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Original Article

A Phase 1 Study of the Pan- Bromodomain and Extraterminal 
Inhibitor Mivebresib (ABBV- 075) Alone or in Combination With 

Venetoclax in Patients With Relapsed/Refractory Acute Myeloid 
Leukemia

Gautam Borthakur, MD1; Olatoyosi Odenike, MD2; Ibrahim Aldoss, MD3; David A. Rizzieri, MD4; Thomas Prebet, MD, PhD 5;  

Chris Chen, MD6; Relja Popovic, PhD6; Dimple A. Modi, PhD6; Rujuta H. Joshi, PhD6; Johannes E. Wolff, MD, PhD6;  

and Brian A. Jonas, MD, PhD 7

BACKGROUND: Acute myeloid leukemia (AML) is a heterogenous malignancy driven by genetic and epigenetic factors. Inhibition of 

bromodomain and extraterminal (BET) proteins, epigenetic readers that play pivotal roles in the regulation of genes relevant to cancer 

pathogenesis, constitutes a novel AML treatment approach. METHODS: In this first- in- human study of the pan- BET inhibitor mive-

bresib as monotherapy (MIV- mono) or in combination with venetoclax (MIV- Ven), the safety profile, efficacy, and pharmacodynamics 

of mivebresib were determined in patients with relapsed/refractory AML (ClinicalTrials.gov identifier NCT02391480). Mivebresib was 

administered at 3 monotherapy dose levels (1.5, 2.0, or 2.5 mg) or in combination with venetoclax (400 or 800 mg). RESULTS: Forty- 

four patients started treatment: of 19 who started MIV- mono, 5 went on to receive MIV- Ven combination therapy after disease progres-

sion and a washout period. Twenty- five patients started MIV- Ven, resulting in a total of 30 patients treated with the combination. The 

most common mivebresib- related treatment- emergent adverse events were dysgeusia (74%), decreased appetite (42%), and diarrhea 

(42%) in the MIV- mono group and decreased appetite (44%), vomiting (44%), and nausea (40%) in the MIV- Ven group. Serious adverse 

events occurred in 14 patients (74%) who received MIV- mono and in 22 patients (88%) who received MIV- Ven. In the MIV- mono group, 

responses were complete remission with incomplete blood count recovery in 1 patient and resistant disease in 15 patients. In the MIV- Ven 

group, responses were complete remission in 2 patients, partial remission in 2 patients, morphologic leukemia- free state in 2 patients, 

resistant disease in 12 patients, and aplasia in 1 patient. The pharmacodynamic effects of mivebresib were proportional to dose and drug 

exposure. CONCLUSIONS: Mivebresib was tolerated and showed antileukemic effects as monotherapy and in combination with veneto-

clax in patients with relapsed/refractory AML. Cancer 2021;127:2943-2953. © 2021 The Authors. Cancer published by Wiley Periodicals 

LLC on behalf of American Cancer Society This is an open access article under the terms of the Creat ive Commo ns Attri butio n- NonCo 

mmerc ial- NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is 

non- commercial and no modifications or adaptations are made. 

LAY SUMMARY: 

Mivebresib is a novel drug that influences the way cancer cells read genetic information. Mivebresib was tested together with venetoclax 

in patients with acute myeloid leukemia after standard medicines failed and the disease returned, or when standard medicine was unavail-

able. Adverse effects were described for different drug doses, and the dose that is tolerable was determined. In some patients, their leu-

kemia improved for some time. More studies are necessary to determine whether mivebresib can be used to treat acute myeloid leukemia. 

KEYWORDS: ABBV- 075, acute myeloid leukemia, bromodomain and extraterminal domain protein, mivebresib, phase 1 clinical trial.

INTRODUCTION
Despite mounting knowledge of the molecular pathogenesis of acute myeloid leukemia (AML), overall survival (OS) rates 
remain low, particularly for patients who have relapsed/refractory (R/R) disease. The 5- year OS rate is approximately 40% 
for newly diagnosed patients aged <60 years and <20% for those aged ≥60 years.1,2 Genetic and epigenetic alterations 
that accumulate with age may partially explain the low rate of survival in elderly patients with AML.1
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Bromodomain and extraterminal (BET) family pro-
teins are key epigenetic readers that bind to acetylated lysine 
found on histone tails,3 forming transcriptional complexes 
that drive the expression of key oncogenes, such as c- Myc 
and IL7R.4- 6 BRD4 is critical for tumor maintenance in 
AML7; BET inhibitors (BETis) are known to target aberrant 
BRD4- dependent transcription in AML.8 BETis also blunt 
the production of cytokines and chemokines that are pivotal 
in maintaining the tumor microenvironment.9 In patient- 
derived AML cells, BETis cause apoptosis by the downregu-
lation of BCL- XL, the potential downregulation of BCL- 2, 
and the upregulation of BIM/PUMA.5 Therefore, targeting 
BET family proteins may inhibit AML tumor activity. The 
phase 1 study of BETi OTX015 demonstrated clinical ac-
tivity and a manageable safety profile in patients with R/R 
AML (ClinicalTrials.gov identifier NCT01713582).10

Mivebresib (ABBV- 075) is an oral, potent, small- 
molecule BETi that induces apoptosis in culture and 
tumor regression in animal models of AML, multiple my-
eloma, KRAS- mutant lung cancer, prostate cancer, and 
breast cancer.5,11,12

Venetoclax is a small molecule that selectively inhib-
its the antiapoptotic protein BCL- 2, causing cell death. 
Because BCL- 2 plays a key role in leukemic stem cell 
survival, BCL- 2 inhibition is an attractive strategy for 
eliminating leukemia stem cells that become resistant 
to chemotherapy.13 Venetoclax has demonstrated clini-
cal activity in patients with high- risk R/R AML, both as 
monotherapy and in combination with other agents.14,15 
Preclinical studies demonstrated that mivebresib can trig-
ger high levels of apoptosis in cells expressing low levels of 
BCL- 2; indeed, mivebresib and venetoclax have demon-
strated synergistic antileukemic activity in AML cell 
lines,5,16 and Myc- activated and BCL- 2– activated lym-
phoma cell lines exhibited higher cell death with BETi 
and venetoclax compared with either agent alone.17

Here, we report the safety, tolerability, efficacy, phar-
macokinetics (PK), and pharmacodynamics (PD) results 
of this first- in- human, phase 1 study of mivebresib mono-
therapy (MIV- mono) and mivebresib in combination 
with venetoclax (MIV- Ven) in patients with R/R AML.

