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Venetoclax (ven) plus azacitidine (aza) is the standard of care for patients with newly

diagnosed acute myeloid leukemia (AML) who are not candidates for intensive

chemotherapy (IC). Some patients who are IC candidates instead receive ven/aza. We

retrospectively analyzed patients with newly diagnosed AML who received ven/aza

(n 5 143) or IC (n 5 149) to compare outcomes, seek variables that could predict

response to 1 therapy or the other, and ascertain whether treatment recommendations

could be refined. The response rates were 76.9% for ven/aza and 70.5% for IC. The median

overall survival (OS) was 884 days for IC compared with 483 days for ven/aza (P 5 .0020).

A propensity-matched cohort was used to compare outcomes in the setting of equivalent

baseline variables, and when matched for age, biological risk, and transplantation, the

median OS was 705 days for IC compared with not reached for ven/aza (P 5 .0667). Varia-

bles that favored response to ven/aza over IC included older age, secondary AML, and

RUNX1 mutations. AML M5 favored response to IC over ven/aza. In the propensity-

matched cohort analyzing OS, older age, adverse risk, and RUNX1 mutations favored ven/

aza over IC, whereas intermediate risk favored IC over ven/aza. In conclusion, patients

receiving IC have improved OS compared with those receiving ven/aza. However, in a

propensity-matched cohort of patients with equivalent baseline factors, there was a trend

toward favorable OS for ven/aza. Specific variables, such as RUNX1 mutations, reported

here for the first time, can be identified that favor ven/aza or IC, helping to guide treat-

ment decisions for patients who may be eligible candidates for either therapy.

Introduction

Venetoclax (ven) plus azacitidine (aza) is superior to aza alone for patients with newly diagnosed acute
myeloid leukemia (AML) who are unsuitable candidates for intensive chemotherapy (IC).1 Ven/aza is a
well-tolerated regimen with high response rates and the potential for deep and durable remissions,2-5

prompting questions related to whether it should be used for select patients who are IC candidates.6-
8 Some AML risk factors, considered adverse in the context of IC, have no such association in the con-
text of ven/aza,2,9 suggesting certain characteristics could be identified in patients deemed fit for IC that
would nonetheless lead to a recommendation for ven/aza instead. We sought to retrospectively compare
a large, single-center cohort of patients with newly diagnosed AML who received ven/aza or IC, with the
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Key Points

� Patients with AML
who received IC were
compared with those
who received ven to
investigate predictors
of outcomes.

� Presence of RUNX1
mutations is
associated with better
outcomes for ven/aza
compared with IC.
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hypothesis that a subset of patients fit for IC might be identified
who would derive more benefit from ven/aza.

Methods

A total of 846 patients with a diagnosis of nonacute promyelocytic
AML seen at the University of Colorado from January 2007 to
August 2020 were identified. Of these patients, 395 had the follow-
ing characteristics: no prior therapy, a diagnostic procedure, at least
one dose of a disease-modifying treatment, and follow-up to a
response assessment or death. Patients with core binding factor
cytogenetic abnormalities (n 5 36) were excluded because of their
well-established favorable prognosis with IC.10 Three hundred fifty-
nine patients who met the above criteria were analyzed. The choice

