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Abstract

Themulticenter, phase Ib CC-122-DLBCL-001 dose-expansion study (NCT02031419)

explored the cereblon E3 ligase modulator (CELMoD) agent avadomide (CC-122) plus

rituximab in patients with relapsed/refractory (R/R) diffuse large B-cell lymphoma
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(DLBCL) or follicular lymphoma (FL). Patients received avadomide 3 mg/day 5 days

on/2 days off plus rituximab 375 mg/m2 on day 8 of cycle 1, day 1 of cycles 2 through

6, and day 1 of every third subsequent cycle for 2 years. Primary endpointswere safety

and tolerability; preliminary efficacy was a secondary endpoint. A total of 68 patients

were enrolled (DLBCL [n = 27], FL [n = 41; 31 lenalidomide-naïve, 10 lenalidomide-

treated]). Median age was 62 years (range, 33–84 years), and patients had received a

median of 3 (range, 1–8) prior regimens. Among patients with DLBCL, 66.7% had pri-

mary refractory disease (partial response or less to initial therapy). Among patients

withFL, 65.9%were rituximab-refractory at studyentry and10.0%were lenalidomide-

refractory. The most common any-grade avadomide-related adverse events (AEs)

were neutropenia (63.2%), infections/infestations (23.5%), fatigue (22.1%), and diar-

rhea (19.1%). The most common grade 3/4 avadomide-related AEs were neutrope-

nia (55.9%) infections/infestations (8.8%), and febrile neutropenia (7.4%). In patients

with DLBCL, overall response rate (ORR) was 40.7% and median duration of response

(mDOR) was 8.0 months. In patients with FL, ORR was 80.5% and mDOR was 27.6

months; response rates were similar in lenalidomide-naïve and -treated patients.

Avadomide plus rituximab was well tolerated, and preliminary antitumor activity was

observed in patients with R/R DLBCL and FL, including subgroups with typically poor

outcomes. These results support further investigationof novelCELMoDagents in com-

bination with rituximab in R/RDLBCL and FL.
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1 INTRODUCTION

Non-Hodgkin lymphoma (NHL) includes a diverse spectrumof lympho-

proliferative diseases, with approximately 85%–90% originating from

B cells [1]. Diffuse large B-cell lymphoma (DLBCL) and follicular lym-

phoma (FL) are the most common forms of B-cell NHL [1–5]. DLBCL

is characterized by aggressive clinical behavior [2] and comprises two

major molecular subtypes (germinal center B-cell–like [GCB] and acti-

vated B-cell–like [ABC]) that are associated with differential response

to treatment [6]. FL is an indolent form of NHL, and although it gener-

ally responds well to treatment, the disease course is characterized by

repeated relapses interspersed with treatment-free intervals of pro-

gressively shorter duration [4].

Treatment options such as immunochemotherapy with rituximab,

cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP)

are standard therapy in early treatment lines and have improved

the prognosis of patients with NHL [7, 8]. However, various factors

have been associated with poor prognosis. Patients with ABC DLBCL

have less favorable outcomes than those with GCB DLBCL when

treated with standard immunochemotherapy [9]. In addition, patients

with primary refractory disease (defined as relapse < 12 months

after diagnosis) or “double-hit” lymphomas (characterized by gene

rearrangements of MYC and B-cell lymphoma 2 [BCL2] or BCL6) have

poor outcomes despite salvage treatment and autologous stem cell

transplant (ASCT) [10, 11]. Patients with FL whose disease progresses

within 2 years of initial diagnosis orwhose disease is double-refractory

to both rituximab and chemotherapy also typically have a poor progno-

sis [12]. The poor response to immunochemotherapy seen in patients

with relapsed/refractory (R/R) disease has led to considerable interest

in treatment approaches based on targeted therapy combinations [13,

14].

Avadomide (CC-122) is a novel cereblon E3 ligase modulator

(CELMoD) agent that binds to cereblon in the cullin 4 E3 ubiquitin

ligase complex and promotes ubiquitination and degradation of the

hematopoietic transcription factors Aiolos and Ikaros [15]. This leads

to de-repression of interferon-response gene promoters, apoptosis of

malignant B cells, and de-repression of cytokine promoters such as IL-

2, resulting in T-cell activation [15–17]. Preclinical studies have shown

avadomide to be a more potent CELMoD agent than lenalidomide,

demonstrating greater induction of Aiolos and Ikaros degradation and

greater increases in tumor cell apoptosis in vitro, and avadomide, but

not lenalidomide, hasbeen shown to increase the relative abundanceof

interferon-stimulated proteins in DLBCL models [15]. Avadomide has

also shown antiproliferative activity in both ABC and GCB DLBCL cell

lines, while lenalidomide has preferential activity in ABC DLBCL cell

lines [15, 18]. Avadomide has shown promising preclinical activity and

phase I clinical efficacy as amonotherapy inNHL and combinationwith

the anti-CD20 monoclonal antibody obinutuzumab in R/R DLBCL and
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FL [19, 20]. Furthermore, preclinical studies have demonstrated that

