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ABSTRACT
◥

Purpose:Molibresib is a selective, small molecule inhibitor of the
bromodomain and extra-terminal (BET) protein family. This was
an open-label, two-part, Phase I/II study investigating molibresib
monotherapy for the treatment of hematological malignancies
(NCT01943851).

Patients andMethods: Part 1 (dose escalation) determined the
recommended Phase 2 dose (RP2D) of molibresib in patients
with acute myeloid leukemia (AML), Non–Hodgkin lymphoma
(NHL), or multiple myeloma. Part 2 (dose expansion) investi-
gated the safety and efficacy of molibresib at the RP2D in patients
with relapsed/refractory myelodysplastic syndrome (MDS;
as well as AML evolved from antecedent MDS) or cutaneous
T-cell lymphoma (CTCL). The primary endpoint in Part 1 was
safety and the primary endpoint in Part 2 was objective response
rate (ORR).

Results: There were 111 patients enrolled (87 in Part 1, 24 in
Part 2). Molibresib RP2Ds of 75 mg daily (for MDS) and 60 mg
daily (for CTCL) were selected. Most common Grade 3þ adverse
events included thrombocytopenia (37%), anemia (15%), and
febrile neutropenia (15%). Six patients achieved complete
responses [3 in Part 1 (2 AML, 1 NHL), 3 in Part 2 (MDS)],
and 7 patients achieved partial responses [6 in Part 1 (4 AML,
2 NHL), 1 in Part 2 (MDS)]. The ORRs for Part 1, Part 2, and the
total study population were 10% [95% confidence interval (CI),
4.8–18.7], 25% (95% CI, 7.3–52.4), and 13% (95% CI, 6.9–20.6),
respectively.

Conclusions:While antitumor activity was observed with moli-
bresib, use was limited by gastrointestinal and thrombocytopenia
toxicities. Investigations of molibresib as part of combination regi-
mens may be warranted.

Introduction
Bromodomains (BRD) are conserved modules located in chro-

matin-associated proteins, which act as epigenetic readers regu-
lating chromatin-templated processes by the recognition of acet-
ylated histones (1, 2). In particular, proteins containing BRDs
regulate the transcription of many genes controlling growth, cell
cycle progression, and differentiation (2–7). While many proteins
contain BRDs (3), the BRD and extra-terminal (BET) family of
proteins (BRD2, BRD3, BRD4, and BRDT; testes) have gathered

interest as potential therapeutic targets for various cancers (3, 8).
BET proteins contribute to both oncogenesis and treatment resis-
tance in multiple solid and hematologic malignancies (9–11). BET
BRD inhibition modulates c-Myc transcriptional function and
transcriptionally represses the MYC proto-oncogene (12–14).
MYC has been shown to cooperate with many oncogenic events
to initiate tumorigenesis, and MYC overexpression and/or activa-
tion has been identified in more than half of human cancers (15).
As such, small molecule BET inhibitors that use competitive
binding to displace BET proteins from chromatin and counteract
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their oncogenic effects were developed as potential anticancer
agents (16).

Molibresib (GSK525762) is an orally bioavailable, selective, small
molecule pan-BET family inhibitor (17) that has been evaluated in
various solid tumor and hematological malignancies (18). A two-part,
first-time-in-human (FTIH) study investigating the safety, efficacy,
pharmacokinetics (PK), and pharmacodynamics (PD) of molibresib
for the treatment of various solid tumor types has been conducted
(115521; NCT01587703), in which limited efficacy and frequent
gastrointestinal adverse events (AE) and thrombocytopenia were
reported (18, 19). Data from this and other studies show that moli-
bresib is rapidly absorbed and eliminated via metabolism by cyto-
chrome P450 (CYP) 3A4 enzymes (20). It has two, active, equipotent
majormetabolites and induces its ownmetabolism, leading to reduced
molibresib, but increased activemetabolite exposure over time at doses
of 60 mg and higher (18). Following on from the FTIH study, a
population PKmodel was developed that included a semi-mechanistic
liver compartment and that adequately described the PK of both
molibresib and its two major metabolites (21).

Molibresib has consistently exhibited broad, antiproliferative activity
in vitro in cancer cell lines and induces cytotoxicity in many hema-
tological cancer models, including those derived from acute myeloid
leukemia (AML; refs. 22–24), multiple myeloma (MM; refs. 12, 23, 25),
and Non–Hodgkin lymphoma (NHL; ref. 23). It has also been shown to
inhibit tumor growth and significantly enhance survival in MM and
AML mouse models (22, 24, 25). Here, we report the results of a two-
part Phase I/II study investigating the use of molibresib monotherapy
for the treatment of hematological malignancies.

Patients and Methods
Study design

This was an open-label, two-part, Phase I/II study (116183;
NCT01943851) conducted in 15 centers across Australia, South
Korea, Spain, the UK, and the US. Part 1 was a dose escalation phase
to determine the recommended Phase 2 dose (RP2D) or themaximum
tolerated dose (MTD) of molibresib in patients with relapsed/refrac-
tory AML, MM, or NHL, as well as to assess the clinical efficacy, PK,
and PD of molibresib. Based on interim data from Part 1 of the study,

Part 2was a dose expansion phase to investigate the safety, efficacy, and
PK of molibresib at the RP2D or MTD in patients with relapsed/
refractory myelodysplastic syndrome (MDS), as well as AML that has
evolved from an antecedent MDS and cutaneous T-cell lymphoma
(CTCL; Supplementary Fig. S1). Patients were enrolled with AML that
was evolved from an antecedent MDS to maximize time on-study,
because it reflects a more slowly progressing disease that maintains
many of the clinical characteristics of AML.

The study was conducted in accordance with good clinical practice
and the Declaration of Helsinki. Study approval was provided by each
participating institution’s Ethical Review Board and all patients pro-
vided written, informed consent before study participation.

