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Abstract

For patients with relapsed or refractory classical Hodgkin lymphoma (cHL), salvage
chemotherapy followed by consolidation with autologous stem cell transplant (ASCT) remains the
standard of care. Even with this aggressive treatment strategy, 5-year progression-free survival is <
50%, and there remains interest in maintenance strategies to improve long-term disease-free
survival. Lenalidomide is an immunomodulatory agent with demonstrated activity in multiple
subtypes of lymphoma including cHL, and has also been shown to improve both progression free
and overall survival as maintenance therapy after ASCT in multiple myeloma. This multicenter
study evaluated maintenance lenalidomide after ASCT for patients with cHL. Patients were
enrolled 60-90 days post-transplant and received oral lenalidomide on days 1-28 of 28-day cycles
for a maximum of 18 cycles. Lenalidomide was started at 15 mg daily and increased to maximum
of 25 mg daily if tolerated. The primary objective of this study was to assess the feasibility of this
regimen, with a goal < 30% rate of discontinuation at or before cycle 12 for drug-related reasons.
Twenty-seven patients were enrolled and 26 received at least one dose of lenalidomide. With a
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median follow-up of 51.3 months (range 12.2 — 76.2 months), 23 of 26 patients were alive. Median
event-free survival was 9.4 months and median progression free survival had not been reached,
with 17 of 26 patients (65.4%) remaining in remission at last follow-up. Excluding four patients
who discontinued therapy for progression and two who discontinued due to hon-compliance, the
discontinuation rate at or before cycle 12 was 52%. Treatment was complicated by a high
frequency of hematologic adverse events, with 15 patients (58%) experiencing grade 3—4
hematologic toxicity and 5 (19%) experiencing grade 4 hematologic toxicity. We conclude that the
regimen of maintenance lenalidomide explored in this study is not feasible for cHL patients
immediately following ASCT. An alternative lenalidomide dose or schedule may be better
tolerated following ASCT for patients with rel/ref cHL.
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Introduction

Classical Hodgkin lymphoma (cHL) is an uncommon lymphoma that affects primarily
younger individuals, with a median age at diagnosis of 39 years. Substantial improvements
in therapy over the past several decades have resulted in a 5-year overall survival of
approximately 90% for those diagnosed between ages 20 and 64 (1). For patients refractory
to first-line chemotherapy or who relapse after initial treatment (rel/ref cHL), outcomes are
considerably worse. Salvage high-dose chemotherapy followed by autologous stem cell
transplant (ASCT) is the standard of care and retrospective analyses suggest a 5-year
progression free survival (PFS) of approximately 48% with this treatment strategy (2). Two
randomized trials have demonstrated improvements in PFS with high-dose chemotherapy
followed by ASCT relative to chemotherapy alone in rel/ref cHL, although neither
demonstrated improvement in overall survival (OS) (3, 4). Maintenance therapy with
brentuximab vedotin (BV) post-transplant has likewise been shown to improve PFS but not
OS in high-risk patients with rel/ref cHL (5).

Our current understanding of the pathophysiology of cHL supports the use of
immunomodulatory treatment approaches in this disease. Malignant RS cells are situated
within an array of reactive lymphocytes that may protect RS cells from apoptosis and
immunosurveillance. In lymph nodes from cHL patients, CD4* T-cells with a regulatory
phenotype predominate, whereas CD4* Ty1 cells and CD8* cytotoxic T-cells are under-
represented. RS cells are thought to promote this dysregulated microenvironment by
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secretion of cytokines that promote T2 responses and inhibit Ty, cytotoxic T-cell, and
NK-cell responses (6). Constitutive signaling through tumor necrosis receptor (TNFR)
family members, due to both autocrine production of TNFa by RS cells and production of
other TNFR ligands by surrounding cells, leads to constitutive activation of nuclear factor
kB (NF-kB) signaling and promotes RS cell survival (7). Increased vascularization and
angiogenic signaling has also been described in cHL lymph node samples, suggesting a role
for antagonism of vascular endothelial growth factor (VEGF) signaling in treatment of this
disease (8, 9). Lenalidomide is a thalidomide derivate with powerful immunomodulatory
properties. It is a potent inhibitor of TNF-alpha signaling (10) and has been shown to
augment both CD8" T-cell and NK cell activity in vitro (11-13). In addition, lenalidomide
has anti-angiogenic properties that could help counteract the increased VEGF signaling that
characterizes cHL lymph nodes (14, 15).

