
REGULAR ARTICLE

Clinical and molecular predictors of response and survival following
venetoclax therapy in relapsed/refractory AML

Maximilian Stahl,1,2,* Kamal Menghrajani,1,2,* Andriy Derkach,3 Alexander Chan,4 Wenbin Xiao,4 Jacob Glass,1,2 Amber C. King,5

Anthony F. Daniyan,1,2 Christopher Famulare,1,2 Bernadette M. Cuello,1 Troy Z. Horvat,5 Omar Abdel-Wahab,1,2,6,7 Ross L. Levine,1,2,6,7

Aaron D. Viny,1,6 Eytan M. Stein,1,2 Sheng F. Cai,1,2 Mikhail Roshal,4 Martin S. Tallman,1,2 and Aaron D. Goldberg1,2

1Leukemia Service, Department of Medicine, Memorial Sloan Kettering Cancer Center, New York, NY; 2Weill Cornell Medical College, New York, NY; and 3Department of
Epidemiology and Biostatistics, 4Department of Pathology, 5Department of Pharmacy, 6Human Oncology and Pathogenesis Program, and 7Center for Hematologic
Malignancies, Memorial Sloan Kettering Cancer Center, New York, NY

Key Points

• In patients with RR-
AML, venetoclax com-
bination therapy
resulted in responses in
31% of patients and
a median OS of 6.1
months.

•NPM1 mutations pre-
dicted higher response
rates; adverse cytoge-
netics and mutations in
TP53, KRAS/NRAS,
and SF3B1 predicted
worse OS.

Azacitidine 1 venetoclax, decitabine 1 venetoclax, and low-dose cytarabine 1 venetoclax

are now standard treatments for newly diagnosed older or unfit patients with acute myeloid

leukemia (AML). Although these combinations are also commonly used in relapsed or

refractory AML (RR-AML), clinical and molecular predictors of response and survival in

RR-AML are incompletely understood. We retrospectively analyzed clinical and molecular

characteristics and outcomes for 86 patients with RR-AMLwhowere treatedwith venetoclax

combinations. The complete remission (CR) or CR with incomplete hematologic recovery

(CRi) rate was 24%, and the overall response rate was 31% with the inclusion of

a morphologic leukemia-free state. Azacitidine 1 venetoclax resulted in higher response

rates compared with low-dose cytarabine 1 venetoclax (49% vs 15%; P 5 .008). Median

overall survival (OS) was 6.1 months, but it was significantly longer with azacitidine 1

venetoclax compared with low-dose cytarabine 1 venetoclax (25 vs 3.9 months; P 5 .003).

This survival advantage of azacitidine 1 venetoclax over low-dose cytarabine 1 venetoclax

persisted when patients were censored for subsequent allogeneic stem cell transplantation

(8.1 vs 3.9months; P5 .035). Mutations inNPM1were associatedwith higher response rates,

whereas adverse cytogenetics and mutations in TP53, KRAS/NRAS, and SF3B1 were

associated with worse OS. Relapse was driven by diverse mechanisms, including acquisition

of novel mutations and an increase in cytogenetic complexity. Venetoclax combination

therapy is effective in many patients with RR-AML, and pretreatment molecular characteristics

maypredict outcomes. Trials that evaluate novel agents in combinationwith venetoclax therapy

in patients with RR-AML that have adverse risk genomic features are warranted.

Introduction

Venetoclax combination therapy is approved in the United States for treatment of newly diagnosed older
or unfit adults with acute myeloid leukemia (AML). Venetoclax showed impressive response rates in
combination with the hypomethylating agents (HMAs) azacitidine and decitabine, and with low-dose
cytarabine in single-arm phase 1b/2 trials.1,2 Azacitidine-venetoclax was recently shown to improve
survival compared with azacitidine alone in a large, phase 3 study.3 Venetoclax combination regimens
have therefore been adopted as a new standard of care for initial treatment of older or unfit adults
with AML.4

Submitted 2 November 2020; accepted 25 January 2021; published online 9 March
2021. DOI 10.1182/bloodadvances.2020003734.

*M.S. and K.M. contributed equally to this work.

