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KEY PO INT S

l Venetoclax plus
decitabine or
azacitidine showed
tolerable safety and
favorable overall
response rate (CR 1

CRi rate: 67%) in
elderly patients
with AML.

l This novel combination
regimen produced
favorable responses
in high-risk groups,
such as age 75orolder,
poor cytogenetics, and
secondary AML.

Older patients with acute myeloid leukemia (AML) respond poorly to standard induction
therapy. B-cell lymphoma 2 (BCL-2) overexpression is implicated in survival of AML cells and
treatment resistance. We report safety and efficacy of venetoclax with decitabine or
azacitidine from a large, multicenter, phase 1b dose-escalation and expansion study.
Patients (N5 145) were at least 65 years old with treatment-naive AML andwere ineligible
for intensive chemotherapy. During dose escalation, oral venetoclax was administered at
400, 800, or 1200 mg daily in combination with either decitabine (20 mg/m2, days 1-5,
intravenously [IV]) or azacitidine (75 mg/m2, days 1-7, IV or subcutaneously). In the ex-
pansion, 400 or 800 mg venetoclax with either hypomethylating agent (HMA) was given.
Median agewas 74 years, with poor-risk cytogenetics in 49%of patients. Common adverse
events (>30%) included nausea, diarrhea, constipation, febrile neutropenia, fatigue, hy-
pokalemia, decreased appetite, and decreased white blood cell count. No tumor lysis
syndrome was observed. With a median time on study of 8.9 months, 67% of patients (all
doses) achieved complete remission (CR) 1 CR with incomplete count recovery (CRi), with
a CR 1 CRi rate of 73% in the venetoclax 400 mg 1 HMA cohort. Patients with poor-risk
cytogenetics and those at least 75 years old had CR 1 CRi rates of 60% and 65%, re-

spectively. The median duration of CR1 CRi (all patients) was 11.3 months, and median overall survival (mOS) was 17.5
months; mOS has not been reached for the 400-mg venetoclax cohort. The novel combination of venetoclax with
decitabine or azacitidinewas effective andwell tolerated in elderly patientswithAML (This trial was registered atwww.
clinicaltrials.gov as #NCT02203773). (Blood. 2019;133(1):7-17)

Introduction
Acute myeloid leukemia (AML) commonly affects the elderly, with
amedian age of 67 years at diagnosis.1 Elderly patients ($65 years)
with AML often respond poorly to induction chemotherapy as
a result of a higher frequency of adverse genomic features and
increased resistance to treatments.2 Furthermore, because of
comorbidities, compromised organ function, and poor perfor-
mance status, older patients may not be candidates for conven-
tional cytotoxic induction therapies.3-5 Lower-intensity regimens,
which are standard of care for patients unfit for induction che-
motherapy, consist predominately of hypomethylating agents

(HMAs) azacitidine or decitabine or low-dose cytarabine. Azacitidine
or decitabine monotherapy yields low response rates (10%-50%,
including hematologic improvement), require 3.5 to 4.3 months
to achieve best response, and are not curative, with a median
overall survival (OS) of less than 1 year.6-9 Thus, there is a critical
need to develop targeted therapies capable of rapidly inducing
a high rate of clinical response, with better tolerability and durable
responses for elderly patients with AML.

The B-cell lymphoma 2 (BCL-2) protein plays an important role in
the survival and persistence of AML blasts, as it is a key regulator
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of the mitochondrial apoptotic pathway.10-13 BCL-2 maintains
myeloblast survival by sequestering pro-apoptotic BAX, result-
ing in mitochondrial dependence on BCL-2. BAX is released
when BCL-2 is antagonized, resulting in mitochondrial outer
membrane permeabilization and cell death. Venetoclax, a po-
tent, selective, oral inhibitor of BCL-2, has demonstrated single-
agent clinical activity and a tolerable safety profile in patients
with relapsed or refractory AML.14 Venetoclax in combination
with azacitidine has demonstrated a synergistic effect in pre-
clinical models of AML cells.15 Furthermore, azacitidine may
reduce levels of MCL-1, an anti-apoptotic protein critical in
AML pathogenesis and a possible source of resistance to
venetoclax.16,17 With this rationale, we evaluated the safety and
efficacy of venetoclax in combination with azacitidine or deci-
tabine in elderly patients with treatment-naive AML ineligible for
intensive chemotherapy. Preliminary safety and efficacy data
from the dose-escalation portion of this study have been pre-
viously published.18 Here, we report efficacy and safety data
from the combined dose-escalation and expansion phases of
this study, with extended follow-up. In addition, preliminary
results of key exploratory analyses, such as measurable residual
disease (MRD), are described.

