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Abstract

Hodgkin lymphoma (HL) is a unique disease entity characterized by low number of neoplastic
tumor cells surrounded by an inflammatory microenvironment composed of dysfunctional immune
cells. Recent molecular and genetic studies have revealed that upregulation of the immune
checkpoint pathway programmed death 1/programmed death 1-ligand (PD-1/PD-L1) is a key
oncogenic driver in HL. Corroborating with these mechanistic studies, early phase clinical trials
using the checkpoint inhibitors nivolumab and pembrolizumab in relapsed and/or refractory HL
patients have demonstrated an impressive response rate, a promising durability of response, and a
favorable side effect profile. Given their targeted mechanisms of action, safety, and activity, the
checkpoint inhibitor nivolumab has been recently FDA approved as therapy for classical HL which
is relapsed or has progressed after autologous hematopoietic stem cell transplantation (ASCT) and
post-ASCT brentuximab vedotin (BV). In this article we review the scientific rationale, pre-
clinical evidence, and most recent clinical data for checkpoint inhibitor therapy in relapsed HL.

Introduction

With over 9000 new cases diagnosed annually in the US, Hodgkin lymphoma (HL) relapsed
Hodgkin lymphoma (HL) remains a significant clinical challenge (1). Classical HL is
characterized by the presence of less than 1% multinucleated giant cells, the Hodgkin Reed
Sternberg (HRS) cells, within a vast reactive milieu of immune cells including lymphocytes,
histiocytes, eosinophils, macrophages, plasma cells and fibroblasts (2). This tumor micro-
environment is supported by autocrine and/or paracrine production of inflammatory
cytokines which promote tumor evasion from host growth control and immune-surveillance,
and underlie the constitutional inflammatory symptoms associated with HL (3).

The initial treatment for HL patients is based on the stage and tumor burden at presentation.
For patients with advanced disease, risk status is traditionally stratified based on the
presence or absence of seven prognostic factors (IPS-7: male sex, age>=45, stage 1V,
hemoglobin<105 g/L, WBC >=15x10%/L, lymphocyte count<0.6x10%L or <8% of
differentia, and albumin < 40g/L) (4,5). More recently a streamlined IPS-3 has been
proposed consisting of: age, stage, and hemoglobin level (6). Patients with early-stage, good
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risk disease are usually treated with either single modality cytotoxic chemotherapy, i.e.
ABVD (doxorubicin, bleomycin, vinblastine, and dacarbazine), or combined-modality
therapies including abbreviated courses of ABVD followed by involved-field radiation
treatment. Patients with advanced-stage and/or poor risk disease usually receive a prolonged
or more intense course of chemotherapy consisting of either ABVD or BEACOPP
(bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and
prednisone), with the occasional inclusion of radiation treatment to sites of tumor bulk (7).
For patients with relapsed or refractory disease, salvage chemotherapy followed by high-
dose chemotherapy and autologous stem cell transplant (ASCT) remains the standard of
care, and offers the highest chance for long term disease control and cure (7,8). Additional
therapeutic options for patients who are ineligible for ASCT or those in whom ASCT has
failed include brentuximab vedotin (BV), an antibody drug conjugate targeting CD30,
palliative chemotherapy, targeted therapies such as mammalian toll-like receptor (nNTOR)
pathway and histone deacetylase inhibitors, allogeneic-SCT, or participation in a clinical
trial (8). For patients who have relapsed after BV and allo-SCT the checkpoint inhibitor
nivolumab is now FDA approved.

Two major challenges facing clinicians caring for HL patient are the minimization of long-
term toxicities of therapy, and the improvement in salvage strategies for patients with
relapsed and refractory disease. Longitudinal epidemiological studies have demonstrated a
persistent risk of secondary malignancy for up to 40 years after curative treatment for HL
(9,10). In addition, the risk of premature coronary artery disease in patients who receive
radiation which encompasses the cardiac field increases 10 years post exposure (11). In
terms of salvage therapy, despite the progress made in recent years, including the
incorporation of BV and other novel targeted therapies such as mTOR pathway inhibitors,
the cure rate for relapsed disease is still less than 50%. Allo-SCT can potentially provide a
cure to a small subset of relapsed patients but is associated with considerable transplant-
associated morbidity and mortality (12).

