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Abstract

Background: Venetoclax (VEN) in combination with hypomethylat-
ing agent (HMA) therapy is a standard treatment option for patients
with newly diagnosed acute myeloid leukemia (AML); however,
data are limited in the relapsed or refractory (R/R) populations and
in those with poor-risk disease. A retrospective review was conducted
involving patients with AML who received HMA alone or in combi-
nation with VEN (VEN + HMA).

Methods: VEN + HMA was compared to HMA alone in first-line
and R/R settings. Patients were stratified by specific HMA and line of
therapy. The primary endpoint was overall response rate (ORR) up to
6 months from start of treatment.

Results: Fifty-two patients were evaluated for efficacy and 78 pa-
tients for safety. ORR was 67% (VEN + HMA) versus 80% (HMA)
in the first line and 50% versus 22% in R/R setting. A greater clini-
cal benefit was seen with VEN + HMA compared to HMA in both
lines of therapy (first-line: 87% vs. 80%; R/R: 75% vs. 67%). The
median duration of response was longer with VEN + HMA first-line,
but shorter in the R/R setting compared to HMA (8.3 vs. 7.2 months
and 2.5 vs. 3.7 months, respectively). Of the 32 patients who re-
sponded to therapy, 63% had a complex karyotype. Survival benefits
were greater with VEN + HMA in both lines of therapy, although not
statistically significant. Grade 3/4 neutropenia was reported in all
patients receiving VEN, and 95% of these patients also experienced
grade 3/4 thrombocytopenia. There were three cases of tumor lysis
syndrome.

Conclusion: The addition of VEN to HMA has consistently shown
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benefit as first-line treatment and may have some benefit in R/R set-
tings as well. Further studies are needed to compare across various
lines of treatment and unfavorable disease. Dynamic strategies that
improve toxicity management should be considered.
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Introduction

Acute myeloid leukemia (AML) carries the highest incidence
among adult leukemias in the United States, with approxi-
mately 20,000 new cases per year. Clinical outcomes of AML
vary given the heterogeneity of this disease and although they
have been overall poor, more recently the advancements in
genetic testing have allowed for more individualized therapy
[1]. Historically, the backbone of treatment consisted of an
anthracycline and cytarabine combination for induction with
transplant evaluation in select cases; however, the majority of
older adults are unable to tolerate these intense regimens and
may have a poorer prognosis [2].

Prior to the advent of targeted therapies, hypomethylating
agents (HMAs) or low-dose cytarabine were treatment options
that appeared more tolerable but yielded low overall response
rates (ORRs, less than 50%) in newly diagnosed and relapsed
or refractory (R/R) populations [3, 4]. Advancements in tar-
geted therapy against FLT3 and IDH mutations now provide a
single-agent oral option for newly diagnosed or relapsed dis-
ease that express these biomarkers [5-8], but in the absence of
these mutations, patients faced few options for less intensive
treatment.

A new era has introduced the combination of venetoclax
(VEN) with HMA or low-dose cytarabine which is approved
for the treatment of newly diagnosed AML in patients aged 75
or older, and in patients with comorbidities that preclude the
use of intensive chemotherapy. VEN targets the anti-apoptot-
ic protein BCL2 which is expressed on many hematological
cancer cells, and this inhibition restores normal apoptosis in
leukemia cells leading to destruction [9, 10]. The advent of
VEN and the expansion of targeted therapy has changed the
landscape for AML treatment, particularly in patients who are
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not candidates for intensive induction.

Early phase approval and confirmatory studies, including
the phase 1b dose escalation/expansion study of VEN combined
with azacitidine or decitabine and the phase 2 study of 10-day
decitabine in combination with VEN, had promising results
and led to the increased use of VEN in combination with HMA
beyond the first-line setting [11-13]. This use in practice may
now capture patients with R/R disease who are not candidates
for more intensive salvage chemotherapy. Further, the use of
the VEN combination beyond the untreated elderly population
is desirable as it may provide improved outcomes without the
additional toxicity seen with standard intensive chemotherapy.

VEN now provides an additional lower intensity treatment
option, particularly in patients without actionable mutations;
however, comparison of HMA with VEN to HMA alone in the
first-line setting is a newer addition to the literature, leaving an
unmet need in R/R populations and those with unfavorable risk
disease. Furthermore, it is not yet understood how treatment
should be adjusted for severe hematological toxicities seen in
practice.

