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Abstract

Purpose—Bromodomain and extraterminal (BET) proteins are key epigenetic transcriptional
regulators, inhibition of which may suppress oncogene expression. We report results from 2
independent first-in-human phase 1/2 dose—escalation and expansion, safety and tolerability
studies of BET inhibitors INCB054329 (study INCB 54329-101; NCT02431260) and
INCB057643 (study INCB 57643-101; NCT02711137).

Patients and Methods—~Patients (=18 years) with advanced malignancies, =1 prior therapy,
and adequate organ functions received oral INCB054329 (monotherapy) or INCB057643
(monotherapy or in combination with standard-of-care) in 21-day cycles (or 28-day cycles
depending on standard-of-care combination). Primary endpoints were safety and tolerability.

Results—Sixty-nine and 134 patients received INCB054329 and INCB057643, respectively.
Study INCB 54329-101 has been completed; INCB 57643-101 is currently active, but not
recruiting (no patients were receiving treatment as of January 8, 2019). Terminal elimination half-
life was shorter for INCB054329 versus INCB057643 (mean [SD], 2.24 [2.03] vs. 11.1 [8.27]
hours). INCB054329 demonstrated higher interpatient variability in oral clearance versus
INCB057643 (CV%, 142% vs. 45.5%). Most common (>20%) any-grade treatment-related
adverse events were similar for both drugs (INCB054329; INCB057643): nausea (35%; 30%),
thrombocytopenia (33%; 32%), fatigue (29%; 30%), decreased appetite (26%; 22%). Two
confirmed complete responses and 4 confirmed partial responses with INCB057643 were reported
as best responses.

Conclusions—INCB057643 exhibited a more favorable PK profile versus INCB054329;
exposure-dependent thrombocytopenia was observed with both drugs which limited the target
inhibition that could be safely maintained. Further efforts are required to identify patient
populations that can benefit most, and an optimal dosing scheme to maximize therapeutic index.

Introduction

The bromodomain and extraterminal domain (BET) family consists of 4 proteins (BRD2,
BRD3, BRD4, and BRDT), each with 2 bromodomain (BRD) modules (BD1 and BD2) that
bind selectively to acetylated histone lysine residues within chromatin that interact with gene
promoter and enhancer elements (1). Upon binding, BET proteins recruit transcription
initiation and elongation complexes, including mediator, polymerase-associated factor
complex, and super elongation complex; thereby promoting gene transcription (2, 3). /n
vitroand in vivo studies have demonstrated that inhibition of BRD binding downregulates
key genes [e.q., MYC, BCL-2, BCL-xi, p21(CIPII WAFI), RUNXZ, and /RF4] that promote
cell-cycle progression, survival, and inflammation (4, 5), leading to growth inhibition in
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preclinical models of solid tumors and hematologic malignancies. In these studies, tumor
growth associated with dysregulation of transcription factors, such as MYC, were
particularly responsive to BET inhibition (6-8). On the basis of these findings, BET
inhibitors are garnering interest as potential therapeutic targets for the treatment of solid
tumors and/or hematologic malignancies, either as a monotherapy or in combination with
standard-of-care (SOC) and/or novel anticancer agents.

Early clinical experience with BET inhibitors revealed challenges in balancing optimal
target inhibition with the management of treatment-associated toxicities (9, 10); of note, the
pharmacokinetic (PK) and pharmacodynamic (PD) profile for BET inhibitors that provides
an optimal therapeutic index has not been determined. INCB054329 (8) and INCB057643
are structurally distinct small-molecule BET inhibitors, with differentiated PK profiles based
on experimental PK data from preclinical studies: INCB054329 with higher clearance and a
shorter half-life, and INCB057643 with lower clearance and a correspondingly longer half-
life (11). In preclinical /n vitroand /n vivo studies, both drugs showed similar PD and
antitumor activities, and elicited antiproliferative activities against a panel of hematologic
and solid tumor cancer cell lines. Furthermore, both were active in xenograft models of
acute myelogenous leukemia (AML), multiple myeloma (MM), diffuse large B-cell
lymphoma (DLBCL), and castrate-resistant prostate cancer (CRPC; refs. 8, 12, 13).
Moreover, for both INCB054329 and INCB057643, inhibition of tumor growth correlated
with reduction in MYC levels in xenograft models of hematologic malignancies (8, 12).

This report presents the PK, PD, and safety results obtained from 2 independent first-in-
human clinical trials of INCB054329 and INCB057643, to examine whether the
differentiated PK profiles of INCB054329 and INCB057643 may translate to differentiated
safety profiles and therapeutic index.

Patients and Methods

Study design

In the 2 separate phase 1/2, open-label, dose escalation and dose expansion, safety and
tolerability studies, patients with advanced malignancies received INCB054329 as
monotherapy (study INCB 54329-101; NCT02431260; initiated June 8, 2015) or
INCB057643 (study INCB 57643-101; NCT02711137; initiated May 18, 2016) as
monotherapy and in combination with SOC agents in continuous 21-day cycles (or 28-day
cycles depending on SOC combination regimen; Fig. 1A and B). INCB054329 was
administered at oral doses ranging from 15 to 30 mg once daily (QD) and 15 to 25 mg BID,
including continuous daily and intermittent dose regimens (5-days on/2-days off; 4-days
on/3-days off; 7-days on/7-days off); INCB057643 was administered at oral doses ranging
from 8 to 16 mg QD.

