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Abstract

There is a need for additional treatment options for patients with relapsed or refrac-

tory diffuse large B-cell lymphoma (DLBCL) who do not benefit from available thera-

pies.We examined combinations of the cereblon E3 ligasemodulator (CELMoD) agent

avadomide (CC-122), the selective, ATP-competitive mammalian target of rapamycin

kinase inhibitor CC-223, and the potent, selective, covalent Bruton tyrosine kinase

inhibitor CC-292 in patients with relapsed/refractory (R/R) DLBCL.
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In the multicenter, phase Ib CC-122-DLBCL-001 study (NCT02031419), the dose-

escalation portion explored combinations of CC-122, CC-223, and CC-292 adminis-

tered as doublets or triplets with rituximab in patients with chemorefractory DLBCL.

Primary endpointswere safety, tolerability, anddose-limiting toxicities; additional end-

points included pharmacokinetics, pharmacodynamics, biomarkers, and preliminary

efficacy.

As of December 1, 2017, 106 patients were enrolled across four cohorts. The median

age was 65 years (range 24–84 years), and patients had a median of 3 (range 1–10)

prior to regimens. A total of 101 patients (95.3%) discontinued, most commonly due to

disease progression (49.1%). Themost common any-grade adverse events (AEs) across

treatment arms were gastrointestinal and hematologic; the most common grade 3/4

AEs were hematologic. CC-122 was well tolerated, with no unexpected safety con-

cerns. Preliminary efficacy was observed in three of four treatment arms. CC-122 plus

rituximab was considered suitable for dose expansion, whereas CC-223 and CC-292

combinationswere associatedwith enhanced toxicity and/or insufficient improvement

in responses.

CC-122 plus rituximab was well tolerated, with preliminary antitumor activity in

patients with R/RDLBCL. This innovative study demonstrates the feasibility of assess-

ing the tolerability and preliminary efficacy of novel combinations utilizing amulti-arm

dose-finding design.
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1 INTRODUCTION

Non-Hodgkin lymphoma (NHL) comprises a heterogeneous group of

lymphoproliferative diseases with differing patterns of clinical presen-

tation and responses to treatment [1, 2]. Diffuse large B-cell lymphoma

(DLBCL) is characterized by aggressive clinical behavior and is the

most common type of NHL, accounting for approximately 40% of diag-

noses [2, 3]. The standard first-line treatment forDLBCL is the regimen

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

plus the CD20-directed monoclonal antibody [mAb] rituximab) [4].

Current guidelines recommendcytotoxic chemotherapyplus rituximab

followed by autologous stem cell transplant (ASCT) in eligible patients

as salvage treatment after first relapse [4]. However, those patients

with DLBCL whose disease is refractory to salvage therapy and/or are

ineligible for transplantation, or whose disease relapses after ASCT,

have historically had few treatment options and typically have a poor

prognosis [5–8]. A number of therapies have recently demonstrated

efficacy in the third-line treatment setting and are now standard of

care, including anti-CD19 chimeric antigen receptor (CAR) T-cell ther-

apies, the anti-CD19 antibody-drug conjugate (ADC) loncastuximab

tesirine, and the nuclear export inhibitor selinexor [4]. Initial data from

two studies of anti-CD19 CAR T-cell therapies as second-line therapy

in ASCT-eligible patients (TRANSFORM NHL-001 and ZUMA-9) have

also shown improved event-free survival and response rates compared

withhigh-dose chemotherapy andASCT, suggesting that new therapies

may offer improvements in outcome in earlier treatment lines as well

[9, 10].

Various targeted therapies have demonstrated single-agent activ-

ity in relapsed/refractory (R/R) DLBCL, including the immunomod-

ulatory drug (iMiD) agent lenalidomide [11, 12], the Bruton tyro-

sine kinase (BTK) inhibitor ibrutinib [13], and the mammalian tar-

get of rapamycin (mTOR) inhibitor temsirolimus [14]. These thera-

pies target signaling pathways involved in B-cell growth and sur-

vival, and there is considerable interest in investigating combina-

tions containing these drugs or compounds with similar mechanisms

of action for the treatment of NHL [15]. To date, promising results

have been observed with some combinations, including lenalidomide

plus rituximab in follicular lymphoma (FL), lenalidomide plus tafa-

sitamab in R/R DLBCL, everolimus plus R-CHOP in first-line DLBCL,

and the triplet of ibrutinib, lenalidomide, and rituximab in first-line

DLBCL [16–19].

A greater understanding of the pathology of DLBCL has led to the

identification of molecular subgroups that are associated with dis-

tinct actionable targets and differential responses to some therapies,

notably double-hit lymphoma and the germinal center B-cell (GCB)

and activated B-cell (ABC) subtypes [20, 21]. For example, the ECOG-

ACRIN-1412 trial, which compared lenalidomide in combination with

R-CHOPtoR-CHOPalone, found that the additionof lenalidomidewas
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associated with improved progression-free survival (PFS) in patients

with ABC subtype DLBCL, but not in patients with the GCB subtype

[22]. Knowledge of actionable targets associated with specific sub-

types allows the selection of rational drug combinations with comple-

mentary mechanisms of action that are likely to have enhanced antitu-

mor activity [23]. However, clinical investigation of such combinations

must be donewith care, due to the possibility that additive or synergis-

tic effects may result in increased toxicity [20, 23]. An example of such

toxicities was reported from a study evaluating the combination of ide-

lalisib, a phosphatidylinositol-3-kinase (PI3K) δ inhibitor, lenalidomide,

and rituximab inmantle cell and FL [24]. Although doublets of idelalisib

or lenalidomide with rituximab have previously demonstrated efficacy

and safety in clinical trials, the combination of idelalisib and lenalido-

mide,with andwithout rituximab,was unexpectedly found to be poorly

tolerated [24].