MATERIALS AND METHODS

Study Design
This study evaluated the safety, efficacy, PK, and PD (data 
cutoff, December 3, 2019) of MIV- mono or MIV- Ven 
in patients with R/R AML (ClinicalTrials.gov identifier 
NCT02391480). Dose escalation followed a traditional 3 
+ 3 design (see Supporting Table 1).

Patients
Patients aged ≥18 years with AML for whom no standard- 
of- care therapy exists or who were refractory after 
standard- of- care therapy were eligible. All patients had an 
Eastern Cooperative Oncology Group performance status 
from 0 to 2, adequate renal and hepatic function, and a 
QTc interval <480 milliseconds (corrected for heart rate) 
at baseline. Full inclusion and exclusion criteria are pro-
vided in the online Supporting Methods.

This study was conducted in accordance with 
International Conference on Harmonization Good 
Clinical Practice guidelines, all applicable regulations 
and guidelines, and the Declaration of Helsinki. The 
human investigations were performed after approval by 
a local Human Investigations Committee and were ap-
proved by the US Department of Health and Human 
Services. All patients provided written informed 
consent.

Treatment
Mivebresib was administered daily in 28- day cycles. 
The dose levels were based on the solid tumor recom-
mended phase 2 dose of 1.5 mg daily18 and available 
tablet sizes. Patients in the MIV- mono group received 
1.5, 2.0, or 2.5 mg of mivebresib. Patients in the MIV- 
Ven group received 0.5 mg of mivebresib with 400 mg 
of venetoclax (0.5 mg + 400 mg), 1.0 mg + 400 mg, 
1.0 mg + 800 mg, or 2.5 mg + 800 mg. Venetoclax 
dosing started with a ramp- up phase of 4 days (100 mg 
on cycle 1 day 1 [C1D1], 200 mg on C1D2, 400 mg 
on C1D3) to mitigate the risk of tumor lysis syndrome. 
Mivebresib was added to venetoclax once the target 
dose was reached and was administered until patients 
developed progressive disease or unacceptable toxicity. 
Patients receiving MIV- mono who experienced pro-
gression could re- enroll in combination therapy after a 
2- week washout period (switched patients). Antifungal 
medication was allowed, and venetoclax dose modifica-
tions were implemented for moderate or strong CYP3A 
inhibitors (see Supporting Table 2). All patients were 
hospitalized and monitored the day before starting 
combination therapy and for the first 48 hours after.

Safety and Clinical Activity Assessments
Screening was performed within 28 days of C1D1 and 
included a baseline AML assessment and laboratory tests. 
Patients continued on study until they met protocol- 
defined discontinuation criteria and were followed for 
at least 30 days after the last dose. Bone marrow (BM) 
aspirate was collected for clinical assessment (performed 
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by a local laboratory) and for biomarker analyses, if pos-
sible (performed by a central/referral laboratory). Disease 
was assessed with BM aspirate and/or biopsy at screening, 
at C2D1, and as clinically indicated. Patients had tripli-
cate electrocardiograms at screening and had PK analyses, 
serial blood pressure levels, and triplicate electrocardio-
grams through 8 hours after dosing on C2D1.

Adverse events (AEs) were graded according to the 
National Cancer Institute Common Terminology Criteria 
for Adverse Events, version 4.03. A treatment- emergent 
AE (TEAE) was defined as any AE with onset or worsen-
ing from the time of the first dose of mivebresib until 30 
days after discontinuation. Definitions of dose- limiting 
toxicities (DLTs), serious TEAEs, and TEAE assessment 
are provided in the Supporting Methods.

Response was assessed using response criteria for 
AML from the revised guidelines by the International 
Working Group for Diagnosis, Standardization of 
Response Criteria, Treatment Outcomes, and Reporting 
Standards for Therapeutic Trials in Acute Myeloid 
Leukemia.19 A baseline BM sample and at least 1 post-
baseline BM sample obtained during treatment were 
compared. Patients without at least 1 postbaseline BM 
sample were not considered evaluable for response.

Pharmacokinetics Assessments
PK samples for plasma mivebresib concentration analy-
sis were collected at specified time points predose and 
postdose (see Supporting Methods). PK analyses in-
cluded all patients who had a complete concentration- 
time profile.

Pharmacodynamics Assessments
RNA whole- transcriptome sequencing was performed 
on RNA extracted from whole blood samples collected 
pretreatment and after mivebresib administration (see 
Supporting Methods). PD markers after 6 hours of mive-
bresib treatment were compared with preadministration 
baseline samples. Linear regression analysis was used to 
assess the correlation between the mivebresib maximum 
observed plasma concentration (Cmax) and biomarker ex-
pression levels. Cytogenetic analysis was performed at the 
site using standard institutional guidelines. Mutation pro-
filing on BM aspirate was reported by the site and on pe-
ripheral blood (PB) by AbbVie using the TruSight Myeloid 
Sequencing Panel (Illumina) (see Supporting Methods).

Statistical Analyses
Safety analyses were reported for all patients who received 
≥1 dose of mivebresib. Clinical activity analyses included 

all dosed patients who had ≥1 baseline and ≥1 postbase-
line measurement. Patient demographics, safety, PK, best 
response, and duration of overall response were analyzed 
using descriptive statistics. Analyses with separate sum-
maries for switched patients included best response and 
progression- free survival (PFS). All statistical analyses 
were exploratory and were performed using SAS, version 
9.2 (SAS Institute Inc, Cary, NC).

