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Abstract

Patients with multiple myeloma (MM) inevitably relapse on initial treatment regi-

mens, and novel combination therapies are needed. Ibrutinib is a first-in-class,

once-daily inhibitor of Bruton's tyrosine kinase, an enzyme implicated in growth

and survival of MM cells. Preclinical data suggest supra-additivity or synergy

between ibrutinib and proteasome inhibitors (PIs) against MM. This phase 1/2b

study evaluated the efficacy and safety of ibrutinib plus the PI carfilzomib and

dexamethasone in patients with relapsed/refractory MM (RRMM). In this final

analysis, we report results in patients who received the recommended phase

2 dose (RP2D; ibrutinib 840 mg and carfilzomib 36 mg/m2 with dexamethasone),

which was determined in phase 1. The primary efficacy endpoint was overall
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response rate (ORR). Fifty-nine patients with RRMM received the RP2D (18 in

phase 1 and 41 in phase 2b). These patients had received a median of three prior

lines of therapy; 69% were refractory to bortezomib, and 90% were refractory to

their last treatment. ORR in the RP2D population was 71% (stringent complete

response and complete response: 3% each). Median duration of clinical benefit

and median duration of response were both 6.5 months. Median progression-free

survival (PFS) was 7.4 months, and median overall survival (OS) was 35.9 months.

High-risk patients had comparable ORR and median PFS (67% and 7.7 months,

respectively) to non–high-risk patients, whose ORR was 73% and median PFS was

6.9 months, whereas median OS in high-risk patients was 13.9 months and not

reached in non–high-risk patients. The most common grade ≥3 hematologic

treatment-emergent adverse events (TEAEs) were anemia and thrombocytopenia

(17% each); the most common grade ≥3 non-hematologic TEAE was hypertension

(19%). In patients with RRMM treated with multiple previous lines of therapy,

ibrutinib plus carfilzomib demonstrated anticancer activity within the expected

efficacy range. No new safety signals were identified and the combination was

well-tolerated.
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1 | INTRODUCTION

Multiple myeloma (MM) is characterized by clonal proliferation of

plasma cells in the bone marrow, which leads to bone destruction and

end-organ damage.1 While stem cell transplant and novel drug combi-

nations have contributed to improved outcomes, morbidity and mor-

tality remain high. The availability of effective combination therapies

including proteasome inhibitors (PIs) and immunomodulatory drugs

(IMIDs) is critical, especially for high-risk patients who historically

respond well to combination therapies.2,3

PIs target several anti-apoptotic proteins that allow MM cells to

survive and proliferate.4,5 The PIs bortezomib (in combination with

lenalidomide) and carfilzomib are approved for the treatment of

relapsed/refractory MM (RRMM).6-11 Bortezomib is associated with

increased incidence of peripheral neuropathy and higher incidence of

hematological adverse events (AEs) compared to other PIs used to

treat patients with RRMM.12 Furthermore, patients who are refrac-

tory to bortezomib and IMIDs, such as lenalidomide, have poor out-

comes compared to patients who are not refractory, with a median

overall survival (OS) of 9 months vs ≥33 months, respectively.13

Carfilzomib is a next-generation, selective, irreversible PI approved for

the treatment of patients with MM who have received multiple previ-

ous therapies. Carfilzomib is structurally different from bortezomib

and has demonstrated less off-target activity (in particular neuropa-

thy) than bortezomib toward a broad panel of proteases, and thus is

an alternative PI to bortezomib in combination therapies.14

Ibrutinib is a first-in-class, once-daily inhibitor of Bruton's tyrosine

kinase (BTK) and is approved for the treatment of multiple B cell malig-

nancies.15 BTK is overexpressed in 85% of MM cells, and BTK signaling

may be required for MM cell growth and migration.16 Progression of

MM leads to bone destruction via the interaction of MM cells with

osteoclasts and factors that suppress bone formation and enhance

bone resorption.17,18 Preclinical data demonstrated that ibrutinib

inhibited the growth of and reduced bone lysis in cultured BTK-

expressing human MM cells.16 Ibrutinib also reduced bone lysis, osteo-

clast number and activity, and tumor growth in a mouse MM model,

and enhanced the activity of bortezomib and lenalidomide.16,19

Ibrutinib plus dexamethasone provided a clinical benefit rate (CBR) of

28% and median progression-free survival (PFS) of 4.6 months in

patients with relapsed MM or RRMM who had a median of four prior

therapies.20

Bortezomib and carfilzomib are known to stimulate osteoblasts;