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

(CELMoD) agent that binds to cereblon in the cullin4 E3 ubiquitin lig-

ase complex, leading to ubiquitination and subsequent degradation of

the hematopoietic transcription factors Aiolos and Ikaros [25]. The

degradation of Aiolos and Ikaros results in derepression of interferon-

response gene promoters and apoptosis in malignant B cells and dere-

pression of interleukin-2 expression and secretion in T cells, resulting

in T-cell activation [25–28]. CC-122 was well tolerated and demon-

strated promising preliminary activity as monotherapy in R/R DLBCL

[29–31], as well as preliminary activity in combination with the anti-

CD20mAbobinutuzumab inDLBCL [31]. A novel gene expression clas-

sifier has also been developed that identified a subgroup of patients

with an improved clinical response to CC-122 monotherapy [29, 32].

CC-223 is a selective, ATP-competitive inhibitor of mTOR, a kinase

that plays a key role in the regulation of cell proliferation and survival

[33–35]. CC-292 is a potent, selective, covalent inhibitor of BTK, a crit-

ical component of the B-cell receptor signaling network required for

B-cell development [36].

As iMiD agents, mTOR/PI3K pathway inhibitors, and BTK inhibitors

have demonstrated benefit as monotherapies and in combination with

other agents, it is reasonable to suggest that combinations of CC-122,

CC-223, and CC-292 may provide additional benefit over monothera-

pies. Rituximab has also been shown to enhance the antitumor activity

of agents with these mechanisms of action in clinical studies [37–39],

providing a rationale for the evaluation of rituximab in combination

with all three agents.

The rationale for the addition of rituximab is further supported

by preclinical studies, including enhancement of rituximab-mediated

antibody-dependent cell-mediated cytotoxicity by CC-122 in two

DLBCL cell lines (Figure S1) and increased tumor growth inhibition

(TGI) with CC-122 plus rituximab compared with either agent alone in

a DLBCL xenograft model (55% TGI with combination therapy versus

28% and 19% TGI for CC-122 and rituximab monotherapies, respec-

tively; Figure S1).

The CC-122-DLBCL-001 study was conducted to evaluate novel

combinations of these agents administered as doublets and triplets in

combinationwith rituximab in patientswith R/RDLBCL in dose escala-

tion and DLBCL or FL in dose expansion. Here, we report results from

patients with DLBCL treated in the dose-escalation (part A) portion of

the study.

2 METHODS

2.1 Study design and patients

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

ter, open-label, phase Ib study with a dose-escalation phase reported

here and a dose-expansion phase. Exploration of doses for each novel

agent used a standard 3 + 3 dose design [40], with a fixed dose of rit-

uximab in higher-dose cohorts (Figure 1). The study was conducted

in accordance with the Declaration of Helsinki and in adherence to

Good Clinical Practice as described in the International Council for

HarmonisationE6guidelines. Theprotocolwas reviewedandapproved

by each site’s Institutional Review Board or Independent Ethics Com-

mittee before initiation of the study, and all patients provided written

informed consent.

The primary objectives were to determine the safety and toler-

ability of oral CC-122, CC-223, and CC-292 when administered as

doublets and triplets in combination with rituximab, to assess the

safety and tolerability of CC-122 plus rituximab, and to define the

non-tolerated dose (NTD), themaximum-tolerated dose (MTD), and/or

the recommended phase 2 dose (RP2D) of each combination. Sec-

ondary objectives included characterization of steady-state pharma-

cokinetics (PK) of CC-122, CC-223, and CC-292 combinations fol-

lowing oral administration and assessment of preliminary efficacy.

Exploratory objectives included evaluating blood pharmacodynamic

biomarkers ofCC-122and the relationship between thesemarkers and

clinical activity, characterizing the steady-state PK of the M1 metabo-

lite of CC-223 administered in combination with CC-292, and evaluat-

ing baseline tumor biomarkers and the effects of study treatments on

them.

Eligible patients were aged > 18 years, with histologically or cyto-

logically confirmed R/R DLBCL (including transformed indolent lym-

phoma). All patients had chemorefractory DLBCL, defined as having

a stable disease or progressive disease (PD) as the best response to

their last chemotherapy and/or PD or recurrence within 12 months of

prior ASCT. Patients must have received an anti-CD20 mAb therapy

(unless the tumor was CD20-negative) and anthracycline-containing

chemotherapy as well as ≥1 prior salvage treatment (unless ineligible

for ASCT). See Supporting Information for additional eligibility criteria.

2.2 Treatment

CC-122 hydrochloride, referred to here as CC-122, as an active phar-

maceutical ingredient in capsule (AIC) formulation, was administered

orally once daily (QD). An alternate intermittent schedule of CC-122

QD for five of every seven consecutive days (5/7), which improved

tolerability and reduced the frequency and severity of neutropenia

in a study of CC-122 monotherapy in DLBCL, was also explored [29].
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F IGURE 1 CC-122-DLBCL-001 study design: CC-122-DLBCL-001 is a multicenter, open-label, phase Ib study of avadomide, CC-223, and
CC-292 administered orally as doublets or triplets in combination with rituximab, as well as an avadomide plus rituximab doublet in patients with
R/RDLBCL or FL. The dose-escalation part of the study included patients with DLBCL only. CT/MRI, computed tomography/magnetic resonance
imaging; DLBCL, diffuse large B-cell lymphoma; ECOGPS, Eastern Cooperative Oncology Group performance status; FL, follicular lymphoma;
iNHL, indolent non-Hodgkin lymphoma; PK, pharmacokinetics; R/R, relapsed/refractory

CC-292 was administered orally twice daily (BID) and CC-223 was

administered orally QD. Rituximab was administered on day 8 of

cycle 1, day 1 of cycles 2–6, and day 1 of every third cycle thereafter.

