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Key Points

•MRD status by flow
cytometry is associated
with outcomes after
decitabine plus
venetoclax-based ther-
apy in older/unfit
patients with AML.

•Negative MRD showed
benefit across 1- to 4-
month time points of
assessment, irrespec-
tive of transplantation,
as well as in adverse-
risk AML.

Assessment of measurable residual disease (MRD) provides prognostic information in acute

myeloid leukemia (AML). However, the utility ofMRDwith venetoclax-based lower intensity

regimens is unknown. We analyzed the prognostic value of achieving a negative MRD in

older/“unfit” patients with AML receiving first-line therapy with 10-day decitabine and

venetoclax. MRDwas evaluated in bonemarrow specimens usingmulticolor flow cytometry

(sensitivity 0.1%). Ninety-seven patients achieving either a complete remission (CR) or CR

with incomplete hematologic recovery (CRi) or morphologic leukemia-free state were

included. Median age was 72 years (interquartile range, 68-78 years), and 64% had adverse-

risk AML. Eighty-three patients achieved CR/CRi, and 52 (54%) became MRD negative.

Median time to becoming MRD negative was 2.0 months (interquartile range, 0.9-3.1

months). Patients becoming MRD negative by 2 months had longer relapse-free survival

(RFS) comparedwith those remainingMRD positive (median RFS, not reached vs 5.2months;

hazard ratio [HR], 0.31; 95% confidence interval [CI], 0.12-0.78; P 5 .004), longer event-free

survival (EFS) (median EFS, not reached vs 5.8 months; HR, 0.25; 95% CI, 0.12-0.55; P, .001),

as well as longer overall survival (OS) (median OS, 25.1 vs 7.1 months; HR, 0.23; 95% CI, 0.11-

0.51; P , .001). Patients achieving an MRD-negative CR had longer OS compared with those

with an inferior response (median OS, 25.1 vs 11.6 months; HR, 0.33; 95% CI, 0.19-0.58; P ,

.0005). Patients becomingMRD negative within 1month had an improved OS comparedwith

MRD-positive patients (median OS, 25.1 vs 3.4 months; HR, 0.15; 95% CI, 0.03-0.64; P, .0001).

Differential impact of MRD status on survival outcomes persisted at a later 4-month time

point of evaluation. In conclusion, MRD-negative status at 1, 2, and 4 months after starting

therapy confers significantly better survival in older/unfit patients with AML receiving first-

line therapy with 10-day decitabine and venetoclax. This trial was registered at www.

clinicaltrials.gov as #NCT03404193.

Introduction

Measurable residual disease (MRD) assessment has been used for risk stratification and therapeutic
decision-making in acute myeloid leukemia (AML).1-3 The prognostic value of MRD clearance after
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intensive chemotherapy and allogeneic hematopoietic stem cell
transplantation (SCT) has been well described.4-6 Although the
role of MRD testing in older or “unfit” patients treated with
lower intensity regimens is less explored, previous studies have
suggested potential prognostic and predictive utility of MRD
for standard chemotherapy as well as epigenetic therapy in
AML.7-9

Venetoclax-based lower intensity regimens have transformed
the outcome of older/unfit patients with AML due to improved
tolerability, higher response rates, and longer overall survival
compared with hypomethylating agents and intensive chemotherapy.10-13

We now have the option of other lower intensity treatment
approaches, both as standard and investigational treatment, and
novel MRD-directed therapies are under investigation. Conse-
quently, the utility of MRD assessment and its potential association
with outcomes are of significant interest. To date, there are no
published reports on the association of MRD response with
outcomes using venetoclax-containing lower intensity regimens.
Hence, we conducted this analysis to determine the prognostic
value of MRD after frontline therapy with a 10-day decitabine plus
venetoclax (DEC10-VEN)–based regimen in older/unfit patients
with AML.

