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The B-cell lymphoma-2 inhibitor venetoclax (VEN) 
combined with hypomethylating agents (HMA) or 
low-dose cytarabine (LDAC) has shown encouraging 
results in acute myeloid leukemia (AML) patients older 

than 75 years or unfit for intensive therapy.1,2 Despite the prom-
ising results of VEN and HMA/LDAC combinations as front-
line treatment, the identification of patients who benefit most 
is still under discussion. Especially patients with IDH1/2 and 
NPM1 mutations were reported to benefit from this treatment 
combination.1–4 In relapsed/refractory (r/r) AML patients and 
particularly after prior HMA treatment, the impact on previ-
ous treatment on response is still discussed controversially.5,6 As 
European Medicines Agency approval was given only recently 

in 2021, VEN + HMA/LDAC was often used “off-label” in 
European countries after failure to prior treatment and mostly 
added to HMA treatment after health insurance approval. To 
investigate outcomes of VEN treatment in combination with 
HMA/LDAC in this setting, we conducted a retrospective study 
of 73 AML patients treated between 2017 and 2021 at 2 uni-
versity hospital sites and 2 large outpatient centers in Berlin and 
Munich, Germany.

We analyzed baseline clinical and molecular characteristics 
as reported in medical charts and local laboratories. All patients 
who had received at least 1 VEN dose were included in this 
study. Written informed consent to analysis of their records for 
scientific purposes was given by all patients. Detailed informa-
tion on definition of treatment lines, VEN administration as well 
as data collection and statistical methods are described in the 
Suppl. Appendix.

The median age of the cohort at the beginning of VEN treat-
ment was 73 (20–85) years. Most patients had secondary (s)
AML (n = 34 [47%]) and were assigned to the ELN20177 adverse 
risk group (n = 32 [49%]; favorable n = 12 [18%]; intermediate 
n = 22 [33%]; missing information n = 7 patients). A normal 
karyotype was present in n = 35 of 64 (55%) patients; NPM1 
mutations were present in n = 13 of 66 (20%) patients and n = 
9 of 65 (14%) were FLT3-ITD positive. IDH1/2 mutations were 
found in n = 19 of 57 (33%) patients (Table 1). The median time 
of follow-up was 8.3 months. Fifteen (21%) patients received 
VEN as first-line treatment, of which n = 13 started HMA treat-
ment before VEN was added due to delayed health insurance 
approval. The other n = 58 (79%) patients received VEN after 
at least 1 prior treatment line (1 pretreatment n = 25 [34%]; 2 
pretreatments n = 12 [16%]; ≥3 pretreatments n = 21 [29%]). 
First-line treatment in r/r patients consisted of intensive chemo-
therapy (n = 36 [47%]), including n = 26 (36%) patients who 
underwent allogeneic stem-cell transplantation (allo-HSCT); n 
= 25 (34%) patients had received >4 cycles of HMA treatment 
before VEN combination.

Due to pending health insurance approval in all cases, VEN 
was added delayed to HMA/LDAC treatment in the majority 
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of patients: In first-line patients (n = 15), VEN was started on 
day 1 in n = 2 (3%), added during cycle 1 of HMA/LDAC treat-
ment in n = 1 (1%) patients or started after cycle 1 of HMA/
LDAC in n = 9 (12%) patients. Three (4%) patients received 
VEN after 2 cycles of HMA/LDAC. In r/r patients, VEN was 
added to HMA/LDAC during cycle 1 in n = 17 (23%) patients; 
n = 5 (7%) patients received VEN combination after 1 cycle of 
HMA/LDAC and n = 32 (44%) patients after ≥2 cycles HMA/
LDAC (not available for n = 4 patients).