Treatment arms are shown in Figure S2. Patients in arm A received

CC-122 and CC-223 with or without rituximab (starting at CC-122

2 mg QD and CC-223 20 mg QD), patients in arm B received CC-122

plus CC-292 with or without rituximab (starting at CC-122 2 mg QD

and CC-292 500mg BID), patients in arm Cwere treated with CC-223

and CC-292 (starting at CC-223 20 mg QD and CC-292 500 mg

BID), and those in arm D received CC-122 plus rituximab (starting at

CC-122 2 mg QD). In arm D, a CC-122 3 mg formulated capsule [29]

was introduced with the same strength as CC-122 3 mg AIC. Each

dose level was cleared before the next was started. If unacceptable

toxicity occurred at the initial dose level, dose reductions for CC-122

(1.5 mg QD and 1 mg QD) and CC-223 (15 mg QD) were allowed; no

starting dose reductions for CC-292 were planned. For arm A, the

Safety Review Committee (SRC) determined which of the two drugs in

the doublet to reduce. For armsB andD, the CC-122 dosewas reduced

and for arm C, the CC-223 dose was reduced. Assignment of patients

to study arms was at the discretion of the investigator and based on

slot availability per the study design.

Patients who experienced dose-limiting toxicity (DLT) after receiv-

ing≥1dose of study treatment or thosewho received≥80%of planned

doses of CC-122, CC-223, CC-292, and rituximab during cycle 1 with-

out experiencing a DLT were considered DLT-evaluable. If zero out of

≥3 or ≤1 out of six evaluable patients in a cohort experienced a DLT

during cycle1 inparallel dose cohorts, thendoseescalation couldoccur.

DLTs are defined in the Supplementary Materials; individual investiga-

tors performed response assessments and determined DLTs. The NTD

was defined as the dose level at which ≥2 of six evaluable patients in a

cohort experienced a DLT during cycle 1. The MTD was defined as the

last dose level below the NTD at which ≤1 of 6 evaluable patients had

a DLT during cycle 1. During cycle 1, any adverse event (AE) that led to

dose reduction was considered a DLT. Patients could resume CC-122

at a reduced dose only if they recovered to grade ≤1 within 14 days

of dose interruption; two dose reductions were allowed before the

patient was withdrawn from the study. Dose reductions were permit-

ted forCC-122,CC-223, andCC-292; nodose reductionswere allowed

for rituximab, but treatment could be discontinued at the discretion of

the investigator. After cycle 1, the dose level could be increased if the

alternative dose level waswell tolerated in≥1 cohort of other patients.

For arms A, B, and D, CC-122 dosing was modified to the intermit-

tent 5/7-day schedule based on SRC review and escalated until the

MTD/RP2D was established. Treatment was given until disease pro-

gression, unacceptable toxicity, or patient/physician decision to with-

draw consent.

2.3 Study assessments

AEs were assessed according to the National Cancer Institute Com-

mon Terminology Criteria for AEs, version 4.03, up to 28 days after the

last treatment. Blood samples for PK analysis were collected on days

15 to 28, predose, and at 1.5 and 3 h post-dose on days 1 and 15 of

cycle 1 for all dose cohorts. Additional blood samples were collected

onday15 frompatients in dose level 2 of armC to examineCC-223 and

CC-292 steady-state PK. Pharmacodynamic biomarkers of each novel

agent were explored at baseline and cycle 1, day 1 (pre-dose, and at 1.5

and 3 h) and cycle 1, day 15 (pre-dose, and at 1.5 and 3 h), including

cereblonmodulation substrates in B andT cells in patients treatedwith

CC-122 and mTOR signaling pathway biomarkers (e.g., p4EBP1 and

pAKT) in patients treated with CC-223. Tumor assessments were per-

formed at screening and at the end of even-numbered cycles through

cycle 6, then every three cycles through cycle 12, and every 6 months

thereafter. Responses were assessed by the investigator per Interna-

tionalWorking Group 2007 criteria [41].
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2.4 Statistical analyses

Safety analyses were performed on all patients who received ≥1 dose

of study treatment (safety population). The PK population comprised

all patients who took ≥1 dose of study treatment and had ≥1 mea-

sured drug concentration. Efficacy-evaluable patients were those who

completed ≥1 treatment cycle and had a baseline and ≥1 postbaseline

efficacy assessment. The biomarker-evaluable population comprised

all patients who took ≥1 dose of study treatment and had ≥1 pharma-

codynamic assessment. Safety and efficacy analyseswere based on the

safety population except where noted (PK and biomarkers). PK param-

eters were calculated using actual times relative to the most recent

administration. The median duration of response (DOR) and median

PFSwere calculated per the Kaplan-Meier method.

3 RESULTS

3.1 Patients and treatment

From December 18, 2013, to June 21, 2016, 106 patients with DLBCL

were enrolled across the dose-escalation cohorts, including 34 in arm

A, 28 in arm B, 14 in arm C, and 30 in arm D. As of the cutoff date

(December 1, 2017), 101 patients (95.3%) had discontinued study

treatment and five (4.7%) were ongoing (Figure S2). The most com-

mon reasons for discontinuation were PD (n= 52 [49.1%]), AEs (n= 19

[17.9%]), death due to disease under study or complications thereof

(n = 15 [14.2%]), and death due to AE (n = 1 [< 1.0%]; cardiac arrest

unrelated to study treatment). Patient demographics and baseline

characteristics are shown in Table 1. The overall median age was 65

years (range 24–84 years), and 59.4% were male. At enrollment, most

patients (56.6%) had disease stage IV, 31.4% had transformed DLBCL,

14.7% had a double-hit disease, and eight patients (7.5%) had progres-

sion of disease within 12 months of diagnosis (POD12). The cell of

origin (COO) was not determined for patients enrolled in the dose-

escalation portion of the study. Patients received a median of 3 (range

1–10) prior systemic anticancer therapies; 72 (70.6%) received >2

prior therapies, and 31 (30.4%) had received prior ASCT. A majority

of patients received prior therapy with rituximab (97.1%). No patients

had previously received CAR T-cell therapies.