Patients
Full inclusion and exclusion criteria are presented in Supplementary

Methods S1. In brief, eligible patients were ≥18 years of age and had a
diagnosis of one of the following hematologicmalignancies (which had
relapsed or were refractory to treatment): MM, AML, NHL (Part 1),
MDS (as well as AML that has evolved from antecedent MDS), or
CTCL (Part 2). Additional key inclusion criteria were an Eastern
Cooperative Oncology Group performance score of ≤1 for Part 1 and
≤2 for Part 2, no clinically significant gastrointestinal abnormalities
that may alter absorption, and adequate organ system function.
Patients were excluded from the study if they had any protocol-
defined concomitant conditions, including hematological malignan-
cies associated with HIV or hepatitis B/C, solid tumor malignancies
(both concurrent and historical, unless they had been disease-free for
over 5 years), severe or uncontrolled infection, severe or uncontrolled
systemic disease (e.g., respiratory, hepatic, renal, or cardiac disease/
abnormalities), and symptomatic or untreated central nervous system
disease. Patients were also excluded if they had experienced gastro-
intestinal bleeding within the past 3 months or hemoptysis within
the past 7 days, were currently receiving another cancer therapy
(exceptions are listed in Supplementary Methods S1), or had received
anticoagulant therapy within the past 7 days.

Treatment
The starting dose of molibresib in Part 1 was 5 mg daily (QD),

administered orally. An accelerated dose escalation design was then
followed, including one patient per dose level (any tumor type; ≤2-fold
increase in dose each time) until the first instance of Grade ≥2 drug-
related, non-hematological toxicity in any single cohort. After that, a
standard 3þ3 design (3-week assessment period) was followed for
separate tumor cohorts (AML, NHL, and MM) until the MTD was
reached and/or the RP2D was established for each tumor type (up to a
maximum dose of 200 mg; Supplementary Fig. S1). The decision to
escalate was based on all available data, including emerging PK and
safety data, investigator assessment, and recommended doses pre-
dicted using the Neuenschwander continual reassessment meth-
od (26). Dose adjustments were allowed to address tolerability and
safety issues, and alternate dosing schedules (e.g., intermittent dosing)
were permitted to manage toxicities.

Patients entering Part 2 received oral molibresib at the RP2D until
disease progression, withdrawal of consent, unacceptable AEs, or
death.

Endpoints and assessments
Part 1

The primary safety endpoints in Part 1 were the incidence of AEs,
serious AEs (SAE), dose-limiting toxicities (DLT), dose reductions or
delays, withdrawals due to toxicities, and changes in safety assessments

Translational Relevance

Molibresib is a selective, small molecule inhibitor of the bro-
modomain and extra-terminal (BET) protein family. The results of
this open-label, two-part, Phase I/II study in 111 patients with
hematological malignancies demonstrated that treatment with
molibresib was tolerable, though its use was limited by gastroin-
testinal and thrombocytopenia toxicities. The most common
adverse events were diarrhea (n ¼ 55; 50%), nausea (n ¼ 51;
46%), and thrombocytopenia (n ¼ 44; 40%). Across the whole
study, 6 patients achieved a complete response, and 7 patients
achieved a partial response (objective response rate, 13%; 95%
confidence interval, 6.9–20.6). This modest antitumor activity with
molibresib monotherapy is consistent with emerging evidence that
some (but not all) epigenetic therapies may need to be used as part
of combination therapy to achieve maximal clinical benefit in
relapsed/refractory myeloid disease and leukemia. As such, inves-
tigations into combinatorial approaches that use BET inhibition
and other targeted therapies may be warranted.
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(e.g., laboratory parameters, vital signs, and cardiac parameters). DLT
criteria are outlined in Supplementary Methods S2.

Secondary endpoints included: (i) investigator-assessed overall re-
sponse rate (ORR), defined as the percentage of patients who achieved
a complete response (CR) or partial response (PR) using standard
disease-specific response criteria (27, 28); and (ii) standard PK para-
meters for molibresib, its two active metabolites [measured together
and termed the “active metabolite composite” (GSK3529246)], and
total active moiety (TAM), including maximum plasma concentration
(Cmax), elimination half-life (t1/2), and area under the concentration
time curve from 0 to 24 hours (AUC0–24).

Exploratory endpoints included PD parameters, as assessed by
changes in the expression of genes regulated by BET inhibition.

Part 2
The primary endpoint in Part 2 was investigator-assessed ORR. For

the MDS cohort (as well as AML evolved from antecedent MDS), this
was defined as the percentage of patients achieving CR, marrow CR,
CR with a platelet count <100�109/L (CRp), CR with a platelet count
<100�109/L or neutrophil count<1�109/L (CRi), or PRdefined by the
International Working Group criteria for MDS and AML, as appro-
priate (27, 28). For the CTCL cohort, this was defined as the percentage
of patients who achieved aCR or PR lastingmore than 4months, as per
global response criteria and themodified severity weighted assessment
tool (International Society for Cutaneous Lymphomas, the United
States Cutaneous Lymphoma Consortium, and the Cutaneous Lym-
phoma Task Force of the European Organization for Research and
Treatment of Cancer; ref. 29). Patients not meeting the criteria for CR,
CRp, CRi, or PRwere categorized as non-responders as prespecified in
the study protocol.

Secondary endpoints included safety (AEs, SAEs, dose reductions or
delays, withdrawals due to toxicities, and changes in safety assess-
ments) and population PK parameters for molibresib and its active
metabolite composite.

