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Abstract

Treatment options for relapsed and refractory acute myeloid leukemia patients (R/R AML) are limited. This retrospective
cohort study compares safety and efficacy of fludarabine, cytarabine, and idarubicin (FLA-IDA) without or with venetoclax
(FLAVIDA) in patients with R/R AML. Thirty-seven and 81 patients received one course FLA-IDA with or without a 7-day
course of venetoclax, respectively. The overall response rate (ORR) was significantly higher in FLAVIDA compared to FLA-
IDA-treated patients (78% vs. 47%; P=0.001), while measurable residual disease was negative at a similar proportion in
responding patients (50% vs. 57%), respectively. Eighty-one percent and 79% of patients proceeded to allogeneic
hematopoietic cell transplantation or donor lymphocyte infusion after FLAVIDA and FLA-IDA, respectively. Event-free and
overall survival were similar in FLAVIDA- and FLA-IDA-treated patients. Refractory patients could be salvaged more
successfully after FLA-IDA compared to FLAVIDA pretreatment. Neutrophil and platelet recovery times were similar in the
venetoclax and the control group. In conclusion, short-term venetoclax in combination with FLA-IDA represents an
effective treatment regimen in R/R AML identifying chemosensitive patients rapidly and inducing measurable residual
disease-negative remission in a high proportion of R/R AML patients.

Il’ltl‘OdUCtiOIl venetoclax c.ombine.d with HMA is approved for newly di'-
agnosed patients with AML who are 75 years old, or unfit
Primary refractory disease is found in 10-20% of younger for intensive chemotherapy providing a new robust stan-
and 50% of older acute myeloid leukemia (AML) patients dard of care option for this frail population.”® Subgroup bio-
after two courses of intensive induction therapy, and 50- marker analyses identified an association between NPM1-,
70% of patients who obtain complete remission (CR) will /DH7- or IDH2-mutated AML and favorable response,
relapse.? The primary goal in these patients is to reliably whereas outcomes were similar in patients irrespective of
determine eligibility for allogeneic hematopoietic cell FLT3-internal tandem duplication (ITD) mutational
transplantation (alloHCT) and donor availability.® Salvage status.”®' Further analyses suggested that outcomes of
treatment with intensive chemotherapy regimens like flu- patients with poor-risk cytogenetics in the absence of mu-
darabine, cytarabine, and idarubicin (FLA-IDA), high-dose tated TP53 were similar to those with intermediate risk
cytosine arabinoside and mitoxantrone (HAM), or mitoxan- when treated with azacitidine plus venetoclax.”
trone, etoposide and intermediate-dose Ara-C (MEC) in- In order to improve response to induction or salvage
duce CR in 35-58%, and median overall survival (OS) of chemotherapy, venetoclax has been recently combined
6.5-11.9 months in patients undergoing alloHCT and of 1.5- with intensive chemotherapy. The addition of venetoclax
11.9 months in patients not eligible for alloHCT.*® to cytarabine and idarubicin (FLAVIDA) or FLAG-IDA in-
Lower-intensity regimens combining the B-cell lymphoma- duced remarkable response rates (composite CR [CRc] of
2 (BCL-2) inhibitor venetoclax and hypomethylating agents 97% and 90%, respectively) and promising OS (median not
(HMA) or low-dose cytarabine (LDAC) demonstrated high reached [NR] and 11.2 months, respectively) in newly di-
efficacy in AML.°" Based on the results of the VIALE-A trial agnosed AML patients.'®"”
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In a subsequent propensity score matched analysis the
efficacy of venetoclax combined with cytarabine, idarubi-
cin and either fludarabine or cladribine was compared to
treatment with cytarabine, idarubicin and either fludara-
bine, cladribine or clofarabine without venetoclax. The
analysis included 279 newly diagnosed AML patients, with
85 patients in the venetoclax and 194 in the control
cohort.”® Eighty-six percent of patients in the venetoclax
cohort achieved measurable residual disease (MRD)-
negative CRc compared to 61% in the control cohort (odds
ratio [OR] =3.2 ; 95% confidence interval [CI]: 1.5-6.7;
P=0.0028). While event-free survival (EFS) was significantly
improved (median NR; 95% Cl: NR-NR vs. 14.3 months;
95% Cl: 10.7-33.5; hazard ratio [HR] =0.57; 95% CI: 0.34-
0.95; P=0.03), OS was not significantly different between
both cohorts (median NR; 95% CI: 24-NR vs. 32 months;
95% Cl: 19-NR; HR=0.63; 95% CI: 0.35-1.1; P=0.13.

