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Abstract: Follicular lymphoma (FL) is an indolent (low-grade) malignancy of B cells and is
among the most common hematological cancers affecting adults. Its clinical presentation,
natural course, and severity are highly variable. Management of FL depends on the clinical
setting; most patients require multiple lines of treatment. Chemoimmunotherapy is the
standard of care for FL patients needing treatment; however, alternative treatments are
limited for refractory patients or those unfit for chemoimmunotherapy. Multiple alternatives
to chemoimmunotherapy for FL are being developed, with some showing significant pro-
mise. Lenalidomide combination with rituximab (LR) is among the most successful and
extensively studied novel approaches. LR has been compared head-to-head in clinical trials
with rituximab monotherapy and chemoimmunotherapy in the frontline and to lenalidomide
or rituximab monotherapy in the relapsed or refractory setting for the treatment of FL. Initial
reports of these nine trials have been published in the last decade, and their long-term data
will be available in the coming years. LR offered superior efficacy to either lenalidomide or
rituximab monotherapy alone. The RELEVANCE trial compared the efficacy of LR with
chemoimmunotherapy among 1030 FL patients and demonstrated similar efficacy with
a different side effect profile. Myelosuppression, rash, and fatigue were among the significant
adverse events. Most patients treated with LR received thromboprophylaxis. This paper aims
to summarize and comment on the published evidence regarding LR treatment for FL
through a literature review. The clinical trials will be presented in detail, and methodological
differences complicating their comparisons will be discussed.
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Introduction
Follicular lymphoma (FL) is the most common subtype of indolent B-cell malig-
nancies and accounts for 20 to 30% of non-Hodgkin lymphomas (NHL), with an
incidence of 2-3 cases per 100.000 persons per year. The median age of FL
diagnosis is between 59 and 65 years across different studies.'~

Indolent B-cell malignancies, also called low-grade non-Hodgkin lymphomas
have distinct clinical courses from most other cancers making their management
principles unique. The relentless tumor progression and need for immediate therapy
widely associated with cancer do not necessarily follow the diagnosis of indolent
lymphoma. Along with other indolent lymphomas, FL is expected to run a chronic
course with a preserved quality of life, interrupted by periods of increased tumor
activity that may entail antineoplastic therapy. Indolent B-cell malignancies’
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response to treatment is usually satisfactory and durable;
however, they are expected to relapse or progress follow-
ing a variable period of tumor inactivity. Allogeneic hema-
topoietic stem cell transplantation (HCT) has curative
potential in FL; however, it is rarely employed as many
patients are transplantation-ineligible due to old age or
donor unavailability by the time it may be indicated.’
Thus, indolent lymphomas are practically considered
incurable. Another exceptional feature of low-grade lym-
phomas is the risk of transformation to high-grade lym-
phomas, which may occur any time from the diagnosis.
There are no prospective studies showing that large-cell
transformation is avoidable with therapy; however,
a retrospective analysis suggests this risk was lower in
patients who received rituximab.* In this context, the nat-
ural course of the patient inflicted by FL may range from
minimally symptomatic, stable disease for many years; to
life-threatening tumor progression within weeks.

Local therapy options are limited to rare patients with
early-stage FL. Most patients have advanced disease at the
time of the diagnosis, but not all need treatment. The
Groupe d’Etude des Lymphomes Folliculaires (GELF)’
or British National Lymphoma Investigation (BNLI)® cri-
teria can guide assessing a patient’s need for systemic
therapy; however, this is a highly individualized measure
and will be discussed later.

Chemoimmunotherapy with an anti-CD20 monoclonal
antibody (rituximab) added to a cytotoxic chemotherapy
backbone (cyclophosphamide, doxorubicin, vincristine,
prednisone (CHOP) combination or bendamustine) has
become a worldwide recommendation for the medically
fit patients with advanced FL at the first-line or in the late-
relapse settings. However, chemoimmunotherapy may not
be efficient in patients with chemo-resistant disease, early
relapse after chemoimmunotherapy, and those heavily pre-
treated due to multiple relapses. Cytotoxic treatments may
also be unsuitable due to patients’ old age, comorbidities,
prior toxicities, and personal expectations from medical
care. Considering the chronic nature of the disease, pre-
servation of the quality of life is also a priority, making
practical administration routes and favorable side effect
profiles other attractive features for FL treatments. Thus,
the availability of therapeutic options with different
mechanisms of action and different profiles of toxicity
are invaluable to FL patients.

Until the last decade, the alternatives of chemoimmu-
notherapy were limited to more intensive cytotoxic thera-
pies or less efficient approaches such as rituximab

monotherapy and palliative treatments. Recent advances
are expanding the armamentarium for FL management
with novel agents belonging to the classes of immunomo-
dulatory agents, third-generation monoclonal antibodies,
phosphoinositide 3'-kinase (PI3K), enhancer of zeste
homolog 2 (EZH2), Bruton tyrosine kinase inhibitors,
bispecific antibodies, and epigenetic modifiers.” Standing
out among these novel treatment approaches is the ritux-
imab combination with the second-generation immunomo-
dulatory agent lenalidomide (LR).