To request data, please e-mail Maximilian Stahl (stahlm@mskcc.org) and Aaron D.
Goldberg (goldbera@mskcc.org).
The full-text version of this article contains a data supplement.
© 2021 by The American Society of Hematology

1552 9 MARCH 2021 x VOLUME 5, NUMBER 5

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/5/5/1552/1802350/advancesadv2020003734.pdf by guest on 08 June 2024

https://crossmark.crossref.org/dialog/?doi=10.1182/bloodadvances.2020003734&domain=pdf&date_stamp=2021-03-09


Given the success of these regimens in patients with newly diagnosed
AML, venetoclax combination therapy is now frequently used in
relapsed or refractory AML (RR-AML). Previous real-world studies
have demonstrated variable responses in the RR population.5-14

One clinical trial has recently been published that reported the
outcomes of patients with RR-AML treated with decitabine and
venetoclax for 10 days, showing an encouraging overall response
rate (ORR) of 62% but a short median overall survival (OS) of 7.8
months.15 Data are limited on clinical, molecular, and immuno-
phenotypic predictors of outcomes of venetoclax-based therapy in
RR-AML.

Here, we present the outcomes of 86 patients with RR-AML treated
with venetoclax in combination with azacitidine, decitabine, or
low-dose cytarabine at Memorial Sloan Kettering Cancer Center
(MSKCC). Our data represent the largest series of patients with
RR-AML treated with both HMAs and low-dose cytarabine-
venetoclax combinations reported to date. We also demonstrate
the clinical and molecular characteristics associated with benefit
from venetoclax-based therapy in the RR treatment setting.

Methods

Data source and eligibility

Data were retrospectively collected at MSKCC. All patients with
AML per World Health Organization classification who received
azacitidine 1 venetoclax, decitabine 1 venetoclax, or low-dose
cytarabine 1 venetoclax for RR disease from 11 August 2016 to
5 February 2020 were included.16 None of the patients had
received prior venetoclax therapy. Patients were treated according to
a standardized protocol to adjust the dose of venetoclax for
concomitant medications, which was developed in collaboration
between the Leukemia Service and the Pharmacy Service at
MSKCC and was based on recently published practice guide-
lines17 (supplemental Data). The study was approved by the MSKCC
Institutional Review Board.

Patient characteristics

The number of lines of salvage therapy received before venetoclax
therapy was recorded. A previous line of salvage therapy did not
include intensive induction chemotherapy or a cycle of intensive
reinduction therapy for patients who were refractory to the first
cycle of induction therapy, nor did it include consolidation
chemotherapy, previous allogeneic stem cell transplantation
(allo-SCT), or maintenance therapy. Clinical and laboratory data
were collected at initiation of venetoclax therapy. Cytogenetic,
molecular, and immunophenotypic data were collected before
venetoclax treatment started and at the time of relapse for patients
who achieved a response and experienced a subsequent disease
relapse (details are provided in the supplemental Data).

Response criteria and survival

Response to venetoclax therapy was determined by using the
2017 European LeukemiaNet (ELN) response criteria.18 Measur-
able residual disease (MRD) was assessed by multiparametric
flow cytometric analysis of bone marrow aspirate samples, as
described in the supplemental Data. Any level of residual disease
was considered MRD positive. The ORR was defined as the
combination of complete response (CR), CR with incomplete
hematologic recovery (CRi), and morphologic leukemia-free state

(MLFS). MRD-negative CR/CRi was defined as CR or CRi with no
measurable disease by flow cytometry. OS was calculated from
cycle 1 day 1 of therapy until death or time of last follow-up.

Analysis of immunophenotypic and genetic

characteristics and statistical analysis

Multiparametric flow cytometry was performed on bone marrow
aspirate samples at diagnosis and, where it occurred, relapse. We
analyzed molecular predictors of response and patterns of disease
evolution. Clinical, cytogenetic, and molecular data were extracted
from the medical records using LeukNLP software (J.G.) and was
manually curated for accuracy. The details of how we performed
statistical analyses in provided in the supplemental Data.

Results

Study population

A total of 86 patients with RR-AML were treated with venetoclax-
based combination therapy. Their baseline characteristics are
provided in Table 1. Although 52% of patients were initially
diagnosed with de novo AML, 48% of patients had secondary
AML. More than half the patients (53%) received venetoclax-
based therapy for primary treatment of refractory disease, and
47% of patients were treated for relapsed disease; 57% of
patients had received previous treatment with HMAs, and 17%
had undergone previous allo-SCT.

