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Background: This study explored the efficacy of lenalidomide plus rituximab for patients
with relapsed or refractory diffuse large B-cell lymphoma (DLBCL) including cases of
secondary central nervous system (CNS) involvement and transformed follicular lymphoma
(FL) in real-world context because of anti-tumor effect and blood—brain barrier permeability
of lenalidomide.

Methods: Twenty-four patients including relapsed or refractory DLBCL (n = 21) including
seven patients with secondary CNS involvement and transformed FL (n = 3) were retro-
spectively analyzed.

Results: Based on the best response, the complete response (CR) rate was 21% (5/24) and
the overall response rate (ORR) was 38% (9/24). However, as all cases of transformed FL (n
= 3) did not respond, all responders had DLBCL, and the CR and ORR rates of DLBCL were
24% (5/21) and 43% (9/21), respectively. The median number of treatment cycles was only
two (range: 1-7) due to frequent occurrence of early progression, and 18 patients died and
the cause of death was disease progression. The response rate was not significantly different
among patients with and without secondary CNS involvement. The median post-treatment
overall and progression-free survival were 7.3 and 1.8 months, respectively. Hematologic
toxicities were common adverse events, but most hematologic toxicities were manageable.
There were no serious infectious complications or treatment-related mortality.
Conclusion: Lenalidomide plus rituximab might be a salvage therapy for relapsed or
refractory DLBCL, especially in case of secondary CNS involvement. However, the addition
of other agents should be considered to prolong the duration of response.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common lymphoma in
adults,
lymphomas.'” As DLBCL is highly heterogeneous, with variable pathogenesis

accounting for more than 30% of all newly diagnosed B-cell
and cell of origin, DLBCL has been dichotomized into two major subtypes,
germinal center B-cell-like (GCB) and activated B-cell-like (ABC) according to
the cell of origin. Survival outcomes of GCB type were in general better than those
of ABC type.>* Currently, immunochemotherapy regimens including rituximab,
anti-CD20 monoclonal antibody, such as R-CHOP (rituximab, cyclophosphamide,
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doxorubicin, vincristine, and prednisone) have improved
the treatment outcome of newly diagnosed DLBCL
patients.”® Nevertheless, 30% to 40% of patients showed
disease relapse in the first two years after completion of
R-CHOP, and approximately 10% of patients developed
primary refractory disease.” In particular, patients with
high tumor burden frequently showed aggressive disease
course including central nervous system (CNS) relapse
Once DLBCL
patients relapsed or progressed, salvage chemotherapy
followed by
(ASCT) was planned for responders. However, not all

resulting in poor survival outcome.®’

autologous stem cell transplantation
patients respond to salvage chemotherapy, and the risk
of treatment-related morbidity could increase due to the

nature  of 10,11

intensive salvage chemotherapies.
Furthermore, elderly or frail patients were not eligible
for ASCT, and there was no accepted standard of care
for patients who failed after ASCT.'* As a result, there
has been unmet need for more effective and less toxic
salvage treatment than what conventional chemotherapies
can offer.

Lenalidomide, an immunomodulatory drug originally
developed for multiple myeloma, stimulates T- and natural
killer (NK) cell-mediated cytotoxicity increasing functions
of tumor-infiltrating lymphocytes and NK cells.'>'
Lenalidomide also induces the ubiquitination of transcrip-
tion factors Aiolos and lkaros leading to the inhibition of
tumor cell proliferation.'>'® Indeed, lenalidomide has
demonstrated single-agent activity for relapsed or refrac-
tory DLBCL with response rates of 19-28%.'7'® An
observational retrospective study regarding the efficacy
of lenalidomide alone (10-25 mg/day of lenalidomide for
21 days of a 28-day cycle) also showed 29.4% response
rate in 153 patients with relapsed or refractory DLBCL."
Lenalidomide was also expected to act synergistically with
rituximab by enhancing antibody-dependent cell-mediated
cytotoxicity.”” Combined treatment with lenalidomide plus
rituximab showed promising activity in patients with
relapsed or refractory DLBCL in previous Phase II
studies.”'** However, the outcome of well-designed clin-
ical trials might not reflect the real-world situation since
most trials exclude patients with poor organ function or
secondary CNS involvement as ineligible for enrollment,
the latter of which is a significant event often encountered
during the treatment of DLBCL. Likewise, histological
transformation to DLBCL can occur in follicular lym-
phoma (FL) patients with disease progression, and there

are also unmet needs for transformed FL because most

patients with transformed FL have become refractory to
salvage treatments.”

