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Venetoclax plus hypomethylating agents as effective bridge therapy
to allogeneic stem cell transplant in relapsed/refractory acute
myeloid leukaemia: A subanalysis of the AVALON study

To the Editor,

Allogeneic haematopoietic stem cell transplantation (allo-
HSCT) remains the only curative option for patients with
relapsed or refractory (REF/REL) acute myeloid leukaemia
(AML). However, many patients—particularly older or unfit
individuals—are unable to reach transplant due to poor
responses to salvage chemotherapy or toxicities. In recent
years, the combination of hypomethylating agents (HMAs)
with venetoclax (VEN) has demonstrated robust activity
and manageable toxicity in both newly diagnosed (ND) and
REF/REL AML."

In this context, we conducted a subanalysis of the
AVALON, a retrospective Italian cohort evaluating real-
world outcomes of HMA-VEN in AML, to investigate the
feasibility and outcomes of HMA-VEN as a bridging therapy
to allo-HSCT in the REF/REL setting. AVALON included
147 patients with REF/REL AML treated with HMA-VEN
between 1 January 2015 and 1 April 2020, across 32 haema-
tology centres.’

Twenty patients who received allo-HSCT prior to ini-
tiating HMA-VEN were excluded. Of the 127 remaining
patients, 36 (28.3%) underwent allo-HSCT following HMA-
VEN therapy.

Transplanted patients were younger, fitter, more likely
to have de novo or refractory AML, and to combine with
decitabine compared to non-transplanted patients. Among
the transplant cohort, 72.2% achieved a composite com-
plete remission (cCR), including complete remission (CR),
CR with incomplete haematological recovery (CRi) or
morphologic leukaemia-free state (MLES), prior to trans-
plant (Table 1; Table S1). The median time from HMA-
VEN initiation to allo-HSCT was 3.8 months [IQ-IIIQ:
2.5-5.3]. Sixteen patients (44.4%) received haploidenti-
cal transplants, and 28 (77.8%) underwent myeloablative
conditioning (MAC).

In the entire REF/REL cohort (n=127), consolidation
with allo-HSCT following HMA-VEN was associated
with significantly longer overall survival (OS) and event-
free survival (EFS). The hazard ratio (HR) for OS was 0.53
(95% confidence interval [CI]: 0.28-0.98; p=0.045). When

limiting the analysis to those who achieved cCR (n=49), out-
comes were even more favourable (HR for OS: 0.30, 95% CI:
0.11-0.84; p=0.021). Overlapping results were obtained for
EFS. Analyses used a Cox model with allo-HSCT as a time-
dependent covariate, adjusting for age, fitness and European
LeukemiaNet risk.

In the allo-HSCT group (n=36), median OS and EFS
were 12.9months (95% CI: 5.46-32.63) and 11.8 months
(95% CI: 5.10-32.63), respectively, with a median follow-up
of 20.3 months (Figure 1).

In univariate analysis using the Cox model, the main
factors associated with OS and EFS were disease status at
treatment initiation and type of the conditioning regimen
(Figure S1). Borderline associations were also observed with
pretransplant response status and AML type (for OS only)
(Figure S2).

The 1-year cumulative incidence of relapse (CIR) post-
transplant was 18.4% (95% CI: 7.2%-33.6%) in the overall
transplanted population, while 22.1% (95% CI: 7.5%-41.5%)
among patients transplanted in remission. One-year non-
relapse mortality (NRM) was 34.2% (95% CI: 19.0%-50.1%),
decreasing to 24.2% (95% CI: 9.5%-42.6%) in those trans-
planted in cCR.

The 6-month cumulative incidence of grade II-IV acute
graft-versus-host disease (aGVHD) was 16.7% (95% CI:
6.6%-30.6%), with grade III-IV aGVHD in 13.9% of pa-
tients. The incidence of chronic GVHD was 8.3% (95% CI:
1.4%-24.0%) at 1 year and increased to 14.0% (95% CI: 3.2%-
33.0%) at 2years, with moderate-to-severe forms remaining
uncommon (4.5% and 11.0% respectively). One-year GVHD-
free, relapse-free survival (GRFS) was 44.4%, with a median
GRFS of 10.0 months (Figure S3).

Among transplanted patients, 14 of 36 (38.9%) were
alive and disease-free at last follow-up. The most common
causes of death were relapse (n=9), GVHD (n=5) and
infections (n=4).

Our study provides further evidence supporting the fea-
sibility and effectiveness of HMA-VEN as a bridge to allo-
HSCT in patients with REF/REL AML. In this real-world
Italian cohort, about a quarter of the REF/REL AML patients
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TABLE 1 Patient characteristics of relapsed or refractory (REF/REL) acute myeloid leukaemia (AML) patients treated with hypomethylating agent-
venetoclax (HMA-VEN), overall and by subsequent allogeneic haematopoietic stem cell transplantation (allo-HSCT).