avadomide in combination with rituximab is synergistic in a lymphoma

model [21]. These data support the evaluation of rituximab in combina-

tion with avadomide in R/RDLBCL and FL.

The dose-escalation portion of the CC-122-DLBCL-001 study, pub-

lished as a companion article in this issue of eJHaem, evaluated com-

binations of avadomide, the mammalian target of rapamycin kinase

inhibitor CC-223, and the Bruton’s tyrosine kinase (BTK) inhibitor CC-

292, administered as doublets and as triplets in combinationwith ritux-

imab in patients with R/R DLBCL [21]. The combination of avadomide

and rituximab was selected for dose-expansion based on its prelimi-

nary antitumor activity and safety profile in patients with R/R DLBCL.

Here, we report results from the dose-expansion portion (part B) of the

study, which evaluated this combination in patients with R/R DLBCL

and FL.

2 MATERIALS AND METHODS

2.1 Study design

CC-122-DLBCL-001 (NCT02031419, 2013-001501-81) is a phase Ib,

multicenter, open-label study of avadomide, CC-223, CC-292, and rit-

uximab in R/R DLBCL and FL. The study consists of two parts: a

dose-escalation phase that included all study drugs [21] and a dose-

expansion phase that examined avadomide in combination with ritux-

imab. Here we report results from the dose-expansion phase, where

patients received avadomide (3 mg avadomide formulated capsule

dosed daily for five consecutive days out of 7 days [5/7 days] per week)

in combination with rituximab 375 mg/m2 administered once per 28-

day cycle (day 8 of cycle 1, day 1 of cycles 2–6, and day 1 of every

third subsequent cycle for 2 years; Figure S1). The avadomide dosewas

selectedbasedon safety, pharmacokinetic, andpharmacodynamic data

from previous avadomide clinical studies [19, 22]. The study was con-

ducted in accordance with the principles of the Declaration of Helsinki

and in adherence to the E6 guideline for Good Clinical Practice delin-

eated by the International Council for Harmonisation. The protocol

was reviewed and approved by each site’s Institutional Review Board

or Independent Ethics Committee prior to initiation of the study, and

all patients providedwritten informed consent.

Theprimaryobjectiveswere todetermine the safety and tolerability

of avadomide when administered in combination with rituximab. Sec-

ondary objectives were to determine the preliminary efficacy of the

drug combination.

2.2 Patients

Eligible patients were aged 18 years or older with histologically or

cytologically confirmed R/R DLBCL (including transformed indo-

lent lymphoma) or R/R CD20-positive FL. All DLBCL patients were

chemorefractory, defined as having stable disease (SD) ≤ 12months or

progressive disease (PD) as the best response to their last chemother-

apy and/or PD or recurrence within 12 months of prior ASCT. Patients

must have received an anti-CD20monoclonal antibody therapy (unless

tumor was CD20-negative) and anthracycline-containing chemother-

apy, as well as ≥1 prior salvage treatment (unless ineligible for ASCT).

Both lenalidomide-naïve and -exposed patients were included in the

FL population. Lenalidomide-naïve FL (FL-1) patients received at least

one prior standard systemic treatment regimen, including systemic

chemo-, immune-, or chemo-immunotherapy, and at least one prior

line of salvage therapy or were double-refractory, with no prior expo-

sure to lenalidomide. Lenalidomide-exposed FL (FL-2) patients were

previously treated with at least two cycles of lenalidomide-containing

regimen, either as monotherapy or in combination, and experienced

relapse within 1 year of the last dose of lenalidomide following initial

response of complete response (CR) to lenalidomide, progression

within 1 year of the last dose of lenalidomide following initial response

of PR to lenalidomide, or were disease-refractory to lenalidomide

treatment. All patients had measurable disease of >1.5 cm (long axis)

or >1.0 cm (both long and short axes). Patients with symptomatic

central nervous system disease were excluded.