In R/R AML, 67% of patients treated with FLAG-IDA with
venetoclax (FLAVIDA) achieved a CRc and 46% transitioned
to alloHCT. Median OS in R/R AML patients was 13 months
(95% CI: 7-NR). Due to high rates of sepsis in the first six
patients treated with FLAG-IDA with a 21-day regimen,
venetoclax was reduced to 200 mg days 1-14 in the sub-
sequent patients.” In another retrospective analysis of 25
patients including mainly R/R AML patients, venetoclax
combined with FLAG induced CRc in 72%. In this study,
venetoclax was administered at a dose of 400 mg once
daily for a median of 8 days. Three patients (12%) experi-
enced early death within 30 days of therapy initiation and
1-year OS was 50%.” Zucenka et al.?° retrospectively com-
pared the outcomes of 20 patients receiving venetoclax
plus low-dose cytarabine plus actinomycin D with 29 pa-
tients receiving FLAG-IDA as salvage therapy for R/R AML
after alloHCT. The CR/CRp rate was significantly higher in
the venetoclax (FLAVIDA) compared to the FLAG-IDA
groups (70%, n=14/20 vs. 34% n=10/29, respectively; P=
0.02).

Yet, it remains unclear, whether the high-response rates
of regimens combining purine analogues and cytarabine
with venetoclax translate into better survival outcomes.
We, therefore, compared patients treated with FLA-IDA
with a short 7-day course of venetoclax as salvage regimen
in R/R AML patients with a historical cohort of FLA-IDA
treated patients from our institution.

Methods

Inclusion criteria

Patients aged 18 years or older with refractory or relapsed
(R/R) AML, who had been treated with FLAVIDA between
May 2018 and July 2021 and had been reported to the
venetoclax registry (venreg.org) were included in the
analysis. Patients with acute promyelocytic leukemia or
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significant cardiovascular, renal or hepatic comorbidities
were excluded. All patients had given written informed
consent to the off-label use of venetoclax, genetic analysis
and use of clinical data according to the Declaration of
Helsinki and institutional guidelines. The registry was ap-
proved by the local Ethics Review Committee (ethical vote
No.7972_BO_K_2018).

Treatment administration

All patients had received venetoclax for salvage chemo-
therapy in combination with fludarabine, cytarabine, and
idarubicin (FLA-IDA).?" Venetoclax was administered with-
out dose ramp-up at a dose of 100 mg instead of 400 mg
once daily per orally (days 1-7) due to mandatory co-medi-
cation with a CYP3A4 inhibitor for fungal prophylaxis, pri-
marily posaconazole. The control patients were selected
from the in-house database of Hannover Medical School
and were treated with FLA-IDA between 2000 and 2018
for relapsed or refractory AML. Eighty-one patients were
identified that fulfilled the treatment criteria of the
FLAVIDA patients and were compared to the FLAVIDA pa-
tients included in this analysis (detailed information about
the dosing scheme is provided in the Online Supplemen-
tary Appendix).

Cytogenetic and molecular analysis

Molecular and cytogenetic analysis was performed cen-
trally by G- and R-banding analysis and next-generation
sequencing (NGS) using peripheral blood or bone marrow
as reported previously.?? Molecular analysis was performed
before start of chemotherapy, at time of relapse, and at
time of refractory disease. MRD was assessed on bone
marrow specimens using either mutation-specific real-
time quantitative polymerase chain reaction (QRT-PCR) for
NPM1, capillary electrophoresis for FLT3-ITD, or NGS-
based MRD detection for any other MRD marker as re-
ported previously.?*2® In patients without detectable
mutations by NGS, multi-parameter flow cytometry using
leukemia-associated immunophenotypes (LAIP) was per-
formed before start of FLAVIDA chemotherapy and for de-
tection of measurable residual disease after the first cycle.
MRD assessment was performed at the end of cycle one.
Details on MRD assessment are provided in the Online
Supplementary Appendix.

Safety and efficacy assessment

The primary objectives included safety and tolerability of
a 7-day venetoclax regimen with FLA-IDA and assessment
of the overall response rate (ORR). Secondary objectives
included assessment of the MRD-negative response rate
and survival outcomes including OS (time from treatment
start to death) and EFS (time from treatment start until
refractory disease, relapse or death, whichever occurred
first). The ORR was defined by European LeukemiaNet

Haematologica | 109 January 2024

73



ARTICLE - FLAVIDA in R/R AML

2017 (ELN) criteria and included CR, CR with incomplete
blood count recovery (CRi) (composite complete remission
CRc=CR+CRi), and morphologic leukemia-free state
(MLFS, defined as less than 5% blasts in an aspirate
sample without hematological recovery).?” Details on effi-
cacy and safety assessment are provided in the Online
Supplementary Appendix.

