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The B-cell leukemia/lymphoma-2 selective inhibitor venetoclax in combination with cytarabine or
hypomethylating agents has been reported to be safe and efficacious in treating adult patients with
newly diagnosed acute myeloid leukemia (AML).1-3 Its role in pediatric myeloid neoplasms is still under
evaluation. A phase 1/2 study of venetoclax in combination with cytarabine, with or without idarubicin,
for the treatment of pediatric relapsed or refractory (r/r) AML showed an overall response rate of 80%,
with generally manageable toxicities.4 More recent retrospective studies support the use of venetoclax-
containing regimens in AML or myelodysplastic syndrome (MDS), particularly as a bridge therapy for
allogeneic hematopoietic stem cell transplantation (HSCT).5,6 Here, we report a multicenter retro-
spective analysis of pediatric patients (0-18 years) with r/r AML, postcytotoxic therapy (chemotherapy
or radiation therapy) MDS/AML, or advanced MDS who received venetoclax-based combination
therapies.

Clinical data were collected using an electronic case report form compiled by treating physicians at the
participating centers. Advanced MDS was defined as MDS with excess blasts per the International
Consensus Classification.7,8 The response was classified as complete (CR) when blasts were ≤5% in
the bone marrow (BM), with absence of extramedullary disease; partial (PR) when the BM blast per-
centage decreased to 5% or 20% or there was a decrease in pretreatment BM blast percentage
>50%; and nonresponse (NR) when there was an increase or persistence of BM blasts ≥20% or a
reduction of blast percentage <50%.9 CR with incomplete count recovery was defined as CR with a
platelet count < 100 × 109/L and/or absolute neutrophil count < 1 × 109/L. Treatment failure (TF) was
defined as the need for treatment interruption because of toxicities, making the response inevaluable.
Adverse events were reported using the Common Terminology Criteria for Adverse Events version 5.0.
Approval was obtained from the institutional review board of each institution, and parental informed
consent was obtained in accordance with the Declaration of Helsinki.

Thirty-one patients were included in the analysis; their clinical characteristics and summary of treat-
ments are reported in Table 1 and Figure 1A. Detailed information of the patients is reported in
supplemental Tables 1, 2, and 3. Median age was 10.2 years (range, 1.3-17.4 years). Diagnoses
included advanced MDS (n = 4), r/r AML (n = 18), and postcytotoxic MDS/AML (n = 9). Patients had
received a median of 3 previous lines of therapy (range, 1-7) before being exposed to venetoclax.
Thirteen (31.2%) patients relapsed after a previous allogeneic HSCT. Relevant molecular/cytogenetic
alterations included KMT2A-rearrangements (n = 8), monosomy 7 or deletion of 7q (n = 6), FLT3-ITD
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Table 1. Patient characteristics

Patients (n = 31) n (% or range)

Sex

Male 18 (58.1)

Female 13 (41.9)

Diagnosis

Advanced MDS 4 (23.5)

Relapsed AML 11 (35.5)

Refractory AML 7 (22.6)

Postcytotoxic therapy MDS/AML 9 (29.0)

Age, y, median (range) 10.2 (1.3-17.4)

Extramedullary disease

No 29 (93.5)

Yes 2 (6.5)

BM blast at diagnosis, median (range) 25% (0-95)

BM blasts before the first venetoclax therapy, median
(range)

20% (0-80)

Previous lines of therapies since last complete

response, median (range)

3 (1-7)

0 4 (23.5)

1 3 (17.6)

2 2 (11.8)

≥ 2 8 (45.1)

Previous HSCT

0 18 (58.1)

1 9 (29.0)

2 4 (12.9)

Unfavorable genetics

KMT2A rearrangements 8 (25.8)

- 7/del7q 6 (19.3)

FLT3-ITD 5 (16.1)

Complex karyotype 2 (6.5)

KRAS 2 (6.5)

PTPN11 1 (3.2)

No. of venetoclax cycles per patient, median (range) 2 (1-15)

Best response achieved

CR* 16 (51.6)

PR 6 (19.4)

ORR 22 (71.0)

NR 8 (25.8)

TF 1 (3.2)

No. of cycles to best response (in 22 responders),
median, range

1 (1-7)