Materials and methods
Study design
The dose-escalation stage used a 3 1 3 design to establish the
maximum-tolerated dose of venetoclax.18 Venetoclax was ad-
ministered with a short ramp-up during cycle 1 from 20 mg (early
cohorts of escalation stage) or 100 mg (expansion stage) to
a target dose of 400, 800, or 1200 mg daily. All patients were
hospitalized during venetoclax ramp-up in cycle 1 for at least 3 to
5 days, depending on the cohort, and received prophylaxis for
tumor lysis syndrome at least 72 hours before dosing. On the
basis of the preliminary safety and efficacy data,18 2 venetoclax
dosing schedules (400 mg and 800 mg) were evaluated sepa-
rately in the expansion stage, in combination with either deci-
tabine or azacitidine.

Patients
Eligible patients had histologically confirmed AML, according to
World Health Organization criteria,19 were at least 65 years old at
diagnosis, and were ineligible for standard induction chemo-
therapy because of the presence of various comorbidities, such
as age older than 75 years, cardiac disease or prior anthracycline
use, secondary AML, or high probability of treatment-related
mortality. Patients had not received prior therapy for AML and
had an Eastern Cooperative Oncology Group (ECOG) perfor-
mance status (PS) of 0 to 2, adequate renal and hepatic function,
and a white blood cell (WBC) count of 253 109/L or less. The use
of leukapheresis or hydroxyurea before treatment initiation to
achieve this was permitted.

Key exclusion criteria were prior HMA treatment or chemotherapy
for antecedent hematologic disorders (treatment with other
agents excluding hydroxyurea for myelodysplastic syndrome or
myeloproliferative neoplasm was permitted), favorable-risk cy-
togenetics (per 2014 National Comprehensive Cancer Network
Guidelines),20 known active central nervous system involvement,
and concomitant use of strong or moderate CYP3A inducers or
inhibitors within 7 days before study drug administration.

Efficacy and safety assessments
Reponses were evaluated per the International Working Group
criteria for AML.21 Efficacy was assessed as rate of objective
response (complete remission [CR]1 CR with incomplete blood
count recovery [CRi] 1 partial remission [PR]), and OS. Mor-
phologic leukemia-free state (MLFS) was defined as less than
5% blasts in an aspirate sample with marrow spicules and with
a count of at least 200 nucleated cells. In addition to OS, the
duration of response (DOR) for patients who achieved a CR or
CRi was evaluated.

Exploratory objectives included analysis ofmolecularmarkers using
peripheral blood and/or bone marrow (BM) specimens collected
at baseline.Mutations associatedwith AMLwere detected by next-
generation sequencing using the FoundationOne Heme panel
(Foundation Medicine, Cambridge, MA) for patients in the dose-
escalation cohort, the MyAML panel (Invivoscribe, San Diego,
CA) for BM aspirate specimens of patients in the expansion
cohort, and/or the TruSight Myeloid panel (Illumina, San Diego,
CA) for peripheral blood. MRD was assessed in BM aspirates
using a multiparameter flow cytometry (MFC) assay performed
by Covance Central Laboratory Services Corporation. The assay
was designed to detect abnormal cells based on the immuno-
phenotypic expression of lineage and/or maturation markers
associated with AML. The MFC assessment was performed in-
dependent of knowledge of the patients’ clinical response, and
anMRD cutoff of 1023 was used for all responders, consistent with
that reported in other AML trials22-24 and European LeukemiaNet
guidelines.25

Investigator-assessed adverse events (AEs) were summarized
according to the National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events Version 4.0. In the absence of
residual morphologic leukemia and in the presence of ongoing
cytopenias at the completion of cycle 1, venetoclax could be
interrupted for up to 14 days to allow for count recovery. For
management of myelosuppression, if a patient achieved CRi or
had an MLFS after completion of cycle 1, venetoclax was
interrupted, and the subsequent cycle of HMA was delayed to
allow for absolute neutrophil count recovery from day 29 until
absolute neutrophil count reached at least 500/mL or up to
14 days. Recurrent events of neutropenia were addressed with
reduction in venetoclax to 21 days for subsequent cycles, and/or
azacitidine dose reduction per label.