this observation, along with the observed osteoclastic inhibitory

effects of ibrutinib, suggests that combining ibrutinib and carfilzomib

may provide clinical benefit. Preclinical data support this syn-

ergy.16,19,21-23 This phase 1/2b, multicenter study evaluated the

safety and efficacy of ibrutinib in combination with carfilzomib and

dexamethasone in patients with RRMM who had multiple prior lines

of therapy, all of whom had received bortezomib. Results from the

phase 1 portion of the study, including determination of the rec-

ommended phase 2 dose (RP2D), have been previously reported.24

During phase 1, no dose-limiting toxicities were observed, and the

maximum tolerated dose of ibrutinib 840 mg once daily plus

carfilzomib 20/36 mg/m2 and dexamethasone 20 mg was established

as the RP2D.24 Here, we report the final efficacy and safety results in

patients who received the RP2D in this phase 1/2b study. Outcomes

in all patients who received treatment during the study, including sub-

group analyses in high-risk patients, are also presented.
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2 | PATIENTS AND METHODS

2.1 | Study design

PCYC-1119-CA (NCT01962792) was a phase 1/2b, open-label, multi-

center study evaluating the safety and efficacy of ibrutinib in combina-

tion with carfilzomib plus dexamethasone in patients with RRMM who

had received at least two previous lines of therapy. Details of the phase

1 study design were previously reported.24 For all patients, regardless of

study phase, ibrutinib dosing began on day 8 of cycle 1 and was taken

once daily continuously. Carfilzomib was administered intravenously for

30 (+10) min on days 1, 2, 8, 9, 15, and 16 of a 28-day cycle from cycle

1 through cycle 12 and thereafter on days 1, 2, 15, and 16. The

carfilzomib starting dose was 20 mg/m2 on days 1 and 2 of cycle 1, and

if tolerated, the dose was increased to 36 mg/m2 on day 8 of cycle

1 and stayed at that level for subsequent cycles. Dexamethasone was

administered (orally or intravenously) at a dose of 20 mg on days 1, 2,

8, 9, 15, 16, 22, and 23 of each treatment cycle, with patients ≥75 years

of age receiving a reduced dose of 10 mg on these days.

2.2 | Eligibility criteria

Key patient inclusion criteria were age ≥18 years; Eastern Coopera-

tive Oncology Group (ECOG) performance status of 0, 1, or 2; mea-

surable MM with at least two prior lines of therapy including

bortezomib and an IMID and no response or disease progression to

the most recent treatment regimen. Permitted laboratory parameters

included adequate hematologic function without transfusion or

growth factor support, including absolute neutrophil count ≥1000/

mm3 and platelet counts ≥75 000/mm3, and adequate hepatic and

renal function (including estimated creatinine clearance ≥30 mL/min).

Key exclusion criteria included primary refractory disease defined as

nonresponsive in patients who had never achieved a minimal

response or better with any therapy, recent prior chemotherapy, prior

treatment with ibrutinib or any other BTK inhibitor, prior carfilzomib

treatment if patients were refractory or nonresponsive, requirement

of strong CYP3A inhibitors or vitamin K antagonists (other anticoagu-

lant and antiplatelet agent use was allowed on study), left ventricular

ejection fraction <40%, and uncontrolled or symptomatic arrhythmias.