The dose escalation employed a 3+3 design to determine the maximum tolerated dose
(MTD) or the pharmacologically active dose (PAD). The MTD was defined as 1 dose level
below the non-tolerated dose at which one third or more of patients in a particular cohort
reported dose-limiting toxicities (DLTs). The PAD was defined as the dose at which plasma
concentrations of the BET inhibitor exceeded the 1Csq for the inhibition of MYC expression

Clin Cancer Res. Author manuscript; available in PMC 2020 October 01.
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for approximately 10 hours for INCB054329 and for approximately 6 to 12 hours for
INCB057643. See the Supplementary Methods for further details of dose escalation and
expansion, and definitions of DLTSs.

Each study was conducted in accordance with the study protocol, Declaration of Helsinki,
Good Clinical Practice guidelines, and applicable regulatory requirements. Study protocols
and amendments were approved by the relevant institutional review boards or independent
ethics committees. All patients provided written, informed consent before study
participation.

Patient eligibility

For both studies, eligible patients were ages =18 years, had advanced malignancies
confirmed by histology or cytology, had refractory or relapsed diseases following >1 line of
prior therapy, and had no further established SOC therapy known to provide clinical benefit
available to them (including patients who were intolerant to or refused the established
therapy). Patients with AML had relapsed and/or refractory disease, or were =65 years of
age and were not candidates for or declined standard chemotherapy. Patients with
myelofibrosis (MF) had resistant/refractory disease, or were intolerant to prior ruxolitinib
treatment. Patients with MM had relapsed or were refractory to =2 prior treatment regimens,
including proteasome inhibitors and immunomodulatory drugs. Eligibility also required an
Eastern Cooperative Oncology Group (ECOG) performance status <1 (study INCB 54329-
101 and study INCB 57643-101 Parts 1 and 3) or <2 (INCB-057643 Part 2). See
Supplementary Methods for key exclusion criteria for both studies.

In Part 1 (monotherapy dose escalation) of study INCB 54329-101 (Fig. 1A) or study INCB
57643-101 (Fig. 1B), patients were eligible if they had any advanced solid tumor or
lymphoma, or had acute leukemia, myelodysplastic syndrome (MDS), MDS/
myeloproliferative neoplasms (MPN), MF, MM (INCB 57643-101 only; see Fig. 1A and B
for Treatment Group designations).

In Part 2 (dose titration) of study INCB 54329-101, patients were eligible if they had any
advanced solid tumor or lymphoma (TGA) or MM (TGC; Fig. 1A). In Part 2 (monotherapy
dose expansion) of study INCB 57643-101, patients were eligible if they had select solid
tumors or lymphomas, or any advanced solid tumors or lymphomas with any alteration(s)
relevant to BET protein signaling (such as MYC pathway activation) that were postulated to
be particularly susceptible to inhibition of BET proteins (as determined by the investigator
and requiring approval by the sponsor; TGA), or if they had AML, high-risk MDS (HR-
MDS), MDS/MPN, or MF (TGB), or measurable/evaluable MM (TGC; Fig. 1B). In Part 3
(combination dose escalation [C-ES]) of study INCB 57643-101, eligible patients had any
solid tumor for which gemcitabine (C-ES-TGA), paclitaxel (C-ES-TGB), or rucaparib (C-
ES-TGC) was utilized in SOC regimens. Patients were also eligible if they had metastatic
CRPC (mCRPC) eligible to receive abiraterone plus prednisone (C-ES-TGD), had any MF
with an inadequate response to current ruxolitinib treatment (C-ES-TGE), or had any AML
or HR-MDS eligible to receive azacitidine (C-ES-TGF; Fig. 1B). Patients with mCRPC
were also required to have castrate levels of testosterone (<50 ng/dL) at screening and
during the study. Inadequate response to ruxolitinib in patients with MF was defined as
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palpable spleen length (below the left subcostal margin on physical examination) of >10 cm
or 5-10 cm with active symptoms using the Screening Symptom Form; and current
treatment with ruxolitinib for =6 months with a stable dose for >8 weeks at doses ranging
from 5 to 25 mg twice daily (BID).

Outcomes and assessments

Results

Patients

The primary endpoint in each study was safety and tolerability, monitored in patients who
had received =1 dose of study drug for the duration of the study and up to 30-37 days after
the last dose, based on adverse events (AEs) assessed by the National Cancer Institute
Common Terminology Criteria for Adverse Events (NCI CTCAE) version 4.03, clinical
laboratory assessments, physical examination, vital signs, and 12-lead electrocardiograms.

The secondary endpoints were PK and PD, and efficacy. PK/PD were assessed for patients
who had received =1 dose of study drug and had =1 PK and/or PD assessment. See
Supplementary Methods for details of PK sample collection and assay used.

Plasma PK parameters were determined by noncompartmental analysis, using WinNonlin
Enterprise version 8.0 (Pharsight Corporation). A correlative ex vivo assay was developed as
a complement to the PK assessment to measure contributions of protein binding and
potential metabolites to the PK of each inhibitor. This assay measured the levels of
pharmacologically active INCB054329 or INCB057643 based on corresponding reductions
in the levels of MYC in KMS-12-BM cells spiked into patient plasma samples. See
Supplementary Methods for description of the assay used.