The sequence of the dose levels explored in each arm is shown in

Table S1. Among the 88 patients across treatment arms who received

CC-122, themedian duration of CC-122 treatment was 56 days (range

7–941 days) and the median relative CC-122 dose intensity was 1.0

(range 0.5–1.0; Table S2). Eighteen patients (20.5%) received CC-122

dose reductions (10 patients in arm A, three patients in arm B, and

five patients in arm D); 11 due to AEs. Among the 45 patients treated

with CC-223, the overall median CC-223 treatment duration was 56

days (range 7–937 days) and the median relative dose intensity was

1.0 (range 0.6–1.0). Eleven patients (24.4%) had dose reductions of CC-

223; eight due to AEs. Among the 41 patients who received CC-292,

the median duration of CC-292 treatment was 56 days (range 7–542

days) and the median relative dose intensity was 1.0 (range 0.6–1.0).

Of the 16 patients (39.0%) who had CC-292 dose reductions; eight

were due to AEs. Sixty-one patients received rituximab for an over-

all median duration of 56 days (range 28–980 days), and the median

relative dose intensity was 1.0 (range 0.5–1.1). Details of dose reduc-

tions and interruptions for each drug and treatment arm are shown in

Table S2.

3.2 Safety

Treatment-emergent AEs (TEAEs) occurring in ≥10% of patients by

treatment arm are reported in Table 2. Themost commonTEAEs of any

grade across treatment arms were gastrointestinal (GI) and hemato-

logic events. Diarrhea was the most common any-grade TEAE, partic-

ularly in armsA (67.7%), B (44.4%), andC (64.3%); neutropenia (50.0%)

was the most common any-grade hematologic TEAE, particularly in

arms A (48.4%), B (44.4%), and D (50.0%). In all treatment arms, the

most common grade 3/4 TEAEs were hematologic.

In armA,GI disorders showeda trend suggesting adose effect,while

other TEAEs (including neutropenia and thrombocytopenia) showed

improvement with intermittent dosing of CC-122 (Table S3). A poten-

tial dose effect was also observed in arm B; however, modest improve-

ment in neutropenia, thrombocytopenia, pyrexia, and diarrhea was

observed with intermittent dosing of CC-122. Among the most com-

mon TEAEs in arm C, diarrhea and thrombocytopenia showed a trend

suggesting a dose-effect. The most common TEAEs in arm D (hemato-

logic, general disorders, and GI disorders) showed improvement with

intermittent dosing of CC-122. Most patients had ≥1 TEAE suspected

of being drug-related (Table S4).

At least 50% of patients in each arm reported a serious AE

(SAE); however, the occurrence of SAEs in >1 patient was uncommon

(Table S5). Infections were among the most common SAEs in each arm

(arm A, 19.4%; arm B, 11.1%; arm C, 7.1%; and arm D, 20.0%). SAEs

related to the study drug were observed in eight patients (25.8%) in

arm A, nine patients (33.3%) in arm B, four patients (28.6%) in arm C,

and three patients (10.0%) in arm D. Overall, 14 patients (13.7%) died,

nonewhile on treatment but all within 28 days of the last dose of study

drug. Of these, 13 patients died from disease progression; the remain-

ing patient (in arm D) died from a TEAE (cardiac arrest unrelated to

study treatment).

Among the DLT-evaluable patients, four (15.4%) in arm A, eight

(33.3%) in arm B, four (40.0%) in arm C, and two (8.3%) in arm D expe-

rienced a DLT. A summary of DLTs by dose level and treatment arm is

presented in Table S6. A lower proportion of patients in arms A and D

experiencedDLTs relative to arms B andC. TheMTD for armAwas not

established as the MTD/RP2D for CC-122 monotherapy was reached

in a previous clinical study [30]. However, a decision was made not to

expand this arm, and the cohort was closed. The MTD for arm B was

determined to be CC-122 1 mg QD for 5/7 days plus CC-292 500 mg

BID and 375 mg/m2 rituximab. Arm B was not expanded, because fur-

ther development of CC-292 was terminated. TheMTD for arm C was

not established; both dose levels evaluated were determined to be

NTDs, and the cohort was closed to enrollment. In armD, CC-122 3mg
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TABLE 1 Patient baseline characteristics

ArmA ArmB ArmC ArmD

Characteristic

Avadomide+

CC-223±R

(n= 34)

Avadomide+

CC-292±R

(n= 28)

CC-292+

CC-223±R

(n= 14)

Avadomide+R

(n= 30)

Overall

(N= 106)

Median age, years (range) 63 (28–84) 57 (24–84) 68 (25–80) 66 (28–84) 65 (24–84)

Age> 65 years, n (%)a 13 (38.2) 8 (28.6) 9 (64.3) 15 (50.0) 45 (42.5)

Male, n (%)a 19 (55.9) 17 (60.7) 8 (57.1) 19 (63.3) 63 (59.4)

ECOGPS, n (%)a

0 14 (41.2) 18 (64.3) 6 (42.9) 11 (36.7) 49 (46.2)

1 17 (50.0) 9 (32.1) 8 (57.1) 19 (63.3) 53 (50.0)

Missing 3 (8.8) 1 (3.6) 0 0 4 (3.8)

Disease stage, n (%)

I 1 (3.2) 0 0 0 1 (1.0)