All patients were able to receive supportive care measures,
including transfusions, antimicrobial agents (excluding CYP3A4
inhibitor antifungal agents), and growth factor support admin-
istered per institutional standards. This study was approved by
local institutional review boards, and all patients provided
written informed consent. The study was designed according
to Good Clinical Practice Guidelines and the Declaration of
Helsinki.

Statistical analysis
The number of patients required for the 3 1 3 dose-escalation
phase was dependent on the toxicities observed as the trial
progressed,18 with 45 patients enrolled. The expansion stage
consisted of 100 additional patients, with 25 patients in each
dose level of 400 and 800 mg venetoclax, treated with each
HMA combination. Safety and efficacy analyses were performed
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per protocol on all patients who received at least 1 venetoclax
dose. Demographics were analyzed by descriptive statistics.
Duration of CR1 CRi and OS were analyzed using Kaplan-Meier
methodology. All statistical analyses were performed using SAS
(Cary, NC), version 9.3 or higher.

To determine baseline prognostic factors that may influence
clinical outcomes, we performed univariate and multivariate lo-
gistic regression for CR1 CRi rate, using the following covariates:
age (,75, $75 years), ECOG PS (0, 1, 2), type of AML (primary,
secondary), cytogenetic risk (intermediate, poor, or unknown),
type of regimen (azacitidine or decitabine), mutation status (IDH1/
2 [yes, no], FLT3 [yes, no], NPM1 [yes, no], and TP53 [yes, no]).
Stepwise selection for covariates was performed for the multi-
variate analysis. A 2-sided P , .05 was considered statistically
significant.

Data sharing statement
This 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 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-science/clinical-trials/clinical-trials-data-and-
information-sharing/data-and-information-sharing-with-qualified-
researchers.html.

Results
Patient characteristics
The data cutoff date for this analysis was July 7, 2017. Sixty
patients received venetoclax 400mg (29with azacitidine, 31 with
decitabine), 74 received venetoclax 800 mg (37 each azacitidine
or decitabine), and 11 received venetoclax 1200 mg (6 azaci-
tidine, 5 decitabine). Among all treated patients (N 5 145), the
median age was 74 years (range, 65-86 years), and the majority
of patients (62%) had an ECOG PS of 1. Fifty-one percent had
intermediate-risk cytogenetics, and 49% had poor-risk cytoge-
netics; 36 (25%) had secondary AML. Baseline FLT3, IDH1/2,
NPM1, and TP53 mutations were performed by central labo-
ratories (Table 1).

Safety
Hematological and gastrointestinal AEs were the most common
toxicities observed (Table 2). Gastrointestinal AEs were primarily
grade 1/2, and no patients discontinued venetoclax because of
these AEs. Common grade 3/4 AEs included febrile neutropenia
(43%), decreased WBC count (31%), anemia (25%), thrombo-
cytopenia (24%), neutropenia (17%), and pneumonia (13%).

Because patients with baseline cytopenias were included in the
safety analysis, occurrence of many of the hematological AEs
began before study drug initiation and were attributed to un-
derlying hematologic disease. At baseline, of 145 patients, 103
(71%) had grade 3/4 neutropenia, 78 (54%) had grade 3/4
thrombocytopenia, and 40 (28%) had grade 3/4 anemia. No
dose-limiting toxicities were observed, and no events of labo-
ratory or clinical tumor lysis syndrome were reported. To mitigate

any potential tumor lysis syndrome, patients were required to
have a WBC count of at least 25 3 109/L at study initiation, with
the use of hydroxyurea allowed to meet this criterion, and all
patients required hospitalization, hydration, and treatment with
a uric acid-reducing agent before and during the first few days of
treatment.