In addition, to explore the potential PD biomarkers associated with BET inhibitor treatment,
plasma samples obtained at baseline and during treatment from 80 patients enrolled in study
INCB 57643-101 were tested for the presence of approximately 1,012 proteins using the
Olink multiplex proximity extension assay (Olink Bioscience AB).

Obijective responses were assessed among patients who had received =1 dose of study drug,
had measurable/evaluable disease at baseline, and had =1 post-baseline disease assessment,
based on response criteria applicable to each malignancy.

Sixty-nine patients were enrolled and treated in study INCB 54329-101 (Fig. 1A) and 134
patients were enrolled and treated in study INCB 57643-101 (Fig. 1B), as of the data cutoff
dates (April 11, 2018 and September 24, 2018, respectively). Among the 134 patients in
study INCB 57643-101, 13 were enrolled and treated in the combination TGs. Study INCB
54329-101 was completed on January 31, 2018; study INCB 57643-101 is currently active,
but not recruiting, and no enrolled patients were receiving treatment as of January 8, 2019.

Patient demographics and baseline disease characteristics were similar across the studies
(Table 1). Most patients had an ECOG performance status of <1 (=95%), and most were
heavily pretreated with >69% of patients in each study having received =3 prior therapies.

Clin Cancer Res. Author manuscript; available in PMC 2020 October 01.
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Median durations of INCB054329 and INCB057643 (monotherapy or combination therapy)
treatment were 58 (range, 7-533) days and 50.5 (range, 6-735) days, respectively. In both
studies, the most common reason for treatment discontinuation was disease progression
(53/69 [77%] in study INCB 54329-101 and 76/134 [57%] in study INCB 57643-101;
Table 2).

Pharmacokinetics and pharmacodynamics

Both BET inhibitors demonstrated rapid oral absorption, with INCB054329 exhibiting much
higher peak and lower trough levels compared with INCB057643 (Fig. 2A and B).
INCB054329 also demonstrated much higher overall oral clearance (mean [SD] CLg/F =
95.5 [135] L/h) and shorter overall terminal elimination half-life (mean [SD] #, = 2.24
[2.03] hours) versus INCB057643 (CLge/F = 11.1 [4.97] L/h; #p = 11.1 [8.27] hours;
Supplementary Table S1). Furthermore, the interpatient variability in oral clearance for
INCB054329 was notably higher compared with INCB057643 (coefficient of variation [CV
%], 142% vs. 45.5%; Fig. 2C), which is also evident from the divergent INCB054329 PK
profiles obtained for individual patients receiving the same 30 mg QD starting dose of
INCB054329 (Fig. 2B). This higher interpatient variability in CLg/F for INCB054329
versus INCB057643 was observed across all INCB054329 starting doses (Supplementary
Table S1). For both drugs, decreases in platelet counts correlated with exposure (area under
the plasma concentration—-time curve [AUC]) on an individual patient basis, with higher
exposures resulting in a larger percent decrease from baseline (Fig. 3A).

The effect of receiving a high-fat meal on the PK of INCB057643 was evaluated in 12
patients by comparing the PK in the fasted and fed state. Compared with the fasted state,
coadministration with a high-fat meal delayed the steady-state time to maximum plasma
drug concentration (7max) of INCB057643 from a median (range) of 2 (2-6) hours to 6 (4—
24) hours, lowered the geometric mean of the maximal plasma drug concentration (Gpax) by
11% [fed vs. fasted geometric mean ratio of Gnax, 0.89; 90% confidence interval (Cl), 0.78—
1.01], and increased geometric mean of AUC;,, (AUC over 1 dosing interval) by 13% (fed
vs. fasted geometric mean ratio of AUCyy,, 1.13; 90% CI, 0.99-1.29].

The concentration dependence of MY C reduction determined in KMS-12-BM cells spiked
into patient plasma samples was proportional to the respective plasma concentration profiles
for each drug (Supplementary Fig. S1).

To evaluate changes in circulating analytes in patients, the Olink proteomics platform was
used to analyze pre- and post-treatment plasma samples from study INCB 57643-101. The
results revealed differentially expressed analytes, including 50 proteins that were
downregulated (absolute fold change <0.6), and 64 proteins that were upregulated (absolute
fold change >1.5) post-treatment, at either cycle 1 day 8, cycle 2 day 1, or cycle 4 day 1.
Among proteins that were downregulated, decreases in the levels of coagulation factor VII
(Factor VII) displayed a dose-dependent trend at cycle 1 day 8 (mean [SEM] fold decrease
vs. baseline: —0.32 [0.10], —0.53 [0.14], and —0.53 [0.33] with INCB057643 8, 12, and 16
mg, respectively; Fig. 3B).

Clin Cancer Res. Author manuscript; available in PMC 2020 October 01.
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INCB054329

Dose escalation—Dose escalation began in cohort 1 of Part 1 TGA following a 5-mg
single-dose PK assessment at day O in the first 3 patients. A total of 54 patients (solid tumor,
n=50; lymphoma, /7= 4) received oral INCB054329 across 11 dose cohorts of 15-30 mg
QD to 15-25 mg BID, including continuous daily and intermittent dose regimens (see
Supplementary Results for further details).

