
Efficacy of the combination of venetoclax and
hypomethylating agents in relapsed/refractory acute
myeloid leukemia

Venetoclax (ABT-199) is a selective, oral bioavailable
inhibitor of BCL-2 that has activity in a variety of hema-
tologic malignancies.1-3 BCL-2 expression is high in
leukemia stem cells of acute myeloid leukemia (AML),4
and BCL-2 inhibitors have the potential to sensitize AML
cells to hypomethylating agents (HMA),5 thereby provid-
ing the rationale for combining venetoclax with HMA. In
an ongoing phase II trial that enrolled treatment-naïve,
older (≥65 years) AML patients deemed ineligible for
intensive induction therapy, venetoclax, in combination
with either decitabine or 5-azacitidine has shown high
overall response rate (76%),6 and this response rate is sig-
nificantly higher than what is observed with single agent
HMA in this setting.7,8 The combination of venetoclax
with HMA has not been tested systematically in
relapsed/refractory (r/r) AML. In a phase II study (n=32),
venetoclax was tested as a single agent in r/r AML and
produced a modest complete remission (CR)/CR with
incomplete recovery (CRi) rate of 19%.1 We present here
“real world” evidence from our institution for the use of
venetoclax in combination with HMA in patients with r/r
AML treated outside of a clinical trial. 
We retrospectively analyzed 33 consecutive adults

with r/r AML (who failed at least one prior therapy for
AML) and were treated with venetoclax in combination
with decitabine or 5-azacitidine at the City of Hope
Medical Center, Duarte, CA, USA, between October
2016 and October 2017. The study was approved by the
Institutional Review Board of the City of Hope Medical
Center. We restricted our analysis to evaluable patients
who had completed at least one cycle of the combination
therapy and had r/r disease based on the assessment of
bone marrow biopsy or persistence of circulating
leukemia blasts. Venetoclax was given at a dose of 400
mg daily (200 mg daily if the patient was concurrently on
an azole). Decitabine dose was given at 20 mg/m2/day
and either a 5-day (n=15) or 10-day (n=16) course was
administered at the discretion of the treating physician.
5-azacitidine (n=2) was given at the dose of 75
mg/m2/day for seven days per cycle. Prior treatment with
HMA was not an exclusion criterion. 
We collected data regarding patients’ clinical character-

istics, the number and types of prior therapy, cytogenet-
ics and leukemia mutation profile, clinical characteristics
and patients’ outcomes. Genetic risk stratification was
based on European LeukemiaNet combined cytogenetic
and molecular profile.9 We also collected data on serious
adverse events that required hospitalization or prolonged
hospitalization during treatment. Consensus criteria
were used to define response.9,10 Descriptive and univari-
ate analyses were performed for the baseline characteris-
tics and clinical outcomes. Fisher’s exact test and log-rank
test were used to explore the differences in tumor
response and survival by characteristics. All tests were
two-sided at a significance level of 0.05.
Patients' and disease characteristics are shown in Table

1.  Median age of patients was 62 years (range 19-81).
Sixty-one percent (n=20) of patients had failed HMA
therapy previously and 39% (n=13) had had prior allo-
geneic hematopoietic cell transplantation (HCT). Overall
response rate (ORR) was 64% (n=21); 10 (30%) patients
achieved CR, 7 (21%) CRi, and 4 (12%) morphological
leukemia-free state (MLFS). The best response to therapy
was seen after a median of 2 (range 1-3) cycles. Among

15 CR/CRi responders who had minimal residual disease
(MRD) evaluated at the time of best response, 8 (53%)
were MRD negative by multicolor flow cytometry. Three
(14%) of the responders who achieved CR/CRi eventual-
ly underwent allogeneic HCT.  One patient died in remis-
sion at day 96 post HCT due to sepsis, one patient
relapsed at day 236, and one patient remains in remission
at day 134 at the time of analysis.
When analysis was restricted to patients who achieved

CR/CRi, there was a trend towards higher response in de
novo (61%) and therapy-related (60%) AML compared
to secondary AML (0%) (P=0.067). None of the 5 patients
with secondary AML who were treated with venetoclax
and HMA combination responded, but one patient
achieved MLFS. All 3 patients with good risk genetic risk
[including 1 patient with mutant NPM1 and normal kary-
otype (NK), one with NK and CEBPA mutation, and 1
with inversion 16] achieved CR/CRi, while only 64% and
39% of patients, respectively, with intermediate- and
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Table 1. Patients’ characteristics.
Total (n=33)