The median VEN dosage after ramp-up at therapy initiation in all 
patients was 400 mg (50–800 mg). Azacytidine was the most com-
mon combination partner (n = 34 [47%]), followed by LDAC (n = 
20 [28%]) and decitabine (n = 18 [25%]; information not available 
for n = 1 patient). At the beginning of VEN treatment, n = 49 of 
67 (73%) patients had severe neutropenia (<500/nL). Antimicrobial 
prophylaxis was given in n = 13 of 66 (20%) and antifungal azole 
prophylaxis in n = 22 of 62 (35%) of the patients, respectively.

At the time of data cut-off, VEN treatment was ongoing in 
n = 12 (16%) of patients. Patients completed a median of 3 
(0–17) cycles of VEN and the median period of VEN treatment 
was 110 days (3–798). A total of n = 20 (27%) patients received 
reduced VEN doses at the beginning or during cycle 1, and in 
n = 19 (26%) patients, VEN dose was adjusted during the fol-
lowing treatment cycles. Six patients with r/r AML underwent 
allo-HSCT after VEN combination treatment.

Response assessment was available for n = 58 patients, of 
which n = 10 (17%) received VEN combinations as first-line 
treatment and n = 48 (83%) after failure to previous treatments. 
The overall response rate (ORR) in our study cohort was 49% 
(complete remission/CR with incomplete count recovery [CR/
CRi] n = 19 [33%]; partial remission [PR] n = 9 [16%]; stable 
disease [SD] n = 14 [24%]; refractory disease [RD] n = 16 [28%]), 
which was lower compared to prospective trials reporting CR/
CRi rates >65% in elderly treatment naive AML patients,1,2 but 
comparable to studies focused on r/r AML patients,3,5,8,9 demon-
strating that VEN combinations are a feasible treatment option 
in this clinical setting. ORR was significantly better in patients 
harboring NPM1 and/or IDH1/2 mutations (ORR 87% vs 
33%, P < 0.01; Suppl. Figure S1), which due to the cohort 
size of this study and co-mutational pattern in n = 3 patients, 
were analyzed as one group. In congruence with our findings, 
both were associated with superior outcome to VEN combina-
tion treatment in previous reports.2,3,6,9,10 In contrast, age (≥65 
years), FLT3 mutations, patients with complex karyotype or 
TP53 mutation as well as prior treatment (allo-HSCT, number 
of treatment lines, HMA treatment, intensive therapy) had no 
significant influence on response. The observation that ORR in 
our study cohort was not influenced by prior HMA treatment 
is an important finding, as the influence of HMA treatment on 
response has been discussed controversially in previous stud-
ies. DiNardo et al9 and Feld et al6 showed a particularly worse 
response rate in patients with previous HMA treatment, while 
other studies found no impact of prior HMA administration on 
treatment response.3,5 Although 15 patients in our cohort were 
considered as treated first-line with VEN combination, only n = 
2 actually received VEN at the beginning of the intended com-
bination treatment. Delay of VEN initiation can be explained 
by the “off-label” indication of VEN requiring approval from 
insurance agencies before administration due to reimbursement 
issues. All other patients were exposed to LDAC/HMA before 
VEN initiation, which might explain differences seen here to 
studies that reported a negative impact of previous LDAC/HMA 
treatment.