Methods

Bone marrow (BM) specimens were obtained at least after 1, 2, and
4 months of therapy for response assessment. MRD was assessed
on the BM specimens using 8-color multiparametric flow cytometry
(MFC) validated to a sensitivity level of 0.1% as previously
described.6,14 Negative results were considered valid only if there
had been acquisition of at least 200 000 events or a minimum of
200 CD341 myeloid precursors. In cases in which a large number
of events were obtained, or the AML had a distinct immunophe-
notype, the sensitivity might have reached below 0.1%.6

Patients were treated with decitabine 20 mg/m2 for 10 days for
induction followed by decitabine for 5 days after achievement of
complete remission (CR) or CR with incomplete hematologic
recovery (CRi) with cycles repeated every 4 to 6 weeks. The
venetoclax dose was 400 mg daily or equivalent, with appropriate
dose reductions in the setting of concomitant azole antifungal
therapy. Responses to therapy were defined per the European
LeukemiaNet (ELN) 2017 criteria, and relapse was defined as re-
emergence of.5% blasts in BM or peripheral blood in patients with
a prior response.15 Relapse-free survival (RFS) was determined
from date of achievement of CR/CRi until morphologic relapse,
death, or censored at last follow-up. Event-free survival (EFS) was
defined from start of therapy until relapse from CR/CRi, death, or
censored at last follow-up, and compared with RFS, also included
patients with a morphologic leukemia-free state (MLFS).5 Because
this analysis focused on patients with a response, there were no
patients with refractory disease as an event for EFS measure-
ment.15 Overall survival (OS) was determined from the start of
treatment until death or censored at last follow-up. Detailed results
and the study protocol have been published previously.12 The data
cutoff date for this analysis was 15 July 2020, and includes 5
additional patients and longer follow-up compared with our
previously published report. These five additional patients included
patients with newly diagnosed AML (n 5 2) and patients with
secondary AML with prior therapy for antecedent hematologic
disorder (n 5 3). The MD Anderson Institutional Review Board

approved this study, and it was conducted in accordance with the
Declaration of Helsinki.

The Cox proportional hazards regression model was used to
evaluate the association between patient prognostic variables
and OS. The Cox model for time-dependent variable was conducted
to assess the effect of SCT on survival. Cumulative incidence of
relapse was estimated by using the Fine-Gray competing risk
approach, with death as a competing risk factor. The Fine-Gray
competing risk regression model was used to assess the impact of
clinical factors on relapse. Variables with P # .1 under univariate
analyses were included into the initial multivariable model. Back-
ward model selection was used to remove variables from the model
until all remaining variables were statistically significant with P, .05
and the MRD status was included in all models to assess its impact
(eg, regression for RFS).

All analyses were conducted using Prism version 8.4 (GraphPad
Software Inc., San Diego, CA), SAS version 9.4 (SAS Institute, Inc.,
Cary, NC), and R version 3.5.3 (R Foundation for Statistical
Computing, Vienna, Austria).

Results

Between 20 January 2018 and 15 April 2020, we treated 118 older
patients with newly diagnosed AML on this prospective phase 2 trial
of DEC10-VEN. Ninety-seven (82%) patients achieved a response
and were included in this analysis. The median age was 72 years
(interquartile range, 69-78 years), 22 patients (23%) had an Eastern
Cooperative Oncology Group performance score $2, and 55
patients (57%) had ELN adverse-risk disease (Table 1). Of 17
patients with FLT3-ITD/TKD (18%), 13 patients received FLT3
inhibitors in addition to DEC10-VEN, including gilteritinib (n 5 5),
sorafenib (n 5 5), and midostaurin (n 5 3). Of 21 patients with
IDH1/2mut (22%), 2 patients received enasidenib in addition to
DEC10-VEN. Of 97 patients, CR/CRi was achieved in 70% of patients
(n5 83), and negative MRD status was achieved in 54% of patients (n
5 52). The median time to achieve negative MRD was 2.0 months
(interquartile range, 0.9-3.1 months). Sixteen patients underwent SCT
after achievement of a response; 10 were MRD negative pre-SCT. The
median OS of these responding patients was 14.1 months (95%
confidence interval [CI], 11.6-25.1), and median RFS was 9.0 months
(95% CI, 6.9-15.0). After a median follow-up of 20.2 months, 39
patients (40%) have relapsed, and 49 patients have died (Figure 1).