Under normal physiological conditions, the host utilizes a plethora of immunologic
inhibitory pathways including the checkpoint blockade to maintain self-tolerance and to
modulate the duration and amplitude of the physiological immune response (13). In solid
tumors, the concept of checkpoint inhibitor based therapy derives from the understanding
that most solid tumors have a myriad of genetic and epigenetic alterations which provide a
diverse set of neoantigens used by the immune system to distinguish tumor cells from
normal cells; and they use this mechanism to evade host immune surveillance (14).

Antibodies against both the ligand or the receptor in immune checkpoint pathways have
been developed, and are proving to be promising therapeutics in both solid tumors and HL.
Cytotoxic T-lymphocyte-associated antigen 4 (CTLAA4) antibodies were the first of this class
to achieve FDA approval in malignant melanoma based a survival benefit of 30% over 3
years reported in phase 111 studies (15). More recently, checkpoint inhibitor antibodies
against the protein programmed cell death protein 1 (PD-1) have been approved in several
solid tumors including melanoma and non-small cell lung cancer (15). To date in
hematological malignancies, development of these therapies has been slower with the
exception of HL (16). This may be due to lower mutational burden in hematologic
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malignancies in particular HL, resulting in a lower level of neoantigens (17). However, HL
stands out among all lymphomas with its high responsiveness to PD-1 blockade (>70%
ORR) and significant clinical benefit in patient with relapsed and refractory HL (18-20).

Targeting Immune Systems in HL Pathogenesis

In many HL patients, deficiencies of host immune functions such as T-cell mediated viral
clearance has been noted, sometimes even predating a diagnosis of HL (21). Interestingly,
this immune deficiency may persist in some patients even years after successful treatment of
HL (22). Supporting this notion, it has been long appreciated that patients with with HI\V
infection or autoimmune disease have an increased incidence and prevalence of both HL and
non-Hodgkin lymphoma (NHL) (23).

In 2008, Yamamoto et al. showed for the first time that HRS cell lines and primary tumor
sample overexpressed ligand for PD-1 (PD-L1) (24). Most importantly, PD-1 itself was
markedly over-expressed in the tumor-infiltrating CD4 and CD8 T-cells of 3 HL patients
(24). Artificial blocking of the PD-1 pathway restored gamma interferon production. This
data suggested that activation of PD-1 pathway in T cells induces ‘T-cell exhaustion’, a
chronic state of effector T-cell dysfunction through expression of inhibitory receptors and
decreased activating cytokine production. The overexpression of PD-L1 on HRS cells and
PD-1 on tumor-infiltrating lymphocytes (TiLs) forms a potent inhibitory signal in
maintaining the immunosuppressive HL microenvironment, and allowing HRS evasion of
immune surveillance (24). These findings were confirmed in a large set of primary HL
tumor samples where HRS cells were found to express high level of PD-L1 and PD-L2 as
compared to other aggressive NHLs (25). A subsequent immunohistochemistry study in
primary HL tumor specimen confirmed significantly higher level of PD-L1 expression in
classical HL compared to primary mediastinal B-cell lymphomas or diffuse large B-cell
lymphoma (26). Finally, Muenst et al. used tissue microarray technology to evaluate 189
cases of classical HL and found that an increased number of PD-1+ TiLs was a stage-
independent negative prognostic factor for overall survival (OS) (27), supporting the role of
PD1-PDL1 pathway activation in the pathogenesis of HL

On the molecular level, several mechanisms have been proposed to account for the
upregulation of the PD-1 pathway in HL. Genomic based approaches combining high-
resolution copy number data with transcriptional profiles have identified selective
amplification of 9p24.1 region in HRS cells, a region containing the PD-L1 gene (28). In
addition, the Jak2 locus is also amplified leading to Jak2 protein overexpression and
subsequent transcriptional activation of PD-L1 (28). Most recently, the prognostic
significance of PD-L1 and PD-L2 genetic alterations has been demonstrated using FISH
analysis of 108 primary HL patient samples; 97% of HL patients had concordant alterations
of the PD-L1 and PD-L2 loci on 9p24.1, and this amplification was associated with more
advanced stage of disease and worsened progression free survival (PFS) (29).