Age
Median 62.0
Range (19.0-81.0)
Sex
Male 15 (45.5%)
Female 18 (54.5%)
AML type

De novo 23 (69.7%)
Secondary 5 (15.2%)
Therapy-related 5 (15.2%)
Cytogenetic/molecular risk*
Good 3 (9.1%)
Intermediate 11 (33.3%)
High 18 (54.5%)
Unknown 1 (3%)
Extramedullary disease
Yes 4 (12.1%)
No 29 (87.9%)
Prior allogeneic HCT
Yes 13 (39.4%)
No 20 (60.6%)
Prior HMA
Yes 20 (60.6%)
No 13 (39.4%)
Number of prior therapies for AML
Median 2.0
Range (1.0-8.0)
AML status 
Refractory 11 (33.3%)
Relapse 1 14 (42.4%)
Relapse 2 8 (24.2%)
HMA
Decitabine 31 (93.9%)
Azacitadine 2 (6.1%)
Duration of first cycle of decitabine (days)
5 15 (48.4%)
10 16 (51.6%)
Number of venetoclax cycles
Median 2.0
Range (1.0-10.0)

HCT: hematopoietic cell transplantation; AML: acute myeloid leukemia; HMA:
hypomethylating agents. *Based on Dohner et al. 9



poor-risk AML responded. There was no difference in
response according to prior allogeneic HCT or HMA
exposure (P=0.73) and (P=1.00). Nine patients  had
received HMA in the cycle immediately prior to HMA-
venetoclax combination and  6 of them achieved CR/CRi.
Response rate for specific molecular mutations were 67%
for IDH 1/2 mutations, 44% for FLT3 mutations (ITD or
TKD), and 67% in TP53 mutations. There was no differ-
ence in  response rate between patients treated with a
10-day or a 5-day course of decitabine during the first
cycle. The impact of leukemia-specific factors and treat-
ment on response rates is shown in Table 2. The muta-
tion profile and response of the 18 cases with available
next generation sequencing (NGS) data are summarized
in Online Supplementary Table S1.
The median follow up for all patients was 6.5 months

(range 0.8-12.4). The 1-year overall survival (OS) for all

patients was 53%, and OS was longer for patients with
de novo AML (1-year OS=73%, median not reached)
compared to secondary or therapy-related AML (median
OS=3.4 and 3.5 months, respectively) (P=0.02). The
median LFS for responders (CR/CRi) was 8.9 months
(95%CI: 3.2-10.6), and 6-month LFS was 52% (Figure 1).
Among the 10 cases who achieved CR, neutrophil and
platelet count recovery occurred during cycle 1 in 4
patients, during cycle 2 in another  4 patients, and during
cycle 3 in the remaining 2 patients.  
Among the 21 responders, 13 patients stopped veneto-

clax while 8 remained on therapy at the time of analysis.
Reasons for stopping venetoclax were: disease progres-
sion in 5, receipt of HCT in 3, sepsis in 3, pregnancy in 1,
and small bowel obstruction in 1 patient. 
There were 19 serious adverse events (SAE) during the

first cycle of venetoclax and HMA in 18 (54%) patients.
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Table 2. Predictors of response and survival.
Response Overall survival

Variable N Yes No Fisher exact 6 mo HR Log-rank
test P (95%CI) (95%CI) test P

Sex
Male 15 7(46.7%) 8(53.3%) 0.73 0.508(0.214,0.742) Reference 0.92
Female 18 10(55.6%) 8(44.4%) 0.570(0.299,0.770) 1.06(0.35,3.16)
Age, years
≤60 15 7(46.7%) 8(53.3%) 0.73 0.349(0.110,0.606) Reference 0.055
>60 18 10(55.6%) 8(44.4%) 0.669(0.375,0.848) 0.36(0.12,1.09)
AML type

