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INTRODUCTION

Summary

NPMI-mutated acute myeloid leukaemia (NPMI™" AML) represents a mostly fa-
vourable/intermediate risk disease that benefits from allogeneic haematopoietic stem
cell transplantation (HSCT) in case of measurable residual disease (MRD) relapse
or persistence after induction chemotherapy. Although the negative prognostic role
of pre-HSCT MRD is established, no recommendations are available for the man-
agement of peri-transplant molecular failure (MF). Based on the efficacy data of
venetoclax (VEN)-based treatment in NPMI1™"" AML older patients, we retrospec-
tively analysed the off-label combination of VEN plus azacitidine (AZA) as bridge-
to-transplant strategy in 11 NPMI™" MRD-positive fit AML patients. Patients were
in MRD-positive complete remission (CRyyp,,.o) at the time of treatment: nine in
molecular relapse and two in molecular persistence. After a median number of two
cycles (range 1-4) of VEN-AZA, 9/11 (81.8%) achieved CR,,,-negative (CRMRDneg).
All 11 patients proceeded to HSCT. With a median follow-up from treatment start
of 26 months, and a median post-HSCT follow-up of 19 months, 10/11 patients are
alive (1 died from non-relapse mortality), and 9/10 patients are in MRD_, status.
This patient series highlights the efficacy and safety of VEN-AZA to prevent overt
relapse, achieve deep responses and preserve patient fitness before HSCT, in patients
with NPM1™" AML in MF.
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In the clinical management of acute myeloid leukaemia
(AML), measurable/minimal residual disease (MRD) has
gained increasing importance for the assessment of thera-
peutic responses, as dynamic on-treatment parameters and
for disease risk definition.' Among the advantages of MRD
monitoring, the possibility to identify an impending relapse
and enable early treatment intervention is clearly stated by

the European LeukemiaNet (ELN) 2022 recommendations,
defining the novel treatment setting of molecular failure
(MF).>* The feasibility of systematic molecular monitoring
to identify relapsing patients to allocate to pre-emptive ther-
apy has been demonstrated in the setting of acute promy-
elocytic leukaemia and has become routine practice also in
other molecular categories.”” Although important studies
have addressed the point of pre-emptive intervention in de-
laying or preventing haematological relapse in MRD-positive
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(MRD b0 ) AML patients, clinicians have little indications on
how to act on MRD data and clinical trials to understand the
role of early intervention in MF are ongoing.>®’

The presence of detectable MRD positivity before hae-
matopoietic stem cell transplantation (HSCT) is associ-
ated with an increased risk of relapse and death in AML
patients.* ! However, delaying transplantation to achieve
MRD negativity is not recommended.? Recently, data pre-
sented at ASH2022 from the phase III as soon as possi-
ble (ASAP) randomized trial in relapsed/refractory (R/R)
AML showed no benefit from bridging chemotherapy
as compared to sequential conditioning and immediate
HSCT, underlining the importance of proceeding ASAP to
transplantation.'> Whether this applies to MRD relaps-
ing AML needs to be evaluated. However, transplant orga-
nization may be time-consuming, thus strategies aimed at
preventing disease progression in the peri-transplant set-
ting are required.

NPM1-mutated (NPMI™") AML is a defined WHO cat-
egory, which represents the largest molecular subgroup of
AML.”™" In NPMI™" AML, MRD is evaluated with quan-
tification of NPMI™" transcript as it is a stable and highly
sensitive leukaemia-specific molecular marker analysed
by quantitative real-time polymerase chain reaction (qQRT-
PCR).!® Persistent NPMI™" MRD after intensive induction
chemotherapy or reoccurrence during post-treatment mon-
itoring identifies an unfavourable subgroup of patients at
risk of impending relapse.'”'**! These patients benefit from
HSCT to eradicate leukaemia.'***** Moreover, the pres-
ence of detectable NPMI™"" MRD before transplantation is
an independent unfavourable predictor of post-HSCT out-
come.”'"?* In the absence of NPMI-targeted agents currently
available in clinical daily practice, therapeutic interventions
for NPMI™" relapsing AML patients are variable and data
are sparse, ranging from direct HSCT to salvage chemother-
apy or hypomethylating agents (HMA)-based combinations,
while trials with targeted agents (i.e. Menin inhibitors) are
available only in the R/R AML setting.”'"*"%

Venetoclax (VEN) is a potent and selective oral inhibitor
of BCL-2 with remarkable synergic activity in association
with azacitidine (AZA), that has revolutionized the man-
agement of treatment-naive elderly/unfit AML patients.*®
NPMI™" patients seem to particularly benefit from this
approach in both frontline, with a composite complete re-
mission (CR) rate of 91.5% and a substantial proportion
of complete MRD remissions (75%), and R/R setting.**~'
VEN-AZA has a favourable toxicity profile in terms of hae-
matological and infective adverse events (AEs).””*

The ideal bridge-to-transplant strategy should quickly
and effectively prevent overt relapse, while preserving the
patient's fitness for HSCT and VEN-AZA could potentially
meet both requirements.”’” Moreover, in a population of pre-
viously chemotherapy-exposed patients, a different phar-
macological approach may overcome the chemo-resistance
of the residual leukaemic clone. Therefore VEN-AZA
could represent the ideal therapeutic combination for peri-
transplant MRD management in NPM1™" AML.

