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Adding the selective BCL-2 inhibitor venetoclax to reduced-intensity conditioning chemother-

apy (fludarabine and busulfan [FluBu2]) may enhance antileukemic cytotoxicity and thereby

reduce the risk of posttransplant relapse. This phase 1 study investigated the recommended

phase 2 dose (RP2D) of venetoclax, a BCL-2 selective inhibitor, when added to FluBu2 in adult

patients with high-risk acute myeloid leukemia (AML), myelodysplastic syndromes (MDS),

and MDS/myeloproliferative neoplasms (MPN) undergoing transplant. Patients received dose-

escalated venetoclax (200-400 mg daily starting day 28 for 6-7 doses) in combination with

fludarabine 30 mg/m2 per day for 4 doses and busulfan 0.8 mg/kg twice daily for 8 doses on

day 25 to day 22 (FluBu2). Transplant related–toxicity was evaluated from the first veneto-

clax dose on day 28 to day 28. Twenty-two patients were treated. At study entry, 5 patients

with MDS and MDS/MPN had 5% to 10% marrow blasts, and 18 (82%) of 22 had a persistent

detectable mutation. Grade 3 adverse events included mucositis, diarrhea, and liver transami-

nitis (n 5 3 each). Neutrophil/platelet recovery and acute/chronic graft-versus-host-disease

rates were similar to those of standard FluBu2. No dose-limiting toxicities were observed.

The RP2D of venetoclax was 400 mg daily for 7 doses. With a median follow-up of 14.7

months (range, 8.6-24.8 months), median overall survival was not reached, and progression-

free survival was 12.2 months (95% confidence interval, 6.0-not estimable). In patients with

high-risk AML, MDS, and MDS/MPN, adding venetoclax to FluBu2 was feasible and safe. To

further address relapse risk, assessment of maintenance therapy after venetoclax plus FluBu2

transplant is ongoing. This study was registered at clinicaltrials.gov as #NCT03613532.

Introduction

Cytogenetic and molecular risk profiles identify patients with myelodysplastic syndromes (MDS) or acute
myeloid leukemia (AML) at high risk of disease relapse and short overall survival (OS) even after alloge-
neic hematopoietic cell transplantation (allo-HCT).1,2 Persistent genomic evidence of measurable residual
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Key Points

� Adding venetoclax to
FluBu2 reduced-
intensity conditioning
transplant did not
impair engraftment or
induce excessive
graft-versus-host
disease.

� Monitoring
measurable residual
disease by ultra-
sensitive duplex
sequencing revealed
complex clonal
dynamics before and
after transplant.
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disease (MRD) is another determinant of disease relapse.3-6

Although myeloablative conditioning strategies may have the poten-
tial to overcome these obstacles, not all patients are candidates due
to advanced age or medical comorbidities, and thus reduced-
intensity conditioning (RIC) approaches are required.7 However,
increasing the intensity of conditioning therapy is inadequate to
overcome the negative impact of select high-risk mutations, espe-
cially TP53.2 Optimizing the antileukemic activity of an RIC chemo-
therapy regimen for patients with these high-risk disease features is
one strategy to prevent posttransplant relapse.

BH3 profiling AML myeloblasts at diagnosis has identified subpopu-
lations with decreased mitochondrial apoptotic priming status (readi-
ness to undergo apoptosis) that may contribute to disease
relapse.8,9 Myeloblasts with relatively low apoptotic baseline priming
status exhibit BCL-2 dependence, and this vulnerability can be
exploited with venetoclax, a highly selective, orally bioavailable BCL-
2 inhibitor.8,9 Based on high response rates and improved OS, ven-
etoclax was approved in combination with low-dose cytarabine10 or
hypomethylating agents for the treatment of patients with newly
diagnosed AML ineligible for intensive chemotherapy.11 We hypoth-
esized that the addition of venetoclax to RIC chemotherapy could
reduce the risk of posttransplant relapse. Here, we report the safety
and preliminary efficacy of adding venetoclax to fludarabine and
busulfan (FluBu2) chemotherapy in patients undergoing transplant
for high-risk MDS, MDS/myeloproliferative neoplasms (MDS/MPN),
and AML.

