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Abstract

Background High-risk myelodysplastic syndromes (HR-MDS) and chronic myelomonocytic leukemia (CMML) remain
therapeutic challenges with suboptimal outcomes. The only potentially curative treatment is allogeneic stem cell
transplantation (allo-SCT). The most frequent pre-allo-SCT treatment is monotherapy with hypomethylating agents
(HMA), but approximately 40% of patients cannot proceed to allo-SCT, mainly due to disease progression. Recent
evidence suggests that combining HMA with venetoclax (HMA/VEN) could increase HMA efficacy in HR-MDS but it
remains unclear if this combination could bridge more patients to allo-SCT.

Methods We retrospectively evaluated HMA/VEN as a bridge to allo-SCT in 30 patients with HR-MDS or CMML
eligible for transplant. Eighteen patients were treatment-naive and 12 were refractory or relapsed (R/R).

Results As defined by the IWG 2023 criteria, the overall response rate (ORR) was 90% and the composite complete
response rate was 77%. For the R/R patients, ORR was 83%. The allo-SCT rate was 83%, and the allo-SCT rate of those
patients treated exclusively with HMA/VEN without further bridge therapies was 76%. One- and two-year post-allo-
SCT survival was 75% and two-year cumulative incidence of relapse was 30.5%. Follow-up of measurable residual
disease identified some molecular relapses that were controlled with preemptive treatment.

Conclusions Our findings indicate that HMA/VEN combination therapy shows promise as a bridging strategy to allo-
SCT in HR-MDS and CMML.

Keywords MDS, CMML, MDS/MPN, Allo-SCT, Bridge therapy, Cytoreductive therapy, HMA/VEN, MRD, Molecular
follow-up
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Background

High-risk  myelodysplastic = syndromes (HR-MDS)
and  myelodysplastic  syndromes/myeloproliferative
neoplasms (MDS/MPN), such as chronic

myelomonocytic leukemia (CMML) have a suboptimal
prognosis, with an overall survival (OS) of less than
20 months [1-3]. The only potentially curative treatment
at this time is allogeneic stem cell transplantation (allo-
SCT), which has been shown to confer longer OS [4, 5].
Several challenges are associated with allo-SCT, including
a significant percentage of patients who, despite the
intention of undergoing allo-SCT, do not finally reach
it [4] and a notably high rate of post-allo-SCT relapse
[4, 6, 7]. Several studies suggest that a low pre-allo-SCT
tumor burden is associated with longer post-transplant
survival [8], indicating a potential benefit for pre-allo-
SCT cytoreductive treatment. AML-like chemotherapy
based on 3+7 scheme can be applied for HR-MDS, but
generally present lower CR rates, shorter CR duration
and tend to be associated with higher toxicity including
more prolonged periods of aplasia than observed in AML
[9].

The most frequent pre-allo-SCT treatment in
patients with HR-MDS or CMML is monotherapy with
hypomethylating agents (HMA), such as azacytidine
(AZA) and decitabine (DEC) [10-13]. However, fewer
than 20% of patients attain a complete response (CR)
and fewer than 50% achieve any response [14]. Moreover,
approximately 43% of patients die or progress before
being able to undergo allo-SCT [4, 15], indicating a clear
need for more effective bridging strategies. Therefore,
there is controversy regarding whether pre-allo-SCT
cytoreductive therapy is necessary and which scheme is
the most efficacious. An ongoing phase II randomized
clinical trial (NCT01812252) is comparing induction
chemotherapy vs HMA as pre-allo-SCT therapy, but to
the best of our knowledge, no other prospective clinical
trials are addressing this issue [16].

The B-cell lymphoma 2 (BCL2) protein family plays a
significant role in the intrinsic mitochondrial apoptosis
pathway [17]. Most tumor stem cells in acute myeloid
leukemia (AML), MDS, and CMML have high levels
of BCL2 and are dependent on BCL2 for survival [18].
Venetoclax (VEN) is a BCL2 inhibitor that was explored
in combination with AZA as a first-line treatment for
elderly AML patients in a phase III randomized trial; OS
was longer in patients receiving the combination therapy
than in those receiving AZA alone [19]. HMA/VEN
is now the standard first-line treatment in unfit AML
patients.