This study aimed to explore the feasibility of VEN-AZA
as a bridge-to-transplant disease-control intervention in
NPMI™" AML patients with MRD .

MATERIALS AND METHODS

Patients with newly diagnosed NPMI™" AML who had re-
ceived at least two cycles of intensive chemotherapy includ-
ing anthracycline and cytarabine, were included in this
analysis. Patients had to have experienced either molecular
persistence/progression during treatment, defined as any
detectable transcript level after completion of chemotherapy,
or molecular reoccurrence during post-treatment follow-up,
as defined by ELN guidelines.>* All patients were eligible
for SCT and had an available donor at study entry as VEN-
AZA treatment was conceived as a bridge-to-transplant
strategy. This study was approved by the local ethics com-
mittee and procedures were conducted in compliance with
the Declaration of Helsinki and Good Clinical Practices.
Informed consent was waived for this retrospective study.

Patients were treated with venetoclax off-label at the dos-
age of 400 mg/die PO for 14-28 days in combination with
azacitidine (75mg/m* SC for 5-7days) between December
2019 and July 2022. VEN daily dosage was reduced to
100 mg if concurrent prophylaxis with strong CYP3A4 in-
hibitor posaconazole was used.** No tumour lysis syndrome
prophylaxis was given considering the low disease burden.
Three-day VEN ramp-up was performed in 8/11 (72.7%)
patients.

All participating centres routinely monitored MRD
during chemotherapy and post-treatment follow-up, to in-
tercept MF. Disease was assessed on bone marrow (BM) with
NPMI™"-specific qRT-PCR assay as previously described.'®
NPMI™" transcript levels are reported as the normalized
values of NPMI™" copy number/ABL copy number multi-
plied by 100 to report a percentage. The quantitative detec-
tion limit of the assays was 0.01%. Complete response with
measurable residual disease negativity (CRMRDneg) was de-
fined as a ratio NPMI™/ABLx 100 transcript <0.01%."*
FLT3 mutational status was assessed on mononuclear cells
from BM blood with PCR amplification of exons 14 and 15
of FLT3 and analysed using capillary electrophoresis, with a
sensitivity of 1072

Baseline characteristics have been presented by means of
descriptive statistics: median and its interquartile range have
been reported for continuously distributed variables, while
frequencies and relative percentages have been adopted for
categorical distributions. Survival analysis applying the
Kaplan-Meier method has been adopted for time-to-event
endpoints: overall and relapse-free survivals. The Cox semi-
parametric regression analysis has been adopted to calculate
hazard ratios with their 95% confidence intervals (ClIs). All
variables objected to statistical inference have been reported
with their 95% CI. MRD relapse-free survival (RES,,, ;) has
been defined as time from achievement of CR,;z ... , to mo-
lecular MRD relapse, as defined by ELN2022 guidelines.
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RESULTS

We retrospectively identified 11 patients (age 43-68years)
with NPMI™" AML who received off-label treatment with
VEN-AZA combination for MRD - status at 4 Italian
Haematology Institutions as bridge-to-transplant strategy.
Eight patients were classified as low risk and three as inter-
mediate risk, for concomitant high FLT3-ITD allelic ratio,
according to ELN2017; conversely, six were classified as
low and five as intermediate (concomitant FLT3-ITD) ac-
cording to ELN2022. One patient in the intermediate group
presented concomitant ZRSR2 mutation. Concerning FLT3
mutational status, 5 of 11 (45.5%) patients harboured FLT3-
ITD mutation and 1 patient (9.1%) FLT3-TKD; 9 patients
had available IDH1/2 mutational status: 2 patients presented
IDHI R132 and 1 patients IDH2 R140Q mutation. IDHI1/2
mutations and FLT3-ITD were mutually exclusive in this
patient set. All patients received anthracycline-based first-
line intensive chemotherapy and the six patients with con-
comitant FLT3 mutation received in association with the
FLT3-inhibitor (FLT3i) Midostaurin in induction and con-
solidation (Table 1).

Nine patients were treated for molecular relapse and two
for molecular persistence, both after having received three
cycles of intensive chemotherapy. For patients treated for
molecular recurrence, the median time from the end of
chemotherapy to molecular relapse was 11.50 months (inter-
quartile range [IQR] 5.67-17.40). A median number of days
intercurred from molecular relapse/persistence to treatment
start was 28 (range 1-81).

The median NPMI™-MRD level prior to VEN-AZA
intervention was 3.66 (range 0.032-368). No patients had
detectable FLT3 mutation. Patients' characteristics and pre-
vious chemotherapy treatment are detailed in Table 1.

Treatment

Patients received a median of three cycles (range 1-4) of
AZA-VEN before SCT. All patients were treated as outpa-
tients, and none required transfusions. No patients required
AZA dose reduction, while median VEN exposure varied
among cycles (Table 2). Reduction of VEN exposure was in
50% of cases due to cytopenia >G3 and in 50% of cases due to
imminent HSCT. All patients were bridged to HSCT, and no
patients required subsequent therapy before transplantation.