Lenalidomide has clinical activity in a variety of B-cell malignancies including both indolent
and aggressive non-Hodgkin lymphoma (16-20). A phase Il trial demonstrated single-agent
efficacy for lenalidomide in patients with rel/ref cHL. In this multicenter study, 38 patients
with rel/ref cHL were treated with lenalidomide 25 mg/day on days 1-21 of 28-day cycles,
with an overall response rate (ORR) of 19% and a cytostatic ORR of 33%. Therapy was
overall well-tolerated, with the most common grade 3—4 adverse events (AES) being
neutropenia (47%), anemia (29%), and thrombocytopenia (18%) (21). Lenalidomide was
also evaluated in the rel/ref HL setting on a continuous (non-interrupted) schedule, resulting
in a higher ORR but similar cytostatic ORR and tolerability (22). Furthermore, lenalidomide
has been shown to be safe, well-tolerated, and effective as maintenance therapy in multiple
myeloma, including in the post-ASCT setting (23-26). We hypothesized that post-ASCT
lenalidomide maintenance might improve long-term outcomes in rel/ref cHL, if tolerable.
Here, we performed a single-arm prospective study to examine the feasibility of
maintenance lenalidomide after ASCT in rel / ref cHL.

Materials and Methods

Patient Eligibility
Patients age = 18 years of age with pathologically confirmed cHL per World Health
Organization (WHO) criteria (27) were eligible for this study. Patients must have had disease
that was relapsed or refractory after at least one previous line of systemic therapy. Patients
also must have undergone ASCT between 60 and 90 days prior to study registration. Patients
with progressive disease during salvage chemotherapy or following ASCT were excluded.
Additional inclusion criteria included Eastern Cooperative Oncology Group (ECOG)
performance status < 2 and adequate renal (serum creatinine < 1.5X institutional upper limit
of normal, ULN), hepatic (AST and ALT < 3X ULN and total bilirubin < 1.5 mg/dL), and
hematologic (absolute neutrophil count = 1000 / uL and platelets = 30,000 / uL) function.
Patients who were pregnant or breastfeeding were not eligible. The study was conducted in
accordance with the Declaration of Helsinki, was approved by the institutional review board
of all participating institutions, and all patients provided written informed consent.
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Study Design and Treatment

This was an open-label multicenter pilot study of oral lenalidomide given on days 1-28 of
28-day cycles (ClinicalTrials.gov, identifier NCT01207921). Lenalidomide was provided by
the manufacturer (Celgene). It was initiated at a dose of 15 mg daily (dose 0) and then
escalated to 20 mg daily (dose +1) if dose O was tolerated during cycle 1. Escalation to a
maximum dose of 25 mg daily (dose +2) was likewise permitted if dose +1 was tolerated
during the previous cycle. Dose reductions were allowed in 5 mg increments to a minimum
dose of 5 mg daily (dose —2). No dose re-escalation was permitted. Criteria for starting the
next cycle of therapy were as follows: ANC = 1000 / uL, platelet count = 30,000 / L,
resolution of lenalidomide-related rash, hypersensitivity reaction, or cardiac arrhythmia to
grade < 1, and resolution of any other drug-related AE to grade < 2. If these criteria were not
met, therapy was held and patients were re-evaluated weekly. Once the above criteria were
met, lenalidomide was resumed at the next lower dose level. If these criteria were not met at
the 5 mg dose, lenalidomide therapy was discontinued. Patients were also removed from the
study if any of the following occurred: desquamating rash of any grade, grade = 3 cardiac
toxicity, any other grade 4 toxicity, pregnancy, or disease progression. Patients were
otherwise continued on lenalidomide for a maximum of 18 cycles. Growth factor support
was not required but was allowed at the discretion of the treating physician. Aspirin (81 or
325 mg), or prophylactic Lovenox or heparin for those with contraindications to aspirin, was
required for those receiving concomitant erythropoiesis-stimulating agents and suggested for
those deemed by the treating physician to be at high risk of thrombosis. AEs were evaluated
and coded according to the National Cancer Institute Common Terminology Criteria for
Adverse Events version 4.0.