Treatment characteristics

Details of treatment characteristics are provided in Table 1 and
Figure 1. Azacitidine 1 venetoclax was used more frequently than
decitabine 1 venetoclax (41% vs 23%); low-dose cytarabine 1
venetoclax was given to almost one-third of patients. The majority of
patients (80%) treated with decitabine 1 venetoclax received
decitabine on a 5-day schedule, with 20% receiving decitabine
on a 10-day schedule. Sequential therapy was given to only
a small number of patients: 1 patient was initially treated with
HMA 1 venetoclax and then transitioned to low-dose cytarabine
1 venetoclax, and 3 patients were given the reverse sequence.
Patients received a median of 2 cycles of venetoclax therapy
(range, 1-17 cycles), and 17% of patients underwent subsequent
allo-SCT, with the highest allo-SCT rate in patients treated with
azacitidine 1 venetoclax (29% azacitidine 1 venetoclax, 20%
decitabine 1 venetoclax, 4% low-dose cytarabine 1 venetoclax).
Patients treated with low-dose cytarabine1 venetoclax were older
(median age, 74 years) compared with those treated with azacitidine
1 venetoclax (median age, 65 years) or decitabine 1 venetoclax
(median age, 59 years) (P 5 .006) and had more frequently
received previous HMA therapy (88%, 43%, and 35%, respectively;
P , .0001). Patients treated with decitabine 1 venetoclax had
a higher percentage of adverse risk cytogenetics compared with
patients treated with low-dose cytarabine1 venetoclax or azacitidine
1 venetoclax (75%, 37%, and 26%, respectively; P 5 .001).

Clinical outcomes

Treatment trajectories of all patients are shown in Figure 1.
Response and survival outcomes are presented in Table 2 and
Figure 2. The ORR was 31% with a CR/CRi rate of 24%. Using
flow cytometry to assess MRD, 11 (40.7%) of the 27 patients
who achieved a CR/CRi were MRD negative. Responses slightly
improved when additional time for count recovery was allowed
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Table 1. Patient baseline and treatment characteristics

Characteristic

All patients

(N 5 86)*

Azacitidine 1 venetoclax

(n 5 35; 41%)

Decitabine 1 venetoclax

(n 5 20; 23%)†

Low-dose cytarabine 1 venetoclax

(n 5 27; 31%) P

Sex .26

Female 32 (37) 16 (46) 7 (35) 7 (26)

Male 54 (63) 19 (54) 13 (65) 20 (74)

Age, y .006

Median (range) 67 (29-86) 65 (32-82) 59 (29-79) 74 (35-86)

,65 37 (43) 18 (51) 12 (60) 7 (35)

65-75 31 (36) 15 (43) 6 (30) 9 (45)

.75 18 (21) 2 (6) 2 (10) 11 (55)

AML type .21

De novo 45 (52) 22 (63) 11 (55) 11 (41)

Secondary 41 (48) 13 (37) 9 (45) 16 (59)

Previous MDS/AML-MRC 30 (35) 9 (26) 8 (40) 12 (44)

Previous MPN 3 (3) 1 (3) 0 (0) 2 (7)

Previous MDS/MPN overlap 2 (2) 0 (0) 0 (0) 1 (4)

Therapy related 6 (7) 3 (8) 1 (5) 1 (4)

Treatment refractory 46 (53) 17 (49) 11 (55) 16 (59) .72

Relapsed 40 (47) 18 (51) 9 (45) 11 (41)

Previous therapy

HMA therapy 49 (57) 15 (43) 7 (35) 24 (88) ,.0001

No. of HMA cycles .0002

Naı̈ve 37 (44) 20 (57) 13 (65) 3 (11)

1-4 22 (26) 10 (29) 4 (20) 7 (26)

.4 25 (30) 5 (14) 3 (15) 15 (56)

Median no. of previous lines of salvage therapy (range) 0 (0-5) 1 (0-4) 0 (0-3) 1 (0-5) .29

0 39 (45) 15 (43) 11 (55) 12 (44)

1 26 (30) 10 (29) 6 (30) 9 (33)

2 13 (15) 8 (23) 2 (10) 1 (4)

$3 8 (10) 2 (6) 1 (5) 5 (19)

Previous allo-SCT 15 (17) 6 (17) 3 (15) 6 (22) .82

Previous FLT3 inhibitor therapy 11 (13) 7 (20) 1 (5) 3 (11) .32

Previous IDH inhibitor therapy 12 (14) 5 (14) 3 (15) 4 (15) 1

Cytogenetics

Adverse 34 (40) 9 (26) 15 (75) 10 (37) .001

Complex/monosomal 25 (29) 7 (20) 11 (55) 7 (26) .03

del(17)/del(17p) 4 (5) 0 (0) 3 (15) 1 (4) .03

ELN risk .005

Favorable 12 (14) 9 (26) 1 (5) 1 (4)

Intermediate 21 (24) 6 (17) 2 (10) 12 (44)

Adverse 53 (62) 20 (57) 17 (85) 14 (52)

Median no. of cycles of venetoclax
(range)