Several groups subsequently found additional mechanisms contributing to the upregulation
of PD-L1 and PD-L2. Steidl et al. utilized whole-transcriptome pared-end sequencing in HL
cell lines and identified a highly expressed chromosomal fusion gene involving CIITA

Oncology (Williston Park). Author manuscript; available in PMC 2019 September 25.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lin and Diefenbach

Page 4

MHC-II transcriptional activator, leading to downregulation of surface HLA class Il
expression and overexpression of PD-L1 and PD-L2 (30). Constitutive activation of the
AP-1/JunB transcriptional complex through an enhancer element in the PD-L1 gene in HRS
cells has also been described (31). In addition, Epstein Barr Virus (EBV) infection results in
latent membrane protein 1-mediated (LMP-1), JAK/STAT-dependent promoter and AP-1-
associated, increased expression of PD-L1 gene and protein (31). However, in 87 cases of
primary HL samples no correlation between EBER expression and PD-1/PD-L1 expression
was found (32). By overexpressing PD-L1 and PD-L2 on their surface, HRS cells are able to
shut down the immune response thus evading immune surveillance. Figure 1 summarizes the
mechanisms of upregulating PD-1/PD-L1 pathway in the HL microenvironment.

Clinical studies of checkpoint inhibition in HL

Anti-CTLA4 therapy

The safety and preliminary efficacy of the combination of BV and ipilimumab, an FDA
approved anti-CTLA4 antibody, in a phase | study of 23 relapsed and refractory HL patients
was presented at ASH in 2015 (33). Ipilimumab was dosed at 1 mg or 3 mg/kg following the
typical induction-maintenance regimen and BV was dosed at 1.8 mg/kg every three weeks.
The regimen was well tolerated with only manageable immune-related adverse events and
no DLTs. Among 18 evaluable patients reported, the ORR was 72% and the CR rate was
50%. This study demonstrates that the combination of BV and the checkpoint inhibitor
ipilimumab appears safe, has promising activity in relapsed HL, and suggests a proof of
concept for the combination of checkpoint inhibitors and antibody drug conjugate or
cytotoxic therapy platforms.

Anti-PD1 therapy

The landmark Checkmate-039 study of the checkpoint inhibitor nivolumab in relapsed and
refractory HL was published this past year. In a phase | study of 23 relapsed and refractory
heavily pretreated (78% treated with BV, ASCT, or both) HL patients received the anti-PD1
monoclonal antibody nivolumab at a starting dose of 1 mg/kg up to 3 mg/kg for up to 2
years. An 87% ORR was observed with a 20% CR rate (34). The drug was well tolerated
without significant DLTs. Immunohistochemistry confirmed the high level of PD-L1
expression in HRS cells in this study. As updated at ASH in 2015, after an extended follow
up of 101 weeks, the median duration of response and median PFS have yet to be reached,
showing promising remission durability in this traditionally difficult to treat patient
population (35). The OS was 91% at 1 year and was 83% at 1.5 years. Most importantly, this
follow-up analysis included long term follow up data for the cohort of patients who received
nivolumab until confirmed CR, or for up to 2 years if they had a PR or stable disease (SD),
and then were followed for one year after treatment discontinuation. Among the 20
responding patients at the time of data cut-off, 3 patients remained on nivolumab treatment
with ongoing responses, 13 came off treatment without progressive disease (PD); of these, 5
patients underwent allo-SCT, 4 patients developed PD following initial response, and 1
patient was retreated post-progression and achieved a second complete response (35). Based
on these results, FDA has approved nivolumab for the treatment of relapsed/refractory
classical HL after ASCT and BV.
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A second clinical trial using a different anti-PD-1 monoclonal antibody pembrolizumab
(MK-3475) has also been reported and updated showing similar safety and efficacy signals
(Keynote-013) (36). Thirty-one HL patients who had failed BV (100%) and ASCT (71%)
received 10 mg/kg of pembrolizumab every 2 weeks for up to 2 years. At the time of the
report at the 2015 ASH meeting, the overall response rate was 65% with CR rate of 16%.
For best responses, 90% of patients had a reduction of >50% in their target lesions compared
with baseline. Among responders, 80% of responses occurred by week 12. Moreover,
responses were durable for 71% of patients for at least 24 weeks. The PFS at 24 weeks was
69%. Only one immune related adverse event was noted and three patients went on to
receive allogeneic-SCT as consolidation. Immunohistochemistry of pretreatment tumor
tissue showed that most were positive for PD-L1/PD-L2 expression (36). Table 1
summarizes clinical efficacy results of these checkpoint inhibitors. Pembrolizumab has been
granted breakthrough designation by the FDA.