II 6 (17.6) 3 (10.7) 1 (7.1) 4 (13.3) 14 (13.2)

III 8 (23.5) 6 (21.4) 4 (28.6) 6 (20.0) 24 (22.6)

IV 15 (44.1) 16 (57.1) 9 (64.3) 20 (66.7) 60 (56.6)

Missing 1 (3.2) 2 (7.4) 0 0 3 (2.9)

TransformedDLBCL, n (%) 11 (35.5) 9 (33.3) 4 (28.6) 8 (26.7) 32 (31.4)

Double-hit, n (%)b 5 (16.1) 5 (18.5) 1 (7.1) 4 (13.3) 15 (14.7)

Bonemarrow involvement, n (%) 5 (16.1) 3 (11.1) 2 (14.2) 4 (13.3) 14 (13.7)

Median no. prior systemic anticancer regimens (range) 3 (2-8) 3 (1–7) 3 (1–5) 3 (2–10) 3 (1–10)

1 0 3 (11.1) 2 (14.3) 0 5 (4.9)

2 7 (22.6) 6 (22.2) 4 (28.6) 8 (26.7) 25 (24.5)

>2 24 (77.4) 18 (66.7) 8 (57.1) 22 (73.3) 72 (70.6)

Prior rituximab, n (%) 29 (93.5) 27 (100) 13 (92.9) 30 (100) 99 (97.1)

Prior ASCT, n (%) 11 (35.5) 9 (33.3) 3 (21.4) 8 (26.7) 31 (30.4)

POD12, n (%) 5 (14.7) 2 (7.1) 0 1 (3.3) 8 (7.5)

Median time since last recurrence (range), months 1.0 (-1.0–5.7) 0.5 (0–4.9) 1.1 (0.3–10.6) 0.9 (-0.1–3.8) 0.9 (-1.0–10.6)

Abbreviations: ASCT, autologous stem cell transplant; DLBCL, diffuse large B-cell lymphoma; ECOG PS, Eastern Cooperative Oncology Group performance

status; POD12, progression of disease within 12months of diagnosis; R, rituximab.
aData in the enrolled population shown; all other results are in the safety population.
bRearrangement or overexpression of both BCL2 andMYC.

in a formulated capsule, given QD for 5/7 days plus 375 mg/m2 ritux-

imabwas considered suitable for expansion.

3.3 Efficacy

The objective response rate (ORR) among treated patients was 29.0%

(95% confidence interval [CI], 14.2–48.0) in arm A, 25.9% (11.1–46.3)

in arm B, 0% in arm C, and 23.3% (9.9–42.3) in arm D (Table 3). Com-

plete responses (CRs) occurred in four patients (12.9%) in armA, three

(11.1%) in arm B, and two (6.7%) in arm D. The addition of rituximab

appeared to improve response rates in arms A and B (Table S7). There

appeared to be a dose-dependent effect on clinical response in arms A

and B. In arm A, the ORRwas 12.5% (2/16 patients) in patients treated

with 2 mg CC-122 (dose levels 1, 2, and 3) compared with 46.7% (7/15

patients) in patients treated with higher doses of CC-122 (3 and 4 mg

[dose levels 4 and 5]). In arm B, the ORR was 15.8% (3/19 patients)

in patients treated with 1 mg of CC-122 (dose levels 1, 3, and 4) and

50% (4/8 patients) in those treated with 2 mg of CC-122 (dose levels 2

and 5) (Table S7). Despite similar ORRs in arms A, B, and D, the median

response duration was >3 times longer in arms A and B (616 days and

not reached, respectively) than in arm D (183 days). Across treatment

arms, of the responders, three proceeded to ASCT. The median PFS

and 6- and 12-month estimated PFS rates were substantially higher in

arms A and B relative to arms C and D (Table 3). Prolonged responses

of>500 days were observed in 10 patients (Figure 2).

3.4 Biomarker analysis

In a prior clinical study, Aiolos was shown to be a dose-dependent

blood pharmacodynamic biomarker of CC-122 [29, 30]. Following
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TABLE 2 Treatment-emergent adverse events by treatment arm (safety population)a

ArmA ArmB ArmC ArmD

Avadomide+CC-223±

R (n= 31)

Avadomide+CC-292±

R (n= 27)

CC-292+CC-223

(n= 14) Avadomide+R (n= 30)

Any grade Grade 3/4 Any grade Grade 3/4 Any grade Grade 3/4 Any grade Grade 3/4

Any TEAE, n (%) 31 (100) 27 (87.1) 27 (100) 25 (92.6) 14 (100) 14 (100) 30 (100) 22 (73.3)

Hematologic

Neutropenia 15 (48.4) 14 (45.2) 12 (44.4) 12 (44.4) 3 (21.4) 2 (14.3) 15 (50.0) 11 (36.7)

Anemia 9 (29.0) 4 (12.9) 6 (22.2) 5 (18.5) 2 (14.3) 2 (14.3) 8 (26.7) –

Thrombocytopenia 7 (22.6) 5 (16.1) 11 (40.7) 7 (25.9) 5 (35.7) 4 (28.6) 5 (16.7) 4 (13.3)

Febrile neutropenia 3 (9.7) 3 (9.7) 5 (18.5) 5 (18.5) – – 2 (6.7) 2 (6.7)