Patients were considered to be rituximab-refractory if they did not

have a CR or PR during, or had PD within 6 months of completing,

treatment comprising ≥ 4 doses of rituximab monotherapy or ≥ 2

doses of rituximab in combination with chemotherapy ≥ 375 mg/m2

administered weekly, or had PD during or within 6 months of com-

pleting rituximab maintenance therapy. Patients refractory to both

rituximab and an alkylating agent were considered to be double-

refractory, with refractoriness to alkylating agents defined as lack of

a CR or PR during, or PD within 6 months of completing, a regimen

of alkylating agent-containing chemotherapy comprising ≥ 2 cycles of

treatment.

2.3 Treatment

In the dose-expansion part of this study, all patients received 3 mg

of oral avadomide formulated capsule (recommended phase 2 dose

[RP2D]) given intermittently for five consecutive days of 7 days per

week (5/7 days) in combination with 375 mg/m2 rituximab, adminis-

tered intravenously, once per 28-day cycle for the first six cycles and

once every third subsequent cycle for 2 years. The intermittent avado-

mide dosing schedule was shown to improve tolerability and reduced

the frequency and severity of neutropenia associated with avadomide

monotherapy [20]. Dose reductions were permitted for avadomide at

any cycle; no dose reductions were allowed for rituximab, but treat-

ment could be discontinued at the discretion of the investigator. Any

studydrug–related toxicitymeeting thedose-limiting toxicity (DLT) cri-

teria required a dose reduction or interruption. DLTs are defined in

the Supporting Information. Routine prophylactic use of growth fac-

tors for hematological treatment-emergent adverse events (TEAEs;

i.e., granulocyte colony-stimulating factor [G-CSF] and granulocyte-

macrophageCSF [GM-CSF]) was permitted from cycle 2 onward. Study

treatment was given until disease progression, unacceptable toxicity,

or patient/physician decision to withdraw consent.
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2.4 Study assessments

AEs were assessed according to the National Cancer Institute Com-

mon Terminology Criteria for AEs, version 4.03, at least 28 days after

the last dose. Blood samples for pharmacokinetic analysis were col-

lected<15min prior to dosing (pre-dose) and at 1.5 and 3-h post-dose

on days 1 and 15 of cycle 1. Responses were assessed by the investiga-

tor per InternationalWorking Group 2007 criteria [23]. Tumor assess-

ments, including computed tomography (CT) of the chest, abdomen,

and pelvis, and fluorodeoxyglucose positron emission tomography

were performed at screening, with a brain scan (CT or magnetic res-

onance imaging) for patients with known cerebral involvement. Base-

line tumor biomarkers to determine cell of origin (COO) and tumor

microenvironment gene classifier in DLBCL were assessed via RNA

expression profiling using NanoString technology. The development of

the gene classifier was previously described by Risueno et al [24].

2.5 Statistical analyses

Safety analyses were performed on all patients who received ≥1

dose of study treatment. Efficacy evaluable patients were those who

completed ≥1 treatment cycle and had a baseline and ≥1 postbase-

line efficacy assessment. The pharmacokinetic-evaluable population

comprised all patients who took ≥1 dose of study treatment and

had evaluable concentration data to determine the pharmacokinetic

parameters. Safety and efficacy analyses were based on the safety

population except where noted (pharmacokinetics). The median

duration of response (mDOR), median progression-free survival (PFS),

and median overall survival (OS) were calculated per the Kaplan–

Meier method. All statistical tests were conducted with a two-sided

significance level of 0.05. No adjustment was made for multiple

comparisons/multiplicity.

3 RESULTS

3.1 Patients

From August 10, 2016, to August 27, 2018, 68 patients, 27 with

DLBCL and 41 with FL, were enrolled in the dose-expansion phase.

Of the 41 patients with FL, 31 were lenalidomide-naïve and 10 were

lenalidomide-exposed. As of January 10, 2020, cutoff date, 54 patients

(79.4%) had discontinued study treatment and 14 (20.6%) were ongo-

ing (Table S1). The most common reason for treatment discontinua-

tion was PD (n = 29 [42.6%]), followed by AE (n = 16 [23.5%]), physi-

cian decision (n = 6 [8.8%]), death (n = 1 [1.5%]), and other (n = 2

[2.9%]) (Table S1). Patient demographics and baseline characteristics

are shown in Table 1. The median age was 62 years (range, 33–84

years), and 63.2% were male. Twenty-five patients (36.8%) had an

Eastern Cooperative Oncology Group performance status (ECOG PS)