The median OS of the entire cohort was 6.5 months. OS was 
significantly longer in patients achieving CR/CRi/PR compared 
with SD/RD patients (P < 0.01; Figure 1A). With respect to prior 
treatment, we found that OS was significantly shorter in patients 
who had received ≥2 treatment lines (P = 0.01; Figure 1B) before 
VEN, of which the majority (n = 28/33 [85%]) had received 
intensive therapy. This is in line with a previous study from 
Stahl et al3 demonstrating a worse OS after ≥3 salvage treat-
ments. These observations suggest that certain patients may 
benefit from earlier VEN combination treatment and studies 
investigating VEN in combination with intensive first-line and 
salvage regimens are currently ongoing. While prior HMA treat-
ment had no impact on OS in pretreated patients, we observed 
a significantly shorter OS in patients who had received inten-
sive therapy (P = 0.03, Suppl. Figure S3D) and allo-HSCT (P 
= 0.05; Figure 1C), which is congruent with studies reporting 
a negative impact of allo-HSCT on outcome to VEN combina-
tion treatment.3,11 In a multivariate analysis, allo-HSCT was the 
only pre-treatment variable that negatively impacted OS (hazard 
ratio [HR] = 2.70, 95% confidence interval [CI] = 1.07–6.81, P = 
0.04; Suppl. Figure S2) in our study cohort, with a very poor OS 
of median 3.9 months. The very low CR/CRi rate of 20% in allo-
HSCT patients in our study cohort was comparable to results 
from Piccini et al.11 However, better CR/CRi rates between 30% 
and 40% were reported after allo-HSCT in 2 other studies.12,13 
Interestingly, allo-HSCT had no impact on response rates. Of 
note, n = 4 patients with r/r AML responded to VEN combina-
tion therapy and subsequently underwent allo-HSCT.

Furthermore, OS was significantly longer in NPM1 and/or 
IDH1/2 mutated patients as compared to other genetic alter-
ations (P = 0.02; Figure 1D), which was confirmed by multi-
variate analysis (HR = 0.35, 95% CI = 0.15–0.83, P = 0.02). 

Table 1

Baseline Clinical Characteristics

Parameter Value 

Age at VEN start
 Years median (range) 73 (20–85)
Sex, n (%)
 Male 42 (58)
 Female 31 (42)
Type of AML, n (%)
 De novo 30 (41)
 sAML 34 (47)
 tAML 9 (12)
Risk group ELN2017, n (%)
 Favorable 12 (18)
 Intermediate 22 (33)
 Adverse 32 (49)
 na 7
Cytogenetics, n (%)
 Normal karyotype 35 (55)
 Complex karyotype 13 (20)
 Other 16 (25)
 na 9
Molecular marker, n (%)
 NPM1 mutateda 13 (20)
 FLT3-ITD positiveb 8 (14)
 IDH1/2 mutatedc 19 (33)
Number treatment lines, n (%)
 0 15 (21)
 1 25 (34)
 2 12 (16)
 ≥3 21 (29)
Previous treatments, n (%)
 Intensive treatment 36 (49)
 Allo-HSCT 26 (36)
 HMA/LDAC treatment 57 (78)
 HMA/LDAC >4 cycles 25 (34)

aInformation available for n=64 patients. 
bInformation available for n=65 patients.
cInformation available for n=57 patients.
Allo-HSCT = allogeneic stem-cell transplantation; AML = acute myeloid leukemia; HMA = 
hypomethylating agents; LDAC = low-dose cytarabine; sAML = secondary AML; tAML = thera-
py-related AML; VEN = venetoclax.
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This finding is comparable with a study from Lachowiez et al10 
that reported a particularly superior outcome for older, NPM1 
mutated patients after first-line HMA + VEN therapy, com-
pared with HMA treatment alone or intensive chemotherapy. 
This underscores the importance of molecular characterization 
to identify patients who benefit most from this treatment com-
bination including relapsed patients. There was no significant 
impact on OS with regard to age at the time of VEN initiation, 
ELN2017 risk group and AML type.

“Real-world” data reflect outcomes in clinical settings which 
can differ from those reported in clinical trials14,15 and thus con-
tribute to a better understanding of drug efficacy. Our data show 
that VEN in combination with HMA or LDAC is an effective 
treatment with high response rates even in elderly patients with 
r/r AML. This was especially noted in patients harboring NPM1 
and/or IDH1/2 mutations. Of note, the number of r/r patients 
with failure to previous treatment was high (n = 58 [79%]), rep-
resenting the majority of this cohort. Survival and response rates 
seem to be worse in intensively pretreated patients and remain 
dismal in patients with relapse after allo-HSCT. Larger cohorts 
from clinical trials and “real-world” settings are needed to identify 
the r/r AML patients that benefit most from VEN combinations.
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