Statistical analysis

Safety and efficacy analyses were performed for all pa-
tients who received at least one cycle of FLAVIDA chemo-
therapy. Demographics were analyzed by descriptive
statistics. The propensity score for each patient was cal-
culated as a probability from a logistic regression model
that included all covariates deemed likely to have affected
treatment decisions and response including age, ELN 2017
risk, sex, AML type, prior alloHCT, and refractory versus re-
lapsed disease. Estimated propensity scores were incor-
porated into survival models using Inverse Probability of
Treatment Weighting (IPTW) (see the Online Supplemen-
tary Appendix). The statistical analyses were performed
using statistical software environment R, version 3.5.1
using packages survival, survminer, PSweight and cmprsk
(R Foundation for Statistical Computing, Vienna, Austria),
and statistical software package SPSS 27.0 (IBM Corpor-
ation, Armonk, NY, USA).

Results

Patient characteristics

Thirty-seven and 81 sequentially treated patients received
FLAVIDA and FLA-IDA, respectively, and had safety and ef-
ficacy outcomes reported. Baseline characteristics were
similarly distributed between FLAVIDA and FLA-IDA pa-
tients (Table 1). A similar proportion of patients had re-
fractory AML (49% and 42%) or relapsed AML (51% and
58%) in the FLAVIDA and FLA-IDA groups, respectively. Re-
fractoriness was not uniformly defined due to the retro-
spective design of the study. However, the number of prior
chemotherapy cycles was comparable in FLAVIDA and
FLA-IDA treated patients (Table 1). In addition, bone mar-
row blasts in patients considered refractory after one
cycle of chemotherapy were similar between FLAVIDA and
FLA-IDA treated patients (Table 1). Thus, characteristics
defining refractory disease were met by a similar number
of patients in both cohorts. The number of patients with
prior alloHCT in relapsed FLAVIDA-treated patients was six
of 19 (32%), and was similar in FLA-IDA control patients
with 21 of 47 (44%). The median duration of the most re-
cent CR before FLA(V)IDA therapy was 13.3 months in re-
lapsed FLAVIDA patients and 11.9 months in relapsed
FLA-IDA control patients (Table 1). The number of prior
lines of therapy was comparable between both groups
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(Table 1). Mutation analysis was available for 36 FLAVIDA
and 63 FLA-IDA patients. Molecular aberrations were simi-
larly distributed between FLAVIDA and FLA-IDA patients
except a lower frequency of SRSF2 mutations in the FLA-
IDA control group (Table 1).

Treatment response

All patients received either one cycle of FLAVIDA or one
cycle of FLA-IDA chemotherapy. The ORR was 78% (n=29)
in the FLAVIDA group compared to 47% (n=38) in the FLA-
IDA group (P=0.001). The CRc rate was 59% and 30% in
FLAVIDA and FLA-IDA patients, respectively (P=0.003,
Table 2; Figure 1).

MRD data after one treatment cycle was available for 26 and
only 23 patients with overall response (OR) in FLAVIDA and
FLA-IDA cohorts, respectively. MRD-negative response was
achieved in a similar proportion of patients treated with the
two regimens (FLAVIDA 50% and FLA-IDA 57%; P=0.65, Table
2; Online Supplementary Figure ST). Exploratory analysis of
response in clinical and genetic subgroups showed a high
consistency of the favorable response to FLAVIDA compared
to FLA-IDA across most subgroups, notably in patients with
ELN adverse risk, and /IDH1/2 mutations, while the benefit
was less pronounced in patients with refractory disease,
and KRAS/NRAS mutations (Figure 2).

In summary, significantly more patients treated with
FLAVIDA compared to FLA-IDA achieved OR and CRc, while
the MRD rate was similar among responding patients.

Allogeneic hematopoietic cell transplantation

After FLAVIDA chemotherapy, 30 (81%) patients transi-
tioned to alloHCT (n=27) or received donor lymphocyte in-
fusions (DLI, n=3). Among responding patients, 90%
(n=26/29) proceeded to alloHCT or received DLI. In the
FLA-IDA cohort, 64 (79%) patients proceeded to alloHCT
(n=49) or received DLI (n=15) (Online Supplementary Table
S7). Among relapsed and refractory patients, usage of al-
loHCT as well as treatment outcome was similar (Online
Supplementary Appendix; Online Supplementary Figures
S2A, B and S3A, B). Dose intensity for conditioning was
comparable in the FLAVIDA and FLA-IDA groups (reduced-
intensity conditioning [RIC] FLAVIDA vs. FLA-IDA 61% vs.
67%; myeloablative conditioning [MAC] FLAVIDA vs. FLA-
IDA 39% vs. 33%) (Table 1). In summary, both regimens
allowed bridging to alloHCT or DLI in a high proportion of
patients.