Lenalidomide is an orally active drug with a variety of
proposed mechanisms of antineoplastic  activity.
Lenalidomide’s molecular target is thought to be the cere-
blon part of the
Lenalidomide binding to this complex brings about the
IKAROS

AIOLOS. These molecular changes are thought to have

E3 ubiquitin ligase complex.

degradation of transcription factors and
antiproliferative, antiangiogenic, and immunomodulatory
effects against B-cell neoplasms.® The most significant
adverse events associated with lenalidomide use are mye-
losuppression and increased tendency to thrombotic com-
plications often necessitating dose-modifications and
thromboprophylaxis, respectively. Fatigue and rash are
among the common non-specific adverse events; although
often mild in nature, they may be frustrating and poten-
tially result in interruption or cessation of lenalidomide
treatment.”

The initial studies with LR are showing clinical effi-
cacy rates in alignment with those of chemoimmunother-
apy. The promising data with LR were met with great
enthusiasm, and extensive studies have been designed in
the last decade to understand its benefits better, assess its
hypothesized practicality, and identify related prognostic
biomarkers for the treatment of FL. In this paper, we will
attempt to study the published clinical evidence regarding
LR use for FL, focusing mainly on its efficacy and safety.
We will also discuss its place among alternative regimens
and comment on its potential to influence the general
approach for managing FL.

We performed a review of the literature using the
PubMed database and searched with the keyword combi-
nation “((follicular lymphoma) AND (lenalidomide))
AND (rituximab)”; articles written in languages other
than English were excluded. The search resulted in 78
articles, 22 excluded due to irrelevant content after review-
ing the abstracts. Articles contributing data regarding LR
treatment for FL were designated for full-text analysis.
Three additional articles were discovered through the
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hand search of the references of one of the retrieved
articles. Thus, the full text of 59 articles was evaluated,
mainly focusing on the data from the clinical grounds. We
planned to pool the data from different publications under
the trials that these articles retrieved their data. Articles not
constructed of the data from clinical trials were studied
separately and noted when considered significant.

The literature review from the PubMed database
revealed a total number of thirteen articles directly report-
ing on the nine clinical trials that studied the use of LR for
FL. Seven articles reported on trials that studied the com-
bination of LR with other drugs for FL. We also found
several reviews, commentaries, case reports, and biomar-
ker studies regarding the topic; these studies will be men-
tioned later in this section. We summarized the treatment
schedules of the initially mentioned nine clinical trials in
Table 1 and compared the selected findings in Table 2.

LR Treatment for FL - Trials for the
Frontline Therapy

Fowler et al conducted a single-arm, open-label, phase-2 trial
evaluating the safety and efficacy of LR as a first-line treat-
ment for advanced-stage indolent lymphoma patients. The
primary objective was to determine the rates of responses.
A total of 156 patients were enrolled between the years 2008
and 2012 at a single institution. Early results were published
in 2014,'" and the results for the FL subpopulation of 79
patients were updated in 2021."" Patients with grade 3 FL
were not included in the trial, and the indications for treat-
ment were not standardized (only half of the patients met the
GELF criteria for high tumor burden). Thirty-six patients
(46%) were older than age 60. Lugano 2014 criteria using
the Positron emission tomography (PET) data were used to
define responses in the 2021 follow-up analysis. The treat-
ment duration in this trial was six to twelve months, and no
maintenance therapy was administered. Three patients dis-
continued treatment before the first response assessment. In
the intention-to-treat analysis, 75 of 79 (95%) patients
responded to LR, and 68 of 79 (86%) achieved complete
remission (CR) as the best response. Twenty-four of 79
patients needed dose reduction, while 51% of patients experi-
enced a grade > 3 toxicity. Overall, seven patients discon-
tinued LR treatment prematurely, three due to progression,
and two due to arterial thrombosis. Interestingly, achieve-
ment of CR was more likely in female patients; however, it
was independent of traditional risk factors (FLIPI, PRIMA-
PI) and the SUV values of the involved lymph nodes. Dose-

reduced patients did not have a lower incidence of CR. The
Median follow-up was 103 months. Four patients had died,
eight had developed secondary malignancies, and one was
lost to follow-up. Progression-free survival (PFS) at eight
years was 65%. 8-year PFS was closely associated with CR
as the best response. PFS was shorter in non-Caucasian
patients. Progression of disease at 24 months was only 7%
in those who achieved CR.

CALGB 50803 was an open-label, single-arm, multi-
center phase-2 trial to study LR at frontline treatment for
FL. The primary objectives were to determine the response
rates and to measure the time to progression. Patients with
grade 3b FL or high-risk FLIPI scores were excluded. The
study inclusion criteria did not obligate treatment need for
enrollment. The trial took place from the year 2010 to
2012 and recruited 65 patients with advanced-stage FL.
The results were published in 2017."* Fifty-one of 65
patients completed the treatment protocol—two patients
discontinued due to progression, six due to intolerance.
Fourteen patients went through grade 3 or 4 neutropenia;
however, only one episode of febrile neutropenia was
detected during the trial. Among other noteworthy adverse
events, grade 3 rash developed in five patients, and four
patients reported severe fatigue. ITT analysis revealed an
overall response rate of 95%, CR was achieved in 47
patients (72%). Per-protocol analysis revealed a CR rate
of 92%. Five-year PFS was 72%, there were no cases of
secondary malignancies, and all patients were alive after
a median follow-up of five years.