In Part 1 TGA, 2 DLTs occurred (both grade 4 thrombocytopenia at 30 mg QD and at 22.5
mg BID); doses greater than 20 mg BID continuous daily were not tolerated beyond cycle 1.
Among patients receiving 20 mg BID continuous daily dosing, 1 experienced a grade 3
thrombocytopenia event without bleeding or transfusion during cycle 1; no DLTSs or grade 4
AEs were reported; 20 mg BID continuous dosing was identified as the PAD. The MTD per
protocol was not reached and no further dose escalation was conducted.

Per protocol, Part 1 TGB (AML, 7= 3; MDS, n= 1) was initiated at a starting dose of 20 mg
BID (PAD); treatment-related adverse events (TRAES) led to dose interruptions in 2 patients
due to grade 3 hyperglycemia. No DLTs were reported. One patient discontinued treatment
due to TRAESs of nausea, stomatitis, vertigo, and vomiting (all grade 3) and neutropenia
(grade 4).

Dose titration—After evaluating the overall PK, PD, and safety data in Part 1, the RP2D
of INCB054329 could not be determined, mainly due to higher than expected interpatient
variability in clearance and exposures at any given dose (Fig. 2B and C). Consequently, the
study protocol was amended to include a dose titration cohort in Part 2 to establish an
optimal dose for each individual patient. All 11 patients enrolled in Part 2 (TGA: solid
tumor, n=10; TGC: MM, n= 1) received the same starting dose of 20 mg BID continuous
daily (PAD), and the dose was subsequently titrated according to protocol-specified criteria.
However, the starting dose of 20 mg BID was not tolerated, with 5 patients (45%) requiring
dose interruption due to TRAEs of thrombocytopenia (/7= 4), anemia (n7= 3), blood bilirubin
increased, epistaxis, and fatigue (each 7= 1), and 3 patients (27%) requiring dose reduction
due to TRAESs of AST increased, fatigue, oral pain, and tremor (each 7=1). Only 1 patient
was able to titrate to a higher dose (Supplementary Fig. S2). Two patients in Part 2 TGA
discontinued treatment due to disease progression, and 1 patient in Part 2 TGC discontinued
treatment due to physician’s decision.

INCB057643

Dose escalation (monotherapy)—A total of 17 patients (solid tumor, /7= 13;
lymphoma, 77 = 4) received INCB057643 across 3 cohorts in Part 1 TGA at dose levels of 8
mg QD, 12 mg QD, and 16 mg QD; dose escalation began in cohort 1 starting at 8 mg orally
QD (continuous; see Supplementary Results for further details).

Overall in Part 1 TGA, only 1 DLT of grade 3 increased international normalized ratio (INR)
occurred among the 8 patients enrolled in the 16 mg QD cohort. However, 4 patients (50%)
enrolled in this 16 mg QD cohort required dose interruptions and/or reductions due to AEs
during cycles 1 and 2, including DLT and TRAESs such as grade 3 INR increase, grade 3

Clin Cancer Res. Author manuscript; available in PMC 2020 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Falchook et al.

Page 8

thrombocytopenia, and grade 3 conjugated bilirubin increase. Thus, the 16 mg QD dose was
deemed not tolerated; although the MTD was not reached at this dose (per protocol
definition). No DLTs occurred at the 12 mg QD dose and there was only 1 dose interruption
due to a TRAE (grade 2 dyspnea). Consequently, the 12 mg QD dose was selected as the
RP2D for dose expansion in Part 2.

InPart 1 TGB (AML, n=7; MDS, n=4, MF; n=1), doses of 8 mg and 12 mg QD were
evaluated. Four patients required dose interruptions due to TRAEs of thrombocytopenia (7=
2), anemia, dehydration, diarrhea, and hyperglycemia (each 7= 1). Two patients
discontinued treatment due to TRAEs of anemia and thrombocytopenia; and nausea,
respectively.

In Part 1 TGC (MM, n= 1), the patient received INCB057643 at a starting dose of 8 mg QD.
No TRAEs were reported.

Dose expansion (monotherapy)—Part 2 TGA enrolled 86 patients (solid tumors, 7=
70; lymphoma, /7= 16) to receive INCB057643 12 mg QD. Among these patients, 16 had
various solid tumors and lymphomas with gene alteration(s) postulated to be relevant to BET
protein signaling (e.g., BRD4 and MYC amplification, alteration, overexpression, or
rearrangement; Supplementary Table S2). At the data cutoff date, a total of 85 (99%)
patients discontinued treatment, primarily due to disease progression (/7= 53; 62%). The
median (range) time on treatment was 45 (7-380) days. Thirty-one patients (36%)
experienced a grade 3/4 TRAE and 11 patients (13%) experienced a serious TRAE. TRAEs
led to dose interruptions and dose reductions in 30 (35%) and 9 patients (11%), respectively,
most commonly due to thrombocytopenia in each case (interruptions, /7= 10; reductions, 7=
4). Part 2 TGB enrolled 5 patients (AML, 7= 3; MF, n=1; MDS, n= 1) to receive
INCB057643 12 mg QD. The median (range) time on treatment was 37 (21-141) days. Two
patients (40%) experienced a grade 3/4 TRAE and 2 experienced a serious TRAE. One
patient (20%) required dose interruption due to febrile neutropenia and thrombocytopenia;
no patients required dose reductions due to TRAEs.