of initial therapy for each patient was determined through discussion
with the patient and clinician and was based on available agents,
patient goals and comorbidities, and clinician experience and judg-
ment. One hundred forty-three received ven/aza, defined as the
simultaneous combination of ven and aza at any dose or schedule,
and 149 received IC, defined as a multiday cytarabine-containing
regimen at $100 mg/m2 per day (supplemental Table 1). Sixty-
seven patients were treated with other therapies. Baseline cytoge-
netic testing was available for 290 (99.3%) of 292 patients. Diag-
nostic next-generation sequencing using a panel of �50 genes
began in 2015; this was performed for 219 (75.0%) of 292
patients, and European LeukemiaNet (ELN) risk group classification
was possible for 248 (84.9%) of 292 patients.10 RAS pathway
included NRAS, KRAS, PTPN11, and CBL. Splice gene included
SF3B1, U2AF1, SRSF2, and ZRSR2. Older age was defined as
$65 years. Select compound variables of interest were analyzed.
Three hematopathologists retrospectively reviewed all bone marrow
biopsies to assign a French-American-British (FAB) category11; M0
and M1 were indistinguishable, because cytochemical studies are
no longer used. All baseline variables were analyzed as potential
outcome predictors in the collective data set, the propensity-
matched cohort, and the ven/aza multivariate analysis. Response
assessments for IC and ven/aza were made according to ELN10; an
allowance for a 14-day postresponse assessment period for count
recovery was made for ven/aza.10,12 Overall survival (OS) was
defined as the time from diagnosis to death; progression-free sur-
vival (PFS) was defined as the time from diagnosis to an assess-
ment that the patient was refractory to treatment (defined as a
failure to respond to at least 2 IC regimens or at least 1 course of
ven/aza), progressed after responding, or died. No patients were
lost to follow-up. SAS version 9.4 was used for statistical analyses.
Median survival times with Hall-Wellner confidence bands were cre-
ated using Kaplan-Meier product-limit estimates. Mantel-Cox log-
rank analysis was used to compared survival times, with a signifi-
cance of 0.05. Cox regression was used to compute hazard ratios.
Logistic regression models were used to investigate response asso-
ciations. Forest plots summarizing hazard ratio and odds ratio out-
comes for Cox regression survival and logistic regression models
were created using R 4.0.3. To account for variables that differed
between treatment groups that could bias OS analysis, and to
assess the robustness of the full data set to these differences in dis-
tributions, propensity-matched cohorts were created using a greedy
caliper algorithm13; 48 patients in each treatment group were

Table 1. Baseline characteristics of patients who received ven/aza

or IC

Variable

Ven/aza

(n 5 143)

IC

(n 5 149)

P
(IC vs

ven/aza)

Sex .1168*

Male 72 (50.4) 78 (52.3)

Female 71 (49.6) 71 (47.7)

Median age (range), y 69.5 (22-91) 52.7 (19-81) ,.0001†‡

Median bone
marrow blast (range), %

50.3 (10-96.5) 55.7 (10.5-95.5) .0639‡

FAB M0/M1 87 (60.8) 63 (42.3) .0015*†

FAB M5 14 (9.8) 19 (12.7) .4243*

KMT2A rearranged 7 (4.9) 13 (8.8) .1954*

ELN risk group ,.0001*†

Adverse 93 (65.0) 60 (40.3)

Favorable 24 (16.8) 23 (15.4)

Intermediate 24 (16.8) 24 (16.1)

Unable to assess 2 (1.4) 42 (28.2)

FLT3 ITD 20 (14.0) 40 (29.2) .0019*†

NPM1 mutation 33 (23.1) 42 (31.3) .1218*

NPM1 mutation 1 age $65 y 25 (17.5) 8 (5.4) ,.0001*†

IDH mutation 39 (27.3) 24 (21.4) .2829*

IDH1 mutation 15 (10.5) 7 (6.4) .2571*

IDH2 mutation 24 (16.8) 18 (16.1) .8791*

RAS pathway mutation 26 (18.3) 11 (14.3) .4479*

TP53 mutation 25 (17.4) 4 (5.2) .0107*†

ASXL1 mutation 36 (25.3) 11 (14.3) .0568*

Splice gene mutation 50 (35.2) 10 (13.0) .0004*†

RUNX1 mutation 23 (16.2) 10 (13.0) .5260*

RUNX1 mutation 1 age $65 y 20 (14.0) 2 (1.3) .0002*†

Secondary AML 59 (41.3) 42 (28.2) .0189*†

Treatment-related AML 27 (18.9) 15 (10.1) .0319*†

Prior therapy for MDS or MPN 17 (11.9) 15 (10.1) .6185*

Allogeneic stem cell transplantation 31 (23.1) 110 (74.8) ,.0001*†

Data are presented as n (%) unless otherwise indicated.
CI, confidence interval; ITD, internal tandem duplication; MDS, myelodysplastic

syndrome; MPN, myeloproliferative neoplasm.
*x2 test.
†Statistically significant at a level of 0.05.
‡Analysis of variance.