SAKK 35/10 was a randomized, open-label, phase-2
clinical trial designed to compare the outcomes of ritux-
imab monotherapy (R arm) with LR (LR arm) for the
frontline therapy of FL. The primary endpoint was to
compare the CR rates at six months. Grade 3b FL patients
were excluded. Random assignment was stratified accord-
ing to the FLIPI score, grade, and the presence of bulky
disease. Only the FL patients considered to need systemic
therapy were included. The duration of treatment was four
months. The trial recruited 77 patients for each arm, and
79% of patients were aged 60 or above. The results were
published in 2019 after a median follow-up of four years."?
Twenty-two patients in the R arm discontinued treatment;
18 due to lack of efficacy, and one due to toxicity.
Nineteen patients in the LR arm discontinued treatment,
13 due to toxicity (most due to rash, one due to thrombo-
sis), and three due to lack of efficacy. In the ITT analysis,
the LR arm had significantly higher CR rates than the
R arm (CR: 61% vs 36% P < 0.001, by independent
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Table | Treatment Schedules of the Nine Clinical Trials Studying LR Treatment for FL

DI for 6 cycles, one
dose every 8 weeks
than on for 96

D1,2 for cycles 1-6

Trial Arm? Cycle Rituximab (Dose/ Lenalidomide Other Drugs (Dose/ Comments
Length Days) Dose/Days Days)
(Days)
Fowler A 28 375mg/m?, DI 20mg/day, DI-21 Lenalidomide dose
etal'®''(2014- | B 28 375mg/m?, 20 mg/day, D2-22 reductions for hematologic
2020) D1,8,15,22 on cycle toxicity was allowed,
I, DI for remaining prophylactic growth factors
cycles were not administered.
Max. number of cycles were
12, no maintenance
CALGB Single 28 375mg/m?, 20mg/day, DI-21 Goal was to complete 12
50803'? arm D1,8,15,22 on cycle | (increased to 25mg if cycles, No maintenance
(2017) I, DI of cycle tolerated)
4,6,8,10 (total 8
doses)
SAKK 35/10" | LR arm - 375mg/m?, week I, I5mg/day for 14 Short treatment, completed
(2019) R arm 2,3,4,12, 13, 14, weeks in 4 months, no
15 (total 8 doses, — maintenance. Lenalidomide
same schedule in was started |4 days before
both arms) rituximab in the LR arm
RELEVANCE'" | LR 28 375mg/m? per dose, | 20mg/day d2-22 for Rituximab maintenance was
(2018) D1,8,1522 on cycle | cycles 1-12, 10mg/ administered for 2 years, LR
I, DI of cycle 2-6, | day for cycles 13-18 was administered for |8
one dose every 8 cycles. growth factors were
weeks than on for not prophylactically given,
96 weeks LR dose modifications were
R-CHOP 21 375mg/m? per dose, Cyclophosphamide allowed for hematologic
DI for 8 cycles, one 750 mg/m2 - toxicities
dose every 8 weeks doxorubicin 50 mg/m2 -
than on for 96 vincristine .4 mg/m2
weeks D1, prednisone 100 mg/
day D 1-5 for cycles 1-6
R-CVP 21 same with R-CHOP Cyclophosphamide
750 mg/m2 DI,
vincristine 1.4 mg/m?2
DI, prednisone 100 mg/
day D 1-5 for cycles 1-8
R-B 28 375mg/m? per dose, bendamustine 90mg/m?>

additional four
doses were allowed

if Cr is not achieved

progression

weeks
Tuscano et al'” 375mg/m?, 20 mg/day d1-21 Growth factors were
@014 D15,22,29,36. every 28 days until allowed, aspirin was given

to each patient,

(Continued)
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Table | (Continued).
Trial Arm? Cycle Rituximab (Dose/ Lenalidomide Other Drugs (Dose/ Comments
Length Days) Dose/Days Days)
(Days)
Chong et al'® LR 375mg/m?, weeks 9, 10mg/day LR+D arm received Lenalidomide maintenance
(2019 LR+D 10, 11, 12 (total 4 continuously for at dexamethasone 10mg/ | beyond 20 weeks was
doses, same least 20 weeks week allowed, rituximab
schedule in both maintenance was not given
arms)

AUGMENT® | LR 28 375mg/m?, 20mg/day dI-2I for - Double-blind study,
(2019) R-placebo 28 D1,8,15,22 on cycle 12 cycles rituximab administered in

I, DI from cycles the first 5 cycles

2-5 in both arms
CALGB LR 375mg/m?, I5 mg/day dI-21 - Lenalidomide doses were
50401 '° D 8,15,22,29 on every 28 days with reduced in cases of severe
(2015) cycle | dose escalation to hematologic toxicity,

L 375mg/m?, 25 mg/day after cycle growth factor support was
D1,8,15,22 on cycle 3, total of 12 cycles allowed
| in both arms
MAGNIFY? LR+LR 28 375mg/m?, 20 mg/day dI-2I -
(2019) LR+R 28 D1,8,15,22 on cycle | from cycle | to 12 in
I, DI of every both arms, 10mg
other cycle in both dI-2I from cycle
arms 13-29 in the LR+LR
arm