Median age at the start of VEN-HMA [IQ-IIIQ], years

Age <60

Age >60
Gender

Female

Male
AML type

De novo AML

Secondary AML or therapy related

Patient fitness
Fit
Unfit to ICT or frail

2017 ELN risk classification
Favourable
Intermediate
Adverse

2017 ELN karyotype classification
Favourable
Intermediate
Adverse®
Not evaluable

Disease status
REF
REL

Type of combination
5-Azacitidine + VEN
Decitabine + VEN

No. of lines of therapy prior to VEN+HMA

1
22

Use of HMA in lines prior to VEN+HMA

No
Yes

Use of intensive CT in lines prior to VEN+HMA

No
Yes
Best response before allo-HSCT
cCR
PR
SD/PD
Not available
Transplant-related characteristics:
Type of donor
MRD
UD

No allo-HSCT (n=91)

allo-HSCT (n=36)

n

68 [60-73]
25

66

42
49

53
38

51

42

44
29

46
27

46

45

66
25

50
41

47
44

36
55

%

27.5
72.5

46.1
53.9

58.2
41.8

56.0
44.0

6.4
56.4
37.2

1.2

55.4
32.5
10.8

50.6
494

72.5
27.5

55.0
45.0

51.6
48.4

39.56
60.44

n

55.5 [49-65.5]
21
15

14
22

28

32

20
15

18
15

22

14

19
17

15
21

31

34

26

15

%

58.3
41.7

38.9
61.1

77.8
22.2

88.9
11.1

2.8
55.6
41.7

51.4
429
5.7

61.1
38.9

52.8
47.2

41.7
58.3

86.1
13.9

5.56
94.4

72.2
13.9
8.3
5.6

13.9
41.7

allo-HSCT
rate [95% CI|*

10.8 [7.0-16.6]
2.1 [1.2-3.4]

3.5 [2.1-5.9]
4.2[2.8-6.4]

4.6 [3.2-6.6)
2.5[1.3-5.1]

5.6 [4.0-7.9]
1.1 [0.4-3.0]

1.0 [0.1-7.2]
4.3[3.2-7.8]
5.4[3.2-8.9]

0
3.2 [2.0-5.1]
2.1[4.6-12.3]

4.5[3.0-6.8]

2.8 [1.9-5.4]

2.7 [1.7-4.3]
7.4 [4.6-11.9]

2.9 [1.8-4.9]
5.0 [3.3-7.7]

6.7 [4.7-9.5]
1.1 [0.5-2.6]

0.59 [0.1-2.3]
5.8 [4.2-8.1]
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TABLE 1 (Continued)
No allo-HSCT (n=91) allo-HSCT (n=36)
allo-HSCT
n % n % rate [95% CI|*
HAPLO 16 44.4
Source of stem cell
PBSC 29 80.6
BM 7 19.4
Median donor age [IQ-IIIQ], years 32 [25-39]
Donor sex
Female 16 48.5
Male 17 51.5
Intensity of conditioning
Non-MAC 8 22.2
MAC 28 77.8

Note: The sum may not sum up to the total due to missing values. Percentages may not equal to 100 due to rounding.

Abbreviations: BM, bone marrow; cCR, composite complete remission (CR+CRi); CI, confidence intervals; CMV, cytomegalovirus; ELN, European LeukemiaNet; HAPLO,
haploidentical; HMA, hypomethylating agent; ICT, intensive chemotherapy; ITIQ, third quartile; IQ, first quartile; MAC, myeloablative conditioning; MRD, matched related
donor; PBSC, peripheral blood stem cell; PD, progressive disease; PR, partial remission; REF, primary refractory patients; REL, relapsed patients; SD, stable disease; UD,

unrelated donor; VEN, venetoclax.
“Rates are per 100 patient-months.

°Only one transplanted patient had a monosomal karyotype, whereas a complex karyotype was observed in 10 transplanted and 13 non-transplanted patients.
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FIGURE 1
from any cause, relapse or disease progression) on the right.

treated with HMA-VEN were able to proceed to allo-HSCT,
with promising post-transplant outcomes in terms of remis-
sion, survival and manageable toxicity.

Our results show that 72.2% of patients undergoing
allo-HSCT after HMA-VEN achieved CR or CRi prior to
transplant, consistent with previous studies reporting high
CR/CRi rates in the REF/REL setting with VEN-based
regimens.l’2

The median time from HMA-VEN initiation to trans-
plant was 3.8 months, underscoring the regimen'’s ability to
achieve timely disease control, a critical factor for successful
transplantation. This short time interval may also reflect that
44% of patients received a transplant from a haplo-identical

0.8 1.0
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0.5

0.3

T T T T T T
24 36 48 60
Months from allo-HSCT
Number at risk
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Kaplan-Meier curves showing overall survival (OS; events: Death from any cause) on the left and event-free survival (EFS; events: Death

donor, which may be arranged more rapidly than matched
unrelated donors' allo-HSCT.

