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Abstract

Hypomethylating agents (HMA) with venetoclax is a new standard for older/unfit patients with
acute myeloid leukemia (AML). However, it is unknown how HMA with venetoclax compare to
intensive chemotherapy (IC) in patients who are “fit” or ‘unfit’ for IC. We compared outcomes of
older patients with newly diagnosed AML receiving 10-day decitabine with venetoclax (DEC10-
VEN) versus IC. DEC10-VEN consisted of daily venetoclax with decitabine 20 mg/m? for 10-
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days for induction and decitabine for 5-days as consolidation. The IC cohort received regimens
containing cytarabine =1 g/m2/d. A validated treatment-related mortality score (TRMS) was used
to classify patients at high- or low-risk for TRM with IC. Propensity scores were used to match
patients to minimize bias. Median age of the DEC10-VEN cohort (n=85) was 72 years (range 63—
89) and 28% patients were at high-risk of TRM with IC. The comparator IC group (n=85) matched
closely in terms of baseline characteristics. DEC10-VEN was associated with significantly higher
CR/CRi compared to IC (81% vs 52%, p<.001), and lower rate of relapse (34% vs 56%, p=.01),
30-day mortality (1% vs 24%, p<.01), and longer overall survival (OS; 12.4 vs 4.5 months,
HR=0.48, 95%CI 0.29-0.79, p<.01). In patients at both at high- and low-risk of TRM, DEC10-
VEN showed significantly higher CR/CRIi, lower 30-day mortality, and longer OS compared to IC.
Patients at both high- and low-risk of TRM had comparable outcomes with DEC10-VEN. DEC10-
VEN offers superior outcomes compared to IC in older patients with AML, particularly in patients
at high-risk of TRM.

Keywords

treatment-related mortality; venetoclax; decitabine; intensive chemotherapy; acute myeloid
leukemia

INTRODUCTION

Acute myeloid leukemia (AML) commonly presents in older patients, many of whom are at
high risk of treatment-related mortality (TRM) with intensive chemotherapy.1-2
Consequently, lower-intensity regimens of venetoclax with hypomethylating agents (HMA)
are attractive options for such patients.3# Venetoclax with azacitidine was recently shown to
be superior compared to azacitidine alone and has emerged as a new standard for older or
unfit patients.>6 We conducted a phase 2 study of 10-day decitabine with venetoclax
(DEC10-VEN) which showed excellent outcomes and low TRM in older patients with
AML./

There has been ongoing debate about the true utility of venetoclax and HMA regimens in
AML.82 These issues include questions about the proportion of truly ‘unfit” patients in the
clinical trials of venetoclax-based lower-intensity regimens and the appropriateness of the
accelerated U.S. Food and Drug Administration approval based on the earlier venetoclax
trials.1011 Alternatively, if an older patient is not truly ‘unfit’, could they benefit more from
intensive chemotherapy instead, and if venetoclax-based regimens improve outcomes in
patients who are truly unfit for intensive chemotherapy.

In addition, there is lack of consensus regarding methods for establishing “fitness” for
intensive chemotherapy, and in practice, this distinction is often subjective. Several objective
models have been developed to identify patients with AML ‘unfit’ for intensive treatment or
predict the risk of TRM.12-15 These models have varying degrees of accuracy and ease of
implementation in the clinic, but have the potential to match patients to appropriate therapies
and improve outcomes in patients with AML.
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Given these questions about patient “fithess’ for AML therapy in the context of venetoclax
trials and real benefit of venetoclax and HMA regimens for patients who are truly ‘unfit’, we
sought to determine outcomes with DEC10-VEN in “fit” and ‘unfit’ patients with newly
diagnosed AML based on validated predictive models, and compare those outcomes with a
closely matched historical cohort of newly diagnosed patients treated with intensive
chemotherapy.