Safety

VEN-AZA treatment was demonstrated to be well toler-
ated. The most frequent AEs >G3 were cytopenias in 5 of 11
(45.4%) patients, which were managed with dose reduction
and delay among cycles (maximum 14 days, until neutro-
phil recovery). During C1 neutropenia >G3 occurred in 4/11
(36.6%) patients and thrombocytopenia >G3 in 1 patient
(9.0%); during C2, C3 and C4, neutropenia >G3 occurred in

BRITISH JOURNAL OF HAEMATOLOGY

33.3%, 16.6% and 25% of patients, respectively. Other AEs
>G3 were three febrile neutropenia, managed outpatient and
1 deep vein thrombosis related to the presence of a peripher-
ally inserted central catheter (DVT PICC-related).

Efficacy

No patients experienced a morphological relapse while on
VEN-AZA treatment. Nine of 11 (81.8%) patients become
MRD, , while on treatment. MRD_, status was achieved in
4 (44.4%) patients after cycle 1 (Cl), for 3 (33.3%) patients
after C2, for 1 (11.1%) patient after C3 and 1 (11.1%) after C4;
thus 77.7% of patients achieved MRD negativity within the
first two cycles (Figure 1). Patients' characteristics in rela-
tion to responses are detailed in Table 3. The first patient
(case 8) who did not clear MRD had FLT3-ITD AML and
experienced initial molecular reduction after C1 (NPMI™"
0.220-0.0526), but subsequent molecular progression after
C3 (NPMI™" 3.0067). FLT3-ITD always tested negative. The
second patient (case 9) who did not achieve MRD negativity
obtained a consistent log-reduction of 3.99, from NPMI™"
368 to 0.038 after one single cycle and was then assigned di-
rectly to HSCT. At the time of HSCT 8/11 (72.7%), patients
were MRD__ ; of the three MRD_ _ patients, two have been
already described, while the third one had MRD detect-
able at low level (LL-MRD: NPMI™" 0.0107). All patients
tested negative for FLT3 mutational status at pre-transplant
evaluation.

The median time from VEN-AZA start of treatment to
HSCT was 120 days (IQR 79.59, 148.00). No patients delayed
HSCT due to AEs encountered during treatment and pa-
tient fitness was preserved. All patients tested MRD g after
transplantation. The timing of HSCT was mostly based on
the time needed for donor confirmation and preparation
and not on response to VEN-AZA treatment.

The median follow-up time from the start of VEN-AZA
therapy is 26 months (IQR 20-30). No patients experienced
a morphological relapse. Concerning survival analysis, 10 of
11 (90.9%) patients are alive (Figure 2). One patient, MRD ,
at the time of HSCT, died from non-relapse mortality (NRM§
due to pulmonary aspergillosis. Median follow-up from
HSCT is 19.2 months (IQR 11.9-24.3). Median RES | is not
reached, with two patients experiencing post-HSCT molec-
ular relapse (Figure 3). Of these, case 8, notably the FLT3-
ITD-positive at diagnosis patient in molecular progression
at the pre-transplant evaluation, resulted in MRD_, at
3 months, and MRD (NPMI™" 0.04, FLT3 unmutated) at
6 months from transplantation. This patient received post-
HSCT intervention with immunosuppressive therapy with-
drawal and pre-emptive treatment with sorafenib, currently
ongoing, with the achievement of MRD negativity.** Patient
8 status at the last follow-up is of MRD negativity. The other
patient (case 3), also FLT3-ITD-positive at diagnosis, ex-
perienced molecular relapse at 6 months from HSCT, with
subsequent confirmed FLT3-ITD positivity and started gil-
teritinib; the patient is currently MRD 05.35 Three patients
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TABLE 1 Patient characteristics.

Patient characteristics Level
n
Sex (%) F

M

Age at AML diagnosis, years (median [IQR])
Hb at AML diagnosis, g/dL (median [IQR])
WBC at AML diagnosis, x10°/L, (median [IQR])
Plt at AML diagnosis, x10°/L (median [IQR])
BM blast cell, % (median [IQR])

Karyotype (%)* Normal
NPMI type mutant transcript (%)* A
B

NPMI™/ABL x 100 transcript at diagnosis (median [IQR])
FLT3 mutational status at diagnosis (%) ITD
TKD
Wild Type
IDH1/2 mutational status (%) IDHI R140Q
IDH2 R132
Wild Type
ELN2017 (%) Intermediate
Low
ELN2022 (%) Intermediate
Low
Induction chemotherapy (%) 3+7
3+7+Mido
Fluda-based
3+7+GO
No. of chemotherapy cycles (median [IQR])

No. of chemotherapy cycles, 1 (%) 2
3
4
5
NPMI™" best response post-chemotherapy (%) MRD,,
MRD,,,
Time from last chemotherapy to MF, months (median [IQR])
Age at VEN-AZA treatment, years (median [IQR])
MRD status at VEN-AZA treatment, n (%) Persistence
Relapse
NPMI™'/ABL x 100 transcript at MF (median [IQR])
BM bast cell at MF, % (median [IQR])
FLT3 mutational status at MF, n (%) Unmutated

Overall

11

5 (45.5)

6 (54.5)

56.4 [49.9, 61.4]
7.5[6.5, 9.0]

51.8 [30.2, 103.8]
48.5 [37.5, 62.0]
75 [65, 88]

10 (100)

9 (90.0)

1 (10.0)

565.00 [335.37, 641.00]
5 (45.5)