Gastrointestinal

Diarrhea 21 (67.7) 6 (19.4) 12 (44.4) – 9 (64.3) 2 (14.3) 3 (10.0) –

Abdominal pain 7 (22.6) – 8 (29.6) – – – – –

Nausea 6 (19.4) – 8 (29.6) – 3 (21.4) – 5 (16.7) –

Vomiting 6 (19.4) – 4 (14.8) – 3 (21.4) – 3 (10.0) –

Constipation 4 (12.9) – 3 (11.1) – – – 6 (20.0) –

Dyspepsia – – 4 (14.8) – 3 (21.4) – – –

Other

Hypokalemia 12 (38.7) 3 (9.7) 3 (11.1) – 3 (21.4) – – –

Pyrexia 12 (38.7) – 10 (37.0) – 4 (28.6) – 10 (33.3) –

Fatigue 12 (38.7) 2 (6.5) 8 (29.6) 2 (7.4) 2 (14.3) – 3 (10.0) –

Cough 11 (35.5) – 4 (14.8) 3 (21.4) – 8 (26.7) –

Dyspnea 11 (35.5) – 7 (25.9) 2 (7.4) – – 8 (26.7) –

Rash 11 (35.5) – 3 (11.1) – 2 (14.3) – 5 (16.7) –

Decreased appetite 9 (29.0) – – – – – 7 (23.3) –

Hyperglycemia 9 (29.0) 2 (6.5) – – 2 (14.3) – – –

Overdose 7 (22.6) – 3 (11.1) – 2 (14.3) – – –

Blood creatinine increased 6 (19.4) – 3 (11.1) – 2 (14.3) – – –

Proteinuria 6 (19.4) – – – – – – –

Pruritus 5 (16.1) – 3 (11.1) – – – 8 (26.7) –

Asthenia 5 (16.1) 2 (6.5) – – 4 (28.6) 3 (21.4) 5 (16.7) 2 (6.7)

Urinary tract infection 5 (16.1) – 4 (14.8) – – – 4 (13.3) –

Dizziness 5 (16.1) – – – – – 3 (10.0) –

Edema peripheral 4 (12.9) – 6 (22.2) – 4 (28.6) – 4 (13.3) –

AST increased 4 (12.9) – 5 (18.5) – – – 3 (10.0) –

Hypotension 4 (12.9) – – – 5 (35.7) 4 (28.6) 3 (10.0) 2 (6.7)

General health deteriorationb – – 8 (29.6) 5 (18.5) 2 (14.3) 2 (14.3) 4 (13.3) –

Noncardiac chest pain – – 4 (14.8) 3 (11.1) – – – –

Hyperbilirubinemia – – 4 (14.8) – – – – –

Pneumonia – – 4 (14.8) – – – – 2 (6.7)

Headache – – 4 (14.8) – – – – –

Abbreviations: AST, aspartate aminotransferase; R, rituximab; TEAE, treatment-emergent adverse event.
aEvents of any grade occurring in ≥15% of patients and grade 3/4 events occurring in ≥5% of patients by treatment arm are reported. Dashes indicate an

incidence notmeeting these cutoffs.
bGeneral health deterioration included clinical disease progression or worsening health status; patients did not meet the criteria for radiographic disease

progression.
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TABLE 3 Efficacy by treatment arm (safety population)

ArmA ArmB ArmC ArmD

Avadomide+

CC-223±R (n= 31)

Avadomide+

CC-292±R (n= 27)

CC-292+CC-223

(n= 14) Avadomide+R (n= 30)

ORR, n (%) [95%CI]a 9 (29.0) [14.2–48.0] 7 (25.9) [11.1–46.3] 0 [NA] 7 (23.3) [9.9–42.3]

CR 4 (12.9) 3 (11.1) 0 2 (6.7)

PR 5 (16.1) 4 (14.8) 0 5 (16.7)

SD 8 (25.8) 7 (25.9) 6 (42.9) 2 (6.7)

PD 12 (38.7) 9 (33.3) 5 (35.7) 16 (53.3)

Missing 2 (6.5) 4 (14.8) 3 (21.4) 5 (16.7)

ORR by subgroup, n/N (%)

Double-hit 1/5 (20.0) 0/5 0/1 1/4 (25.0)

No double-hit 8/26 (30.8) 7/22 (31.8) 0/13 6/26 (23.1)

Prior ASCT 4/11 (36.4) 3/9 (33.3) 0/3 2/8 (25.0)

No prior ASCT 5/20 (25.0) 4/18 (22.2) 0/11 5/22 (22.7)

Median PFS, d (95%CI) 110.0 (57.0–246.0) 111.0 (54.0–132.0) 66.5 (31.0–113.0) 50.0 (29.0–77.0)

6-mo PFS, % (95%CI) 35.4 (18.1–53.1) 26.8 (10.7–46.0) 0 17.0 (5.7–33.5)

12-mo PFS, % (95%CI) 25.3 (10.2–43.6) 26.8 (10.7–46.0) 0 8.5 (1.5–23.4)

Median DOR, d (95%CI) 616 (57–NA) NR (83–NR) NA 183 (55–NR)

Abbreviations: CR, complete response; DOR, duration of response; NA, not applicable; NR, not reached; ORR, objective response rate; PD, progressive dis-

ease; PFS, progression-free survival; PR, partial response; R, rituximab; SD, stable disease.
aResponse as determined by the investigator based on InternationalWorking Group Criteria for malignant lymphoma.33.

administration of 1–4 mg of CC-122 in combination with CC-223 or

CC-292, with or without rituximab, Aiolos degradation was observed,

indicating target engagement and pharmacologic activity. In arms B

and D, there was a dose-dependent trend in decreased Aiolos levels

in CD3+ T cells and CD19+ B cells from baseline to cycle 1 day 1

at 3 h post-dose (Figure 3). Aiolos degradation in CD3+ T cells from

equivalent 4-mg CC-122 doses in arms A and D identified a potential

antagonistic influence of CC-223 on CC-122-mediated degradation of

Aiolos, which resulted in a 14% decrease in Aiolos in arm A compared

with a 46% decrease in arm D (rituximab-containing regimen). Data

from arm B support a trend towards increased Aiolos degradation in

patients receiving either 1 or 2 mg of CC-122 at 3 h post-dose. Among

patients treatedwith 1mg of CC-122, themedian decline in Aiolos lev-

els was approximately 20% in CD3+ T cells and 5% in CD19+ B cells,

respectively. In the 2-mg CC-122 group, there was a decline of approx-

imately 40% in CD3+ T cells and 32% in CD19+ B cells. Furthermore,

the combined data indicate that pharmacodynamic effects of CC-122

observed in arm B were similar to those obtained with higher doses

of CC-122 in arms A and D, suggesting that the BTK inhibitor CC-292

may potentiate the activity of CC-122 to increase the extent of Aiolos

degradation.