Therefore, in this study we sought to investigate the clini-
cal and safety outcomes of patients with AML who received
the combination of VEN and HMA (VEN + HMA) compared
to those who received HMA alone in a single-institution his-
torical control cohort.

Materials and Methods

Study design and inclusion/exclusion criteria

This is a single-center, retrospective cohort review that includ-
ed patients aged 18 years or greater with a diagnosis of AML
that received azacitidine or decitabine with or without VEN
between June 1, 2017 and December 5, 2019 at The Ohio State
University Comprehensive Cancer Center - The James Cancer
Hospital. To be eligible for inclusion in the efficacy analysis,
patients had to receive either 28 days of VEN or reach cycle
2, day 1 of azacitidine or decitabine. To be eligible for inclu-
sion in the safety analysis, patients had to receive at least one
dose of either azacitidine or decitabine and VEN, if applica-
ble. Protected populations including pregnant or imprisoned
patients, and patients enrolled on a clinical trial were excluded.
This study protocol was approved by the Institutional Review
Board. This study was conducted in compliance with the ethi-
cal standards of the responsible institution on human subjects
as well as with the Helsinki Declaration.

Definitions

Complete remission (CR) was defined as the morphological
recovery evidenced by less than 5% blasts according to bone
marrow biopsy with complete hematological recovery. CR with
incomplete count recovery (CRi) was defined as the morpho-
logical recovery evidenced by less than 5% blasts according to
bone marrow biopsy, but with absolute neutrophil count (ANC)
< 1,000/uL or platelets < 100,000/uL. ORR was comprised of
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CR and CRi. Morphological leukemia-free state (MLFS) was
defined as morphological recovery without hematological re-
covery (ANC < 1,000/uL and platelets < 100,000/uL) [14].
Transfusion independence was defined as any 8-week period
where the patient did not require blood or platelet transfusions.
Clinical benefit was characterized by achievement of response
(CR, CRi, or MLFS) or transfusion independence.

Study endpoints

The primary endpoint of this study was the ORR (CR or CRi)
following receipt of HMA with or without VEN up to 6 months
from the start of treatment. Response rates were evaluated by the
research team and retrospectively validated by physician review.
Secondary objectives included clinical benefit rate, time to first
response, time to treatment failure, overall survival (OS), trans-
fusion independence, correlations between genomic aberrations
and response to therapy, and safety, including incidence and se-
verity of adverse effects. Toxicity as documented by the treating
physician was determined by review of physicians’ notes and
recorded laboratory values. Toxicities studied were grade 3/4
neutropenia, grade 3/4 thrombocytopenia, grade 3/4 changes in
serum creatinine, and laboratory signs of tumor lysis syndrome
(TLS), and were graded according to Common Terminology
Criteria for Adverse Events (CTCAE), version 5.0 [15].

Statistical analysis

As an exploratory study, the primary aim of the analysis was
to present descriptive estimates of the CR rates for both treat-
ment groups. Secondary outcomes including the ORR, the clini-
cal benefit rate, OS, time to response, time to treatment failure,
and adverse events were also analyzed. Patients with incomplete
medical records were not a part of the analysis.

All data were collected utilizing Research Electronic Data
Capture (REDCap®) [16]. Patient demographics and outcomes
were reported for each treatment group and compared using
Fisher’s exact test or two-sample f-tests, as appropriate. Ef-
ficacy outcomes (CR rate, ORR, and clinical benefit rate) were
compared between groups for patients treated with 28 days of
VEN and reached cycle 2, day 1 of azacitidine or decitabine.
Differences in response to therapy were also compared by the
presence or absence of various genetic aberrations. Kaplan-
Meier curves were generated for each treatment group for OS,
time to response and time to treatment failure. Patients were
censored at the date of their last physician visit.