Survival

OS rates at 1 and 2 years were 52% and 48% in the
FLAVIDA cohort after a median follow-up of 22.4 months
and 61% and 52% in the FLA-IDA cohort after a median
follow-up of 62.9 months, respectively. Despite a higher
ORR in FLAVIDA patients, OS was similar between FLAVIDA
and FLA-IDA-treated patients after propensity score
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Table 1. Patient demographics, baseline and treatment characteristics of FLAVIDA- and FLA-IDA-treated patients.

. e FLAVIDA FLA-IDA P
Baseline characteristics N=37 N=81
Age in years, median (range) 54 (19-70) 52 (22-72) 0.95
Sex, N (%) 0.9
Male 21 (57) 45 (56)
Female 16 (43) 36 (44)
Type of AML, N (%) 0.53
De novo 26 (70) 62 (77)
Secondary 10 (27) 15 (19)
Therapy-related 1(3) 4 (5)
ELN 2017 risk group, N (%) 0.2
Favorable 6 (16) 20 (25)
Intermediate 19 (51) 37 (46)
Adverse 12 (33) 20 (25)
Missing 0 (0) 4 (5)
Treatment lines before FLA(V)IDA 0.91
Median (range) 1 (1-5) 1(1-4)
Salvage 1, N (%) 26 (70) 57 (70)
Salvage 2, N (%) 9 (25) 16 (20)
Salvage 3 or greater, N (%) 2 (5) 8 (10)
Disease status, N (%) 0.5
Refractory AML 18 (49) 34 (42)
Relapsed AML 19 (51) 47 (58)
Refractory after cycles of chemotherapy N=18 N=34 0.34
1 cycle, N (%) 14 (78) 28 (82)
>2 cycles, N (%) 4 (22) 6 (18)
Bone marrow blasts in patients considered refractory after 0.94
1 cycle '
Median, % (range) 55 (15-90) 44 (5-95)
Median duration in months of most recent CR before
FLA(V)IDA therapy 13.3 11.9 0.81
Molecular mutations, N (%) N=36 N=63
DNMT3A 13 (36) 21 (33) 0.78
NPM1 11 (31) 14 (22) 0.36
SRSF2 9 (25) 3 (5) <0.01
FLT3-ITD 8 (22) 19 (30) 0.39
IDH1 2 (6) 5 (6) 0.66
IDH2 8 (22) 9 (14) 0.31
RUNX1 7 (19) 5 (8) 0.09
NF1 6 (17) 5 (8) 0.18
K/NRAS 4 (11) 8 (13) 0.82
TP53 2 (6) 4 (6) 0.87
Prior alloHCT before FLA(V)IDA, N (%)
Overall (relapsed and refractory) 8 (22) 23 (28) 0.44
In relapsed patients 6/19 (32) 21/47 (44) 0.33
Conditioning regimen, N (%) N=27 N=49 0.48
Reduced-intensity conditioning 16 (59) 33 (67)
Myeloablative conditioning 11 (41) 16 (33)
Use of G-CSF after FLA(V)IDA, N (%) 0.63
Yes 25 (68) 56 (69)
No 12 (32) 20 (25)
Missing 0 (0) 5 (6)

FLA-IDA: fludarabine, cytarabine, and idarubicin; FLAVIDA: FLA-IDA with venetoclax; AML: acute myeloid leukemia; alloHCT: allogeneic
hematopoietic cell transplantation; CR: complete remission; ELN: European LeukemiaNet; G-CSF: granulocyte colony stimulating factor; N:
number; P: P value.
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Table 2. Treatment response after one cycle of FLAVIDA and FLA-IDA treatment.

FLAVIDA
N=37
ORR (CRc+MLFS), N (%) 29 (78)
CRc (CR+CRi), N (%) 22 (59)
CR 20 (54)
CRi 2 (5)
MLFS (%) 7 (19)
MRD- ORR 13/26 (50)
No Response (PR+SD+RD), N (%) 7 (19)

Early death (within 30 days), N (%) 1(3)

F';\I‘:;':A OR (95%Cl) P
38 (47) 0.001 4.1 (1.67-10.1)
34 (42) 0.003 2.0 (1.0-4.5)
24 (30)
10 (12)
4 (5) 0.02 4.5 (1.23-16.5)
13/23 (57) 0.65 0.77 (0.25-2.4)
42 (52) 0.001 0.24 (0.1-0.6)
1(1) 0.6 2.2 (0.14-36.5)

FLA-IDA: fludarabine, cytarabine, and idarubicin; FLAVIDA: FLA-IDA with venetoclax; Cl: confidence interval; CR: complete remission; CRc: composite
complete remission; CRi: complete remission with incomplete hematological recovery; MLFS: morphologic leukemia-free state; MRD: measurable
residual disease; N: number; OR: odds ratio; ORR: overall response rate; P: P value; PR: partial remission; RD: refractory disease; SD: stable disease.