Dose escalation (combination therapy)—Overall, 13 patients were enrolled in Part 3;
all TGs received INCB057643 at the starting dose of 8 mg QD in combination with the
corresponding SOC agents. TRAES led to dose interruptions in 6 patients, most commonly
due to fatigue and thrombocytopenia (each 7= 2); and dose reductions in 4 patients most
commonly due to thrombocytopenia (1= 2)

Overall safety

INCB054329—OQverall TRAES occurring across TGs in Parts 1 and 2 are shown in Table 3
and summarized in Supplementary Table S3. Among the 69 enrolled patients, 54 (78%)
reported 21 any grade TRAE. The most frequently reported (=10% incidence) TRAES were
nausea (7= 24; 35%), thrombocytopenia (/7= 23; 33%), fatigue (/7= 20; 29%), decreased
appetite (n= 18; 26%), diarrhea (7= 12; 17%), dysgeusia (n=9; 13%), anemia (n=7,
10%), and vomiting (/7= 7; 10%). The most common grade =3 TRAES (=3% incidence)
were thrombocytopenia (7= 9; 13%), anemia (7= 4; 6%), neutropenia (n= 4; 6%), AST
increased (n = 3; 4%), and hyperglycemia (7= 2; 3%). Among 7 patients experiencing

Clin Cancer Res. Author manuscript; available in PMC 2020 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Falchook et al.

Page 9

serious TRAEs, the most common (occurring in =2 patients) were thrombocytopenia (/7= 4)
and anemia (n=2).

Three patients (4%) discontinued treatment due to TRAES [nausea, neutropenia, stomatitis,
vertigo, and vomiting (77 = 1); weight decreased (n= 1); thrombocytopenia (/7= 1)]. TRAEs
led to dose interruptions in 20 patients (29%), most commonly due to thrombocytopenia
(17%); TRAEsS led to dose reductions in 5 patients (7%; Supplementary Table S3).

Three deaths occurred during the study (septic shock, 7= 1; respiratory failure, dyspnea, and
hypoxia, n = 1; febrile neutropenia, 7= 1), none of which was deemed treatment-related.

Overall treatment-emergent AEs across TGs in Parts 1 and 2 are shown in Supplementary
Table S4.

INCB057643—Overall TRAES occurring across all TGs in Parts 1, 2, and 3 are shown in
Table 3, and are summarized in Supplementary Table S3. Among 134 enrolled patients, 115
(86%) reported =1 any grade TRAE, most commonly (=10% incidence) thrombocytopenia
(n=43; 32%), nausea (/7= 40; 30%), fatigue (n7=40; 30%), decreased appetite (n = 30;
22%), dysgeusia (7= 22; 16%), diarrhea (7= 21; 16%), vomiting (n7= 21; 16%), anemia (n
=19; 14%), and hyperglycemia (7= 18; 13%). The most common grade =3 TRAES (=2%
incidence) were thrombocytopenia (17 = 24; 18%), anemia (/7= 14; 10%), hyperglycemia (n
= 4; 3%), dehydration (7= 3; 2%), and diarrhea, hyponatremia, INR increased, nausea,
syncope, and vomiting (each n=2; 2%). Seven patients reported treatmentrelated INR
increased events, 2 of whom had grade 3 events. One of the patients with grade 3 INR
increased experienced bleeding from umbilical hernia with concurrent grade 4
thrombocytopenia. Nineteen patients (14%) experienced serious TRAEs, the most common
was thrombocytopenia (n=7).

Overall, 15 patients (11%) discontinued treatment due to TRAES, most commonly anemia
and thrombocytopenia (each 7= 3); 46 patients (34%) required dose interruptions, most
commonly thrombocytopenia (/7= 16); 15 patients (11%) required dose reductions, most
commonly thrombocytopenia (/7= 7; Supplementary Table S3).

Among 17 deaths occurring during the study, 2 were deemed related to treatment: The first
due to acute kidney injury, infection (bacterial pneumonia), and clinical progression in a
patient who had experienced treatment-related grade 3 thrombocytopenia and anemia; the
second due to gastrointestinal (GI) hemorrhage as an outcome of a grade 4 GI hemorrhage
TRAE in a patient with worsening pain/worsening performance status beginning 4 days after
this event. This patient did not experience thrombocytopenia and the INR was unknown at
the time of this event.

Overall treatment-emergent AEs across TGs in Parts 1, 2, and 3 are shown in Supplementary
Table S4.

Overall efficacy

INCB054329—Among 69 patients receiving INCB054329, none had a confirmed clinical
response (Supplementary Table S5). Twenty-one patients (all with solid tumors) had stable
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disease (SD) as best responses, 4 of whom maintained SD for =6 months (1 patient with
renal cell carcinoma maintained SD for 1 year; another patient with breast cancer maintained
SD for 2 years, both ongoing as of the data cutoff date). Thirty patients (43%) had
progressive disease as best response.