Response Criteria and Statistical Analysis

The primary endpoint of this study was feasibility of drug administration as defined by drug-
related drop-out rate, or the proportion of patients who stopped lenalidomide for drug-
related reasons at or before 12 months of therapy. A drop-out rate less than or equal to 30%
was set as the threshold to consider this a feasible regimen for further study. Fleming’s one-
stage design was used with a target enrollment of 28 patients based on an a of 0.10 and a
power of 0.93 to test the null hypothesis that the drop-out rate is = 0.55 vs the alternative that
it is < 0.3. Secondary outcomes included OS, event-free survival (EFS, defined as time from
the first dose of study drug to treatment failure, recurrence, or death due to any cause), PFS,
defined as time from the first dose of study drug to progression or death due to disease, and
the nature and frequency of drug-related AEs. The rate of conversion from SD post-ASCT to
PR or CR or from PR post-ASCT to CR was an additional secondary endpoint. Responses
were classified based on the revised International Working Group Criteria (28). For the
primary endpoint we included all enrolled patients, excluding one patient who was found to
be ineligible due to receipt of mediastinal radiation (n7= 27). For safety analysis, we
included all patients who met enrollment criteria and received at least one dose of the study
medication (1= 26). Though data on all AEs was collected, only those AEs determined by
the investigators to be at least possibly related to the study medications were included in
analysis. For secondary efficacy endpoints, we included all enrolled patients who met
eligibility criteria and had adequate follow-up data, including one patient who did not
receive any of the study medication due to being lost to follow-up (7= 26).
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Patient demographics and baseline attributes

From February 2013 to March 2016, 32 patients were consented and four were found to be
ineligible prior to initiation of therapy, with reasons for screen failures as follows: elevated
AST/ALT, insurance denial of study participation, biopsy-proven relapse prior to initiation
of lenalidomide, and withdrawal of consent prior to initiation of therapy. A fifth patient was
found to be ineligible due to receipt of mediastinal radiation, initiated with local providers
concurrently with start of lenalidomide. Twenty-seven eligible patients were therefore
enrolled and treated on this study. The median age at time of study enrollment was 35 years
(range 20 — 70). Fourteen patients had primary refractory disease and 13 had relapsed
disease. Of the relapsed patients, 6 of 13 relapsed less than 12 months after first remission
and 5 had extra-nodal disease at relapse. The conditioning regimen for all 27 patients was
BEAM (BCNU, etoposide, cytarabine and melphalan). Post-transplant and before initiation
of lenalidomide, 24 patients (89%) achieved a CR per revised International Working Group
Criteria (28), 2 achieved a PR, and 1 achieved SD. Of the patients who achieved less than
CR after transplant, two had negative PET-CT prior to transplant and had residual masses on
post-transplant CT. One had a positive PET before transplant and had near resolution of all
FDG-avid lesions after transplant. Patient characteristics are listed in Table 1.