Methods

Study participants

This phase 1 clinical trial was conducted at the Dana-Farber Cancer
Institute and Brigham and Women’s Hospital (Boston, MA). The
study was approved by the Dana-Farber Cancer Institute Institu-
tional Review Board and was conducted in accordance with the
principles of the Declaration of Helsinki. This study was registered
at clinicaltrials.gov as #NCT03613532. All patients provided written
informed consent before enrollment.

Patients were enrolled from October 2018 through January 2020.
Eligible patients were at least 18 years old and had an Eastern
Cooperative Oncology Group (ECOG) performance status (PS) of
0 to 2, adequate organ function, an available 8 of 8 HLA-matched
related or unrelated donor with peripheral blood stem cells as
source, and a diagnosis of one of the following: (1) high-risk AML
defined as adverse risk per European LeukemiaNet (ELN) criteria,12

secondary (history of antecedent hematologic malignancy or therapy
related) or secondary-type ontogeny,13 or persistent MRD by multi-
parameter flow cytometry ($0.1%) despite morphologic remis-
sion14,15; (2) high-risk MDS defined as International Prognostic
Scoring System intermediate-2 or high at diagnosis, therapy-related,
or mutation in TP53 or in the RAS pathway2; or (3) high-risk chronic
myelomonocytic leukemia or MDS/MPN-unclassifiable defined by
the presence of trisomy 8, chromosome 7 abnormalities, or complex
karyotype16 or a mutation in ASXL1.17 Due to recent frontline vene-
toclax combination therapy approval in elderly patients with AML,
the protocol was subsequently amended to allow prior venetoclax
exposure. Patients with MDS or MDS/MPN were required to enter
the study with #10% marrow blasts, and those with AML were
required to be in complete remission/complete remission with

incomplete hematologic recovery (CR/CRi) (,5% marrow blasts)
according to morphologic examination. Persistent flow or next-
generation sequencing (NGS) MRD on screening marrow was
allowed but not required. Patients with a history of prior allo-HCT or
eligible to receive a myeloablative transplant were excluded.

Study design and treatment

The primary objective was to determine the safety, maximum toler-
ated dose (MTD)/recommended phase 2 dose (RP2D), and sched-
ule of venetoclax in combination with RIC chemotherapy, FluBu2,
for patients with high-risk AML, MDS, and MDS/MPN overlap syn-
dromes undergoing allo-HCT. The secondary objectives included
estimation of OS, progression-free survival (PFS), CR rate, nonre-
lapse mortality (NRM), cumulative incidence of relapse, and acute
and chronic graft-versus-host-disease (GVHD). Following the deter-
mination of MTD/RP2D using a standard 3 1 3 design, a
10-patient dose expansion cohort was used to confirm safety.
Patients who received at least 1 dose of venetoclax on trial were
considered evaluable for all study end points.

Patients were hospitalized from day 28 until at least day 1 for moni-
toring of tumor lysis syndrome (TLS). Venetoclax was administered
without intra-patient ramp-up starting on day 28 (dose level [DL] 1,
200 mg per day on days 28 through 23 [6 doses]; DL2, 200 mg
per day on days 28 through 22 [7 doses]; and DL3, 400 mg per
day on days 28 through 22 [7 doses]). FluBu2 consisted of fludar-
abine 30 mg/m2 per day administered as a bolus intravenous infu-
sion over �30 minutes once a day on days 25 through 22 and
busulfan 0.8 mg/kg administered intravenously twice daily (�12
hours apart) over 3 hours on days 25 through 22 for a total of
8 doses. Allopurinol was given on days 28 through 22. Peripheral
blood stem cells were infused on day 0 (target dose of 5 3 106

CD341 cells/kg). GVHD prophylaxis included tacrolimus (beginning
on day 23, target trough 5-10 ng/mL) and methotrexate (5 mg/m2

on days 1, 3, 6, and 11). Tacrolimus was tapered beginning on day
100 at the treating physician’s discretion. Post-HCT cyclophospha-
mide, antithymocyte globulin, or T-cell depletion was not allowed.
Granulocyte colony–stimulating factor (5 mg/kg per day) was admin-
istered subcutaneously the day after the last methotrexate dose until
the absolute neutrophil count (ANC) was $0.5 3 109/L for at least
2 consecutive days. Antibiotic and antiviral prophylaxis were given
according to institutional guidelines. Posttransplant maintenance
therapy was not planned but was permitted in an isolated BCR-
ABL mutated AML case.