Based on theFDA approval of Nivolumab , the 2016 v1 NCCN guidelines outline that
nivolumab be considered an option in cHL patients relapsed or progressed through ASCT
and BV maintenance (48). The use of checkpoint inhibitors prior to ASCT and / or BV, in
combination with other chemotherapy or targeted agents,, or in earlier lines of therapy,
should ideally be investigated in the context of a clinical trial.

Checkpoint inhibition in the setting of allogeneic-SCT

The FDA approved anti-CTLA4 antibody, ipilimumab, has been investigated in a phase |
study of 29 patients with advanced hematological malignancies relapsed after allogeneic-
SCT, which included 14 patients with HL (37). Given the concern for worsening chronic
graft versus host disease (GVHD), a wide dose rage of 0.1 to 3.0 mg/kg ipilimumab was
used. Dose-limiting toxicity (DLT) was not reached and no worsening GVHD or graft
rejection occurred. Complete remission (CR) was achieved in two patients with HL and
partial remission (PR) in a patient with refractory mantle cell lymphoma. Ipilimumab was
well tolerated and organ-specific immune adverse events were seen in four patients (grade 3
arthritis, grade 2 hyperthyroidism, recurrent grade 4 pneumonitis).

The preliminary results of the expansion cohort of this study were reported at the American
Society of Hematology Meeting (ASH) in 2015. Repeated dosing at 3 mg and 10 mg/kg
were used according to an induction and maintenance schedule (38). Twenty-eight patients
with relapsed hematological malignancies after allogeneic-SCT were included, including 7
with HL. In 21 evaluable patients, the overall response rate (ORR) was 33%, including 5 out
of 12 acute myelogenous leukemia (AML) patients who achieved CR, and only 1 patient
with HL who achieved a PR. Five GVHD related DLT were reported along with four
immune-related events. These studies suggested that anti-CTLA therapy is reasonably safe
in this setting for patients post AlloSCT without evidence of GVHD, particularly at a low
dose. The surprising high response rate for the AML cohort also supports the notion that
immune checkpoint inhibition may have some role in augmenting the graft versus tumor
effect.
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The safety and the optimal timing of checkpoint inhibitor therapy prior to or following
allogeneic-SCT (allo-SCT) remains unknown. The desired graft versus tumor effect induced
by allo-SCT induces generalized immune stimulation and inhibition of normal checkpoint
function (39). Tumor relapse after allo-SCT invariably involves escape from immune
surveillance by mechanisms such as increased PD-1/PD-L1 expression on CD8(+) T cells
(40). Checkpoint inhibition has a theoretical risk of worsening GVHD. In a murine model of
acute GVHD, both PD-L1 and PD-L2 expression were increased at the baseline, and
blockade of PD-1/PD-L1 signaling exacerbated acute GVHD and enhanced lethality (41).
Moreover, in PD-L1-deficient hosts, donor T-cells have increased aerobic glycolysis and
oxidative phosphorylation leading to increased proliferation and activation, and this
enhanced metabolic activity may contribute to acute GVHD (41). Similar findings have also
been demonstrated in a murine model of chronic GVHD (42).