2 (1-17) 2 (1-15) 2 (1-12) 2 (1-13) .51

Allo-SCT after venetoclax combination therapy 15 (17) 10 (29) 4 (20) 1 (4) .03

All data are presented as n (%), unless otherwise specified.
AML-MRC, AML with myelodysplasia-related changes; MDS, myelodysplastic syndrome; MPN, myeloproliferative neoplasm.
*One patient received HMA 1 venetoclax → low-dose cytarabine 1 venetoclax, and 3 patients received low-dose cytarabine 1 venetoclax → HMA 1 venetoclax.
†In all, 16 (80%) of 20 patients received decitabine for 5 days, 4 (20%) of 20 received decitabine for 10 days.
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for adjudication of marrow response (Figure 2A). After 2 weeks
of additional count recovery, the CR rate increased from 14% to
21% and the CR/CRi rate increased from 24% to 27%, whereas
the MLFS rate decreased from 7% to 5%.

For those who achieved a response to therapy, 45% of patients
relapsed and had a median duration of response of 7.8 months
with a median follow-up of 12 months (95% confidence interval
[CI], 8.5-15.9 months) (Figure 1). The median OS was 6.1 months
(95% CI, 4.9-10 months) (Figure 2B) with no statistically significant
difference in OS between patients who were primary treatment
refractory vs relapsed (Figure 2C). After cessation of venetoclax
therapy, the median OS was only 2.5 months (95% CI, 1.9-3.8
months).

Clinical characteristics associated with response

Univariable analysis of clinical predictors of response are shown
in supplemental Table 2. The backbone used for combination
therapy was associated with the likelihood of response. Patients
treated with azacitidine 1 venetoclax had significantly higher
odds of responding to therapy than those treated with low-dose
cytarabine 1 venetoclax (49% vs 15%; odds ratio [OR], 5.43;
95% CI, 1.55-19; P 5 .008). Similarly, the response rate to
decitabine 1 venetoclax was higher than that for low-dose

cytarabine 1 venetoclax in patients with RR-AML but it did not
reach statistical significance (25% vs 15%; OR, 1.92; 95% CI,
0.44-8.31; P5 .38). Even in the setting of previous HMA therapy,
the response rate to azacitidine 1 venetoclax was higher than
that for low-dose cytarabine 1 venetoclax (40% vs 17%; OR,
3.3; 95% CI, 0.75-14.9; P 5 .14) without reaching statistical
significance. The likelihood of response was not affected by
previous HMA use in the overall cohort, but there was a differential
response to venetoclax combination therapy based on DNMT3A
mutational status and previous HMA treatment. Patients who
had received $3 previous lines of salvage therapy had de-
creased odds of response to venetoclax therapy compared with
patients who had received ,3 previous lines of salvage therapy
(P 5 .04).

Clinical characteristics associated with survival

Details of the univariable analysis of clinical predictors of OS are
provided in supplemental Table 2. The achievement of a response
(CR/CRi/MLFS) was associated with significantly improved OS
(hazard ratio [HR], 0.1; 95% CI, 0.04-0.3; P , .001), including in
a 3-month landmark analysis (median OS not achieved vs 3.9
months; P 5 .0057) (Figure 2D). Patients with MRD-negative
responses had a longer OS compared with those who did not
achieve MRD-negative responses. This was demonstrated in
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a 3-month landmark analysis; however, MRD-negative responses
were uncommon, and the difference did not reach statistical significance
(median OS, 5.3 months vs not reached [NR]; P 5 .084) (Figure 2E).
Previous allo-SCT had a negative impact on survival (HR, 2.0;
95% CI, 1.06-3.96; P 5 .03), whereas consolidative allo-SCT
after venetoclax therapy was associated with improved OS (HR,
0.17; 95%CI, 0.04-0.74; P5 .02). Receipt of$3 previous lines of
salvage therapy was associated with a negative impact on OS
(HR, 3.12; 95% CI, 1.45-6.7; P 5 .004).

The type of venetoclax combination treatment was associated with
differences in OS. Patients who were treated with azacitidine 1
venetoclax had a median OS of 25 months (95% CI, 5.8 months to
NR) compared with 5.4 months (95%CI, 3.9 months to NR; P5 .13)
for patients treated with decitabine 1 venetoclax and 3.9 months
(95% CI, 2.5-8.3 months; P 5 .003) for patients treated with low-
dose cytarabine 1 venetoclax (Figure 2F). The survival benefit
achieved with azacitidine 1 venetoclax over low-dose cytarabine 1
venetoclax persisted when patients were censored for subsequent
allo-SCT. Median OS was 8.1 months (95% CI, 5.7 months to NR)
for patients treated with azacitidine 1 venetoclax compared with
4.9 months (95% CI, 3.9 months to NR; P 5 .16) for patients
treated with decitabine 1 venetoclax and 3.9 months (95% CI,
2.5-8.3 months; P 5 .035) for patients treated with low-dose
cytarabine 1 venetoclax. Even in patients who had received
previous HMA therapy, low-dose cytarabine1 venetoclax was not
superior to azacitidine 1 venetoclax or decitabine 1 venetoclax
(median OS, 3.9 vs 25.0 vs 6.4 months; P 5 .007).