11.50 [5.67, 17.40]
58.38 [50.84, 62.85]
2(18.2)

9 (81.8)

3.66 [0.04, 10.90]
0.40 [0.00, 1.90]

11 (100)

Abbreviations: AML, acute myeloid leukaemia; AZA, azacitidine; BM, bone marrow; ELN, European LeukemiaNet; FLT3, FMS-like tyrosine kinase 3; Fluda, fludarabine;
GO, gemtuzumab ozogamicin; Hb, haemoglobin; IDH, isocitrate dehydrogenase; ITD, internal tandem duplication; IQR, interquartile range; MF, molecular failure; Mido,
midostaurin; MRD, measurable residual disease; NPM1, nucleophosmin; Plt, platelets; TKD, tyrosine kinase domain; VEN, venetoclax; WBC, white blood cells.

“Data not available for one patient.

®Data available for nine patients.

experienced transient LL-MRD positivity during post- relapse, nor received post-HSCT treatment intervention. Ten

transplantation monitoring, not confirmed at a second de- of 11 (90.9%) patients are in CR

at the time of the last

MRDneg

termination, and thus did not meet the criteria for molecular ~ follow-up visit, as detailed in Figure 1.
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DISCUSSION HSCT beyond CRI, 48 received salvage therapy for morpho-

NPMI™" AML is a prognostically favourable entity in the ab-
sence of FLT3-ITD mutations or adverse cytogenetics, for which
transplant in CR1 is not recommended.” However, in case of
relapse and successful salvage therapy, this patient group ben-
efits from transplantation in CR2 as elegantly demonstrated in
a Mantel-Byar analysis performed by Burnett et al.** Likewise,
intermediate-risk patients, such as NPMI™" with concomitant
FLT3-ITD have a stronger indication to HSCT if not performed
in CR1 and represent a higher risk patient group for which the
achievement of MRD negativity before transplantation sig-
nificantly impacts on outcome.”'! In the UK NCRI AML17
study, among the 107 NPMI™" AML patients allocated for

TABLE 2 Venetoclax exposure during cycles.

No. of
patients
Variables per cycle
Total VEN-AZA cycles n 3[2,4]
(median [IQR])
VEN exposure Cl, days 28.0 [22.5, 28.0] 11
(median [IQR])
VEN exposure C2, days 21.0 [14.0, 28.0] 10
(median [IQR])
VEN exposure C3, days 24.5 [17.3, 28.0] 6
(median [IQR])
VEN exposure C4, days 25.5[22.0, 28.0] 4

(median [IQR])

Abbreviations: AZA, azacitidine; C, cycle; IQR, interquartile range; VEN,
venetoclax.

logical or molecular relapse, and 27/48 (56%) achieved MRD
negativity. The outcome for MRD__, patients at the time of
HSCT was favourable, with an overall survival (OS) at 2years
of 80%. Of these 30/48 were transplanted for molecular relapse,
and 27/30 received salvage therapy in MRD setting, achieving
16/27 (59%) MRD negativity. OS differed importantly based on
MRD levels with MRD ., MRD  -low, and MRD  -high ex-
periencing 2-year OS of 83%, 63% and 13%, respectively. These
data support the indication to procrastinate HSCT after CR1
in case of disease reoccurrence, to offer sequential monitoring
to allow early intervention and to act therapeutically before
transplantation with the aim to lower/eradicate MRD. In fact,
different groups have suggested a benefit for pre-emptive inter-
vention, exploring various MRD-directed strategies, ranging
from direct HSCT, and salvage chemotherapy to less intensive
strategies such as HMA with or without venetoclax.”***>2
Pre-emptive therapy resulted in prolonged RES and improved
overall outcomes, when compared to patients receiving sal-
vage therapy for overt haematological relapse.”>* The benefit
of HMA in MF has been demonstrated in two recent trials.”*®
NPMI™" AML patients in molecular relapse, who received
pre-emptive 5-azacitidine in the RELAZA?2 trial showed a
lower incidence of delayed haematological relapse as compared
to historical controls.” In the phase 3 QUAZAR AML-001 trial,
oral azacitidine significantly improved OS in NPMI™" AML,
in both MRD-negative and MRD-positive patients. Median OS
for NPMI™"  MRD pos Patients treated with oral azacitidine was
of 46.1 months versus 10.0months with placebo.’® The benefit
of oral azacitidine was evident also in FLT3 AML, regardless of
MRD status, in terms of both OS and RFS.

Case 11 |
Case 21 |
Event
Case 34 ® C1
A C2
Case 84 o5
C 5 ® C4
ase 5
[a] A HSCT
o
$ Case4 X Death
E O Molecular_Relapse
Case 61
Case 7 MRD Negativity
MRD Negativity
Case 94 LL MRD
. MRD Positivity
Case 104
Case 111
0 6 12 18 24 30 36
Months

FIGURE 1 Swimmer plot of patients treated with venetoclax and azacitidine. C, cycle; HSCT, haematopoietic stem cell transplantation; LL-MRD,

low level MRD; MRD, measurable residual disease.
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FIGURE 3 Molecular relapse free survival.

