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Abstract

Purpose of Review IMiDs are a class of biologic agents with immunomodulatory, anti-angiogenic, and direct anti-cancer
activities. This review summarizes current data on clinical development and application of IMiDs in non-Hodgkin lymphoma
(NHL) subtypes, focusing primarily on lenalidomide, with additional discussion on managing common side effects.

Recent Findings Improved upon the prototype thalidomide, the second-generation compound lenalidomide has enhanced im-
munological and anti-cancer properties with fewer side effects, while next-generation small molecule cereblon/E3 ubiquitin
ligase modulator CC-122 is in early clinical studies. Lenalidomide is FDA-approved for treatment of relapsed/refractory mantle
cell lymphoma as a single agent, as well as in combination with rituximab for R/R follicular lymphoma and marginal zone
lymphoma. In addition, numerous clinical trials of lenalidomide, as single agent, in combination with anti-CD20 antibodies, or in
combination with chemoimmunotherapy regimens, have shown promise in aggressive and indolent NHL in both the upfront and
relapsed/refractory setting.

Summary As clinical trials with lenalidomide continue to find success in both indolent and aggressive lymphomas, IMiDs are
poised to be important building blocks for combinatorial strategies with antibodies, chemotherapy, novel target agents, and
emerging immunotherapy involving immune checkpoint inhibitors and chimeric antigen receptor T cell (CAR-T) therapy.
Delineation of treatment-specific and disease-specific biomarkers is an important research objective to gain insight into potential
mechanisms of action, and to guide future clinical development.
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Introduction

The emergence of immunomodulatory drugs (IMiDs) in the
treatment of hematologic malignancies represents one of the
most remarkable comeback stories in modern medicine. After
thalidomide was infamously banned in 1961 for its teratogenic
effects in pregnant women, it gained a new life 40 years later
when its anti-angiogenic [1] and anti-tumor [2] effects were
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discovered, and the development of safer, more efficacious
analogues began in earnest for therapeutic gain.

IMiDs are a series of synthetic compounds that have been
developed based on the glutamate-derivative backbone of the
prototype drug thalidomide. Thalidomide has wide-ranging
functions including anti-inflammatory, immunomodulatory,
anti-angiogenic, and direct anti-cancer activities [3]. The
anti-angiogenic function of thalidomide was thought to be
mediated partially via inhibition of basic fibroblast growth
factor (bFGF)-induced angiogenesis [1]. The second-
generation compounds, lenalidomide and pomalidomide,
have enhanced immunological and anti-cancer properties with
fewer side effects, consequently dominating the clinical devel-
opment in hematologic diseases.

Lenalidomide was the first thalidomide analogue devel-
oped, and it quickly showed clinical efficacy in a variety of
hematologic malignancies. Lenalidomide is FDA-approved
for the treatment of multiple myeloma, myelodysplastic syn-
drome with a 5-q deletion, and relapsed/refractory mantle cell
lymphoma (MCL). Recently, it has also received approval in
combination with rituximab for relapsed/refractory follicular
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and marginal zone lymphomas. In addition, numerous clinical
trials of lenalidomide have shown promise in aggressive and
indolent non-Hodgkin lymphoma (NHL) in both the upfront
and relapsed/refractory setting.

While pomalidomide, another thalidomide analogue, has
shown efficacy in multiple myeloma, there is little data
supporting its use in lymphomas. CC-122, a novel, small-
molecule therapeutic agent that modulates cereblon E3 ubig-
uitin ligase and exhibits potent antitumor and immunomodu-
latory activities, is currently in phase I trials.

Mechanism of Action

IMiD compounds have both immunomodulatory and anti-
angiogenic properties which could confer antitumor and
antimetastatic effects [3]. Thalidomide analogues have been
shown to increase the production of anti-inflammatory cyto-
kine IL-10 and decrease levels of IL-1b, IL-6, IL-2, and
TNF-«, all pro-inflammatory factors [4]. Lenalidomide has
demonstrated anti-angiogenic activity through inhibition of
bFGF, VEGF, and TNF-alpha-induced endothelial cell migra-
tion, due at least in part to inhibition of Akt phosphorylation in
response to bFGF [1, 5]. Lenalidomide has also been shown to
inhibit vascular endothelial growth factor (VEGF)-mediated
lymphangiogenesis in a murine model of mantle cell lympho-
ma through depletion of macrophages and monocytes [6].