We conducted a retrospective study to compare outcomes with DEC10-VEN and intensive
chemotherapy. We incorporated two validated models for determining “fitness’ for intensive
chemotherapy to classify patients according to their risk of TRM from intensive
chemotherapy. We used propensity score matching to balance important effect modifiers and
minimize bias between the two intervention groups.16:17

Treatment regimens

Patients receiving DEC10-VEN were treated on a prospective phase 2 trial. The regimen
comprised of daily venetoclax with decitabine 20 mg/m?2 IV for 10 days for “induction”,
followed by decitabine for 5-days as consolidation.18 Venetoclax dose was 400 mg daily or
equivalent with concomitant azoles. Venetoclax was held on cycle 1 day 21 if bone marrow
evaluation showed response or aplasia. Further reduction in venetoclax duration was allowed
in cases of myelosuppression. The full protocol including eligibility criteria have been
published previously.’

The comparison cohort was selected from patients treated with intensive chemotherapy
containing at least moderate dose of cytarabine =1 g/m?/d, either as standard of care or on
clinical trials. Other agents administered in combination included idarubicin, liposomal
daunorubicin, clofarabine, fludarabine, and others (Table S1). Eligible patients in either
group could proceed to stem-cell transplantation after achievement of a response. Supportive
care including prophylactic antibiotics during neutropenia and treatment in laminar air-flow
room, were similar in both groups.

Risk of treatment-related mortality with intensive chemotherapy

Risk of TRM with intensive chemotherapy was determined using the TRM scorel® and
findings in the overall population were confirmed using a separate MD Anderson Cancer
Center (MDACC) score (Table S2).12 The TRM score combines age, Eastern Co-operative
Oncology Group performance status (ECOG PS), AML subtype, and laboratory values and
predicts the risk of 30-day mortality after intensive chemotherapy. The validated TRM score
cut-off of 13.1 clinically used for treatment assignment was used to classify patients at high
or low risk for TRM with high accuracy (receiver operator characteristics curve AUC 0.82).
15 The MDACC model incorporated age, ECOG PS, clinical and laboratory values to predict
risk of 8-week mortality with intensive chemotherapy.12
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Response evaluation and endpoints

Responses were determined per the modified IWG criteria for AML.19 Overall survival (OS)
was determined from start of therapy until death, or censored at last follow-up. Event-free
survival (EFS) was determined from start of therapy until date of refractory disease, relapse,
death, or censored at last follow-up.

Propensity score matching and statistical analysis

Logistic regression was used to calculate propensity scores from baseline characteristics of
age, ECOG PS, European LeukemiaNet 2017 risk group, and previously validated TRM
score (TRMS >13.1 vs. <13).15:20 Propensity score matching with the nearest neighbor
method was used to match patients treated with DEC10-VEN to those treated with intensive
chemotherapy using methods described previously.?1:22 The absolute standardized mean
difference of the propensity scores of selected variables was evaluated before and after
match and a value <0.25 would suggest a substantial reduction of bias between the two
intervention groups.23

A 1:1 matching was used for the overall comparison (85 patients in each group) and low
TRM risk group (61 patients in each group). A 1:2 matching was used to match 24 high
TRM risk patients in DEC10-VEN cohort to 48 patients treated with intensive chemotherapy
to improve statistical power of the comparison. A separate matching was performed using
the MDACC score in place of the TRM score to validate findings in the overall group (85
patients in both groups). A schema showing populations and factors used for propensity
score matching is shown in Fig S1.

Chi square test, t-test and Kaplan-Meier method with log-rank test were used to compare
categorical, continuous and time-to-event variables. Stratified logistic regression and Cox
models were used to evaluate the treatment effects. Multivariable logistic regression models
were fit to assess the association between patient characteristics and outcomes.
Characteristics significant in the univariate models at level 0.10 were included in the
multivariate model. Prism v7.0 (GraphPad Software, San Diego, CA), SAS v9.4 (SAS
Institute, Cary, NC), R v3.3.3 (R Core Team, Vienna, Austria) and the R package Matchlt
were used for statistical analyses.