Considering the exquisite sensitivity of NPMI™" AML
to venetoclax, the rationale to explore the molecule in asso-
ciation with HMA in the MF setting is strong. Tiong et al.
reported promising results in 12 patients treated with VEN
plus HMA for molecular persistence and molecular relapse/
progression, with 11/12 (92%) patients achieving MRDneg.27
Of these, four proceeded to HSCT: one transplanted in
MRD,_  relapsed with newly emergent clone FLT3-ITD, one
died from NRM and two were alive at the last follow-up (10
and 9 months from HSCT).

To our knowledge, this case series of 11 patients treated
with VEN-AZA and subsequent HSCT consolidation,

BRITISH JOURNAL OF HAEMATOLOGY

represents the first detailed report focused on a pre-emptive
bridge-to-transplant venetoclax-based strategy.

The ideal bridging therapy in the perspective of HSCT
requires efficacy and safety, in order to prevent overt
relapse, reduce MRD and preserve patient fitness for
transplantation. In our experience, 9 of 11 (82%) patients
achieved MRD__ while on treatment and 8/11 (73%)

ne
were MRD__ at the pre-transplant evaluation, providing

promising Izefgficacy data in eradicating NPMI™" MRD-
positivity in patients in MF after intensive chemotherapy.
Moreover, this data compares favourably with the 27 pa-
tients receiving salvage chemotherapy for MRD in the
NCRI AMLI17 trial, were MRD,_, was achieved in 59% of
patients."" No patients relapsed morphologically while on
treatment, allowing all patients to proceed to HSCT with-
out requiring further therapy. Responses were rapid as
77.7% of patients achieved MRD, ., within cycle 2. Among
the three MRD_ _ patients at pre-transplantation evalua-
tion, one had MRD-LL and two patients, had respectively
NPMI™ transcripts of 3.007 and 0.038. This latter pa-
tient achieved a 3.99 log reduction after one single cycle of
VEN-AZA and then proceed directly to HSCT. Whether
a second cycle could have achieved MRD, . cannot be
known, however, the decrease of NPMI™" log reduction
highlights the great sensitivity to the regimen also in this
patient. Moreover, in no case in this patient series, HSCT
was delayed for toxicities related to the VEN-AZA regi-
men and eligibility for transplantation was preserved.

All patients achieved MRD,,, after transplant under-
lining the dual role of conditioning regimen and immuno-
logical disease control in this patient setting. Concerning
post-transplant intervention, only two patients (18.2%)
experienced molecular relapse and require further ther-
apy after transplantation. Both patients presented con-
comitant FLT3-ITD mutation at diagnosis, confirming
the higher risk of relapse for FLT3-ITD positive disease
and the role of FLT3 mutations in mediating resistance
to VEN.>>** Although both patients tested unmutated
for FLT3 mutational by capillary electrophoresis at the
time of VEN-AZA MRD intervention, we cannot exclude
that FLT3-ITD may have tested positive with more sensi-
tive techniques. Whether these patients may benefit from
FLT3-directed therapy in the setting of MRD-positivity
before HSCT needs to be explored. Numerous studies are
reporting the value of a FLT3-inhibitors for relapse preven-
tion in the post-HSCT maintenance setting and data from
randomized trials will respond to this issue.*** With a
median follow-up from treatment start of 26 months and a
median post-HSCT follow-up of 19 months, 10/11 patients
are alive and 9/10 patients are in MRD__, status.

The principal limitations of this study include the small
cohort of patients analysed, the retrospective nature, the in-
evitable patient selection bias performed by the treating phy-
sician and the timing of HSCT, which depended mostly on
the availability of the procedure. However, MRD negativity
was rapidly achieved in most patients at the expense of little
toxicity.
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In conclusion, our experience provides promising efficacy
and safety data of a venetoclax-based intervention, followed by
transplantation, for NPMI™" patients in MF, that needs to be
explored in prospective clinical trials. On the basis of biological
and clinical insights that support such a strategy, the GIMEMA
AML2521 trial (ClinicalTrials.gov Identifier: NCT04867928) is
currently enrolling patients with NPMI™" AML in MF after
intensive chemotherapy, fit for HSCT, to receive venetoclax
and azacitidine as bridge-to-transplant strategy.

AUTHOR CONTRIBUTIONS

C. Sartor, M. Cavo, C. Papayannidis and A. Curti designed
the study, performed the research, analysed the data and
wrote the paper. L. Brunetti, E. Audisio, A. Cignetti, V.
Cardinali, S. Sciabolacci, M. P. Martelli, L. Zannoni, G.
Cristiano, J. Nanni, R. Ciruolo, contributed patients and an-
alysed data. E. Ottaviani, L. Bandini, D. Forte and A. Patuelli
contributed essential analytical tools. All authors approved
the final version of the manuscript.

ACKNOWLEDGEMENTS
The work reported in this publication was funded by the
Italian Ministry of Health, RC-2023-2778890.

CONFLICT OF INTEREST STATEMENT
CS,LB,EA,AC,LZ,JN,GC,RC,FZ,DF, LB, EO, AP, SSand VC
declare no conflict of interest. MPM declares honoraria/consul-
tancy at scientific advisory board for AbbVie, Amgen, Celgene,
Janssen, Novartis, Pfizer and Jazz Pharmaceuticals. CP re-
ceived honoraria from Amgen, Astellas, Pfizer and Novartis;
participated in advisory boards with Pfizer, Janssen, AbbVie
and Novartis. AC received honoraria from Novartis, Pfizer,
Abbvie and acted as speaker in Advisory Board for Novartis
and Abbvie. MC acted as consultant for and received honoraria
from AbbVie, Glaxo Smith Kline, Bristol-Myers Squib, Adaptive
Biotechnologies, Takeda, Janssen, Celgene, Amgen and is in the
speakers' bureau of AbbVie and Glaxo Smith Kline.