In addition, lenalidomide has a variety of immunomodulatory
effects [7]. Lenalidomide stimulates T cell proliferation, and
modulates cytokine production [4]. Lenalidomide has been
shown to modulate T cell function by repairing T cell immuno-
logic synapse dysfunctions that are associated with follicular
lymphoma and chronic lymphocytic leukemia/small lymphocyt-
ic lymphoma [8, 9]. When combined with rituximab in vitro,
lenalidomide augmented antibody-dependent cell-mediated cy-
totoxicity (ADCC) by enhancing rituximab-induced lymphoma
cell apoptosis, and activation of NK cell-mediated cytotoxicity
[10]. In @ human lymphoma severe combined immunodeficien-
cy mouse model, lenalidomide in combination with rituximab
demonstrated synergistic in vivo anti-lymphoma activity medi-
ated via recruitment of dendritic cells and NK cells, supporting
further evaluation of this combination in clinical setting [11, 12].

The direct molecular target of thalidomide and lenalidomide
that produces its immunomodulatory activity is cereblon, a
component of the E3 ubiquitin ligase complex [13]. Cereblon
selectively binds two important transcription factors for T and B
cell development, Aiolos and Ikaros, and activation of cereblon
by lenalidomide leads to ubiquitination and degradation of
these two factors [14e¢]. This upregulates levels of p21 WAF-1
which regulate cyclin-dependent kinases (CDKs), leading to
CDK inhibition and cell cycle arrest. Interestingly, these cyto-
toxic effects were seen only in malignant B cell lines, while
protection from apoptosis was seen in normal B cells [15].

Clinical Studies of Thalidomide
in Lymphomas

Thalidomide has demonstrated clinical activity in both CLL
and MCL. Single-agent thalidomide demonstrated a limited
and modest overall response rate of 12.5% when given at
200 mg daily escalating to a maximum 800 mg daily to pa-
tients with relapsed/refractory indolent NHL (SLL and FL)
[16]. In combination with fludarabine, thalidomide was asso-
ciated with significant therapeutic efficacy in CLL [17, 18]. In
treatment-naive patients, the combination of thalidomide
(100-300 mg daily) and fludarabine (standard monthly dos-
ing) achieved a 100% OR and 55% CR rate [17]. In
fludarabine-refractory patients, an OR rate of 31% was ob-
served with the FR regimen [18]. The combination of thalid-
omide and rituximab was studied in a small phase II trial for
patients with relapsed/refractory MCL [19]. Thirteen of 16
evaluable subjects demonstrated objective responses (5 CR,
8 PR, ORR of 81%, and CR of 31%), with median time to
progression (TTP) at 20 months. When thalidomide was com-
bined with rituximab and metronomic oral therapy PEPC, to
comprise the RT-PEPC regimen for relapsed/refractory MCL
[20], overall response rate was 73% with CR rate of 32%, and
median PFS of 10 months.

Recently, a phase II trial utilized thalidomide in combina-
tion with cyclophosphamide and prednisone for patients with
idiopathic multicentric Castleman disease, a rare lymphopro-
liferative disorder [21]. Thalidomide was administered for
2 years or until treatment failure. Twenty-five patients were
included in the study, with 12 (48%) achieving a durable re-
sponse for at least 24 weeks and an additional 3 with stable
disease. One-year PFS and OS were 60% and 88%, respec-
tively. The main toxicities of thalidomide include fatigue,
somnolence, neuropathy, and thromboembolic events, which
limits thalidomide’s clinical appeal.

Clinical Development of Lenalidomide
in Lymphomas

The vast majority of evidence for IMiD use in lymphomas
involves lenalidomide. While currently only FDA-approved
for use in relapsed/refractory MCL, lenalidomide is being in-
vestigated in clinical trials in a variety of lymphoma subtypes
in relapsed and refractory setting, and being moved up to
incorporate into the upfront setting (Table 1).