Molecular predictors of response

Molecular predictors of response are shown in the oncoprint
(Figure 3) and univariable analysis (supplemental Table 3). Analysis
of co-occurrence patterns of mutations is shown in supplemental
Table 4. The presence of anNPM1 (CR/CRi, 46%; ORR, 62%; OR,
4.53; 95% CI, 1.31-15.66; P 5 .02) or an IDH1 (CR/CRi, 56%;
ORR, 67%; OR, 5.3; 95% CI, 1.21-23.24; P 5 .03) but not an
IDH2 mutation (CR/CRi, 40%; ORR, 40%; OR, 1.57; 95% CI,
0.49-4.99; P 5 .54) was associated with a statistically significant
increased response rate. When adjusting for co-occurrence of
favorable prognostic mutations, only NPM1 mutations (OR, 3.95;
95%CI, 1.01-15.39; P5 .048) remained associated with improved
response to venetoclax therapy (supplemental Table 5).

In contrast, adverse cytogenetics predicted lower odds of response
(CR/CRi, 12%; ORR, 21%; OR, 0.32; 95% CI, 0.11-0.9; P 5 .03).
The low CR/CRi rates associated with TP53 (0%), NRAS/KRAS
(20%/0%), SF3B1 (0%), ASXL1 (17%), and EZH2 (0%) mutations
(Figure 3) were not significant in our sample, possibly because of
sample size. Although the impact of the 2017 ELN molecular risk
classification18 on the response to venetoclax therapy was not
verified for RR-AML, we analyzed it and found that adverse molecular
risk was associatedwith decreased odds of responding to venetoclax
compared with favorable and intermediate risk (ORR, 21%, 67%, and
38%, respectively; P 5 .006; supplemental Table 6).

Interestingly, the likelihood of achieving a response to venetoclax-
based therapy in patients carrying a DNMT3A mutation correlated

Table 2. Clinical outcomes

Clinical outcomes

All patients

(N 5 86*)

Azacitidine 1 venetoclax

(n 5 35)

Decitabine 1 venetoclax

(n 5 20)

Low-dose cytarabine 1 venetoclax

(n 5 27) P

Response

CR 12/86 (14) 9/35 (26) 0/20 (0) 2/27 (7) .01

CRi 9/86 (10) 4/35 (11) 4/20 (20) 1/27 (4) .20

MLFS 6/86 (7) 4/35 (11) 1/20 (5) 1/27 (4) .56

ORR (CR/CRi/MLFS) 27/86 (31) 17/35 (49) 5/20 (25) 4/27 (15) .02

CR/CRi 21/86 (24) 13/35 (37) 4/20 (20) 3/27 (11) .07

CR/CRi MRD-Neg 11/86 (13) 7/35 (20) 2/20 (10) 1/27 (4) .16

Partial remission 7/86 (8) 4/35 (16) 1/20 (5) 2/27 (7) .78

Persistent disease 52/86 (60) 14/35 (40) 13/20 (65) 21/27 (78) .009

ORR for patients with previous HMA therapy 13/49 (27) 6/15 (40) 2/7 (29) 4/24 (17) .20

ORR by no. of previous lines of salvage therapy

0 12/39 (31) 7/15 (47) 3/11 (27) 2/11 (18) .28

1 9/26 (35) 5/10 (50) 2/6 (33) 1/9 (11) .26

2 6/13 (46) 5/8 (63) 0/2 (0) 1/1 (100) .3

$3 0/8 (0) 0/2 (0) 0/1 (0) 0/5 (0) 1

Relapse

Relapse rate after venetoclax therapy 14/27 (52) 7/17 (41) 2/5 (40) 0/4 (0) .13

Median duration of response, mo (95% CI) 7.8 (6.00-NR) 10.2 (6.00-NR) NR (5.6-NR) 6.2 (2.5-NR) .2

Survival

Median OS, mo (95% CI) 6.1 (4.9-10) 25 (5.8-NR) 5.4 (3.9-NR) 3.9 (2.5-8.3) .007

OS censored for allo-SCT 6.0 (4.8-8.1) 8.1 (5.7-NR) 4.9 (3.9-NR) 3.9 (2.5-8.3) .09

