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Abstract: Checkpoint inhibition improves surveillance by the immune
system and therefore outcomes in some lymphoma subtypes. In this
review, we examine the available evidence regarding checkpoint
inhibition in lymphoma by line of therapy. Although most published
studies are in the setting of relapsed/refractory disease, several
ongoing trials are looking at therapy in the upfront and second-line
settings. Nivolumab and pembrolizumab have been approved for
patients with relapsed or refractory Hodgkin lymphoma, where-
as other programmed death 1 and programmed death ligand 1
monoclonal antibodies remain under investigation as single agents
or in combination. Strategies to exploit various targets along these
pathways with new forms of therapy or with traditional therapies are
being developed. Amplification of chromosome 9p23-24 and other
biomarkers are important correlative endpoints in several studies that
could further the personalization of therapy. Immune-related adverse
events are frequent, and vigilance is required for their diagnosis and
treatment. The use of checkpoint inhibitors before and after allo-
geneic transplant can yield impressive results but can also increase
the risk for graft-versus-host disease, so that mitigation strategies are
needed. Overall, these agents have achieved excellent response rates
with durable remissions in many lymphoma subtypes. The results of
ongoing trials will yield additional options for patients.

Introduction

Tumors can evade detection and the immune response by expressing
and upregulating negative costimulatory molecules. Recognition of
this fact has led to various efforts to release the immune system and
allow an increase in T-cell-driven antitumor activity. Inhibitory
pathways, or checkpoints, are essential to normal cell function; they
regulate the response to antigen exposure and prevent unbridled
autoimmunity. Tumor cells overexpress the ligands of the check-
point receptors, thereby exhausting T cells.' Antibody therapy
directed against these checkpoints can revitalize the immune system,
and remarkable results have been achieved in patients with heavily
pretreated cancers.
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There are 2 main checkpoint pathways that have
been under investigation. Programmed death protein 1
(PD-1) is an inhibitory receptor expressed by activated B
cells, T cells, and natural killer (NK) cells, as well as some
myeloid cells. In times of chronic antigen exposure, PD-1
and its ligands, PD-L1 and PD-L2, control immune
activity by causing a transient downregulation of T-cell
function. The fully human immunoglobulin G4 (IgG4)
monoclonal antibody nivolumab (Opdivo, Bristol-Myers
Squibb) and the humanized IgG4-x monoclonal anti-
body pembrolizumab (Keytruda, Merck) target PD-1
to reverse the inhibitory signal and increase anticumor
activity. Similarly, monoclonal antibodies have been
developed against PD-L1, including the humanized IgG1
agent atezolizumab (Tecentriq, Genentech) and the fully
human IgG1 agents avelumab (Bavencio, EMD Serono/
Pfizer) and durvalumab (Imfinzi, AstraZeneca).

In normal cells, T-cell activation also leads to the
upregulation of cytotoxic T-lymphocyte—associated
antigen 4 (CTLA-4) on the plasma membrane. This
process can impair T-cell function by several mechanisms,
including the induction of T-cell arrest and blockage of
costimulation via competition with CD28 for the B7
ligands CD80 and CD86 on antigen-presenting cells.’
Ipilimumab (Yervoy, Bristol-Myers Squibb) is a fully
human IgG1 monoclonal antibody against CTLA-4 that
stimulates the immune system to enhance T-cell-depen-
dent cellular cytotoxicity.

In May 2016, the US Food and Drug Administration
(FDA) granted accelerated approval to nivolumab for the
treatment of classic Hodgkin lymphoma (HL) following
relapse after autologous hematopoietic stem cell trans-
plant (AHCT) and post-transplant brentuximab vedotin
(BV; Adcetris, Seattle Genetics). In March 2017, the FDA
also granted accelerated approval to pembrolizumab for
the treatment of relapsed/refractory classic HL after 3
or more prior lines of therapy. Therefore, great interest
is being shown in checkpoint inhibition (CPI) for the
treatment of lymphoma, although many of the data are
preliminary.>'* This review article is organized according
to the timing of CPI in the disease course. Data published
or presented at annual meetings through June 2017 are
included, and ongoing trials and issues to be considered
with the use of these agents are discussed.

First-Line Therapy

Currently, no data regarding the use of CPlin lymphoma in
the upfront setting have been published. However, several
trials are ongoing. Nivolumab is being studied as mono-
therapy for HL in CheckMate 205 (NCT02181738). In
patients older than 60 years, nivolumab is being studied
in combination with BV, an antibody-drug conjugate

that targets CD30 (NCT02758717). It is also being
combined with doxorubicin, vinblastine, and dacarba-
zine (AVD) for patients with early-stage unfavorable HL
(NCT03004833); following ABVD (same 3 drugs plus
bleomycin) for high-risk patients with advanced-stage dis-
ease who are younger than 60 years; and following AVD
for patients with any-stage disease who are 60 years of age
or older (NCT03033914).