Mantle Cell Lymphoma: Relapsed/Refractory
Mantle cell lymphoma (MCL) is an uncommon B cell lym-
phoma defined by the overexpression of cyclin D1 and cell

cycle dysregulation. It occurs most in the elderly with a 3:1
male predominance. MCL is unusual in that its clinical course
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is highly variable, with some patients presenting with aggres-
sive disease while others have a much more indolent course
[45]. MCL is generally responsive to therapy but is marked by
relatively short remissions.

The best-studied data for lenalidomide in MCL is in the
relapsed/refractory setting, which is currently the only FDA-
approved indication for lenalidomide in lymphoma, gaining
approval in 2013. The first major trial examining lenalidomide
therapy in MCL was a subset analysis of the NHL-002 trial,
which examined lenalidomide monotherapy in aggressive
lymphomas. Of the 15 patients in the study with MCL, the
overall response rate (ORR) was 53%, with 20% achieving
complete response (CR) [46]. After the success of this study,
the dedicated MCL-001/EMERGE trial studied single-agent
lenalidomide in 134 patients with MCL with relapsed or re-
fractory disease after treatment with bortezomib. ORR in this
trial was 28%, with 8% with a CR, and a median duration of
response of 16.6 months [22¢]. Subsequently, the MCL-002
trial randomized patients with relapsed/refractory MCL to re-
ceive either lenalidomide monotherapy or investigator’s
choice. Lenalidomide significantly improved progression-
free survival; PFS was 8.7 months versus 5.2 months in the
investigator’s choice arm with a hazard ratio of 0.61 [23].

Other trials have used lenalidomide in combination with
rituximab (“R*”) in relapsed/refractory MCL. Wang and col-
leagues enrolled 44 patients with relapsed/refractory MCL
who were treated with Rz, and found an ORR of 57% with a
36% rate of CR, with a median duration of response of
18.9 months [24]. Another trial combined R? with
bendamustine, producing an ORR of 75% with 55% CR, as
well as 51% progression-free survival at (PFS) 24 months
[25]. More recently, the combination of lenalidomide,
ibrutinib, and rituximab (PHILEMON study) also showed
promising results in relapsed/refractory MCL, with a 76%
ORR and 56% CR at a median follow-up of 18 months [26].

Mantle Cell Lymphoma: Upfront

Newer data suggests that there is significant efficacy of
lenalidomide in the frontline treatment of mantle cell lympho-
ma as well. A cohort of 38 patients received a combination of
lenalidomide and rituximab (R?) up front, with rituximab ad-
ministered weekly for the first 4 weeks and then every other
cycle until disease progression. The initial results showed an
ORR of 92% with 64% CR and a PFS of 85% at 24 months
[37]. A subsequent 5-year follow-up showed that at a median
follow-up of 64 months, 3-year PFS and overall survival (OS)
were 80% and 90%, with a 5-year estimated PFS and OS of
64% and 77%, respectively [47¢]. Eighty-seven percent of
subjects in this study had evaluable Ki67, including 21% with
Ki67 >30%. There was no difference in PFS or OS based on
Ki67 proliferation index using a cutoff of 30%. These
progression-free and overall survival rates were striking in that

@ Springer

they were comparable to historical data of more intensive
chemotherapy regimens while reducing toxicity, suggesting
that a lenalidomide-based approach warrants further clinical
investigation in frontline setting [48].

Another trial added lenalidomide to the bendamustine-
rituximab (BR) combination in untreated MCL, achieving a
64% ORR with 62% CR. However, the authors observed a
high degree of severe infections and second primary malig-
nancies (SPMs) in 16% of patients, which limited its clinical
application [38].

Studies are ongoing combining lenalidomide with other
therapeutic regimens in the upfront treatment of MCL. For
example, lenalidomide is combined with R-CHOP as induc-
tion followed by high-dose cytarabine and rituximab consol-
idation, followed by 6-month maintenance with lenalidomide
and rituximab. Preliminary results show a 92% CR rate in
patients who completed lenalidomide maintenance, although
median follow-up is currently only 9 months [49].