Note: *R-CHOP/R-B/R-CVP are chemotherapy protocols described in the “other drugs” column.
Abbreviations: FL, follicular lymphoma; LR, lenalidomide + rituximab; R, rituximab; D, dexamethasone.

response review of computed tomography (CT) imaging,
1999 IWG criteria). PFS and time to next treatment
(TTNT) were also significantly longer in the LR arm
(median PFS: 5 years vs 2.3 years/TTNT: unreached vs
2.1 years). Patients in the LR arm experienced Grade > 3
toxicity at a higher rate (56% vs 22%). Severe neutropenia
was observed in 23% of patients in the LR arm; however,
no episode of febrile neutropenia was detected. Five
patients developed secondary cancers in the LR arm com-
pared to three in the R arm. A total of 14 deaths were
observed, seven in both arms. No death was judged to be
related to treatment. A sub-study analyzed the mRNA
expression levels of Thl7 axis-related genes from the
tumor tissues of 71 patients from this trial. High Th17
signature was a poor prognostic factor in the R arm with
significantly shorter PFS. This effect was not observed in
the LR arm, suggesting that the addition of lenalidomide
neutralized the negative prognostic impact of this potential

biomarker.'*

Conducted between 2011 and 2014, the RELEVANCE
trial is the first Phase III trial and the most extensive study
concerning LR treatment in FL. It was a randomized, open-
label study conducted in 137 centers designed to demonstrate
superiority comparing LR with chemoimmunotherapy for
the frontline treatment of FL. The primary endpoints were
the CR rate at 120 weeks and PFS. Previously untreated
grade 1-3a FL patients who fulfilled the GELF criteria or
had either elevated LDH or B2-microglobulin levels were
randomly assigned to two arms. Randomization was strati-
fied according to age, FLIPI score, and the presence of bulky
disease. LR arm was planned to receive 18 cycles of treat-
ment followed by two years of rituximab maintenance.
Chemoimmunotherapy arm was designed to receive rituxi-
mab with either bendamustine or CHOP or cyclophospha-
mide, vincristine, prednisone (CVP) combination followed
by rituximab maintenance for two years. The study results
were published in 2018'° after a median follow-up of 37
months, and it is expected to be updated in 2024. The median
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Table 2 Selected Results from the Clinical Trials Studying LR for FL
Study Design® Median ORR/CR® (ITT) Grade >3 Unplanned PFS/OS Comments
Trials on Untreated Patients Age Adverse Treatment
Events Discontinuation
Fowler et al (single arm n=79)IO 56 95%/ 86% 51% (most 9% (4% due to 8 years PFS: 65%/OS: Only grade 1-2 FL,
(2014) commonly progression) 98% Treatment indication not
rash, standard. PET imaging was
neutropenia) used for defining responses
CALGB 50803, single arm 53 95%172% 21% 22% (3% due to 5-year PFS: 72%/OS: | Only FLIPI 0-2 FL patients.
(n=65)'? (2017) neutropenia, progression) 100% Treatment need not
5% rash assessed
SAKK 35/10 62 LR: 78%/ 61% LR arm:56% LR: 24.6% Median PFS (years): Short treatment duration
LR arm (n=77) R: 57%/36% R arm: 22% R: 28.6% RL: 5/R: 2.3 of four months
R arm (n=77)"3 (2019) 4-year OS:
RL: 91%/R:91%
RELEVANCE 59 LR: 84/59 LR: 65% (120 weeks) (3-year) Rituximab maintenance
LR arm (n=513) R-C: 89/67 R-C: 68% LR: 31% LR: 77%/94% was given to all patients.
R-C arm (n=517)"* (2018) R-C: 29% R-C: 78%/94% The response rates at
week 120 were similar
Trials on previously treated Median ORRI/CR® (ITT) Grade >3 Unplanned PFS/OS Comments
patients Age adverse treatment
events discontinuation
Tuscano et al (single arm n=22)'7 60 77%141% 55% 20% Median PFS: 12.4 Treatment need was
(2014) neutropenia months, median clearly documented
TTNT: 37.4 months
Chong et al single arm (n: 30)'® 57 65%/ 35% 34% 14% Median PFS:16.5
(2015) neutropenia months
AUGMENT / 62 LR: 80%/35% LR: 69% LR: 29% Median PFS/% living
LR arm (n=178) R: 55%/20% R: 32% R: 39% LR: 39.4 months/93%
R arm (n=180)%° (2019) R: 14.] months/84%
CALGB 50401 63 LR: 76% /39% LR: 52% LR: 37% Median PFS:
LR arm (n=46) L: 53%/20% L: 58% L: 64% LR: 2 years
R arm (n=45)'? (2015) L: 1.1 year
MAGNIFY 66 70%/41% 36% 35% Median PFS: 39.4 Results after maintenance
single arm for induction (n=370)u neutropenia months are yet to be announced
(2019)

Notes: (n) represents the number of patients enrolled in each arm; ®ORR and CR rates represent the best responses.