RESULTS

Demographics and Baseline Characteristics
As of 3 December 2019, 44 patients with AML were 
enrolled in the dose- escalation cohort; 19 received MIV- 
mono, and 25 received MIV- Ven. In addition, 5 patients 
in the MIV- mono group experienced disease progression/
relapse, discontinued mivebresib, held treatment for a  
2- week washout period, and re- enrolled in the MIV- Ven 
arm (switched patients). Thus, in total, 30 patients re-
ceived MIV- Ven. The median age for all patients was 68 
years (range, 29- 84 years); 22 patients had received ≥3 
lines of previous therapy, and 13 had FLT3 mutations. 
Patient demographics are summarized in Table 1. One 
patient has been reported previously.20

TABLE 1. Patient Demographics and Baseline 
Characteristics, N = 44

Characteristic
No. of 

Patients (%)

Age: Median [range], y 68 [29- 84]
Sex

Women 24 (55)
Men 20 (45)

ECOG PS
0 6 (14)
1 35 (80)
2 3 (7)

No. of prior therapies
1 6 (14)
2 8 (18)
3 8 (18)
>3 22 (50)

Cytogenetic risk categorya

Adverse 30 (68)
Intermediate 14 (32)
Favorable 0 (0)

Molecular profileb

FLT3- ITD/TKD 13 (30)
TET2 9 (20)
NPM1 8 (18)
ASXL1 7 (16)
DNMT3A 7 (16)

Abbreviation: ECOG PS, Eastern Cooperative Oncology Group performance 
status.
aCytogenetic risk groups were defined according to the 2017 European 
LeukemiaNet risk stratification by genetics.
bThe top 5 mutated genes are listed.
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Safety
No DLTs occurred. TEAEs were reported in all patients 
(n = 44). The most frequently reported TEAEs related 
to mivebresib were dysgeusia, decreased appetite, nau-
sea, and fatigue (Table 2). Among the patients receiving 
MIV- mono, the observed frequencies were dysgeusia in 
79%, fatigue in 68% (21% grade ≥3), decreased appe-
tite in 58% (11% grade ≥3), nausea in 47% (5% grade 
≥3), and diarrhea in 47% (no grade ≥3). Thirteen pa-
tients (68%) receiving MIV- mono, 15 patients (60%) 
receiving MIV- Ven, and 3 (60%) switched patients re-
ported grade ≥3 mivebresib- related TEAEs. Grade ≥3 
mivebresib- related TEAEs occurring in >2 patients/

cohort were thrombocytopenia (32%) and anemia 
(26%) in the MIV- mono group and thrombocytopenia 
(16%), diarrhea (12%), and febrile neutropenia (12%) 
in the MIV- Ven group; no mivebresib- related grade ≥3 
TEAEs occurred in >2 switched patients. Serious TEAEs 
regardless of relatedness to mivebresib occurred in 14 
(74%) patients receiving MIV- mono, 22 (88%) patients 
receiving MIV- Ven, and 2 (40%) switched patients and 
included febrile neutropenia, AML progression, and 
pneumonia (all 16%) in the MIV- mono group; febrile 
neutropenia (28%), sepsis (20%), and AML (12%) in 
the MIV- Ven group; and AML progression, pneumonia, 
acidosis, myocardial infarction, and acute kidney injury 

TABLE 2. Summary of Treatment- Emergent Adverse Events

TEAEs

No. of Patients (%)

Started Monotherapy, n = 19a Started Combination Therapy, n = 25
Switched to Combination 

Therapy, n = 5b

Any TEAEs 19 (100) 25 (100) 5 (100)
AEs in >20%

Fatigue 13 (68) 12 (48) 3 (60)
Nausea 9 (47) 15 (60) 2 (40)
Decreased appetite 11 (58) 11 (44) 1 (20)
Diarrhea 9 (47) 12 (48) 1 (20)
Dysgeusia 15 (79) 6 (24) 1 (20)
Febrile neutropenia 7 (37) 13 (52) 1 (20)
Vomiting 6 (32) 15 (60) 0 (0)
Anemia 13 (68) 3 (12) 2 (40)
Thrombocytopenia 10 (53) 5 (20) 2 (40)
Dyspnea 6 (32) 7 (28) 2 (40)
Cough 6 (32) 5 (20) 1 (20)
Muscular weakness 7 (37) 4 (16) 1 (20)
Epistaxis 4 (21) 7 (28) 0 (0)
Hyperbilirubinemia 6 (32) 5 (20) 0 (0)
Hypokalemia 3 (16) 8 (32) 0 (0)
Hypomagnesemia 2 (11) 9 (36) 0 (0)

AEs related to mivebresib in >10%
Dysgeusia 14 (74) 6 (24) 1 (20)
Decreased appetite 8 (42) 11 (44) 1 (20)
Nausea 7 (37) 10 (40) 2 (40)
Fatigue 7 (37) 9 (36) 2 (40)
Diarrhea 8 (42) 8 (32) 0 (0)
Vomiting 5 (26) 11 (44) 0 (0)
Thrombocytopenia 7 (37) 4 (16) 2 (40)
Anemia 7 (37) 1 (4) 0 (0)
ALT increased 1 (5) 4 (16) 1 (20)
AST increased 0 (0) 6 (24) 0 (0)
Dry mouth 2 (11) 2 (8) 0 (0)
Epistaxis 3 (16) 1 (4) 0 (0)
Neutrophil count decreased 2 (11) 2 (8) 0 (0)
Platelet count decreased 2 (11) 2 (8) 0 (0)
Stomatitis 1 (5) 3 (12) 0 (0)
Weight decreased 2 (11) 2 (8) 0 (0)
WBC count decreased 1 (5) 2 (8) 1 (20)
Febrile neutropenia 0 (0) 3 (12) 0 (0)
Headache 0 (0) 3 (12) 0 (0)

Abbreviations: AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TEAE, treatment- emergent adverse event; WBC, white blood 
cell.
aThe TEAEs that occurred in the 5 patients who switched arms (from the mivebresib monotherapy arm to the mivebresib plus venetoclax combination therapy arm) 
are reflected in this column if the TEAE occurred while the patient was in the monotherapy arm.
bThe TEAEs that occurred in the 5 patients who switched arms (from monotherapy to combination therapy) are reflected in this column if the TEAE occurred while 
the patient was in the combination arm (after monotherapy and a washout period).



Mivebresib Phase 1 Study in AML/Borthakur et al

2947Cancer  August 15, 2021

(all n = 1; 20%) in switched patients (see Supporting 
Table 3). Seventeen patients experienced an AE leading 
to discontinuation, and 17 (35%) died while on study 
(see Supporting Table 4).