De novo 23 14(60.9%) 9(39.1%) 0.067 0.732(0.465,0.880) Reference 0.020
Secondary 5 0(0.0%) 5(100.0%) 0.0 4.77(1.32,17.30)
Therapy-related 5 3(60.0%) 2(40.0%) 0.400(0.052,0.753) 3.02(0.73,12.47)
Prior allogeneic HCT
Yes 13 6(46.2%) 7(53.8%) 0.73 0.423(0.156,0.671) Reference 0.22
No 20 11(55.0%) 9(45.0%) 0.605(0.317,0.803) 0.51(0.17,1.53)
Cytogenetic/molecular
Risk*
Good 3 3(100.0%) 0(0.0%) 0.12 1.000 Reference 0.007
Intermediate 11 7(63.6%) 4(36.4%) 0.909(0.508,0.987)
High 18 7(38.9%) 11(61.1%) 0.271(0.084,0.502)
AML status
Refractory 11 6(54.5%) 5(45.5%) 0.23 0.686(0.305,0.887) Reference 0.14
Relapse 1 14 9(64.3%) 5(35.7%) 0.592(0.279,0.807) 1.06(0.26,4.41)
Relapse 2 8 2(25.0%) 6(75.0%) 0.200(0.010,0.573) 3.01(0.70,12.90)
Prior HMA exposure
Yes 20 10(50.0%) 10(50.0%) 1.00 0.463(0.216,0.678) Reference 0.58
No 13 7(53.8%) 6(46.2%) 0.636(0.297,0.845) 0.72(0.22,2.34)
N of prior 
therapies 
1-2 19 11(57.9%) 8(42.1%) 0.49 0.676(0.383,0.852) Reference 0.14
>2 14 6(42.9%) 8(57.1%) 0.351(0.111,0.607) 2.27(0.74,6.96)
Duration of cycle 1 of decitabine
5 15 7(46.7%) 8(53.3%) 0.72 0.553(0.260,0.770) Reference 0.68
10 16 9(56.3%) 7(43.8%) 0.490(0.216,0.717) 1.26(0.42,3.74)

N: number; mo: months; HR: Hazard Ratio; CI: Confidence Interval; HCT: hematopoietic cell transplantation; AML: acute myeloid leukemia; HMA: hypomethylating agents.
*Based on Dohner et al.9



The majority of SAE were unrelated to therapy.
Neutropenic infections were the most common and were
observed in 14 cases. One patient each developed viral
pneumonia, fungal pneumonia, hypotension and dehy-
dration, atrial fibrillation, and one patient had prolonged
cytopenia that lasted more than six weeks. For the 88
cycles beyond cycle 1, 17 cycles were complicated by
SAEs including sepsis (n=11), pneumonia (n= 5), colitis
and diarrhea (n=3), atrial fibrillation (n=2), and acute
renal failure (n=2).    
Although the early results of venetoclax-HMA combi-

nation are impressive in the front-line setting, the activity
of this regimen in the relapsed r/r AML still has to be
fully evaluated. Herein, we provide the first report of a
“real world” experience in a relatively large cohort of
patients with r/r AML uniformly treated with venetoclax
and HMA outside of a clinical trial. We show that the
ORR of 64% is higher than the 17-18% response rate
expected for single agent HMA11,12 or the 19% response
rate seen in a study of single agent venetoclax for r/r
AML.1 In fact, the ORR in our series approaches that

observed for the venetoclax and HMA combination in
newly diagnosed AML,6 despite the fact that approxi-
mately 60% of our patients had failed to respond to
HMA therapy previously administered for their AML or
had relapsed after allogeneic HCT. Moreover, over 50%
of responders who were evaluated for MRD achieved an
MRD negative status.  
While the relatively small number of patients in this

series precludes making any definitive conclusions
regarding response in particular AML subsets, the high
rate of complete responses observed in the whole cohort,
including patients with adverse molecular or clinical risk
factors, suggest a  good clinical activity for this combina-
tion even in those patients who would be expected to
respond poorly to conventional combination chemother-
apy (i.e. patients with TP53 and FLT3 mutations and who
had relapsed after allogeneic HCT). This observation has
been made in the ongoing clinical trial for de novo AML
as well.6 Similar to previous reports, IDH-mutated AML
showed a high response rate to venetoclax in this series
(67%).1,6
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Figure 1. Survival of refractory/relapsed acute
myeloid leukemia (AML) after hypomethylating
agent and venetoclax therapy. (A) Overall survival
and (B) leukemia-free survival (LFS).
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Our data provide preliminary evidence for the excellent
activity and safety of venetoclax and HMA in r/r AML
among patients treated in the “real world” setting at a
single institution. The CR rates with this combination are
approximately double of those expected with conven-
tional salvage chemotherapy, with a much better toxicity
profile. Given the fact that allogeneic HCT is the only
curative therapy for relapsed AML, the venetoclax and
HMA regimen could enable a subset of responders to
undergo HCT and provide meaningful survival benefit
for the rest with acceptable toxicity.  
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