Abbreviations: FL, follicular lymphoma; LR, lenalidomide + rituximab; ORR, overall response rate; CR, complete remission; TTNT, time to next treatment; R-C, rituximab
+ chemotherapy; R/R, relapsed/refractory; PFS, progression free survival; OS, overall survival; PET, positron emission tomography.

age was 59 in both arms, and the -2 microglobulin levels
were elevated in 51% of the patients. A total of 1030 patients
were enrolled in the trial, and response rates were studied in
the ITT population. Only 5% of patients in the chemoimmu-
notherapy group received R-CVP. Overall, 69% of patients in
the LR arm and 71% of patients in the chemoimmunotherapy
arm completed the planned treatment and maintenance. The
dose modifications were more common, and relative dose
intensity was lower in the LR arm. The rates of severe
neutropenia and neutropenic fever were higher in the

chemoimmunotherapy arm than the LR arm, suggesting
that LR may be safer against infectious complications.
Severe cutaneous reactions were more common in the LR
arm than the chemoimmunotherapy arm (4% vs <1%).
Thrombotic complications were seen only in 2% of patients
for both arms; however, most patients in the LR arm received
thromboprophylaxis. The second primary malignancy rates
were 7% for the LR arm and 10% for the chemoimmunother-
apy arm. Responses were assessed according to the 1999
International criteria

Working  Group reviewed by
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independent researchers; PET imaging was not utilized. The
best overall response rates for the chemoimmunotherapy arm
and the LR arm were 89% and 84%, respectively. The rates
of achievement of CR for the chemoimmunotherapy arm
were 67% versus 59% in the LR arm. The statistical analysis
of best treatment responses during the RELEVANCE trial
was not presented in the paper, and treatment efficacies were
compared through the response states at week 120 and by
PFS analysis. The 120th-week response assessments demon-
strated no statistically significant difference between the
efficacy of the chemoimmunotherapy arm and the LR arm.
The CR rate at week 120 was 53% for the chemoimmu-
notherapy arm and 48% for the LR arm (p=0.13), proposing
that LR is not inferior to chemoimmunotherapy for the front-
line treatment of FL. However, it should be noted that 15.3%
of the patients were not included for response evaluation at
week 120 due to various reasons. The 3-year PFS was similar
between the two arms (78% vs 77%). The subgroup analysis
of patients treated with R-Bendamustine hinted towards
a lower hazard ratio for progression at 3-years than LR
(3-years PFS for R-Bendamustine appears to be 88%); how-
ever, authors concluded that the study was not powered to
address the comparison of LR to different chemoimmu-
notherapy protocols. FLIPI score was a useful prognostic
marker in the chemoimmunotherapy arm but not in the LR
arm. OS was 94% in both arms. A sub-study proposed that
more patients in the LR arm achieved a complete molecular
response, and the depth of response using minimal residual
disease analysis from peripheral blood or bone marrow was
correlated with longer PFS.'°

LR Treatment for FL - Trials on

Previously Treated Patients

Tuscano et al conducted a phase-2 trial, studying the
effects of LR on patients with R/R indolent lymphoma in
need of therapy guided by the GELF criteria. The primary
objective was to determine the response rates. The results
were published in 2014 after a median follow-up of 43
months.'” Thirty patients were enrolled, 22 had FL, and
half of the patients were heavily pretreated. All patients
had received rituximab, and half were refractory to ritux-
imab. Four to eight doses of rituximab were scheduled,
and lenalidomide was to be continued until progression.
Three patients discontinued treatment before response
assessments (two due to toxicity, one due to transforma-
tion). Among the FL patients, 17 had an overall response,
while nine achieved complete remission. After a median

follow-up of 43 months, the median PFS for the nine
patients who achieved CR was not reached. Of note, two
cases of tumor lysis syndrome with 25mg/day lenalido-
mide were observed. Also, the responses showed a trend
towards improvement with continued lenalidomide treat-
ment, as 34% of patients achieved their best responses
only in the maintenance phase.

Chong et al studied the outcomes of LR treatment in
indolent lymphoma patients, refractory to rituximab or
rituximab-chemotherapy combinations. A total of 50
patients were enrolled in this single-center, open-label,
phase-2 trial. Lenalidomide maintenance was permitted.
The primary endpoint was the overall response rate.
A subset of the patients also received 10mg dexametha-
sone once every week. The initial results were published in
2015 after a median follow-up of 39 months.'® Only five
of 26 FL patients responded after the initial 8-week lena-
lidomide; however, the number of responding patients rose
to 17 after the four rituximab doses. The increment in
response following rituximab in these patients who were
known to be rituximab-irresponsive suggested that ritux-
imab and lenalidomide may have a synergistic action in
FL. The authors proposed that regulatory T cell suppres-
sion induced by lenalidomide enhanced the antibody-
directed cellular cytotoxicity response following the
administration of rituximab. The researchers also studied
the effect of the FcyRIIla-158 phenylalanine associated
with inadequate response to rituximab and found better
efficacy compared to the historical controls with LR. The
outcomes for the subgroup that received dexamethasone
were not significantly different. The median PFS for FL
patients was 16.5 months in this trial that did not include
rituximab maintenance.