Considering the well-known blood-brain barrier perme-
ability of lenalidomide and its feasibility of use for elderly or
frail patients, the efficacy of lenalidomide and rituximab
should be studied for heavily pretreated DLBCL patients in
real-world context. However, there have been few studies on
its real-world use, especially in Asian patients. Thus, we
conducted this retrospective study to explore the efficacy of
lenalidomide plus rituximab in terms of response rate and
survival outcome in heavily pretreated patients with relapsed
or refractory DLBCL including cases of secondary CNS
involvement and transformed FL.

Methods

This study retrospectively analyzed the outcome of relapsed
or refractory patients with DLBCL and transformed folli-
cular lymphoma (FL) who received the combination regi-
men of lenalidomide and rituximab as a salvage treatment at
the Samsung Medical Center, Korea. The treatment was
conducted outside of a clinical trial context between
January 2019 and December 2020. Since this regimen was
not covered by the National Health Insurance, all patients
gave written informed consent prior to the initiation of
treatment, and paid for treatment out of pocket. The starting
dose of lenalidomide was 25 mg per day for 21 days of
a 28-day cycle, and the dosage of lenalidomide could be
reduced to 20 or 15 mg per day at physician’s discretion.
Rituximab was intravenously administered at the dosage of
375 mg/m2 on days 1, 8, 15, and 22 of the Ist cycle. After
that, the same dose of rituximab was administered on day
one of every cycle, and dose adjustments for rituximab
were not performed. Patients continued to receive the treat-
ment until disease progression or the occurrence of unac-
ceptable toxicity. We administrated 100mg of aspirin to all
patients for prophylaxis of venous thromboembolism. This
study analyzed patients with relapsed or refractory DLBCL
and transformed FL. The primary objective was the assess-
ment of overall response rate (ORR) that was defined as the
proportion of patients who achieve a complete response
(CR) or partial response (PR). The response to treatment
was evaluated using computed tomography (CT) and/or
"®E_fluorodeoxyglucose (FDG) positron emission tomogra-
phy (PET)/CT scans. Magnetic resonance imaging (MRI)
was utilized for CNS evaluation. The response to treatment
was assessed by investigators based on the Lugano
Classification.”* The secondary objective was the estima-
tion of post-treatment progression-free survival (PFS) and
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overall survival (OS), and the occurrence of treatment-
related hematologic and non-hematologic adverse events
was also assessed by the review of medical records.

Demographic information and patients’ characteristics
were obtained by the review of medical records including
age, gender, Eastern Cooperative Oncology Group (ECOQG)
performance status, Ann-Arbor stage, and serum lactate
dehydrogenase (LDH). All patient histologic diagnoses
were made by the lymphoma pathologist (JC), and the cell
of origin was determined by the Hans algorithm. However,
we performed the Lymph2Cx assay using five cases for the
comparison of two methods, and found the results were same
as that of Hans algorithm as previously reported.’ In addition,
the association of mutation profiles with outcome was
explored in patients who had data available for analysis.
After informed consent, targeted sequencing using the
HemaSCAN was performed with paraffin-embedded tissue
samples containing 425 genes related to hematological
malignancies as previously described.>>*® Briefly, genomic
DNA was extracted using a QLTAamp DNA Mini kit (Qiagen,
Valencia, CA, USA). The mean sequencing coverage was
greater than 700x. Somatic alterations including mutations,
copy number alteration, and structure variants were called
using a previously described pipeline: MuTect version 1.1.6,
Lowfreq version 0.6.1, Pindel version 0.2.5a4 software, and
a custom-built in-house algorithm were used.?*2*