RESULTS

All 85 of newly diagnosed patients treated with DEC10-VEN were matched to 85 out of 405
newly diagnosed patients treated with intensive chemotherapy. The patients in DEC10-VEN
cohort were treated between January 10, 2018 and December 10, 2019. The intensive
chemotherapy recipients were treated between May 4, 2000 and July 11, 2018 (median year
of treatment 2003). Among patients treated with DEC10-VEN, 74% were older than 70
years, 35% patients had ECOG PS =2, and 65% patients had ELN adverse risk disease. The
historic intensive chemotherapy cohort matched closely with the DEC10-VEN cohort in
terms of baseline characteristics and propensity scores (Table 1, S3, S4).

In the DEC10-VEN cohort, there was no difference in 30-day mortality (0% vs 2%) but
higher CR rate (69% vs 42%, p=.02) in high TRM risk patients compared to low-risk
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patients (Table S5). In the matched population, DEC10-VEN was associated with
significantly higher rate of CR compared to intensive chemotherapy ( 62% vs 42%, p=.01
Table 2), lower rates of relapse (34% vs 56%, p=.01), 30-day mortality (1% vs 24%, p<.01).
Causes of 30-day mortality in recipients of intensive chemotherapy are shown in Table S6.
For patients deemed at high-risk of TRM, DEC10-VEN compared to intensive
chemotherapy offered comparable rates of CR but lower 30-day mortality (0% vs 33%,
p=N/A). Among patients at low-risk of TRM, DEC10-VEN produced significantly higher
rate of CR (70% vs 43%, p<.01), and lower rates of refractory disease (10% vs 25%, p=.03)
and 30-day mortality (2% vs 16%, p=.03).

At a median follow-up of 12.4 months in the DEC10-VEN cohort and 81.2 months in the
intensive chemotherapy cohort, OS was significantly longer compared to intensive
chemotherapy in the overall comparison (12.4 vs 5.0 months, hazard ratio [HR] = 0.48, 95%
confidence interval [C1] 0.29, 0.79, p<.01, Fig. 1a) and among patients with high-risk of
TRM (9.1 vs 2.4 months, HR=0.30, 95% CI 0.13, 0.69, p<.01, Fig. 1b) as well as low-risk of
TRM (15.2 vs 6.8 months, HR=0.48, 95% CI 0.26, 0.90, p=.02 Fig. 1c). The sample size
was limited to detect a difference in OS with DEC10-VEN in high vs low TRM risk group
(9.1 vs 15.2 months, HR 1.44, 95% C1 0.72, 2.88, p=.27, Fig. 1d) but was significantly
different for high TRM vs low TRM risk patients receiving intensive chemotherapy (2.4 vs
15.2 months, HR 4.35, 95% CI 2.61, 7.24, p<.001, Fig. S2). Post-transplant OS was
comparable among DEC10-VEN and intensive chemotherapy recipients (HR 0.68, 95% Cl
0.10, 4.51, p=.67).

Exploratory subgroup analyses for OS in unmatched cohorts favored DEC10-VEN in most
subgroups, with significant benefit in patients with NPMIMUt [DH1/2"t and FLTSMUE AML
(Fig. 1e). Analysis for EFS showed similar degree of benefit with DEC10-VEN over
intensive chemotherapy in the overall cohort, patients at high risk of TRM and those at low
risk of TRM (Fig. 2a—c). Comparison of EFS between patients at high vs low risk of TRM
treated with DEC10-VEN had limited power to detect a difference (Fig. 2d).

