factor receptor) and 
nuclear factor kappa B (NF-κB) in HL cell lines.50 
Ibrutinib, a BTK inhibitor, is currently being stud-
ied in the phase II setting for R/R HL (ClinicalTrials.
gov identifier: NCT02824029). Acalabrutinib, a 
second generation BTK inhibitor, is undergoing a 
phase Ib/II proof-of-concept study in combination 
with pembrolizumab (ClinicalTrials.gov identifier: 
NCT02362035; Table 1). While none of these 
agents may have sufficient single-agent activity, 
they hold the promise of combining with chemo-
therapy or immunotherapy, particularly as their 

Table 1.  Selected ongoing clinical trials in R/R HL.

ClinicalTrials.gov identifier and 
drug(s)

Outcome Further study

NCT01896999 (E:4412), 
ipilimumab/nivolumab/BV

ORR 82%, CR 68% all-
comers, ORR 95%, CR 84% 
if >3 cycles

Randomized phase II of 
ipilimumab/nivolumab/BV versus 
nivolumab/BV, recruiting

NCT03016871, nivolumab 
±ifosfamide/carboplatin/
etoposide (NICE)

Recruiting  

NCT03739619, gemcitabine/
bendamustine/nivolumab

Recruiting  

NCT02690545,
ATLCAR.30 for CD30+

Prelim ORR 50%, 43% CR, 
still recruiting

 

NCT02917083, CD30 CAR T-cells
(RELY 30)

Preliminary 75% CR, still 
recruiting

 

NCT03209973, tislelizumab ORR 85.7%, CR 61.4%  

NCT02824029, ibrutinib Recruiting  

NCT02362035, acalabrutinib/
pembrolizumab

Recruiting  

BV, brentuximab vedotin; CAR, chimeric antigen receptor; CR, complete response; HL, Hodgkin’s lymphoma; ORR, objec-
tive response rate; R/R, relapsed/refractory
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spectrum of toxicity is different from that of both 
chemotherapy and immunotherapy, and to offer 
more options for patients with multiple R/R disease.

Preclinical data further suggest the potential of 
other novel immune-based strategies. CD137 
enhances HRS cell growth and aids in immune 
escape.28 Blocking the interaction of CD37 with 
its ligand may prevent tumor proliferation and 
also enhance anti-tumor immunity. Monoclonal 
antibodies against glucocorticoid-induced tumor 
necrosis factor-related protein and OX40 
(CD134) may also increase effector T-cell func-
tion, and may be a strategy either alone or com-
bined with other agents.51 Clinical trials with 
these agents have not yet begun.

Conclusion
HL is a unique disease in which a small number 
of malignant tumor cells subsist within an immu-
nosuppressive TME. This microenvironment 
where HRS cells are dependent upon anti-apop-
totic and pro-survival signals in the surrounding 
milieu to survive is a critical therapeutic target. 
Many questions remain unanswered regarding 
the interactions between the HRS cells and the 
TME. Targeting the PD-1/PD-L1 checkpoint 
has shown promise, but further study is needed in 
order to identify additional therapeutic targets, 
and to better understand resistance mechanisms. 
Ongoing studies involving BV combined with 
doublet immunotherapy, novel checkpoint block-
ing agents, CAR T-cell therapy, tyrosine kinase 
inhibitors, and using checkpoint inhibitors to 
resensitize to chemotherapy may provide some 
insight. However, patients who relapse beyond 
checkpoint blockade continue to have limited 
treatment options, and continued investigation 
into novel TME-based strategies is needed.
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