score of 0, and 43 patients (63.2%) had an ECOG PS score of 1. At

enrollment, 47 patients (69.1%) had stage III/IV disease. Patients had

received a median of 3 (range, 1–8) prior systemic anticancer thera-

pies, and seven (10.3%) had received prior ASCT. None of the patients

had received chimeric antigen receptor (CAR) T-cell therapies. Of the

27 DLBCL patients, eight (29.6%) had transformed DLBCL, 19 (70.4%)

had de novo DLBCL, 18 (66.7%) had primary refractory DLBCL, and

two (7.4%) had double-hit disease. COO classification, determined by

NanoString technology, identified 11 patients (40.7%) with the GCB

subtype, three patients (11.1%) with the ABC subtype, and 13 patients

(48.1%) as unclassified/missing. Twenty-one patients (77.8%) had high-

or high-intermediate risk disease, with an International Prognostic

Index (IPI) score ≥3. Of the 41 FL patients, 13 (31.7%) had double-

refractory disease, three (7%) had bulky disease (defined as tumor size

of ≥7 cm), and four (10%) had lenalidomide-refractory disease. Ten

patients (24.4%) had a high-risk Follicular Lymphoma IPI-1 (FLIPI-1)

score, andnine (22.0%)hadan intermediate-riskFLIPI-1 score. Perpro-

tocol, all patients in bothDLBCL and FL cohorts were exposed to ritux-

imab.

3.2 Treatment

As shown in Table S2, the overall median duration of avadomide treat-

ment was 274.5 days (range, 7–1199 days) and the median relative

dose intensity was 0.99 (range, 0.5–1.0). The overall median duration

of rituximab treatmentwas245days (range, 21–609days). Themedian

number of treatment cycles was 9.0 (range, 0–42) for avadomide and

9.0 (range, 1–22) for rituximab.

3.3 Safety

TEAEs, listed in Table S3,mainly consisted of hematologic and gastroin-

testinal events. Overall, the most common any-grade and grade 3/4

TEAEwasneutropenia (n=44, 64.7%; n=39, 57.4%). TEAEsweremiti-

gated by dosemodifications, and neutropeniawas effectivelymanaged

by treatment with growth factors, with concomitant growth factor use

reported in 33 patients (48.5%).

Any-grade treatment-related AEs (TRAEs) occurring in ≥10% of

patients and grade 3/4 TRAEs occurring in at least 2 patients are

reported in Table 2. Overall, 63 patients (92.6%) had at least one

avadomide-related AE, and 46 (66.2%) patients had at least one grade

3/4 avadomide-related AE. The most common any-grade and grade

3/4 avadomide-related AEs were neutropenia (any-grade: n = 43,

63.2%; grade 3/4: n = 38, 55.9%) and infections/infestations (any-

grade: n= 16, 23.5%; grade 3/4: n= 6, 8.8%). Febrile neutropeniawas a

grade 3/4 TRAE in five patients (7.4%), all in the FL cohort.

Serious AEs (SAEs) are reported in Table S4. Overall, 32 patients

(47.1%) experienced serious TEAEs. The most common any-grade SAE

was febrile neutropenia (n = 5, 7.4%) followed by pneumonia (n = 4,

5.9%). SAEs related toavadomidewere reported in11patients (16.2%),

including one patient with DLBCL (3.7%) and 10 patients with FL

(24.4%). The most common SAEs (≥1 patient) related to avadomide

were febrile neutropenia in 3 patients and pneumonia in two patients.
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TABLE 1 Patient baseline characteristics

Characteristic

DLBCL

(N= 27)

FLOverall

(N= 41)

Overall

(N= 68)

Age in years, median (range) 63 (33–84) 61 (41–81) 62 (33-84)

Age> 65 years, n (%) 12 (44.4) 10 (24.4) 22 (32.4)

Male, n (%) 20 (74.1) 23 (56.1) 43 (63.2)

ECOGPS, n (%) 0 5 (18.5) 20 (48.8) 25 (36.8)

1 22 (81.5) 21 (51.2) 43 (63.2)

No. of prior systemic anticancer regimens, median (range) 3 (1–6) 3 (1–8) 3 (1–8)

Disease stage III/IV,a n (%) 22 (81.5) 25 (61.0) 47 (69.1)

Prior ASCT, n (%) 3 (11.1) 4 (9.8) 7 (10.3)