HMA/VEN is now being investigated in MDS [20-25],
where it has achieved a high overall response rate (ORR)
of 70% and a median early response of 1-2 months.
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Refractory or relapsed (R/R) MDS patients previously
treated with HMA have a dismal prognosis, with OS of
less than 6 months [26]. Recently, however, R/R MDS
patients treated with HMA/VEN achieved an ORR of
40-50% [21, 27, 28]. HMA/VEN has also achieved a
high ORR in CMML patients, although there was also a
high rate of early relapse in these patients [29-31]. These
findings suggest that HMA/VEN could be an effective
bridging strategy to allo-SCT for HR-MDS and CMML
patients. Recently, a retrospective study suggested
promising activity in 13 HR-MDS patients who received
HMA/VEN and proceeded to allo-SCT [32]. Several
small preliminary studies have also reported promising
outcomes with pre-allo-SCT HMA/VEN [27, 28, 30,
33-35]. Additionally, an ongoing clinical trial is exploring
the effectiveness and toxicity of this combination in MDS
(VERONA NCT04401748). The VERONA study is not
focused exclusively on patients who are candidates for
allo-SCT, although the results will certainly shed some
light on the impact of HMA/VEN on allo-SCT. However,
real-world studies are still essential to determine whether
combined therapy with HMA/VEN will yield a higher
percentage of patients who are able to undergo allo-SCT.

To the best of our knowledge, no study has specifically
evaluated the transplant rate of eligible patients who
received HMA/VEN as a bridge to allo-SCT. We
have performed a retrospective study of patients with
HR-MDS or MDS/MPN who were eligible for allo-SCT
and were treated with HMA/VEN as a bridging strategy.
In this patient cohort, we have evaluated tolerability,
response rate, allo-SCT transplant rate, OS, and post-
allo-SCT outcomes including measurable residual disease
(MRD) during post allo-SCT follow-up.

Methods

Study design

We included 30 HR-MDS or MDS/MPN patients who
were eligible for allo-SCT and who were treated with off-
label HMA/VEN as a bridge to allo-SCT. Both treatment-
naive and R/R patients were eligible for inclusion. This
was a retrospective multicenter study of patients from
eight hospitals that are part of the Spanish Group of
Myelodysplastic Syndromes (GESMD — Grupo Espafiol
de Sindromes Mielodisplésicos).

Responses in MDS were evaluated according to the
International Working Group (IWG) 2023 criteria
[36]. ORR included complete remission (CR), partial
remission (PR), CR with limited count recovery
(CRy), CR with partial hematologic recovery (CRh),
and hematological improvement (HI). The composite
response rate (CRc) included CR, CR; and CRh.
Responses in CMML patients were evaluated according
to the Savona criteria [37]. The IWG 2006 [38] and the
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European LeukemiaNet (ELN) 2022 [39] classifications
were considered when comparing response rates. Data
were collected retrospectively and updated in March
2024. Baseline characteristics were considered as those
present at the moment of HMA/VEN initiation. All
subjects gave their informed consent for inclusion in the
study. The study was conducted in accordance with the
Declaration of Helsinki, and the protocol was approved
by the Institutional Review Board of Hospital Clinic
Barcelona (Barcelona, Spain) (project identification code
HCB/2023/0970).

Cytogenetics and molecular assessment

Cytogenetics were analyzed in metaphase cells with
G-banding using standard techniques. Karyotypes
were reported according to the International System
for Human Cytogenetic Nomenclature [40]. Molecular
screening of FLT3-1TD, FLT3-TKD, and NPM1 mutations
was performed by conventional PCR-based. FLT3-ITD
allelic ratio was calculated using PCR DNA fragment
analysis [41]. Targeted next-generation sequencing (NGS)
was performed on genomic DNA with Ion AmpliseqTM
AML Research Panel, the OncomineTM Myeloid
Research Assay (ThermoFisher Scientific, Waltham,
MA, USA), In-home Myeloid Pannel (Sophia Genetics),
and Haematology OncoKitDx (Imegen®). Sequencing
data were analyzed using lon Reporter software
(ThermoFisher Scientific) and MiSeqDx (Illumina) with
a sensitivity of 2%. Follow-up with ddPCR was also
measured after allo-SCT in 9 patients. This molecular
monitoring of mutations identified at diagnosis assessed
by droplet digital PCR (ddPCR) was made using specific
assays (Bio-Rad, Hercules, CA, USA). Briefly, 50 to 100 ng
of genomic DNA samples were tested in duplicate on the
Bio-Rad QX 200 QX200 Droplet Digital PCR platform.
Data were then analyzed with QuantaSoft Software
1.0 (Bio-Rad). For each particular case, the selection of
MRD markers for ddPCR was done taking into account
the ELN MRD Working Party recommendations [41],
as well as the variant allele frequencies of the mutations
detected at diagnosis and the feasibility of designing the
ddPCR assay. Mutations assessed and its corresponding
detection limit were as follows: ZRSR2 c¢.195 198del,
detection limit 0,043; RUNX1 c¢.313_314insCG,
detection limit 0,036; EZH2 R690H, 0,029; IDH2
R140Q, 0,035; SRSF2 P95H: detection limit 0,04; U2AF1
Q157P: detection limit 0,005; U2AF1 R156H: detection
limit 0,005; JAK2 V617F: detection limit 0,03; BCOR
C.413_414DUP: detection limit 0,03.