The CALGB 50401 trial was a multicenter, randomized,
phase-2 trial designed to study the outcomes of LR versus
lenalidomide in patients with relapsed or refractory FL, with
the primary objective being the determination of response
rates. The early results were published in 2015."° Patients
with grade 3b FL and those who progressed within six
months of last rituximab therapy were excluded, and rando-
mization was not stratified. The need for treatment for the
recruited patients was not discussed. The trial recruited 91
patients randomized to two arms. Early treatment disconti-
nuation was frequent in the L arm, mostly due to lymphoma
progression. ORR was higher in the LR arm than the L arm
(76.1% vs 53.3% P = 0.029), median PFS was longer in the
LR arm (2 vs 1.1 years). An interesting note in this study
was the trend towards fewer thrombotic events in the LR
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arm over the L arm (4% vs 16% P=0.157) thought to be due
to better lymphoma control in the LR arm.

The AUGMENT was a phase-3, double-blind, rando-
mized, multicenter trial to compare the outcomes of LR
therapy with R-placebo in patients with relapsed or refrac-
tory indolent lymphomas. The primary endpoint was PFS.
Grade 3b FL patients were not included. Patients either
refractory to rituximab or had progressed within six
months of the last rituximab dose were excluded. The
initial results were published in 2019 after a median fol-
low-up of 28.3 months.”® The need for treatment was
judged by the investigators; no strict criteria were used.
Eight doses of rituximab and twelve cycles of lenalido-
mide or placebo were scheduled. The treatment responses
and follow-up data were assessed through CT or MRI
imaging reviewed by independent researchers; PET ima-
ging was not used. A total number of 358 patients were
recruited; 295 of these had the diagnosis of FL. The
randomization was stratified according to previous ritux-
imab therapy, time from last treatment, and histology.
Overall, 51% of the patients fulfilled the GELF criteria
for high tumor burden, and 49% of patients were either
refractory to or had progressed within two years of their
last anti-lymphoma treatment. The rate of treatment com-
pletion and grade >3 adverse events were higher in the LR
arm. Eighty-eight patients in the LR arm developed severe
neutropenia; however, only five of these cases were com-
plicated by neutropenic fever. Nearly 70% of patients in
both arms received thromboprophylaxis, and thrombotic
complications were rare in this trial (2% in the LR arm,
1% in the R arm). ORR, CR rates and median PFS were
significantly better in the LR arm over the R-placebo arm
(80% vs 55%, 35% vs 20%, and 39.4 months vs 13.9
months, respectively). Patient-reported outcomes from
the trial were analyzed for health-related quality of life,
showing no clinically meaningful changes from baseline
across the post-baseline assessments for either arm.”'
Among FL patients, the LR arm had higher two-year over-
all survival (OS) rates than the R-placebo arm (95% vs
86%, p=0.02). LR appeared to be superior to R-placebo in
all FL patient subgroups analyzed, including the elderly
and those judged to be unfit for cytotoxic chemotherapy.

MAGNIFY trial started recruiting patients in 2014,
and the early results were updated in 2020 after a median
follow-up of 23.7 months.>® The trial is designed to
determine the optimal duration of lenalidomide in R/R
indolent lymphoma and compare the outcomes of

maintenance therapy with LR to rituximab. Three-
hundred and seventy patients were enrolled (80% had
FL grade 1-3a). All patients were scheduled for 12
cycles of LR (9 doses of rituximab), and those without
progression were randomized to either LR or rituximab
maintenance. Overall, 35% of patients prematurely dis-
continued LR therapy (13% due to adverse events, 11%
due to progression). Although 36% experienced grade >3
neutropenia, only 3% of patients had an episode of
febrile neutropenia. ORR for the FL patients was 70%,
with 41% achieving CR. Median PFS was 39.4 months
for FL patients, and outcomes were more favorable in
patients without a history of rituximab failure and in
those with less prior treatment exposure. We expect the
comparison of LR maintenance with rituximab mainte-
nance to be reported soon.

Other Clinical Studies with LR or
LR Combinations in FL

A retrospective analysis of 356 untreated FL patients
compared the efficacy of LR to R-chemotherapy.*® Fifty
of the 94 patients who had received LR in this report were
patients from the NCT00695786 trial (Fowler et al), and
overall, 39 patients received LR for more than six cycles.
The chemoimmunotherapy groups had a higher frequency
of patients with high FLIPI scores and high tumor burden
by GELF criteria. The three-year PFS for LR, BR,
R-CHOP, R-CHOP + maintenance, BR + maintenance
was 87%, 63%, 60%, 72%, 97% respectively. The study
concluded that the efficacy of LR in untreated grade 1,2
FL was comparable to that of chemoimmunotherapy.

Tilly et al studied the outcomes of lenalidomide in com-
bination with R-CHOP (R2-CHOP for untreated FL in
a single-arm Phase 2 trial. The study was encouraged by
the promising data in the FL subgroup of patients from the
phase one trial (NCT00901615) conducted by the same
group. The results were published in 2018.%* Eighty patients
were enrolled, 59 patients achieved CR (74%), and three-
year PFS was 79%. The study concluded that this combina-
tion was tolerable; however, the study did not achieve the
primary objective of an 80% CR rate.