De novoDLBCL, n (%) 19 (70.4) – –

TransformedDLBCL, n (%) 8 (29.6) – –

DLBCL cell of origin,b n (%) GCB 11 (40.7) – –

ABC 3 (11.1) – –

Unclassified 3 (11.1) – –

DLBCL tumormicroenvironment gene classifier group,b n (%) Positive 7 (25.9) – –

Negative 10 (37.0) – –

Double-hit lymphoma,c n (%) 2 (7.4) – –

Primary refractory DLBCL, n (%) 18 (66.7) – –

IPI, n (%) Low (0–1) 2 (7.4)

Low intermediate (2) 4 (14.8)

High intermediate (3) 11 (40.7)

High (4-5) 10 (37.0)

FL history, n (%) Bulky diseased – 3 (7.3) –

Rituximab refractory – 27 (65.9) –

Refractory to an alkylating agent – 13 (31.7) –

Double-refractorye – 13 (31.7) –

Lenalidomide-refractoryf – 4 (10.0)

FLIPI-1, n (%) Low risk (0–1) – 2 (4.9) –

Intermediate risk (2) – 9 (22.0) –

High risk (≥3) – 10 (24.4) –

Not done – 8 (19.5) –

Unknown – 12 (29.3) –

Data cutoff: January 10, 2020.
aDisease stage in FL was classified using the Ann Arbor staging system.
bDatamissing for 10 patients.
cDouble-hit lymphomas haveMYC and either BCL2 or BCL6 rearrangements or overexpression.
dBulky disease defined as a tumor size of≥7 cm.
eDouble-refractory was defined as refractory to both rituximab and an alkylating agent.
fLenalidomide-refractorywas defined as the best response of stable disease or progression to lenalidomide therapy.

Abbreviations: ABC, activated B-cell; ASCT, autologous stem cell transplantation; DLBCL, diffuse large B-cell lymphoma; ECOG PS, Eastern Cooperative

Oncology Group performance status; FL, follicular lymphoma; GCB, germinal center B-cell; IPI, International Prognostic Index.

Of the68patients overall, 61 (89.7%) had at least onedose interrup-

tion of avadomide and 42 (61.8%) had at least one dose interruption of

rituximab; both were mostly due to AEs (48 of 61 patients with avado-

mide interruptions [78.7%] and 31 of 42 patients with rituximab inter-

ruptions [73.8%], respectively). Fifteen (22.1%) patients had at least

one dose reduction of avadomide, 14 of 15 (93.3%) of which were due

to AEs (Table S2). Rituximab dose reductions were not allowed in this

study. As of January 10, 2020, cutoff date, 54 patients discontinued

treatment, 16 of whom discontinued due to AEs (Table S1).

Overall, 22 deaths were reported, 21 of which occurred during

follow-up. Four patients had TEAEs that led to death, two of which

were suspected to be related to the study treatment; one due to sepsis

suspected to be related to avadomide, and the other due to progressive

multifocal leukoencephalopathy suspected to be related to rituximab.
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TABLE 2 Treatment-related adverse events

Related to any study drug

(N= 68) Avadomide-related (N= 68) Rituximab-related (N= 68)

TRAE, n (%) Any grade Grade 3/4 Any grade Grade 3/4 Any grade Grade 3/4

≥1 TRAE 64 (94.1) 46 (67.6) 63 (92.6) 45 (66.2) 45 (66.2) 30 (44.1)

Neutropenia 43 (63.2) 38 (55.9) 43 (63.2) 38 (55.9) 22 (32.4) 20 (29.4)

Infections and infestationsa 20 (29.4) 8 (11.8) 16 (23.5) 6 (8.8) 16 (23.5) 6 (8.8)

Fatigue 15 (22.1) 2 (2.9) 15 (22.1) 2 (2.9) 8 (11.8) 2 (2.9)

Diarrhea 13 (19.1) 2 (2.9) 13 (19.1) 2 (2.9) 6 (8.8) 1 (1.5)

Rash 11 (16.2) 1 (1.5) 9 (13.2) 1 (1.5) 4 (5.9) 0

Nausea 11 (16.2) 0 11 (16.2) 0 4 (5.9) 0

Rashmaculopapular 9 (13.2) 0 8 (11.8) 0 1 (1.5) 0

Infusion-related reactions 8 (11.8) 1 (1.5) NA NA 8 (11.8) 1 (1.5)

Cough 8 (11.8) 0 6 (8.8) 0 6 (8.8) 0

Constipation 7 (10.3) 0 7 (10.3) 0 1 (1.5) 0

Asthenia 7 (10.3) 0 6 (8.8) 0 2 (2.9) 0

Muscle spasms 7 (10.3) 0 7 (10.3) 0 5 (7.4) 0

Febrile neutropenia 5 (7.4) 5 (7.4) 5 (7.4) 5 (7.4) 2 (2.9) 2 (2.9)

Lipase increased 5 (7.4) 4 (5.9) 5 (7.4) 4 (5.9) 3 (4.4) 2 (2.9)

Leukopenia 4 (5.9) 3 (4.4) 4 (5.9) 3 (4.4) 1 (1.5) 0

Lymphopenia 3 (4.4) 3 (4.4) 3 (4.4) 3 (4.4) 2 (2.9) 2 (2.9)

Data cutoff: January 10, 2020.