Efficacy
Thirty- six patients were able to be assessed for a change 
of leukemia burden from baseline (Fig. 1). Of these, 16 
(44%) received MIV- mono, 15 (42%) received only MIV- 
Ven, and 5 (14%) were switched patients. A measurable 
reduction in BM blasts was observed in 7 patients (44%) 
receiving MIV- mono and in 12 patients (80%) receiving 
MIV- Ven. Three switched patients (60%) experienced a 
reduction in BM blasts (Fig. 1).

Among the 19 patients who received MIV- mono, re-
sponses were complete remission with incomplete blood 
count recovery (CRi) in 1 patient (5%) and resistant dis-
ease in 15 patients (79%) (Table 3). The median PFS in 
the MIV- mono group was 7.2, 13.9, and 10.6 weeks at 
the 1.5, 2.0, and 2.5 mg dose levels, respectively; and the 
median OS in the MIV- mono group was 15.7, 22.0, and 
12.6 weeks at the 1.5, 2.0, and 2.5 mg dose levels, respec-
tively (Fig. 2). Five patients who received MIV- mono ex-
perienced a relapse and were treated later with MIV- Ven.

Among the 30 patients who received MIV- Ven, re-
sponses were complete remission (CR) in 2 patients (7%), 
partial remission (PR) in 2 patients (7%), morphologic 
leukemia- free state in 2 patients (7%), resistant disease in 
12 patients (40%), and aplasia in 1 patient (3%) (Table 3). 

Of these 30 patients, responses among the 5 switched pa-
tients who relapsed on MIV- mono were CR in 1 patient, 
PR in 1 patient, and resistant disease in 3 patients. The 
median PFS was 6.1, 11.8, and 7.7 weeks in 25 patients 
who started MIV- Ven at the 1.0 mg + 400 mg, 1.0 mg 
+ 800 mg, and 2.5 mg + 800 mg dose levels, respectively 
and 22.5 weeks in 5 switched patients. The median OS in 
the MIV- Ven group was 37.4, 11.8, and 11.4 weeks at the 
1.0 mg + 400 mg, 1.0 mg + 800 mg, and 2.5 mg + 800 
mg dose levels, respectively (Fig. 2).

Pharmacokinetics
PK data were analyzed for 45 patients at doses of 1.5, 2.0, 
and 2.5 mg for MIV- mono (Fig. 3A) and 1.0 and 2.5 
mg of mivebresib (with 400 mg and 800 mg of veneto-
clax) for MIV- Ven (Fig. 3B). Steady state was achieved 
on C1D8, and the PK of mivebresib was approximately 
dose proportional over the studied dosing range based on 
the dose- normalized C1D8 Cmax and the area under the 
plasma concentration- time curve over the 24- hour dos-
ing interval (AUC24) (Supporting Table 5). The estimated 
median time to achieve Cmax (Tmax) was 3 hours (range, 
0- 8 hours) across all dosage regimens. Mivebresib had a 
generally monophasic drug disposition, with an estimated 
harmonic mean terminal phase half- life of 16.4 hours. 
The mivebresib steady- state accumulation ratio was ap-
proximately 2- fold, as measured by the AUC0- 24 on C1D8 
versus C1D1 with daily dosing. The PK of mivebresib ap-
peared to be similar in the monotherapy and combination 

Figure 1. The best percentage change in the bone marrow blast count from baseline is illustrated. A linear regression model was 
fitted with the response variable percent change in blast count. Paired symbols (triangles, squares, diamonds, crosses, and stars) 
designate bars for each of the 5 patients who switched from the mivebresib monotherapy (Mono) arm to the mivebresib combined 
with venetoclax (Combo) arm (switchers; ie, their response on monotherapy and their subsequent response on combination therapy).
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therapy cohorts, suggesting no effect of venetoclax coad-
ministration on mivebresib PK (see Supporting Table 5).

Pharmacodynamics
HEXIM1 and MYC are established PD biomarkers of 
the BETi class of compounds. It was demonstrated previ-
ously that HEXIM1 is modulated in a dose- dependent 
manner by mivebresib. MYC is a tumor PD marker and 
thus is not evaluable in PB from patients with solid tu-
mors.18 In PB samples from patients who had R/R AML, 
an increase in DCXR and HEXIM1 (P < .001) gene ex-
pression and a decrease in CD93 (P < .001) and MYC 

(P < .083) expression were observed 6 hours after MIV- 
mono administration, confirming a PD effect. The cor-
relation with PK data confirmed the dose dependency (P 
< .05) (Fig. 4). Changes were dose- dependent, and gene 
modulation did not reach a plateau at the highest dose 
administered (2.5 mg), suggesting that superior target en-
gagement may be achieved at higher doses. In addition, 
the antiapoptotic gene BCL2 was inhibited (P < .01) and 
the proapoptotic genes PUMA (P < .064) and BIM (P < 
.0005) were increased 6 hours after MIV- mono (data not 
shown).

Mutation Profile and Biologic Activity
Molecular profiles of the patients are summarized in 
Supporting Figure 1. An evaluation of the relation of 
the mutational profile to efficacy was not statistically 
significant. However, certain trends were noted (Fig. 5): 
in the MIV- Ven cohort, 4 of 10 patients who had FLT3- 
ITD/TKD mutations and 4 of 6 who had PTPN11 
mutations had a reduction in BM blasts. None of the 
3 patients who had FLT3 and NPM1 co- occurrence 
responded to MIV- mono; however, in the MIV- Ven 
cohort 4 of 10 patients with FLT3 mutations had a co- 
occurrence of FLT3- ITD/TKD and NPM1 (including 1 
who had a reduction in BM blasts with MIV- Ven). In 
addition, 3 of 6 patients (50%) with an FLT3 mutation 
who had wild- type NPM1 had a reduction in BM blasts 
with combination treatment.

