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Abstract

Background: The prognosis of Hodgkin lymphoma (HL) relapsing post autologous transplant (AuSCT) is poor.
Even with novel therapies, only approximately 20%-25% of patients attain complete remissions, with a median
progression-free survival (PFS) of approximately 5-15 months. Lenalidomide has been shown to have activity in
relapsed HL. We retrospectively analyzed the outcomes of patients with relapsed HL post AuSCT treated with le-
nalidomide alone or in combination with dexamethasone at our center.

Patients and methods: Records of 143 patients transplanted from November 2007 to October 2021 were re-
viewed. Of these patients, 41 (28%) relapsed, and 16 (39%) received lenalidomide alone or in combination with
dexamethasone. Data collected included demographic, pathological, staging, and prior therapy details. Le-
nalidomide was administered at 10-25 mg/day on an intermittent or continuous schedule alone or in combina-
tion with dexamethasone (20-40 mg weekly). Response was assessed using PET-CT scan in accordance with
Lugano criteria. Standard definitions were used for response, PFS, and overall survival (OS). Toxicities were
graded using Common Terminology Criteria for Adverse Events version 5.0. Statistical analysis was done using
SPSS Version 21.

Results: The median age of the patients was 25.5 years, and 10 were males. Eleven (69%) had advanced disease,
and 7 (44%) were refractory to last systemic therapy. Nine patients received lenalidomide alone and 7 with dex-
amethasone. Four (25%) had complete response, and another four (25%) had partial response, with an overall
response rate of 50%. The 3-year PFS and OS were 31% and 38%, respectively. Grade IlI/IV toxicities were only
hematological, neutropenia and thrombocytopenia in four and three patients, respectively. No therapy-related
deaths were recorded.

Conclusions: Lenalidomide alone or in combination with dexamethasone is a safe and effective therapy for re-
lapsed HL post AuSCT and results in durable response and long-term survival in approximately one-third of the

patients. However, these results needs verification in larger prospective studies.
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Introduction

Prognosis of patients with Hodgkin lymphoma (HL)
with relapsed or refractory disease after autologous
stem cell transplant (AuSCT) is poor. Such patients
have limited therapeutic options and a long-term sur-
vival of approximately 20%-30%" *. Over the last dec-
ade, several new therapeutic options (e.g., anti-CD30

antibody brentuximab vedotin or immune checkpoint
inhibitors such as nivolumab and pembrolizumab) have
become available for these patients’. Although these
agents have become available, an allogeneic transplant
is considered the only curative option for patients with
post AuSCT relapse of HL®. The availability of several
of these novel agents and improved outcomes following
allogeneic transplant have improved the outcomes of
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patients with relapsed or refractory HL (RRHL) post
AuSCT in recent years’. However, all these treatments
are extremely costly and/or morbid and are infeasible
for the majority of patients in low- and middle-income
countries, such as India. Lenalidomide is an anti-
neoplastic drug with immunomodulatory and several
other anti-neoplastic properties’ Apart from its approved
indications for multiple myeloma and myelodysplastic
syndrome (especially those with del 5q abnormality),
lenalidomide has been used in several other hematologi-
cal malignancies'™". It is also effective in HL, either
alone”™ or in combination with other drugs™*. How-
ever, data on the long-term outcomes of patients treated
with lenalidomide, especially those from low- and
middle-income countries, are scarce. In this study, we
retrospectively analyzed the outcomes of patients at our
center who had received lenalidomide with or without
dexamethasone for RRHL after AuSCT.

Patients and Methods

Patient selection

The pharmacy and medical records of all patients
who underwent an AuSCT for RRHL between Novem-
ber 2007 and October 2021 were reviewed. All patients
who received lenalidomide with or without dexametha-
sone for relapsed (recurrence of HL after a previous
complete remission) or progressive disease (disease pro-
gression without a previous complete remission) post
AuSCT were included in this single-center retrospective
analysis. The choice of treatment for post AuSCT re-
lapse was at the discretion of the treating clinician, and
no specific policy was followed for selecting patients
for lenalidomide-based therapy. It may be noted that,
checkpoint inhibitors were not available for a large part
of the study period, and anti-CD30 therapies such as
brentuximab were unavailable for the entire study pe-
riod. Therefore, patients with post AuSCT relapse did
not have significant treatment options available. Those
who received lenalidomide as a maintenance strategy
were excluded. Data were updated until November 30,
2021. The study was approved by the institutional eth-
ics committee (IEC-III) of Tata Memorial Centre (pro-
tocol number 900946) and was carried out in accor-
dance with the principles in the Declaration of Helsinki.
The need for an informed consent was waived off, con-
sidering the nature of the study.