INCB057643—O0f 134 patients receiving INC057643, 6 patients had objective responses.
Two patients achieved a confirmed complete response (CR; Supplementary Table S5) as best
response, including one in a patient receiving 8 mg QD for heavily pretreated (3 prior
therapies) follicular lymphoma (FL) that was ongoing >2 years as of the data cutoff date,
and another in a patient receiving 12 mg QD for relapsed AML, which lasted for 57 days
(2.7 cycles) before disease progression occurred. Four patients had confirmed PRs as best
response, including 1 patient receiving 16 mg QD for FL, 2 patients each receiving 12 mg
QD for FL (all 3 ongoing >1 year), and 1 patient receiving INCB057643 8 mg QD +
paclitaxel 80 mg/m? for breast cancer at the first disease assessment, but experienced clinical
progression 6 days later. Two patients with MF receiving INCB057643 8 mg QD +
ruxolitinib, and 12 mg QD INCB057643 monotherapy, respectively, experienced a 77% and
92.5% reduction in spleen size by manual palpation. Twenty-seven patients had SD as best
response, 6 of whom (all with solid tumors) maintained SD for =6 months. Forty-one
patients had progressive disease as best response. None of the 6 patients who responded had
gene alterations postulated to be particularly susceptible to BET inhibition as reported by the
investigators (Supplementary Table S2).

Discussion

BET inhibitors continue to garner interest as potential anticancer therapies, despite limited
peer-reviewed evidence of favorable PK/PD characteristics, safety, tolerability, and efficacy.
To this end, we evaluated 2 BET inhibitors, which were expected to have differentiated
clinical PK profiles based on their distinct preclinical PK profiles (8, 11), in 2 separate phase
1/2 studies to test the hypothesis that such differentiated PK profiles would lead to
differentiated safety profiles. On the basis of previous preclinical PK studies, INCB054329
(8) was predicted to have a shorter half-life, whereas INCB057643 was predicted to have a
longer half-life and a flatter PK profile. However, both drugs demonstrated similar
preclinical biologic and antitumor activities /n vitroand in vivo (8, 12, 13). A BET inhibitor
such as INCB054329, attaining a high peak serum concentration with a correspondingly
short half-life, may have the advantage of providing a period of high-level target inhibition,
followed by a relatively extended drug holiday period that could facilitate recovery from
potential toxicities, including decreased platelets. Conversely, a BET inhibitor such as
INCB057643, associated with a relatively flat PK profile and a longer half-life, may provide
sustained inhibition of the oncogenic pathway, but with lower levels of target inhibition at
Chmax (e.9., serum concentrations >1Csgq for longer period of time, but <ICgq for target
inhibition), which may offer a differentiated benefit/risk profile. The differentiated PK
profiles demonstrated in preclinical pharmacology studies (8, 11) were confirmed in these
two phase 1/2 clinical studies; however, the phase 1 data showed generally similar safety
profiles between the 2 compounds, that is, no apparent advantage with either a short or a
long terminal elimination half-life.
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INCB054329 was confirmed to have a short half-life (<5 hours) in patients enrolled in study
INCB 54329-101, which resulted in preferential exploration of a BID dosing schedule.
However, the interpatient PK variability among patients receiving the same dose of
INCB054329 was higher than expected, reflecting a higher than expected interpatient
variability in drug clearance rate. Separate /n vitro metabolism studies (results not shown)
indicated that INCB054329 is metabolized by both CYP3A4 and CYP2C19 and it is
possible that polymorphic expression of CYP2C19, along with variability in the expression
of CYP3A4, contributed to the observed interpatient variability in PK. Furthermore, the
interpatient PK variability in INCB054329 exposure was not bimodal, but rather had a broad
distribution profile. Consequently, analyses of PK, PD, and safety of INCB054329 based
strictly on dose levels were not considered clinically meaningful, and thus the RP2D based
on dose level could not be determined. To circumvent this, intrapatient dose titration was
attempted to define an optimal and tolerable INCB054329 dose on an individual basis.
However, the starting dose (20 mg BID) was not tolerated and up-titration was only
successful in 1 of 11 patients enrolled in this cohort.

INCB057643 demonstrated a longer half-life (~10 hours), and much lower interpatient PK
variability than INCB054329 (CV% for CLg¢/F, 45% vs. 145%); therefore, INCB057643
was judged to have a more favorable PK profile. In addition, the observed small effect of
receiving a high-fat meal on the PK of INCB057643 indicates that INCB057643 can be
administered without regard to meals. For both INCB054329 and INCB057643, reduction in
MYC levels, an indicator of BET target inhibition, correlated with the respective plasma
concentration profiles, with effects of INCB054329 on MY C levels being more transient
compared with INCB057643.