Adverse events and tolerability

The median number of cycles of lenalidomide administered was 7 (range 0 — 18). Of the 27
patients evaluated for the primary endpoint, 4 discontinued therapy due to progression and 2
for non-compliance. Of the remaining 21, 10 completed 12 months of lenalidomide. Reasons
for discontinuation were hematologic toxicity (/7= 7) and non-hematologic toxicity (7= 4).
Specific non-hematologic toxicities resulting in drug discontinuation were pneumonia and
atrial fibrillation (1 patient), venous thromboembolism and headache (1 patient), renal
failure, hypokalemia and rash (1 patient) and pancreatitis (1 patient). Specific hematologic
toxicities resulting in drug discontinuation were neutropenia (7= 5) and neutropenia +
thrombocytopenia (/7= 2). Though this study permitted the use of growth factors, treating
providers opted for dose reduction as opposed to growth factor support for neutropenia. The
drop-out rate before 12 months of therapy was 52% (11 of 21). Only 7 of 21 patients (33%)
completed the full 18 cycles of therapy. For the 7 patients who completed 18 months, 2
tolerated lenalidomide at planned maximum dose (25 mg daily). The remaining patients
required dose reductions to 10 mg (1 patient) or 5 mg (4 patients). Hematologic toxicities
were common in this patient population. When considering only patients who received at
least one dose of lenalidomide, 15 of 26 patients (58%) experienced grade 3—4 hematologic
toxicity, with 5 (19%) experiencing grade 4 hematologic toxicity. Half of all patients
experienced grade = 3 neutropenia. The most frequent non-hematologic toxicities (any
grade) were elevated transaminases (39%), fatigue (35%), hypokalemia (31%), infection
(31%), and rash (27%). The only grade = 3 non-hematologic toxicity seen in more than one
patient was hypokalemia (4 patients, 15%). Adverse events are summarized in Table 2.
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Patient response and secondary outcomes

Of the 27 patients enrolled in this study, adequate follow-up data was available to assess
treatment response in 26 patients. With a median follow-up of 51.3 months (range 12.2 -
76.2 months), 23 of 26 patients were alive. Median event-free survival (defined as time from
first dose of study drug to treatment failure, progression, or death, with treatment failure
including discontinuation of the study drug for any reason) was 9.4 months and median PFS
had not been reached, with 17 of 26 patients (65.4%) remaining in remission at last follow-
up (Figure 3). When patients who discontinued lenalidomide prior to cycle 12 for
progression were excluded, there was no difference in PFS between those who did and did
not complete 12 cycles of lenalidomide, though the number of events in both groups was
small and not powered for this analysis (Figure S2).

Discussion

In this multicenter study of maintenance lenalidomide after ASCT for rel/ref cHL, we
observed a high drop-out rate prior to completion of 12 cycles of lenalidomide. Excluding
the four patients who discontinued lenalidomide maintenance due to progression and the two
who discontinued due to non-compliance, 10 of 21 patients (47.6%) completed 12 cycles of
therapy. Furthermore, only 3 of these 10 patients were able to continue at the maximum dose
of 25 mg daily, with the others requiring dose reductions. Our data is in contrast to the
collective experience with post-transplant lenalidomide maintenance in multiple myeloma,
where single-agent lenalidomide is relatively well-tolerated. In a meta-analysis compiling
data from three major trials of post-transplant lenalidomide maintenance in multiple
myeloma, the median duration of treatment was 28 months with lenalidomide vs 22 months
with placebo or observation (26). 29.1% of lenalidomide-treated patients discontinued
lenalidomide due to treatment-related AEs vs 12.2% of patients randomized to placebo or
observation. As in our study, the most common class of AEs leading to treatment
discontinuation was hematologic, specifically neutropenia and thrombocytopenia. The
superior tolerability of post-transplant maintenance in the multiple myeloma setting may be
in part explained by dosing. In three major trials of post-transplant lenalidomide in multiple
myeloma, patients were treated with 10 mg daily on days 1-21 of 28 day cycles (29), 10 mg
daily continuously with maximum target dose 15 mg daily (23), or 25 mg daily on days 1-
21 of 28 day cycles for two cycles as consolidation, followed by maintenance with 10 mg
daily continuously with option to escalate to maximum target dose of 15 mg daily (24). In
cHL, an alternative dosing strategy such as interrupted treatment on days 1-21 of 28-day
cycles, or possibly the addition of growth factor support, might improve tolerability relative
to the dosing regimen employed in the current study.