In this study, DEC10-VEN offered high rates of negative MRD in
responding patients with de novo AML (62%) and intermediate-risk
cytogenetics (67%), but rates were modest in patients with
secondary AML, therapy-related AML, and adverse-risk cytogenet-
ics (33%-53%) (Figure 2A). High rates of negative MRD ranging
from 50% to 79% were achieved in several mutational subgroups,
including NPM1mut, FLT3mut, IDH1/2mut, and RUNX1mut while
patients with adverse-risk mutations, including TP53mut, ASXL1mut,
and K/NRASmut, had lower rates of negative MRD of 26% to 46%
(Figure 2B). A competing risk analysis for cumulative incidence of
relapse with death as a competing event showed a numerically
lower rate of relapse in patients achieving CR/CRi with negative
MRD at 2 months compared with those who were MRD positive
(37% vs 53%; P 5 .086) (Figure 2C). Patients achieving CR/CRi
who were MRD negative by 2 months after starting therapy had
a significantly longer RFS compared with patients who remained
MRD positive (median RFS, not reached vs 5.2 months; hazard ratio
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[HR], 0.31; 95%CI, 0.12-0.78; P5 .004) (Figure 2D). Patients with
any response and negative MRD by 2 months had significantly
longer EFS, as well as OS, compared with those who remained MRD

positive. Median EFSwas not reached vs 5.8 months (HR, 0.25; 95%
CI, 0.12-0.55; P , .001) (Figure 2E), and median OS was 25.1 vs
7.1 months (HR, 0.23; 95% CI, 0.11-0.51; P , .001) (Figure 2F).

Patients who underwent SCT had longer OS compared with patients
who did not or could not undergo SCT, with a median OS not reached
vs 12.1 months (HR, 0.30; 95% CI, 0.15-0.58; P5 .013) (Figure 3A).
Among patients who underwent SCT, relapse occurred in 2 out of 5
patients who had positive MRD before SCT vs in 1 out of 10 patients
who were MRD negative (P 5 .170; 1 patient was not evaluable for
MRD). Even after censoring for SCT, RFS, EFS, and OS were
significantly longer in patients who were MRD negative by 2 months
(Figure 3B-D). In addition, patients achieving any response who
became MRD negative by 1 month after starting therapy had an 85%
reduction in risk of death, with a median OS of 25.1 months compared
with patients who achieved a response but remained MRD positive
who had a median OS of 3.4 months (HR, 0.15; 95% CI, 0.03-0.64;
P , .0001) (Figure 3E). Patients meeting the ELN 2017–defined
response of CR MRD-negative at any time point had a longer median
OS of 25.1 months compared with those with an inferior response (ie,
MRD-positive CR or MRD-positive or negative CRi/MLFS) who had
a median OS of 11.6 months (HR, 0.33; 95% CI, 0.19-0.58; P ,
.0005) (Figure 3F). Among patients with ELN adverse-risk disease,
achievement of negative MRD at any time conferred a longer median
EFS of 13.5 months compared with patients who never achieved
negative MRD who had a median EFS of 5.8 months (HR, 0.34; 95%
CI, 0.18-0.63; P 5 .001). There was no significant difference in EFS
between ELN favorable risk patients who becameMRD negative at any
time vs those who never became MRD negative (median EFS,
29.6 months vs not reached; HR, 0.88; 95%CI, 0.09-8.29; P5 .906).