PK analysis
Blood samples for PK analysis of molibresib and its active metabolite

composite in plasmawere collected over 24 hours (following dosing) on
week 1 day 1 and week 2 day 7; sparse sampling was used after repeated
administration onweek 1 days 2 and 5, week 2 day 6, week 3 day 1, week
7 day 1, and on day 1 for every 6 weeks thereafter. Sparse sampling was
used in Part 2 at week 1 day 1, week 3 day 1, week 7 day 1, and on day 1
for every 6 weeks thereafter. Plasma concentrations of molibresib, its
activemetabolite composite, andTAMwere quantifiedusing a validated
high-performance LC/MS-MS method (GSK data on file).

PD analysis
Details on sample collection, processing, and sequencing, including

methodology for RT-qPCR analysis, differential expression analyses,
and gene set enrichment analysis (GSEA) for RNA sequencing (RNA-
seq), are provided in Supplementary Methods S3. In brief, the fold
change for gene expression after molibresib dosing (relative to pre-
dose expression) was calculated for each target gene on the RT-qPCR
panel. For RNA-seq, RNA was isolated from bone marrow aspirate
(BMA) samples and a differential expression analysis performed using
DESeq2 (version 1.20.0) and R (version 3.5.0). The P values were
calculated using the Wald test with Benjamini–Hochberg multiple
testing correction. GSEA, which determines whether an a priori
defined set of genes shows statistically significant, concordant differ-
ences between two biological states (e.g., phenotypes), was performed
using Molecular Signatures Database, Hallmark gene sets, and the

GSEA Preranked approach using GSEA software (version 3.0;
refs. 30–32). Genes were ranked on the basis of log2(FPKMpost-dose/
FPKMpre-dose), and adjusted P values were calculated with subsequent
Benjamini–Hochberg multiple testing correction. GSEA heatmaps
were generated using gplots (version 3.0.1; ref. 33).

Sample size and statistical analysis
Sample size

For Part 1, the sample size was not driven by statistical considera-
tions, but by the number of dose escalations required. No formal
statistical hypotheses were tested, and all analyses were descriptive and
exploratory. For Part 2, a sample size was determined using a tradi-
tional, 2-stage Green-Dahlberg design for each individual disease
cohort to ensure that there was at least 85% power to detect a clinically
meaningful effect in the primary efficacy outcome (34). Using the
estimated sample size, a Bayesian predictive probability design was
evaluated. In theMDS cohort, a sample size of 32 at the RP2Dprovided
87% power with a type 1 error of 0.034 to detect an ORR of 30% and
exclude an ORR of 10%. In the CTCL cohort, a sample size of 37 at the
RP2D provided 85% power with a type 1 error of 0.049 to detect an
ORR of 40% and exclude an ORR of 20%.

Analysis populations
Safety and efficacy analyses were performed using the all-treated

population, defined as all patients enrolled who received at least one
dose of study treatment. The PKpopulation (Part 1 or Part 2) consisted
of all patients enrolled in the relevant study part who received at least
one dose of study treatment andwhoprovided viable blood samples for
PK analysis and/or for whom a PK parameter was available. The PD
population was defined as patients who received at least one dose of
study treatment and for whom tumor biopsy material was obtained
and analyzed for biomarkers.

Statistical analysis
Patient baseline characteristics and safety datawere quantified using

descriptive statistics and analyzed by Part 1, Part 2, Part 2 disease
cohort, and the total study population. ORRswere summarized by Part
1, Part 2, Part 2 disease cohort, and the total study population using
observed values and corresponding 95% confidence intervals (CI). In
Part 1 of the study, molibresib, its active metabolite composite and/or
TAM PK parameters were analyzed using conventional non-
compartmental methods using Phoenix WinNonlin (Certara) and
summarized using descriptive statistics. In Part 2, the PK parameters
were analyzed using Bayesian population PK methods and the pub-
lished population PK model (21).

Data availability
Within 6 months of this publication, anonymized individual

patient-level data, alongwith supportive documents, such as annotated
case report form, protocol, reporting and analysis plan, data set
specifications, raw dataset, analysis-ready dataset, and clinical study
report, will be made available for research proposals approved by an
independent review committee. Research proposals should be sub-
mitted to www.clinicalstudydatarequest.com. A data sharing agree-
ment will be required.

Results
Patients and baseline characteristics

In total, 111 patients were enrolled in the study (87 in Part 1 and 24
in Part 2). A total of 17 (15%) patients withdrew from the study.
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Reasons for discontinuation included early-study termination due to
limitedmolibresib efficacy in theCTCL cohort (n¼ 8; 7%), withdrawal
of consent (n¼ 6; 5%), loss to follow-up (n¼ 2; 2%), and investigator
discretion (n ¼ 1; <1%; Supplementary Fig. S2).

Baseline demographics, clinical characteristics, and disposition for
the total Part 1 population, individual Part 2 cohorts, total Part 2
population, and total study population are summarized in Supple-
mentary Table S1 (individual Part 1 cohorts are summarized in
Supplementary Table S2). Demographics and clinical characteristics
were broadly similar across Part 1 and Part 2 of the study, although
patients in Part 2 tended to be younger, had a shorter time since
diagnosis, and were mostly females.