The dose-limiting toxicity (DLT) period began from the first dose of
venetoclax (day 28) to day 28 posttransplant (37 days). A DLT was
defined as an adverse event (AE) definitely, probably, or possibly
related to the study treatment (graded by using National Cancer
Institute Common Toxicity Criteria for Adverse Events, version 5.0)
including any treatment-related death, primary graft failure, delay in
neutrophil engraftment (defined as failure to achieve an ANC
$0.5 3 109/L by day 28 on at least 2 separate occasions .2
days apart by day 28), grade 4 or higher TLS or nonhematologic
organ toxicity, or grade 3 or higher veno-occlusive disease.
Common and expected transplant-related complications such as
grade 3 to 4 mucositis or acute GVHD were not considered DLT
events.
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Safety and response assessments

Acute and chronic GVHD events were graded at each study
visit.18,19 Response assessments were performed following ELN cri-
teria for AML,12 International Working Group criteria for MDS,20

and the proposed international consortium for MDS/MPN21 at
screening and at day 100, 6 months, and 12 months after
transplantation.

Sequencing and mutational analysis

Clinical and research-level NGS assays were performed on samples
collected at screening (pretransplant) and posttransplant. The clini-
cal 88 gene targeted sequencing assay (sensitivity estimated to be
3%) was performed in a Clinical Laboratory Improvement
Amendments–certified laboratory in real time.22 A research-level
duplex NGS assay was used in screening (pretransplant) and in
posttransplant MRD surveillance samples (59 bone marrow, 11
peripheral blood) allowing for more sensitive detection of persistent
variants (supplemental Table 1).

The supplemental Materials provide additional methods.

Statistical analysis

Clinical characteristics and safety and laboratory data were summa-
rized descriptively. Wilcoxon-rank-sum tests or Wilcoxon signed-
rank tests were used as appropriate. The maximum grade for each
type of AE was recorded for each patient. OS and PFS were esti-
mated by using the Kaplan-Meier method, and the log-rank test was
used for group comparison. Cumulative incidence of NRM and
relapse were estimated in the competing risks framework treating
each other as a competing event. Cumulative incidence of acute
and chronic GVHD were also estimated in the competing risks
framework treating relapse or death without developing GVHD as a
competing event. The Gray test was used for group comparison of
cumulative incidences.23 All P values were two-sided at the signifi-
cance level of .05 unless otherwise stated. All analyses were per-
formed by using SAS 9.4 (SAS Institute, Inc., Cary, NC), and R
version 3.6.1 (the CRAN project, www.cran.r-project.org).

Results

Patient and disease characteristics

The characteristics of all 22 patients are detailed in Table 1 and Fig-
ure 1. Three patients in each cohort were treated at DL1 and DL2,
and six patients were treated at DL3 during dose escalation. An
additional 10 patients were enrolled into an expansion cohort at the
highest planned DL (ie, DL3). There were 7 patients with AML (6 in
CR and 1 in CRi), 13 patients with MDS (4 in CR, 2 in marrow CR
with hematologic improvement [HI], 3 in marrow CR without HI, and
4 with excess blasts), and 2 patients with MDS/MPN (1 in CR and
1 with excess blasts). Five patients with AML had pretransplant
bone marrow aspirate samples assessed by using multiparametric
flow cytometry. Two patients with AML had flow MRD ,0.02%,
and 3 had flow MRD .0.02%. Six patients had therapy-related
MDS/AML after treatment of lymphoid malignancies (27%). Three
(14%) of 22 patients were previously treated with venetoclax. The
ECOG PS was 2 in 10 patients (45%) and an Hematopoietic Cell
Transplantation–specific Comorbidity Index (HCT-CI) score $4 in
12 patients (55%). Pretransplant TP53 mutations were detected in
12 patients (55%).