Infections of all grades were reported in 74% of patients (45%
grade 3/4), with pneumonia (18%) being most common. Grade
3/4 infections occurring in at least 3% of patients included
pneumonia (13%), bacteremia and sepsis (10%), lung infection
(6%), cellulitis, fungal pneumonia, and urinary tract infection
(3% each). Grade 3/4 fungal infections were reported in 8% of
patients; grade 5 infections included 1 case each of bacteremia,
lung infection, fungal pneumonia, septic shock, necrotizing
pneumonia, and Pseudomonas sepsis, and 2 cases each of
pneumonia and sepsis, resulting in 10 (7%) deaths caused by
infection.

The venetoclax 1200-mg cohort experienced a trend toward
a higher frequency of hematological and gastrointestinal AEs
compared with the 400-mg and 800-mg cohorts (not statistically
significant, all P . .05; supplemental Table 1, available on the
BloodWeb site), which limited the ability for continuous therapy
and led to a venetoclax dose reduction to 800 mg in 5 of 12
patients. The frequency of AEs was generally similar between the
azacitidine and decitabine cohorts at given doses of venetoclax,
although the incidence of hypokalemia, decreased WBC count,
and cough were lower in the 400-mg venetoclax 1 azacitidine
group vs other cohorts (Table 2). Serious AEs occurred in 70% of
patients at all doses. Serious AEs occurring in at least 3% of
patients were febrile neutropenia (32%), pneumonia (12%),
bacteremia and sepsis (10%), lung infection (5%), and hypo-
tension, diarrhea, fatigue, and mental status changes (3% each).
Common AEs in the venetoclax 400-mg group occurring in more
than 25% of patients included nausea (58%), constipation (52%),
febrile neutropenia (50%), and diarrhea (47%; supplemental
Table 1).

Overall, 101 patients (70%) discontinued the study, with pro-
gressive disease (PD) being the most common reason for dis-
continuation; 22% of patients in the venetoclax 1 azacitidine
cohorts and 34% of patients in the venetoclax 1 decitabine
cohorts discontinued venetoclax because of PD (supplemental
Table 2). The median time on study for 41 patients who dis-
continued because of PD was 6.7 months (range, 0.1-14.6
months). Venetoclax was discontinued in 7 patients (5%) be-
cause of AEs that included hepatic candidiasis, respiratory tract
infection, sepsis, malignant neoplasm progression, embolic
stroke, and respiratory failure (n 5 1 each). In total, 21 patients
discontinued from study to receive stem cell transplant. Dis-
continuations were equally distributed between the azacitidine
and decitabine cohorts.

Of the 68/145 (47%) of patients who had an AE that led to
venetoclax dose interruption, 27 also had neutropenia. In ad-
dition, of the 63 patients with neutropenia, 21 had a delay of
cycle 2 treatment to allow for absolute neutrophil count re-
covery. Notably, these 21 patients each achieved a CRi before
the cycle 2 delay, and all but 1 remained in either CR/CRi or
MLFS at the time of the data cutoff.
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Five deaths (3%) occurred 30 days or less after the first dose of
study drug; causes were sepsis (n 5 2), bacteremia (n 5 1),
respiratory failure (n 5 1), or multiorgan dysfunction (n 5 1).
Eleven (8%) deaths occurred at #60 days; causes for deaths
occurring between 30 to 60 days were PD (n 5 4), respiratory
failure (n5 1), and sepsis (n5 1). Overall, 46 patients (32%) died
during survival follow-up (.30 days after the last dose of study
drug).