Prior management

At baseline diagnosis, all patients underwent biopsy
for histopathological diagnosis. Staging work-up in-
cluded PET-CT scan (or contrast-enhanced CT scan of
the thorax and abdomen along with bone marrow bi-
opsy). Risk stratification and management was based on

the German Hodgkin study group guidelines”. The
first-line therapy was a combination therapy of adria-
mycin, bleomycin, vinblastine, and dacarbazine
(ABVD) with bleomycin replaced by etoposide
(AEVD) in patients with poor lung function at base-
line® *. Accordingly, patients with early favorable dis-
ease, early unfavorable disease, and advanced disease
received 2, 4, and 6 cycles of ABVD, respectively®.
Involved-field radiotherapy was administered to all pa-
tients with early-stage disease. It was administered to
those with advanced stage disease only in selected situ-
ations, such as residual disease with inability/unwilling-
ness to undergo immediate salvage therapy. At relapse,
restaging was done with PET-CT in all patients. Re-
lapse was confirmed with biopsy wherever indicated.
After relapse, salvage therapy was at the discretion of
the treating clinician. Gemcitabine, dexamethasone, and
cisplatin (or carboplatin)” was the preferred salvage op-
tion. However, other salvage regimens were also used.
Response was assessed typically after 2-3 cycles using
PET-CT scan. Stem cell mobilization was done using
chemo-mobilization using the subsequent cycle of sal-
vage chemotherapy. The conditioning chemotherapy for
autologous transplant consisted of lomustine, cyta-
rabine, cyclophosphamide, and etoposide (LACE) regi-
men or the BCNU, etoposide, cytarabine, and melpha-
lan (BEAM) regimen™. Post-transplant, the patients re-
mained under regular follow up with annual PET-CT
scans until 5 years post-transplant. Whenever post-
transplant relapse was suspected, PET-CT scan was re-
peated with biopsy performed when clinically indicated.

Study treatment

Lenalidomide was administered at a dose of 10-25
mg per day either on a continuous or intermittent
schedule as per the discretion of the treating clinicians.
In addition, those who received dexamethasone along
with lenalidomide received dexamethasone at a dose of
20-40 mg per week. All patients received aspirin 75 mg
per day for prophylaxis against thrombosis. All patients
who received dexamethasone along with lenalidomide
also received cotrimoxazole twice weekly for prophy-
laxis against Pneumocystis carinii pneumonia.

Study endpoints and outcome measures

Responses were assessed using PET-CT scans in ac-
cordance with Lugano criteria”?. PET-CT scans were
generally done at 3 months post start of therapy and
subsequently as per the treating clinician. Complete and
partial responses, stable disease, and progressive disease
were defined as per Lugano criteria”. Overall response
rate (ORR) was complete response (CR) + partial re-
sponses (PR). For evaluation of ORR, responses at a
specific time point were not considered because of the
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Table 1. Characteristics of the study cohort

Patient Characteristics (N=16)
Characteristics

Age

Age at diagnosis, Median (Range) 18.5 (7-33)
Age at ASCT, Median (Range) 23 (9-36)
Age at start of Lenalidomide, Median (Range) 25.5 (9-38)
Sex

Number (%)

Male 10 (62.5)
Female 6 (37.5)
Histology

Nodular Sclerosis 7 (43.8)
Mixed Cellularity 4 (25)
Classical, not otherwise specified 4 (25)
Nodular lymphocyte-predominant HL 1 (6.3)
Disease Status

Relapsed 9 (56.3)
Refractory 7 (43.8)
Stage at Diagnosis

Stage | 1(6.3)
Stage |l 5(31.3)
Stage |l 4 (25)
Stage IV 5(31.3)
NA 1(6.3)
Stage at start of Lenalidomide

Stage Il 5(31.3)
Stage Il 4 (25)
Stage IV 7 (43.8)
Site of Disease at start of Lenalidomide

Nodal Only 8 (50)
Extranodal Only 1 (6.3)
Nodal + Extranodal 7 (43.8)
Lines of prior therapies, Median (Range)* 3 (2-5)

*Salvage chemotherapy and autologous stem cell transplantation
were together considered as a single line of therapy similar to
previous studies®.