Safety outcomes were reported for all patients who have
received at least one dose of VEN, azacitidine or decitabine
including frequencies of toxicities, adverse events, and any
dose delays or reductions. These outcomes were compared be-
tween treatment groups using Fisher’s exact tests. Duration of
neutropenia was compared using the Wilcoxon rank-sum test.
As a sensitivity analysis, response to therapy was also ana-
lyzed, including patients who did not meet the required mini-
mum therapy but had at least one dose of VEN, azacitidine or
decitabine. P-values reported are for descriptive purposes, and
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given the exploratory nature of the study, strong conclusions
should not be inferred from the results of the statistical tests.
All analyses were performed using SAS version 9.4 (SAS In-
stitute Inc., Cary, NC).

Results

Patient screening

Out of 103 patients screened for inclusion, 26 patients were ex-
cluded. Reasons for exclusion included receipt of HMA with an
agent other than VEN or involvement on a clinical trial. Thus, a
total of 77 patients were included in the study. Treatment groups
for the entire population included 38 patients in the HMA group
and 39 patients in the VEN + HMA group (Fig. 1).

Patient demographics

Baseline characteristics are shown in Table 1 and were overall
similar between groups. The median age in the HMA group
was 64 years and the median age in the VEN + HMA group
was 68 years. For the HMA alone group, 92% of patients re-
ceived decitabine compared to only 8% of patients that re-
ceived azacitidine. The use of azacitidine and decitabine was
more evenly distributed in the VEN + HMA group. Prior
HMA therapy was reported in 18.4% of patients in the HMA
group compared to 25.6% of patients in VEN + HMA group.
All but two patients were started on antifungal prophylaxis
with VEN beginning cycle 1 day 1, with posaconazole and
fluconazole being the most frequently prescribed agents. In
most cases, the VEN ramp-up was prescribed according to
the current FDA-approved labelling for VEN. The ramp-up
and target dose aligned with the prescribed antifungal for 24
patients, whereas six patients were ramped up according to a
different schedule. Only one patient did not receive a ramp-up
for VEN.

Efficacy

A total of 21 patients in the HMA group and 31 patients in the
VEN + HMA group were included in the efficacy analysis. The
response rates for first-line and R/R settings are shown in Ta-
ble 2, with a higher ORR seen with the VEN + HMA group in
the R/R setting. ORR was lower with VEN + HMA compared
to HMA in the first-line setting (67% vs. 80%) but with a sam-
ple triple the size of HMA (n= 15 vs. n =5). The rate of MLFS
was higher with VEN in the first-line setting, but lower with
VEN in the R/R setting. A higher number of patients who re-
ceived VEN + HMA compared to HMA achieved transfusion
independence (45% vs. 14%), and this trend was consistently
seen across first-line and R/R settings. The clinical benefit ac-
cording to response in the total efficacy cohort was 82% vs.
71% with VEN + HMA and HMA, respectively, which further
breaks down to 87% vs. 80% in the first-line, and 75% vs. 67%
in the R/R setting.
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In the total cohort, the median time to response was longer
with VEN + HMA compared to HMA alone in the first-line set-
ting (1.9 vs. 1.3 months). The median duration of response was
longer with VEN + HMA first-line, but shorter in the R/R setting
compared to HMA (8.3 vs. 7.2 months) and (2.5 vs. 3.7 months),
respectively. A total of five patients subsequently received a
bone marrow transplant, all of which were in the HMA group.

Risk stratification

Of the 32 patients who responded to therapy, 63% had a com-
plex karyotype and the most commonly reported aberrations
were located at ASXL1, RUNXI, TET2, and TP53. Genomic
abnormalities were characterized in patients who received
clinical benefit (CR/CRi/MLFS) and are shown in Table 3,
with 22 patients with VEN + HMA and 10 patients with HMA
alone achieving benefit. A similar proportion of responding
patients for each treatment were classified as poor-risk disease
(VEN + HMA: 82% vs. HMA alone: 80%). In responding pa-
tients, a greater proportion of patients in the HMA group had
a complex karyotype compared to VEN + HMA patients (70%
vs. 59%).

Survival

In the first-line and R/R settings, the median progression-free
survival (PFS) was slightly longer with VEN + HMA com-
pared to HMA alone (median 8.9 vs. 7.3 months and median
4.3 vs. 3.0 months, respectively). Regarding OS, it appeared
that a bigger difference was seen with VEN + HMA in both
the first-line and R/R setting (median 11.0 vs. 7.3 months and
median 8.4 vs. 4.9 months, respectively) (Fig. 2).