Following administration of CC-223, a dramatic decrease in levels

of the mTOR signaling pathway biomarkers p4EBP1 and pAKT within

3 h on cycle 1 day 1 was observed in arm A (CC-223 20 mg) and arm

C (CC-223 15 mg) (Figure 3). A comparison of 20-mg and 30-mg dose

levels in arm A did not demonstrate a dose-dependent decrease in

either p4EBP1 or pAKT, a possible indication that maximal suppres-

sion ofmTORC1/mTORC2 activity by CC-223 is achieved at the 20-mg

dose level. In particular, 20 mg of CC-223 led to median reductions in

p4EBP1 and pAKT levels of approximately 30% and 70%, respectively,

at 3 h post-dose compared with baseline. In arm C, p4EBP1 levels at

3 h post-dose increased by approximately 8% from baseline, and pAKT

levels were reduced by a median of approximately 50% with 20 mg of

CC-223. When the dose of CC-223 was reduced to 15 mg, p4EBP1

was reduced by approximately 30% and the pAKT levels remained at

an approximate 50% reduction.

3.5 PK and pharmacodynamics

Mean plasma concentration-time profiles and steady-state PK param-

eters of CC-223 and CC-292 after multiple doses are shown

in Figure S3. Mean plasma concentration-versus-time profiles are

adequately characterized over the 8-h post-dose sampling inter-

val. At the steady-state, the median time to maximum plasma

drug concentration (Cmax), Tmax, was 1.5 hours post-dose, rang-

ing from 1.0 to 2.0 h; CC-292 Tmax was 1.5 h, ranging from 1.0

to 3.0 h. Following attainment of Cmax, both CC-223 and CC-292

plasma concentrations declined in an approximately monophasic

manner.

The mean apparent volume of distribution of CC-223 was 127.4 L,

and the mean apparent volume of distribution of CC-292 was 334.1 L.

CC-223 had a terminal half-life of approximately 3.6 h and apparent

plasma clearance of approximately 24.3 L/h, whereas CC-292 had a

terminal half-life of approximately 3.3 h andapparent plasma clearance

of approximately 70.3 L/h. In general, as assessed from the geometric
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F IGURE 2 Progression-free survival and best overall response (safety population). Swimplot presents duration of progression-free survival
and best overall response by arm and dose level. CR, complete response; DL, dose level; NE, not estimable; PD, progressive disease; PR, partial
response; SD, stable disease

coefficient of variation, high between-patient variability is noted for

both CC-122 area under the plasma concentration-time curve (AUC)

and Cmax, with values ranging from 105.3% to 118.1% (Figure S3).

Moderate interpatient variability was observed for both CC-292 AUC

andCmax, with values ranging from51.3% to 56.5%. Therewere insuffi-

cient numbers of patients in the CC-122-containing arms to determine

conclusively whether there were exposure-dependent changes in Aio-

los protein levels in response to CC-122. CC-223 exposure-response

analysis demonstrated little to no exposure-dependent decrease in

p4EBP1 and pAKT levels.

4 CONCLUSIONS

Despite continuing advances in the treatment of B-cell malignancies,

acquired andde novo resistance to treatment remain significant issues.
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F IGURE 3 Per cent change from baseline in Aiolos in CD3+ T cells (A) and CD19+B cells (B) and in p4EBP1 (C) and pAKT (D) at 3 h post-dose
on day 1 of cycle 1 (biomarker-evaluable population). The change in Aiolos expression in CD3+ T cells and CD19+B cells was calculated within
each avadomide- and CC-223-containing arm. *p≤ 0.05 versus baseline; **p≤ 0.01 versus baseline; ***p≤ 0.001 versus baseline; DL, dose level;
MEFL, molecules of equivalent fluorescence label; NS, not significant

Indeed, anti-CD19CART-cell therapies represent a promising advance

in the treatment of R/R DLBCL and are now the standard of care

treatment for patients whose disease has progressed despite treat-

ment with available standard therapies [42–44]. Furthermore, initial

data show that CART-cell therapies have promising efficacy compared

with high-dose chemotherapy and ASCT, the current standard-of-care

second-line treatment for DLBCL [9, 10]. It is important to note that

the current study predates the introduction of CAR T-cell therapies

and other treatment options that have demonstrated durable bene-

fits in this difficult-to-treat population. However, there remains a need

for novel drugs and combinations so as to provide additional treat-

ment options for those patients who experience disease progression
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F IGURE 3 Continued

or are not eligible for treatment with these novel regimens. This phase

Ib study in patients with R/R DLBCL utilized an innovative study

design to evaluate combinations of the targeted therapies CC-122,

CC-223, and CC-292, as doublets and as triplets with rituximab. All

three targeted therapies act on pathways involved in the growth and

survival of B cells, providing a rationale for the investigation of these

combinations.