2.3 | Endpoints and assessments

The primary efficacy endpoint for the phase 2b portion of the study was

the overall response rate (ORR; defined as partial response [PR] or bet-

ter) per investigator assessment according to 2011 International Mye-

loma Working Group response criteria.25 The analysis of ORR was

conducted in the RP2D population, which included all patients from

phase 1 and phase 2b who received the RP2D. Secondary efficacy end-

points were the rates of PFS, OS, and duration of response (DOR). The

exploratory endpoint was the rate and duration of CBR, which included

patients with minimal response [MR] or better according to IMWG

response criteria.25 The safety and tolerability of ibrutinib in combination

with carfilzomib and dexamethasone were also assessed.

Response evaluations were performed at the beginning of each

cycle until disease progression or study closure, whichever occurred

first. Stringent complete response (sCR) was defined as complete

response (CR) plus normal serum free light chain ratio without bone

marrow clonal cells. Very good partial response (VGPR) was defined

as PR plus undetectable serum and urine M-component or ≥90%

reduction in serum M-component plus urine M-component

<100 mg/24 h and ≥90% reduction in the difference between

involved and uninvolved free light chain levels. Genomic high-risk

patients were defined as those who had the presence of at least a

del17p or t(4;14) mutation. Cytogenetic variations were determined

locally.

AEs were graded according to the National Cancer Institute's

Common Terminology Criteria for Adverse Events, version 4.03.26

Investigators assessed the occurrence of AEs and serious AEs at all

evaluation timepoints during the study.

2.4 | Statistical analyses

Efficacy and safety analyses were conducted in the RP2D population,

which included patients enrolled during phase 1 or phase 2b who

received at least one administration of the RP2D. Additional analyses

were conducted in the all-treated population, which included all

patients who received at least one dose of study drug during the

study. Efficacy was also analyzed by key subgroups within the RP2D

and all-treated patient populations.

2.5 | Study oversight

This study was approved by the Institutional Review Board at each

site, and all patients provided written consent. The study was spon-

sored by Pharmacyclics LLC, an AbbVie Company. Pharmacyclics led

the study design, data collection, and statistical analysis. All authors

had full access to all data.

2.6 | Data sharing statement

Requests for access to individual participant data from clinical studies

conducted by Pharmacyclics LLC, an AbbVie Company, can be submit-

ted through Yale Open Data Access (YODA) Project site at http://

yoda.yale.edu.

3 | RESULTS

3.1 | Patients

Between January 15, 2014 and December 26, 2018, 84 patients with

RRMM were enrolled (43 patients in phase 1 and 41 patients in phase

2b) across 18 centers. Fifty-nine of these patients received treatment

at the RP2D (18 patients in phase 1; 41 patients in phase 2b)

(Table 1). In the RP2D population, median age was 63 years, 53%
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were male, and median time since initial diagnosis was 4.6 years

(Table 2). Patients had received a median of three lines of prior ther-

apy, and all patients were previously treated with bortezomib. Forty-

three patients (73%) had received a prior autologous stem cell trans-

plant. All patients were refractory to or relapsed from previous thera-

pies, including refractory to lenalidomide (n = 40, 68%) or bortezomib

(n = 41, 69%), with 47% refractory to both lenalidomide and

bortezomib; 90% were refractory to their last treatment (Table 3).

Eighteen (31%) patients were considered high-risk, and 33 (56%) were

considered non–high-risk (Table 2). The median time on study was

24.1 months (range: 0.9-51.8). The median treatment duration for

ibrutinib was 4.4 months (range: 0-48.6); the most common reason for

ibrutinib discontinuation was progressive disease (53%). There were

no meaningful differences in baseline characteristics between the

RP2D population and the all-treated population (Tables 2 and 3).

3.2 | Efficacy

In the RP2D population (n = 59), 57 patients were considered

response evaluable and two patients who did not receive ibrutinib

were considered non-evaluable. The ORR was 71%. Two patients

(3%) each achieved a best response of sCR or CR, 12 patients (20%)

achieved VGPR, and 26 patients (44%) achieved PR (Figure 1A). Three

patients (5%) had progressive disease. The median DOR was

6.5 months (range: 0.5-44.3). Median PFS was 7.4 months (95% CI:

4.6-10.2), and the estimated 1-year PFS rate was 33% (Figure 2A).