Safety

Toxicities are shown in Table 4. A dose delay at any point in
therapy was reported in 34% of patients in the HMA group and
68% of patients with VEN + HMA. The incidence of HMA-
specific dose reductions was twice as high in the VEN + HMA
group and 38% of patients had a VEN-specific dose reduction.
Grade 3/4 neutropenia occurred in 76% of patients with HMA
and 100% of patients with VEN + HMA. Profound neutro-
penia, defined as ANC < 100/uL, was reported in 74.3% of
patients who received VEN + HMA. Grade 3/4 thrombocyto-
penia occurred in most patients in either group.

A total of 20 patients received cycle 1 treatment while
hospitalized. Of the 58 non-hospitalized patients, 19 (33%)
required hospitalization due to infection and 23 (40%) re-
quired hospitalization due to febrile neutropenia. Comparing
hospitalizations between VEN + HMA and HMA, this further
breaks down to 41% vs. 24% for suspected infection, and 38%
vs. 41% for febrile neutropenia, respectively. There were three
cases of TLS reported with VEN. All three cases received al-
lopurinol prophylaxis and required intervention including
hydration, rasburicase, and phosphate binders. One required
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103 patients identified by Inclusion criteria:

orders for HMA +/- VEN
according to specified

treatment date and location e Received at least one dose of

e Diagnosis of AML

HMA +/- VEN at The James

26 patients excluded from study|
due to involvement on clinical

trial or receipt of VEN without |—

HMA or in combination with a
different agent

between June 1, 2017 and
December 5, 2019

Inclusion for efficacy analysis:

e Received either 28 days of
venetoclax or reached Cycle
2, Day 1 of azacitidine or
decitabine

77 patients enrolled (total
cohort)

Exclusion criteria:

e Clinical trial
e Protected populations

Safety analysis, N=77

25 patients excluded from
efficacy analysis due to not
reaching minimum length of

treatment

— 38 patients HMA

Efficacy analysis, N=52

— 39 patients VEN+HMA

— 21 patients HMA

—] 31 patients VEN+HMA

Figure 1. The selection process for study enroliment. Records were identified by electronic orders according to treatment date
and location criteria. Diagnosis and treatment were verified creating the total cohort, all of which were included in the safety
analysis. The efficacy analysis was comprised of patients that received the minimum length of treatment as specified.

renal replacement therapy.

dose escalation and expansion study in which patients received
VEN in combination with decitabine or azacitidine. Out of 145
newly diagnosed patients with a median age of 74 years, 67%

Discussion of enrolled patients achieved a CR including those with in-
complete count recovery. Patients with poor-risk cytogenetics
Initial approval for VEN was based on the results of a phase 1b achieved a complete response of 60%. Most common adverse
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Table 1. Baseline Characteristics

Variable HMA (n = 38) VEN + HMA (n = 39) P-value

Age at start of treatment 64.6+13.2 68.4 + 15.1 0.24

Performance status, n (%) 0.05
0 10 (26.3) 2(5.1)

1 18 (47.4) 26 (66.7)
2 9(23.7) 10 (25.6)
3 1(2.6) 1 (2.6)
eGFR < 60 mL/min, n (%) 9(23.7) 8(20.5) 0.79
Comorbid conditions, n (%)
Pulmonary 11 (29.0) 14 (35.9) 0.63
Cardiac 23 (60.5) 30 (76.9) 0.14
Renal 7(18.4) 7 (18.0) 1.0
Hepatic 0 (0) 1(2.6) 1.0

AML diagnosis, n (%) 1.0
Primary 23 (60.5) 24 (61.5)

Secondary 15 (39.5) 15 (38.5)

Risk level, n (%) 1.0
Poor 32 (86.5) 32 (82.1)

Intermediate 3(8.1) 4(10.3)
Good 2(5.4) 3(7.7)

Complex karyotype, n (%) 27 (71.1) 22 (56.4) 0.24

FLT3-ITD? 0 (0) 2(5.3) 0.49

FLT3-TKD? 1(2.7) 3(7.9) 0.61

NPM1? 2(5.4) 5(13.2) 0.43

Line of therapy, n (%) 1.0
Newly diagnosed 21(55.3) 22 (56.4)