This study had a relatively small sample size with feasibility as the primary outcome, and
there were too few patients with less than CR post-transplant to evaluate the effect of
lenalidomide maintenance on improving the best response achieved after ASCT. It would be
interesting to study a larger cohort of cHL patients post-ASCT to see if lenalidomide might
improve the best response achieved, as has been suggested in several other lymphoid
malignancies (19, 20, 30), or to employ newer strategies for disease follow-up including
circulating tumor DNA that might be more sensitive in detecting deepening of response (31).
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One notable finding from this study is the excellent long-term survival outcomes in a high-
risk cohort of rel/ref cHL patients. With a median follow-up of 51.3 months (range 12.2 —
76.2 months), median PFS had not been reached, with 17 of 26 patients (65.4%) remaining
in remission and 23 of 26 patients (88.5%) alive at last follow-up, including 6 who
experienced relapse after ASCT. In comparison, a retrospective study of 414 patients with
cHL who underwent autologous transplant between 1989 and 1995 revealed three-year OS
rates of 58% and 75% for those transplanted in first relapse and in second CR, respectively
(32). In our study, prolonged OS despite progression post-ASCT likely speaks to the
availability of highly effective salvage therapies including BV and anti-PD1 monoclonal
antibodies that have transformed contemporary treatment of rel/ref cHL.

The role of maintenance lenalidomide in the current treatment landscape for cHL is unclear.
After this study was opened, results of the AETHERA trial have led to widespread adoption
of consolidation with BV after ASCT in high-risk patients with cHL. In AETHERA, BV
was overall well-tolerated, and although 67% of patients experienced peripheral neuropathy
(any grade), neuropathy improved with long-term follow-up in 90% and resolved in 73% of
affected patients (5). The risk of secondary primary malignancies (SPMs) in lenalidomide-
treated patients remains a significant concern as well. In a meta-analysis of randomized trials
comparing lenalidomide maintenance with observation or placebo after ASCT in multiple
myeloma, the incidence of SPMs was higher in lenalidomide-treated patients, though the
risk of developing progressive disease remained higher than that of developing an invasive
SPM in both the lenalidomide and observation / placebo groups, and an overall survival
benefit was still seen with lenalidomide maintenance (26). In cHL, which affects an overall
younger patient population, it is unclear if the same risk-benefit balance would apply.

In summary, in a multicenter study of maintenance lenalidomide after ASCT for patients
with rel/ref cHL, 52.4% of patients discontinued therapy for drug-related reasons before
completing twelve cycles of maintenance therapy. Therapy in this patient population was
complicated by relatively high rates of = Gr 3 hematologic toxicity as well as non-
hematologic toxicities. Lenalidomide at the dose and schedule employed in this study (5 to
25 mg daily given continuously for up to 18 28-day cycles) is not a feasible post-ASCT
maintenance regimen in rel/ref cHL. It is possible that other schedules of administration
(lower target doses, dosing on days 1-21 of 28-day cycles) might prove more tolerable.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. We performed a pilot clinical trial to determine the feasibility of maintenance
lenalidomide post ASCT in relapsed/refractory cHL
. An unexpectedly high frequency of hematological toxicities resulting in early
lenalidomide discontinuation was observed
. The lenalidomide maintenance dose and schedule used in this study are not

feasible in rel/ref cHL
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Figure 2.
Swimmer’s plot demonstrating the duration and doses of lenalidomide (given continuously

on 28-day cycles) for all patients evaluable for the primary endpoint (/7= 27). Reasons for
discontinuation of therapy are indicated for those who completed less than 18 cycles.
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Figure 3.
Kaplan-Meier plots demonstrating a) event-free survival (EFS, defined as time from the first

dose of lenalidomide to treatment failure, recurrence, or death due to any cause, with
treatment failure including discontinuation of the study drug for any reason) b) progression-
free survival (PFS, defined as time from the first dose of lenalidomide to progression or
death due to disease) and c) overall survival (OS), for all patients evaluable for these
endpoints (7= 26). Patients in remission at the time of last follow-up were censored at this
time point. With a median follow-up of 51.3 months (range 12.2 — 76.2 months), median
EFS was 9.4 months and median PFS and OS had not been reached. Twenty-three of 26
patients (88.5%) were alive at last follow-up, including 6 who experienced progression after
ASCT.
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Table 1.
Patient demographics (7= 27).