Table 2. Response rates and early deaths for patients who

received ven/aza or IC

Variable Ven/aza IC

P
(ven/aza vs IC)

Response

CR 89 (62.2) 96 (64.4)

CRi 13 (9.1) 4 (2.7)

MLFS 8 (5.6) 5 (3.4)

Overall response
(CR 1 CRi 1 MLFS)

110/143 (76.9) 105/149 (70.5) .2109

Death

Within 30 d of treatment 7 (4.9) 8 (5.4) .8545

Data are presented as n (%) or n/N (%).
CR, complete remission; CRi, complete remission with incomplete recovery of

peripheral blood counts; MLFS, morphological leukemia-free state.
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identified using 1-to-1 matching. To reduce the risk of type I errors
in univariate analyses, false discovery rate analyses were performed
to determine the significance of the predictors after multiple correc-
tion testing.14,15 To build multivariate logistic regression and Cox
regression models for patients receiving ven/aza, univariate logistic
regression and Cox regression models were first performed to iden-
tify variables reaching a threshold level for inclusion in an initial multi-
variate model for those receiving ven/aza; predictors with a
univariate P value #.10 were included in stepwise multivariate logis-
tic regression and Cox regression models, and final multivariate
models included predictors that achieved a multivariate P value
#.10. The University of Colorado Anschutz Medical Campus Institu-
tional Review Board approved this retrospective analysis.

Results

Baseline characteristics for patients receiving ven/aza and IC are
listed in Table 1. Median follow-up times were 808 and 1697 days
for ven/aza and IC, respectively.

Overall response rates (complete remission [CR], CR with incom-
plete recovery of blood counts [CRi], and morphological leukemia-
free state) between the 3 groups were compared. The overall
response rate for ven/aza (76.9%) was not significantly different
from that for IC (70.5%; P 5 .2109). There were no differences in
early deaths (deaths within 30 days of treatment) between groups
(Table 2). We then analyzed differences in OS and PFS and found
significant improvements for IC compared with ven/aza (median

OS, 884 vs 483 days; P 5 .0020; median PFS, 814 vs 332 days;
P 5 .0007; Figure 1A-B). Because of the longer median follow-up
time for patients receiving IC, we analyzed OS and PFS for IC and
ven/aza 2, 3, and 5 years after treatment; these analyses did not dif-
fer from the unrestricted analysis (supplemental Table 2).

Baseline differences between IC and ven/aza groups existed in fac-
tors that could affect OS independently of treatment, such as age,
ELN risk group, and transplantation status (Table 1). We therefore
generated a propensity-matched cohort of patients receiving IC (n
5 48) and ven/aza (n 5 48) controlling for these 3 variables (sup-
plemental Table 3; supplemental Figure 1). An analysis of outcomes
in the propensity-matched cohort showed a median OS that was
not reached for ven/aza and 705 days for IC (P 5 .0667; Figure
1C). No significant PFS differences were noted between patients
receiving IC and ven/aza in the propensity-matched cohort (median,
669 vs 751 days for ven/aza vs IC; P 5 .3699; Figure 1D).

The reversal in OS trends when analyzing the entire data set and
the propensity-matched cohort (Figure 1A vs Figure 1C) sug-
gested that although controlling for key variables that affect OS
might have favored the use of ven/aza, there was a clear popula-
tion of patients who responded well to IC. Furthermore, because
no significant differences existed between ven/aza and IC for
response rates in the entire data set or OS in the propensity-
matched cohort, we sought to ascertain whether particular varia-
bles could be identified that would favor IC or ven/aza with respect
to response rates, OS, and PFS.
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Figure 1. OS and PFS analyses of patients who received IC or ven/aza. Median OS (A) and PFS (B) of patients who received ven/aza (red) vs those who received