Relapsed or refractory 17 (44.7) 17 (43.6)

Past HMA use, n (%) 7(18.4) 10 (25.6) 0.58

HMA selection <0.001
Azacitidine 3(7.9) 22 (56.4)

Decitabine 35(92.1) 17 (43.6)

Fungal prophylaxis, n (%) n/a 36 (92.5) n/a
Posaconazole n/a 13 (37.8) n/a
Voriconazole n/a 1(2.7) n/a
Fluconazole n/a 12 (32.4) n/a
Isavuconazole n/a 7(18.9) n/a
Caspofungin n/a 3(8.1) n/a

20ne patient in each group did not have cytogenetic data. AML: acute myeloid leukemia; eGFR: estimated glomerular filtration rate; VEN: venetoclax;

HMA: hypomethylating agent.

effects included grade 3/4 hematological toxicities and grade
1/2 gastrointestinal toxicities [11]. Moreover, the confirmatory
phase 3 multicenter, randomized, double-blind, placebo-con-
trolled trial of 431 patients produced consistent results with a
composite CR of 67% further supporting the addition of VEN
to azacitidine for newly diagnosed AML [12].

Another study conducted by DiNardo et al investigated the
combination of VEN with HMA beyond the first-line setting. A
single-center, phase 2 study at the University of Texas MD An-
derson Cancer Center enrolled 168 patients that evaluated the
induction regimen of 10-day decitabine and VEN in first and
subsequent lines of therapy for AML including untreated and
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Table 2. Response Rates

Response HMA VEN + HMA
Total population n=21 n=31
ORR (CR/CRi), n (%) 6/14 (42.9) 16/27 (59.3)
CR, n (%) 2/14 (14.3) 4/27 (14.8)
CRi, n (%) 4/14 (28.6) 12/27 (44.4)
MLFS, n (%) 4/14 (28.6) 6/27 (22.2)
Clinical benefit rate (CR/CRi/MLFS) 10/14 (71.4) 22/27 (81.5)
TI, n (%) 3/21 (14.3) 14/31 (45.2)
First-line n=9 n=18
ORR (CR/CRi), n (%) 4/5 (80.0) 10/15 (66.7)
CR, n (%) 1/5 (20.0) 4/15 (26.7)
CRi, n (%) 3/5 (60.0) 6/15 (40.0)
MLES, n (%) 0/5 (0) 3/15 (20.0)
Clinical benefit rate (CR/CRi/MLEFS) 4/5 (80.0) 13/15 (86.7)
TI, n (%) 2/9 (22.2) 11/18 (61.1)
Relapsed or refractory n=12 n=13
ORR (CR/CRIi), n (%) 2/9 (22.2) 6/12 (50.0)
CR, n (%) 1/9 (11.1) 0/9 (0)
CRi, n (%) 1/9 (11.1) 6/12 (50.0)
MLFS, n (%) 4/9 (44.4) 3/12 (25.0)
Clinical benefit rate 6/9 (66.7) 9/12 (75.0)
TI, n (%) 1/12 (8.3) 3/13 (23.1)

Seven of 21 HMA patients had no biopsy data, and four of 31 VEN + HMA patients had no biopsy data. VEN: venetoclax; HMA: hypomethylating
agent; CR: complete remission; ORR: overall response rate; CRi: CR with incomplete count recovery; MLFS: morphological leukemia-free state; Tl:

transfusion independence.

previously treated secondary AML and R/R AML. Following
induction, decitabine was reduced to 5 days for consolidation.
The ORR was 74% with response rates ranging from 61% to
almost 90% in the various disease subgroups. Unsurprisingly,
the common adverse events were infection-related, grade 3 or
4 neutropenia, and febrile neutropenia [13].