Sex, n (%)

Male 17 (63.0)

Female 10 (37.0)
Age (years)

Median 35.0

Range 20-70
Histology, n (%)

Nodular sclerosis 14 (51.9)

Mixed cellularity 2(7.4)

Classical, not-otherwise-specified 11 (40.7)
Disease status, n (%)

Relapsed 13 (48.1)

Refractory 14 (51.9)
ECOG Performance Status

0 20 (74.1)

1 7(25.9)
Relapse < 12 months after frontline therapy?

Yes 6(22.2)

No 7(25.9)

Not applicable (refractory) 14 (51.9)
Extra-nodal disease at relapse, n (%)

Yes 5(18.5)

No 7(25.9)

Unknown 1(3.7)

Not applicable (refractory) 14 (51.9)
B symptoms prior to ASCT, n (%)

Yes 5 (18.5)

No 20 (74.1)

Unknown 2(7.4)
Result of Pre-transplant PET-CT, n (%)

Positive 9(33.3)

Negative 15 (55.6)

Not applicable (not performed) 1(3.7)

Unknown 2(7.4)
Response to Salvage Chemotherapy, n (%)

PR 8 (29.6)

CR 19 (70.4)

Disease Status Following ASCT, n (%)
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SD 1(3.7)

PR 2(7.4)

CR 24 (88.9)
Hematologic parameters at registration (median, range)

ANC (x 108 cells/uL) 3.3(1.7-10.1)

Platelet count (cells/pL)

166,000 (62,000 — 369,000)

Hemoglobin (g/dL)

12.3(7.7-14.7)

Abbreviations: ANC — absolute neutrophil count; ASCT — autologous stem cell transplantation; CR — complete response; PET-CT — position
emission tomography — computed tomography; PR — partial response. PET scans were classified as positive or negative per International Working

Group Criteria (28, 33).
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Table 2.

Treatment-related AEs in 26 relapsed / refractory HL patients receiving lenalidomide maintenance after
ASCT, 11(%)

Characteristic Grade 1-2 | Grade3 | Grade4 | Total Grade 3 and 4
Hematologic
Anemia 12(462) | 227 |0 2(7.7)
Neutropenia 8(30.8) 9(34.6) | 4(15.9) 13 (50)
Lymphopenia 9 (34.6) 6(23.1) 1(3.8) 7 (26.9)
Thrombocytopenia 10 (38.5) 4 (15.4) 1(3.8) 5(19.2)
Non-hematologic
Fatigue 9 (34.6) 0(0) 0 (0) 0 (0)
Elevated AST / ALT 9 (34.6) 1(3.8) 0(0) 1(3.8)
Infection 7(26.9) 138 |0 1(3.8)
Rash 6(23.1) 1(3.8) 0(0) 1(3.8)
Musculoskeletal pain 5(19.2) 0 (0) 0 (0) 0 (0)
Creatinine elevation 4(15.4) 0 (0) 0 (0) 0 (0)
Cough 4(15.4) 0(0) 0 (0) 0 (0)
Constipation 4(15.4) 0 (0) 0 (0) 0 (0)
Psychiatric disturbance | 3 (11.5) 0 (0) 0 (0) 0 (0)
Pulmonary embolism 0 (0) 1(3.8) 0 (0) 1(3.8)
Pancreatitis 0 (0) 1(3.8) 0 (0) 1(3.8)
Laboratory
Low calcium 6(23.1) 0 (0) 0 (0) 0 (0)
Low phosphorous 0 (0) 1(3.8) 0 (0) 1(3.8)
Low potassium 4(15.4) 2(7.7) 2(7.7) 4 (15.4)
Low sodium 3(11.6) 0(0) 0(0) 0(0)

Table includes all grade 1-2 AEs occurring in at least 10% of patients and all grade =3 AEs that occurred in one or more patients. Only AEs
determined by the investigators to be at least possibly related to the study drug are displayed.
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