For high-risk diffuse large B-cell lymphoma
(DLBCL), a phase 2 study is combining durvalumab,
a human IgGl monoclonal antibody against PD-LI,
either with rituximab (Rituxan, Genentech/Biogen Idec),
cyclophosphamide, doxorubicin, vincristine, and pred-
nisone (R-CHOP) or with R-CHOP plus lenalidomide
(Revlimid, Celgene), depending on the cell of origin. High
risk is defined as Ann Arbor stage IIT or IV or Ann Arbor
stage II with bulky disease (at least 7.0 cm), in addition
to an intermediate-high or high International Prognostic
Index (IPI) score of at least 3 or a National Compre-
hensive Cancer Network International Prognostic Index
(NCCN-IPI) score of at least 4 (NCT03003520). Pem-
brolizumab is also being studied in combination with
R-CHOP for DLBCL and grade 3b follicular lymphoma
(FL; NCT02541565). Pidilizumab is a humanized IgG1
monoclonal antibody against PD-1, although its exact
mechanism of action is unclear, and it may function
more as an activator of the innate immune system. It is
currently under investigation as maintenance therapy to
decrease relapse, with 3 doses given after induction for
DLBCL (NCT02530125). Finally, Memorial Sloan Ket-
tering Cancer Center is participating in a study of atezoli-
zumab, a humanized IgG1 monoclonal antibody against
PD-L1, in combination with R-CHOP for DLBCL and
in combination with obinutuzumab (Gazyva, Genentech)
and bendamustine (Treanda, Bendeka; Teva) or with

obinutuzumab and CHOP for FL (NCT02596971).
Early Relapsed Disease

Pidilizumab has been tested in combination with the
anti-CD20 monoclonal antibody rituximab for relapsed
FL after 1 to 4 lines of therapy."” Although FL is not
thought to respond to checkpoint blockade owing to lack
of PD-L1 expression on tumor cells, the overall response
rate (ORR) was 66%, with a complete remission (CR)
rate of 52% and a partial remission (PR) rate of 14%.
No immune-mediated or treatment-related grade 3 or 4
adverse events (AEs) were seen (Table 1).

Similarly, Nastoupil and colleagues presented early
results of a phase 2 trial combining pembrolizumab
and rituximab in 15 patients with relapsed FL.'® After
a median of 1 prior line of treatment (range, 1-4), the

ORR was 80% (60% of patients had a CR). High-grade
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Table 1. Results From Selected Studies of Checkpoint Inhibition for Lymphoma

CHECKPOINT INHIBITION IN LYMPHOMA

Lymphoma Median Response Rate, ORR/CR/ | Median
Drug(s) Phase | N Type (n) Median OS | PFS PR/SD/PD DoR Details
Early relapse
Pidilizumab + 2 32 FL (32) NR 18.8 mo 66%/52%/14% 20.2 mo NCT00904722
rituximab!
Pembrolizumab | 2 15 FL (15) NR NR 80%/60% NR NCT02446457
+ rituximab'®
Nivolumab + 1/2 62 HL (62) NA NA 85%/64% NA NCT02572167
brentuximab
vedotin!”
Nivolumab + 2 9 CLL (5), NA NA CLL: 60%/0%/60% NA NCT02420912
ibrutinib'® RT (4) RT:
50%/25%/25%/0/25%
Maintenance after AHCT
Pidilizumab" 2 66 De novo 84% at 16 72% at 16 | 51%/34%/17%/37% 16 mo NCT00532259
DLBCL (49), mo mo
Transformed
DLBCL (13),
PMBL (4)
Later relapse
Ipilimumab® 1 18 FL (14), NA NA 11%/5.6%/5.6% NA NCT00089076
DLBCL (3),
MCL (1)
Pt srea? | 8 | CLL(3), NA NA 5%/5%/—133% NA
DLBCL (2),
FL (1), ALCL
(1), HL (1)
Nivolumab?>?3 1b 23 HL (23): 78% | NR 86% at 6 87%/17%/70%/13% NA CheckMate 039,
after AHCT/ mo NCT01592370
BV, 83% XRT
Nivolumab? 1b 54 DLBCL (11), | NA NA DLBCL: 36%/10% 6-81.6+ CheckMate 039,
FL (10), Other FL: 40%/18% ke NCT01592370
B-cell NHL ME: 15%/0%
(10), MF (13) PTCL: 40%/0%
PTCL (5),
Other T-cell
NHL (5)
Nivolumab + 1 57 HL (31), HL: NR HL: NR HL: 74%/19%/55%/10% | HL: NR Checkmate 039,
ipilimumab® DLBCL (10), | B-cell NHL: | B-cell B-cell NHL: B-cell NCT01592370
FL (5), CTCL | 2.9 mo NHL: 1.5 | 20%/0%/20%/7% NHL: NR
(7), PTCL (4) | T-cell NHL: | mo T-cell NHL: T-cell
13.2 mo T-cell 9%/0%/9%/36% NHL: NR
NHL: 2
mo
Nivolumab?? | 2 80 HL (80), 94.9% at 12 | 14.8 mo, 68%1/8%/60% 13.1 mo Checkmate 205,
100% after mo 54.6% at NCT02181738
AHCT and 12 mo
BV, 75% XRT
Nivolumab + 1 10 HL (10) NA NA 100%/62.5% NA E4412,
brentuximab? NCT01896999

(1able continued on next page)
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Table 1. (Continued) Results From Selected Studies of Checkpoint Inhibition for Lymphoma