All data are presented as n (%), unless otherwise specified.
*One patient received HMA 1 venetoclax → low-dose cytarabine 1 venetoclax, and 3 patients received low-dose cytarabine 1 venetoclax → HMA 1 venetoclax.
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with previous exposure to HMA therapy. Patients carrying aDNMT3A
mutation who had received previous HMA therapy had significantly
lower odds of achieving a response to venetoclax therapy (ORR,
17%; 2 of 12 patients) compared with patients carrying a DNMT3A
mutation who had not received previous HMA therapy (ORR, 67%;
10 of 15 patients; OR, 0.1; 95% CI, 0.02-0.65; P 5 .02; Figure 3).
We found that the association between previous HMA and lower
odds of response among patients with DNMT3A mutations
persisted, even after accounting for the number of lines of therapy.

Molecular predictors of survival

Molecular predictors of OS are shown in Kaplan-Meier survival
curves stratified by mutational status (Figure 4) and univariable

analysis (supplemental Table 3). Adverse-risk cytogenetics
(HR, 1.95; 95% CI, 1.13-3.35; P 5 .01; Figure 4A), a complex/
monosomal karyotype (HR, 1.98; 95% CI, 1.13-3.5; P 5 .02),
mutations in KRAS/NRAS (HR, 2.1; 95% CI, 1.04-4.22; P 5
.03; Figure 4B), TP53 (HR, 2.24; 95% CI, 1.07-4.69; P 5 .03;
Figure 4C), SF3B1 (HR, 2.5; 95% CI, 1.1-5.65; P 5 .02;
Figure 4D), and EZH2 (HR, 4.13; 95% CI, 1.43-11.96; P 5 .01;
Figure 4E) were associated with decreased OS. We observed
a trend toward an improved OS for patients carrying either an
IDH1/2 or NPM1 mutation compared with patients who had
neither of these mutations; however, this did not reach statistical
significance (Figure 4F). Patients with STAG2 mutations had
improved OS (HR, 0.32; 95% CI, 0.1-1.02; P 5 .04; Figure 4G).
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Although the impact of the 2017 ELN molecular risk classification18

on OS was not verified for RR-AML, we analyzed it and found that
adverse molecular risk was associated with worse OS compared
with favorable and intermediate risk (median OS, 5.62 vs 15.02
months; P 5 .034; supplemental Table 6; supplemental Figure 1).

Consistent with what we observed with the response to venetoclax
therapy, we saw a significant interaction between DNMT3A mutations
and previous exposure to HMA therapy with regard to OS in
patients with RR-AML (P5 .048; Figure 4H). Specifically, patients
carrying a DNMT3A mutation without previous exposure to HMA
therapy had favorable survival (median OS, NR; 95% CI, 10 months
to NR), and patients carrying a DNMT3A mutation who were
previously exposed to HMA had inferior survival (median OS, 5.3
months; 95% CI, 1.8 months to NR).

Multivariable model of clinical characteristics and

molecular predictors associated with survival

A multivariable analysis was performed using significant predictors
from the univariable analyses (Figure 4I). Azacitidine 1 venetoclax
and decitabine 1 venetoclax (compared with low-dose cytarabine
1 venetoclax) were associated with improved OS, whereas
mutations in TP53, NRAS/KRAS, and SF3B1 remained associated
with worse OS. Previous treatment with $3 previous lines of
therapy and mutations in EZH2 were associated with worse OS
reaching borderline statistical significance. Importantly, even after
adjusting for previous HMA therapy, DNMT3A mutational status,
age, and receipt of subsequent allo-SCT, azacitidine 1 venetoclax
(compared with low-dose cytarabine 1 venetoclax) remained
associated with statistically significantly improved OS (supplemen-
tal Table 7).

Molecular characteristics at the time of

disease relapse

Paired molecular data were available for 10 patients (71%) who
achieved an initial response to venetoclax-combination treatment
but subsequently relapsed. We compared the molecular profile of
patients at the time of treatment initiation with the molecular profile
at the time of disease relapse (Figure 5A; supplemental Figure 1). In
half of these patients, the molecular profile at the time of relapse
was characterized by the emergence of a novel mutation which was
not present before the use of venetoclax therapy, including
mutations in NRAS, FLT3, BCOR, TET2, DNMT3A, and ASXL1.
A novel IDH2 (R172K) mutation was seen in 1 patient. In 3 of 5
patients with an emergence pattern, more than 1 novel mutation
was detected at relapse, reflecting the complex polyclonal nature of
AML. Cytogenetic changes at the time of relapse were also
evaluated (supplemental Table 4) for patients who had data
available at both time points. Eight of 10 patients had signs of
increasing complexity or a new abnormality at the time of relapse.