MLFS
CRi

- ORR=47%
CR

100 7 oR=4.1(95% CI:1.67-10.1) P=0.001
£ 80 - _
o
= MLFS
(3]
2 60 - _
o) CRi
Q
&
e - - ORR=78%
o
~ CR
a 20 -

0

FLAVIDA (N=37)

FLA-IDA (N=81)

Figure 1. Frequency of complete remission, complete remission with incomplete hematological recovery, morphologic
leukemia-free state, and overall response rate in FLAVIDA- (N=37) and FLA-IDA- (N=81) treated patients. FLA-IDA: fludarabine,
cytarabine, and idarubicin; FLAVIDA: FLA-IDA with venetoclax; CR: complete remission; CRi: complete remission with incomplete
hematological recovery; MLFS: morphologic leukemia-free state; ORR: overall response rate; Cl: confidence interval.

weighting (HR=1.25; P=0.4) (Figure 3A; Online Supplemen-
tary Table S2). Median EFS was comparable between
FLAVIDA and FLA-IDA patients (1.3 months vs. 6.9
months; HR=0.7; P=0.1) (Figure 3B; Online Supplementary
Table S2). Survival outcomes and response rates were also
similar when excluding patients treated with FLA-IDA be-
fore 2007, when antifungals were not available (Online
Supplementary Appendix; Online Supplementary Figure
S4A, B).

In the 26 responding FLAVIDA patients with available MRD
data, survival was significantly longer in MRD-negative pa-
tients compared to MRD-positive patients (HR=0.1; 95% CI:
0.01-0.59; P=0.01) (Figure 4A). MRD was not prognostic for
OS in responding FLA-IDA patients, while it should be rec-
ognized that MRD was available only for 28% of FLA-IDA-

treated patients due to missing samples (HR=0.41; 95% ClI:
0.1-1.7; P=0.23) (Figure 4B). However, OS rates at 1 year and
2 years were similar in MRD-negative FLAVIDA and FLA-
IDA patients (OS at 1 year and 2 years FLAVIDA 89% and
89% vs. FLA-IDA 85% and 77%; P=0.4) (Online Supplemen-
tary Figure S5).

While RFS appeared superior by trend for MRD-negative
compared to MRD-positive CR/CRi patients in the FLAVIDA
group, RFS was comparable between MRD-negative and
MRD-positive CR/CRi patients in the FLA-IDA group
(FLAVIDA: HR for relapse or death, MRD™ vs. MRD* 0.2 ; 95%
Cl: 0.04-1.0; P=0.11; FLA-IDA: HR for relapse or death, MRD"
vs. MRD* 0.76; 95% CI: 0.27-2.1; P=0.59) (Figures 4C, D).