Despite their differentiated PK profiles, both INCB054329 and INCB057643 were
associated with a similar incidence of decreased platelets/thrombocytopenia.
Thrombocytopenia has also been observed in clinical trials of other BET inhibitors such as
GSK525762, OTX015/MK-8628, BI-894999, and CPI-0610 (14), and is considered to be an
on target toxicity (10). Here, thrombocytopenia was the dominant toxicity associated with
INCB054329 and was the most common DLT and most frequent TRAE leading to dose
interruption. Thrombocytopenia was also one of the major toxicities associated with
INCB057643. There was an apparent correlation between drug exposure (AUC) and the
magnitude of platelet decrease; however, it is difficult to delineate the effects of Gyax Vs.
AUC, because these parameters are themselves highly correlated. On the basis of the
exposure versus platelet counts analyses in both studies (Fig. 3A), it appears that AUC or
average inhibition certainly played a role. However, a greater magnitude of decrease in
platelet counts as a function of exposure was observed with INCB054329 compared with
INCB057643, suggesting that INCB054329 plasma concentrations (Cryay) could be
contributing incrementally to thrombocytopenia, over and above the effect of AUC. Various
intermittent dosing schedules have been explored to manage thrombocytopenia associated
with BET inhibitors, including INCB054329 (5-days on/2-days off, 4-days on/3-days off, 7-
days on/7-days off), OTX-015/MK-8628 (14-days on/7-days off; refs. 15, 16), and CPI-0610
(14-days on/7-days off; ref. 17). However, thrombocytopenia has remained as one of the
most frequently encountered toxicities associated with BET inhibitor treatment resulting in
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dose interruption and reduction, and therefore maximal target inhibition that can be
maintained in patients is limited by thrombocytopenia.

Seven patients receiving INCB057643 experienced TRAEs of increased INR, 2 of whom
were grade 3 (1 event identified as a DLT in the INCB057643 16 mg QD dose escalation
cohort), both of whom were receiving warfarin at the time. Increased INR was also observed
in clinical trials of other BET inhibitors, including a phase 1/2 study of PLX51107 in 36
patients with advanced solid tumors, reporting an INR increase in 17% of patients (18). A
decrease in Factor VII was observed in the INCB 57643-101 study through routine safety
monitoring using a Factor VII assay (data not shown) and through the Olink assay (Fig. 3B).
Decreases in Factor V11 levels were also observed in clinical trials of other BET inhibitors,
including OTX015/MK-8628 (15, 16, 19). It was hypothesized that INCB057643 may
directly reduce Factor VI gene transcription, which resulted in Factor VII decreasing and
INR increasing. In addition to Factor VI, other protein levels were altered following
INCB057643 treatment; however, the biological and clinical significance of these effects are
currently unknown, and further studies are required to investigate potential biological and
clinical utilities such as PD and predictive biomarkers.

Both INCB054329 and INCB057643 were associated with limited antitumor activity in
these 2 studies with an unselected patient population. For INCB054329, no confirmed
clinical responses were observed; this might in part be due to the relatively short half-life of
INCB054329 and the need for dose interruptions due to TRAEs, which would further lower
drug exposure. For INCB057643, six confirmed responses were reported, including 2 CRs
(FL, n=1; AML, n=1), and 4 PRs (FL, n= 3; breast cancer, 7= 1). Because these two
phase 1 studies enrolled patients with different disease types in both solid tumors and
hematologic malignancies, retrospective comparison of antitumor activity or clinical
response between the two drugs was not possible. Other BET inhibitors had also reported
limited efficacies in their respective phase 1 studies (15, 16, 20).

The limited number of patients with clinical responses and the lack of patients with genomic
and/or proteomic data in these studies prevents elucidation of correlations between clinical
response and molecular signatures (i.e., delineation of predictive biomarkers). In study
INCB 57643-101, 1 patient with breast cancer who had a MY C amplification experienced
an SD for =6 months. However, none of the patients with known MYC and/or BET
alterations, including those with double- or triple-hit DLBCL, and Nut-Midline carcinoma
achieved a clinical response (Supplementary Table S2). Further investigations are required to
generate hypotheses for predictive biomarkers among the six patients who experienced
clinical responses.

In summary, we evaluated 2 BET inhibitors that, despite having divergent PK profiles,
demonstrated similar safety outcomes (primarily thrombocytopenia as an overlapping
toxicity). On the basis of the observed shorter than expected half-life and higher than
expected interpatient PK variability, INCB054329 was judged to have an unfavorable
clinical PK profile. By contrast, INCB057643 exhibited a more favorable PK profile with a
longer half-life and much reduced interpatient PK variability. Thrombocytopenia was the
major TRAE leading to dose interruption and reduction for both INCB054329 and
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INCB057643. Other TRAES associated with BET inhibitors in clinical trials include
increased INR and decreased Factor VI, and hyperglycemia, which are emerging as
possible class-related or on-target AEs. Taken together, further efforts are required to
identify predictive biomarkers for patient selection and to explore rational combinations to
maximize efficacy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Translational Relevance

Bromodomain and extraterminal (BET) proteins are central in the regulation of genes that
promote cell-cycle progression, survival, and inflammation, and are therefore garnering
interest as potential therapeutic targets. INCB054329 and INCB057643 are 2 structurally
distinct BET inhibitors that possess potent antitumor activities in preclinical models of
hematologic malignancies and solid tumors. We report results from 2 independent first-
in-human phase 1/2 studies (INCB 54329-101 and INCB 57643-101) in patients with
advanced malignancies, wherein the 2 BET inhibitors under investigation demonstrated
differentiated clinical pharmacokinetic profiles, yet resulted in generally similar safety
profiles. A decrease in platelet count was identified as a key pharmacodynamic marker as
well as an adverse effect, that correlated well with overall exposure. Other exploratory
biomarkers were identified and further efforts are required to apply those findings in
defining the appropriate patient populations for optimal efficacy and safety.
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Figure 1.
Study design of study INCB 54329-101 (A) and study INCB-57643-101 (B). 2 Increments

up to 100% until DLT occurs within a given treatment group, then up to 50% thereafter.
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Figure 3.
Platelet count change from baseline versus INCB054329 and INCB057643 exposure (A).