For statistical analysis, demographics and patient charac-
teristics were summarized by descriptive statistics, and the chi-
square test was used for comparison of characteristics. The
Kaplan—-Meier method was used for univariate analysis of
survival outcomes, and the Log rank test was used for compar-
isons. The post-treatment OS was defined as the time from
initiation of lenalidomide and rituximab treatment to the date
of death from any cause, and was censored at the date of last
available follow-up. The post-treatment PFS was measured
from initiation of treatment to progression, relapse or death
from any cause, and was also censored at the date of last
available follow-up. All data were analyzed using the
Statistical Package for Social Sciences software, version 24.0
(IBM Corp, Armonk, NY, USA).

Results
Patient Characteristics Prior to

Lenalidomide and Rituximab Treatment

We analyzed 24 patients including relapsed or refractory
DLBCL (n = 21) and transformed FL (n = 3), and they
were treated with R-CHOP after diagnosis with the exception

of one FL patient receiving bendamustine and rituximab
(BR). However, this FL patient showed large cell transfor-
mation after the 3rd cycle of BR, and he subsequently
received R-CHOP as a salvage treatment. Thus, prior to
lenalidomide and rituximab treatment, all patients received
R-CHOP. As most patients were heavily pretreated with
salvage chemotherapies including seven cases undergoing
ASCT, the median number of prior lines of chemotherapy
was four (range: 2-9). Among 21 patients with de novo
DLBCL, the ABC type (n = 14) was more common than
GCB type (n = 7). The median age at the time of lenalido-
mide and rituximab treatment was 61 years (range: 32—78
years). All but one patient had stage IV disease, and more
than 70% of patients had high-intermediate/high risk of
International Prognostic Index (IPI) prior to lenalidomide
and rituximab treatment (Table 1). Disease status prior to
the initiation of lenalidomide and rituximab showed 17
patients had disease refractory to primary treatment, which
was defined as disease progression during treatment or
relapse within 6 months after the completion of primary
treatment (Table 1). Among the remaining seven patients
with relapsed disease, three patients relapsed within 12
months after primary treatment whereas the other four
patients relapsed more than 40 months after the first line
treatment. Accordingly, the time intervals between the first
diagnosis and the initiation of lenalidomide and rituximab
treatment were variable among 24 patients (Figure 1A). As
16 patients (67%) were previously treated with more than
three chemotherapies before receiving lenalidomide and
rituximab treatment, the time intervals between the first
relapse and the initiation of lenalidomide and rituximab
treatment were also variable (median time interval: 14.8
months, range: 7.6-99.6 months, Figure 1A). At the time of
lenalidomide and rituximab treatment, seven patients had
secondary CNS involvement (29%), and the laboratory find-
ings showed 58% of patients had anemia and 71% had
decreased platelet count (Table 1). In addition, decreased
albumin level was also observed in 42% of patients (Table 1).

Response to Lenalidomide and Rituximab

Treatment

Based on the best response, five patients showed CR
and four patients had PR whereas 15 patients showed
rapid progression. As a result, the CR rate was 21% (5/
24) and the ORR was 38% (9/24) (Figure 1B). However,
as all cases of transformed FL (n = 3) did not respond,
all responders had DLBCL, and the ORR and CR rate of
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Table | Characteristics of Patients Prior to Lenalidomide and
Rituximab Treatment

Characteristics No. (%)
Age (years) <60 8 (33)
= 60 16 (67)
Sex Male 14 (58)
Female 10 (42)
ECOG 0-I 15 (62)
=2 9 (38)
Stage 11l 1 (4)
v 23 (96)
IPI risk Low/Low-Intermediate 7 (29)
High-Intermediate/High 17 (71)
Disease status Relapsed disease 9 (37)
Refractory disease 15 (63)
Previous treatments 2 3 prior lines of therapy 16 (67)
ASCT 7 (29)
CNS involvement Presence 7 (29)
Bone marrow involvement | Presence 2 (8)
Laboratory findings Hb < 10.0 g/dL 14 (58)
PLT < 150,000 x10%/uL 17 (71)
Albumin < 3.5 g/dL 10 (42)
Creatinine > 0.9 mg/dL 6 (25)
Increased LDH > 220 IU/L | 21 (88)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; IPI, International
Prognostic Index; CNS, central nervous system; LDH, lactate dehydrogenase;
ASCT, autologous stem cell transplantation.