Expectedly, patients showed response to VEN + HMA in
our study. For newly diagnosed patients with AML, the com-
bined CR/CRi rate was numerically lower with VEN + HMA
compared to HMA (67% vs. 80%) which may appear surpris-

Table 3. Comparisons of Risk Stratification by Treatment in
Benefiting Patients (CR/CRIi/MLFS)

Risk level HMA (n = 10) ZEVZ;)HMA
Good, n (%) 0 (0) 3(13.6)
Intermediate, n (%) 2 (20.0) 1(4.5)

Poor, n (%) 8 (80.0) 18 (81.8)
Complex karyotype, n (%) 7 (70.0) 13 (59.1)

VEN: venetoclax; HMA: hypomethylating agent; CR: complete remis-
sion; CRi: CR with incomplete count recovery; MLFS: morphological
leukemia-free state.

ing initially. Although not consistent with the findings from
the reference DiNardo study, the percent CR/CRi was similar
to the 67% reported in their original article, and our study also
included a higher number of high-risk patients (82% vs. 25%).
The lower rates seen with VEN + HMA frontline in our study
might be explained by a substantially larger sample size com-
pared to HMA (VEN + HMA = 15 vs. HMA = 5). Above all,
we do not feel this finding supports use of HMA alone over
VEN + HMA, especially since when looking at CR only and
the clinical benefit rate, VEN + HMA appeared to achieve a
better response.

Until recently, the combination of VEN + HMA had only
been evaluated in patients with newly diagnosed AML. Al-
though it is supported in the National Comprehensive Cancer
Network (NCCN) guidelines, there has yet to be a second FDA
approval for this indication. This study adds to the literature
by including patients with R/R disease and describes response
to VEN + HMA in a real-world setting. Furthermore, Figure
2c and d suggests there may be an OS benefit in both lines of
therapy, but larger studies are needed for a stronger statistical
analysis with greater representation of favorable-risk NPM1-
mutated disease to investigate any improvement in survival.

Compared to HMA, VEN + HMA demonstrated a longer
PFS, but a more pronounced separation was seen with OS.
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Table 4. Toxicity

Toxicity HMA (n = 38) VEN + HMA (n = 39) P-value
Dose delay 13 (34.2) 27 (69.2) 0.003
Dose reductions
HMA 4 (10.5) 8(20.5) 0.35
VEN n/a 15 (38.5) n/a
Grade 3/4 neutropenia (ANC < 1,000/uL) 29 (76.3) 39 (100) 0.001
Profound neutropenia (ANC < 100/pL) 20 (52.6) 29 (74.4) 0.06
Recovered 10/20 (50.0) 20/29 (69.0) 0.24
Duration (days), median (Q, - Q;) 13.0 (3.0 - 32.0) 7.5(5.5-18.0) 0.64
Grade 3/4 thrombocytopenia (platelets < 100,000/uL) 35(92.1) 37 (94.9) 0.67
Grade 3/4 serum creatinine increase 3(7.9) 4(10.3) 1.0
Laboratory TLS 0/6 (0) 3(7.7) 1.0

ANC: absolute neutrophil count; VEN: venetoclax; HMA: hypomethylating agent; TLS: tumor lysis syndrome.

It is important to recognize that even though VEN + HMA
therapy likely achieves a deeper remission, patients are still at
risk for relapse. These patients may live longer allowing the
opportunity to receive other treatments including low-dose
cytarabine or a targeted agent subsequently. Duration of re-
sponse was longer with VEN + HMA in the first-line setting,
but was shorter in the R/R setting which could partly be due
to the increased toxicities seen with VEN coupled with heav-
ily pre-treated disease. Most notably, severe neutropenia led
to frequent dose delays and reductions in some patients with
multiple therapy interruptions ultimately contributing to treat-
ment failure.

Surprisingly, the median time to response was longer with
VEN + HMA compared to HMA alone (1.9 vs. 1.3 months).
This could be due to a difference in timing of the bone mar-
row assessment, as we typically perform a biopsy after the first
cycle of VEN + HMA; however, this practice is not standard.
As reported, greater hematological toxicities were observed in
VEN + HMA which could have led to delays in completing the
first or second cycle.

A number of patients with poor-risk cytogenetics were
included in this study, and many demonstrated a response to
therapy making up about 80% of patients who responded. In-
terestingly, a lower proportion of responding VEN + HMA pa-
tients had a complex karyotype compared to patients respond-
ing to HMA alone (59% vs. 70%). Previous data have shown
that patients with TP53 mutations may particularly respond
better to decitabine [17]. Consequently, these data have pushed
common practice at our institution towards decitabine as the
HMA of choice for poor-risk AML, and whether to add VEN
remains debatable. It is likely that the choice of HMA could
have influenced our results as patients who received HMA
monotherapy were more likely to receive decitabine (92% vs.
8%), but in the VEN + HMA group, a higher number of pa-
tients received azacitidine (56% vs. 44%). Undoubtedly, larger
studies that better represent patients with poor-risk disease are
needed to capture the potential benefit, if any.