The red line represents the best fit polynomial regression line. Fold-change versus baseline
(cycle 1 day 1) in the level of Factor VII measured in plasma samples obtained from patients
enrolled in study INCB 57643-101 receiving INCB057643 at doses of 8, 12, and 16 mg at
cycle 1 day 8, cycle 2 day 1, and cycle 4 day 1 (B).
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Table 1.

Patient demographics and baseline characteristics across all treatment groups.

Characteristic

Study INCB 54329-101 (n = 69)

Study INCB 57643-101 (n = 134)

Median (range) age (y)

Women, 17 (%)

Race, 1 (%)
White/Caucasian
Asian
Black/African American
American-Indian/Alaska Native
Native Hawaiian/Pacific Islander
Other
Missing

ECOG performance status, /7 (%)
0
1
>2
Missing

Number of prior systemic anticancer therapiesa
0

1
2
23

Most common tumor typec n(%)
Prostate cancer
Colorectal cancer
Breast cancer

Ovarian cancer

Lymphomad

Acute myeloid leukemia
Pancreatic cancer
Glioblastoma
Myelodysplastic syndrome
Other

63 (18-87)
36 (52)

65 (94)
4(6)
0

0
0
0
0

22 (32)
47 (68)
0
0

0

5(7)
12 (17)
52 (75)

9(13)
8(12)
6(9)
5(7)
4(6)

3
2

0(0)
1(1)
31(23)

66 (19-84)
67 (50)

109 (81)
0

16 (12)
1(1)
1(1)

6 (5)
1(1)

35 (26)
94 (70)
4(3)
1(1)

2?
20 (15)
19 (14)
93 (69)

15 (11)
9(7)

18 (13)
16 (12)
20 (15)

12 (9)
70)
7(5)

5 (4)
25 (19)

a . . . . . S . . . .
Includes all treatments, potentially neoadjuvant, adjuvant, induction/consolidation, local relapse, or in metastatic setting; may also include

multiple cycles for the same treatment (may or may not be considered the same line treatment).

bPatients had no known SOC therapies available.

[5 Lo . L
Occurring in =5 patients in either study.
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dLymphoma subtypes according to disease history assessed at screening (study INCB 54329-101: DLBCL (7= 2), lymphoblastic lymphoma (n=
1); lymphoma subtype not reported (/7= 1); study INCB 57643-101: DLBCL (7= 11), FL (n= 8), and splenic marginal zone lymphoma (/7= 1).
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Table 2.

Patient disposition across all treatment groups at the data cutoff date for each studya.

Study INCB 54329-101 (n=69) ~ Study INCB 57643-101 (n = 134)

Patient treated, /7 (%)

Ongoing 0 8(6)

Discontinued 69 (100) 126 (94)
Primary reason for discontinuation, 77 (%)

Disease progression 53 (77) 76 (57)

Withdrew consent 5(7) 9(7)

Physician decision 3(4) 10 (7)

Adverse event 2(3) 20 (15)

Other 4 (6)b 2 (1)0

Lost to follow-up 1(1) 0

Death 1(1) 9(7)

aData cutoff dates: study INCB 54329-101 - April 11, 2018; study INCB 57643-101-September 24, 2018.
bOne patient had clinical progression; 1 patient developed a new tumor; 2 patients discontinued treatment due to study closure.

One patient came off treatment as the study treatment was on hold for more than 14 days; 1 patient had clinical progression of skin lesions.
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Table 3.

TRAES of any grade and grade =3 occurring across all treatment groups.

Study INCB 54329-101 (n = 69)

Study INCB 57643-101 (n = 134)

Any gra de? Grade =3 Any gra de? Grade =3
TRAES, 11 (%) 54 (78) 16 (23) 115 (86) 48 (36)
Nausea 24 (35) 1(1) 40 (30) 2(2)
Thmmbocywpeniab 23 (33) 9(13) 43 (32) 24 (18)
Fatigue 20 (29) 0 (0) 40 (30) 1(1)
Decreased appetite 18 (26) 0 (0) 30 (22) 0 (0)
Diarrhea 12 (17) 0(0) 21 (16) 22
Dysgeusia 9(13) 0(0) 22 (16) 0(0)
Anemia 7 (10) 4 (6) 19 (14) 14 (10)
Vomiting 7 (10) 1(1) 21 (16) 22
Hyperglycemia 3 (4)(: 2(3) 18 (13) 4(3)

aTRAEs that occurred in =10% of patients in either study.

bMedDRA preferred terms of Thrombocytopenia and Platelet counts decreased were combined for this analysis.

Page 22

CAIthough this TRAE occurred in <10% of patients in Study INCB 54329-101, it is listed because it occurred in =10% of patients in Study INCB

57643-101.
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