Safety

All planned venetoclax doses were administered without interruption.
The frequency and grade of toxicities were similar to those observed
with FluBu2 alone.23 No patients experienced a DLT at any dose,
and thus an MTD was not reached. Venetoclax 400 mg daily for 7
doses starting days 28 through 22 was identified as the RP2D.

The ANC did not decline below 0.5 3 109/L in 4 patients (18%).
Among 18 patients with conditioning-induced neutropenia, the
median time to neutrophil recovery was 15 days (range, 12-33
days) (Figure 2A). The platelet count did not decrease below
20000/mL in 14 patients (64%). In the remaining 8 patients, the
median time to achieve a platelet level .20000/mL was 14 days
(range, 10- 19 days). The day 28 and day 100 median donor-
derived chimerism values for leukocytes were 98% (range, 85%-
100%) and 99% (range, 69%-100%), CD331 granulocytes were
100% (range, 97%-100%) and 100% (range, 94%-100%), and

Table 1. Baseline demographic and clinical characteristics (N 5

22)

Characteristic Value

Age, median (range), y 64 (25-71)

Sex

Male 15 (68)

Female 7 (32)

ECOG PS at baseline

0-1 12 (55)

2 10 (45)

Histology

AML 7 (32)

MDS 13 (59)

MDS/MPN 2 (9)

Received antileukemic therapy pre-HCT 18 (82)

Prior venetoclax exposure 3 (14)

Disease/marrow status at time of transplantation

CR/Cri 12 (55)

Marrow CR 5 (23)

Excess blasts 5 (23)

Persistent abnormal cytogenetics at time of allo-HCT 12 (55)

TP53-mutated disease 12 (55)

Donor type

HLA-matched unrelated 20 (91)

HLA-matched related 2 (9)

HCT-CI

1 8 (36)

2-3 2 (9)

$4 12 (55)

Donor sex

Male 11 (50)

Female 11 (50)

Male recipient and female donor 7 (32)

Data are expressed as N (%) unless otherwise indicated.
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CD3 T cells were 78% (range, 40%-99%), and 89% (range, 48%-
100%), respectively (Figure 2B). Among 22 patients, the median
marrow chimerism at day 100 was 98% (range, 53%-100%). No
patients experienced primary or secondary graft failure.

The most common nonhematologic grade 3 AEs regardless of attri-
bution included alanine aminotransferase increase (n 5 3), diarrhea
(n 5 3), oral mucositis (n 5 2), and maculo-papular rash (n 5 4)
(Table 2). Grade 3 febrile neutropenia was observed in 2 patients
(9%) and grade 4 sepsis in 1 patient (5%). During the DLT period,
no new bacterial, viral, or fungal infections were reported. There was
no evidence of TLS or veno-occlusive disease. No deaths occurred
within 100 days of transplant.

Acute GVHD occurred in 12 of 22 patients (grade I, n 5 7; grade
II, n 5 4; grade III, n 5 1). The cumulative incidence of grade II to
IV acute GVHD events at 6 months was 23% (95% confidence
interval [CI], 8-42) (Figure 2C). One patient experienced grade III
acute GVHD involving the skin and gut at day 55, which was com-
plicated by grade IV acute kidney injury. No grade IV acute GVHD
event was observed. The cumulative incidence of moderate and
severe chronic GVHD at 1 year was 27% (95% CI, 11-47).

Outcomes

Overall, 9 (41%) of 22 patients had morphologic relapse (defined
as $5% blasts in the marrow or peripheral blood), including 3
(14%) before day 100. In this conditioning chemotherapy trial, there
was no planned posttransplant antileukemic treatment. One patient
with known BCR-ABL mutation was permitted to continue
post–allo-HCT ponatinib maintenance therapy. Early intervention for
persistent NGS-detected MRD or falling chimerism was left to
investigator discretion and commonly involved tapering immune sup-
pression when clinically feasible. Two of the 9 patients who had
morphologic relapse later achieved second remission (CR2; one
patient after tapering immunosuppression and one patient after che-
motherapy plus donor lymphocyte infusion). Four of the 5 patients

with AML in morphologic CR at day 100 with available flow MRD
had negative test results (,0.02%) (supplemental Table 2). Of the
3 patients who received a venetoclax-based combination regimen
(decitabine/venetoclax) before trial, all had TP53-mutated disease (1
t-MDS and 2 AML) and 2 ultimately had morphologic relapse on
study.