The HOVON110/ReBeL study is examining the use of
bendamustine combination with LR for R/R FL. The
initial Phase 1 part of the study has been published®
with the main finding that this combination is tolerable.
The results of the phase-2 part are awaited.
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The NCT00784927 trial studied LR combined with
(LR-CD) in
untreated indolent lymphomas. This was a single-arm

cyclophosphamide and dexamethasone
phase 2 trial that recruited 33 patients. Only eight patients
in this trial had the diagnosis of FL. Among the eight FL
patients, six achieved CR. The study concluded that LR-
CD was a tolerable and potentially efficient option that
could be studied further in larger patient populations.*®

The combination of ibrutinib with LR and idelalisib
with LR were studied in two single-arm phase two
trials.””*® Tbrutinib+LR and idelalisib+LR were judged to
be excessively toxic without additional clinical benefit to
LR for the frontline setting.

The NCT00294632 trial studied dexamethasone com-
bination with LR for high-grade lymphomas. There were
four patients with FL in this study, all four had grade 3
tumors, were heavily pretreated, and none achieved CR.?’

Safety Profile of LR
Secondary Malignancies and Large Cell

Transformation

Among the many fears with any newly developed antineo-
plastic therapy is the possibility that it may carry an excess
risk of secondary malignancies, especially when compared
to other treatment alternatives. The trials mentioned above
have reported secondary malignancy rates of 3%, 7%, 6.5%,
10% and 0% within median follow up periods of 28,2 38,"
48,"% 59" and 60'> months respectively. AUGMENT and
RELEVANCE trials had higher numbers of patients in their
non-lenalidomide arms that developed secondary cancers
than their LR arms. Overall, secondary cancers have not
complicated FL patients treated with LR at an alarming
rate in the initial studies; however, data with longer follow-
up periods will be more informative in the coming years.
Large cell transformation was not a common event in any of
the trials concerning LR for FL, with the rates not exceeding
3% in any study.

Myelosuppression

Neutropenia developed nearly in half of the patients receiv-
ing LR when all the trials mentioned above are considered.
Most researchers paid close attention to neutropenia and
studied these events in detail. Although neutropenia was
graded as a severe adverse event in most cases, its implica-
tions did not appear to be proportionately severe for patients
receiving LR. Febrile neutropenia, the main clinical conse-
quence of neutropenia, was rare with LR (<3% in all the

trials). Neutropenia was judged to be predictable in most
cases. In the RELEVANCE trial, febrile neutropenia compli-
cated 34 of 503 patients in the chemoimmunotherapy arm
compared to the eleven of 507 patients in the LR arm."
These data support the view that patients receiving LR may
be at lower risk for neutropenic complications, provided that

appropriate dose modifications are employed.

Thromboembolic Complications

Among the most worrisome adverse events associated with
lenalidomide is thromboembolism. Lymphoma patients trea-
ted with lenalidomide combined with a biologic agent have
been reported to have a tendency towards less thrombosis
risk when compared to other patients using lenalidomide.*
The thrombotic events were observed in approximately 5%
of the patients receiving LR treatment in most trials.'*'%'%-2
The thrombotic event rates in the RELEVANCE trial that
studied 1030 patients was 7% for the LR arm and 5-6% for
the R-chemotherapy arm; however, 78% of patients in the LR
arm were given thromboprophylaxis, whereas this rate was
28% in the R-chemotherapy arm."”

Tumor Lysis Syndrome -Tumor Flare

Reactions

Tumor lysis syndrome (TLS) was reported very rarely in
LR trials for FL. Only one trial reported a dose reduction
of lenalidomide from 25mg/day to 20mg/day for TLS.'®
Six of 507 patients were reported to have severe TLS in
the RELEVANCE trial. Tumor flare reaction (TFR) is
a clinical entity that describes the initial inflammatory
enlargement of malignant masses upon initiation of an
antineoplastic treatment, frequently an immunomodulatory
drug or an immune checkpoint inhibitor. TFR occurred in
5-10% of patients treated with LR across the trials; how-
ever, severe forms were rare (1%). One case of tumor flare
reaction in a mediastinal lymph node resulting in atelec-
tasis was reported, warning physicians to be aware of this
phenomenon in patients receiving LR.*'

Discussion

The nine trials conducted to study LR treatment in FL. com-
pleted their scheduled treatment periods without significant
events requiring their premature closure. The inclusion criteria
(need of therapy, nuclear grade, prognostic scores) and the
treatment schedules (dose and duration of lenalidomide and
rituximab administration) were significantly heterogeneous
between these nine trials. In the randomized trials, LR was
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more efficient than rituximab monotherapy. The
RELEVANCE trial was conducted as a superiority trial; how-
ever, this was not demonstrated, and the results could only
support that LR and chemoimmunotherapy had similar effi-
cacy rates. The ORR ranged between 78% and 95% in the
frontline and 65% to 80% in the R/R settings in the ITT
populations. Strati et al reported an imposing 86% CR/CRi
rates for LR in the first-line treatment of FL using PET imaging
for response assessment.'' The CR/CRi rates were between
59% and 72% in the frontline and 35% to 41% in the R/R
settings in the other trials concerning LR for FL. (ITT popula-
tions). Historical trials studying rituximab and chemotherapy
(R-chemo) combinations in FL reported CR rates around 30—
40% and CR/CRIi rates near 70% in the frontline settings. The
ORR is reported as high as 90% in R/R settings for
R-Bendamustine;”’3 3 however, these trials only recruited
rituximab-naive patients. The AUGMENT trial demonstrated
better two-year OS probability in R/R FL patients who
received LR compared to those who received rituximab mono-
therapy. However, the AUGMENT trial was not powered to
compare OS, and differences in subsequent treatments of these
patients were not analyzed. Overall, the response rates with LR
in both frontline and R/R settings for FL appear to be compar-
able with those reported for chemoimmunotherapy.