DLBCL were 43% (9/21) and 24% (5/21), respectively.
The median number of treatment cycles was only two
(range: 1-7) due to frequent occurrence of early pro-
gression; 18 patients died and the cause of death was
disease progression (Figure 1A). Of the six living
their
whereas the other three patients received different sal-

patients, three patients maintained response
vage therapies. Although the difference was not signifi-
cant due to small number of responders, patients with
CR or PR were higher in ABC than in GCB type
(Figure 1C). The response rate was not significantly
different among patients with and without secondary
CNS involvement; thus, three patients responded out of
seven patients with secondary CNS involvement (Figure
1D). Actually, one patient with both CNS and systemic
disease progression responded to lenalidomide and

rituximab treatment (Figure 2).

Survival After Lenalidomide and

Rituximab Treatment

As only nine patients responded, and early progression
occurred after lenalidomide and rituximab treatment in
15 patients, the median post-treatment OS and PFS were
7.3 months (95% CI: 3.8-10.8 months) and 1.8 months
(95% CI: 0.9-2.8 months), respectively (Figure 3A).
Survival outcomes based on the cell of origin showed no
difference in comparison between ABC and GCB types
although patients with ABC type showed a tendency
toward better post-treatment PFS than patients with GCB
type (Figure 3B). The survival outcomes of seven patients
with secondary CNS involvement were not significantly
different from those of patients without secondary CNS
involvement (Figure 3C). When we compared survival
outcomes of patients with early relapse, defined as the
occurrence of relapse within 12 months from the first-
line treatment, to those of patients with relapse later than
12 months, there was no significant difference, either
(Figure 3D).

Safety Outcomes

During treatment, 18 patients (75%) experienced any
grade of neutropenia and 15 patients were grade 3 or 4.
Among 15 patients with grade 3 or 4 neutropenia, six
patients (25%) had bacteremia. Although one patient had
herpes zoster during treatment, there was no cytomegalo-
virus infection or pneumocystis carinii pneumonia. The
majority of patients with neutropenia had anemia and
thrombocytopenia. Grade 3 or 4 anemia and thrombocyto-
penia was reported in 11 cases (46%) and 12 cases (50%),
respectively. Owing to hematologic toxicity, dose adjust-
ment of lenalidomide was done in four patients. There
were five cases of renal toxicity. Three patients showed
grade 1 of serum creatinine elevation (less than 1.5 times
of normal upper limit) whereas two patients experienced
grade 2 (less than 3.0 times of normal upper limit).
However, there were no cases requiring hemodialysis.

Mutation Profiles and Outcomes

Among 24 patients, targeted sequencing was done in 7
patients who had archived tissue samples available for
analysis. Although the number of patients was small, fre-
quently mutated genes were CDKN2A4, TP53, CD79B,
MYDS8S, ETSI, CDKN2B and NTRK3 (Figure 4). When
the mutation profiles were compared between two alive
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Figure 1 (A) Swimmer plot of 24 patients. The first blue bar represents the time to Ist relapse or progression of each patient whereas the gray bar represents the time
between the Ist relapse or progression and the time of beginning lenalidomide and rituximab. Accordingly, the following orange bar represents the treatment duration of
lenalidomide and rituximab, and the subsequent green bar represents survival duration after the discontinuation of lenalidomide and rituximab. (B) The response rates of
lenalidomide and rituximab based on the best response. CR: complete response; PR: partial response; PD: progressive disease (C) The numbers of responders and non-
responders are compared by the cell of origin that was determined by the Hans algorithm. Green bar: patients with germinal center B-cell type; Blue bar: patients with
activated B-cell like type (D) Responses are compared between patients who had secondary central nervous system (CNS) involvement (blue bar) and patients without CNS

involvement (green bar) at the time of starting lenalidomide and rituximab.

patients with CR and five dead patients who were refrac-
tory to lenalidomide and rituximab, the number of addi-
tional mutated genes such as in /RF4, BCL2, CCND3, and
EP300 was higher in patients with disease progression
than alive patients with CR (Figure 4).