ASCT, autologous stem cell transplantation; HL, hodgkin lympho-
ma; NA, not available

retrospective design of this study. Best responses at any
time until initiation of a new therapy for HL was con-
sidered. Additionally, as described in a couple of previ-
ous papers, clinical benefit rate included patients with
stable disease for > 6 months in addition to ORR.
Progression-free survival (PFS) was defined from the
start of lenalidomide treatment until disease progres-
sion. Those patients who were progression free at their
last follow up were censored. Overall survival (OS) was
counted from the start of lenalidomide treatment until
death due to any cause, and those patients who were
alive on their last follow up were censored. For patients
undergoing allogeneic stem cell transplant after
lenalidomide-based therapy, the data for OS were not
censored at transplant because lenalidomide may in-
crease the risk of post allogeneic transplant graft versus
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host disease™ *. Toxicity was graded using Common
Terminology Criteria for Adverse Events Version 5.0.

Statistics

For all analyses, data were updated until November
30, 2021. Patient characteristics, responses, and toxici-
ties were described using descriptive statistics. PFS and
OS were calculated using Kaplan-Meier curves. Statisti-
cal analysis was performed using SPSS software Ver-
sion 21.

Results

A total of 143 patients underwent AuSCT for HL
from November 2007 until October 2021. Of these 143
patients, 41 (28%) experienced relapse post AuSCT.
Sixteen of the 41 (39%) patients received lenalidomide-
based therapy post AuSCT for relapse/refractory disease
and were included in the analysis.

Patient characteristics

Patient characteristics are shown in Table 1. The me-
dian ages at diagnosis and at the start of lenalidomide
treatment were 18.5 and 25.5 years, respectively. Major-
ity of patients were males (n = 10, 62.5%). Nodular
sclerosis was the most common histology (43.8%).
Seven patients (43.8%) were refractory to their last line
of therapy, and 11 patients had advanced disease (69%).
The patients were heavily pretreated with a median of
three lines of prior therapy (see footnote below Table
1). All patients had received ABVD/AEVD as the first-
line therapy. Salvage therapies included gemcitabine,
dexamethasone, and cisplatin in nine; ifosfamide, gem-
citabine, vinorelbine, dexamethasone/dexamethasone,
etoposide, cisplatin, cytarabine” in four; and mitoxan-
trone, ifosfamide, etoposide™ in three patients. The con-
ditioning regimen for transplant included LACE in 10
and BEAM in 6 patients. The median time to relapse
post AuSCT was 8 months. No patient had received
prior immunotherapy (nivolumab/pembrolizumab) or
brentuximab vedotin. Nine patients received lenalido-
mide alone, and seven patients received lenalidomide
with dexamethasone.

Responses, PFS, and OS

All 16 patients were evaluable for response, and the
ORR was 50% with four CR and four PR (Table 2).
One additional patient had stable disease for > 6
months, with a clinical benefit rate (CR + PR + SD > 6
months) of 56.3%. Among the four patients who at-
tained CR, three continued to remain in CR at the time
of last follow up. The median time to response and du-
ration of response among the responders were 3 and
14.5 months, respectively. With a median follow up
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Table 2. Responses in the entire study cohort of 16 patients

Response rate (N=16)

Type of Response

Number Percentage

CR
PR
ORR (CR+PR)
SD>6 Months

Clinical benefit rate (CR+PR+SD>6 Months)

SD<6 Months
PD

25
25
50
6.3
56.3
6.3
6 37.5

- © = 0 >~ b

CR, complete response; ORR, overall response rate; PR, partial response;
SD, stable disease; PD, progressive disease
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Figure 1. Progression-free survival for the entire study cohort of
16 patients

time of 28.5 months, the median PFS and OS were 6
months (95% CI, 2-10 months) and 34 months (95%
CI, 25.5-42.5 months), respectively (Figures 1 and 2).
The 3-year PFS and OS were 31 and 38%, respectively
(Figures 1 and 2). Of the 11 patients who progressed,
10 (91%) were within 12 months of the start of therapy.
Consistent with this result, the PFS curve flattened after
the first year of therapy. The clinical course of individ-
ual patients is shown in a swimmer plot in Figure 3.

Treatment beyond progression

Considering the immunomodulatory effect of Ile-
nalidomide, we also evaluated the patients who had
been continued on therapy beyond progression (similar
to what has been evaluated for checkpoint inhibitors)°.
Five patients (LO1, L0O3, L09, L13, and L14; Figure 3)
were continued on therapy beyond the PET-CT scan-
defined progression because they were clinically bene-
fiting from therapy. In these patients, the duration of
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Figure 2. Overall survival for the entire study cohort of 16 pa-
tients

therapy after progressive disease was between 8 and 24
months. One of these patients subsequently achieved a
CR (patient L09).