Allo-SCT criteria
Eligibility ~criteria for allo-SCT, donor selection,
conditioning regimen, and GVHD prophylaxis adhered
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to the standard practices of each of the eight participant
institutions [42]. We included all eligible HR-MDS or HR-
MDS/MPN treated with HMA/VEN with the intention of
proceeding to allo-SCT. The intensity of the conditioning
regimen was uniformly tailored to chronological age and
comorbidities. No patient has received prophylactic post
allo-SCT treatment. Grading of acute and chronic GVHD
(aGVHD and cGVHD) followed established criteria [43,
44].

Statistical analyses

OS was defined as the time between starting HMA/
VEN and death from any cause. Post-allo-SCT OS was
defined as the time between the time of allo-SCT until
the last follow-up or death from any cause. Survival
was calculated according to the Kaplan—Meier method
and compared with the log-rank test. The cumulative
incidence of relapse (CIR) was calculated with the Fine
and Gray competing risk analysis with death without
relapse as a competitive event. Non-relapse mortality was
defined as death without recurrent or progressive disease
after allo-SCT.

GVHD-free/relapse-free  survival  (GRFS)  was
defined as the duration from transplant until death,
relapse, development of grade III-IV acute GVHD,
or development of moderate/severe chronic GVHD
requiring systemic treatment. Patients with none of these
events at the time of the final follow-up were censored
and GRFS was calculated using the Kaplan—Meier
method. Fisher’s exact test was used to compare response
rates between different groups. Statistical analyses were
performed with R version 4.3.0 (RStudio, PBC, Boston,
MA). All p-values were 2-sided, and significance was set
at p<0.05.

Results

Patients and treatment

Figure 1 shows the flow chart of the patients included in
the study. A total of 30 patients were included: 22 with
HR-MDS and eight with MDS/MPN. Of the eight MDS/
MPN patients, seven had CMML and one had atypical
chronic myeloid leukemia (aCML). The median age at
the time of starting HMA/VEN was 61.5 years (range,
41-74). Eighteen patients were treatment-naive and 12
were R/R.

Of the 22 HR-MDS patients, nine were classified
as very high risk, 11 as high risk and two as moderate-
high risk according to the Molecular International
Prognostic Scoring System (IPSS-M). Of the seven
CMML patients, three were classified as high risk and
four as intermediate-2 risk according to the CPSS-
Mol classification. TP53 mutations were present in six
patients (20%), all of whom had a complex karyotype.
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30 patients eligible for allo-SCT

22 HR-MDS 7 CMML
* 15treatment-naive 4 treatment-naive
* 9R/R 3R/R

1aCML
* 1treatment-naive

30 patients received HMA/VEN

2 HR-MDS: second bridging

5 did not proceed to allo-SCT
2 HR-MDS: NR
1 CMML: PD after mCR
1 HR-MDS: physician decision
1 CMML: poor PS

P
therapy
23 proceeded directly to
allo-SCT
| allo-SCT |

2 alive in CR
18 alive in CR

i 4 post allo-SCT treatment

5 relapsed i« Preemtive HMA/VEN:

+ 3 HR-MDS-biTP53 CMML-1, MDS-IB2 !
¢ 2HR-MDS EB-2 i * Relapse HMA/VEN treatment :

MDS-1B2, MDS bi-TP53

Fig. 1 Flow chart of patients included in the study. Allo-SCT allogenic stem-cell transplant, MDS myelodysplastic syndrome, CMML chronic
myelomonocytic leukemia, aCML atypical chronic myeloid leukemia, NR no response, PD progressive disease, mCR marrow complete response (by

Savona criteria)

Baseline patient characteristics are shown in Table 1 and
the baseline mutational profile in Fig. 2A.

Previous treatment in the R/R patients was HMA
as monotherapy in nine, lenalidomide in one, and
chemotherapy in two, one of whom underwent allo-SCT
after chemotherapy.

HMA consisted of AZA in 25 patients (83.4%) and DEC
in five (16.6%). Duration of VEN treatment was 14 days in
21 patients, 21 days in one patient, 23 days in one patient,
and 28 days in seven patients.

Only six patients (20%) received in-patient ramp-up.
The remaining 24 patients were treated as outpatients,
18 of whom were included in an at-home care program
for at least the first cycle of treatment (Table 2). Median
number of cycles was 2 (range 1-9).