Expansion cohort selection and recommended Phase 2 dose
During Part 1 (dose expansion), molibresib doses from 5–120 mg

QD were investigated. In addition to the cohorts detailed in Table 1
(60–120 mg QD molibresib), dosing cohorts included 5 mg QD (n ¼
1), 10 mg QD (n ¼ 1), 20 mg QD (n ¼ 1), 30 mg QD MM (n ¼ 5),
40 mg QD (n ¼ 1), and 40 mg QD MM (n ¼ 4). Emerging data from
Part 1 indicated delayed clinical responses in patients with AML
(requiring >4 weeks of treatment, sometimes >10 weeks), while 3
patients exhibited objective clinical responses and evidence of ante-
cedentMDS (i.e., with a primary malignancy type of AML afterMDS).
In the NHL cohort, interim data suggested more robust efficacy in
patients with CTCL comparedwith otherNHL subtypes. No responses
were observed in patients with MM. As such, MDS and CTCL were
selected for dose expansion in Part 2. In Part 1, the MTD in AML
cohorts (defined as a dose level at which patients experienced a >33%
incidence rate of DLT) did not exceed 80–120 mg QD molibresib,
though one DLT (a Grade 3 reduction in left ventricular ejection
fraction) was reported with the 120 mg QD dose. The MTD in NHL
cohorts did not exceed 60–80 mg QD molibresib, though one DLT
(Grade 4 thrombocytopenia) was reported at 60 mg QD and there was
a trend towards higher rates of thrombocytopenia with the 80 mg QD
dose. Considering early clinical benefit was seen at doses of 60 mg QD
or greater, a molibresib RP2D of 75 mgQD (for ease of administration
based on available tablet strengths) was selected for patients withMDS
and an RP2D of 60 mg QD was selected for patients with CTCL to
potentially provide the best clinical efficacy while maintaining toler-
ability. Part 2 included 8 patients in the CTCL cohort (7 received 60mg
QD and 1 received 80 mg QDmolibresib; due to a protocol deviation)
and 16 patients in the MDS cohort (75 mg QD molibresib).

Safety
In total, 4 patients in the dose expansion cohorts experienced aDLT:

one increase in alanine aminotransferase and blood bilirubin in the
same patient [n¼ 1/18 (6%), 60 mg QDNHL cohort]; one decrease in
ejection fraction [n¼ 1/6 (17%), 120mgQDAML cohort]; one case of
thrombocytopenia [n ¼ 1/18 (6%), 60 mg QD NHL cohort]; and one
case of sialadenitis [n ¼ 1/16 (6%), 75 mg QD MDS cohort].

Across the full study population (N ¼ 111), 11 (10%) patients
experienced amaximumGrade 1 or 2AE, and 100 (90%) experienced a
maximumGrade 3 or more AE. Themost commonAEs were diarrhea
(n¼ 55; 50%), nausea (n¼ 51; 46%), and thrombocytopenia (n¼ 44;
40%; Table 1), and the most common Grade 3þ AEs (occurring in
>10% of patients overall) were thrombocytopenia (n ¼ 41; 37%),
anemia (n¼ 17; 15%), febrile neutropenia (n¼ 17; 15%), pneumonia
(n ¼ 15; 14%), hyperglycemia (n ¼ 14; 13%), and increased blood
bilirubin (n ¼ 12; 11%). A total of 88 (79%) patients experienced an
SAE (Supplementary Table S3), the most common of which were
thrombocytopenia (n ¼ 23; 21%), pneumonia (n ¼ 14; 13%), and

febrile neutropenia (n ¼ 12; 11%). A total of 42 (38%) patients
experienced an SAE that was considered related to treatment. The
only treatment-related SAEs (any grade) occurring in >1 patient were
thrombocytopenia (n ¼ 22; 20%), neutropenia (n ¼ 3; 3%), increased
alanine aminotransferase, cardiac failure, decreased appetite, diarrhea,
hematuria, and pyrexia (each n ¼ 2; 2%). AEs by grade, disease, and
dose cohort (60–120 mg QD doses in Part 1) are summarized in
Supplementary Table S4.

The most common AEs leading to dose reduction, interruption, or
treatment discontinuation are summarized in Table 2. Across the full
study population (N ¼ 111), 68 (61%) patients required dose inter-
ruptions, 28 (25%) required dose reductions, and 33 (30%) needed to
permanently discontinue study treatment. In most cases, AEs were
resolved by dose interruptions. Diarrhea (n ¼ 11; 10%) and throm-
bocytopenia (n ¼ 11; 10%) were the only AEs that led to dose
interruptions in ≥10% of patients; thrombocytopenia (n ¼ 17; 15%)
was the onlyAE that led to dose reduction in≥10%of patients; the only
AEs leading to permanent discontinuation of treatment in >3% of
patients were sepsis (n ¼ 5; 5%) and dysgeusia (n ¼ 4; 4%).

In Part 2, 6/8 (75%) patients in the CTCL cohort and 5/16 (31%)
patients in the MDS cohort experienced AEs leading to dose reduc-
tions. No patients in the CTCL cohort and 9/16 (56%) patients in the
MDS cohort experienced AEs leading to treatment discontinuation.

Across the full study population (N ¼ 111), 87 (78%) patients died
during the study (including during the time from last treatment). None
were considered related to the study treatment.

Efficacy
Treatment responses are summarized in Table 3 and Supplemen-

tary Table S5; the ORRs for Part 1, Part 2, and the total study
population were 10% (95% CI, 4.8–18.7), 25% (95% CI, 7.3–52.4),
and 13% (95% CI, 6.9–20.6), respectively. In Part 1, one patient with
diffuse large B-cell lymphoma (DLBCL) achieved a durable CR in the
80mgNHL cohort (n¼ 1/7; 14%), one patient achievedCRp in the 120
mg QD AML cohort (n ¼ 1/6; 17%), and one patient achieved CRi in
the 100 mg AML cohort (n ¼ 1/16; 6%). In addition, 4 patients with
AML achieved a PR (n¼ 4/45; 9%), as did 2 patients with NHL (n¼ 2/
25; 8%). In Part 2, one patient achieved a CR in the 75 mg QD MDS
cohort (n¼ 1/16; 6%), one patient achieved a bone marrow CR in the
75mgQDMDS cohort (n¼ 1/16; 6%), one patient achieved CRi in the
75 mg QDMDS cohort (n¼ 1/16; 6%), and one patient achieved a PR
in the 75 mg QD cohort (n¼ 1/16; 6%). No patients in the Part 1 MM
or Part 2 CTCL cohorts achieved a CR or PR.