Discussion

In this study, we analyzed the real-world, single center
data of combination treatment with lenalidomide and
rituximab as a salvage therapy for relapsed or refractory
DLBCL and transformed FL, and reported 38% of ORR
(9/24) with the CR rate of 21% (5/24). Our response rate
was comparable to that of a previous retrospective study
reporting 41% of ORR in 17 patients with relapsed or
refractory DLBCL as well as aforementioned previous
phase 11 studies (Table 2).>'*>*° Although the number of
transformed FL cases was only three in our study, they all
failed to respond. Thus, all responders (5 CR and 4 PR)
had DLBCL, and the ORR of DLBCL was 43% (9/21)
with CR rate of 24% (5/21). However, the absence of
response in our three patients with transformed FL was

different from that of the previous phase II study reporting
the ORR of 56% in nine patients with transformed FL.*?
As the number of transformed FL patients in the current
work was too small to comment on this discrepancy, the
efficacy of lenalidomide and rituximab in transformed FL
cases should be further investigated in future studies with
large study populations.

Secondary CNS involvement such as CNS relapse
remains a challenging issue in the treatment of DLBCL
because damage to the CNS, a chemo-sanctuary site, has
negative impact on the prognosis of DLBCL.’ In our
study, seven patients with secondary CNS involvement
received lenalidomide and rituximab, and three of the
seven showed response with decrease of brain lesions
(Figure 2). Thus, the response rate was not significantly
different among patients with or without secondary CNS
involvement although the number of patients with second-
ary CNS involvement was relatively small (Figure 1D).
These results implied the combined treatment of lenalido-
mide and rituximab might become a salvage treatment in
the case of secondary CNS involvement where treatment
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After 2 cycles

Figure 2 A representative case responding to lenalidomide and rituximab treatment after systemic and CNS relapse. (A and B) The PET/CT scan showed the disappearance
of multiple FDG avid lesions after two cycles of lenalidomide and rituximab. (C) The brain MRI also showed the decrease of mass lesion (blue arrows) after two cycles of
treatment.
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Figure 3 (A) Overall and progression-free survival after lenalidomide and rituximab treatment. (B) The patients with activated B-cell like type (ABC type, red line) shows
a tendency of better post-treatment overall and progression-free survival compared to the patients with germinal center B-cell type (GCB type, blue line) although their
differences are not statistically significant. (C) The post-treatment overall and progression-free survival are not different between patients who had secondary CNS
involvement (red line) and patients without secondary CNS involvement (blue line) prior to lenalidomide and rituximab treatment. (D) The post-treatment overall and
progression-free survival are not different between patients with early |st relapse (the occurrence of relapse within 12 months, red line) and late Ist relapse (the occurrence
of relapse after 12 months, blue line).
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Abbreviations: AMP, amplification; DEL, deletion; TRUNC, truncated mutation; NONTRUNC, non-truncated mutation; VAF, variant allele frequency.

options are very limited but should be consistent with
proven efficacy for primary CNS DLBCL.*

The cell of origin was also reported to be associated
with the response to lenalidomide in DLBCL because
lenalidomide could selectively kill tumor cells by targeting
interferon regulatory factor-4 in the ABC type of
DLBCL.*' Actually, the addition of lenalidomide to