Indolent Lymphomas: Relapsed/Refractory

Indolent lymphomas include follicular (SLL), marginal zone
(MZL), small lymphocytic (SLL), and lymphoplasmacytic
lymphoma, with follicular lymphoma as the most common
subtype. Indolent lymphomas typically respond well to front-
line therapy, but almost always recur, despite their slow-
moving nature.

Lenalidomide has been studied extensively in the relapsed/
refractory setting in indolent lymphomas. The NHL-001 study
was the first major trial of lenalidomide in indolent lympho-
mas and included 43 patients with relapsed/refractory FL and
MZL treated with single-agent lenalidomide, and achieved an
ORR 0f 23% (27% of patients with follicular histology) with
CR rate of 7% [27].

Following NHL-001, several trials studied the combination
of lenalidomide and rituximab (R?) in relapsed/refractory in-
dolent lymphomas [28], some adding dexamethasone to the
regimen [29]. The largest of these studies was CALGB 50401,
which randomized patients with relapsed/refractory FL to re-
ceive either lenalidomide monotherapy or R?, allowing for a
direct comparison of the two regimens. ORR was significantly
higher in the R? arm (76% versus 53%, p = 0.029) and time to
progression was significantly longer (2 years versus 1.1 years,
p=0.0023) [30].

More recently, the phase Il AUGMENT trial randomized
358 patients with relapsed/refractory FL and MZL to either
rituximab plus placebo or R?. The study’s primary endpoint,
progression-free survival, showed an impressive difference
with a PFS of 39.4 months with R? versus 14.1 months in
the control arm, a hazard ratio of 0.46 (95% CI 0.34-0.62,
P <0.0001). Other endpoints included ORR, 78% in R? versus
53% with rituximab monotherapy (p <0.0001), and CR rate,
34% and 18% respectively (p=0.001). The duration of
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response was 36.6 months in the R? arm versus 21.7 months in
the rituximab arm [31¢]. The AUGMENT trial has established
the combination of lenalidomide and rituximab as an effective
option in the treatment of relapsed/refractory follicular lym-
phoma and MZL.

Given the exciting results with R, a recent phase I trial
combined lenalidomide with obinutuzumab, a type II anti-
CD20 monoclonal antibody that increases antibody-dependent
cellular cytotoxicity relative to rituximab. Nineteen patients re-
ceived the GALEN regimen (obinutuzumab + lenalidomide),
and after 6 cycles, ORR was 63% with 58% achieving CR and
a 3-year PFS of 52% [50]. Further studies are indicated to
determine its efficacy as compared with R,

Indolent Lymphomas: Upfront

There is also data for the use of lenalidomide as first-line
treatment in indolent lymphomas. Fowler and colleagues stud-
ied the R? regimen in untreated follicular lymphoma, MZL,
and SLL. ORR was 90% with 64% achieving a CR (98% and
87% respectively in the follicular lymphoma population), with
a 78% PFS at 36 months [39].

The R? regimen has been subsequently evaluated in the
untreated follicular lymphoma population in two recent trials.
CALGB 50803 enrolled 66 patients with untreated follicular
lymphoma, and yielded an ORR of 92% with 72% CR, a 5-
year PFS of 70% with a 5-year overall survival of 100%,
comparable with the chemotherapy-based regimens [40].

The R? regimen was also recently evaluated in a phase IIT
randomized control trial of 1030 patients with untreated fol-
licular lymphoma. Patients were randomized to receive R* or
chemotherapy with one of the three rituximab-based regimens
(R-chemo) of the investigator’s choice. At 120 weeks, the rate
of ORR was similar between the two groups (86% and 92% in
the R? and R-chemo arms respectively), as were the rates of
CR (48% and 53% respectively). The rates of progression-free
survival were also similar (77% and 78% respectively) [41].
This data suggests that R? may be a reasonable alternative to
chemotherapy in the upfront treatment of follicular lymphoma
without compromising outcomes.

A recent phase I trial combined ibrutinib with lenalidomide
and rituximab in untreated follicular lymphoma. Of 22 pa-
tients in the cohort, 95% of patients responded with 36%
achieving a CR, and another 32% experiencing resolution of
hypermetabolic activity on PET-CT without confirmatory
bone marrow biopsy [51]. At 12 months, progression-free
survival was 80%.