In order to better understand why a higher ORR and longer
OS of MRD" patients did not result in a survival benefit in
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Characteristic FLAVIDA (N=37) FLA-IDA (N=81) Odds ratio [95% ClI]
Patients Events Patients Events
N (%) N (%) N (%) N (%)
Age in yrs Overall response
Age<60 25 (68) 21 (84) 57 (70) 28 (49) —— 5.44 [1.66-17.85]
Age>60 12 (32) 8 (67) 24 (30) 10 (42) i 2.80[0.66-11.92]
Sex
Female 16 (43) 13 (81) 36 (44) 15 (42) — 6.07 [1.47-25.09]
Male 21 (57) 16 (76 45 (56) 3 (51) —a— 3.06 [0.96-9.78]
AML type
De novo 26 (70) 23 (88) 62 (77) 32 (52) —— 7.19[1.95-26.43]
sAML/tAML 11 (30) 6 (55) 19 (24) 6 (32) —_— 2.60 [0.56-12.02]
ELN
Favorable 6 (16) 5 (83) 20 (25) 11 (55) = 4.09 [0.40-41.66]
Intermediate 19 (51) 14 (74) 37 (46) 19 (51) —— 2.65[0.79-8.87]
Adverse 12 (33) 10 (83) 20 (63) 7 (35) —_—— 9.29 [1.57-54.77]
Complex karyotype
No 31 (84) 25 (81) 68 (84) 35 (52) —— 3.93[1.43-10.79]
Yes 6 (16) 4 (67) 10 (12) 3(30) - 4.67 [0.53-40.89]
AML status
Refractory 18 (49) 13 (72) 34 (42) 7 (50) —— 2.60[0.76-8.91]
Relapsed 19 (51) 16 (84) 47 (58) 21 (45) —— 6.60 [1.69-25.74]
NPM1
Wild-type 25 (69) 20 (77) 9 (78) 29 (43) —— 4.37 [1.56-12.26]
Mutated 11 (31) 9 (82) 14 (22) 9 (64) = 2.50[0.38-16.42]
FLT3-ITD
No 28 (78) 22 (76) 44 (70) 8 (41) —— 3.82[1.42-10.24]
Yes 8 (22) 7 (88) 19 (30) 10 (53) - 6.30 [0.64-61.63]
IDH1/2
Wild-type 26 (72) 20 (74) 9 (78) 33 (49) —— 2.94 [1.10-7.88]
Mutated 10 (28) 9 (90) 14 (22) 5 (36) = 116.20 [1.56-167.74]
DNMT3A
Wild-type 24 (64) 18 (75) 42 (67) 6 (43) —— 3.92[1.37-11.27]
Mutated 13 (36) 1(85) 21 (33) 12 (57) S 4.13[0.73-23.43]
TET2
Wild-type 29 (81) 25 (83) 49 (78) 33 (49) —— 5.15[1.76-15.06]
Mutated 7(19) 4 (57) 14 (22) 5 (36) S 2.40[0.38-15.32]
KRAS/NRAS
Wild-type 32 (89) 26 (79) 55 (87) 33 (45) —a— 4.50[1.74-11.68]
Mutated 4 (11) 3 (75) 8 (13) 5 (63) . 1.80[0.12-26.20]
[ [ N
0.12 1.0 4.0 16.064.0
« favors FLA-IDA favors FLAVIDA —

Figure 2. Impact of patient and disease characteristics on achieving overall response in FLAVIDA and FLA-IDA patients. TP53
status not shown due to small number of mutated patients (FLAVIDA TP53™ N=2; FLA-IDA TP53™' N=4). FLA-IDA: fludarabine,
cytarabine, and idarubicin; FLAVIDA: FLA-IDA with venetoclax; Cl: confidence interval; sAML: secondary acute myeloid leukemia;

tAML: therapy-related AML; ELN: European LeukemiaNet.

FLAVIDA treated patients, we evaluated survival differences
across clinical and genetic subgroups between FLAVIDA
and FLA-IDA regimens. EFS in IDH1/2 mutated patients fa-
vored FLAVIDA over FLA-IDA, while OS was similar in these
patients (Online Supplementary Figures S6 and S7). The only
subgroup with different EFS and OS between FLAVIDA and
FLA-IDA was the patient group not responding to these
regimens, in which FLA-IDA treatment was associated with
improved EFS and OS compared to FLAVIDA treatment (On-
line Supplementary Figures S6 and S7).

Median OS from the time of non-response was signifi-
cantly longer in non-responding FLA-IDA compared to

non-responding FLAVIDA patients (HR=0.3; 95% ClI: 0.14-
0.71; P<0.001), suggesting that FLA-IDA treated patients
could be salvaged more successfully (Figure 4). In addi-
tion, non-responding FLA-IDA patients numerically more
often received alloHCT/DLI (FLA-IDA cohort 81%, n=35/43
vs. FLAVIDA cohort 50%, n=4/8; P=0.05), and had less pre-
treatment lines (FLA-IDA median lines 1; range, 1-4 vs.
FLAVIDA median lines 2; range 1-5; P=0.02) (Online Sup-
plementary Tables S3 and S4).

Safety
Most commonly observed treatment-related toxicities of
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any grade were hematological adverse events (AE) being re-
ported in all patients. Non-hematological AE of all grades
included bacteremia, sepsis, and fungal pneumonia occur-
ring in 27%, 11%, and 11%, respectively. One patient (3%) died
within 30 days after start of FLAVIDA treatment from multi-
organ failure following pneumonia. The most common grade
3 and 4 all-causality event was neutropenic fever (97%),
while thrombocytopenia, anemia, and neutropenia occurred
in all patients at nadir (Online Supplementary Table S5).