Lymphoma Median Response Rate, ORR/CR/ | Median
Drug(s) Phase | N Type (n) Median OS | PFS PR/SD/PD DoR Details
Later relapse (Continued)
Pembroli- 1b 31 HL (31), NR, 90% at | 11 mo, 65%/16%/48%/23%/13% | NA KEYNOTE-013,
zumab?! 100% after BV, | 1y 46% at 1y NCT01953692
71% AHCT
Pembroli- 2 210 | HL (210), NR, 99.5% | NR, 69%/22%/47%/15%/14% | NR KEYNOTE-087,
zumab?? 61% after at 6 mo 72.4% at NCT02453594
AHCT, 83% 6 mo
BV
Pembroli- 1b 18 PMBL (18), NR NR 41%/12%/29%/35% NR KEYNOTE-013,
zumab?? 33% after NCT01953692
AHCT, 61%
XRT
Pembroli- 2 33 PMBL (33) NA NA 35%/13%/22%/17%/22% | NA KEYNOTE-170,
zumab? NCT02576990
Pembroli- 2 25 CLL (16), 10.7 mo, NA CLL: NA MC1485,
zumab? RT (9), 48% CLL 59%, 0%/0%/0%/19%/81% NCT02332980
del17p RT 73% at RT:
6 mo 44%/11%/33%/33%/22%
Pembroli- 2 24 MF/SS (24) NR NR, 69% 38%/4%/33%/38% 89% NCT02243579
zumab?®® atly ongoing at
32 wk
Pembroli- Retro | 7 NK/T-cell (7) | NA NA 100%/71%/29% NA
zumab?’
Avelumab?® 1b 23 HL (23), Post | NA NA 47.8%/4%/43% NA NCT02603419
AHCT (5) Post AHCT: 20%/0%/20%
PD-1 + 1 8 NHL (7), NA NA 38%/13%/25%/63% NA NCT02961101
decitabine® HL (1)
Pembrolizumab | Retro | 6 HL (6) NA NR 83%1/83% NA Azacitidine on
or nivolumab + NCT01998035
azacitidine®
After allogeneic transplant
Avelumab?®® 1b 8 HL (8) NA NA 75%/12.5%/62.5% NA NCT02603419
Ipilimumab® 1 20 | HL (14), NA NA 15%/10%/5% NA NCI protocol ID
NHL (6) P6082, relapse
after allo-HCT
Ipilimumab* 1/1b |11 HL (7), NA NA 9%/0%/9%/36% NA NCT01822509,
NHL (4) relapse after
allo-HCT
Nivolumab* Retro | 20 | HL (20) 787%atly | 58.2% at | 95%/42%/52% NA Relapse after
ly allo-HCT
Nivolumab Retro | 31 HL (29), NR 591d 77%/48%/26%/10%/13% | NA Relapse after
or pembroli- FL (1), allo-HCT
zumab*® FL+HL (1)

AHCT, autologous hematopoietic stem cell transplant; ALCL, anaplastic large cell lymphomaj; allo, allogeneic hematopoietic stem cell transplant; BV, brentuximab
vedotin; CLL, chronic lymphocytic leukemia; CR, complete remission; CTCL, cutaneous T-cell lymphoma; d, days; DLBCL, diffuse large B-cell lymphoma; DoR,
duration of response; FL, follicular lymphoma; HL, Hodgkin lymphoma; MCL, mantle cell lymphoma; ME, mycosis ﬁmg()idcs; mo, months; NA, not available;
NCI, National Cancer Institute; NHL, non-Hodgkin lymphoma; NK, natural killer; NR, not reached; ORR, overall response rate; PD, progressive disease; PFS,
progression-free survival; PMBL, primary mediastinal B-cell lymphoma; PR, partial remission; PTCL, peripheral T-cell lymphoma; retro, retrospective study; RT,

Richter transformation; SD, stable disease; SS, Sézary syndrome; wk, weeks; XRT, radiation therapy; y, years.

48 Clinical Advances in Hematology & Oncology Volume 16, Issue 1 January 2018



toxicities, which were rare, included nausea and infusion
reaction (each in 2 patients) and aseptic meningitis and
pneumonia (each in 1 patient). Immune-related (ir) AEs
included grade 2 diarrhea (n=2), grade 2 pneumonitis
(n=1), and grade 2 skin rash (n=1).

Nivolumab has been combined with BV in a phase
1/2 study of relapsed/refractory classic HL after frontline
therapy.”” Interim results from the 62 patients who have
completed treatment demonstrated an 85% ORR (with
a 64% CR rate) and 29 patients proceeding to AHCT,
with no unusual post-transplant toxicities. Infusion
reactions were frequent, requiring premedication. IrAEs
occurred in 72% of patients, with grade 3 or higher AEs
(grade 4 pneumonitis, grade 3 diarrhea, and grade 3
transaminitis) occurring in 7%. Grade 3 hypercalcemia
and acute kidney injury developed in 1 patient. The
combination of nivolumab and BV is also being studied
in the ongoing CheckMate 436 study for CD30-positive
relapsed/refractory DLBCL, primary mediastinal B-cell
lymphoma (PMBL), mediastinal gray zone lymphoma,
peripheral T-cell lymphoma (excluding anaplastic large
cell lymphoma), or cutaneous T-cell lymphomas (mycosis
fungoides/Sézary syndrome) (NCT02581631).

In an ongoing phase 2 study, nivolumab is being
investigated in combination with the Bruton tyrosine
kinase inhibitor ibrutinib (Imbruvica, Pharmacyclics/
Janssen) for relapsed/refractory chronic lymphocytic leu-
kemia (CLL), untreated Richter transformation, or CLL
with a PR after at least 9 months of ibrutinib therapy.'s
Preliminary results showed that of 5 patients with CLL
and a median of 1 prior line of therapy, 3 achieved a PR.
Of the 3 patients who already had achieved a PR on the
combination, all had stable disease. Of the 4 patients with
untreated Richter transformation, 1 had a CR, 1 had a PR,
and 1 had a transient response before disease progression.