Toxicities and study therapy discontinuation
Overall, the treatment was well tolerated. The most
common grade 3 or 4 toxicities (Table 3) included neu-
tropenia (n = 4), leukopenia (n = 5), and thrombocy-
topenia (n = 3). Two patients had grade 2 skin toxici-
ties. One patient experienced a tumor flare reaction
(grade 2). No episodes of febrile neutropenia were ob-
served. Lenalidomide was interrupted and restarted with
reduced dose in two patients (because of cytopenia in
one patient and skin toxicity in the other patient). The
patient with tumor flare required interruption, but ther-
apy was subsequently restarted at the same dose. The
median duration of lenalidomide therapy was 11.5
months (range, 1-43+ months). Overall, 15 patients
(94%) discontinued therapy due to progressive disease
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Figure 3. Swimmers plot describing the clinical course of individual patients from the start of lena-

lidomide treatment

Table 3. Toxicities in the entire study cohort of 16 patients

Toxicities All grade Percentage Grade lll/IV  Percentage
Leukopenia 10 62.5 5 31.3
Neutropenia 10 62.5 4 25.0
Thrombocytopenia 8 50.0 3 18.8

Skin toxicities 2 12.5 0 0

Other non-hematological toxicities 1 6.3 0 0
Secondary malignancies 0 0 NA NA

NA, not applicable

(n = 10) and unrelated causes (n = 5). Among these
five patients, one (L02) discontinued because of the
non-availability of the drug during the COVID pan-
demic, one (L10) because of disseminated tuberculosis,
one (L06) discontinued while undergoing spinal sur-
gery, one (L11) after achieving CR (with total lym-
phoid irradiation), and one (L07) after achieving PR.
No patient discontinued therapy due to toxicities, and
no therapy-related deaths were recorded.

Subsequent allogeneic stem cell transplant (allo-
SCT) and post allo-SCT outcomes

Three patients (19%; 103, L04, and 1.O7) underwent
allogeneic stem cell transplant (Figure 3). Among these
three patients, the times from last dose of lenalidomide
to allogeneic HSCT were 4, 11, and 23 months respec-
tively. Two (LO3 and LO4) of these three received

nivolumab either alone (LO3) or sequentially with con-
ventional chemotherapy (L04) after failure of
lenalidomide-based therapy. One patient (LO7) received
only conventional chemotherapy. All three were in com-
plete remission at the time of allogeneic stem cell trans-
plant. All three succumbed because of transplant-related
complications - acute GVHD and subsequent bacterial,
fungal, and viral infections.

Discussion

Lenalidomide is an immunomodulatory drug with
several effects on the immune system. At a broader
level, lenalidomide can alter cytokine production, acti-
vate T cells, augment the natural killer cell function,
exert anti-angiogenic effect, and even directly affect tu-
mor cells in several hematological malignancies’. At the
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molecular level, cereblon has been identified as the tar-
get for lenalidomide”. Cereblon is a component of the
E3 ubiquitin ligase complex. When lenalidomide binds
to cereblon, it alters the substrate specificity of the E3
ubiquitin ligase complex. This phenomenon increases
the ubiquitination of different proteins (individual pro-
teins differ in different diseases) and thus enhances
their proteosomal degradation. For example, lenalido-
mide enhances the binding of Tkaros 3 (IKZF3) to this
ubiquitin ligase complex and promotes its degradation.
IKZF3 is a transcriptional repressor of interleukin-2
(IL-2); thus, its degradation increases IL.-2 production,
leading to increased proliferation of NK cells and cer-
tain subsets of T cells”. Similarly, lenalidomide de-
creases the expression of PDL-1 on the surface of lym-
phoma cells®. Although the precise targets in HL are
unclear, PDL-1 is overexpressed in Reed-Sternberg cells
in HL”.

Although a biological rationale exists, clinical data
on the outcomes of patients with RRHL treated with le-
nalidomide are scarce. From a clinical perspective, pa-
tients with RRHL after AuSCT have few effective treat-
ment options, and their prognosis is generally poor" .
Although conventional chemotherapies have been used,
their outcomes are far from satisfactory. Currently,
brentuximab vedotin and check-point inhibitors
(nivolumab and pembrolizumab) are considered the

“standard of care” in such scenarios. However, even
these treatment options fail to cure the majority of pa-
tients, and an allogeneic HSCT is often considered the
only curative option®.