The median follow-up time among 14 surviving patients was 14.7
months (range, 8.6-24.8). For the entire cohort, OS and PFS at 1
year was 67% (95% CI, 43-83) and 53% (95% CI, 31-72), respec-
tively (Figure 3A). Median OS has not been reached, and median
PFS was 12.2 months (95% CI, 6.0-not estimable). The cumulative
incidence of relapse and NRM at 1 year were 37% (95% CI, 17-
57) and 9.4% (95% CI, 1.5-27), respectively (Figure 3B). Of the
8 patients who died, 6 deaths (27%) were attributed to relapsed
disease and 2 (9%) from transplant-related complications, including
one from GVHD on day 183 and one due to multiple causes (failure
to thrive, grade I skin GVHD, and pulmonary embolism) on day 267.

Univariable analysis was performed to identify risk factors for OS
and PFS. ECOG PS was the only factor that was associated with
OS and PFS (P 5 .0032 and P 5 .0002 for ECOG PS 2 vs 0-1,
respectively) (Figure 3C-D). Other factors, including age, sex mis-
match, CR or CR/CRi status, DRI (Disease Risk Index) score, HCT-
CI, cytomegalovirus serostatus, diagnosis, disease status, marrow
blast percentage at study entry, or number of mutations, were not
significantly associated with OS or PFS. Although limited by sample
size, a trend toward poor outcome was suggested in cases with a
pretransplant TP53 mutation compared with those without (supple-
mental Figure 1A-B).

Posttransplant MRD surveillance

Serial banked pre/post–allo-HCT samples were sequenced by
using duplex unique molecular identifier–tagged targeted NGS to
quantify abundance of somatic mutations before and after veneto-
clax plus FluBu2 transplantation. As expected in this cohort of high-

11

MDS AML MDS/MPN

Patient ID

Complex karyotype
TP53

ASXL1
SRSF2
U2AF1
SF3B1
EZH2

RUNX1

Other
MAPK signaling

Diagnosis

Complex Karyotype TP53-mutated Secondary ontogeny

16 20 7 4 18 1 9 5 3 13 14 22 2 19 6 10 8 21 12 15 17

Figure 1. Baseline disease and genetic profiles of study patients. Comutation plot of diagnostic mutations amenable to MRD tracking. Columns represent individual

patients, and rows represent clinical variables or the presence of mutation(s) identified at diagnosis or mutations at screening with VAF $2%. This VAF cutoff is suggestive

of a diagnostic mutation that was not confirmed at diagnosis due to lack of diagnostic sample or technical assay differences. Asterisk represents a BCR-ABL–mutated case

(detected by reverse transcriptase polymerase chain reaction).
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risk myeloid malignancies, most patients (18 of 22 patients [82%])
had persistent mutations detectable at time of transplantation (Fig-
ure 4A); individual patient mutations pre/post-transplant are shown
in supplemental Table 3). Seven (78%) of nine patients who experi-
enced morphologic relapse ($5% blasts) had a detectable pre-
transplant TP53 mutation. In total, 8 patients were MRD positive at
day 28 or day 100 (median variant allele fraction [VAF], 0.0053;
range, 0.0008-0.0332), of whom 6 eventually relapsed. In contrast,
just 3 (21.4%) of 14 patients who were MRD negative at these
early time points eventually relapsed, and all 3 had TP53 mutations.
Sequencing identified new mutations acquired at time of relapse
(Figure 4B) and mutation clearance after transplant, including in
TP53 (Figure 4C). Patient-level responses, including NGS sta-
tus and available flow MRD status, are detailed in supplemental
Table 1.

BH3 profiling

We questioned if measuring cellular readiness for apoptosis by
measuring cytochrome c release via BH3 profiling predicted

relapse. There were insufficient myeloblasts for study, but BH3 pro-
filing of monocyte populations from 12 patients (8 MDS, 1 MDS/
MPN, and 3 AML) suggested mitochondrial sensitivity to venetoclax
(unadjusted P 5 .07, one-sided) might associate with lack of
relapse by day 100 (supplemental Figure 2).