Safety and tolerability

Table 2 and Supplementary Table 2 provides details on
safety and tolerability. G-CSF was administered in ten
patients (33%) and antifungal prophylaxis in 14 patients
(47%). Grade 3/4 thrombocytopenia or neutropenia
was reported in 19 (70%) and in 23 (85%) patients,
respectively. Neutropenia occurred during the first cycle
in all 23 patients, in the second cycle in 11 patients, and
in the third cycle in nine patients. Five patients (17%)
experienced febrile neutropenia requiring hospital

admission — all during the first cycle. Of them, four were
patients receiving HMA/VEN in a R/R status.

Fifteen patients (50%) required treatment delay.
Median duration of treatment delay was 19 days (range,
4-60). One patient suffered a 60-day delay before the
third cycle due to a non-hematological issue (lung nodule
study), and another patient experienced a 50-day delay
before the second cycle due to an oligosymptomatic
COVID-19 infection with recovered counts that
required three weeks to negativize the viral load. In the
remaining 13 patients, the delay was 4-25 days due to
recovering counts. Dose reduction of VEN was necessary
in five patients due to grade 3/4 thrombocytopenia or
neutropenia as detailed in Supplementary Table 2.

Thirty-day mortality was 0%, and one patient died
within the first 60 days due to disease progression (4%).

Response
According to IWG 2023 criteria, ORR was 90% (27/30)
and CRc was 77% (23/30). There were 11 CR (37%), eight
CR; (27%), four CRh (13%), three PR (10%), one HI (3%),
and three no response (NR, 10%). ELN 2022 response
criteria identified a higher rate of CR (46% [14/30])
(Fig. 3).

Most responses were early, with the first and best
responses achieved in cycle 1. Only two patients needed
more than one cycle to reach their first response. The
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Table 1 Baseline patient characteristics at the moment of

starting HMA/VEN treatment

Characteristics n=30

Age, years, median (range) 61.5 (41-74)
Sex (male), n (%) 25 (83)
Treatment-related, n (%) 3(10)

First line, n (%) 18 (60)
Refractory/relapse, n (%) 12 (40)

HMA 9
Lenalidomide 1

Idarubicin+ Cytarabine

IDA-FLAG +allo-SCT

Leukocytes, x 10/ 9/L, median (range)
Neutrophils,x 10A9/L, median (range)
Monocytes, x 10A9/L, median (range)
Platelets, x 10A9/L, median (range)
Hemoglobin, g/L, median (range)

% Blasts in bone marrow, median (range)
Cytogenetic risk in MDS, n (%)

Good

Intermediate

Poor

Very poor

Cytogenetic risk in CMML, n (%)

Low

High

2022 WHO Classification, n (%)
MDS-IB1

MDS-I1B2

MDS-biTP53

MDS-SF3B1

CMML-1

CMML-2

MDS/MPN with neutrophilia

2022 ICC Classification, n (%)

MDS-EB

MDS-NOS with multilineage dysplasia
MDS-TP53mut

MDS-SF3B1

MDS/AML with myelodysplasia related mutations

MDS/AML with myelodysplasia related cytogenetic
alterations

MDS/AML NOS

CMML-1

CMML-2

aCML

CMML FAB Classification, n (%)
Myelodysplastic
Myeloproliferative

IPSS-Mol, n (%)
Moderate-high

High

1

1
2.685(0.9-43.7)
1.165 (0.14-7.9)
0.108 (0-4.19)
69 (6-298)

94 (60-136)

10 (4-19)

3(43)
4(57)
n=22
209
11 (50)
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Table 1 (continued)
Characteristics n=30
Very High 9(41)
CPSS-Mol, n (%) n=7
Intermediate-2 4(57)
High 3(43)

median time to best response was one cycle (range, 1-6).
Twenty-two patients reached best response in cycle 1,
while four required three cycles, three required two
cycles, and one required six cycles to reach best response
(Fig. 4).

According to IWG 2023 criteria, ORR was 83% (10/12)
for the R/R patients and 94 (17/18) for the treatment-
naive patients (p=0.55). CRc was 67% (8/12) and 88%
(16/18), respectively (p=0.08). There were no significant
differences in ORR or CRc between HR-MDS vs CMML.
Considering MDS patients, there were 8 CR (36%), five
CRL (23%), four CRh (18%), two PR (10%), one HI (3%),
and two no response (NR, 10%). According to Savona
Criteria, among CMML patients (n=7), three patients
presented CR (43%), four presented MCR (57%), and one
a PR (14%). We did not observed differences in response
rate depending on 7TP53 mutational status. Figure 3B
shows details of overall response rates.