Efficacy
At the cutoff date of July 7, 2017, the median time on study was
8.9 months (range, 0.2-31.7 months), and themedian duration of
follow-up was 15.1 months (range, 9.8-31.7 months). The me-
dian number of completed venetoclax cycles was 5 (range, 1-25
cycles). In the intent-to-treat population (N 5 145), the CR and
CRi rates were 37% and 30%, respectively, with an overall re-
sponse rate (ORR; CR1 Cri1 PR) of 68% (99/145) and an overall
leukemia response rate (CR 1 Cri 1 PR 1 MLFS) of 83% (120/
145). The median time to first response was 1.2 months (range,
0.8-13.5 months), and median time to best response (CR) was
2.1 months (range, 0.9-13.5 months). Of the patients who had
responses of CRi, 34 of 43 achieved red cell transfusion in-
dependence while receiving therapy, as did 7 of 21 patients with
MLFS. Similarly, 40 of 43 patients with CRi and 10 of 21 with
MLFS achieved platelet transfusion independence from base-
line. The CR1CRi rate for the venetoclax 400mg1HMA cohort
was 73% and 65% for the venetoclax 800 mg 1 HMA cohort
(P 5 .35; Table 3). The ORR for the venetoclax 400 mg 1 HMA

cohort was 73% compared with 68% in the venetoclax 800 mg1
HMA cohort (P5 .57). Response rates were similar between the
venetoclax 400 mg 1 azacitidine and venetoclax 400 mg 1
decitabine cohorts (76% vs 71%, respectively).

The median duration of CR 1 CRi (n 5 97) for all patients was
11.3 months (95% CI, 8.9 months-not reached [NR]), with 45% of
responders maintaining a response of more than 12 months
(Figure 1). Patients with a best response of CR had amedianDOR
of 12.5 months (95% CI, 11 months-NR), and patients with a best
response of CRi had a median DOR of 6.8 months (95% CI,
4.1 months-NR). The median duration of CR1 CRi for the venetoclax
400 mg 1 HMA cohort was 12.5 months (95% CI, 7.8 months-
NR) vs 11 months (95% CI, 6.5-12.9 months) for the venetoclax
800 mg 1 HMA cohort. The median duration of CR 1 CRi was
NR (95%CI, 5.6 months-NR) for venetoclax 400mg1 azacitidine
and was 12.5 months (95% CI, 5.1 months-NR) for venetoclax
400 mg 1 decitabine (Table 3).

At a median follow-up of 15.1 months, the median OS for all
patients was 17.5 months (95% CI, 12.3 months-NR; Figure 2).
The estimated 6-month, 1-year, and 2-year OS rates for all
patients were 80%, 59%, and 46%, respectively. The median OS
for venetoclax 400 mg 1 HMA and 800 mg 1 HMA cohorts
was NR (95% CI, 11 months-NR) and 17.5 months (95% CI,
10.3 months-NR), respectively. The median OS for venetoclax
400 mg with azacitidine was NR (95% CI, 9.0 months-NR), and
for decitabine it was was 14.2 months (95% CI, 7.7 months-NR;

Table 3. Response rates by study cohorts (dose escalation 1 dose expansion)

Cohort N

Composite response
rate (CR 1 CRi) [n],

n (%)

Overall response
rate (CR 1 CRi 1
PR) [n], n (%)

Leukemia response
rate (CR1 CRi1 PR1

MLFS) [n], n (%)
Median duration of
CR 1 CRi (95% CI)

Median OS
(95% CI)

All patients 145 [54 1 43], 97 (67) [54 1 43 1 2], 99 (68) [54 1 43 1 2 1 21],
120 (83)

11.3 (8.9-NR) 17.5 (12.3-NR)

VEN 400 mg
1 HMA

60 44 (73) 44 (73) 49 (82) 12.5 (7.8-NR) NR (11.0-NR)

VEN 400 mg
1 AZA

29 22 (76) 22 (76) 24 (83) NR (5.6-NR) NR (9.0-NR)

VEN 400 mg
1 DEC

31 22 (71) 22 (71) 25 (81) 12.5 (5.1-NR) 14.2 (7.7-NR)

VEN 800 mg
1 HMA

74 48 (65) 50 (68) 63 (85) 11.0 (6.5-12.9) 17.5 (10.3-NR)

VEN 800 mg
1 AZA

37 21 (57) 22 (59) 31 (84) 11.7 (4.6-12.9) 15.2 (9.1-NR)

VEN 800 mg
1 DEC

37 27 (73) 28 (76) 32 (86) 9.2 (5.9-NR) 17.5 (10.3-NR)