Discussion

The majority of individuals diagnosed with MDS/AML are aged .60
years and have high-risk disease. These patients typically require
RIC, which is associated with a high risk of relapse often within a
few months after transplantation before full development of a graft-
versus-leukemia effect.24 Thus, RIC conditioning strategies need to
be optimized to prevent early relapses.25 In an effort to more effec-
tively address residual disease before transplantation to prevent
early relapses and allow time for graft-versus-leukemia to develop,
we combined venetoclax with a standard RIC conditioning regimen
for MDS and AML based on strong preclinical rationale. Although
benefit may be extended to other prognostic groups, as a first step
we specifically focused enrollment on patients at the highest risk of
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relapse despite RIC allo-HCT, including patients with adverse-risk
AML according to ELN criteria, TP53 or RAS-pathway mutated
MDS, and ASXL1-mutated or complex karyotype MDS/MPN. Antia-
poptotic proteins are known to mediate resistance to chemotherapy.
Thus, combining venetoclax with busulfan was hypothesized to elimi-
nate residual disease. Indeed, our preclinical in vitro studies identi-
fied synergistic cell killing with combination venetoclax and busulfan
in human AML cell lines, justifying our approach (supplemental Fig-
ure 3).

This first report of our phase 1 study of venetoclax plus FuBlu2 con-
ditioning found that the combination is safe with an RP2D of 400
mg/d of venetoclax for 7 doses starting day 28 of the FluBu2 regi-
men. The addition of venetoclax did not increase risk of infection,
impair donor engraftment, or induce excessive acute or chronic
GVHD. Based on the limited clinical activity of single-agent veneto-
clax and preclinical combination data, we purposefully designed the
treatment schedule to maximize overlap of venetoclax and condition-
ing chemotherapy.26 A venetoclax dose exceeding 400 mg/d, which
is the optimal venetoclax dose with hypomethylating agents in terms
of response and risk-benefit ratio, was not tested in the dose esca-
lation schema to avoid excessive gastrointestinal toxicity immediately
posttransplant and because biological activity was observed at this
dose.27 Our goal was to combine venetoclax with FluBu2 to add
selective antileukemic activity rather than broadly increase intensity
for marrow ablation. Although we enrolled a relatively sick patient
population with 55% of the patients having an HCT-CI score $4,
no DLTs were observed, and the MTD of venetoclax plus FluBu2
was not reached. With the now prominent role of venetoclax in the

older AML treatment landscape, which occurred during the conduct
of this study, it would be difficult to limit enrollment to venetoclax-
naive patients for an RIC allo-HCT study. We have insufficient data
(n 5 3) to conclude whether prior venetoclax exposure decreases
the potential benefit of venetoclax-based conditioning chemother-
apy, and this topic deserves further study.

Venetoclax plus FluBu2 conditioning provided durable disease con-
trol in a cohort of high-risk patients as defined by ontogeny and
genetics. With a median follow-up of 14.7 months, 11 (50%) of 22
patients remain alive and without morphologic evidence of leukemia
since study entry. Median OS has not yet been reached. Although
the presence of a TP53 mutation was still associated with high risk
of relapse, 6 of 12 TP53-mutated patients (50%) are alive, including
3 without disease recurrence after transplant.

In this study, we additionally performed serial MRD-depth NGS
assessments before and after venetoclax plus FluBu2 transplant.
We found that ultra-sensitive duplex sequencing in the post–allo-
HCT setting revealed the kinetics of early mutation clearance, identi-
fied relapse-specific mutations, and provided dynamic surveillance
of poor-risk mutations. Persistent genetic MRD at day 28 and day
100 identified all but 3 cases that ultimately relapsed posttransplant.
Thus, day 28 or day 100 is suspected to be the critical time point
to consider early withdrawal of immunosuppression or initiation of
posttransplant maintenance therapy for MRD-positive patients to
prevent disease relapse. Dynamic MRD evaluation further identified
patients with pretransplant TP53 mutations who became MRD neg-
ative after venetoclax plus FluBu2 and remain in clinical remission,
suggesting some patients with poor-risk mutations may not require
additional posttransplant intervention.