Immunophenotypic predictors of response and

characteristics at relapse

There were no significant differences between responders and
nonresponders in the percentage of monocytes or immature
monocytes or in the mean fluorescent intensity of CD64 on blasts,
a marker of monocytic differentiation (Figure 5B). Interestingly, the
percentage of immature CD38dim blasts was higher in nonrespond-
ing patients (mean, 54.75%; standard deviation [SD], 31.73%)
compared with responders (mean, 31.5%; SD, 31.96%; P5 .016).
In a paired comparison between available diagnostic and relapse
samples, there were no differences in the percentage of immature
monocytes, CD38dim blasts, or CD64 mean fluorescent intensity on
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blasts at diagnosis vs relapse, indicating that there was no evidence
of selection for monocytic lineage at the time of relapse (Figure 5C).

Discussion

The approval of venetoclax combination therapy in newly diagnosed
AML has led to the use of these combinations in patients with RR
disease, a population with a poor prognosis and in great need of
novel therapeutics.1-3 Here, we demonstrate that venetoclax
combination therapies can be effective in the RR treatment setting.
Importantly, other studies have reported outcomes of patients with
RR-AML treated with these therapies, but our study represents the
largest cohort of real-world patients treated with both HMA and low-
dose cytarabine 1 venetoclax combinations published to date.5-14

Leveraging our well annotated data, we provide a detailed analysis
of the clinical, molecular, and immunophenotypic predictors of
response, survival, and relapse for patients with RR-AML who are
receiving venetoclax.

We show that in RR-AML, azacitidine1 venetoclax was associated
with significantly superior responses and survival compared with
low-dose cytarabine 1 venetoclax. Because the higher rate of
subsequent allo-SCT in patients treated with azacitidine 1
venetoclax compared with patients treated with low-dose
cytarabine 1 venetoclax (29% vs 4%) might have confounded the
much longer median OS achieved with azacitidine 1 venetoclax
(25 vs 3.9 months), we censored patients at the time of allo-SCT.
Even after censoring for allo-SCT, azacitidine 1 venetoclax was
associated with a significantly longer OS compared with low-dose
cytarabine1 venetoclax (8.1 vs 3.9 months; P5 .035). Azacitidine1
venetoclax remained associated with improved survival compared
with low-dose cytarabine1 venetoclax, even when adjusting for
age, previous HMA use, and subsequent allo-SCT, suggesting
that HMA 1 venetoclax might be preferred over low-dose
cytarabine 1 venetoclax in the RR treatment setting. However,
this finding requires confirmation by either a propensity score
matched analysis in a larger retrospective cohort of patients or
ideally by a randomized prospective study comparing HMA 1
venetoclax with low-dose cytarabine + venetoclax in the RR
treatment setting.

Importantly, a CR/CRi rate of 31% and median OS of 10 months
(95% CI, 5.65 months to NR) achieved with HMA 1 venetoclax
in our study compares favorably to what was observed in a historic
control group of 655 RR-AML patients treated with HMA
monotherapy.19 In that study, HMA monotherapy led to a CR/CRi
rate of 16% and a median OS of 6.7 months (95% CI, 6.1-7.3
months).

Interestingly, we found that decitabine 1 venetoclax was associ-
ated with a lower response rate (25% vs 49%) and shorter survival
compared with azacitidine 1 venetoclax (median OS, 4.9 vs
8.1 months after censoring for allo-SCT; P 5 .16), although these
differences were not statistically significant. In a recently
published trial that examined a 10-day schedule of decitabine
1 venetoclax, 10-day decitabine 1 venetoclax was associated
with a relatively high ORR (62%) in RR-AML but limited median
OS (7.8 months),15 which was similar to what was seen in our
data set, in which most patients received decitabine on a 5-day
schedule. Future trials are needed to directly compare clinical
outcomes achieved with azacitidine 1 venetoclax on a 5-day

treatment schedule compared with a 10-day treatment schedule
of decitabine 1 venetoclax in RR-AML.