Median OS was 35.9 months (95% CI: 23.1—not estimable [NE]), and

the estimated 1-year OS rate was 77% (Figure 3A). OS at 24 months

was 60% (95% CI: 43.8%-72.4%). The CBR was 78%, and the median

duration of clinical benefit response was 6.5 months (95% CI:

3.7-10.7). Similar efficacy results were observed in the all-treated

population (Figures 1A, 2A, and 3A).

ORR was also evaluated in key subgroups among patients receiv-

ing the RP2D. Patients with two or three prior lines of therapy

(n = 35) and those with ≥4 prior lines of therapy (n = 24) each had an

ORR of 71% (Figure 1B). In patients classified as high risk in the RP2D

TABLE 1 Patient disposition

Patients receiving RP2D

n = 59; n (%)

Patients treated 59 (100)

Discontinued ibrutinib treatmenta 57 (97)

Progressive disease 31 (53)

AEs 12 (20)

Investigator decision 5 (8)

Withdrawal by patient 5 (8)

Other 4 (7)

Abbreviations: AE, adverse event; RP2D, recommended phase 2 dose.
aTwo patients received carfilzomib but did not receive ibrutinib treatment.

TABLE 2 Baseline demographics and disease characteristics

Characteristic

Patients receiving
RP2D
n = 59

All treated
patients
n = 84

Median age, years (range) 63 (34-79) 63.5 (34-83)

Sex, n (%)

Female 28 (47) 41 (49)

Male 31 (53) 43 (51)

Median time since initial

diagnosis, years (range)

4.6 (0.5-16.4) 4.6 (0.5-25.3)

ECOG performance status, n (%)

0 21 (36) 27 (32)

1 32 (54) 50 (60)

2 6 (10) 7 (8)

ISS stage at baseline, n (%)

I 24 (41) 39 (46)

II 18 (31) 23 (27)

III 11 (19) 16 (19)

Cytogenetic riska

High-risk 18 (31) 22 (26)

Non–high-risk 33 (56) 51 (61)

Unknown 8 (14) 11 (13)

Median hemoglobin, g/L (range) 114 (69-149) 109 (69–149)

Median platelets, 109/L (range) 164 (61-443) 167 (61-443)

Median absolute neutrophil

count, 109/L (range)

2.3 (1.0-9.3) 2.3 (1.0–9.3)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; ISS,

International Staging System; RP2D, recommended phase 2 dose.
aCytogenetic risk assessment was performed locally. High cytogenetic risk

was defined as the presence of t(4;14) and/or del17p.

TABLE 3 Prior treatment exposure

Treatment

Patients

receiving
RP2D
n = 59

All treated
patients
n = 84

Median prior lines of therapy (range) 3 (2-10) 3 (2-10)

Prior stem cell transplant, n (%) 59 (100) 84 (100)

Prior lenalidomide, n (%) 58 (98) 82 (98)

Refractory to lenalidomide, n (%) 40 (68) 58 (69)

Prior bortezomib, n (%) 59 (100) 84 (100)

Refractory to bortezomib, n (%) 41 (69) 59 (70)

Refractory to lenalidomide and

bortezomib, n (%)

28 (47) 42 (50)

Last treatment was a combination

of a PI and an IMID, n (%)

7 (12) 15 (18)

Disease status to last treatment, n (%)a

Relapsed 5 (8) 9 (11)

Refractory 53 (90) 74 (88)

Abbreviations: IMID, immunomodulatory drug; PI, proteasome inhibitor;

RP2D, recommended phase 2 dose.
aOne patient had unknown disease status to their last treatment.
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population (n = 18), ORR was 67% with four patients (22%) achieving

VGPR and eight patients (44%) achieving partial response. The ORR

among non–high-risk patients in the RP2D population (n = 32) was

75% (Figure 1B). ORRs for high-risk vs non–high-risk patients in the

all-treated population were similar to those reported for the RP2D

population (Figure 1B).