VEN 1200 mg
1 HMA

11 5 (45) 5 (45) 8 (73) 9.4 (4.1-NR) 11.4 (0.9-NR)

VEN 1200 mg
1 AZA

6 2 (33) 2 (33) 4 (67) 6.7 (4.1-9.4) 8.8 (0.9-NR)

VEN 1200 mg
1 DEC

5 3 (60) 3 (60) 4 (80) NR (NR-NR) NR (12.4-NR)

Patients undergoing SCT (n 5 21) were not censored from CR/CRi and OS analyses.
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Table 3). Median OS for venetoclax 800 mg with azacitidine was
15.2 months (95% CI, 9.1 months-NR), and it was 17.5 months
with decitabine (95% CI, 10.3 months-NR; Table 3). The CR 1
CRi rate was 76% (16/21) for the 21 patients who received SCT
poststudy, with a median duration of CR 1 CRi of 9.2 months
(95% CI, 7.8-9.2 months), and a median OS of 24.4 months.

On-therapy MRD data were evaluable for 83 (86%) of the 97
patients achieving a CR/CRi and 15 (71%) of the 21 patients
achieving MLFS; missing data are the result of either no samples
collected (3 with CR/CRi, 1 with MLFS) or a technical assay failure
(11 with CR/CRi, 5 with MLFS). Among the patients with CR/CRi,
29% (28/97) had at least 1 assessment with an MRD of less than
1023; 17 were in the azacitidine group, and 11 were in the
decitabine group (17 at 400 mg, 10 at 800 mg, and 1 at 1200 mg
venetoclax; Table 4; supplemental Figure 1). In addition, 1
patient with MLFS also achieved an MRD of less than 1023 at
least at 1 assessment (1200 mg). Among the 28 patients with

CR/CRi achieving MRD less than 1023, the median DOR and OS
have not been reached; the median OS has also not been
reached for the 55 patients with CR/CRi achieving MRD greater
than 1023 with a median DOR of 11.3 months.

Subgroup efficacy analysis
Cytogenetic findings provided by investigators were used to
establish National Comprehensive Cancer Network risk categories.
Efficacy outcomes by subgroups are shown in Table 5. TheCR1CRi
rates in patients with poor- and intermediate-risk cytogenetics were
60% and 74%, with a median duration of CR 1 CRi of 6.7 months
(95% CI, 4.1-9.4 months) vs 12.9 months (95% CI, 11.0 months-NR),
and median OS of 9.6 months (95% CI, 7.2-12.4 months) vs NR
(95% CI, 17.5-NR), respectively (Table 5; supplemental Figures 2
and 3). Responses were observed in patients carrying the TP53
mutation, with CR 1 CRi rates of 47%, median duration of CR 1
CRi of 5.6 months (95% CI, 1.2-9.4 months), and median OS
of 7.2 months (95% CI, 3.7 months-NR). Among the baseline
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prognostic factors tested in a post hoc exploratory analysis, TP53
status was found to be a statistically significant predictor for CR1
CRi using univariate (P5 .005), but not by themultivariate logistics
regression models (P5 .052; supplemental Table 3), with patients
harboring themutations achieving lower rates of CR/CRi. Notably,
patients harboring the FLT3 mutation (10 ITD, 5 TKD, 1 ITD 1
TKD, 2 others) exhibited CR1 CRi rates of 72%, median duration
of CR 1 CRi of 11 months (95% CI, 6.5 months-NR), and median
OS was NR (95% CI, 8.0 months-NR), demonstrating that the
presence of FLT3 mutation was not a statistically significant
predictor of outcome (P 5 .731). Patients with IDH1/2 mutations
had a CR1 CRi rate of 71%, median duration of CR 1 CRi of NR
(95% CI, 6.8 months-NR), and median OS of 24.4 months
(95% CI, 12.3 months-NR), which also was not a statistically
significant predictor of outcomes (P 5 .802). Patients with NPM1
mutations showed a CR 1 CRi rate of 91.5%, median duration of
CR 1 CRi of NR (95% CI, 6.8 months-NR), and median OS of NR
(95% CI, 11.0 months-NR); NPM1 mutation status was a statisti-
cally significant predictor of favorable outcome in both the uni-
variate (P 5 .015) and multivariate (P 5 .049) analyses.