DISCUSSION
Targeting epigenetic readers, such as the BET fam-
ily of proteins, has emerged as a promising anticancer 

TABLE 3. Best International Working Group Responses in Patients With Relapsed/Refractory Acute Myeloid 
Leukemia

IWG Response

No. of Patients (%)

Started Monotherapy,  
n = 19a

Started Combination Therapy,  
n = 25b

Switched to Combination 
Therapy, n = 5c

CR 0 (0) 1 (4) 1 (20)
CRi 1 (5) 0 (0) 0 (0)
MLFS 0 (0) 2 (8) 0 (0)
PR 0 (0) 1 (4) 1 (20)
Resistant disease 15 (79) 9 (36) 3 (60)
Aplasia 0 (0) 1 (4) 0 (0)
Unknown: Not assessable or insufficient data 3 (16) 11 (44) 0 (0)

Abbreviations: CR, complete remission; CRi, complete remission with incomplete blood count recovery; IWG, International Working Group for Diagnosis, 
Standardization of Response Criteria, Treatment Outcomes, and Reporting Standards for Therapeutic Trials in Acute Myeloid Leukemia; MLFS, morphological 
leukemia- free state; PR, partial remission.
aFor patients who were enrolled to receive mivebresib monotherapy but received mivebresib plus venetoclax combination therapy after disease progression and 
a washout period, data are summarized in the Started Monotherapy column up to the point the patient began receiving combination therapy; data from that point 
onward are summarized in the Switched to Combination Therapy column.
bData in this column do not include responses of the patients who switched, only of the patients who started on combination therapy.
cResponses of patients who switched arms (monotherapy to combination therapy after a washout period) are reflected in this column.

Figure 2. An analysis of overall survival is illustrated for patients 
with relapsed/refractory acute myeloid leukemia who received 
mivebresib monotherapy (Mono) and mivebresib combined 
with venetoclax (Combo). Kaplan- Meier survival curves were 
used to determine the overall survival of patients in the Mono 
cohort (n = 19) and the Combo cohort (n = 25).
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therapy. Previous preclinical studies demonstrated that 
BETis have broad antiproliferative activities across can-
cer cell lines and are highly effective in tumor mod-
els.5,18 Data from patients who had solid tumor in this 
study demonstrated a tolerable safety profile and stable 
disease in some patients who received treatment with 
mivebresib.18

This is the first- in- human study to describe the 
safety, tolerability, efficacy, PK, and PD of the BETi mi-
vebresib as monotherapy or in combination with vene-
toclax in patients with R/R AML. The safety profile 
of mivebresib in this study is consistent with previous 
findings,18 with the most common TEAEs being fa-
tigue, nausea, decreased appetite, diarrhea, and dysgeu-
sia. Fatigue and gastrointestinal AEs were also among 
the most common AEs in the phase 1 study of BETi 
OTX015.10 Rates of gastrointestinal AEs in the cur-
rent study, including diarrhea (47% MIV- mono, 43% 
MIV- Ven), nausea, (47% MIV- mono, 57% MIV- Ven), 

and vomiting (32% MIV- mono, 50% MIV- Ven), were 
higher compared with rates of diarrhea, nausea, and 
vomiting (34%, 22%, and 7%, respectively) reported 
with OTX015 monotherapy,10 although patient num-
bers were small in both studies, and any comparison 
should be made with caution.

The efficacy of MIV- mono was modest; 1 patient 
achieved CRi. Patients in the MIV- mono group had 
BM blast changes from baseline in a shorter median 
time than patients in the MIV- Ven group. MIV- Ven re-
sulted in higher efficacy, with CR in 2 patients, a PR in 
2 patients, and morphologic leukemia- free state in 2 pa-
tients. Interestingly, this activity included 2 switched pa-
tients who experienced a relapse with MIV- mono. Three 
switched patients had BM blast reductions when treated 
with MIV- Ven. This demonstrates the notable additional 
effect of venetoclax. Most patients were heavily pre-
treated (≥3 prior lines), and 68% had poor- risk cytoge-
netics, which may explain the observed moderate clinical 

Figure 3. Pharmacokinetics profiles of mivebresib (ABBV- 075) are charted in patients with relapsed/refractory acute myeloid 
leukemia who received (A) mivebresib monotherapy (Mono) and (B) mivebresib combined with venetoclax (Combo) on cycle 1 day 
1 (C1D1) and cycle 1 day 8 (C1D8). Dosing schedules and concentration time profiles with standard error bars are shown. QD indicates 
daily.
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activity. Given this patient population, the overall activity 
of MIV- Ven is clinically significant.

Analyzing a diverse set of transcriptional pathways 
modulated by the BET family of proteins revealed a sig-
nificant correlation between mivebresib exposure and 
PD effect. In our phase 1 study, the most pronounced 
indicators of target engagement were DCXR, CD93, 
and HEXIM1 and were more robust than modulations 
in MYC and BCL2.18 DCXR encodes for a protein that 
plays an important role in glucose metabolism. CD93 is 
a myeloid marker involved in cell adhesion and clearance 
of apoptotic cells. In preclinical studies, MYC inhibition 
has been used as a marker of BETi activity.21 MYC is an 
established tumor PD marker of pan- BETi, and the in-
hibition of MYC in patients who received MIV- mono 
confirms the on- target effect of mivebresib. BCL2 is 
an antiapoptotic gene that is overexpressed in multiple 
tumor types, including AML. In addition, proapoptotic 

genes like PUMA and BIM were upregulated in our study 
(data not shown). Inhibition of BCL2 and induction of 
BIM/PUMA by mivebresib and other pan- BETis, which 
was previously demonstrated, suggests that BETi modu-
lation of proapoptosis and antiapoptosis family genes is a 
class effect.5 Our data are consistent with these preclinical 
findings, yet the observed modulation did not correlate 
with biologic activity, suggesting that additional pathways 
may require modulation to achieve long- term, sustained 
responses.