Allo-SCT characteristics and results

Twenty-five patients (83%) underwent allo-SCT after
HMA/VEN treatment, two of whom required a second
bridging therapy before proceeding to allo-SCT. These
two patients achieved CR and PR with HMA/VEN,
respectively, but later progressed. They were rescued
with CPX-351 and achieved a second CR and a CRh,
respectively, and were able to undergo allo-SCT (Fig. 1).
Overall transplant rate for patients bridged exclusively
with HMA/VEN was 76.6% (23/30) for the entire cohort,
83% (15/18) for treatment-naive patients, and 66.6%
(8/12) for R/R patients.

Reasons for not proceeding to allo-SCT were varied.
Three patients progressed and died. Two of the three
were HR-MDS patients who had NR, and one was a
CMML patient who attained a marrow CR (mCR) at the
first cycle but later progressed and died. In addition, one
HR-MDS patient did not proceed to allo-SCT because of
the physician’s decision. This patient had relapsed after
a prior allo-SCT and had started HMA/VEN with the
intention of undergoing a second allo-SCT. The patient
achieved a CR and later developed chronic GVHD, and
it was decided not to carry out a second allo-SCT. Other
CMML patient lost eligibility due to poor performance
status after a long period of hospital admission for acute
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(and/or retained)

12
13
14

NA (no trasplant/
no relapse)

8

M Acquired mutation M

Frequency (n)

Lost mutation

Fig. 2 Oncoplot showing the mutational landscape of high-risk MDS/CMML patients A at baseline, B pre-allo-SCT, and C at relapse. Blue squares
indicate mutations; grey squares indicate wild-type; white squares indicate untested; red squares indicate acquired mutations; green squares
indicate lost mutations. The frequency (%) of each gene mutation can be seen on the right side of the plot. The number of mutations (n) is shown

at the top
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Table 2 Treatment details and toxicity profile in 30 patients
receiving HMA/VEN

HMA/VEN TREATMENT (n =30)

Type of hypomethylating agent, n (%) n=30
Azacytidine (75 mg/m?2 sc, 7 days) 25 (83%)
Decitabine (20 mg/m2 i/v, 5 days) 5(97%)
Duration of venetoclax, first cycle (n, %) n=30

14 days 21 (70%)
21 days 1 (3%)
23 days 1 (3%)
28 days 7 (24%)
Treatment modality, n (%) n=29
Outpatient 24 (80)
At-home care 18(23)
Inpatient ramp-up 6 (20)
Number of VEN/HMA cycles received, n (%) n=30

1 5(17%)
2 11 (37%)
3 8 (27%)
4 4 (13%)
5 1(3%)

9 13%)
Safety Characteristics n=30
Use of G-CSF, n (%) (n=30) 10 (33)
Use of antifungal prophylaxis, n (%) 14 (47)
Grade 3/4 neutropenia, n (%) 23 (85)
Grade 3/4 thrombocytopenia n (%) 19 (70)
Grade 3/4 anemia n (%) 17(63)
Febrile neutropenia, n (%) 5017)
Fungal infection, n (%) 0
Admission, n (%) 5(17)
Delay of the next cycle n (%) 15 (50)
Days of delay of the next cycle, median (range) 19 (4-60)
30-days mortality 0

60-days mortality 1 (4%)

gastrointestinal bleeding due to a cytomegalovirus
infection without G3/4 neutropenia. Both are currently in
CR and mCR at the moment of writing this manuscript,
respectively.

Allo-SCT was performed after a median of three cycles
of HMA/VEN (range, 1-9). Five patients received only
one cycle and four received four cycles (Fig. 4). Among
the five patients that did not reach allo-SCT the median
number of cycles received were 2 (range, 1-3). Transplant
characteristics are described in Supplementary Table 1.

Survival
With a median follow-up of 15.79 months, one-year
and two-year OS of the entire cohort was 77.3% (95%
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CI+16%) and 64.9% (95% CI+21%), respectively
(Fig. 5A). Two-year overall survival (OS) was 66% (95%
CI+£23) for HR-MDS patients and 73% (95% CI+32) for
CMML patients (p=0.53) (Supplementary Fig. 3A). For
the 23 patients that underwent allo-SCT after HMA/
VEN treatment, one-year and two-year post-allo-SCT
OS was 75% (95% CI+18%) (Fig. 5B). Five patients
relapsed after allo-SCT, resulting in a one-year CIR of
19.7% (95% CI +17.6%) and a two-year CIR of 30.5% (95%
CI+25.4%). Two-year non-relapse mortality was 4.5%;
only one patient died — from acute GVHD while in CR
(Fig. 5C).

Of the 23 patients undergoing allo-SCT, only two
suffered G3/4 acute GVHD and none had moderate or
severe chronic GVHD. Median one-year and two-year
GRES were 74% (95% CI+19%) and 64% (95% CI +25%),
respectively.