Maintenance Therapy After Autologous
Hematopoietic Stem Cell Transplant

CPI is an attractive maintenance strategy because one can
intervene in cases of immune tolerance against changed
tumor antigens, and the post-AHCT setting presents
an ideal environment owing to the gradual immune
reconstitution with lymphocyte recovery. Pidilizumab
has been tested as a maintenance therapy after AHCT for
DLBCL, PMBL, or transformed indolent B-cell NHL in
a multicenter phase 2 trial.” Patients received 1.5 mg/kg
every 42 days for 3 cycles beginning 30 to 90 days after
AHCT. Among the 35 patients with measurable disease
after AHCT, 34% achieved a CR and 17% achieved a
PR. Grade 3 or 4 AEs included neutropenia (19%) and
thrombocytopenia (8%). One patient died of dissemi-
nated herpes zoster 10 months after the third dose, but

CHECKPOINT INHIBITION IN LYMPHOMA

this infection was considered unrelated to the treatment.
At 16 months, the median overall survival (OS) rate was
84% and the median progression-free survival (PFS) rate
was 72%. Although this study is believed to be the first
showing a benefit of PD-1 blockade, more recently it has
been thought that pidilizumab may work through other
pathways.

A multicenter study evaluating pembrolizumab as
maintenance therapy after AHCT for HL, DLBCL,
or T-cell non-Hodgkin lymphoma (NHL) is ongoing
(NCT02362997). In addition, Memorial Sloan Kettering
Cancer Center will be conducting a phase 1/2 study of the
PD-L1 inhibitor durvalumab with lenalidomide as main-
tenance after AHCT for aggressive B-cell lymphomas.

Later Relapsed Disease

The earliest trial of CPI for relapsed or refractory NHL
tested ipilimumab in a phase 1 dose escalation study.
Dose level 1 consisted of 3 mg/kg for the first month,
then 1 mg/kg monthly for the next 3 months; dose
level 2 consisted of 3 mg/kg monthly for all 4 months.?
Although the ORR was low (11%), with 1 CR in a
patient with DLBCL and 1 PR in a patient with FL, the
remissions were durable: 31 and 19 months, respectively.
Grade 3 adverse events were minimal; diarrhea developed
in 5 patients, fatigue in 1, glucose intolerance in 1, and
neutropenia in 1 patient.

Pidilizumab has also been studied for relapsed or
refractory NHL, again with a low ORR, likely because
of the lower rate of PD-1 expression in NHL than in HL
tumors. In a phase 1 study of a variety of hematologic
malignancies, 8 patients with NHL were treated with
escalating doses between 0.2 and 6 mg/kg, and a CR
occurred in only 1 patient, who had FL.*!

Over the last few years, the 2 monoclonal antibodies
against PD-1—nivolumab and pembrolizumab—have
shown more promising results. In the phase 1b CheckMate
039 study, nivolumab was tested in patients who had a
variety of relapsed or refractory lymphomas and a median
of 3 prior therapies, including some after autologous
transplant. In the HL cohort, 18 of 23 patients had had
a relapse after autologous transplant and BV; the 6-month
PFS rate was 86% and the ORR was 87% (17% CR and
70% PR rates), with responses occurring within 16 weeks
after the start of therapy in 75% of patients.”>** Grade 3
toxicities were rare: lymphopenia in 1 patient, elevated
lipase in 1, stomatitis in 1, myelodysplastic syndrome in
1, and pancreatitis in 1 patient. Grade 1 or 2 hypothy-
roidism was seen in 9% of patients. Objective response
rates were 40%, 36%, 15%, and 40% among 10 patients
with FL, 11 patients with DLBCL, 13 patients with
mycosis fungoides, and 5 patients with peripheral T-cell
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lymphoma, respectively.* High-grade toxicities again were
rare and included pneumonitis, anemia, and leukopenia,
each occurring in 4% of patients. A subsequent cohort was
treated with nivolumab plus ipilimumab, with an ORR
of 74% for HL, 20% for B-cell NHL, and 9% for T-cell
NHL, although the CR rates were low.”

In Checkmate 205, a multicenter phase 2 study in
which nivolumab was administered at 3 mg/kg every
2 weeks for HL relapsed after AHCT and BV, 58% of
patients achieved a PR and 7% of patients achieved a CR,
for an ORR of 66.3%.% The median time to response
was 2.1 months (interquartile range, 1.9-3 months), and
the median duration of response was 7.8 months (95%
CL, 6.6-not reached). As in the phase 1 studies, grade
3 or higher AEs were rare, with 5% of patients having
neutropenia or elevated lipase levels, 1 pneumonitis, and
1 autoimmune hepatitis. Grade 1 or 2 infusion reactions
were seen in 20% of patients. Multiorgan failure related
to a new Epstein-Barr virus (EBV)—positive T-cell lym-
phoma that was not thought to be related to nivolumab
resulted in death in 1 patient. Quality of life, measured by
the EuroQOL 5-dimension questionnaire (EQ-5D) and
the European Organisation for Research and Treatment of
Cancer Quality of Life Questionnaire-Core 30 (EORTC
QLQ-C30), improved during nivolumab treatment.”
Updated results with a minimum of 12 months of fol-
low-up showed an ORR of 68%, a median PFS of 14.8
months, with a 1-year PFS rate of 54.6% and a 1-year OS
rate of 94.9%.%

The combination of nivolumab and BV with or with-
out ipilimumab for patients with relapsed or refractory
HL is being studied in the ongoing phase 1 E4421 study
from the ECOG-ACRIN Cancer Research Group.” Pre-
liminary data from the nivolumab and BV arms of the
study demonstrate a 100% ORR with a 62.5% CR rate
in a heavily pretreated population. In the second-dose
cohort, 1 patient had a dose-limiting toxicity of grade 3
pneumonitis and typhlitis, which resolved. In addition,
2 other grade 3 toxicities—rash and pruritus—occurred,
but no grade 4 or 5 toxicities have been seen.