Multivariable analysis for non-matched variables in the whole cohort showed DEC10-VEN
was associated with significantly higher odds of CR (odds ratio [OR] 2.66, 95%CI 1.12,
6.28, p=.03, Table S7), and lower odds of relapse (OR 0.20, 95%ClI 0.05, 0.82, p=.03), 30-
day mortality (OR 0.05, 95%CI 0.01, 0.42, p=.01) and death (hazard ratio [HR] 0.40, 95%ClI
0.21, 0.76, p=.01). Compared to patients with de novo AML, those with sSAML with AHD
had lower odds of CR (OR 0.07, 95%CI 0.01, 0.68, p=.02) and higher risk of death (HR
7.78, 95%Cl 1.58, 38.35, p=.01) irrespective of treatment and therapy-related AML was
associated with higher risk of death (HR 4.56, 95%CI 1.44, 14.49, p=.01).

A confirmatory analysis was conducted using the MDACC which can predict 8-week
morality with intensive chemotherapy. The standardized mean differences after matching
were mostly favorable (Table S8) and majority baseline characteristics were well balanced
between the two groups (Table S9). In this analysis, there were more patients with lower
ECOG PS of 0-1 in the intensive chemotherapy cohort compared to DEC10-VEN (82% vs
65%). However, this analysis still confirmed nearly identical benefit with DEC10-VEN and
significantly better compared to intensive chemotherapy for all outcomes. In 85 patients
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receiving DEC10-VEN, there were higher rates of CR (62% vs 44%, p=.019), CR/CRi (81%
vs 53%, p<.001), lower rates of relapse (34% vs 58%, p<.01), 30-day mortality (1% vs 21%,
p<.001) and 60-day mortality (7% vs 28%, p=.002, Table S10) compared to 85 patients
treated with intensive chemotherapy. In these patients matched using the MDACC score, the
median OS with DEC10-VEN was 12.4 months vs 5.0 months with intensive chemotherapy
(HR 0.42, 95% CI 0.25, 0.70, p<.001, Fig. S3). Of note, in the primary analysis using TRM
score for propensity score matching, the observed 30-day mortality with intensive
chemotherapy was higher than predicted by using the TRM score.®> However, the 8-week
mortality with intensive chemotherapy matched closely with predictions per the MDACC
score (Table S11).12

DISCUSSION

While venetoclax with HMA has been shown to be superior to HMA, it is unknown how
such regimens impact patients based on their “fitness’ for intensive therapy and how the
outcomes compare to intensive regimens. Our retrospective analysis was designed to answer
these questions which are relevant for patients and clinicians. The approach of propensity
score matching helped to find a closely matched comparator group treated with intensive
chemotherapy to minimize selection bias inherent in retrospective comparisons.17:21.24

We showed that older patients with newly diagnosed AML, and particularly those at high-
risk of TRM with intensive therapy, experience favorable outcomes in terms of rates of
response, relapse, early mortality, and survival with DEC10-VEN compared to intensive
chemotherapy containing at least moderate dose of cytarabine. Even patients at high-risk of
TRM with intensive chemotherapy based on validated models did not experience increased
early mortality with DEC10-VEN. While the sample size for comparing high and low TRM
risk group treated with DEC10-VEN limited the power to compare OS, the difference in
level of “fitness’ between these two groups, as determined by the TRM score, likely explain
the numerically lower OS in the high TRM risk group. The nearly superimposed EFS curves
of patients at high vs low TRM risk treated with DEC10-VEN further support our hypothesis
that DEC10-VEN offers comparable long-term outcomes in both groups. Patients in the
DEC10-VEN and IC cohorts were treated during different era which need to be taken into
consideration while interpreting these results. While supportive care has evolved over the
18-years during which the control group was treated, we have been uniformly using
antimicrobial prophylaxis, laminar air-flow rooms, etc. at our institution during that period.
12 The EFS analysis was helpful to remove any potential confounding effect which may have
creeped in due to the improvement in supportive care and salvage therapies over this 20-year
time period.2> The nearly identical benefit noted in both the OS and EFS analysis further
strengthen our findings.