IC (blue). In a cohort of patients propensity matched for age, ELN risk group, and transplantation status, median OS (C) and PFS (D) of patients who received ven/aza (red)

vs those who received IC (blue).
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Using the entire cohort, variables that favored ven/aza for CR/CRi
relative to IC included older age, presence of a RUNX1 mutation,
and secondary AML. The sole factor that favored IC for CR/CRi rela-
tive to ven/aza was FAB M5 (Figure 2A). Factors that favored IC for
OS relative to ven/aza included FAB M0/M1, ELN intermediate risk,
FLT3 ITD, and a RAS pathway mutation, whereas a single com-
pound factor favored ven/aza for OS relative to IC: age $65 years
and presence of a RUNX1 mutation (Figure 2B). For PFS, factors
that favored IC over ven/aza included FAB M0/M1, ELN intermediate

risk, KMT2A gene rearrangement, FLT3 ITD, and presence of a RAS
pathway mutation. The compound variable of RUNX1 and age $65
years favored ven/aza over IC (supplemental Figure 2).

As previously noted, differences between treatment groups with
regard to age, ELN risk, and transplantation status (Table 1) could
confound OS and PFS independently of treatment assignment;
therefore, we investigated the factors that favored IC or ven/aza for
OS and PFS in the propensity-matched cohort (supplemental Table

Variable

A

All individuals
Age ��65
FAB M0/M1
FAB M5
ELN intermediate risk
ELN adverse risk
KMT2A rearrangement
FLT3 ITD
NPM1
NPM1 and age ��65
IDH
IDH2
IDH1
RAS pathway
TP53
ASXL1
Splice gene mutation
RUNX1
Secondary AML
Treatment-related AML
Prior therapy for MDS or MPN

Odds ratio
1.219
2.793
1.276
0.088

0.6
1.871
0.225
0.539
0.98
6.9

1.447
1

2.6
0.275

1.5
0.589
0.832

5.4
2.36

2.182
1.4

95% CI
(0.7, 2.0)

(1.18, 6.59)
(0.6, 2.6)

(0.01, 0.5)
(0.1, 2.4)
(1.0, 3.6)

(0.03, 1.6)
(0.2, 1.8)
(0.2, 4.0)

(0.9, 52.7)
(0.4, 5.4)
(0.2, 5.2)

(0.3, 23.8)
(0.06, 1.3)
(0.2, 12.5)
(0.1, 2.6)
(0.2, 3.6)

(1.1, 26.9)
(1.0, 5.3)
(0.6, 7.9)
(0.3, 5.9)

p-value
0.4359
0.019

0.5092
0.0078
0.4797
0.0649
0.139

0.3052
0.9771
0.0627
0.5813

1
0.3978

0.1
0.7074
0.4857
0.8067
0.0397
0.0382
0.2348
0.6479

0.05 0.10 0.50 2.00 5.00 10.00 20.001.00

Favors intensive chemotherapy Favors venetoclax + azacitidine

Variable
B

All individuals
Age ��65
FAB M0/M1
FAB M5
ELN adverse risk
ELN intermediate risk
KMT2A rearrangement
FLT3 ITD
NPM1
NPM1 and age ��65
IDH
IDH2
IDH1
RAS pathway
TP53
ASXL1
Splice gene mutation
RUNX1
RUNX1 and age ��65
Secondary AML
Treatment-related AML
Prior therapy for MDS or MPN

Hazard ratio
1.633
0.881
1.661
2.449
1.335
5.861
1.548
2.307
1.48
0.65

1.588
2.314
0.612
4.309
1.048
1.54
1.05

0.758
0.11

1.471
2.151
0.993

95% CI
(1.2, 2.2)
(0.5, 1.4)
(1.1, 2.6)
(1.0, 6.1)
(0.9, 2.0)

(2.1, 16.0)
(0.3, 6.9)
(1.2, 4.5)
(0.8, 2.9)
(0.2, 1.8)
(0.7, 3.4)
(0.9, 6.3)
(0.2, 1.9)

(1.4, 13.2)
(0.3, 3.6)
(0.6, 3.8)
(0.4, 2.5)
(0.3, 1.9)