To provide further insights into the characteristics of the responses
observed during the study, case vignettes for 3 exemplar patients are
presented. In one patient (69 years of age; Patient 6), molibresib was
initiated (60 mg QD) after failure of azacitidine therapy for AML with
myelodysplasia-related changes. The patient had an adverse-risk
molecular profile, including a complex monosomal karyotype and
mutations in IDH1 and TP53. Molibresib treatment was well tolerated;
the patient experienced a Grade 3 febrile neutropenia event 35 days
after starting molibresib, which resolved with treatment 2 days later
and did not require molibresib dose adjustments or interruptions.
Although no immediate decrease in disease burden was noted with
molibresib (Fig. 1A; Day 41), the patient chose to continue with
treatment. Subsequent bone marrow assessments showed a progres-
sive reduction in blast percentage, ultimately achieving the best blast
percentage,mutational burden, andhistological responses after 98days
(Fig. 1A and B) and a documented PR at 99 days. The patient
subsequently progressed with increasing marrow blast counts after
134 days of molibresib treatment.
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Table 2. Summary of AEs, SAEs, and AEs leading to dose reduction, interruption, or discontinuation (60–120 mg QD doses).

Part 1 Part 2

n (%)

60 mg
QD
AML
(n ¼ 8)

60 mg
QD
NHL
(n¼ 18)

60 mg
QD
MM
(n ¼ 3)

75 mg
QD
AML
(n ¼ 8)

80 mg
QDa

(n ¼ 1)

80 mg
QD
AML
(n ¼ 7)

80 mg
QD
NHL
(n ¼ 7)

100 mg
QD
AML
(n ¼ 16)

120 mg
QD
AML
(n ¼ 6)

60 mg
QD
CTCL
(n ¼ 7)

75 mg
QD
MDS
(n¼ 16)

80 mg
QD
CTCL
(n ¼ 1)

Total
(N ¼ 111)

Any AE 8 (100) 18 (100) 3 (100) 8 (100) 1 (100) 7 (100) 7 (100) 16 (100) 6 (100) 7 (100) 16 (100) 1 (100) 111 (100)
AEs related to
treatment

6 (75) 18 (100) 3 (100) 6 (75) 0 6 (86) 7 (100) 13 (81) 5 (83) 7 (100) 16 (100) 0 97 (87)

Any SAE 6 (75) 12 (67) 2 (67) 8 (100) 1 (100) 6 (86) 7 (100) 14 (88) 6 (100) 5 (71) 12 (75) 1 (100) 88 (79)
SAEs related to
treatment

2 (25) 11 (61) 1 (33) 4 (50) 0 2 (29) 6 (86) 5 (31) 1 (17) 2 (29) 5 (31) 0 42 (38)

Fatal SAEs 2 (25) 1 (6) 1 (33) 3 (38) 0 2 (29) 0 8 (50) 2 (33) 0 2 (13) 0 21 (19)
AEs leading to dose interruptions in ≥10% of patients overall
Any AE 5 (63) 7 (39) 2 (67) 7 (88) 1 (100) 6 (86) 5 (71) 10 (63) 6 (100) 5 (71) 9 (56) 1 (100) 68 (61)

Diarrhea 0 0 0 0 0 0 2 (29) 0 0 1 (14) 5 (31) 0 11 (10)
Thrombocytopenia 0 3 (17) 2 (67) 0 0 1 (14) 0 2 (13) 1 (17) 1 (14) 1 (6) 0 11 (10)

AEs leading to dose reductions in ≥2% of patients overall
Any AE 0 8 (44) 0 0 0 0 5 (71) 2 (13) 1 (17) 6 (86) 5 (31) 0 28 (25)

Thrombocytopenia 0 7 (39) 0 0 0 0 5 (71) 1 (6) 0 2 (29) 1 (6) 0 17 (15)
Dysgeusia 0 0 0 0 0 0 0 0 0 1 (14) 1 (6) 0 2 (2)
Fatigue 0 0 0 0 0 0 0 0 0 2 (29) 0 0 2 (2)

AEs leading to permanent discontinuation of treatment in >2% of patients overall
Any AE 3 (38) 3 (17) 0 2 (25) 0 3 (43) 1 (14) 8 (50) 2 (33) 0 9 (56) 0 33 (30)

Sepsis 0 0 0 0 0 0 0 3 (19) 1 (17) 0 1 (6) 0 5 (5)
Dysgeusia 0 0 0 0 0 0 0 0 0 0 4 (25) 0 4 (4)
Nausea 0 0 0 0 0 0 0 0 0 0 3 (19) 0 3 (3)
Pneumonia 0 0 0 0 0 1 (14) 0 2 (13) 0 0 0 0 3 (3)
Respiratory failure 0 0 0 1 (13) 0 1 (14) 0 1 (6) 0 0 0 0 3 (3)
Decreased appetite 0 0 0 0 0 0 0 1 (6) 0 0 2 (13) 0 3 (3)
Thrombocytopenia 0 1 (6) 0 0 0 0 0 0 0 0 1 (6) 0 3 (3)

Abbreviations: AE, adverse event; AML, acute myeloid leukemia; CTCL, cutaneous T-cell lymphoma; MDS, myelodysplastic syndrome; MM, multiple myeloma; NHL,
Non–Hodgkin lymphoma; QD, once daily; SAE, serious adverse event.
aOne patient was listed in a separate 80 mg QD cohort due to a change in the electronic case report form data capture.

Table 3. Overview of clinical responses in patients receiving molibresib.