Nivolumab also showed early promising results for
multiply relapsed primary central nervous system (CNS)
lymphoma and primary testicular lymphoma with CNS
involvement. Of the 5 patients treated, 4 achieved a CR
and 1 achieved a PR.%° These results prompted an ongo-
ing multicenter phase 2 trial (NCT02857426). Other
ongoing trials with nivolumab include CheckMate 139
(NCT02038933).

Pembrolizumab was initially evaluated in the phase
1b KEYNOTE-013 study, in which patients with classic
HL that had progressed after BV received the agent at
10 mg/kg every 2 weeks until disease progression.®! The
ORR was 65%, with a 16% CR rate and a 48% PR rate;

the ORR was 73% in the 22 of the 31 patients who had
had a prior AHCT. Most of the responses lasted more than
24 weeks. Grade 3 AEs occurred in 16% of patients and
included aspartate transaminase increase, alanine trans-
aminase increase, axillary pain, back pain, colitis, joint
swelling, and nephrotic syndrome, each seen in 1 patient.
Grade 1 or 2 hypothyroidism was seen in 16%, thyroiditis
in 6%, and pneumonitis in 10%. The subsequent multi-
center phase 2 study, KEYNOTE-087, used a flat dose of
200 mg once every 3 weeks for up to 24 months because
no exposure-response relationship had been observed for
doses between 2 and 10 mg/kg across trials.? Patients
received a median of 4 lines of therapy and were divided
into 3 cohorts: progression after AHCT and BV (n=69),
ineligible for AHCT owing to chemoresistant disease
after salvage chemotherapy and BV (n=81), and progres-
sion after AHCT but no BV after transplant (n=60, 41%
exposed pre-AHCT). The ORR for all patients was 69%,
with a 22.4% CR rate and a 47% PR rate. The ORRs
by cohort were 73.9%, 64.2%, and 70%, respectively.
Grade 3 or higher AEs again were rare, with 5 patients
having neutropenia and pyrexia, cough, fatigue, diarrhea,
vomiting, hypothyroidism, arthralgias, and dyspnea each
seen in 1 or 2 patients. Hypothyroidism (seen in 13.8%)
was the most common immune-mediated AE. As with
nivolumab treatment, net improvement in the EORTC
QLQ-C30 and EQ-5D scores occurred between baseline
and week 12 of therapy. At 6 months, the PFS rate was
72.4% and the OS rate was 99.5%, with the median
duration of response and OS not reached in all cohorts.

PMBL, like HL, often has copy number alterations
and rearrangements of 9p24.1 and so has also been eval-
uated in the context of CPI in the relapsed or refractory
setting. As part of the KEYNOTE-013 pembrolizumab
study, 18 patients were treated who had relapsed after,
were ineligible for, or refused AHCT.® The patients had
received a median of 3 prior lines of therapy, with 33%
of them having had a prior AHCT and 61% having pre-
viously undergone radiation therapy. The ORR was 41%,
with a 12% CR rate and a 29% PR rate. Grade 3 neutro-
penia developed in 1 patient and grade 4 veno-occlusive
disease in 1 patient following a subsequent allogeneic
transplant; both recovered. Grade 1 or 2 hypothyroidism
was seen in 1 patient. Other irAEs were grade 2 diarrhea
and radiation pneumonitis, each of which occurred in 1
patient. The response durations were from 2.3 to 22.5
months, with most ongoing. Recent interim results of the
KEYNOTE-170 phase 2 trial included 33 patients with
relapsed or refractory PMBL who received pembrolizumab
and showed an ORR of 35%, with a 13% CR rate.*

In a phase 2 study, pembrolizumab was shown to be
active in Richter transformation, but not in CLL, when
given as a single agent. The ORR for Richter transforma-
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tion was 44%, with 1 CR and 3 PRs. There were no CRs
or PRs for CLL.* Drug-related AEs of grade 3 or higher
occurred in 38 patients, with the most common being
thrombocytopenia (21%), dyspnea (8%), and fatigue
(8%). The most common irAE was liver enzyme elevation
(12%, 8% grade 3), which was reversible with therapy
interruption or corticosteroid therapy.

Promising activity was shown for pembrolizumab
when it was used for heavily pretreated mycosis fun-
goides and Sézary syndrome. In a phase 2 study of 24
patients with stage IB-IV disease treated with 2 mg/kg
every 3 weeks for up to 2 years, the ORR was 38%, with
1 CR and 8 PRs.* Interestingly, an immune-mediated
skin flare reaction was seen in 6 patients with Sézary
syndrome (2 patients with grade 2 and 4 patients with
grade 3); other irAEs included grade 2 pneumonitis in
1 patient and grade 3 diarrhea due to corticosteroid-re-
fractory duodenitis in 1 patient. Pembrolizumab has also
been shown to be very active in patients with NK/T-cell
lymphoma. Of 7 patients whose disease had progressed
on L-asparaginase, 5 achieved a CR and were in remis-
sion after a median follow-up of 6 months.” Prospective
studies are ongoing (NCT03021057).

Avelumab is currently being tested in the setting
of relapsed/refractory HL in patients with progression
who are not eligible for transplant or whose disease has
relapsed after either AHCT or allogeneic hematopoietic
stem cell transplant (allo-HCT).*® In the phase 1 trial,
JAVELIN HODGKINS (NCT02603419), 31 patients
were randomly assigned to different doses and schedules,
including 8 patients after allo-HCT, described below.
The ORR for all patients was 54.8%, with 2 CRs (6.5%)
and 15 PRs (48.4%) (Results on the 23 non-allo-HCT
patients presented in Table 1). Of the 5 patients treated
after AHCT, only 1 had a PR. Grade 3 or higher treat-
ment-related AEs occurred in 36.7% of patients but were
not described in detail in this early analysis.