The current study represents an important step in the effort to opti-
mize transplant conditioning for higher risk patients undergoing RIC
allogeneic transplants. Additional interventions could be combined
with venetoclax-based conditioning to further reduce relapse risk,
including early withdrawal of immune suppression, donor lympho-
cyte infusion, or maintenance therapy with targeted agents such as
sorafenib in cases of FLT3-mutated AML.28,29 Posttransplant main-
tenance with hypomethylating agent therapy, which is hypothesized
to regulate the graft-versus-leukemia effect and graft-versus-host dis-
ease effects, is feasible but insufficient to reduce relapse risk.30–32

Because patients with persistent posttransplant MRD in our study
still had an increased risk of relapse, we have amended the trial to
separately assess the safety and efficacy of posttransplant mainte-
nance therapy with hypomethylating agents and venetoclax following
venetoclax plus FluBu2 transplantation (#NCT03613532).

Our conditioning approach may need to be modified as the thera-
peutic landscape changes for MDS and AML before transplantation.
Venetoclax may induce MCL1 dependence in residual myeloblasts,
and thus targeting other antiapoptotic proteins may be necessary
with recent changes to frontline AML therapies for older patients (ie,
venetoclax plus hypomethylating agent).11,33 Our data contribute to
the growing body of evidence supporting the use of a venetoclax
add-on strategy to a chemotherapy backbone.34–37 The addition of
venetoclax to other RIC (including fludarabine/melphalan) and mye-
loablative conditioning regimens for patients with high-risk disease
undergoing transplant might also be of interest to reduce relapse
risk and requires investigation to confirm safety.38,39 Although not
assessed in this trial, and we are waiting for BMT CTN 1703
results, we anticipate that the addition of posttransplant

Table 2. Summary of grade 3 or higher treatment-emergent

adverse events according to CTCAE version 5.0

AEs regardless of attribution Grade 3 Grade 4

Acute kidney injury — 1 (5)

Alanine aminotransferase increased 3 (14) —

Anorexia 1 (5) —

Aspartate aminotransferase increased 2 (9) —

Bone pain 1 (5) —

Depression 1 (5) —

Diarrhea 3 (14) —

Disease progression 2 (9) —

Esophageal pain 1 (5) —

Fatigue 1 (5) —

Febrile neutropenia 2 (9) —

Hematuria 1 (5) —

Hyperglycemia 1 (5) —

Mucositis oral 2 (9) —

Neutrophil count decreased 2 (9) 4 (18)

Platelet count decreased 6 (27) 3 (14)

Pleural effusion 1 (5) —

Rash maculo-papular 4 (18) —

Sepsis — 1 (5)

Vascular access complication 2 (9) —

White blood cell decreased 1 (5) 4 (18)

Data are expressed as N (%). CTCAE, Common Toxicity Criteria for Adverse Events.
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cyclophosphamide for GVHD prophylaxis may require additional
safety assessment if given after the venetoclax/FluBu2 conditioning
regimen.40,41 Biomarkers such as BH3 profiling assays may help to
identify potential responders to venetoclax-based treatment strate-
gies. In the pretransplant setting, BH3 profiling of myeloblasts was
not feasible due to low cell numbers. Although the significance of
BH3 profiling of non-myeloblasts is not clear, the apoptotic priming
status of progeny of the malignant clone such as monocytes in
MDS and MDS/MPN cases may provide insight into initial veneto-
clax sensitivity. Thus, further exploration of the priming response to
BH3 peptides in different myeloid subsets as a predictor of long-
term response to venetoclax plus FluBu2 in a larger data set is
warranted.

Our study shows that venetoclax can be added safely to a FluBu2-
based RIC chemotherapy regimen in patients with high-risk
AML, MDS, and MDS/MPN. The results of our study, showing an
encouraging OS rate, and evidence of genetic MRD clearance,
suggest that the addition of venetoclax to FluBu2 may improve

posttransplant outcomes in high-risk patients. Given the feasibility of
administering this regimen, venetoclax plus RIC chemotherapy may
be an optimal backbone to explore additional posttransplant inter-
ventions to prevent disease relapse.
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