Several studies have reported outcomes of VEN-HMA
used as a bridge to allo-HSCT, but few have focused on REF/
REL AML patients,"™® often grouping them with ND pa-
tients. This makes it challenging to assess post-HSCT out-
comes for the REF/REL subgroup. Sandhu et al. analysed 19
ND and 13 REF/REL AML patients (median age 62years)
and found CR/CRIi rates after Venetoclax plus azacitidine
(VEN-AZA) of 68.8% for ND-AML and 31.3% for REF/REL
AML. Post allo-HSCT, their cohort showed a 1-year OS of
62.5%, relapse-free survival (RFS) of 43.8%, CIR of 37.5%
and NRM of 18.8%." Kennedy et al. studied 46 ND and 42
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REF/REL AML patients (including 5s transplants), with a
median age of 67years. They reported 1-year OS, CIR and
NRM rates of 78%, 36% and 17% respectively.” Bang et al.
evaluated post-allo-HSCT outcomes in 10 ND and 40 REF/
REL AML patients treated with VEN-HMA therapy, with
a median age of 53years at transplant. The proportions
achieving CR/CRi or MLES were 90% for ND and 92.5% for
REF/REL AML. After a median follow-up of 13.7 months,
l-year OS, RES, CIR and NRM probabilities were 63.7%,
59.3%, 28.5% and 12.2% respectively.

In our study, the median age at transplant was 56 years,
and 72.2% of patients achieved a response to VEN-HMA
prior to allo-HSCT. Post-transplant, 1-year OS, EFS, CIR
and NRM were 53.4%, 47.4%, 18% and 34.2% respectively.

Our findings indicate that consolidation with allo-HSCT
following HMA-VEN therapy significantly prolonged OS in
both the overall REF/REL cohort and particularly in patients
achieving CR/CRi. EFS was consistent with OS data, as ex-
pected in this population and reported in other studies.*™®

In univariate analysis, we observed a significant ben-
efit for patients receiving MAC conditioning compared to
those who received Reduced intensity conditioning (RIC).
Another factor associated with OS and EFS was disease sta-
tus at treatment initiation. Compared to other studies," our
transplant cohort had a younger median age, and 90% of the
population was fit, which may explain why 78% had an MAC
and nearly half of the population had a transplant from a
haploidentical donor.

The finding that the majority of patients in this cohort
were treated with haploidentical allo-HSCT and received
high-intensity conditioning regimens further supports the
idea that HMA-VEN can enable the successful use of allo-
HSCT in patients who might otherwise not be candidates for
transplantation due to insufficient remission or high disease
burden (especially refractory diseases).

Compared to other studies,”"® our NRM rate is somewhat
higher, likely reflecting differences in patients' characteristics
and the small sample size of our REF/REL cohort. However,
in patients transplanted in CR/CRi, the NRM decreased to
24.2%, suggesting that disease control before transplant is a
critical factor in minimizing transplant-related toxicity.

The majority of NRM events were due to infections
and GVHD, which remain leading challenges post-allo-
HSCT. Interestingly, the cumulative incidence of grade
II-IV aGVHD was relatively low (16.7% at 6 months),
and chronic GVHD occurred in only 8.3% at 1year, sug-
gesting that pretreatment with HMA-VEN may not exac-
erbate GVHD risk and could offer an immunologically
favourable profile, possibly due to limited toxicity and
myelosuppression-focused action.

Our study also revealed a low relapse incidence (18.4%
at lyear), particularly in those transplanted in remission
(22.1%), highlighting that HMA-VEN may not compromise
post-transplant disease control. This compares favourably
with prior reports where relapse rates often exceed 30% after
allo-HSCT in REF/REL AML.*® Moreover, the GRFS of

BRITISH JOURNAL OF HAEMATOLOGY

44.4% at 1year provides a meaningful measure of quality-
adjusted survival in this patient population.

A strength of our analysis lies in its real-world setting,
capturing outcomes across multiple centres and reflecting
different transplant practices. However, there are several
limitations. First, the retrospective design and inherent se-
lection bias may limit the generalizability of our findings.
Patients selected for transplant were younger and fitter, with
a predominance of de novo AML and refractory rather than
relapsed disease. Second, time to response and disease status
assessments were not standardized, relying on investigator
judgement Third, the cohort size, while one of the largest
real-life European series to date, remains modest, and lon-
ger follow-up is needed to better define the durability of re-
sponses and late toxicity.

In conclusion, despite the high NRM, our data confirm
the utility of HMA-VEN as an effective bridge to allo-HSCT
in REF/REL AML, because it brings an advantage in terms
of relapse, especially considering that approximately 30% of
patients in our cohort were not in CR/CRi at the time of allo-
HSCT. Furthermore, 38.9% of patients alive and disease-free
at last follow-up have an expected good quality of life, as
demonstrated by the GRFS of 44%.

These findings support the broader implementation
of HMA-VEN in this setting, especially for patients tradi-
tionally considered ineligible for intensive salvage therapy.
Future trials comparing HMA-VEN to intensive chemother-
apy as a pretransplant regimen, and studies incorporating
matched related donor monitoring and maintenance strate-
gies post-transplant are warranted to further optimize out-
comes in this high-risk group.
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