High-risk patients in the RP2D population had a median PFS

of 7.7 months (95% CI: 3.6-8.5) vs 6.9 months (95% CI: 4.6-18.4)

F IGURE 1 Best response and rate of clinical benefit response. Best response and CBR by response type for the RP2D population and the all-
treated population (A), and ORR by key subgroups for the RP2D population and the all-treated population (B). Response was evaluated according
to the International Myeloma Working Group (IMWG) response criteria, with ORR defined as a partial response or better. CBR, clinical benefit
response; CR, complete response; MR, minimal response, ORR, overall response rate; PD, progressive disease; PR, partial response; RP2D,
recommended phase 2 dose; sCR, stringent complete response; VGPR, very good partial response
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in non–high-risk patients (Figure 2B), with a CBR of 78% in both

subgroups. Median PFS rates for high-risk vs non–high-risk

patients in the all-treated population were 8.0 months (95% CI:

3.6-8.9) vs 8.7 months (95% CI: 5.7-14.6), respectively, with a CBR

of 77% vs 76% (Figure 2C). Median OS for high-risk patients in the

RP2D population was 13.9 months (95% CI: 5.8-24.0), with a

24-month OS of 25% (95% CI: 6.8-48.3) compared to not reached

(95% CI: 35.9-NE) and a 24-month OS of 79% (95% CI: 58.6-90.3)

in non–high-risk patients (Figure 3B). In the all-treated population,

OS for high-risk patients was 13.9 months (95% CI: 7.5-24) com-

pared to not reached (95% CI: 33.4-NE) in non–high-risk patients

(Figure 3C).

F IGURE 2 Progression-free survival. Data shown
are for patients receiving the RP2D and the all-treated
population (A). PFS data for high–risk vs non–high-risk
patients in the RP2D population are shown in (B). PFS
data for high-risk vs non-high-risk patients in the all-
treated population are shown in (C). NE, not estimable;
PFS, progression-free survival. “+” indicates censored
observation. NE, not estimable; PFS, progression-free
survival; RP2D, recommended phase 2 dose
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3.3 | Safety

All 59 patients receiving the RP2D experienced a treatment-

emergent AE. Non-hematologic AEs of any grade occurring in more

than 20% of patients were diarrhea (n = 29, 49%), fatigue (n = 27,

46%), nausea (n = 26, 44%), cough (n = 21, 36%), and insomnia and

upper respiratory tract infection (n = 18 each, 31%). Thirty-eight

patients (64%) experienced hematologic AEs of any grade, most fre-

quently thrombocytopenia (n = 30, 51%), anemia (n = 25, 42%), and

increased tendency to bruise (n = 7, 12%) (Table 4). Cardiac-related

AEs occurred in 15 patients (25%) and included palpitations in six

patients (10%). Hypertension occurred in 16 patients (27%). Fifty

F IGURE 3 Overall survival. Data shown are for
patients receiving the RP2D and the all-treated
population (A). OS data for high-risk vs non–high-risk
patients in the RP2D population are shown in (B). OS
data for high-risk vs non–high-risk patients in the all-
treated population are shown in (C). NE, not estimable;
OS, overall survival. “+” indicates censored observation.
NE, not estimable; OS, overall survival; RP2D,
recommended phase 2 dose
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patients (85%) experienced grade 3 or higher AEs, most frequently

hypertension (n = 11, 19%), anemia and thrombocytopenia (n = 10

each, 17%), and pneumonia and fatigue (n = 7 each, 12%). At the

RP2D, 15 patients (25%) experienced AEs leading to reduction of

ibrutinib dose, including diarrhea and fatigue (n = 4 each, 7%) and

thrombocytopenia (n = 3, 5%). AEs leading to discontinuation of

ibrutinib occurred in 12 patients (20%) (Table 1). One death occurred

within 30 days after the last treatment. This death was due to gastric

hemorrhage 12 days after last dose and was considered possibly

related to treatment with ibrutinib and dexamethasone. No patients

died during study treatment.