The combination of lenalidomide and R-CHOP (R*-
CHOP) has also been studied in untreated follicular lympho-
ma. Following a 2013 phase I trial [52], Tilly and colleagues
recently published a study of 80 patients with untreated high
tumor burden follicular lymphoma treated with 6 cycles of R*-
CHOP with a primary endpoint of CR. At end of induction,

74% of patients achieve CR, with 69% maintaining CR at
30 months [42]. Further evaluation with comparative study
comparing survival to a standard R-CHOP regimen is
warranted.

Diffuse Large B Cell Lymphoma

In contrast to indolent lymphomas, the aggressive lymphomas
have a much more rapidly progressive clinical course but are
potentially curable. The most common aggressive lymphoma
is diffuse large B cell lymphoma (DLBCL). The standard of
care for DLBCL is R-CHOP given every 3 weeks [53].
DLBCL can be further subdivided into at least two subtypes
by gene expression profiling: germinal center B cell-like
(GCB) and activated B cell-like (ABC, or non-GCB). ABC
phenotype DLBCL is associated with a significantly worse
prognosis with R-CHOP than the GCB phenotype [54].
Given these differences, attempts have been made in particular
to improve upon R-CHOP in patients with ABC-type
DLBCL.

Aggressive Lymphomas: Relapsed/Refractory

Several studies have examined lenalidomide monotherapy as
treatment for relapsed/refractory aggressive lymphomas. The
NHL-002 and NHL-003 studies each used lenalidomide
monotherapy in patients with aggressive lymphomas, includ-
ing DLBCL, MCL, follicular grade 3 (FL-III), and trans-
formed lymphomas (TL). NHL-002 included 49 total patients,
and 29 patients with either DLBCL or TL (26 and 3, respec-
tively). While ORR was 35% for the entire study, only 19% of
DLBCL patients responded and only 33% of patients with TL
had a response [32]. The subsequent NHL-003 trial included
217 patients, including 108 patients with DLBCL and 33 pa-
tients with TL (the remainder were FL-IIT and MCL). NHL-
003 showed comparable findings to NHL-002: while the ORR
for all patients was 35%, DLBCL patients only had a 28%
ORR, while response rates were 42%, 42%, and 45% for
MCL, FL-III, and TL respectively [33].

Following NHL-002 and NHL-003, lenalidomide mono-
therapy was compared with investigator’s choice (single-
agent gemcitabine, oxaliplatin, etoposide, or rituximab) for
relapsed/refractory DLBCL. Of patients treated with
lenalidomide, 27% achieved a response versus 11% of the
patients in the investigator’s choice arm, which approached
but did not reach statistical significance (p =0.08). There
was also no difference in response rates for GCB versus
non-GCB patients in this study [34].

R* was evaluated in 45 patients with aggressive lympho-
mas, including 39 patients with DLBCL and 9 with trans-
formed lymphoma. The overall response rate for the whole
cohort was 33%, including 28% for DLBCL and 56% for
the transformed lymphomas. Median PFS and OS for the
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whole cohort were 3.7 and 10.7 months, respectively; in the
DLBCL subgroup, PFS and OS were 2.8 and 10.2 months,
and in the transformed lymphoma group, PFS and OS were
4.3 and 11.5 months [35].

A phase I study evaluated the combination of ibrutinib,
rituximab, and lenalidomide (iR?) in relapsed/refractory
DLBCL. On a 15-mg dose of lenalidomide, ORR was 44%
with 17% CR; in the non-GCB subgroup, ORR was 50% with
25% achieving a CR [55]. A phase II study of this regimen
exclusively in patients with non-GCB DLBCL is ongoing.
Preliminary results show a 55% ORR with 30% achieving a
CR; median PFS was 5 months with a 12-month PFS 0f28%.
Final results from this trial may shed light on whether the iR*
regimen is an effective outpatient option for relapsed/
refractory non-GCB DLBCL [56].