(0.02, 0.7)
(0.9, 2.4)
(0.9, 4.9)
(0.4, 2.3)

p-value
0.0022
0.6069
0.0252
0.0537
0.183
6e-04

0.5683
0.0145
0.2438
0.4189
0.2402
0.0981
0.4041
0.0106
0.941

0.3535
0.9133
0.5604
0.0166
0.1313
0.071

0.9874

0.05 0.10 0.50 2.00 5.00 10.00 20.001.00

Favors venetoclax + azacitidine Favors intensive chemotherapy

Figure 2. Predictive value of baseline variables for favoring IC or ven/aza. (A) Factors that favored the likelihood of achieving a response (CR or CRi) to IC vs ven/

aza. RUNX1 mutation plus age $65 years was assessed but not estimable. (B) Factors that favored OS for IC compared with ven/aza. (C) In a cohort of patients propensity

matched for age, ELN risk group, and transplantation status, factors that favored OS for IC vs ven/aza. Variables that were assessed but not estimable included NPM1

mutation plus age $65 years and RUNX1 mutation plus age $65 years.
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3; supplemental Figure 1). In this cohort, factors that favored ven/
aza over IC for OS included age $65 years, ELN adverse risk, and
a RUNX1 mutation; ELN intermediate risk favored IC over ven/aza
for OS (Figure 2C). For PFS, the factors that favored ven/aza over
IC were age $65 years and a RUNX1 mutation; no factors favored
IC over ven/aza in the propensity-matched cohort (supplemental Fig-
ure 3).

Corrections for multiple comparisons in the entire cohort showed
FAB M5 was significant for CR/CRi, ELN intermediate risk was sig-
nificant for OS, and ELN intermediate risk, KMT2A gene rearrange-
ment, and RAS pathway mutation were significant for PFS
(supplemental Table 4). In the propensity-matched cohort, age $65
years was significant for OS (supplemental Table 5).

RUNX1 mutations were a consistent factor that favored ven/aza
over IC for response rates, OS, and PFS. RUNX1 is an adverse fac-
tor in the setting of IC16-21; its independent association with out-
comes to ven/aza has not been analyzed. We therefore performed a
multivariate analysis of patients receiving ven/aza (n 5 143) to
determine associations of the examined variables with outcomes to
ven/aza independently. In this analysis, an NPM1 mutation was the
only positive multivariate predictor of CR/CRi, whereas FAB M5 and
RAS pathway mutations were negative multivariate predictors of
CR/CRi. FLT3 ITD mutations, RAS pathway mutations, TP53 muta-
tions, and treatment-related AML were negative multivariate predic-
tors of OS, whereas stem cell transplantation was the sole positive
multivariate predictor of OS. Stem cell transplantation was also the
only positive multivariate predictor of PFS, whereas KMT2A rear-
rangements, RAS pathway mutations, TP53 mutations, and
treatment-related AML were negative multivariate predictors of PFS.
When assessed in the context of ven/aza, RUNX1 was not predic-
tive of CR/CRi, OS, or PFS (Table 3).

Discussion

Ven/aza has significantly improved the standard of care for patients
with newly diagnosed AML deemed unfit for IC.1,2 Suitability for IC
has never been sufficiently defined; both subjective and objective
methods for assessing this are imperfect.22,23 Furthermore, fitness
for IC is a relative assessment; if there are no alternatives to IC,
more patients will by necessity be deemed fit, whereas if effective
alternatives exist, some patients may be fit for IC but better served
by an alternative. Given these considerations, along with the empha-
sis on lower-intensity therapies during the COVID-19 pandemic,24 it
is possible that in the current treatment landscape, fit patients may
instead be receiving ven/aza.25 We therefore sought to determine
whether a large retrospective comparative analysis of patients who
received ven/aza or IC would provide the necessary contrast to
determine whether baseline factors exist that differentially favor 1
therapy or another.