The limited clinical data suggests careful investigation of this question is warranted. The
anti-CTLA4 antibody ipilumumab appears safe to use after allo-SCT at low to intermediate
doses (1 mg/kg and 3 mg/kg), however, at the highest dose (10 mg/kg) worsening of chronic
GVHD was seen (33). The safety and efficacy of nivolumab treatment for relapsed HL after
allo-SCT was presented at ASH 2015 in a single institution, retrospective analysis of 12
patients. Patients were without history of grade 3—4 acute or chronic GVHD, and were
required to be off immunosuppression for more than 4 weeks. Nivolumab was given at 3
mg/kg every two weeks and the median number of cycles was four. The ORR was 87.5%
with three CR and four PR. Two grade 3-4 acute GVHD developed necessitating dose delay
or dose reduction (43). Similarly, pembrolizumab was used successfully in two HL patients
relapsed after allo-SCT who were maintained on low dose prednisone. Both patients
responded without evidence of acute GVHD (44). However, case reports of severe and fatal
GVHD have also been described in patients receiving anti-PD-1 therapy after allo-SCT for
HL (45,46).

The safety of allo-SCT following checkpoint inhibitor therapy remains unknown, however
there is at least a theoretical risk of acute GVHD in this setting due to the long half-live of
the antibody. Not yet reported in publications but described in the nivolumab label,
significant complications, including fatal events, have occurred in patients who received
allo-SCT after nivolumab at varying intervals (47). In total, data for 17 patients have been
described; 15 underwent reduced-intensity conditioning and 2 underwent myeloablative
conditioning. The median age at allo-SCT was 33 and a median of 9 doses of nivolumab
were administered (range: 4 to 16). Six of 17 patients (35%) died from complications of
allo-SCT after nivolumab. Five deaths occurred in the setting of severe or refractory GVHD.
Grade 3 or higher acute GVHD was reported in 5/17 patients (29%). Hyperacute GVHD, a
steroid-requiring febrile syndrome, encephalitis, and hepatic veno-occlusive disease, have
also been reported (47).

Checkpoint inhibition and the future of HL therapy

The reduction of long term toxicity of treatment for low risk HL patients and the
improvement in efficacy for treating high risk patients remains a high priority for HL clinical
research. The high response rate, favorable side effect profile, and potential durability of
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checkpoint inhibitor therapy suggests it has great promise as a cornerstone of therapy for
relapsed and refractory HL, both as a single agent and potentially in novel combination
treatment platforms with antibody-drug conjugates or other cytotoxic chemotherapy
regimens. A number of clinical trials are underway to test these hypotheses, with the goal of
identifying rational combinations which can increase the CR rate and durable response rate
for these patients. In addition, given the persistent risk of long term therapy related toxicity,
especially for high risk HL patients treated with extensive alkylator based therapy, the
activity of checkpoint inhibitors in the relapsed setting suggests a potential role for these
agents as a component of upfront therapy.
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Figure 1.
Mechanisms of upregulating PD-1/PD-L1 pathway in HL.

HRS: Hodgkin Reed Sternberg cells

TiL: Tumor infiltrating lymphocytes
PD1: Program death 1

PDL1: Program death 1 ligand

CIHITA: CIITA MHCII transcription factor
EBV: Epstein Barr virus

LMP-1: Latent membrane protein 1
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Table 1.

Clinical efficacy of checkpoint inhibitors in relapsed/refractory HL

Target  Drug Trial N ORR CR SD DOR PFS (O]
(%) (%) (%)
CTLA4  Ipilimumab (34, 35) Phasel 21 14 10 0 NR NR NR
Ipilimumab + BV (36) Phasel 23 72 50 3 NR 1.02 yr Not reached
PD-1 Nivolumab (37, 38) Phase | 23 87 22 13 Not reached Not reached 91% at 1 year
Pembrolizumab (39) Phase | 31 65 16 23 71% >=24 wks 69% at 24 wks NR

Abbreviations:

N: Number of patients

ORR: Overall response rate
CR: Complete response rate
SD: Stable disease rate

DOR: Duration of response
PFS: Progression free survival
OS: Overall survival

NR: Not reported
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