There have also been several trials incorporating
lenalidomide into salvage chemotherapy regimens for aggres-
sive lymphomas. The phase II portion of the SAKK 38/08 trial
combined R? with bendamustine in 41 patients with aggres-
sive lymphomas who were either relapsed/refractory to first-
line treatment or were ineligible for first-line anthracycline
therapy. In the subgroup of relapsed/refractory patients,
ORR was 54% with 32% CR and a median PFS of 3.2 months
[36]. A phase I trial combined lenalidomide with rituximab,
etoposide, cisplatin, cytarabine, and methylprednisolone (LR-
ESHAP) for patients with relapsed/refractory DLBCL,
followed by autologous stem cell transplant (autoSCT) for
patients who responded. For the 19 patients in the trial, ORR
was 78.9% with 47.4% CR; 2-year PFS and OS were 44% and
63%, respectively [57]. Lenalidomide was also combined
with rituximab, ifosfamide, carboplatin, and etoposide
(RICER) in a phase I trial for first relapse or primary refractory
DLBCL followed by autoSCT. Of the 15 patients in the study,
11 responded, with 9 achieving a CR (73% ORR and 60%
CR) [58].

Diffuse Large B Cell Lymphoma: Upfront

In xenograft models of ABC-subtype DLBCL, lenalidomide
showed clinical activity via cereblon-mediated inhibition of
transcription factor IFR-4, leading to downregulation of B cell
receptor-dependent NF-kB [59]. The promising pre-clinical
activity of lenalidomide in ABC-type DLBCL led to two stud-
ies: the MCO78E trial [43] and the FIL REALO7 study [44] of
lenalidomide combined with R-CHOP (R>-CHOP) in untreat-
ed DLBCL. Long-term follow-up data from both trials com-
bined was recently published, including data from 112 pa-
tients (63 from MC and 49 from FIL) with untreated
DLBCL of both GCB and non-GCB subtypes. Endpoints
were stratified by cell of origin, with a 5-year PFS of 52.8%
in GCB type versus 64.5% in non-GCB type, 5-year overall
survival (OS) 68.6% versus 74.1%, respectively, and 5-year
time to progression of 61.6% versus 69.6% respectively [60].
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These trials suggest that the addition of lenalidomide to the
standard R-CHOP regimen in the upfront setting may mitigate
the associated negative prognosis of non-GCB DLBCL, and
meta-analyses appear to corroborate this hypothesis [61]. The
phase III ROBUST study is currently underway attempting to
confirm these results, randomizing patients with untreated
ABC-type DLBCL to receive either R>-CHOP or placebo-
R-CHOP [62]. The first interim report of the ROBUST study
at a median follow-up of 27 months showed no significant
difference in 2-year PFS (67% for R>-CHOP and 64% for
R-CHOP, p=0.29), suggesting potential heterogeneous re-
sponses within ABC subtype of DLBCL [63]. Interestingly,
the contemporaneous randomized phase 2 US intergroup
study E1412, which compares R>-CHOP to R-CHOP in pa-
tients with all subtypes of DLBCL as well as ABC subtype of
DLBCL, showed a 34% risk reduction of PFS in the R%-
CHOP arm for all-comers of DLBCL, suggesting potential
therapeutic advantage of adding lenalidomide to R-CHOP
for both GCB and ABC subtypes [64].

DLBCL: The Role of Lenalidomide Maintenance

The role of lenalidomide maintenance in DLBCL has been
under investigation, both after frontline R-CHOP or after
second-line chemotherapy. The large phase III REMARC
study randomized DLBCL patients who had achieved a CR
or PR after upfront R-CHOP to receive lenalidomide mainte-
nance or placebo. At the time of primary analysis, with a
median follow-up of 39 months, the median PFS was not
yet reached for the lenalidomide arm versus 58.9 months in
the placebo arm (hazard ratio 0.708, CI 0.537-0.933, p=
0.01). However, with a longer follow-up of 52 months, overall
survival was similar between the two arms [65].