Any-grade TRAEs reported in≥10% of patients or at grade 3/4 severity in>2 patients in the overall dose expansion population (DLBCL and FL).
aInfections and infections, SystemOrgan Class including upper respiratory tract infection, lung infection, pneumonia, bronchitis, urinary tract infection, pro-

gressivemultifocal leukoencephalopathy, abscess, body tinea, cellulitis, diverticulitis, herpes simplex, oral candidiasis, rashpustular, rectal abscess, respiratory

tract infection, and sepsis.

Abbreviations: DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; NA, not applicable; TRAE, treatment-related adverse event.

Of the 55DLT-evaluable patients, two experienced at least one tox-

icity meeting the DLT criteria. One patient with DLBCL experienced

grade 4 neutropenia, which was suspected to be related to avadomide.

One patient with FL experienced two occurrences of grade 3 diarrhea;

the first was suspected to be related to avadomide, and the secondwas

suspected to be related to both avadomide and rituximab.

3.4 Efficacy

Among the 27 patients with R/R DLBCL, the overall response rate

(ORR) was 40.7%, with 6 patients (22.2%) achieving a CR (Figures 1A

and 2A,B; Table S5). The median time to best overall response was 3.7

months (95% CI, 1.8–5.6). mDOR was 8.0 months (95% CI, 1.1–not

evaluable [NE]), and median OS was 7.4 months. Median PFS was 1.9

months (95%CI, 1.7–3.7; Figure 3). As of January 10, 2020, themedian

duration of follow-up for patients with R/R DLBCL was 6.9 months.

In the overall FL cohort, the ORR was 80.5%, including 17 patients

(41.5%) achieving a CR (Figures 1B and 2C,D; Table S6). The median

time to best overall responsewas 1.9months (95%CI, 1.8–3.5). mDOR

was 27.6 months (95%CI, 16.7–NE), andmedian PFS was 22.1 months

(95%CI, 15.0–NE; Figure 3). MedianOSwas not reached at the time of

data cutoff. Progression of disease within 24 months occurred in 14 of

41 (34.1%) FL patients. As of January 10, 2020, the median duration of

follow-up for patients with R/R FLwas 22.9months.

Subgroup analysis conducted in patients with R/R DLBCL showed

that the ORR was higher in non-primary refractory DLBCL (55.6%)

compared with primary refractory DLBCL (33.3%). Likewise, the

response rate was higher in de novo DLBCL (47.4%) compared with

transformed DLBCL (25.0%) (p< 0.05). There were no statistically sig-

nificant differences in response rates based on gene classifier status or

COO (Table S5). Median PFSwas longer in de novoDLBCL (2.9months

[95% CI, 1.7–6.5]) compared with transformed DLBCL (1.8 months

[95% CI, 0.6–16.4]). Among patients with R/R FL, ORR was similar

in lenalidomide-naïve and lenalidomide-treated patients; 80.6% and

80.0%, respectively (Figure 1; Table S6). Median PFS was 29.2 months

(95% CI, 16.6–NE) in lenalidomide-naïve patients and 14.5 months

(95% CI, 2.2–25.6) in lenalidomide-treated patients. mDOR was 14.9

months (95% CI, 6.9–23.8) in lenalidomide-treated patients and not

reached in lenalidomide-naïve patients.