Understanding potential biomarkers predictive of 
patient response will provide a unique insight for the de-
sign of future trials with drugs of this class. Preliminary 
analysis of the mutational context of mivebresib sensitiv-
ity/resistance revealed that, in patients with both NPM1 
and FLT3- ITD mutations, there was no detectable ef-
ficacy, although patient numbers were small. Whereas 
it is known that FLT3- ITD imparts a particularly poor 

Figure 4. The correlation between drug exposure (maximum observed plasma concentration [Cmax]) and gene modulation at 6 
hours posttreatment with mivebresib monotherapy on cycle 1 day 1 in peripheral blood from patients with relapsed/refractory acute 
myeloid leukemia is illustrated. Linear regression was used to determine the correlation (R2) between the cycle 1 day 1 Cmax and the 
biomarker percent change from baseline at 6 hours postdosing. The R2 and P values are shown. The number of patients at each dose 
was n = 3 at 1 mg, n = 4 at 1.5 mg, and n = 5 at 2 mg.
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prognosis,22 in this study, a subset of patients who had 
FLT3- ITD mutations showed biologic activity (a measur-
able reduction in BM blasts) in response to MIV- Ven. In 
the phase 1 study of the BETi OTX015 in R/R AML, 3 
of 5 patients who had clinical activity had ab FLT3- ITD 
mutation, suggesting that the BETi class of compounds 
may have the potential to target a subset of patients with 
AML who have a poor prognosis, although a larger study 
is needed to confirm this.10 Biologic activity in this study 
was also observed in several high- risk mutation groups, 
such as patients with SF3B1 or U2AF1 (splicing factor). 
In addition, some patients with mutations in NRAS and/
or PTPN11 responded to treatment. Overall, these re-
sults may hint that patients who have several high- risk 
mutations may have a higher probability of responding 

to MIV- Ven. Because of limited patient numbers, it was 
challenging to identify a specific subset of molecular al-
terations that made patients with R/R AML sensitive or 
resistant to MIV- mono or MIV- Ven.

Although DLTs were not encountered, systemic 
AEs, such as dysgeusia and fatigue, were clinically 
problematic. The optimal clinical schedule that would 
maximize activity and minimize toxicity for BETi is not 
fully understood.23 Recently, Piha- Paul and colleagues 
suggested that the optimal schedule of mivebresib may 
be selected based on the schedule of other drugs given 
in combination or the preference of the patient.18 
Here, we combined 0.5, 1.0, or 2.5 mg of mivebresib 
with 400 or 800 mg of venetoclax. The MIV- mono 
expansion phase started with a dose of 1.5 mg daily 

Figure 5. Molecular biomarkers of sensitivity and resistance to (A) mivebresib monotherapy (MIV- mono) and (B) mivebresib in 
combination with venetoclax (MIV- Ven) are illustrated. Baseline molecular markers that differentiate each patient (Pt.) with and 
without biologic activity in the MIV- mono and MIV- Ven cohorts are listed. The mutations reported were detected in blood and/or 
bone marrow samples using the TruSight Myeloid Sequencing Panel (Illumina) or institution- specific next- generation sequencing– 
based myeloid panels. *Note that biologic activity was defined as any reduction in the bone marrow blast count while on MIV- 
mono or MIV- Ven therapy. CR indicates complete response; CRi, complete remission with incomplete blood count recovery; MLFS, 
morphologic leukemia- free state.
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because this was determined to be the recommended 
phase 2 dose in the solid tumor cohorts of this study.18 
Comparable mivebresib exposures between monother-
apy and combination therapy suggest that mivebresib 
can be effectively given in combination with veneto-
clax. The biologic activity of combination therapy at a 
lower- than- maximum dose of mivebresib also supports 
the notion that combination strategies will allow for 
lower but continuous dosing of BETis, a strategy that 
may be essential for epigenetic modulators.

The current study demonstrated safety and efficacy 
of combining a BETi with venetoclax and suggests that 
BETi monotherapy is more efficacious in hematologic 
cancers than in solid tumors, as previously observed.5,24,25 
Therefore, use of a BETi as a single agent may have a mod-
est effect compared with more promising combination 
therapies.5,25,26 Another study is investigating combina-
tions of BETis with azacitidine in this patient population 
(ClinicalTrials.gov identifier NCT02543879). Further 
exploration of BETi combinations for synergy and to 
overcome potential resistance mechanisms against tar-
geted therapies in patients with hematologic malignancies 
are needed; perhaps a study in PTPN11 and/or RAS mu-
tations could be considered.

FUNDING SUPPORT
Venetoclax is being developed in collaboration between Genentech Inc 
and AbbVie. AbbVie funded the study (ClinicalTrials.gov identifier 
NCT02391480) and participated in the study design, research, analysis, 
data collection, interpretation of data, as well as the writing, review, and ap-
proval of the publication. No honoraria or payments were made for author-
ship. Medical writing support was provided by Fatemeh Atashi, PhD (an 
AbbVie employee) and Grace Lewis, PharmD of Bio Connections, LLC, 
and was funded by AbbVie.

CONFLICT OF INTEREST DISCLOSURES
Gautam Borthakur reports research support from AbbVie, Incyte, 
Janssen, GlaxoSmithKline, Cyclacel, and BioLine Rx; and personal con-
sulting or advisory fees from NKarta, PTC Therapeutics, and BioLine 
Rx. Olatoyosi Odenike reports personal consulting or advisory fees from 
AbbVie, Impact Biomedicines, and Celgene; and research funding from 
Celgene, Incyte, Astex Pharmaceuticals, NS Pharma, AbbVie, Gilead 
Sciences, Janssen Oncology, OncoTherapy Science, Agios, AstraZeneca, 
and Aprea. Ibrahim Aldoss reports honoraria from Helocyte, Jazz 
Pharmaceuticals, and Agios; personal consulting or advisory fees from 
AbbVie, Helocyte, Agios, and Kite (a Gilead Company); speaker’s fees 
from Jazz Pharmaceuticals; and travel accommodations and expenses from 
AbbVie, Helocyte, Jazz Pharmaceuticals, and Agios. David A. Rizzieri re-
ports personal consulting/advisory fees or honoraria from Novartis, Kite 
(a Gilead Company), Gilead Sciences, Incyte, Pfizer, TEVA, Seagen, and 
Amgen; and speaker’s fees from Incyte, Seagen, and Gilead Sciences. 
Thomas Prebet reports personal consulting or advisory fees from 
Genentech, Tetraphase, and Jazz Pharmaceuticals; and research support 
from Agios, Bristol- Myers Squibb, Jazz Pharmaceuticals, and Boehringer 
Ingelheim. Chris Chen, Relja Popovic, Dimple A. Modi, Rujuta  
H. Joshi, and Johannes E. Wolff are employees of AbbVie and may 
own stock in the company; they report travel accommodations and 
expenses from AbbVie. Brian A. Jon as reports institutional grants and 
research support from 47, AbbVie, Accelerated Medical Diagnostics, 

Amgen, AROG, Celgene, Daiichi Sankyo, Esanex, F. Hoffmann- La 
Roche, Forma, Genentech/Roche, GlycoMimetics, Hanmi, Incyte, Jazz 
Pharmaceuticals, LP Therapeutics, Pfizer, Pharmacyclics, and Sigma 
Tau; personal consulting or advisory fees from AbbVie, Amgen, Celgene, 
Genentech/Roche, GlycoMimetics, Jazz Pharmaceuticals, Takeda, 
Tolero, and Treadwell; and travel expenses from AbbVie, Amgen, and 
GlycoMimetics.