The CC-122-containing arms showed high rates of neutropenia

(36.7%–45.2%),whichwasexpectedbasedon safety results fromapre-

vious clinical study [30]. Compared with the continuous dosing regi-

men used in previous studies, a five out of seven–day dosing schedule–

showed improved tolerability, in terms of frequency and severity of

AEs, while maintaining clinical activity [30]. The intermittent dosing

regimen was designed to mitigate neutropenia by reversing an arrest

in neutrophil maturation caused by depletion of Ikaros [29]. CC-122

waspoorly toleratedat doseshigher than1mg in combinationwithCC-

292 (arm B). Although this combination showed evidence of antitumor

activity, it also resulted in rates of grade 3/4 neutropenia comparable

to those seen in other treatment arms, despite the introduction of an

intermittent dosing schedule and the use of a markedly lower CC-122

dose in arm B than in arms A and D. This observation may be explained

by pharmacodynamic data showing a trend towards enhanced Aio-

los degradation with CC-122 plus CC-292, indicating possible syner-

gistic effects. Thus, this combination was not explored further. Also

of note, the combination of CC-223 and CC-292 resulted in a high

rate of DLTs, and both dose levels evaluated were determined to be

non-tolerated. Much like the example provided by the triplet of idelal-

isib, lenalidomide, and rituximab, which resulted in unexpected dose-

limiting toxicities [24], this finding indicates that any future studies of

mTOR inhibitor and BTK inhibitor combinations should be done with

care, particularly since the mechanisms leading to the poor tolerability

seen in our study have not been elucidated.

CC-122 plus rituximab (arm D) was considered suitable for dose

expansion in patients with R/R DLBCL at the RP2D of CC-122 3 mg

QD formulated capsule for 5/7 days plus 375 mg/m2 rituximab. This

combination was selected for further evaluation based on its prelim-

inary antitumor activity, with an ORR of 23.3% (95% CI, 9.9–42.3),

and manageable tolerability profile. The ORR with CC-122 plus ritux-

imab appears somewhat lower than that seenwith CC-122 plus obinu-

tuzumab in patients with R/R DLBCL (47% [95% CI, 24–71]), although
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the comparability of the patient populations enrolled in these trials is

unclear [31]. The dose expansion provides an opportunity to assess

CC-122 as a next-generation cereblon-modulating drug in the con-

text of historical data with lenalidomide-containing doublet regimens.

In recently reported clinical studies, a novel gene expression classi-

fier identified tumors with a high T cell and macrophage infiltrate that

showed an enhanced response to CC-122 in patients with R/R DLBCL

[29, 32]. Subgroup analyses using this gene expression classifier and

COO classification were investigated in the DLBCL dose-expansion

cohort, the results of which are published as a companion article in this

issue of eJHaem.

Results for the CC-122 combinations evaluated in the dose-finding

part of this study should be viewed in the context of treatment options

that were approved for use in the third-line setting after our study

was conducted. As of November 2021, third-line treatment options

recommended in the National Comprehensive Cancer Network

(NCCN) guidelines include anti-CD19 CAR-T cell therapies, in patients

who have not previously received them, loncastuximab tesirine, and

selinexor, as well as participation in clinical trials of novel therapies

[4]. The anti-CD19 CAR-T cell therapies axicabtagene ciloleucel,

lisocabtagene maraleucel, and tisagenlecleucel have demonstrated CR

rates of 40%–58% as third-line treatment in patients with R/R large

B-cell lymphomas, including DLBCL [42–44]. Importantly, responses

to CAR T-cell therapies have proven to be durable. The estimated

12-month PFS rate was 65% in patients with a complete response to

lisocabtagene maraleucel, 24-month PFS was 72% in patients with

a complete response to axicabtagene ciloleucel, and 36-month PFS

was 70% in patients with a complete response to tisagenlecleucel at

3 months [42, 44, 45]. In comparison, CR rates with loncastuximab

tesirine and selinexor monotherapies in the third-line setting were

24% and 12%, respectively [46, 47].

Several doublet and triplet combinations have been evaluated in

patients who have received two or more prior therapies. Treatment

with the ADCpolatuzumab vedotin in combinationwith bendamustine

and rituximab (pola-BR) resulted in a significantly higher CR rate and

reduced the risk of death by 58% compared with BR alone in patients

with transplantation-ineligible R/R DLBCL [48]. The combination of

the CD19 mAb tafasitamab plus lenalidomide produced an ORR of

60% with CRs observed in 43% of patients with R/R DLBCL ineligible

for ASCT [17]. These regimens are recommended as second-line or

later therapy in the NCCN guidelines [4]. Clinical activity was also

observed in a study of ibrutinib plus lenalidomide in DLBCL, with an

ORR of 38% and median DOR of 15.9 months; of particular interest,

increased ORR was observed in non-GCB-like DLBCL [19]. These

studies indicate not only that novel triplet therapies are feasible, but

that toxicity management and patient selection are key to identifying

combination doses that may lead to transformational efficacy in

specific patient populations.

In conclusion, this dose-escalation study evaluated multiple combi-

nations of three novel therapies, as doublets and as triplets with rit-

uximab, in heavily pretreated patients with R/R DLBCL. The therapies

were selected for investigation based on preclinical studies and knowl-

edge of tumor biology that suggested their combination would result

in an additional benefit, as well as the results of previous clinical stud-

ies demonstrating antitumor activity of combinations containing drugs

with similar mechanisms of actions. Investigation of pharmacodynamic

markers was used to inform alterations to the CC-122 dosing sched-

ule with the goal of improving tolerability, as well as the selection of

combinations for further investigation through identification of poten-

tial synergieswithdeleterious effects.Of the regimensexamined in this

study, the combinationofCC-122and rituximabwaswell tolerated and

demonstrated preliminary efficacy in patients with R/R DLBCL. The

efficacy of this combination in terms of ORR and DOR, as well as the

antitumor activity of CC-122 in patients who have previously received

lenalidomide, has been evaluated in patients with DLBCL and FL in

the part B dose expansion. Results from the dose-expansion part are

reported in a separatemanuscript in this issue of eJHaem.
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