As a result of this analysis, for the first time, we report that RUNX1
mutations were associated with better outcomes for ven/aza when
compared with IC. Besides older age, RUNX1 mutations were the
only factor associated with better outcomes for ven/aza compared
with IC in all comparisons (response rates, OS, and PFS) and were
typically among the strongest point estimates of the significant varia-
bles. Surprisingly, we did not find RUNX1 to be a response, OS, or
PFS predictor when a multivariate analysis was performed evaluat-
ing only patients receiving ven/aza (Table 3); only in relation to IC
was its significance realized. RUNX1 is mutated in �10% of
patients with AML and can be acquired or germ line.26 The pres-
ence of a RUNX1 mutation results in a patient being classified in
the ELN adverse risk group,10 based on its association with poor
outcomes to conventional therapies.16-21 However, biological evi-
dence exists to support our findings that RUNX1 is not an adverse

Variable
C

All individuals

Age >=65

FAB M0/M1

FAB M5

ELN intermediate risk

ELN adverse risk

FLT3 ITD

NPM1

IDH

IDH2

RAS pathway

TP53

ASXL1

Splice gene mutation

RUNX1

Secondary AML

Treatment-related AML

Prior therapy for MDS or MPN

Favors venetoclax + azacitidine Favors intensive chemotherapy

Hazard ratio
0.56

0.27

0.714

4.341

6.207

0.424

0.818

0.655

0.284

0.492

1.579

1.805

0.469

0.172

0.081

0.754

0.876

0.246

95% CI
(0.3, 1.0)

(0.1, 0.6)

(0.3, 1.6)

(0.6, 29.5)

(1.0, 38.0)

(0.2, 0.9)

(0.2, 2.8)

(0.2, 1.8)

(0.06, 1.3)

(0.1, 2.2)

(0.3, 7.6)

(0.09, 12.6)

(0.1, 1.8)

(0.03, 1.2)

(0.01, 0.6)

(0.3, 1.9)

(0.2, 3.7)

(0.05, 1.3)

p-value
0.0635

0.0017

0.4284

0.133

0.0483

0.0206

0.7501

0.4117

0.104

0.3508

0.5705

0.948

0.2732

0.0736

0.0125

0.5411

0.8563

0.0921

0.05 0.10 0.50 2.00 5.00 10.00 20.001.00

Figure 2. (Continued).
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prognostic factor for ven/aza and may be a positive predictor of out-
comes. For instance, RUNX1 is associated with more developmen-
tally primitive disease biology, based on an analysis of the Cancer
Genome Atlas data set stratified by FAB category27 (supplemental

Figure 4), as well as a recent study showing this association at the
single-cell level,28 and ven/aza has been shown to be more active in
AML with primitive disease biology.9 In addition, a small case series
suggested a genomic signature including RUNX1 was associated

Table 3. Univariate and multivariate analyses of baseline factors for response, OS, and PFS in 143 patients with newly diagnosed AML

treated with ven/aza

Variable

CR 1 CRi Univariate Multivariate

Univariate Multivariate OS PFS OS PFS

OR

(95% CI) P
OR

(95% CI) P
HR

(95% CI) P
HR

(95% CI) P
OR

(95% CI) P
OR

(95% CI) P

Sex 2.11
(1.00-4.45)

.0497 NR 0.88
(0.57-1.35)

.5466 0.85
(0.56-1.28)

.4401 NR NR

Age $65 y 1.23
(0.50-3.00)

.6509 NR 1.54
(0.81-2.90)

.1878 1.12
(0.64-1.96)

.6834 NR NR

Baseline bone marrow
blast percentage

1.01
(0.99-1.02)

.4181 NR 1.00
(0.99-1.01)

.4963 1.00
(0.99-1.01)

.5433 NR NR

FAB M0/M1 1.52
(0.73-3.16)

.26611 NR 1.14
(0.73-1.77)

.5717 0.95
(0.63, 1.45)

.8273 NR NR

FAB M5 0.26
(0.08-0.80)

.0187 0.18
(0.04-0.76)

0.0198 1.68
(0.87-3.27)

.1249 1.51
(0.78-2.92)

.2247 NR NR

ELN risk group: adverse
vs intermediate

0.67
(0.24-1.85)

.4358 NR 0.96
(0.56-1.67)

.9688 1.01
(0.59-1.73)

.8968 NR NR

KMT2A rearrangement 0.28
(0.06-1.33)

.1092 NR 0.76
(0.24-2.41)

.0049 3.32
(1.44-7.66)

Sho NR 14.88
(5.13-43.19)