The outcomes of immunotherapies and brentuximab
merit a discussion. With brentuximab, an ORR of ap-
proximately 75% and a CR rate of 34% have been re-
ported. Additionally, in the pivotal study of brentuxi-
mab, a median PFS of 5.6 months and median OS of
22 months have been reported” *. Similarly, as reported
in the CheckMate 205 trial’, the ORR and CR rates
with nivolumab were 69% and 16%, respectively. The
I-year survival with nivolumab was approximately
90%, and the median duration of response in respond-
ing patients was 16 months. Results with pembrolizu-
mab have been similar to those with nivolumab’. Other
treatment options for RRHL post autologous HSCT in-
clude conventional chemotherapies. However, the results
of conventional chemotherapy have either been poor or
similar**.

In the present study, we obtained an ORR of 50%,
CR rate of 25%, 1-year OS of 82%, and median dura-
tion of response approximately 15 months. Additionally,
similar to checkpoint inhibitors, we used lenalidomide
beyond PET-CT-defined progression; 1 of 5 patients
(20%) attained CR with continued lenalidomide. Al-
though these results cannot be compared with either of

these novel therapies because of the small numbers and
the retrospective nature of the study, they suggest that
lenalidomide is active and safe in this scenario.

A few previous studies have assessed the role of le-
nalidomide in RRHL, either alone* or in combination
with other drugs™*. In these studies, ORRs were 15%-
50% and CR rates were approximately 5%-30%. The
median PFS and OS in these studies were also similar
to those in the present study. However, these studies are
limited by their small sample sizes, which would likely
explain the differences in the results in these studies.
Therefore, whether adding agents, such as panabinostat
or temsirolimus, or others confers any additional benefit
over and above that of lenalidomide alone remains un-
clear to date. Currently, trials combining lenalidomide
with nivolumab (ClinicalTrials.gov identifier: NCT
03015896)", brentuximab vendotin (ClinicalTrials.gov
identifier: NCT03302728)", and bendamustine (Clini-
calTrials.gov identifier: NCT01412307)" in RRHL are
ongoing. A clinical trial also evaluated the combination
of lenalidomide and pembrolizumab in RRHL (Clinical-
Trials.gov identifier: NCT02875067). However, this
study was terminated prematurely when none of the six
participants who had been enrolled completed the treat-
ment, which made the safety and efficacy of this com-
bination in RRHL difficult to assess. A trial combining
pembrolizumab and lenalidomide - dexamethasone in
multiple myeloma was terminated prematurely by the
US FDA because of an unfavorable risk benefit pro-
file”. Thus, drugs for combining with lenalidomide in
RRHL must be selected carefully.

At this juncture, discussing the impact of lenalido-
mide on the outcomes of subsequent allogeneic stem
cell transplant is important because, as mentioned ear-
lier, this procedure is the only curative option in this
scenario’. Some reports suggested that lenalidomide in-
creases the risk of acute graft versus host disease after
an allogeneic stem cell transplant®. It should also be
noted that immunotherapies like nivolumab increases
the risk of acute graft versus host disease when used
prior to transplant”. Given some similarities between le-
nalidomide and nivolumab from an immunological per-
spective, lenalidomide use prior to allogeneic transplant
may also increase the risk of acute GVHD. In the pre-
sent study, all three patients who underwent allogeneic
HSCT in complete remission died of transplant-related
complications. In our patients, lenalidomide treatment
was stopped > 3 months prior to allogeneic transplant,
and two of the three patients had received nivolumab
after lenalidomide but before allogeneic transplant.
Thus, whether lenalidomide had any impact on the post
allogeneic HSCT course was difficult to determine.
Such patients who are subsequently receiving an alloge-
neic transplant may be allowed a washout period of few
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weeks to months. Whether this would help or not and
the length of the washout period warrant further investi-
gation.

Our study has some limitations, such as small sample
size and retrospective design. Nevertheless, this study is
probably one of the largest single-center cohorts for le-
nalidomide in RRHL. In addition, the data were com-
plete because no patient was lost to follow up. How-
ever, we could not evaluate the impact of sequencing of
lenalidomide because no patients had received
nivolumab/pembrolizumab or brentuximab prior to le-
nalidomide and only two patients received nivolumab
after. Therefore, this study cannot provide a particular
sequence of lenalidomide in the current era even with
the availability of several new molecules. However, in
patients where these novel agents are unavailable or in-
feasible, lenalidomide could be considered a treatment
option.

The findings of our study support the efficacy and
feasibility of lenalidomide with acceptable toxicity in
patients with RRHL post AuSCT. This treatment results
in long-term survival in approximately one-third of the
patients. Larger and prospective studies are warranted to
confirm these findings and identify the subgroup of pa-
tients who are likely to benefit the most from lenalido-
mide treatment.
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