ORCID

C. Sartor (@ https://orcid.org/0000-0002-2356-5691
A. Curti @ https://orcid.org/0000-0002-7752-6049
REFERENCES

1. Dohner H, Estey E, Grimwade D, Amadori S, Appelbaum FR, Biichner
T, et al. Diagnosis and management of AML in adults: 2017 ELN rec-
ommendations from an international expert panel. Blood. 2017 Jan
26;129(4):424-47. https://doi.org/10.1182/blood-2016-08-733196

2. Dohner H, Wei AH, Appelbaum FR, Craddock C, DiNardo CD,
Dombret H, et al. Diagnosis and management of AML in adults: 2022
recommendations from an international expert panel on behalf of the
ELN. Blood. 2022 Sep 22;140(12):1345-77. https://doi.org/10.1182/
blood.2022016867

3. Heuser M, Freeman SD, Ossenkoppele GJ, Buccisano F, Hourigan CS,
Ngai LL, et al. Update on MRD in acute myeloid leukemia: a con-
sensus document from the European LeukemiaNet MRD Working
Party. Blood. 2021 Dec 30;138(26):2753-67. https://doi.org/10.1182/
blood.2021013626

4. Grimwade D, Jovanovic J v, Hills RK, Nugent EA, Patel Y, Flora R,
et al. Prospective minimal residual disease monitoring to predict

relapse of acute promyelocytic leukemia and to direct pre-emptive
arsenic trioxide therapy. J Clin Oncol. 2009 Aug 1;27(22):3650-8.

5. Wang T, Zhou B, Zhang ], Zhang X, Liu T, Qiu H, et al. Allogeneic
hematopoietic stem cell transplantation could improve survival for
pure CBF-AML patients with minimal residual disease positive after
the second consolidation. Leuk Lymphoma. 2021 Mar 21;62(4):995-8.
https://doi.org/10.1080/10428194.2020.1846736

6. Dillon R, Potter N, Freeman S, Russell N. How we use molecular
minimal residual disease (MRD) testing in acute myeloid leukaemia
(AML). Br ] Haematol. 2021;193:231-44.

7. Platzbecker U, Middeke JM, Sockel K, Herbst R, Wolf D, Baldus CD,
et al. Measurable residual disease-guided treatment with azacitidine
to prevent haematological relapse in patients with myelodysplastic
syndrome and acute myeloid leukaemia (RELAZA2): an open-label,
multicentre, phase 2 trial. Lancet Oncol. 2018 Dec 1;19(12):1668-79.
https://doi.org/10.1016/S1470-2045(18)30580-1

8. Buckley SA, Wood BL, Othus M, Hourigan CS, Ustun C, Linden
MA, et al. Minimal residual disease prior to allogeneic hematopoi-
etic cell transplantation in acute myeloid leukemia: a meta-analysis.
Haematologica. 2017;102:865-73.

9. Kayser S, Benner A, Thiede C, Martens U, Huber J, Stadtherr P, et al.
Pretransplant NPM1 MRD levels predict outcome after allogeneic he-
matopoietic stem cell transplantation in patients with acute myeloid
leukemia. Blood Cancer J. 2016;6(7):e449.

10. Short NJ, Zhou S, Fu C, Berry DA, Walter RB, Freeman SD, et al.
Association of measurable residual disease with survival outcomes in
patients with acute myeloid leukemia: a systematic review and meta-
analysis. JAMA Oncol. 2020;6:1890-9.

11. Dillon R, Hills R, Freeman S, Potter N, Jovanovic J, Ivey A, et al.
Molecular MRD status and outcome after transplantation in NPMI-
mutated AML. Blood. 2020 Feb 27;135(9):680-8. https://doi.
0rg/10.1182/blood.2019002959

12. Stelljes M, Middeke JM, Bug G, Wagner EM, Mueller LP, Christoph
S, et al. Patients with relapsed/refractory AML sequential condition-
ing and immediate allogeneic stem cell transplantation (allo-HCT)
results in similar overall and leukemia-free survival compared to
intensive remission induction chemotherapy followed by allo-HCT:
results from the randomized phase III ASAP trial. Blood. 2022 Nov
15;140(Suppl. 1):9-11. https://doi.org/10.1182/blood-2022-159962

13. Papaemmanuil E, Gerstung M, Bullinger L, Gaidzik VI, Paschka P,
Roberts ND, et al. Genomic classification and prognosis in acute my-
eloid leukemia. N Engl ] Med. 2016 Jun 9;374(23):2209-21.

14. Falini B, Brunetti L, Martelli MP. How I Diagnose and Treat
NPMI-Mutated AML. Blood. 2021 Feb 4;137(5):589-99. https://doi.
0rg/10.1182/blood.2020008211

15. Falini B, Mecucci C, Tiacci E, Alcalay M, Rosati R, Pasqualucci L,
et al. Cytoplasmic Nucleophosmin in Acute Myelogenous leukemia
with a Normal Karyotype. N Engl ] Med. 2005 Jan 20;352(3):254-66.