,.0001

FLT3 ITD 0.71
(0.26-1.93)

.5012 NR 1.68
(0.96-2.95)

.0686 1.48
(0.85-2.59)

.1645 2.09
(1.17-3.75)

.0132 NR

NPM1 mutation 3.67
(1.20-11.23)

.0225 4.69
(1.30-16.95)

.0185 0.68
(0.40-1.16)

.1579 0.57
(0.34-0.97)

.0389 NR NR

NPM1 mutation 1 age $65 y 5.68
(1.27-25.32)

.0228 * 0.61
(0.33-1.12)

.1114 0.52
(0.28-0.96)

.0367 * *

IDH mutation 2.79
(1.07-7.29)

.0362 NR 0.58
(0.35-0.97)

.0389 0.51
(0.31-0.84)

.0084 NR NR

IDH1 mutation 2.85
(0.61-13.23)

.1816 † 0.52
(0.24-1.14)

.1032 0.48
(0.22-1.03)

.0606 † †

IDH2 mutation 2.26
(0.72-7.07)

.1624 † 0.73
(0.40-1.35)

.3132 0.64
(0.36-1.16)

.1433 † †

RAS pathway mutation 0.21
(0.09-0.52)

.0007 0.29
(0.11-0.77)

.0129 2.21
(1.31-3.71)

.0028 2.79
(1.69-4.61)

,.0001 2.51
(1.47-4.28)

.0007 3.01
(1.77-5.13)

,.0001

TP53 mutation 0.54
(0.22-1.33)

.1801 NR 2.46
(1.45-4.16)

.0008 2.00
(1.19-3.36)

.0088 2.95
(1.69-5.15)

.0001 2.46
(1.43-4.25)

.0012

ASXL1 mutation 0.54
(0.24-1.20)

.1276 NR 1.14
(0.70-1.86)

.5893 1.30
(0.82-2.05)

.2637 NR NR

Splice gene mutation 0.69
(0.32-1.45)

.3215 NR 0.94
(0.60-1.48)

.8011 0.87
(0.56-1.34)

.5180 NR NR

RUNX1 mutation 1.56
(0.54-4.53)

.4125 NR 0.86
(0.47-1.58)

.6206 0.78
(0.44-1.41)

.4151 NR NR

RUNX1 mutation 1 age $65 y 1.24
(0.42-3.67)

.6959 * 0.99
(0.52-1.86)

.9655 0.92
(0.50-1.70)

.7988 * *

Secondary AML 0.65
(0.31-1.35)

.2481 NR 1.44
(0.94-2.22)

.0952 1.40
(0.92-2.12)

.1129 NR NR

Treatment-related AML 0.51
(0.21-1.21)

.1275 NR 2.13
(1.30, 3.49)

.0026 1.86
(1.14-3.01)

.0123 1.92
(1.16-3.17)

.0108 1.95
(1.18-3.23)

.0093

Prior therapy for MDS or MPN 0.23
(0.08-0.65)

.0057 0.24 (0.08-0.75) .0134 1.55
(0.82-2.93)

.1821 1.78
(0.98-3.22)

.0569 NR NR

Stem cell transplantation 2.56
(0.90-7.26)

.0766 NR 0.20
(0.09-0.44)

,.0001 0.28
(0.14-0.54)

.0001 0.20
(0.09-0.43)

,.0001 0.16
(0.07-0.34)

,.0001

CI, confidence interval; HR, hazard ratio; MDS, myelodysplastic syndrome; MPN, myeloproliferative neoplasm; NR, not relevant as multivariate predictor; OR, odds ratio.
*Compound variables were not included for analysis in multivariate modeling.
†For correlated variables (IDH and IDH1/2), only 1 variable (IDH) was included.
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with tumor lysis syndrome after treatment with ven,29 suggesting
therapeutic potency. Finally, the leukemia stem cell population has
dependency on wild-type RUNX1,30 further suggesting a relation-
ship between RUNX1 gene function and primitive biology and mak-
ing this mutation a logical target for a leukemia stem cell–directed
therapy such as ven/aza.31-33 Assuming RUNX11 AML sensitivity to
ven is an observation replicated by others, further work will be
required to determine the mechanism. In the meantime, because of
its unique differential prognostic value in the context of IC and ven/
aza, RUNX1 might be a useful variable to help guide clinical deci-
sion making between these competing treatments.