The median time to neutrophil recovery (>500/nL) in re-
sponding FLAVIDA-treated patients was 33 days (95% ClI:
30-36) and 28 days (95% CIl: 23-33) in the FLA-IDA cohort

R. Shahswar, et al.

(P=0.94) from day 1 of chemotherapy (Online Supplementary
Figure S8A). Recovery times for ANC >1,000/nL for respond-
ing FLAVIDA patients were 35 days (95% Cl: 34-36), and were
similar to those in the FLA-IDA cohort (34 days; 95% ClI: 30-
38; P=1.0) (Online Supplementary Figure S8B). Median time
for platelet recovery (>50/nL) was 35 days (95% Cl: 32-38)
in the FLAVIDA cohort versus 34 days (95% Cl: 27-41) in the
FLA-IDA cohort (P=0.85) (Online Supplementary Figure S8C).
Recovery time for platelet counts >100/nL for responding
FLAVIDA patients was 36 days (95% Cl: 33-39) compared to
34 days (95% Cl: 31-37) in the FLA-IDA cohort (P=0.86) (On-
line Supplementary Figure S8D). Thus, absolute neutrophil
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Figure 3. Survival outcomes in FLAVIDA- and FLA-IDA-treated patients. (A) Inverse probability of preatment weighted Kaplan
Meier curves of overall survival (OS) in FLAVIDA- and FLA-IDA-treated patients. (B) Inverse probability of treatment weighted Ka-
plan Meier curves of event-free survival (EFS) in FLAVIDA- and FLA-IDA-treated patients. FLA-IDA: fludarabine, cytarabine, and
idarubicin; FLAVIDA: FLA-IDA with venetoclax; HR: hazard ratio; Cl: confidence interval.
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count (ANC) and platelet recovery times were comparable
between FLAVIDA and FLA-IDA regimens (Online Supple-
mentary Table S6). Recovery times were also similar be-
tween both regimens when including patients with MLFS
(FLAVIDA vs. FLA-IDA: ANC recovery >500/nL 35 days vs. 32
days, P=0.43; ANC recovery >1,000/nL 36 days vs. 38 days,
P=0.86; PLT recovery >50/nL 36 days vs. 34 days, P=0.39; PLT
recovery >100/nL 38 days vs. 34 days, P=0.22) suggesting
similar hematologic toxicity of the two regimens.

Discussion

In this study, short-term venetoclax in combination with
FLA-IDA salvage chemotherapy was well tolerated and
demonstrated higher response rates compared to FLA-

R. Shahswar, et al.

IDA, while OS was similar for the two regimens. High re-
sponse rates were observed in patients with de novo, sec-
ondary and therapy-related AML, and across ELN and
mutational subgroups. However, due to the small sample
size subgroup analyses should be interpreted with cau-
tion. The response rate in the FLA-IDA-treated cohort was
consistent with the previously reported response rates for
this regimen.?®? Responding patients with available MRD
data attained MRD negativity in a similar proportion in the
FLAVIDA and FLA-IDA groups, respectively. DiNardo and
colleagues' reported flow cytometry MRD negativity in
69% of responding patients who were treated with FLAG-
IDA and venetoclax. Lachowiecz and colleagues™ reported
higher rates of MRD-negative remission in patients receiv-
ing intensive chemotherapy with versus without veneto-
clax during first line treatment (86% vs. 61%). In their study
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Figure 4. Survival outcomes in FLAVIDA- and FLA-IDA-treated patients depending on measurable residual disease status. (A)
Overall survival (OS) in FLAVIDA-treated patients with measurable residual disease (MRD)-negative or MRD-positive overall re-
sponse (including CR, CRi, and MLFS). Landmark analysis was performed from time of overall response. (B) OS in FLA-IDA-treated
patients with MRD-negative or MRD-positive overall response (including CR, CRi, and MLFS). Landmark analysis was performed
from time of overall response. (C) Relapse-free survival in FLAVIDA patients with MRD-negative or MRD-positive CR/CRi. Landmark
analysis was performed from time of CR/CRI. (D) Relapse-free survival in FLA-IDA patients with MRD-negative or MRD-positive
CR/CRIi. Landmark analysis was performed from time of CR/Cri. FLA-IDA: fludarabine, cytarabine, and idarubicin; FLAVIDA: FLA-
IDA with venetoclax; CR: complete remission; CRc: composite complete remission; CRi: complete remission with incomplete

hematological recovery; MLFS: morphologic leukemia free state

a higher rate of MRD negativity was only found in ELN ad-
verse-risk patients.

The high response rate enabled a high transplant/DLI rate
of 81%, which was similar to the transplant rate in FLA-
IDA-treated patients (79%; P=0.88).