3.5 Pharmacokinetics

Mean plasma concentration-time profiles of avadomide are shown in

Figure S2. Patients with DLBCL and FL had similar pharmacokinetic
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(A)

(B)

F IGURE 1 Efficacy across diffuse large B-cell lymphoma (DLBCL) and follicular lymphoma (FL) subgroups. Forest plots presenting overall
response rate (ORR) and complete response (CR) rate of (A) DLBCL and (B) FL subgroups. Data cutoff: January 10, 2020. Data presented are from
the safety population. Abbreviations: ABC, activated B-cell; CR, complete response; DLBCL, diffuse large B-cell lymphoma; DR, double-refractory;
FL, follicular lymphoma; GCB, germinal center B-cell; Len, lenalidomide; ORR, overall response rate

profiles on cycle 1 days 1 and 15. The mean avadomide concentra-

tion at 1.5 h reached 77.71 and 80.17 ng/ml for DLBCL and 77.59 and

74.53 ng/ml for FL, on days 1 and 15, respectively. Pharmacokinetic

data showed no clinically meaningful impact of tumor type on avado-

mide drug exposure.Moderate to high between-patient variability was

noted and ranged from 42.2% to 168.2%.

4 DISCUSSION

The treatment of NHL continues to improve, with targeted agents,

immunomodulatory imide drugs, and CAR T-cell therapies resulting in

significant improvements in survival in patients with R/R NHL [8, 25–

32]. However, there is still a need for additional treatment options. The

dose-expansion part of this phase Ib study examined 3 mg avadomide

given orally dosed 5/7 days per week in combination with 375 mg/m2

rituximab administered intravenously in 28-day cycles or 3-month

intervals in a cohort of patients with R/RDLBCL or R/R FL [21].

The 5/7-day dosing regimenwas designed based on previous avado-

mide clinical studies, including the dose-escalation portion of the cur-

rent study, to mitigate neutropenia by releasing a reversible arrest

in neutrophil maturation caused by depletion of Ikaros [20, 33]. Neu-

tropeniawas themost commongrade3/4TEAEoverall, seen as early as

cycle 1, and was expected based on the mechanism of action of avado-

mide. These TEAEs were effectively managed with G-CSF or GM-CSF

treatment or by dose interruptions or reductions. Grades 3 or 4 febrile

neutropenia rates were low because neutropenia was well monitored

andmanaged.

Multiple studies have shown that patients with ABC subtype

DLBCL have significantly poorer outcomes with standard upfront

rituximab-containing chemoimmunotherapy compared with GCB

disease; in the R/R setting, the prognostic impact of COO remains

less clear [2]. Some recent therapeutic options are based on COO,

which can be used independently of the IPI, to determine optimal

treatment strategy in the R/R setting [2, 34–36]. A phase II/III study

in patients with R/R DLBCL showed improved median PFS in response

to lenalidomide monotherapy in the non-GCB subtype [9]. In a phase

II trial, the BTK inhibitor ibrutinib elicited higher ORRs in patients

with the ABC subtype compared with the GCB subtype (37% vs. 5%,

respectively) [35]. Results from the dose-expansion phase suggest that

responses to avadomide in combination with rituximab were COO-

independent, with ORRs of 66.7% and 45.5% in patients with ABC and

GCB subtype DLBCL, respectively, comparedwith 40.7% in the overall

DLBCL population. Although the small number of patients for whom

COO data were available (n = 14) limits interpretation of this result,

it is supported by data from preclinical in vitro and in vivo models, in

which avadomide demonstrated broad activity across DLBCL COO

status [15]. In a previous study of avadomide in patients with R/R

DLBCL, separation of patients into two groups based on immune cell

composition in the tumor microenvironment using a gene expression

classifier predicted clinical benefit from avadomidemonotherapy, with

prolonged PFS and higher ORR in patients with classifier-positive
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(A) (B)

(C) (D)

F IGURE 2 Best change in lesion size from baseline and duration of treatment. Best change in lesion size (A) and duration of treatment (B) by
(A) best overall response and different cell of origin in patients with DLBCL, and best change in lesion size (C) and duration of treatment (D) by the
best overall response and prior lenalidomide treatment status in patients with FL. Abbreviations: ABC, activated B-cell; CR, complete response;
DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; GCB, germinal center B-cell; Len, lenalidomide; PD, progressive disease; PR, partial
response; SD, stable disease

disease compared with patients with classifier-negative disease [24,

33]. Preliminary efficacy results from the current study found no

significant difference in ORR based on gene expression classifier

status; however, patients with classifier-positive disease had a higher

CR rate (42.9% vs. 20.0%) and showed a trend toward longer median

PFS (3.2 months vs. 2.8 months) and mDOR (NR [95% CI, 4.7–NE] vs.

1.9 months [95% CI, 1.0–NE]) compared with patients with classifier-

negative disease (Table S5). It should be noted that the sample size for

each subgroupmay have been too small to demonstrate differences.