Part 1
total
populationa

(n ¼ 87)

Part 2
MDS
cohort
(n ¼ 16)

Part 2
CTCL
cohort
(n ¼ 8)

Part 2
total
population
(n ¼ 24)

Total
study
population
(N ¼ 111)

ORR, % (95% CI) 10 (4.8–18.7) 25 (7.3–52.4) 0 25 (7.3–52.4) 13 (6.9–20.6)
Best response, n (%)b

CR 1 (1) 1 (6) 0 1 (4) 2 (2)
mCR 0 1 (6) 0 1 (4) 1 (<1)
CRi/CRp 2 (2) 1 (6)c 0 1 (4) 3 (3)
PR 6 (7) 1 (6) 0 1 (4) 7 (6)
SD 9 (10) 1 (6) 5 (63) 6 (25) 15 (14)
Progressive disease 23 (26) — — — 23 (21)
Not evaluabled 23 (26) 8 (50) 3 (38) 11 (46) 34 (31)
No responsee 23 (26) 3 (19) 0 3 (13) 26 (23)

Abbreviations: AML, acute myeloid leukemia; CI, confidence interval; CR, complete response; CRi, CR but platelet count <100 x 109/L or neutrophil count <1 x 109/L;
CRp, CR but platelet count <100 x 109/L; CTCL, cutaneous T-cell lymphoma; mCR, marrow CR; MDS, myelodysplastic syndrome; MM, multiple myeloma; NHL,
Non–Hodgkin lymphoma; ORR, objective response rate; PR, partial response; QD, once daily; SD, stable disease.
aPart 1 of the study included patients receiving therapeutic doses of molibresib (60–120 mg QD) with AML (n ¼ 46), MM (n ¼ 3), and NHL (n ¼ 25).
bUnconfirmed best objective responses are reported for MDS and confirmed (duration at least 4 months) best objective responses are reported for CTCL cohorts.
cPatient in Part 2 who previously had MDS (and was classified to the MDS cohort), which evolved to AML and was therefore assessed using AML criteria (using CRi/
CRp).
dPatients with unknown/not evaluable or missing best objective response data are assumed to be non-responders and are included in the denominator for the
percentage calculation.
ePatients not meeting the criteria for CR, CRp, CRi, or PR were categorized as non-responders as prespecified in the study protocol.
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A second patient (63 years of age; Patient 1) with priorMDS showed
no response to azacitidine treatment, progressed toAMLwith complex
cytogenetics (including a TP53 mutation, R248W), and did not
respond to subsequent salvage therapy with a novel investigational
nucleoside analog. The patient then initiated molibresib treatment
(120 mg QD), which was tolerated with some dose interruptions
required for incidences of dysgeusia. After 2 months of treatment,
the bone marrow was shown to be hypocellular with peripheral blood
cytopenia. After 4 months of treatment, the bone marrow showed no
(0%) blasts and 5% cellularity, with a recovery of the absolute
neutrophil count to 2.94�109/L and hemoglobin levels to 10.2 g/dL.
After this, the patient required treatment interruption due to progres-
sive fungal pneumonia and experienced a relapse after 6 weeks.

Lastly, a 37-year-old patient with NHL (DLBCL histology) was
enrolled in the study just over 2 years after their cancer diagnosis of
widespread and extranodal stage IV disease (Supplementary Fig. S3).
The tumor exhibited high CD10 and MYC expression (70%), was
classified with a germinal center B-cell phenotype at initial presenta-
tion, and was refractory to R-CHOP and DHAP therapy before
responding to FGIV therapy alternating with HyperCVAD-B. This
responsewas consolidatedwith a lomustine, cytarabine, etoposide, and
cyclophosphamide autologous stem cell transplant, but the patient
subsequently relapsed with bony disease within 3 months. At trial
entry, the patient had a single extranodal site of disease in the left
anterior superior iliac spine. After 1 month of molibresib treatment
(80 mg QD), the lesion increased in size, but treatment continued as
the patient remained asymptomatic. After 16 weeks of molibresib
treatment, the patient was in complete remission (Supplementary
Fig. S3), which was maintained for a total of 53 weeks. The patient
subsequently relapsed in the central nervous system and died from

progressive disease despite further chemotherapy and CD19 CAR T-
cell therapy.

PK
The PK of molibresib following oral administration of 5–120 mg

was characterized by rapid absorption, with a Cmax occurring mostly
within 2 hours and rapid elimination, with an average t1/2 of 3–6 hours
(Supplementary Fig. S4). Derived PK parameters for therapeutic doses
(60–120mgQD) in Part 1 of the study are presented in Supplementary
Table S6. Although there was much variation in exposure between the
cohorts, the overall trend was towards an increase in the average
single- and repeat-dose exposure (AUC0–24), with increasing moli-
bresib doses. At therapeutic doses, molibresib exposure (AUC0–24)
appeared to decrease with repeated administration, whereas the
active metabolite composite exposure increased, leading to a small
change in TAM exposure. Compared with the AML and NHL
cohorts, single-dose molibresib exposure at 60 mg appeared lower
in patients with MM.

In Part 2 of the study, the population PK model (as described by
Krishnatry and colleagues; ref. 21) adequately described the PK of
molibresib, active metabolite composite, and TAM. Exposure metrics
(AUC0–24) were similar to those observed in Part 1.

PD and RNA-seq
Gene expression changes associated with molibresib treatment

were evaluated in subsets of patients in the Part 1 dose escalation
AML cohort (n ¼ 30). The timing of BMA sample collection, at
screening and post-dose, is presented in Supplementary Table S7.
Gene expression analyses (Supplementary Methods S2) revealed
several hundred differentially expressed genes associated with
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Figure 1.