AUTHOR CONTRIBUTIONS
Gautam Borthakur: Conceptualization, data curation, investigation, vali-
dation, writing– original draft, and writing– review and editing. Olatoyosi 
Odenike: Conceptualization, data curation, investigation, validation, 
writing– original draft, and writing– review and editing. Ibrahim Aldoss: 
Conceptualization, data curation, investigation, validation, writing– original 
draft, and writing– review and editing. David A. Rizzieri: Conceptualization, 
data curation, investigation, validation, writing– original draft, and writing– 
review and editing. Thomas Prebet: Conceptualization, data curation, 
investigation, validation, writing– original draft, and writing– review and 
editing Chris Chen: Data curation, formal analysis, investigation, soft-
ware, validation, visualization, writing– original draft, and writing– review 
and editing. Relja Popovic: Methodology, validation, visualization, 
writing– original draft, and writing– review and editing. Dimple A. Modi: 
Conceptualization, data curation, formal analysis, methodology, project 
administration, resources, validation, visualization, writing– original draft, 
and writing– review and editing. Rujuta H. Joshi: Methodology, project ad-
ministration, supervision, validation, visualization, writing– original draft, 
and writing– review and editing. Johannes E. Wolff: Conceptualization, 
formal analysis, funding acquisition, methodology, project administration, 
resources, software, supervision, validation, visualization, writing– original 
draft, and writing– review and editing. Brian A. Jonas: Conceptualization, 
data curation, methodology, validation, writing– original draft, and writing– 
review and editing.

DATA AVAILABILITY
These clinical trial data can be requested by any qualified researchers who 
engage in rigorous, independent scientific research and will be provided 
after review and approval of a research proposal and a Statistical Analysis 
Plan and execution of a Data Sharing Agreement. Data requests can be 
submitted at any time and the data will be accessible for 12 months, with 
possible extensions considered (for more information on the process, or to 
submit a request, visit the following link: https://www.abbvie.com/our- 
scien ce/clini cal- trial s/clini cal- trial s- data- and- infor matio n- shari ng/data- 
and- infor matio n- shari ng- with- quali fied- resea rchers.html).

REFERENCES
 1. Saultz JN, Garzon R. Acute myeloid leukemia: a concise review. J Clin 

Med. 2016;5:33. doi:10.3390/jcm50 30033
 2. Foran JM. Do cytogenetics affect the post- remission strategy for older 

patients with AML in CR1? Best Pract Res Clin Haematol. 2017;30:306- 
311. doi:10.1016/j.beha.2017.09.008

 3. Fujisawa T, Filippakopoulos P. Functions of bromodomain- containing 
proteins and their roles in homeostasis and cancer. Nat Rev Mol Cell 
Biol. 2017;18:246- 262. doi:10.1038/nrm.2016.143

 4. Dey A, Chitsaz F, Abbasi A, Misteli T, Ozato K. The double bromo-
domain protein Brd4 binds to acetylated chromatin during inter-
phase and mitosis. Proc Natl Acad Sci U S A. 2003;100:8758- 8763. 
doi:10.1073/pnas.14330 65100

 5. Bui MH, Lin X, Albert DH, et al. Preclinical characterization of 
BET family bromodomain inhibitor ABBV- 075 suggests com-
bination therapeutic strategies. Cancer Res. 2017;77:2976- 2989. 
doi:10.1158/0008- 5472.Can- 16- 1793

 6. Ott CJ, Kopp N, Bird L, et al. BET bromodomain inhibition targets 
both c- Myc and IL7R in high- risk acute lymphoblastic leukemia. 
Blood. 2012;120:2843- 2852. doi:10.1182/blood - 2012- 02- 413021

 7. Zuber J, Shi J, Wang E, et al. RNAi screen identifies Brd4 as a thera-
peutic target in acute myeloid leukaemia. Nature. 2011;478:524- 528. 
doi:10.1038/natur e10334

https://www.abbvie.com/our-science/clinical-trials/clinical-trials-data-and-information-sharing/data-and-information-sharing-with-qualified-researchers.html
https://www.abbvie.com/our-science/clinical-trials/clinical-trials-data-and-information-sharing/data-and-information-sharing-with-qualified-researchers.html
https://www.abbvie.com/our-science/clinical-trials/clinical-trials-data-and-information-sharing/data-and-information-sharing-with-qualified-researchers.html
https://doi.org/10.3390/jcm5030033
https://doi.org/10.1016/j.beha.2017.09.008
https://doi.org/10.1038/nrm.2016.143
https://doi.org/10.1073/pnas.1433065100
https://doi.org/10.1158/0008-5472.Can-16-1793
https://doi.org/10.1182/blood-2012-02-413021
https://doi.org/10.1038/nature10334


Mivebresib Phase 1 Study in AML/Borthakur et al

2953Cancer  August 15, 2021

 8. Pericole FV, Lazarini M, de Paiva LB, et al. BRD4 inhibition enhances 
azacitidine efficacy in acute myeloid leukemia and myelodysplastic syn-
dromes. Front Oncol. 2019;9:16. doi:10.3389/fonc.2019.00016

 9. Belkina AC, Nikolajczyk BS, Denis GV. BET protein function is re-
quired for inflammation: Brd2 genetic disruption and BET inhibitor 
JQ1 impair mouse macrophage inflammatory responses. J Immunol. 
2013;190:3670- 3678. doi:10.4049/jimmu nol.1202838

 10. Berthon C, Raffoux E, Thomas X, et al. Bromodomain inhibitor 
OTX015 in patients with acute leukaemia: a dose- escalation, phase 
1 study. Lancet Haematol. 2016;3:e186- e195. doi:10.1016/s2352 
- 3026(15)00247 - 1