Finally, synergism between the checkpoint inhibitors
and epigenetic modification is under investigation. In
China, the hypomethylating agent decitabine has been
combined with an anti-PD-1 antibody in heavily pre-
treated patients with lymphoma.? There was a modest
ORR of 37%, with 1 CR and 2 PRs. Toxicities included
severe cytokine release syndrome. In a retrospective study
of patients with HL who had received either pembroli-
zumab or nivolumab and then azacitidine within 14
months of the CPI, the CR rate was 83%. No cytokine
release syndrome was seen, but high-grade toxicities
included the following: infusion reaction (n=1); throm-
bocytopenia (n=1); grade 5 respiratory failure (n=1);
myelodysplastic syndrome (n=2, pre-existent in 1 case
and both evolving to fatal acute myeloid leukemia); and
acute kidney injury (n=1, pre-existent).*’

CHECKPOINT INHIBITION IN LYMPHOMA

Several combination trials are ongoing in the
relapsed/refractory setting. The CheckMate 812 study
(NCT03138499) is a randomized phase 3 trial com-
paring nivolumab plus BV with BV alone for patients
who have relapsed/refractory HL or are not eligible for
AHCT. Similarly, KEYNOTE-204 (NCT02684292) is
evaluating pembrolizumab vs BV in the relapsed/refrac-
tory HL setting. On the other hand, Javelin DLBCL
(NCT02951156) is a multicenter, open-label, phase 1b
study randomly assigning patients with relapsed/refrac-
tory DLBCL to rituximab/avelumab (a fully human IgG1
anti-PD-L1 antibody)/utomilumab (a 4-1BB agonist),
to avelumab/azacitidine/utomilumab, or to rituximab/
avelumab/bendamustine. Also for refractory DLBCL,
the ZUMA-6 trial (NCT02926833) is evaluating the
combination of axicabtagene ciloleucel (KTE-C19, an
autologous anti-CD19 chimeric antigen receptor T cell)
and atezolizumab (a fully human IgGl anti-PD-L1
antibody) delivered sequentially. A 4-arm phase 1/2
study is evaluating a 1500-mg fixed dose of durvalumab
as monotherapy or in combination with rituximab/
lenalidomide, ibrutinib alone, or rituximab/benda-
mustine for relapsed or refractory B-cell lymphomas
and CLL (NCT02733042). In PROCLAIM-CX-072
(NCT03013491), the protease-activatable anti-PD-L1
probody CX-072 will be given as monotherapy or in
combination with ipilimumab for refractory lympho-
mas. Finally, many other phase 1 studies evaluating
new anti-PD-1 or anti-PD-L1 antibodies are ongoing

(NCT02836834).
Considerations With Allogeneic Transplant

Allo-HCT relies on the donor immune system to prevent
the relapse or progression of lymphoma; one mechanism
of failure is inadequate costimulation of T cells.” The
goal after allo-HCT is to augment the graft-versus-tumor
effect by modulating antigen-specific T-cell responses, but
in this context, there may also be a possibility of initiating
or worsening graft-versus-host disease (GVHD), as was
seen in early mouse models.*

Ipilimumab was studied for relapse or progression
after allo-HCT with a single dose escalated from 0.1 to
3 mg/kg after patients had been off immunosuppression
for at least 4 weeks.® Among the 20 patients with lym-
phoma, a CR was achieved in 2 patients with HL and a
PR in 1 patient with mantle cell lymphoma. No cases of
grade 3 or 4 acute GVHD developed after ipilimumab
alone, but irAEs developed in 2 patients with HL: dyspnea
in 1 patient and grade 4 pneumonitis in the other after
re-treatment with ipilimumab. A follow-up phase 1 study
was done with escalation from 3 to 10 mg/kg, in which
doses were given every 21 days for 4 courses.* Of the 28
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patients, 11 had lymphoma (7 HL, 4 NHL), with 3 of the
HL patients having stable disease and 1 NHL patient hav-
inga PR. Overall, dose-limiting toxicities included 2 cases
of chronic GVHD of the liver and 1 case of grade 2 acute
GVHD of the gut. These resolved with corticosteroids,
but no further ipilimumab could be given.

Nivolumab has also been used off label for HL that
relapsed after allo-HCT. A single-center retrospective
analysis found that acute GVHD developed in 30%
of the 20 patients, all of whom had had prior acute
GVHD.® The ORR for the patients who had HL was
95%, with a 42% CR rate and a 52% PR rate, and 6
patients remained disease-free after stopping nivolumab.
Corticosteroid-refractory GVHD developed in 2 patients
and 2 patients died of GVHD, although the authors
noted that GVHD did not develop in the patients who
did not have prior GVHD after CPI and that the timing
of CPI may be important.

More recently, Haverkos and colleagues collected
information on 31 patients (94% with HL) at 23 cen-
ters who received CPI for relapse after allo-HCT.* Most
had had at least 1 line of therapy after relapse before CPI
(90% nivolumab, 10% pembrolizumab), but there was an
ORR of 77% (15 patients with a CR and 8 with a PR).
IrAEs were not frequent, but treatment-emergent GVHD
occurred in 55% of patients, with 20% developing acute,
13% overlap, and 23% chronic GVHD after 1 to 2 doses.
Of the 17 patients, 9 had grade 3 or higher GVHD
and 14 of 17 required more than 2 GVHD therapies.
Unfortunately, 8 of 10 deaths in this study were related to
new-onset GVHD, 5 of them related to hepatic GVHD.
The authors therefore concluded that although CPI after
allo-HCT is efficacious, severe GVHD can occur, and
patients should be treated in a clinical trial. In addition,
the authors were not able to show the timing of CPI as a
factor in the development of GVHD.