Comparison of outcomes according to MRD status at 4 months
yielded results similar to those at the 2-month time point. Patients
who achieved negative MRD by 4 months had longer RFS (median
RFS, not reached vs 6.4 months; HR, 0.34; 95% CI, 0.17-0.67; P ,
.001) (supplemental Figure 1A), longer EFS (median EFS, not reached
vs 8.3 months; HR, 0.31; 95%CI, 0.17-0.55; P, .001) (supplemental
Figure 1B), and longer OS (median OS, 25.1 vs 10.2 months; HR,
0.39; 95% CI, 0.21-0.71; P , .0010 (supplemental Figure 1C).
Additional analysis showed that among patients with negative MRD at
any time, those achieving CR had OS comparable to patients with CRi
or MLFS (25.1 vs 18.7months; HR, 0.70; 95%CI, 0.24-2.01;P5 .63)
(supplemental Figure 2). Among patients with persistent MRD, patients
with CR had a trend toward longer OS compared with CRi/MLFS
(median OS, 11.6 vs 8.0 months; HR, 0.47; 95% CI, 0.23-0.99; P 5
.061) (supplemental Figure 3). Factors associated with a higher risk of
death on multivariate analysis for OS included MRD-positive status at
2 months (HR, 3.81; 95% CI, 1.48-9.81; P5 .006) and TP53mut (HR,
3.90; 95% CI, 1.62-9.42; P 5 .003) (supplemental Table 1). Factors
associated with a lower risk of death included IDH1/2mut (HR, 0.09;
95% CI, 0.02-0.40; P 5 .002) and attainment of CR/CRi (HR, 0.26;
95% CI, 0.09-0.74; P 5 .011). Multivariate analysis for RFS showed
that TP53mut was associated with a very high risk of relapse (HR,
79.98; 95% CI, 13.04-478.53; P , .001) (supplemental Table 2).

Although venetoclax dose reductions with concomitant azole
antifungal use were planned per protocol, 30 patients did not
receive the intended dose reduction of venetoclax during cycle 1
and were exposed to a relatively higher-than-recommended dose.
The rate of negative MRD at any time point in patients who received
a higher-than-recommended dose of venetoclax was 60%

Table 1. Baseline characteristics and outcomes of 97 responding

patients with AML treated with DEC10-VEN

Characteristic N (%) or median [IQR]

Age, y 72 [69-78]

$70 67 (69)

Male sex 53 (55)

ECOG performance status $2 22 (23)

Peripheral blood blasts, % 5 [0-24]

BM blasts, % 38 [22-57]

Diagnosis

De novo 50 (52)

sAML with AHD 31 (32)

Treatment naive 12 (12)

Previously treated for AHD 19 (20)

Therapy-related 16 (16)

ELN 2017 risk group

Favorable 26 (27)

Intermediate 16 (16)

Adverse 55 (57)

ELN 2017 cytogenetic risk*

Favorable 0 (0)

Intermediate 57 (59)

Adverse 39 (40)

Mutations

NPM1 28 (29)

FLT3-ITD/TKD 17 (18)

IDH1/2 21 (22)

TP53 23 (24)

RUNX1 18 (19)

ASXL1 13 (13)

K/NRAS 20 (21)

Prior therapies for AHD 1 [1-2]

Hypomethylating agents 17 (18)

Intensive chemotherapy (IC) 3 (3)

Hypomethylating agents and IC 2 (2)

SCT 3 (3)

Outcomes

CR 59 (61)

CRi 24 (25)

MLFS 14 (14)

MRD negative by flow cytometry 52 (54)

Median time to morphologic response, mo 1.4 [1.1-2.6]

Median no. of cycles to response 1 [1-2]

Median time to negative MRD, mo 2.0 [0.9-3.1]

AHD, antecedent hematologic disorder; ECOG, Eastern Cooperative Oncology Group;
IQR, interquartile range; sAML, secondary acute myeloid leukemia.
*One patient had insufficient metaphases.
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compared with 52% in patients who received the recommended
dose of venetoclax (18 of 30 vs 34 of 66; P 5 .439).

Discussion

Given the prognostic value of MRD in AML, the role of SCT for MRD-
positive patients, novel therapies leading to high response rates,
and emerging immunotherapies with potential to eradicate MRD, the
evaluation and monitoring of MRD have become important aspects
of standard clinical care. Our results showed high rates of MRD-
negative remissions with DEC10-VEN across multiple clinical and

mutational subgroups and strong prognostic value of MRD on RFS,
EFS, and OS. The magnitude of benefit conferred by negative MRD
statuswas similar across 1-, 2-, and 4-month time points. AlthoughMRD-
negative rates were lower in ELN adverse-risk mutations, achievement
of MRD-negative status still conferred OS benefit in these patients.