Another study by Ferreri and colleagues examined the role
of lenalidomide maintenance after salvage chemotherapy.
Forty-six patients with DLBCL received lenalidomide main-
tenance after responding to rituximab-containing salvage che-
motherapy. One-year PFS was 70%, above the determined
threshold for efficacy, but the study was complicated by one
death from acute toxicity (intestinal infarction) and another
due to secondary myelodysplastic syndrome [66].
Importantly, a large percentage of patients in both the
REMARC and the Ferreri study had transformed lymphoma,
complicating the ability to extrapolate these results to de novo
DLBCL patients [32, 67].

T Cell Lymphomas

T cell lymphomas are a clinically diverse group of malignan-
cies that can arise from mature or immature T cells. T cell
lymphomas include both systemic and cutaneous form of
non-Hodgkin lymphomas, with the most common subtypes
being peripheral T cell lymphoma, NOS, angioimmunoblastic
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T cell lymphoma, and anaplastic large cell lymphoma (ALCL)
[68]. In the last several years, data emerged suggesting that
lenalidomide may play a role in T cell lymphoma therapy as
well.

ATLL typically has dismal outcomes with few treatment
options after relapse. The phase I ATLL-001 [69] and subse-
quent phase II ATLL-002 trials treated patients with relapsed
or recurrent ATLL with lenalidomide monotherapy. ATLL-
002 treated 26 patients and achieved a 42% ORR, with 19%
achieving CR, and a median PFS and OS of 3.8 and
20.3 months respectively [70]. For a disease often accompa-
nied by a bleak prognosis, these findings in a small study may
indicate that lenalidomide is a promising option for ATLL in
the relapsed setting [71].

Lenalidomide has also been studied as a single agent in
other T cell lymphomas. The EXPECT trial treated 54 patients
with relapsed/refractory peripheral T cell lymphomas with
lenalidomide monotherapy, including AITL, systemic and cu-
taneous ALCL, and PTCL unspecified. Overall, 22% of pa-
tients responded with an 11% rate of CR; 33% had progressive
disease. Of note, there was a 31% ORR in the AITL subpop-
ulation and 20% ORR in the PTCL unspecified [72]. Another
study of 39 patients with either untreated or relapsed/
refractory T cell lymphoma including PTCL unspecified,
angioimmunoblastic TCL, enteropathy-type TCL,
hepatosplenic TCL, and lymphoblastic TCL also treated with
lenalidomide. In the aggregate, ORR was 26%, with an 8%
CR rate, and 33% of those with angioimmunoblastic TCL
responded. [73]. These results indicate that there may be a role
for lenalidomide monotherapy in relapsed/refractory PTCL, in
particular, angioimmunoblastic subtype.

The role of lenalidomide in cutaneous T cell malignancies
was examined in a phase II trial-evaluated lenalidomide mono-
therapy in advanced refractory mycosis fungoides/Sezary syn-
drome. A total of 32 heavily pre-treated patients were enrolled;
partial response was achieved in 28% of patients with no CRs.
Median progression-free survival was 8 months [74].
Lenalidomide maintenance after debulking in CTCL was stud-
ied in the phase IIIl EORTC 21081 study which randomized
patients to receive lenalidomide maintenance versus observa-
tion after surgical debulking. Median PFS was 5.3 months in
the lenalidomide group versus 2.3 months in the observation
group, although given the small sample size, it was underpow-
ered to detect statistical significance [75].

Clinical Development of CC-122 (Avadomide)
in Lymphomas

While the vast majority of data for IMiDs in lymphoma is with
lenalidomide, there is emerging phase I data for the use of CC-
122 (avadomide) in DLBCL and follicular lymphoma. While
lenalidomide has shown preferential anti-proliferative activity

for cell lines of ABC subtype of DLBCL, CC-122 has shown
ability to induce apoptosis in cell lines independent of subtype
[76].