A, Serial bone marrow blasts and
mutation burden during molibresib
therapy (60 mg QD). There was an
initial rise in bone marrow blasts and
mutational burden in IDH1 Arg132Cys
and TP53 Asp259Tyr during molibre-
sib treatment, but these decreased
by day 98. B, Serial bone marrow
trephine assessments showing a
reduction in blasts by H&E stain (top)
and by CD34 IHC (bottom), as well as
evidence of regenerative erythropoi-
esis at day 98 of molibresib treatment.
H&E, hematoxylin and eosin.
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molibresib treatment across the evaluated doses (60–120 mg
QD; Fig. 2A–D). The RT-qPCR analysis performed on 15 patients
using a seven-gene panel assay (in which expression of six was
expected to decrease and one was expected to increase upon pan-
BET inhibition) showed that molibresib treatment was associated

with a ≥2-fold downregulation of MYC in 8 of 15 patients, with a
trend for greater downregulation at higher doses (Fig. 2A). How-
ever, there was no apparent association between MYC mRNA
inhibition (primarily from the week 1 post-dose assessment) and
clinical response in 15 patients with available data. Decreased gene

Figure 2.

A, RT-qPCR tomeasureMYC expression was performed on bonemarrow aspirate samples collected at screening and post-molibresib treatment. Bars represent the
log2-fold change ofMYC expression after treatment relative to screening. B, Volcano plot graphing the log10(FDR) versus the log2(fold change) for 7,978 genes that
are expressed (>3 FPKM) in all analyzed samples. Blue dots indicate genes that pass the significance threshold of an FDR <0.05 and >1.5-fold change, whereas pink
dots do notmeet both criteria.C,Aheatmap of all genes that are significantly differentially expressedwhen pooled across all 13 patients. Each column corresponds to
the log2(fold change) for each patient. The bar at the top of the heatmap corresponds to clinical response, indicating CR (pink), PR (blue), or NR (green). D, GSEA
results when examining the average fold change across all 13 patients. Twelve gene sets were significantly downregulated (FDR <0.05). Two example enrichment
plots show the enrichment score (black line) across all genes, with black bars, indicating genes within the interferon alpha response and MYC target v2 gene sets,
respectively. AML, acutemyeloid leukemia; CR, complete response; FC, fold change; FDR, false discovery rate; FPKM, fragments per kilobase permillion reads; GSEA,
gene set enrichment analysis; NR, non-responder; PR, partial response; RT-qPCR, reverse transcription and quantitative polymerase chain reaction.
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expression was also observed for the other five downregulated PD
biomarkers, whereas SERTAD1 gene expression was increased more
than 2-fold in 10 out of the 15 patient samples across the evaluated
doses (Supplementary Table S8). Subsequent RNA-seq analysis was
performed on 13 of these patients to examine the global effects of
molibresib treatment on gene expression. This analysis identified
significant differential expression of 398 genes across all 13 patients
(>1.5-fold change with an FDR of <0.05), with a majority (289/398;
72.6%) being downregulated (Fig. 2B and C). GSEA was performed

to identify small but consistent changes across the annotated
Hallmark gene sets, identifying 12 downregulated sets (Fig. 2D).

In addition to analyzing all patients, non-responders (NR) and
responders (CR þ PR) were analyzed as separate cohorts to identify
differentially expressed genes associated with response to molibre-
sib treatment. Heatmaps show that a large number of genes
exhibited significant differential expression in NRs (884) compared
with responders (107), despite the similar number of patients in
each cohort (Fig. 3A and B). Although there was a marked
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Figure 3.

A andB,Heatmaps of individual patients’ change in gene expression followingmolibresib treatment (log2; fold change) for genes thatwere identified as differentially
expressed when pooled across all NRs (A), or a clinical response (CR and PR; B). Genes are defined as differentially expressed if they reach a 1.5-fold change with
anFDR<0.05. Thebar at the topof the heatmap corresponds to clinical response, indicatingCR [pink; Patient 1withCRp, Patient 2withCRi), PR (blue), orNR (green)].
C, Venn diagram showing the number of differentially expressed genes in responders, non-responders, or both. D, Scatterplot showing the fold change in gene
expression for the 2 patients who achieved CR. Genes are categorized as unchanged in both patients (gray), differentially expressed in one patient (blue),
differentially expressed in the same direction in both patients (black), or differentially expressed in both patients, but in the opposite direction (red) if they exhibited
>1.5-fold change (dotted lines). CR, complete response; CRi, CR but platelet count <100�109/L or neutrophil count <1�109/L; CRp, CR but platelet count <100�109/L;
FDR, false discovery rate; NR, non-responder; PR, partial response.
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difference in the number of differentially expressed genes, there
were 61 shared genes between NRs and responders (Fig. 3C). The 2
patients with AML (Part 1) who achieved a CR (one CRi and one
CRp) exhibited distinct molecular responses to molibresib shortly
after initiation of dosing (post-treatment biopsies taken within
1 week of treatment initiation, all pre- and post-blast cell percen-
tages 72%–88%). Despite both patients achieving a CR, there was
only a weak correlation (Spearman rho ¼ 0.125) of gene expression
fold change between them (Fig. 3D).

GSEA revealed many downregulated gene sets following treatment
with molibresib (Supplementary Fig. S5A; AML cohort). One patient
who achieved a CR was the exception to this trend, exhibiting many
upregulated gene sets (Supplementary Fig. S5A). GSEA across longi-
tudinal samples from 3 patients (one CRi and two PRs, with the second
CRp included for reference) revealed that later in the study (after
week 15), the 2 patients with PR had expression patterns that were
similar to the early expression patterns of the patient who achieved a
CRi (Supplementary Fig. S5B).