This study had a retrospective design which has inherent limitations. Limited number of
older patients in our curated intensive chemotherapy database restricted matching to 1:1 and
led to inclusion of some younger patients in the high TRM risk group who received intensive
chemotherapy. The shorter median follow-up for DEC10-VEN compared to intensive
chemotherapy was one potential limitation. However, even with longer follow-up, the
difference in median OS and EFS in favor of DEC10-VEN is unlikely to change because
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only a small number of patients were censored prior to the median OS and EFS point. While
propensity-score matching can balance important factors, unmeasured confounders could
have influenced these findings.

Observed TRM with intensive chemotherapy was higher than expected in the overall and
low TRM risk groups, which possibly contributed to the OS benefit observed with DEC10-
VEN. However, baseline characteristics in these two groups were similar and nearly
identical results in the overall comparison with two different models for early mortality
further strengthen the validity of our findings. In addition, the discrepancy between
predicted early mortality with the different models reflect the uncertainty with implementing
such models in practice and highlight the need for periodic recalibration with incorporation
of advancements in therapeutics and supportive care.28 While other models exist for
predicting early mortality in AML, those require additional prospective data which were
outside the scope of our analysis.13:2

Our analysis focused on the DEC10-VEN regimen and inclusion of patients treated with
venetoclax and azacitidine or 5-day decitabine were outside the scope of this analysis. Other
chemotherapy regimens like “3+7’ are less frequently used at our institution and newer
regimens like CPX-351 are reserved for secondary AML patients which explains why these
regimens were not included in our comparator group. These aspects may limit
generalizability of our findings. Evolution of measurable residual disease (MRD) assays
over the last 20 years also precluded comparison of MRD negativity rates with DEC10-VEN
versus intensive chemotherapy.

Overall, this retrospective study showed that DEC10-VEN offers better outcomes compared
to intensive chemotherapy in older patients with newly diagnosed AML. Patients deemed at
either high or low risk of early mortality with intensive chemotherapy appear to benefit from
DEC10-VEN. Clinical trials evaluating venetoclax with HMA in “fitter” and younger
patients are ongoing. These results can help in designing future randomized trials of
venetoclax with HMA versus intensive chemotherapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1.
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a. Overall survival (OS) in patients who received 10-day decitabine with venetoclax
(DEC10-VEN) and intensive chemotherapy (IC), b. OS in patients with high treatment-
related mortality risk score (TRMS >13.1), ¢. OS in patients with low risk of TRM (TRMS
<13.1), d. OS with DEC10-VEN in patients at high and low risk of TRM, e. forest plot of
exploratory subgroup analyses. FLT3 inhibitors were administered in 10 out of 14 FL75Mut
patients in the DEC10-VEN cohort and 15 out of 73 patients in IC cohort. ECOG PS =
Eastern Co-operative Oncology Group Performance Status, BM = bone marrow, AHD =

antecedent hematological disorder.
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a. Event-free survival (EFS) in patients who received 10-day decitabine with venetoclax
(DEC10-VEN) and intensive chemotherapy (IC), b. EFS in patients with high treatment-
related mortality risk score (TRMS >13.1), c. EFS in patients with low risk of TRM (TRMS
<13.1), d. EFS with DEC10-VEN in patients at high and low risk of TRM.
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Baseline characteristics of propensity score matched patients who received 10-day decitabine with venetoclax,

and intensive chemotherapy

Table 1.