4 | DISCUSSION

Patients with MM inevitably relapse, and many are refractory to first-

line therapies.2,13 Standard first-line therapy options include

bortezomib, as do several retreatment options for RRMM, but most

patients will develop resistance or become refractory to bortezomib,

which is a predictor of poor outcomes.27,28 Development of effective

alternative combination therapies is needed; we asked whether com-

bining ibrutinib with a PI other than bortezomib could provide effec-

tive alternative treatment for patients with RRMM who have

previously received bortezomib. Patients who have three or more

prior lines of treatment, those who are refractory to both PIs and

IMIDs, and patients with high-risk genomic features such as deletion

17p (del17p) have especially poor outcomes, further underscoring the

need for alternative treatment regimens.29,30 Because ibrutinib has

been shown to improve outcomes in patients with CLL with high-risk

genomic features,31 we asked whether ibrutinib might also benefit

patients with MM with high-risk genomic features.

This phase 1/2b study evaluated the efficacy and safety of the

combination of ibrutinib plus carfilzomib/dexamethasone in patients

with RRMM.24 Notably, 90% of patients receiving the RP2D had

relapsed and were refractory to their last line of therapy, and most

were refractory to bortezomib and/or an IMID. The ORR of 71% was

comparable to existing regimens used to treat patients with RRMM

containing bortezomib (63%-84%).32-34

The ORR for patients in the RP2D population with high-risk

genomic features was 67%, which was comparable to non–high-risk

(75%); the same was true for the CBR, which was 78% in high-risk

and 81% in non–high-risk patients. As expected, OS was shorter

among high-risk patients (median OS, 13.9 months) compared to

non–high-risk patients (median OS, not reached). Interestingly, the

median PFS of 7.7 months in high-risk patients in the RP2D popula-

tion was slightly longer than the median PFS in non–high-risk

patients (6.9 months). However, these results should be interpreted

with caution given the small number of high-risk patients included in

the subgroup analyses.

The safety profile of this combination in patients receiving the

RP2D was consistent with those of the individual agents, and with

the safety profile of patients from phase 1.24 Grade 3 or higher AEs

were seen in most patients, similar to treatment with single-agent

ibrutinib and carfilzomib.20,35 The only infection occurring in more

than 20% of patients was upper respiratory tract infection, and

most instances were grade 1 or 2. No patients died while on

treatment.

5 | CONCLUSIONS

The combination of ibrutinib plus carfilzomib and dexamethasone had

an acceptable safety profile, consistent with those of the individual

agents, and PFS and ORR were within the expected range in patients

with RRMM previously treated with bortezomib, a population with

limited retreatment options.
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TABLE 4 Treatment-emergent adverse events

Event, n (%)

Patients receiving RP2D
n = 59

Any grade Grade ≥3

Patients experiencing an

adverse event

59 (100) 50 (85)

Hematologic adverse events

in ≥10% of patients

Thrombocytopenia 30 (51) 10 (17)

Anemia 25 (42) 10 (17)

Increased tendency to bruise 7 (12) 0

Leukopenia 7 (12) 1 (2)

Decreased platelets 7 (12) 4 (7)

Contusion 6 (10) 0

Non-hematologic adverse events

in ≥20% of patients

Diarrhea 29 (49) 6 (10)

Fatigue 27 (46) 7 (12)

Nausea 26 (44) 0

ough 21 (36) 0

Insomnia 18 (31) 5 (8)

Upper respiratory tract infection 18 (31) 1 (2)

Peripheral edema 17 (29) 0

Dizziness 16 (27) 1 (2)

Hypertension 16 (27) 11 (19)

Muscle spasms 16 (27) 1 (2)

Dyspnea 15 (25) 4 (7)

Constipation 14 (24) 0

Gastroesophageal reflux disease 13 (22) 1 (2)

Headache 13 (22) 1 (2)

Peripheral sensory neuropathy 13 (22) 2 (3)

Pyrexia 13 (22) 2 (3)
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