Two-year post-allo-SCT OS was 74.8% (95% CI+18.2)
for HR-MDS patients and 83% (95% CI+29.8) for
CMML patients (p=0.97) (Supplementary Fig. 3B). Two-
year post-allo-SCT OS was 76.6% (95% CI+23.7) for
treatment-naive patients and 71% (95% CI+33.5) for R/R
patients (p=0.91). Two-year post-allo-SCT OS was 50%
(95% CI+21) for patients with TP53 mutations and 79%
(95% CI+21) for those with wild-type TP53 (p=0.19).
Two-year post-allo-SCT CIR was 75% (95% CI+17) for
those with TP53 mutations and 15.4% (95% CI +56) for
those without mutations (p=0.028) (Supplementary
Fig. 1A and B). Only five patients did not reach allo-
SCT in CRc. One-year post-allo-SCT OS was 72% (95%
CI +24) for those in CRc and 80% (95% CI + 35) for those
not in CRc (p=0.7) (Supplementary Fig. 1C).

MRD pre- and post-allo-SCT

First, we evaluated the mutational profile by targeted
NGS before allo-SCT in 17 patients (Fig. 6B). In 14
(82%), NGS detected a non-DTA mutation. Among these
patients, there were six CR, three CR|, one CRh, one
HI, and three PR. Positive pre-transplant MRD was not
associated with worse post-allo-SCT OS. Two-year post-
allo-SCT OS was 79% (95 CI+25) for patients without
pre-transplant MRD and 67% (95 CI+52) for those with
MRD (p=0.49).

Besides conventional monitoring, we also performed
personalized molecular monitoring with ddPCR as
part of post-allo-SCT follow-up. Of the 14 patients
who proceeded to allo-SCT in our center, ddPCR
post-transplant monitoring was performed in nine,
two of whom experienced an early molecular relapse
detected by ddPCR. One patient had CMML-1 with
ZRSR2 ¢.195_198del alteration at diagnosis. This
patient experienced a molecular relapse three months
after allo-SCT, which was confirmed two months
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A
30
20
MCR
10
(HI—
=
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Fig. 3 A Alluvial plot of the best responses achieved according to the International Working Group (IWG) 2006, IWG 2023, and European Leukemia
Net (ELN) 2022 criteria. B Summary of responses for treatment-naive patients, R/R patients, HR-MDS patients, CMML patients, and TP53-mutated
patients. CR complete response, CR, complete response with limited count recovery, CRh complete response with hematologic recovery, CRi
complete response with incomplete recovery, mCR marrow complete response, Hl hematologic improvement, PR partial response, NR no response,
PD progressive disease, ORR overall response rate, CRc composite complete response rate

later after immunosuppression tapering. He received
preemptive treatment with DEC plus VEN and
attained molecular negativization after cycle 2 that
was sustained until cycle 5 (at data cutoff) (Fig. 6A).
The second patient had MDS-IB2 and showed RUNX1
¢.313_314insCG molecular positivization nine months
after allo-SCT. He received preemptive treatment
with HMA/VEN for nine cycles followed by donor
lymphocyte infusion. At data cutoff two years after
allo-SCT, he remained in morphologic CR despite a
slight molecular RUNX1 ¢.313_314insCG mutation

detectable by ddPCR (Fig. 6B). Two patients suffered a
post-allo-SCT morphological relapse during molecular
follow-up. One had MDS-IB2 and was monitored for
the EZH2 R690H mutation quantification. He suffered
an EZH2 R690H-negative morphological relapse two
months after allo-SCT (Fig. 6C). The other patient also
hadand was being monitored for IDH2 mutations. His
morphological relapse occurred six months post-allo-
SCT with no previous detection of IDH2 mutations by
ddPCR. The IDH2 mutation was detected at the time of
the morphological relapse. The patient was treated with
HMA/VEN but did not respond (Fig. 6D).
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In summary, four patients received post allo-SCT
disease-modifying treatments. As previously mentioned,
two patients were treated with preemptive HMA/VEN
following molecular positivization and remain in a CR.
And two additional patients received HMA/VEN after a
morphological relapse without response.

Targeted NGS was also performed at relapse in nine
patients. One relapsed prior to allo-SCT with acquisition
of an SH2B3 mutation (c.1315delC). Of the eight patients
who relapsed post-allo-SCT, one acquired an NRAS
mutation, another lost an IDH2 and a STAG2 mutation,
a third lost a SH2B3 and a ZRSR2 mutation, and the
remaining five maintained their baseline mutational

profile (Fig. 6C).

Discussion

In the present real-world study, we have retrospectively
analyzed 30 patients who were deemed eligible for allo-
SCT and who were treated with HMA/VEN as a bridge

to allo-SCT. We observed a promising ORR (90%),
transplant rate (76.6%), and OS (two-year post-allo-SCT
0OS 75%).