In the phase 1 JAVELIN HODGKINS study, 8
patients were treated with avelumab after allo-HCT.?® The
ORR was 75%, with 1 CR and 5 PRs. Grade 3 liver GVHD
developed in 2 patients, which resolved with therapy.

Early reports noted a likelihood for increased GVHD
in patients exposed to CPI before transplant, which
prompted a multicenter retrospective study of 39 patients
(79% HL, 5% DLBCL, 5% PMBL, 5% FL).” PD-1
blockade (72% nivolumab, 28% pembrolizumab) was
given for a median of 62 days (range, 7-260) before allo-
HCT. At 1 year, the rates of OS, PFS, cumulative incidence
of relapse, and nonrelapse mortality were 89% (95% CI,
74%-96%), 76% (95% CI, 56%-87%), 14% (95% ClI,
4%-29%), and 11% (95% CI, 3%-23%), respectively.
Grades 2 through 4 and grade 3 or 4 acute GVHD
occurred in 44% and 23% of patients, respectively, with
the 1-year incidence of chronic GVHD at 41%. There

were 3 patients who died of early acute GVHD, and 1
patient died of hepatic sinusoidal obstruction syndrome.
In addition, a noninfectious febrile syndrome developed
in 7 patients shortly after transplant that required a pro-
longed course of corticosteroids. Circulating lymphocyte
subsets from 17 patents showed decreased numbers of
PD-1-positive T cells and decreased ratios of T-regulatory
cells to conventional CD4 and CD8 T cells. The authors
therefore concluded that allo-HCT after CPI is feasible
and has a low rate of relapse, but that early immune tox-
icities may occur and should be considered.

In a study of haplo-identical and matched donor
allogeneic transplants with post-transplant cyclophos-
phamide for GVHD prophylaxis, Schoch and colleagues
concluded that the incidence and severity of GVHD were
similar with and without exposure to CPI, either before
or after allo-HCT.* Patients included in this study had a
variety of diseases, including 11 with lymphoma (8 HL,
1 DLBCL, 1 PTCL, 1 mycosis fungoides), and most had
previously been treated with nivolumab (n=11) or ipilim-
umab (n=12). Most of the patients (12/19) had received
CPI more than 90 days before or more than 90 days after
allo-HCT. Of the 11 patients who received CPI before
allo-HCT, grade 2 acute GVHD developed in 4, stage 3
skin involvement in 3, and stage 3 skin and stage 1 liver
involvement in 1 patient. In all patients, acute GVHD
resolved with treatment, and chronic GVHD developed
in none. Among the 9 patients with post—allo-HCT CPI,
grade 2 acute GVHD with stage 3 cutaneous involvement
developed in 1 after a donor lymphocyte infusion, but no
other GVHD was seen.

Overall, CPI in the allo-HCT setting has been effec-
tive in disease control, but the risk for GVHD must be
modulated—for example, by increasing the time between
CPI and allo-HCT or by using additional GVHD pro-
phylaxis, such as post-transplant cyclophosphamide. Pro-
spective evaluation will be important. We have included
our current recommendations in Table 2.

Additional Considerations

IrAE:s are particular to the CPIs, and careful monitoring
for their development is required.®-' IrAEs can affect
any organ system; the most common are cutaneous
problems (primarily rashes and vitiligo) and endocrine
abnormalities (hypothyroidism, hypophysitis, adrenal
insufficiency, and diabetes). More serious side effects can
include colitis, pneumonitis, hepatitis, and neurologic
symptoms. As described previously, irAEs tend to be
more frequent and severe after ipilimumab than with
the PD-1 and PD-L1 inhibitors. Oral corticosteroids
are the treatment of choice for mild symptoms, whereas
hospitalization and intravenous corticosteroids or other
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immunosuppressive agents such as mycophenolate
mofetil and infliximab (Remicade, Janssen) may be
needed for higher-grade irAEs. Prophylaxis for infections
with organisms such as Prneumocystis jiroveci should be
considered for patients with an expected prolonged need
for corticosteroids. Mason and colleagues conducted a
single-center analysis of costs related to toxicities from
either nivolumab or pembrolizumab in patients with
a variety of cancers; they found that the average costs
of care were $640 and $4784 higher in patients treated
with nivolumab and pembrolizumab, respectively, than
in those without toxicities. Primary cost drivers were
different; inpatient stays and radiation therapy were
responsible for the difference with pembrolizumab, and
outpatient visits and additional pharmacy costs were
responsible for the difference with nivolumab.’? These
differences may be due to the timing of treatment and
the diseases included, but it is important to keep them
in consideration.

Biomarker-driven use of CPI has been an attractive
proposition. In many tumor types, response rates with
PD-1 inhibitors are higher in those with immunohis-
tochemical detection of PD-L1 than in those without
PD-L1 expression.” Increased PD-L1 expression has been
found to be more common in HL, PMBL, T-cell-rich
B-cell lymphoma, EBV-associated DLBCL, plasmablastic
lymphoma, extranodal NK/T-cell lymphoma, human
herpesvirus 8 (HHV-8)-associated primary effusion lym-
phoma, and post-transplant lymphoproliferative disease.”
Genetic amplification of chromosome 9p23-24 (encoding
PD-L1 and PD-L2), latent membrane protein 1 (LMPI,
an EBV oncoprotein) simulated immune escape, activator
protein 1 signaling, and tumor microenvironment inter-
feron gamma production can increase the expression of
PD-L1 on tumor cells.>>*¢ Correlative studies alongside
the pivotal HL trials with pembrolizumab and nivolumab
have shown high degrees of PD-1 expression in tumor tis-
sues.’** Roemer and colleagues showed that all of the 96
tumor samples from the CheckMate 205 trial had genetic
alterations of 9p24.1 and copy number—dependent
increased expression of PD-L1 in Hodgkin Reed-Stern-
berg cells.”” In extranodal NK/T-cell lymphoma, PD-L1
positivity was associated with low IPI score, normal serum
lactate dehydrogenase levels, and a trend toward better
OS.8 The degree of staining required for a result to be
considered positive and the effect on therapy timing and
choice remain under investigation for most lymphomas.