All five recipients of a subsequent bone marrow transplan-
tation (BMT) were in the HMA group. Although only specula-
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tion, this may be explained by the decreased likelihood that pa-
tients who received VEN + HMA will sustain adequate count
recovery to advance to transplant. Additionally, patients who
remained aplastic or at most reached MLFS may not be good
candidates for transplant overall. Finally, the increased tox-
icities seen with VEN + HMA could have precluded patients
from receiving any additional therapy.

Periods of neutropenia and thrombocytopenia may have
hindered subsequent dosing as a handful of patients never
achieved count recovery. The prolonged cytopenias seen par-
ticularly in the VEN + HMA group can be difficult to eluci-
date as it could be a direct adverse effect of the therapy or
it could be a sign of treatment failure and the presence or
progression of disease. This relationship is most challenging
during the first few cycles where many patients often have
pancytopenia secondary to uncontrolled disease; however, the
introduction of VEN + HMA could extend time to count re-
covery indefinitely in certain cases. Toxicities were greater
with VEN + HMA with an overwhelming majority of patients
who experienced grade 3/4 neutropenia. The rates of grade
3/4 neutropenia and thrombocytopenia in the total population
were much higher in our study compared to the DiNardo ref-
erence study (100% vs. 71% and 94% vs. 53%, respectively).
This led to frequent dose delays and reductions, but manage-
ment strategies differed across practice - for some patients,
VEN was reduced from 28 to 21 days per cycle whereas in
other cases, the dose of VEN was reduced but the duration
remained the same.

The use of granulocyte colony-stimulating factor (G-CSF)
remains highly variable at our institution and has evolved over
the course of the study period. This intervention was not as-
sessed in our study; however, it would be interesting to com-
pare hematological recovery in patients that received G-CSF
versus those that did not and whether it resulted in fewer treat-
ment delays and dose reductions. While the use of G-CSF may
come with added controversy due to the theoretical risk of
stimulating any remaining myeloid blasts in scenarios where
morphological evidence of disease is unknown, this point of
interest may be worth further exploring as a strategy to cir-
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cumvent hematological toxicities and subsequent dose delays.

The rate of hospitalization for infection and/or febrile neu-
tropenia was consistent with the high rates of neutropenia seen
in both groups. The breakdown of infections consisted mostly
of bacterial infections with a handful of suspected infections
that were never confirmed and did not result in definitive ther-
apy.

Most patients were started on appropriate antifungal
prophylaxis with many following the recommended ramp-up
schedule provided in the prescribing information for VEN.
Seven patients received a VEN ramp-up that differed from the
approved dosing schedule or did not receive a ramp-up at all,
exclusively prior to FDA approval and the updated labelling.
TLS occurred at a higher rate in our study compared to none
reported by DiNardo et al. Of the three cases of TLS report-
ed, one did require renal replacement therapy for acute renal
failure that was attributed to VEN; however, the patient did
not follow the ramp-up dosing schedule correctly, which was
presumed to explain the severity of TLS. Another patient was
assigned the correct dosing schedule, but due to TLS, was only
ramped up to 100 mg. The third patient adhered to the assigned
ramp-up of 200 mg with concomitant fluconazole.

The appropriate dose adjustment for VEN with concomi-
tant antifungals has sparked great discussion. At our institution
we recently changed the target dose for VEN from 70 to 100
mg when given with posaconazole out of concern for subop-
timal response. Of note, this change occurred after data col-
lection for this study was complete. As we accumulate more
patients’ post-modification, it will be interesting to investigate
if there are differences observed between patients that received
70 mg versus 100 mg of VEN concomitantly with posacona-
zole. How drug interactions, particularly antifungals, are ad-
dressed is something that continues to evolve and with more
data becoming available with VEN in these populations, this is
hopefully an area that will gain better clarity.