R-CHOP showed promising results in single-arm phase
I studies, particularly in ABC type of DLBCL.***
A recent ECOG randomized phase II study comparing
R-CHOP with lenalidomide plus R-CHOP also demon-
strated the benefit of lenalidomide in DLBCL patients
including the ABC type.>* However, a recent Phase III
trial (ROBUST) comparing R-CHOP with lenalidomide
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Table 2 Summary of Lenalidomide and Rituximab for Relapsed or Refractory DLBCL

Disease Study Regimen ORR
Zinzani et al*' DLBCL Phase Il Lenalidomide (20 mg/d for 21 days of each 28-day cycle) 35%
(n =23) Rituximab (375 mg/m?) dI and d21 of each 28-day cycle
Elderly (Maximum: four cycles)
(2 65 years)
Wang et al* DLBCL (n=32) Phase Il Lenalidomide (20 mg/d for 21 days of each 28-day cycle) 33%
tFL (n=9) Rituximab (375 mg/m?) weekly during cycle |
FLG3 (n=4)
Ivanov et al*’ DLBCL Retrospective Lenalidomide (25 mg/d for 21 days of each 28-day cycle) 41%
(n=17) Rituximab (375 mg/m? d7 of each cycle
(Maximum: 12 cycles)
Our study DLBCL Retrospective Lenalidomide (25 mg/d for 21 days of each 28-day cycle) 38%
(n=2I) Rituximab (375 mg/m? dl, 8, 15, and 22 at the Ist cycle, then d| every cycle)
tFL (n = 3)

plus R-CHOP failed to show positive impact of lenalido-
mide on the survival outcome of patients with ABC or
non-GCB type DLBCL.?’ In our study, patients with CR
or PR were higher in ABC than GCB type and the ABC
type patients showed a tendency to better PFS than those
of GCB type although the difference was not significant
due to small number of responders (Figures 1C and 3B).
Nevertheless, our results should be cautiously interpreted
because the cell of origin was determined by the Hans
algorithm in our study.

Hematologic toxicities such as neutropenia and thrombo-
cytopenia were the common adverse events during treatment.
However, most hematologic toxicities were manageable with
supportive care. Thus, there were only four patients (16.6%)
who underwent dose reduction, and no serious infectious
complication or treatment-related mortality occurred. Thus,
the combined treatment of lenalidomide with rituximab could
be safely used for patients with relapsed or refractory
DLBCL, in particular elderly, frail patients.

Nevertheless, the median number of treatment cycles was
only two (range: 1-7) due to frequent occurrence of early
progression, and 18 patients died due to disease progression
at the time of analysis (Figure 1A). Accordingly, the median
post-treatment OS and PFS were 7.3 months (95% CI:
3.8-10.8 months) and 1.8 months (95% CI: 0.9-2.8 months),
respectively (Figure 3A). These relatively short durations of
response and post-treatment survival in our study were con-
sistent with those of the previous phase II study reporting 10
months of post-treatment OS in relapsed or refractory
DLBCL.** Considering this limited role of lenalidomide

and rituximab treatment in terms of response duration and
survival outcome, the addition of other agents should be
explored on the backbone treatment of lenalidomide and
rituximab. Indeed, there have been several efforts to increase
the response rate and prolong the duration of response by
adding nivolumab or ibrutinib to lenalidomide and rituximab
treatment.*®>” Our targeted sequencing with seven cases
showed commonly occurring mutations related to B-cell
receptor signaling pathways, such as CD79B and MYDSS,
and the number of additional mutated genes such as /IRF4,
BCL2, and CCND3 was higher in patients with disease
progression compared to living patients with CR (Figure 4).
Given this enrichment of mutations in poor responder
patients, the addition of novel agents to lenalidomide and
rituximab treatment might be a promising approach for the
treatment of relapsed or refractory DLBCL.

Taken together, our study shows that the lenalidomide
and rituximab treatment might be an effective salvage ther-
apy for relapsed or refractory DLBCL with manageable
toxicity, especially in case of secondary CNS involvement.
However, lenalidomide and rituximab treatment should be
combined with other novel agents or chemotherapy regi-
mens to improve efficacy leading to durable response.
Further investigations with larger study populations should
be conducted to determine the value of this combination.
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