16. Arber DA, Orazi A, Hasserjian RP, Borowitz MJ, Calvo KR, Kvasnicka
HM, et al. International Consensus Classification of Myeloid
Neoplasms and Acute Leukemias: integrating morphologic, clinical,
and genomic data. Blood. 2022 Sep 15;140(11):1200-28. https://doi.
0rg/10.1182/blood.2022015850

17. Angenendt L, Montesinos P, Martinez-CuadrénCuadr D, Barragan
E, Garcia R, Botella C, et al. Chromosomal abnormalities and prog-
nosis in NPM1-mutated acute myeloid leukemia: a pooled analysis of
individual patient data from nine international cohorts. J Clin Oncol.
2019;37:2632-42.

18. Ivey A, Hills RK, Simpson MA, Jovanovic J v, Gilkes A, Grech A, et al.
Assessment of minimal residual disease in standard-risk AML. N
Engl ] Med. 2016 Feb 4;374(5):422-33.

19. KronkeJ, Schlenk RF, Jensen KO, Tschiirtz F, Corbacioglu A, Gaidzik
VI, et al. Monitoring of minimal residual disease in NPM1-mutated
acute myeloid leukemia: a study from the German-Austrian acute
myeloid leukemia study group. J Clin Oncol. 2011;29:2709-16.

20. Tiong IS, Dillon R, Ivey A, Kuzich JA, Thiagarajah N, Sharplin KM,
et al. Clinical impact of NPMIl-mutant molecular persistence
after chemotherapy for acute myeloid leukemia. Blood Adv. 2021

858017 SUOWWOD BAIEa.D 3(edl|dde ayy Aq peusenob ale sajoiie YO ‘8N JO ol 10y Afeiq18UIUO A8|IA UO (SUONIPUOD-PUE-SWBIAL0D" AB | WA leiq) Ul UO//ShL) SUOIPUOD Pue S 1 8L} 88S *[7202/70/80] Uo ARiqiTauliuo A8|im ‘Wewnooq 7 tedid IweisiS ealy Aq 2888T YlG/TTTT 0T/I0p/woo Ao (1M Aeiqpul|uo//sdiy wolj pepeojumod ‘€ ‘€202 ‘TYTZS9sT


http://clinicaltrials.gov
https://orcid.org/0000-0002-2356-5691
https://orcid.org/0000-0002-2356-5691
https://orcid.org/0000-0002-7752-6049
https://orcid.org/0000-0002-7752-6049
https://doi.org/10.1182/blood-2016-08-733196
https://doi.org/10.1182/blood.2022016867
https://doi.org/10.1182/blood.2022016867
https://doi.org/10.1182/blood.2021013626
https://doi.org/10.1182/blood.2021013626
https://doi.org/10.1080/10428194.2020.1846736
https://doi.org/10.1016/S1470-2045(18)30580-1
https://doi.org/10.1182/blood.2019002959
https://doi.org/10.1182/blood.2019002959
https://doi.org/10.1182/blood-2022-159962
https://doi.org/10.1182/blood.2020008211
https://doi.org/10.1182/blood.2020008211
https://doi.org/10.1182/blood.2022015850
https://doi.org/10.1182/blood.2022015850

SARTORET AL.

D 607

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Dec 6;5(23):5107-11. https://doi.org/10.1182/bloodadvances.20210
05455

Shayegi N, Kramer M, Bornhduser M, Schaich M, Schetelig J,
Platzbecker U, et al. The level of residual disease based on mutant
NPML1 is an independent prognostic factor for relapse and survival in
AML. Blood. 2013;122(1):83-92.

Burnett AK, Goldstone A, Hills RK, Milligan D, Prentice A, Yin
J, et al. Curability of patients with acute myeloid leukemia who
did not undergo transplantation in first remission. J Clin Oncol.
2013;31(10):1293-301.

Bazarbachi A, Bug G, Baron F, Brissot E, Ciceri F, Dalle IA, et al.
Clinical practice recommendation on hematopoietic stem cell trans-
plantation for acute myeloid leukemia patients with FLT3 internal
tandem duplication: a position statement from the Acute Leukemia
Working Party of the European Society for Blood and Marrow
Transplantation. Haematologica. 2020;105:1507-16.

Fiskus W, Boettcher S, Daver N, Mill CP, Sasaki K, Birdwell CE, et al.
Effective menin inhibitor-based combinations against AML with
MLL rearrangement or NPMI mutation (NPMlIc). Blood. Cancer J.
2022 Jan 1;12(1):5.

Guolo F, Minetto P, Clavio M, Miglino M, Colombo N, Cagnetta A,
et al. Longitudinal minimal residual disease (MRD) evaluation in
acute myeloid leukaemia with NPM1 mutation: from definition of
molecular relapse to MRD-driven salvage approach. Br ] Haematol.
2019;186:€223-5.

Bataller A, Onate G, Diaz-Beya M, Guijarro F, Garrido A, Vives S,
et al. Acute myeloid leukemia with NPM1 mutation and favorable
European LeukemiaNet category: outcome after preemptive inter-
vention based on measurable residual disease. Br ] Haematol. 2020
Oct 1;191(1):52-61.