With necessary caution for cross-trial comparisons, our results
showed a higher rate of negative MRDwith a DEC10-VEN in a more
adverse-risk AML population compared with venetoclax with
azacitidine or 5-day decitabine (54% vs 30%).12,16 In addition,
improved survival with a median OS of more than 2 years can

118 newly diagnosed patients with
AML treated with 10-day decitabine

and venetoclax (NCT03404193)

97 patients achieved
CR, CRi, or MLFS

21 patients had
no response

52 patients achieved negative MRD
42 patients had persistent MRD

3 patients had inadequate samples
for MRD testing

MRD tested on bone marrow
samples at the end of cycles

1, 2, and 4

Response established within
first 4 cycles of therapy

Included
in this

analysis

48 patients
are alive

49 patients
have died

MRD negative
(n=18)

MRD positive
(n=29)

Death after
relapse (n=12)
6 unknown
5 pneumonia
1 cellulitis

Death in
CR/CRi/MLFS
(n=6)
3 pneumonia
3 unknown

Death after
relapse (n=20)
9 unknown
9 pneumonia
1 intracranial
hemorrhage
1 malignant
pleural effusion

Death in
CR/CRi/MLFS
(n=9)
8 unknown
1 pneumonia

2 patients with unknown MRD status died
1 after relapse due to unknown reason
1 inCRidue to unknown reason

34 MRD negative
13 MRD positive
1 MRD unknown

Figure 1. Schema showing overall population and

patients included in this analysis.
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provide the opportunity to evaluate treatment de-escalation for
patients achieving negative MRD after 1 or 2 cycles of therapy. This
is relevant for regimens with venetoclax plus hypomethylating agents,
which have substantial myelotoxicity and 30% to 40% grade 3/4
infectious complications.10,12,17 However, such de-escalation
approaches would need further evaluation in controlled settings, with
close monitoring, and follow-up BM evaluations to detect MRD
relapse, before we can recommend broader adoption of such
approaches. Conversely, poor RFS, EFS, and OS in MRD-positive
patients, and high mortality due to relapse (67%, n5 33/49), highlight
the urgent need for novel agents to eradicate MRD in this population.

Among FLT3mut patients, 76% received FLT3 inhibitors with
venetoclax and decitabine, 89% of patients achieved CR/CRi/MLFS,
and 56% of responders achieved negative MRD by MFC. Early

follow-up in the treatment-naive subgroup of these FLT3mut patients
revealed an 1-year OS of 80%, suggesting a potential favorable
impact with the addition of FLT3 inhibitors compared with historical
outcomes.18 However, longer follow-up is needed, and with only 4
patients not receiving FLT3 inhibitors, the numbers were limited to
evaluate the incremental benefit of such “triplet” approach.

Limitations of the current study include the retrospective nature of
this analysis and the small sample size which restricted statistical
power. In addition, the ability to measure MRD varies greatly
according to the expertise and the technique used by the individual
centers and the lack of standardization of MFC assays to measure
MRD in AML. Hence, prospective studies are needed to confirm
these findings. Although we defined relapse morphologically on BM
evaluation instead of using MRD, retrospective data showing
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comparable OS with morphologic versus MRD relapse support this
choice.19 Of 97 patients reported in this study, 13 patients received FLT3
inhibitors, and 2 patients received enasidenib. This should be taken into
consideration when interpreting these results because these targeted
therapies can be potential confounders for the survival outcomes
reported. We have reported MRD using next-generation sequencing
from this trial previously, and additional analyses are ongoing.12,20

In conclusion, attainment of MRD-negative status at 1 and 2 months
after starting therapy is associated with significantly better OS in older
patients with AML with intermediate- and adverse-risk cytogenetics
receiving frontline therapy with the DEC10-VEN regimen. These data
warrant prospective investigation of the association of MRD clearance
with outcomes in AML when using lower intensity strategies.
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