10-day decitabine and venetoclax

Intensive chemotherapy

Patient characteristics (N=85) (N=85) p
Age, years 72 [69-78] 73 [67-76] .24
Age = 70 years 63 (74) 55 (65) .18
Age = 80 years 15 (18) 10 (12) .28
Male sex 45 (53) 48 (56) .64
ECOG Performance Status
0-1 55 (65) 58 (68) 63
>2 30 (35) 27 (32)
Bone marrow blasts, % 45 [22-62] 65 [38-84] <.01
Diagnosis
De novo AML 55 (65) 59 (69)
Secondary AML with AHD 15 (18) 9(11) .38
Therapy-related AML 16 (19) 19 (22)
Prior therapies 0(0) 0(0) NA
ELN 2017 cytogenetic risk group
Favorable 0 (0) 0 (0)
Intermediate 44 (52) 33(39) .08
Adverse 40 (47) 52 (61)
FLT3ITD/TKD 14 (16) 22 (24) .09
ELN 2017 risk group
Favorable 19 (22) 14 (16)
Intermediate 11 (13) 17 (20) .36
Adverse 55 (65) 54 (64)
Stem-cell transplantation after response 12 (14) 7(8) .23
Treatment-related mortality (TRM) risk
High (TRM score >13.1) 24 (28) 24 (28) 1.00
Low (TRM score <13.1) 61 (72) 61 (72)
12+12 14+14 27

Expected TRM rate, %, mean + SDJ

Results reported as n (%), or median [interquartile range]. ECOG = Eastern Co-operative Oncology Group, AHD = antecedent hematological

disorder, ELN = European LeukemiaNet.

J'Expected mortality with intensive chemotherapy using the TRM model.
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Table 2.

Comparison of outcomes with 10-day decitabine and venetoclax (DEC10-VEN) versus intensive
chemotherapy (IC) using a propensity score-matched analysis stratified by treatment related-mortality score
(TRMS).

Odds Ratio

QOutcomes by TRM risk DEC10-VEN Intensive Chemotherapy (95% Cl) stratified p
Overall population N=85 N=85
CR 52 (62) 36 (42) 2.21(1.18, 4.16) 01
CRI/CRIi 69 (81) 44 (52) 3.78 (1.81, 7.88) <.001
Refractory 11 (13) 19 (22) 0.52 (0.23, 1.17) 12
Relapse 25/74 (34) 25/45 (56) 0.41 (0.19, 0.87) 01
30-day mortality 1(1) 20 (24) 0.04 (0.01, 0.30) <01
60-day mortality 6 (7) 25 (29) 0.18 (0.07, 0.47) <.001
Median OS, months 12.4 5.0 HR 0.48 (0.29, 0.79) <.01
High risk of TRM (TRMS >13.1) N=24 N=48
CR 10 (42) 16 (33) 1.43 (0.52, 3.92) A7
CRICRI 17 (71) 17 (35) 4.00 (1.40, 11.44) <01
Refractory 5 (21) 13 (27) 0.71 (0.22, 2.29) 54
Relapse 6/19 (32) 9/17 (53) 0.41 (0.11, 1.59) 99
30-day mortality 0 (0) 16 (33) NA NA
60-day mortality 4(17) 21 (44) 0.26 (0.08, 0.87) 0.03
Median OS, months 9.1 24 HR 0.30 (0.13, 0.69) <.01
Low risk of TRM (TRMS <13.1) N=61 N=61
CR 42 (70) 26 (43) 2.89 (1.35, 6.17) <01
CRICRI 52 (85) 33 (54) 5.75 (1.99, 16.63) .001
Refractory 6 (10) 15 (25) 0.34 (0.12, 0.93) .03
Relapse 19/55 (35) 20/34 (59) 0.37 (0.15, 0.63) 12
30-day mortality 1(2) 10 (16) 0.10 (0.01, 0.78) .03
60-day mortality 2(3) 14 (23) 0.11 (0.02, 0.53) <01
Median OS, months 15.2 6.8 HR 0.48 (0.26, 0.90) .02

Results reported as n (%), or n/N (%). Total responding patients were used as the denominator for relapse, this included patients who achieved a
morphologic leukemia-free state, in addition to complete remission (CR) and CR with incomplete hematologic recovery. HR = hazard ratio, NA =
not applicable as not enough events to calculate stratified p value.
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