Limitations of this study were the retrospective nature,
single-institution population, the small sample size and short
follow-up period. There was variation among the dosing for
VEN ultimately based on the timing of therapy in relation to
FDA approval. As a result, the ramp-up schedule for VEN was
not universally established initially, particularly in the pres-
ence of antifungals, which created differences in target doses
achieved. The decision of which HMA to use was based on in-
stitutional and provider practice which could have introduced
selection bias when evaluating criteria such as past HMA ther-
apy and risk stratification. Finally, it is difficult to fully assess
adherence with oral chemotherapy retrospectively.

With VEN + HMA use widely expanding, one unanswered
question that remains is how it compares to intensive chemo-
therapy. Our institution frequently sees patients with high-risk
disease or those who have multiple comorbidities where in-
tensive chemotherapy and transplant consolidation is more
controversial, making VEN + HMA an appropriate treatment
option. Selection bias could make studying these two arms
challenging as others have commented in their retrospective
reviews [18], but prospective clinical trials are needed to de-
termine if VEN + HMA could ever compete with the efficacy
seen in cytarabine-based induction and consolidation.

The placement of VEN + HMA in therapy may continue
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to shift as new studies evaluate the combination of HMA with
other targeted therapy. For example, with the recent FDA ap-
proval of ivosidenib in combination with azacitidine for first-
line therapy, we may begin to see this treatment used upfront
in patients with IDH1 mutations and reserve VEN + HMA
for subsequent therapy. Montesinos et al evaluated the use of
azacitidine and ivosidenib compared to azacitidine and place-
bo in 146 patients and reported an event-free survival of 22.9
vs. 4.1 months, respectively [19]. However, additional data
are needed to directly compare these combination therapies
against one another to shape best sequence.

Use of VEN in patients harboring targetable mutations
may expand with more research as initial studies suggest VEN
with azacitidine may still respond well in the presence of FLT3
or IDH mutations. While patients with targetable mutations did
not make up a large percentage in our study, other studies have
reported similar outcomes between newly diagnosed wildtype
and mutated disease. For example, Konopleva et al reported
a composite CR rate of 67% for both FLT3-mutant and FLT3
wildtype patients when comparing VEN and azacitidine to
azacitidine alone, with FLT3-TKD patients obtaining higher
CRc (CR + CRi) rates compared to FLT3-ITD (77% vs. 63%)
[20]. Pollyea et al reported a similar pattern in improved re-
sponse rates with the addition of VEN to azacitidine compared
to azacitidine alone (63% vs. 31%) and suggested that patients
with IDH1/2 mutations and poor risk cytogenetics appeared
to still perform well compared to wildtype (intermediate-risk,
24.5 months; poor-risk NR vs. intermediate-risk, 19.2 months;
7.4 months) [21]. Furthermore, it will be valuable to explore
triplet therapy in patients with targetable mutations as that has
become a point of interest in practice. Recently, we have had
a few select cases at our institution where VEN + HMA was
used in combination with gilteritinib in relapsed FLT3-positive
AML. Early phase studies have suggested safe and efficacious
use with VEN + HMA alongside FLT3-targeted therapy; how-
ever, variation in drug selection, dose reductions and course
length must be further deduced [22].

The efficacy findings in our study are largely consistent
with what has been shown with use of this therapy. VEN in
addition to HMA has already become the standard of care at
our institution for older adults with AML who lack targetable
mutations. However, the rates of neutropenia may disqualify
many patients from remaining on this combination therapy.
This study may prompt discussions and create opportunities
for standardization of neutropenia management and dose ad-
justments with VEN. Given the toxicity concerns associated
with VEN, greater selectivity regarding tolerability is to be ex-
pected when choosing appropriate candidates for this therapy,
and increased monitoring is likely required. Future findings
may collectively encourage revaluation of current package la-
belling and the proposed dose adjustments with concomitant
antifungals.

Conclusion

The use of induction VEN and HMA may offer a clinical ben-
efit in both lines of therapy when compared to HMA mono-
therapy, including those with adverse cytogenetics. However,
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VEN is associated with greater hematological toxicities, in-
cluding prolonged and profound neutropenia. Further prospec-
tive trials are warranted to further evaluate its place in therapy
and define best practices to manage toxicity.
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