In patients with R/R DLBCL and FL, avadomide in combination

with rituximab demonstrated promising antitumor activity, particu-

larly in patients with R/R FL. Interestingly, ORRs were similar between

lenalidomide-naïve and lenalidomide-treated patients with FL. These

results highlight the promising clinical activity of the combination,

independent of prior treatment with lenalidomide, and the potential

of the high potency of avadomide to overcome resistance to lenalido-

mide. Patients with double-refractory FL also appeared to have a simi-

larORR to the overall population. In termsof PFS, avadomide appeared

to be promising for patients with R/R FL. In the current study, median

PFS in patients with R/R FL was 22.1 months (95% CI, 15.0–NE) with a

12-month PFS rate of 73.1% (95% CI, 56.7–84.1). Although this obser-

vation is with a small patient population, it can be considered poten-

tially clinically relevant in the context of data from other agents, such

as the 12-month PFS rate of 77.5% (95%CI, 66.6–85.2) observed in the

ZUMA-5 trial of axi-cel in patientswithR/R indolentNHL [27]. Patients

with R/R indolent lymphoma treatedwith copanlisib, a pan-class I PI3K

inhibitor, had amedian PFS of 11.2months (95%CI, 8.1–17.6); patients

treatedwith anotherPI3K inhibitor, idelalisib, had amedianPFSof 11.0

months (95% CI, 8.0–14.0) [3, 28]. Tazemetostat, an oral inhibitor of

EZH2, demonstrated amedian PFS of 13.8months (95%CI, 10.7–22.0)

for patients with mutant EZH2 and 11.1 months (95% CI, 3.7–14.6) in

those with wildtype EZH2 [37].

Several recent trials have demonstrated that rational targeted,

chemotherapy-free combinations may be beneficial to patients with

R/R FL and DLBCL [38, 39]. The Fc-enhanced CD19 monoclonal anti-

body tafasitamab plus lenalidomide resulted in an ORR of 60% with

a 43% CR rate in patients with R/R DLBCL ineligible for ASCT [38].

Real-world data confirmed the superiority of the tafasitamab and

lenalidomide combination (ORR of 67.1%) compared with lenalido-

midemonotherapy (ORR of 34.2%) in R/RDLBCL [40]; the significantly

higher ORR, CR, and OS indicated potential synergistic effects of this

immunotherapy combination [41]. Clinical activity was observed with

ibrutinib plus rituximab plus lenalidomide in R/R DLBCL, with an ORR

of 44% and an mDOR of 15.9 months; the ORR was higher in patients
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F IGURE 3 Progression-free survival by the best overall response (safety population). Swim plot presenting duration of progression-free
survival and best overall response in patients with DLBCL and FL. Data cutoff: January 10, 2020. Data presented are from the safety population.
Abbreviations: CR, complete response; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; PD, progressive disease; PR, partial
response; SD, stable disease

with non-GCB DLBCL than in patients with GCB DLBCL [32]. In the

phase II GALEN trial of obinutuzumab in combination with lenalido-

mide in R/R DLBCL, the ORR was 35% and the CR rate was 18%

with a well-tolerated safety profile [42]. Based on the findings from

the phase III AUGMENT study, lenalidomide plus rituximab (R2) was

recently approved in R/R FL. This combination demonstrated an ORR

of 78%, with a CR rate of 34% in a patient population comprising R/R

marginal zone lymphoma (17%) and R/R FL (83%) [39]. In the phase

II GALEN trial of lenalidomide and obinutuzumab in R/R FL, the ORR

was 79%with aCR rate of 38%, and the combination had amanageable

safety profile [43]. The combination of obinutuzumab and zanubruti-

nib, a next-generation BTK inhibitor, resulted in an ORR of 72% and a

CR rate of 39% in patientswith R/R FL [44]. These studies demonstrate

the growing role of a chemotherapy-free approach inR/RNHLand sup-

port the rationale for further evaluation, such as randomized trials that

use correlative biomarkers to identify optimal therapeutic strategies

and studies that explore potential novel synergistic combinations.

In conclusion, avadomide with rituximab was generally well tol-

erated. The safety profile of avadomide in combination with ritux-

imab was consistent with the known safety profile of each respec-

tive study drug. No new safety signals were observed, and the rate

of dose reductions was expected, supporting the 5/7-day dosing reg-

imen. Preliminary results show that this combination has promising

antitumor activity in patients with R/R DLBCL and FL. Taken together,

findings from this study support the potential of CELMoD agents

in combination with anti-CD20 monoclonal antibodies as a novel

chemotherapy-free treatment option for patients with R/R DLBCL

and FL.
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