Among other prognostic factors studied, patients with de novo
AML had the same CR 1 CRi rates as patients with secondary
AML (both 67%), withmedian duration of CR1CRi of 9.4months
(95% CI, 7.2-11.7 months) vs NR (95% CI, 12.5 months-NR) and
median OS of 12.5 months (95% CI, 10.3-24.4 months) vs NR
(95% CI, 14.6 months-NR) for de novo vs secondary AML, re-
spectively; Table 5).

Discussion
Venetoclax in combination with azacitidine or decitabine was
well tolerated, with similar safety profiles within all arms of the
dose escalation and expansion phases in elderly patients with
previously untreated AML ineligible for standard induction
therapy. Similar frequencies of AEs were observed in the dec-
itabine and azacitidine groups, with the lowest incidences of
gastrointestinal symptoms, such as nausea, diarrhea, and de-
creased appetite, seen in the 400-mg venetoclax 1 azacitidine
cohort. Common grade 3/4 AEs were mostly hematologic and
similar to those reported with single-agent azacitidine or deci-
tabine in phase 3 studies.6,8 On confirmation of morphologic
clearance of leukemia, grade 4 neutropenia was managed with
delay in treatment cycle. Recurrent grade 3/4 neutropenia in
subsequent cycles was managed with venetoclax dose inter-
ruptions, reduction in duration, delay in treatment cycles, and
intermittent growth factor use per institutional standards. The
low frequency of fungal infections (8% grade 3/4), despite ex-
clusion of CYP3A inhibitor azole antifungals, can be attributed
to the prophylactic use of alternative antifungals such as
echinocandins in 46% of patients and/or the relatively low rate
of invasive fungal infection found in patients given HMA-based

Table 4. MRD assessments for CR/CRi patients

CR/CRi, n5 97 MRD < 1023 MRD ‡ 1023 Nonevaluable

n (%) 28 (29) 55 (57) 14 (14)

DOR, mo NR 11.3 6.4

OS, mo NR NR 10.6

MRD assessments any time on therapy: after the initial dose, but before discontinuation of
therapy (17 days) or progressive disease, whichever came first.

Table 5. Efficacy outcomes by subgroups

Subgroup
Evaluable for

response/OS, n (%) CR 1 CRi, n (%)

n for Median
duration

of CR 1 CRi

Median duration
of CR 1 CRi,
mo (95%CI)

Median OS,
mo (95%CI)

All patients 145 97 (67) 97 11.3 (8.9, NR) 17.5 (12.3-NR)

Cytogenetic risk
Intermediate 74 (51) 55 (74) 55 12.9 (11, NR) NR (17.5-NR)
Poor 71 (49) 42 (60) 42 6.7 (4.1, 9.4) 9.6 (7.2-12.4)

Age
$75 y 62 (43) 40 (65) 40 9.2 (6.4, 12.5) 11 (9.3-NR)
,75 y 83 (57) 57 (69) 57 12.9 (9.2, NR) 17.7 (14.2-NR)

AML
De novo 109 (75) 73 (67) 73 9.4 (7.2, 11.7) 12.5 (10.3-24.4)
Secondary 36 (25) 24 (67) 24 NR (12.5, NR) NR (14.6-NR)

Mutations*
FLT3† 18 (12) 13 (72) 13 11 (6.5, NR) NR (8-NR)
IDH1 or 2‡ 35 (24) 25 (71) 25 NR (6.8, NR) 24.4 (12.3-NR)
NPM1 23 (16) 21 (91) 21 NR (6.8, NR) NR (11-NR)
TP53 36 (25) 17 (47) 17 5.6 (1.2, 9.4) 7.2 (3.7-NR)

ITD, internal tandem duplication; TKD, tyrosine kinase domain.

*Determined by central laboratory in 141/145 of patients.

†FLT3-ITD mutations were identified in 10 patients, FLT3-TKD in 6 patients; 1 patient had both FLT3-ITD and TKD, 1 patient had atypical TKD mutation at S451, and 1 patient had an
amplification of FLT3.