Despite a significantly higher response rate in the FLAVIDA
cohort, EFS and OS were similar in FLA-IDA-treated pa-
tients. Only /IDH1/2-mutated patients showed an improved
EFS with FLAVIDA, consistent with previous studies showing

high sensitivity of these patients towards venetoclax, while
other clinical and genetic subgroups showed similar EFS
and OS with FLAVIDA or FLA-IDA** The previously reported
median OS of R/R AML patients treated with FLAG-IDA and
venetoclax of 13 months and 12 months were similar to the
median OS of 12 months found in our study.™ In first line
treated AML patients, the addition of venetoclax to intensive
chemotherapy improved EFS but not 0S.”® Improved OS was
only observed in the subgroup of ELN adverse risk patients.®
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of first response assessment. OS: overall survival; HR: hazard ratio; Cl: confidence interval. FLA-IDA: fludarabine, cytarabine, and

idarubicin; FLAVIDA: FLA-IDA with venetoclax.

In the subgroup of patients with response to either
regimen, RFS and OS was similar between FLAVIDA and
FLA-IDA-treated cohorts. MRD-negative patients in the
FLAVIDA group had a favorable 2-year-OS of 89%, while
the 2-year OS of MRD-positive patients was 40%. Based
on the higher response rate and comparable MRD nega-
tivity rate in FLAVIDA compared to FLA-IDA-treated pa-
tients, more patients with MRD™ response can be expected
from FLAVIDA treatment (corresponding to 39% vs. 27%),
if our results are extrapolated to all treated patients.

We further evaluated how non-responding patients to
either regimen survived after being refractory. We show
that non-responding patients in the FLA-IDA cohort could
be salvaged more effectively than non-responding pa-
tients in the FLAVIDA cohort. This is partially explained by
a higher use of salvage alloHCT and fewer lines of prior
treatments in FLA-IDA treated patients and is consistent
with the dismal outcome in unfit AML patients who failed
treatment with a hypomethylating agent and venetoclax.®
These data suggest that FLAVIDA efficiently selects the
most chemotherapy refractory patients, while some non-
responding patients in the FLA-IDA group may still be res-
cued with additional alloHCT.

Our study raises important questions. First, it will be im-
portant to improve the outcome of MRD-positive patients
in the FLAVIDA group for example with donor-lymphocyte
infusions or maintenance treatment after alloHCT. Second,
patients not responding to FLAVIDA have a dismal out-
come and these patients should be treated in clinical
trials. Third, it is of interest, whether MRD-negative pa-
tients in the FLAVIDA group benefit from alloHCT or can
also achieve long-term remission with additional cycles of
FLAVIDA since MRD negativity in the relapse setting has
not yet proven its clinical value.

Since toxicity is a major concern when adding novel drugs
to existing regimens, safety and toxicity are important
outcomes of this study. Common grade 3 and 4 AE occur-
ring in the FLAVIDA cohort were hematological toxicity and
febrile neutropenia, which were managed with trans-
fusions and anti-infective therapy. The early death rate
was low with both treatment regimens. Comparison of
ANC and platelet count recovery were overall comparable
between FLAVIDA and FLA-IDA regimens suggesting that
a 7-day course of venetoclax does not add significant
hematologic toxicity to the FLA-IDA regimen. As the re-
sponse and survival rates were similar to other published
studies using FLAG-IDA and longer duration venetoclax
(days 1-14 during induction and days 1-7 during consolida-
tion when combined with FLAG-IDA; days 1-14 when com-
bined with cytarabine+idarubicin 5+2), treatment with 7
days venetoclax simultaneously with chemotherapy ap-
pears similarly effective as venetoclax for longer periods
of time."™ Based on emerging data we now use venetoclax
50 mg combined with posaconazole or voriconazole.
Limitations of our study include the moderate sample size
in the FLAVIDA group, retrospective analysis of FLAVIDA-
treated patients, the non-randomized comparison to the
FLA-IDA cohort and the long period in which FLA-IDA pa-
tients were treated. Using historical controls bears the risk
of historical bias. However, since rates of alloHCT and OS
were similar between the two cohorts, the historical con-
trol appears a valid comparator.

Our data demonstrate that FLAVIDA is an effective inten-
sive salvage treatment option for R/R AML, particularly as
a bridge to alloHCT, inducing high ORR including molecular
remissions and allowing high rates of alloHSCT in this dif-
ficult to treat AML population. From a patient perspective
it may seem preferable to identify chemotherapy respon-
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sivess rapidly with a regimen like FLAVIDA instead of se-
quencing multiple salvage regimens until best response is
achieved. In light of comparable toxicity this currently ar-
gues for the continued use of FLAVIDA in relapsed and re-
fractory AML patients who are eligible for allogeneic
transplantation.
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