The ORR in our patients (90%) was higher than that
usually attained with HMA in monotherapy (<50%)
[14], even tough given the retrospective design and the
limitations in comparing across studies, this conclusion
should be interpreted with caution. Moreover, responses
were achieved early, mostly during the first cycle. This
early response rate is in line with previous reports in
HR-MDS [20, 45] and CMML [29-31], where HMA/
VEN was used mostly with non-bridging objectives. Early
response is particularly important for a bridging therapy,
as it can reduce the number of dropouts since patients
can undergo allo-SCT before disease progression.
Furthermore, early response can limit the risk of
treatment-related toxicity and cytopenia.

An essential concern in any bridging strategy is
the safety profile. Thrombocytopenia or neutropenia
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occurred in 70% and 85%, respectively, of our patients,
most cases occurred during the first 30 days of treatment.
Seventeen per cent of patients experienced febrile
neutropenia requiring hospital admission during the
first cycle. However, none of our patients died in the first
30 days, and only one patient died—without treatment-
related toxicity—due to disease progression in the first
60 days. Moreover, only one of our R/R patients lost
eligibility for allo-SCT due to poor performance status
after a long period of hospital admission. This patient had
CMML-1 and suffered iatrogenic acute gastrointestinal
bleeding without G3/4 cytopenia. At the time of data
cutoff, she was still in mCR. Moreover, two patients
who required a second bridging therapy with intensive
chemotherapy (CPX-531) after HMA/VEN were able to
tolerate it and later proceeded to allo-SCT. Our findings
of a good safety profile are in line with previous studies
reporting manageable toxicities [27, 30, 32, 33, 46, 47].
An important issue related to safety and tolerability
is patient age and frailty. Six of our patients were older
than 70 years. Four reached allo-SCT, one progressed
before allo-SCT, and the other one did not proceed to

allo-SCT because of the physician’s decision. Of the four
elderly patients who underwent allo-SCT, three were
alive and in CR at data cutoff and one had died due to
disease progression. Other studies have also found that
older fit patients can benefit from allo-SCT [48, 49]. We
therefore conclude that many elderly patients may benefit
from HMA/VEN followed by allo-SCT. However, we
suggest assessing eligibility on an individual basis—rather
than only on patient age—and closely monitoring elderly
patients during treatment.

Twenty-five patients out of thirty (83%) underwent allo-
SCT. The transplant rate after HMA/VEN in our study
was 76.6%, higher than the ratio reported previously with
HMA as monotherapy [4, 14, 50, 51]. However, due to
the inherent limitations in cross-study comparisons, this
conclusion should be interpreted with caution and needs
to be validated in larger, prospective studies.

Some preliminary studies with small patient cohorts
included some patients who were transplanted after
receiving HMA/VEN [20, 27-30, 32, 33]. Recently, an
international phase 1b study including 107 first-line
HR-MDS reported that 43% of the cohort proceeded
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Fig. 6 Molecular follow-up of mutations by droplet digital PCR (ddPCR) in four patients. A Monitoring of ZRSR2 ¢.195_198del alteration

in sequential samples of a CMML patient detected early molecular relapse three months after allo-SCT. B An MDS-IB2 patient with RUNX1
€.313_314insCG molecular positivization nine months after allo-SCT. In sequential samples, this mutation was detected at a low level two years
after allo-SCT but the patient remained in morphologic CR. C An EZH2 R690H mutation was present at diagnosis of an MDS-IB2 patient. The
mutation was not detected in sequential samples but the patient suffered a morphological relapse two months after allo-SCT. D An IDH2 R140Q
mutation was detected in an MDS-IB2 patient at the time of a morphological relapse six months post-allo-SCT

to SCT, which is higher than other reported SCT rates,
with a reasonable safety profile [9]. However, none
of these studies included specifically and exclusively
patients who received HMA/VEN as a cytoreductive
therapy with the aim of bridging to allo-SCT. To the
best of our knowledge, this is the first study focusing on
patients eligible for allo-SCT and reporting a promising
transplant rate after HMA/VEN. Our findings will be
useful in daily clinical practice when deciding whether

a patient will be able to undergo allo-SCT, the only
potentially curative treatment available.

Our findings on OS were encouraging, with one-
year and two-year OS of 77.3% and 64.9%, respectively.
The VidazaAllo study reported a 3-year OS for the
azacytidine followed by allo-SCT arm of 50%. However,
due to the relatively short follow-up of our study, direct
comparison may not be adequate. Moreover, the OS
benefit can only be addressed in context of a randomized
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clinical trial. For the 23 patients who proceeded to allo-
SCT directly after HMA/VEN treatment, one-year and
two-year post-allo-SCT OS was also promising (75%),
which is along the lines of previous reports [27, 28, 33].
Again, there were no differences between HR-MDS and
CMML patients or between treatment-naive and R/R
patients, though this may be due to our relatively small
sample size. Larger cohorts are needed to properly assess
differences between groups.