Of note, the allograft rejection gene set, with a gene expression
signature that may reflect immune activation, was significantly
downregulated (FDR < 0.05) at week 1 for two PR samples and
six NR samples (Supplementary Fig. S5A). In contrast to NRs, the
expression of this gene set is significantly upregulated early in the
2 CR patients, and interestingly, gene set expression was also seen to
increase over time when monitored in the longitudinal samples for
the 2 patients who achieved PRs (week 13 for Patient 5; week 15 for
Patient 6). These data suggest an evolving gene expression pattern
in the PR samples, which at the time of best clinical response more
closely approximates that seen in the CR samples (Supplementary
Fig. S5B). This contention was further supported by assessment of
the genes driving GSEA enrichment (using a leading edge analysis;
Supplementary Fig. S5C), which indicated that subsets of this gene
set were differentially regulated in a time-dependent manner, rather
than one set of genes undergoing subsequent down and then
upregulation.

Discussion
This study shows that molibresib has no unexpected toxicities and

was generally tolerated, with most SAEs being unrelated to study
treatment. Similar to findings from the FTIH study (19), the most
common events limiting molibresib dosing were gastrointestinal AEs
and thrombocytopenia. Overall, the safety profile of molibresib in the
total study population was consistent with those of the individual
tumor cohorts (AML/NHL cohorts in Part 1; MDS and CTCL cohorts
in Part 2).

Molibresib exhibited antitumor activity, including in patients
with poor-risk molecular and clinical features. Overall, 6 patients
achieved a CR, CRp, bone marrow CR, or CRi [AML/NHL
(DLBCL)/MDS cohorts], and 7 patients achieved a PR (AML/
NHL/MDS cohorts). However, no responses were observed in
patients with MDS or CTCL in Part 2 of the study. Combined
with the efficacy findings from Part 2 of the FTIH study, where no
CRs and only two PRs were reported in various solid tumor types (N
¼ 102; ref. 19), it is clear that molibresib displays only a modest
antitumoral effect in these patient populations.

As a single-agent epigenetic therapy, the findings presented here are
consistent with emerging evidence that some (but not all) epigenetic
therapies may need to be used as part of combination therapy to
achievemaximal clinical benefit in relapsed/refractorymyeloid disease
and leukemia (35–38). Considering the limited clinical efficacy at the

RP2D of molibresib, it appears that in vivo tolerability may limit the
ability to fully achieve the antitumor activity that has been demon-
strated in preclinical studies using translational models, cell lines,
xenograft models, and/or murine models of AML, NHL, and MM
(12, 23–25). Furthermore, modeling of molibresib/metabolite expo-
sures suggests that higher exposures ofmolibresib are tolerated inmice
compared with humans (unpublished data). As the majority of
published preclinical efficacy data for BET inhibitors in AML models
are at doses at/near the MTD, it is possible that the disconnect in
efficacy is due to the differential tolerability for molibresib in preclin-
ical models compared with patients in this study. Nevertheless, it is
possible that additive or synergistic combinatorial approaches (with
adapted BET inhibitor dosing) may provide the most promising
therapeutic approach. It has been hypothesized that combining two
ormore epigenetic agentsmay provide improved clinical benefit versus
monotherapy (35); this hypothesis is being investigated with different
epigenetic agents in several clinical trials (i.e., NCT03843528 and
NCT03263936; refs. 39, 40). Combinations of epigenetic agents with
immunotherapies or targeted therapies are also being investigated
(NCT03825367 and NCT03848754; refs. 41, 42).

Consistent with the findings of previous studies of molibresib
(including the FTIH study; refs. 18, 21), molibresib PK was charac-
terized by rapid absorption, with a Cmax occurring within approxi-
mately 2 hours and a t1/2 of approximately 3–6 hours. Compared
with patients with AML and NHL, single-dose molibresib exposure
(AUC0–24) at 60 mg appeared lower in patients with MM, though this
may be due to the small number of patients in the MM cohort.
Molibresib exposure also appeared to decrease with repeated admin-
istration, whereas active metabolite exposure increased, leading to a
modest change in TAM exposure and indicating auto-induction of
metabolism.Consistent with previousfindings (18), the average single-
and repeat-dose exposures for molibresib generally increased with
increasing molibresib doses. Overall, the PK of molibresib and total
activemetabolite in Part 2 of the studywere adequately described using
a previously derived population PK model for molibresib (21).

GSEA results showed a consistent downregulation of gene
sets when analyzing all patients with AML together, similar to
previous findings in patients with solid tumors and consistent
with BET proteins promoting gene transcription (19), though the
effect of molibresib on specific gene expression appears to vary by
patient and response to treatment. The heterogeneity in gene
expression changes among the responders may indicate that mul-
tiple molecular responses to molibresib treatment contribute to
clinical benefit.

The main limitation of this study was the small number of clinical
responses, making analysis of efficacy outcomes challenging. Nev-
ertheless, clinical responses were observed, with similar response
rates to those reported for other epigenetic therapies (i.e., those that
target non-oncogene epigenetic dependencies in cancers) such as
DOT1L and LSD1 inhibitors (37, 38, 43). The modest efficacy
observed with these single-agent therapies may be due to transcrip-
tional plasticity, as they exert their clinical effect by altering gene
expression programs rather than inducing cellular catastrophe (e.g.,
by the direct induction of apoptosis; ref. 7). As there can be multiple
routes to activating or inhibiting gene expression, single-agent
efficacy may be limited and combination approaches with other
targeted therapies may prove to be the most effective. Similarly, our
evaluation of the molecular mechanisms of response is limited by
the small number of patients who provided adequate samples for
evaluation (15 patients in total, of whom samples for longitudinal
genomic analysis were only available for 3 patients). Further
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research will therefore be required to elucidate the potential mech-
anism of action in greater detail.

In conclusion, treatment with molibresib was tolerable, although
its use was limited by gastrointestinal and thrombocytopenia toxi-
cities. Given that antitumor activity was observed in some patients
receiving molibresib monotherapy, investigations into combination
approaches that use BET inhibition and other targeted therapies
may be warranted.
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