We found that outcomes differed dramatically depending on the
specific molecular profile of the patient’s disease. Similar to what
was reported previously for the first-line setting, mutations in NPM1
(CR/CRi, 46%; ORR, 62%) and IDH1 (CR/CRi, 56%; ORR, 67%)
were associated with high response rates to venetoclax therapy in
the RR setting.1,20 We also observed a novel association, that
STAG2 mutations were associated with improved survival. STAG2
mutations had previously been reported to predict response to
HMA monotherapy; however, no OS advantage has been reported
despite an increased response to HMAs.21 In contrast, adverse risk
cytogenetics and KRAS/NRAS and TP53 mutations were associ-
ated with worse OS, suggesting that the greatest benefit of current
venetoclax combinations may be in patients with RR-AML without
these specific adverse features. We also found that SF3B1 and
EZH2 mutations predicted shorter survival, findings which have not
been reported in newly diagnosed patients with AML treated with
venetoclax combinations. Concordantly, in a large data set from the
BEAT AML study group, samples from patients carrying an SF3B1
mutation were recently found to be highly resistant to venetoclax as
indicated by higher area under the curve in an ex vivo venetoclax
drug screen.22

Our molecular analysis argues for future clinical trials in RR-AML
that focus on testing rationally designed combination therapies to
improve the outcomes for patients carrying the most adverse risk
mutations, including TP53 and SF3B1. Combining azacitidine with
the anti-CD47 antibody magrolimab in TP53-mutated AML has
shown promising activity in early-phase clinical trials.23 In addition,
the splicing modulator E7107 was demonstrated to sensitize
chronic lymphocytic leukemia cells to venetoclax by increasing
BCL2 dependence and by inducing mis-splicing of other BCL2
family proteins such as MCL1 and BCL2A1, whose upregulation
represents a well-known resistance mechanism to venetoclax
therapy.24,25

Interestingly, previous HMA therapy had a significant impact on
response and survival in patients with RR-AML carrying a DNMT3A
mutation. Previous reports of DNMT3A mutations predicting high
response rates to single-agent HMA therapy found this trend only
among patients treated in the first-line setting. Once RR patients
were included in the cohort, DNMT3A was no longer predictive of
response to HMAs.26 In our study, DNMT3A-mutated RR patients
who were naı̈ve to HMAs achieved high response rates and
prolonged survival with venetoclax combination therapy. Con-
versely, for DNMT3A-mutated patients who had previously received
HMA therapy, response to HMA 1 venetoclax was low and survival
was poor.

This may suggest that HMA-naı̈ve DNMT3A-mutated patients are
uniquely sensitive to epigenetic modification, and that this response
in the RR setting is rescued when epigenetic modifiers are given in
combination with venetoclax. Many studies to date have focused
on the metabolic and apoptotic effects of these combinations,
but our findings highlight the need for further study into how
venetoclax therapy may act synergistically with HMAs to modify
epigenetic targets in these patients. For patients who did not have
a DNMT3A mutation, survival was similar regardless of whether
they had received previous HMA therapy. Overall, our results
argue for incorporating DNMT3A mutational status and previous

9 MARCH 2021 x VOLUME 5, NUMBER 5 PREDICTORS OF VENETOCLAX RESPONSE IN RR-AML 1561

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/5/5/1552/1802350/advancesadv2020003734.pdf by guest on 08 June 2024



HMA treatment history into predicting response to HMA1 venetoclax
in RR-AML.

Apart from noting new mutations in ASXL1, DNMT3A, FLT3,
NRAS, and TET2 at relapse, we also found that, in 1 patient, a new
IDH2 mutation emerged under the selective pressures of veneto-
clax combination therapy despite the high response rates to
venetoclax-based treatment in IDH-mutated AML. We also found
increased disease complexity at relapse, with several patients
developing a more complex karyotype or having $1 new mutations
emerging simultaneously. Because our data suggest that
relapse may occur through a variety of molecular mechanisms,
similar to what has been reported with induction chemotherapy,
patients treated with venetoclax combination therapy may
benefit from sequential therapy or consolidation with a cytar-
abine-containing regimen.27 Contrary to a previous report in the
first-line treatment setting, we did not observe an association
between treatment resistance and monocytic differentiation in
the RR setting.28 Patients with RR-AML who did not respond to
treatment had a more immature immunophenotype, similar to
what has been described at relapse after standard induction
therapy.29

Our data are retrospective, with small numbers of patients in some
subgroups, and require confirmation in a prospective setting. In
particular, for some mutations that occurred infrequently, no
conclusive statement can be made regarding their impact on
response and survival. Nevertheless, our results suggest
that azacitidine 1 venetoclax may provide a highly effective
treatment option for some patients with RR-AML and that
patients with specific clinical and molecular profiles are more
likely to derive benefit from current venetoclax combinations.
In contrast, patients with RR-AML that have high-risk genetic
features such as adverse cytogenetics and mutations in TP53,
KRAS/NRAS, SF3B1, and EZH2 continue to have poor outcomes,
even with current venetoclax combinations. Such high-risk
patients may benefit from clinical trial protocols that combine
azacitidine 1 venetoclax with novel targeted or immunothera-
peutic agents.
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