 11. Faivre EJ, Wilcox D, Lin X, et al. Exploitation of castration- 
resistant prostate cancer transcription factor dependencies by the 
novel BET inhibitor ABBV- 075. Mol Cancer Res. 2017;15:35- 44. 
doi:10.1158/1541- 7786.MCR- 16- 0221

 12. Lam LT, Lin X, Faivre EJ, et al. Vulnerability of small- cell lung can-
cer to apoptosis induced by the combination of BET bromodomain 
proteins and BCL2 inhibitors. Mol Cancer Ther. 2017;16:1511- 1520. 
doi:10.1158/1535- 7163.MCT- 16- 0459

 13. Lagadinou ED, Sach A, Callahan K, et al. BCL- 2 inhibition targets 
oxidative phosphorylation and selectively eradicates quiescent human 
leukemia stem cells. Cell Stem Cell. 2013;12:329- 341. doi:10.1016/j.
stem.2012.12.013

 14. Konopleva M, Pollyea DA, Potluri J, et al. Efficacy and biological 
correlates of response in a phase II study of venetoclax monother-
apy in patients with acute myelogenous leukemia. Cancer Discov. 
2016;6:1106- 1117. doi:10.1158/2159- 8290.Cd- 16- 0313

 15. Huemer F, Melchardt T, Jansko B, et al. Durable remissions with vene-
toclax monotherapy in secondary AML refractory to hypomethylating 
agents and high expression of BCL- 2 and/or BIM. Eur J Haematol. 
2019;102:437- 441. doi:10.1111/ejh.13218

 16. Fiskus W, Cai T, DiNardo CD, et al. Superior efficacy of cotreatment 
with BET protein inhibitor and BCL2 or MCL1 inhibitor against 
AML blast progenitor cells. Blood Cancer J. 2019;9:4. doi:10.1038/
s4140 8- 018- 0165- 5

 17. Cummin TEC, Cox KL, Murray TD, et al. BET inhibitors synergize 
with venetoclax to induce apoptosis in MYC- driven lymphomas with 

high BCL- 2 expression. Blood Adv. 2020;4:3316- 3328. doi:10.1182/
blood advan ces.20200 02231

 18. Piha- Paul SA, Sachdev JC, Barve M, et al. First- in- human study of 
mivebresib (ABBV- 075), an oral pan- inhibitor of bromodomain and 
extra terminal proteins, in patients with relapsed/refractory solid tu-
mors. Clin Cancer Res. 2019;25:6309- 6319. doi:10.1158/1078- 0432.
Ccr- 19- 0578

 19. Cheson BD, Bennett JM, Kopecky KJ, et al. Revised recommendations 
of the International Working Group for Diagnosis, Standardization 
of Response Criteria, Treatment Outcomes, and Reporting Standards 
for Therapeutic Trials in Acute Myeloid Leukemia. J Clin Oncol. 
2003;21:4642- 4649. doi:10.1200/JCO.2003.04.036

 20. Chang Munoz M, Murphy JA, Wolff JE, Jonas BA. Prolonged re-
sponse of a patient with relapsed acute myeloid leukemia to a novel 
oral bromodomain extraterminal inhibitor (BETi). Case Rep Hematol. 
2020;2020:8830123. doi:10.1155/2020/8830123

 21. Coleman DJ, Gao L, Schwartzman J, et al. Maintenance of MYC 
expression promotes de novo resistance to BET bromodomain inhi-
bition in castration- resistant prostate cancer. Sci Rep. 2019;9:3823. 
doi:10.1038/s4159 8- 019- 40518 - 5

 22. Fathi AT, Chen YB. Treatment of FLT3- ITD acute myeloid leukemia. 
Am J Blood Res. 2011;1:175- 189.

 23. Lewin J, Soria JC, Stathis A, et al. Phase Ib trial with birabresib, a 
small- molecule inhibitor of bromodomain and extraterminal pro-
teins, in patients with selected advanced solid tumors. J Clin Oncol. 
2018;36:3007- 3014. doi:10.1200/JCO.2018.78.2292

 24. Abedin SM, Boddy CS, Munshi HG. BET inhibitors in the treatment 
of hematologic malignancies: current insights and future prospects. 
Onco Targets Ther. 2016;9:5943- 5953. doi:10.2147/OTT.S100515

 25. Braun T, Gardin C. Investigational BET bromodomain protein inhibi-
tors in early stage clinical trials for acute myelogenous leukemia (AML). 
Expert Opin Investig Drugs. 2017;26:803- 811. doi:10.1080/13543 
784.2017.1335711

 26. Markowski MC, De Marzo AM, Antonarakis ES. BET inhibitors 
in metastatic prostate cancer: therapeutic implications and rational 
drug combinations. Expert Opin Investig Drugs. 2017;26:1391- 1397. 
doi:10.1080/13543 784.2017.1393518

https://doi.org/10.3389/fonc.2019.00016
https://doi.org/10.4049/jimmunol.1202838
https://doi.org/10.1016/s2352-3026(15)00247-1
https://doi.org/10.1016/s2352-3026(15)00247-1
https://doi.org/10.1158/1541-7786.MCR-16-0221
https://doi.org/10.1158/1535-7163.MCT-16-0459
https://doi.org/10.1016/j.stem.2012.12.013
https://doi.org/10.1016/j.stem.2012.12.013
https://doi.org/10.1158/2159-8290.Cd-16-0313
https://doi.org/10.1111/ejh.13218
https://doi.org/10.1038/s41408-018-0165-5
https://doi.org/10.1038/s41408-018-0165-5
https://doi.org/10.1182/bloodadvances.2020002231
https://doi.org/10.1182/bloodadvances.2020002231
https://doi.org/10.1158/1078-0432.Ccr-19-0578
https://doi.org/10.1158/1078-0432.Ccr-19-0578
https://doi.org/10.1200/JCO.2003.04.036
https://doi.org/10.1155/2020/8830123
https://doi.org/10.1038/s41598-019-40518-5
https://doi.org/10.1200/JCO.2018.78.2292
https://doi.org/10.2147/OTT.S100515
https://doi.org/10.1080/13543784.2017.1335711
https://doi.org/10.1080/13543784.2017.1335711
https://doi.org/10.1080/13543784.2017.1393518