‡IDH1R132 mutations were identified in 15 patients, IDH2R140 in 13 patients, IDH2R172 in 6 patients, and 1 patient in a nonhotspot mutation in IDH2K282.
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therapies (4.1%).7-9,26 Notably, early mortality was low, with 5 (3%)
deaths occurring within 30 days after initiation of study drug,
which may indicate the clinical importance of obtaining an early
remission.

This study demonstrated a highCR1CRi rate of 67% (ORR, 68%)
and a tolerable safety profile for venetoclax in combination with
azacitidine or decitabine. Notably, the venetoclax 400mg1HMA
cohort achieved a CR 1 CRi rate of 73%, a median duration of
CR 1 CRi of 12.5 months, and median OS not reached. These
results warrant further evaluation of 400-mg venetoclax1 HMA
in a larger population.

The response rates for low-intensity therapy such as decitabine
and azacitidine in patients with AML who were at least 65 years
old are 10% to 50%,6,8,9,27 corresponding to a median OS of 6
to 12 months.28,29 The CR1 CRi rate of 67% and the median OS
of 17.5 months achieved with the venetoclax combinations
compare favorably with HMA monotherapy, although it is im-
portant to note the limited number of patients examined in this
study. In addition, the rapid attainment of best response of CR1
CRi at median of 1.8 months with venetoclax 1 HMA combi-
nations is notable compared with 4.3 months with decitabine8

or 3.5 months with azacitidine alone.9

Venetoclax plus decitabine or azacitidine was effective in high-
risk subgroups tested, including age 75 years or older, poor
cytogenetic risk, and secondary AML. Although these obser-
vations are drawn from a relatively small subset of patients, the
remission rates achieved by our low-intensity regimen are en-
couraging in light of the traditionally lower remission rates in the
elderly AML population (40%-50%) compared with young
patients receiving chemotherapy (60%-70%)30 and the relatively
short duration of these remissions.31

The biomarker analyses performed in our study demonstrate that
venetoclax in combination with decitabine or azacitidine was ef-
fective in most subgroups, including in patients harboring high-risk
molecular features. Mutations such as TP5332 and FLT3-ITD33,34

have been associated with poor prognosis in patients with AML.
Although those with poor-risk cytogenetics and TP53 mutations
did fare less well than other groups in this study, meaningful
responses were achieved. Patients with TP53 mutations achieved
a CR/CRi rate of 47%, which may suggest improvement over
historical controls that report CR rates as low as 28%, although
DOR was short, consistent with what has been reported
elsewhere.35,36 In addition, theFLT3mutationswere not prognostic
of poor outcomes in this study in either the multivariate or uni-
variate analyses. Study patients with NPM1 mutations appeared
to have an especially good outcome with venetoclax-based
therapy. IDH1/2mutations have been shown to have a favorable
prognosis in some studies,14,37 whereas the prognosis was neutral,
unfavorable, or dependent on the type of IDH mutation in other
studies.38 Patients in this study with IDH1/2 had a median survival
of 24.4 months, which may suggest increased sensitivity of
venetoclax in IDH-mutated patients, as reported previously.14

MFC is a sensitive technique that can detect low levels of disease
burden that remain after therapy. The data obtained by MFC
demonstrate deep responses, with 28/97 (29%) of patients with
CR/CRi achieving residual disease below the level of 1023 at
least once during study treatment. These preliminary MRD data

are encouraging and require further analysis in a larger patient
population to understand the relationship between achieving
low levels of disease burden and the durability of response. In
addition, the optimal timing of MRD assessments and its re-
lationship to ORR and OS should be evaluated.

In summary, the low-intensity regimen of venetoclax combined
with decitabine or azacitidine demonstrated promising efficacy
and a tolerable safety profile in elderly patients with AML unfit for
intensive chemotherapy, with a high CR 1 CRi rate of 73% in the
400-mg venetoclax 1 HMA cohort, low early mortality rates, and
OS extending beyond 17 months. Responses were observed in
patients with high-risk molecular features and adverse prognostic
factors. A phase 3 study of venetoclax 400 mg combined with
azacitidine in adults with untreated AML ineligible for induction
therapy is currently underway (NCT02993523).
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