R/R patients with HR-MDS or CMML have dismal
outcomes, with OS shorter than six months [21, 52].
Our study included 12 R/R patients, most of whom had
previously been treated with HMA. The outcome in these
patients is encouraging: their ORR was 83%, which is in
line with other studies of HMA/VEN [21, 25-27], and
their OS and post-allo-SCT OS were similar to those of
our treatment-naive patients. Moreover, 66.6% of our R/R
patients effectively bridged to allo-SCT after HMA/VEN.

Of the seven CMML and one aCML patients in our
study, one (with myeloproliferative disease) progressed
before allo-SCT and another attained CR at the moment
of data cut-off but lost eligibility for allo-SCT due to poor
performance status after a prolonged hospital admission.
The remaining six, including the aCML patient,
proceeded to allo-SCT and none relapsed. Interestingly,
four of our seven CMML patients had myeloproliferative
disease. All four responded to HMA/VEN and three
underwent allo-SCT. Previous studies had reported that
HMA/VEN could lead to a high response rate in CMML
patients [29-31], but these responses appeared to be
brief, with early relapses, leading the investigators to
question the role of this therapy in CMML. Nevertheless,
in the context of HMA/VEN as a bridging therapy to
transplant, long-lasting responses may not be needed,
which suggests a strong therapeutic potential for this
combination.

Findings are inconsistent on whether pre-allo-SCT
response correlates with post-allo-SCT outcome [53].
In our study, only five patients had not attained CRc at
the time of allo-SCT, and their post-allo-SCT OS was
not different from the patients that underwent allo-SCT
while in CR. In addition, our review of pre-allo-SCT
NGS findings on 17 transplanted patients showed that
only three patients reached allo-SCT with no mutations
detected, while 14 showed at least one (non-DTA)
mutation. In AML, flow-detected negative MRD after
VEN/AZA has been reported to be 40%, in 50% of the
patients reached after the fourth treatment cycle [4].
Post-allo-SCT OS of our patients with NGS-detected
negative MRD before transplant was similar to those with
mutations. This analysis had some limitations, including
the small number of patients included and the lack of
error-corrected NGS. Therefore, future studies with
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larger cohorts and longer follow-ups are warranted to
clarify this matter.

Our two-year CIR was 30.5%, with five patients who
relapsed after allo-SCT. Ours is one of the first studies
evaluating MDS/CMML post-allo-SCT CIR after
bridging with HMA/VEN, and the CIR is not higher
than that reported for patients bridged with HMA as
monotherapy [10, 53, 54]. Patients with TP53 mutations
had a higher two-year CIR than those without TP53
mutations (75% vs 15.4%; p=0.028). Most of the relapses
occurred during the first six months post-transplant.
However, only six of our patients harbored TP53
mutations, indicating a need for further investigation
with larger cohorts.

The role of molecular follow-up is critical to identify
molecular relapse and implement preemptive treatment.
In addition to conventional monitoring after allo-SCT, we
are progressively implementing personalized molecular
follow-up with ddPCR in our center. We had ddPCR
results available on nine patients who underwent allo-
SCT. ddPCR detected a molecular relapse in two of these
patients, and they were able to start preemptive treatment
with HMA/VEN with good outcomes. Despite the small
number of patients with ddPCR results available, the case
of these two patients highlights the need for molecular
follow-up on patients after transplant.

Our study has several limitations. First, this is a
retrospective work. Second, it includes a relatively small
number of patients that limits the generalizability of the
findings. In addition, follow-up—though similar to that
of previous studies [23, 24]—was relatively short. Given
this short follow-up period and the retrospective nature
of this study, we are unable to determine whether there
are differences in terms of patient survival, and results
should be carefully validated by future larger randomized
prospective studies.

Nevertheless, to the best of our knowledge, this is the
first study including exclusively HR-MDS and CMML
patients who were eligible for allo-SCT. As such, our
findings of good transplant and OS rates together with
a manageable toxicity profile provide preliminary yet
solid evidence for the beneficial impact of HMA/VEN
as a bridging strategy to allo-SCT. Our real-world results
warrant validation in larger prospective cohorts and may
well help to increase the number of HR-MDS and CMML
patients who are able to undergo allo-SCT.

Abbreviations

HR-MDS High-risk myelodysplastic syndromes

CMML Chronic myelomonocytic leukemia
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HMA/VEN  HMA with venetoclax

ORR Overall response rate
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