Early phase I trials of CC-122 in lymphoma are underway.
The current CC-122-NHL-001 study combines CC-122 with
obinutuzumab in relapsed/refractory FL, DLBCL, and MZL.
At the most recent update, 38 patients with follicular lympho-
ma achieved an ORR of 68% with 42% in CR [77]. The
DLBCL subgroup at last update showed an ORR and CR rate
of 47% and 11% respectively [78]. The ongoing CC-122-
DLBCL-001 combines CC-122 with rituximab in relapsed/
refractory FL and DLBCL patients. At most recent updates,
37 patients with FL had been enrolled and 26 patients with
DLBCL. The FL group achieved an ORR of 65% with 22%
CR; interestingly, there was no difference between patients
previously treated with lenalidomide and those that were not
[79]. The cohort as a whole had an ORR of 39% with 15%
CR; stratified by subgroup, the transformed lymphoma group
had an ORR of 29% while the primary DLBCL patients had
an ORR of 42% [80].

Clinical Considerations in Managing Common
Side Effects

Lenalidomide, while significantly less toxic than chemother-
apy, requires careful clinical monitoring. By far the most com-
mon grade 3/4 toxicities in studies of lenalidomide in lympho-
ma were hematologic, with neutropenia and thrombocytope-
nia more common than anemia. Growth factor such as GCSF
is commonly used for management of febrile neutropenia and
prolonged neutropenia, along with appropriate dose adjust-
ment [81]. Grade 1/2 rash, myalgias, and fatigue were quite
common but generally did not limit therapy [82].

Given its derivation from thalidomide, the teratogenic ef-
fects of lenalidomide are directly mediated by its activity with
cereblon [83]. Birth control and careful monitoring for preg-
nancy is of great importance if lenalidomide is to be consid-
ered in women of childbearing age.

Lenalidomide also carries a black box warning for throm-
botic events associated with dexamethasone use in multiple
myeloma. The current ASCO guidelines suggest outpatient
prophylaxis for the prevention of venous thromboembolism
(VTE) in multiple myeloma patients receiving lenalidomide,
but make no recommendations with regard to lenalidomide
use in lymphoma [84]. A recent meta-analysis showed that
VTE rates are similar in patients with lymphoma treated with
lenalidomide and with multiple myeloma treated with
lenalidomide [85], suggesting that lymphoma patients receiv-
ing lenalidomide may benefit from VTE prophylaxis as well.
Most trials of lenalidomide in lymphoma routinely require
VTE prophylaxis. While there is no consensus or prospective
data regarding which agents should be used as VTE
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prophylaxis, most studies used aspirin alone as VTE prophy-
laxis for standard-risk patients.

Correlative Studies and Potential Biomarkers

Several studies have attempted to identify possible markers of
response to lenalidomide. Pre-clinical studies have identified
Aiolos, one of the cereblon-associated transcription factors, as
a possible marker for lenalidomide activity. In healthy subjects
dosed with lenalidomide, Aiolos levels were shown to be de-
creased in peripheral T cells, mirroring results obtained
in vitro [86]. It has been suggested that peripheral Aiolos
levels could be used as a marker of response, although its
clinical feasibility is unclear.

MCL-001 studied Ki-67 as a potential biomarker in MCL
treated with lenalidomide. While patients treated with
lenalidomide showed similar ORR regardless of Ki-67 expres-
sion, lower levels of Ki-67 showed superior durations of re-
sponse and survival outcomes [87]. However, Ki-67 has been
shown to be correlated with survival outcomes regardless of
treatment, so it is unclear if these findings are specific to
lenalidomide treatment rather than reflection of MCL disease
property [88]. Another pre-clinical study in MCL showed de-
creased microvessel density after treatment with lenalidomide,
with a trend toward an increase in NK cell and macrophage
counts, but are of questionable clinical utility [89].

Conclusions

Immunomodulatory agents target tumor cells as well as the
tumor microenvironment, exerting pleotropic therapeutic ef-
fects through interaction with intracellular effector cereblon in
diverse cell types, including activation of T cells, expansion of
NK cells, inhibition of tumor-associated angiogenesis and
lymphangiogenesis, and induction of tumor cell apoptosis by
interception of crucial proliferative pathways within lympho-
ma cells. As clinical trials with lenalidomide continue to find
success in both indolent and aggressive lymphomas, IMiDs
are poised to be important building blocks for combinatorial
strategies with chemotherapy, novel biologics, and emerging
immunotherapy involving immune checkpoint inhibitors and
chimeric antigen receptor T cell (CAR-T) therapy.
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