The PFS, TTNT, and OS for FL require extensive
follow-ups to achieve meaningful results due to the unique
natural course of indolent lymphomas outlined earlier.
These data for LR are yet to reach adequate time for
comparison with historical controls. The study with the
most extended follow-up for LR'! is impressive, with an
8-year PFS rate of 65% for the frontline treatment that
challenges the 69-month median PFS reported after front-
line B-R for FL;34 however, the studies had significant
methodological differences. In relapsed/refractory patients,
median PFS was between 12.4 months to 39.4 months and
was superior to rituximab monotherapy. The trials evaluat-
ing chemoimmunotherapy in R/R FL recruited patients
that had no previous exposure to rituximab. Thus, the
comparison of PFS/TTNT/OS of these trials with the
data from the trials of LR would be biased. The rates
and severity of adverse events were not alarming overall;
however, cutaneous reactions and non-specific side effects
such as fatigue prevented LR from being adequately admi-
nistered in up to one-fifth of the patients.

A significant element of heterogeneity between the nine
clinical trials was caused by the lack of a standard for assessing
the treatment need. Clinicians interested in FL need a clear
understanding of treatment indications to interpret the literature

appropriately. As the clinical course of an FL patient is gov-
ermed by complicated dynamics, systemic therapy may be
delayed in a significant proportion of patients. Many
a multitude of factors, including patient-related factors (perfor-
mance status, comorbidities, age, medication use, life expec-
tancy, personal preferences, the extent of the social support,
accessibility to an isolated environment at times of epidemic/
pandemic infections et), lymphoma related factors (FL grade,
tumor volume, prior course, treatment responses, relapse
times, the speed of progression, severity of the lymphoma-
related clinical problems, etc), and the toxicity profiles of
efficient treatment alternatives are among the variables that
need to be assessed regularly to recognize the ideal time to
commit to a treatment. Many researchers studied the outcomes
of the initial watchful waiting approach in asymptomatic indo-
lent lymphoma patients and reported median progression times
between two to five years.®~> Among the trials concerning the
topic of this review, NCT01316523 used the GELF criteria
strictly, RELEVANCE and SAKK 35/10 used their own, well-
defined criteria, and others either depended on the judgment of
the local investigator or did not assess the need for therapy at
all. Tt is not surprising to find better response rates and longer
PFS or TTNT in patients who do not need immediate treat-
ment. Thus, the PFS and TTNT data reported in some of these
trials may not be as lengthy in real life, especially at institutions
where watchful waiting is methodically employed and sys-
temic treatment is only administered when the physician and
the patient are convinced of its need. The heterogeneity in the
timing and duration of treatment also makes the results much
more difficult to compare between different trials. Clinicians
can be advised to approach these comparisons with caution and
always note the treatment indications and duration (active
treatment was four months in SAKK 35/10, and over two
years in RELEVANCE) when evaluating PFS and TTNT
data for indolent lymphomas.

Another significant topic of discussion might be the diver-
gent definitions of response. When defined by functional ima-
ging (2014 Lugano criteria that rely on PET/CT imaging),
a patient’s response depth may differ from those dependent
on anatomical assessments (1999 IWG criteria that rely on CT
imaging). The two assessment methods were compared in 122
FL patients from the PRIMA trial, where PET/CT after induc-
tion therapy was negative in 90 patients. Among these 90
patients, 18 were classified as having a partial response (PR)
by the 1999 IWG criteria. PFS rate at 42 months was signifi-
cantly higher in post-induction PET/CT negative patients than
PET/CT positive patients (70.7% vs 32.9%, P < 0.001). The
PFS advantage of patients with complete remission over those
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with partial remission as defined by 1999 IWG criteria was not
statistically significant (66.9% vs 55%, P = 0.27) in this
study.*® Among the trials studying LR treatment for FL, only
NCT-00695786 (Strati et al) evaluated the treatment responses
with the 2014 Lugano criteria, and this may have played an
important role in the higher CR rates reported in this study. We
still need more data on the treatment responses based on PET/
CT to emerge and improve our understanding of the clinical
implications of PET-derived definitions of response states in
indolent lymphomas.

Conclusion

LR treatment produces higher response rates and longer PFS
than rituximab monotherapy in both the frontline and R/R
settings of FL. The efficacy of LR and chemoimmunotherapy
for the first-line treatment of FL has been demonstrated to be
similar. Biomarkers predicting responsiveness to LR are
urgently needed. Randomized clinical studies directly com-
paring LR, BR, and RCHOP along with the emergence of
long-term data for LR will improve our understanding of the
places these treatments have in FL management.
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