IC was associated with improved OS in our analysis of the entire
data set of patients. However, significant baseline differences in
age, risk group, and transplantation between all patients receiving
ven/aza and IC may at least partially explain this finding. Indeed,
accounting for these differences with propensity matching, which
decreases the power of the analysis but removes the impact of sig-
nificant differences in crucial baseline variables, revealed a reversal
of the OS trend compared with the larger data set, favoring ven/aza.
These discrepancies make general recommendations related to the
superiority of 1 therapy over another challenging. However, this lack
of clarity, along with the observation that some patients benefit from
1 or the other treatment, led us to investigate the possibility that cer-
tain risk factors could be identified that predict responses when 2
distinct therapies are contrasted. The finding related to RUNX1 an
unexpected result of this analysis. Other risk factors for IC are well
known,10 but in general, these are less well understood for ven/
aza.9,34-36 Using regression analyses, we reinforced some recent
observations regarding poor risk factors for ven/aza, namely the
presence of RAS pathway mutations and FAB M5 disease,9,34,37

both of which favored IC (for OS/PFS and response rate, respec-
tively) and were multivariate negative predictors for OS in patients
receiving ven/aza. As a result, it may be suggested that the pres-
ence of these features should favor IC as the preferred approach
when patients are eligible candidates for ven/aza or IC. Alternatively,
as suspected, the presence of certain well-known poor risk factors
associated with IC, such as older age and adverse risk cytogenetic/
molecular group,10,38,39 favored the use of ven/aza. The converse of
this observation also seems to apply; the absence of traditional IC
risk factors, best represented by the ELN intermediate risk category,
was associated with improved OS and PFS for IC vs ven/aza. With
validation and/or further refinement of our findings, an algorithm to
use these factors to assist with patient-level treatment decisions
related to IC vs ven/aza may be possible.

There are limitations to single-center retrospective studies. General-
izability of these findings to other institutions cannot be assumed,
particularly with the lower early death rate, better OS, and higher
rate of transplantation for patients receiving IC than larger, multi-
institutional studies or community-based centers have reported.40,41

In addition, our reported response rate to ven/aza was higher than
that observed in a large multicenter study2 but consistent with other
single-center experiences.42 Propensity matching for 3 baseline vari-
ables was a necessity; because this was not a randomized study,
and there were no formal criteria for the assignment of therapy, the
treatment groups were biased with respect to age, ELN adverse
risk, and transplantation status. Propensity matching allowed for
these factors that would otherwise have affected OS to be

controlled, but it removed roughly two-thirds of the patients from the
analysis. Finally, many variables were evaluated in this analysis,
because the primary intention was hypothesis generation, which
was crucial because risk factors for ven/aza are as yet unclear. Con-
trolling for these multiple comparisons left few observations that
remained significant (supplemental Tables 4 and 5). For all of these
reasons, larger, multi-center and, ideally, prospective studies will be
required to validate these findings.

Although other comparative analyses have been published,42,43 we
are not aware of other response prediction efforts that searched for
relevant variables by contrasting ven/aza and IC. In this analysis,
unlike a recent report, we did not find that NPM1 mutations in older
patients were associated with better outcomes for ven/aza com-
pared with IC,44 although there were trends in favor of this observa-
tion (Figure 2A). In addition, although IDH mutations have been
associated with favorable responses to ven,3,4,36,45,46 a finding
shared by our univariate analysis (Table 3), this was not a factor that
was associated with a differential response to ven/aza compared
with IC.

In conclusion, in this retrospective, single-institution analysis, ven/aza
and IC had equivalent response rates. OS was superior for IC when
all patients were considered, but not when controlling for age, ELN
adverse risk, and transplantation. Specific baseline factors, includ-
ing, as we present here for the first time, the presence of RUNX1
mutations, can help predict whether outcomes are expected to be
better with IC or ven/aza for patients who might be candidates for
either therapy.
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