Tiong IS, Dillon R, Ivey A, Teh TC, Nguyen P, Cummings N, et al.
Venetoclax induces rapid elimination of NPM1 mutant measurable
residual disease in combination with low-intensity chemotherapy in
acute myeloid leukaemia. Br ] Haematol. 2021 Mar 1;192(6):1026-30.
DiNardo CD, Jonas BA, Pullarkat V, Thirman M], Garcia JS, Wei AH,
et al. Azacitidine and venetoclax in previously untreated acute my-
eloid leukemia. N Engl ] Med. 2020 Aug 13;383(7):617-29.

Lachowiez CA, Loghavi S, Kadia TM, Daver N, Borthakur G,
Pemmaraju N, et al. Outcomes of older patients with NPM1-mutated
AML: current treatments and the promise of venetoclax-based reg-
imens. Blood Adv. 2020 Apr 6;4(7):1311-20. https://doi.org/10.1182/
bloodadvances.2019001267

DiNardo CD, Tiong IS, Quaglieri A, MacRaild S, Loghavi S, Brown FC,
et al. Molecular patterns of response and treatment failure after front-
line venetoclax combinations in older patients with AML. Blood. 2020
Mar 12;135(11):791-803. https://doi.org/10.1182/blood.2019003988

31

32.

33.

34.

35.

36.

37.

BJHaem

Stahl M, Menghrajani K, Derkach A, Chan A, Xiao W, Glass J, et al.
Clinical and molecular predictors of response and survival following
venetoclax therapy in relapsed/refractory AML. Blood Adv. 2021 Mar
9;5(5):1552—64.

Richard-Carpentier G, DiNardo CD. Venetoclax for the treat-
ment of newly diagnosed acute myeloid leukemia in patients who
are ineligible for intensive chemotherapy. Ther Adv Hematol. 2019
Jan;10:204062071988282.

Balsat M, Renneville A, Thomas X, de Botton S, Caillot D, Marceau A,
et al. Postinduction minimal residual disease predicts outcome and
benefit from allogeneic stem cell transplantation in acute myeloid
leukemia with NPM1 mutation: a study by the acute leukemia French
Association Group. J Clin Oncol. 2017 Jan 10;35(2):185-93.

Burchert A, Bug G, Fritz LV, Finke J, Stelljes M, Wollmer E, et al.
Sorafenib maintenance after allogeneic hematopoietic stem cell trans-
plantation for acute myeloid leukemia with FLT3-internal tandem
duplication mutation (SORMAIN). J Clin Oncol. 2020;38:2993-3002.
Perl AE, Martinelli G, Cortes JE, Neubauer A, Berman E, Paolini S,
et al. Gilteritinib or chemotherapy for relapsed or refractory FLT3-
mutated AML. N Engl ] Med. 2019 Oct 31;381(18):1728-40.

Dohner H, Wei AH, Roboz GJ, Montesinos P, Thol FR, Ravandi F,
et al. Prognostic impact of NPM1 and FLT3 mutations in patients
with AML in first remission treated with oral azacitidine. Blood.
2022;140:1674-85.

Perl AE, Larson RA, Podoltsev NA, Strickland S, Wang ES, Atallah E,
et al. Follow-up of patients with R/R FLT3-mutation-positive AML
treated with gilteritinib in the phase 3 ADMIRAL trial. Blood. 2022
Jun 9;139(23):3366-75. https://doi.org/10.1182/blood.2021011583

SUPPORTING INFORMATION
Additional supporting information can be found online in
the Supporting Information section at the end of this article.

How to cite this article: Sartor C, Brunetti L, Audisio
E, Cignetti A, Zannoni L, Cristiano G, etal. A
venetoclax and azacitidine bridge-to-transplant
strategy for NPMI-mutated acute myeloid leukaemia
in molecular failure. Br ] Haematol. 2023;202(3):599-
607. https://doi.org/10.1111/bjh.18887

858017 SUOWWOD BAIEa.D 3(edl|dde ayy Aq peusenob ale sajoiie YO ‘8N JO ol 10y Afeiq18UIUO A8|IA UO (SUONIPUOD-PUE-SWBIAL0D" AB | WA leiq) Ul UO//ShL) SUOIPUOD Pue S 1 8L} 88S *[7202/70/80] Uo ARiqiTauliuo A8|im ‘Wewnooq 7 tedid IweisiS ealy Aq 2888T YlG/TTTT 0T/I0p/woo Ao (1M Aeiqpul|uo//sdiy wolj pepeojumod ‘€ ‘€202 ‘TYTZS9sT


https://doi.org/10.1182/bloodadvances.2021005455
https://doi.org/10.1182/bloodadvances.2021005455
https://doi.org/10.1182/bloodadvances.2019001267
https://doi.org/10.1182/bloodadvances.2019001267
https://doi.org/10.1182/blood.2019003988
https://doi.org/10.1182/blood.2021011583
https://doi.org/10.1111/bjh.18887

	A venetoclax and azacitidine bridge-­to-­transplant strategy for NPM1-­mutated acute myeloid leukaemia in molecular failure
	Summary
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	Treatment
	Safety
	Efficacy

	DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNO​WLE​DGE​MENTS
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