Inidal trials noted the development of a tumor
flare or pseudo-progression on restaging imaging studies
prompted an update of the Response Evaluation Ciri-
teria in Solid Tumors (RECIST) criteria, known as the
immune-related response criteria.” A proposed frame-
work incorporates the immune-related response criteria

CHECKPOINT INHIBITION IN LYMPHOMA

Table 2. MSKCC Recommendations for Checkpoint
Inhibition and Allogencic Transplant for Advanced-Stage
Relapsed/Refractory Hodgkin Lymphoma

For all patients at initiation of CPI, conduct HLA typing
and refer for potential allogeneic stem cell transplant.

If CR on CPI, continue for 3 additional months.

¢ If CR is maintained, stop therapy and monitor.

* Restart if disease progresses and refer for consideration of
allogeneic transplant.

If PR on CPI, continue therapy based on clinical situation.
* Conversion to CR is still possible.
* Refer for consideration of allogeneic transplant.

If stable disease on CPI, continue therapy until definitive

disease progression.

* CRis unlikely to occur with further treatment.

* On progression, consider MOPP (or MOPP-like)
chemotherapy vs clinical trial.

* Refer for consideration of allogeneic transplant if PR is
achieved.

CPI, checkpoint inhibition; CR, complete remission; HLA, human
leukocyte antigen; MOPP, mechlorethamine, vincristine, procarbazine,
and prednisone; MSKCC, Memorial Sloan Kettering Cancer Center;

PR, partial remission.

into the current Lugano classification for lymphoma
response.”’ The term indeterminate response was added
to allow continuation of therapy until confirmation of
actual progression, and additional prospective validation
of these criteria is ongoing,.

Future Directions

Radiotherapy along with CPI can enhance systemic anti-
tumor immunity by augmenting the immune response. It
works by causing tumor cell death, which leads to down-
stream dendritic cell activation, antigen cross-presenta-
tion, and cytotoxic T-cell activation and proliferation.®"*?
To take advantage of this combination effect, Memorial
Sloan Kettering Cancer Center is conducting a clinical
trial of pembrolizumab and involved-site radiation ther-
apy (ISRT) for early-stage relapsed or primary refractory
HL. The goal is to cure disease without the toxicity of
either a large radiation field or additional chemotherapy
and stem cell transplant (NCT03179917). Other ongo-
ing trials include Lymvac-2, which is evaluating the use of
sequential intratumoral injections of low-dose rituximab,
autologous dendritic cells, pembrolizumab, and local
radiotherapy for FL (NCT02677155).

The intestinal microbiome is now becoming widely
studied across the medical field, especially in relation
to the immune system and anticancer therapy; a higher
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abundance of particular bacteria and alterations in overall
diversity are associated with increased relapse risk.®* Two
recent studies have evaluated the effect of the microbiota
in the setting of CPI and found that CTLA-4 blockade
is dependent on Bacteroides species, and the antitumor
effects of anti-PD-L1 therapy are associated with Bifido-
bacterium.*® The mechanisms and therapeutic implica-
tions of these results require additional investigation.*”%®

A multitude of alternative targets in the immune
checkpoint pathways and tumor microenvironment are
also under investigation.®” Costimulatory proteins such as
CD40 on antigen-presenting cells and OX40 and CD37
on T cells participate in regulating the T-cell and macro-
phage effector interaction. Urelumab, an anti-CD137 fully
humanized IgG4 monoclonal antibody, is being tested in
combination with nivolumab in relapsed/refractory B-cell
NHL (NCT02253992). Dacetuzumab and lucatumumab
are 2 humanized anti-CD40 monoclonal antibodies that
are in early-phase testing. T-cell exhaustion has been shown
to be reversed by blocking lymphocyte activation gene 3
(LAG3), and LAG3 blockage is currently being studied in
combination with nivolumab (NCT01968109). CA-170,
a first-in-class oral small molecule that directly targets both
the PD-1/PD-L1 pathway and a second checkpoint, the
V-domain Ig suppressor of T-cell activation (VISTA) path-
way, is in phase 1 testing (NCT02812875). Studies of an
inducible T-cell costimulator (ICOS) agonist, a killer cell
immunoglobulin-like receptor 3DL2 (KIR3DL2) antago-
nist, and a stimulator of interferon genes (STING) agonist
are also under way (NCT02520791, NCT02593045, and
NCT02675439). These and other combinations can pro-
vide future therapeutic options to augment the antitumor
immune response.

Conclusion

CP1I disrupts immunologic homeostasis to re-engage the
T-cell-mediated destruction of lymphomas. CPI has been
shown to be very active, with high response rates and pro-
longed durations of remission, in certain lymphoma sub-
types, especially those with a high rate of PD-L1 expres-
sion by immunohistochemistry, such as HL and PMBL. It
has benefit in other lymphoma subtypes as well. Toxicities
with these agents are unique and can resolve with early
detection and treatment. Overall, CPI use has expanded in
the approved settings, and much investigation in this field
continues throughout the lymphoma disease course, with
the results of ongoing trials eagerly awaited.
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