ORR, overall response rate.
*Five with morphological CR; 4 who tested flow cytometry-minimal residual disease

negative; 2 who tested polymerase chain reaction-minimal residual disease negative (with
extramedullary complete remission detected upon fluorodeoxyglucose-positron emission
tomography and skin biopsy in 1 case); and 5 with CR with incomplete recovery.
mutations (n = 5), and a structurally complex karyotype (n = 2).
Patients received a median of 2 cycles of venetoclax (range, 1-15),
which was administered at a median dose of 350 mg/m2 daily
(range, 125-500). Nineteen patients received hypomethylating
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agents (azacitidine or decitabine) in combination with venetoclax.
Nine patients were treated with venetoclax and cytotoxic agents,
including cytarabine, fludarabine, idarubicin, or liposomal doxoru-
bicin. Three patients received both hypomethylating and chemo-
therapy courses. Dose escalation of venetoclax at the beginning of
the first cycle was performed in 25 of 31 patients. Venetoclax was
administered for a median duration of 28 days (range, 9-28 days),
with 21 patients adopting a 28-day and 10 adopting a 14- to 21-
day cycle. Adverse events occurring during venetoclax therapies
included grade 4 pancytopenia (n = 1), grade 3 prolonged neu-
tropenia (n = 3), grade 3 fungal infection (n = 3), grade 3 acute
kidney injury after azacitidine (n = 1), grade 2 diarrhea (n = 2),
grade 2 sensitive neuropathy (n = 1), and grade 2 hypokalemia
(n = 1). Patient 28 discontinued venetoclax because of severe
pancytopenia after 9 days, and this was recorded as a TF. The
median percentage of blasts at the start of venetoclax treatment
was 20% (range, 0%-80%). Extramedullary disease was present in
2 patients with AML, 1 each with central nervous system and skin
involvement. The median number of cycles required to achieve the
best response was 1 (range, 1-7). In the whole cohort, the best
response achieved was CR, PR, and NR in 16 (51.6%), 6 (19.4%),
and 8 (25.8%) children, respectively. Of the 16 patients who
achieved CR, 4 were tested flow cytometry-minimal residual dis-
ease-negative and 2 were tested polymerase chain reaction-
minimal residual disease-negative, whereas 5 presented a CR
with incomplete count recovery. Patients who received a combi-
nation of venetoclax with cytotoxic agents achieved CR, PR, and
NR in 6 (66.7%), 1 (11.1%), and 2 (22.2%) cases, respectively,
whereas patients receiving venetoclax with hypomethylating
agents achieved CR, PR, NR, and TF in 7 (36.8%), 5 (26.3%), 6
(31.6%), and 1 (5.3%) case, respectively. Patients with KMT2A
rearrangements achieved CR or PR in 6 (75.0%) and 1 (12.5%)
cases, respectively. Of the 4 patients with advanced MDS, 3
achieved CR, whereas 1 did not respond. The analysis of response
based on the burden of diseases is shown in Figure 1B. Eight
patients experienced PR after the first cycle and received a sec-
ond cycle, achieving CR, PR, and NR in 5 (62.5%), 2 (25.0%), and
1 (12.5%) case (Figure 1B), respectively. One patient with isolated
extramedullary skin disease achieved CR after 7 cycles of ven-
etoclax and azacitidine, as documented via a fluorodeoxyglucose-
positron emission tomography and skin biopsy. Twenty patients
received allogeneic HSCT after venetoclax bridging therapy;
transplantation was performed at a median time of 3.3 months
(range, 0.6-31.1 months) from the start of venetoclax. These
patients received transplantation from an HLA-haploidentical
relative (n = 6), an HLA-matched unrelated volunteer (n = 12),
or a compatible sibling (n = 2) after myeloablative conditioning.
Median follow-up of the whole cohort was 7.7 months (range, 1.1-
32.3 months). The estimated overall survival (OS) at 30 months
after the start of venetoclax treatment was 29.9% ± 14.4 (stan-
dard error) for the whole cohort and 74.4% ± 13.8 (standard error)
for patients undergoing HSCT (Figure 1C). Thirteen patients died
by the end of follow-up, with a median time to death from the start
of venetoclax of 5.3 months (range, 1.1-32.3 months). Causes of
death included disease progression before HSCT in 8 patients,
transplantation-related mortality in 3, and disease relapse after
HSCT in 2.

In this study, we reported the largest pediatric cohort of high-risk
myeloid malignancies treated with different venetoclax-based
RESEARCH LETTER 4367
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therapies. Drug administration was variable, with a median daily
dose of 350 mg/m2, consistent with the phase 2 study that rec-
ommended 360 mg/m2.4 The optimal duration of venetoclax
treatment in children remains to be fully elucidated, and current
trials are using different schemes. In our cohort, venetoclax-based
therapies were safe, with only 1 TF due to adverse events, con-
firming a generally favorable toxicity profile in pediatric patients.4-6

The response rate was also remarkable, with an overall response
rate of 71% and a CR of 51.6%, which are comparable with those
in previous reports.4,5 CR was achieved in 3 of the 4 patients with
MDS. Considering the variability of diagnosis and disease stage in
our cohort, further studies are needed to more precisely assess the
efficacy of different venetoclax-based approaches in diverse set-
tings. Notably, of the 8 patients with KMT2A rearrangements, 6
achieved CR and 1 achieved PR. Preclinical data suggest a high
antiapoptotic dependence and sensitivity to venetoclax in in vitro
models of KMT2A-rearranged B-cell lymphoblastic and myeloid
leukemia.10,11 Recently, preliminary results from a retrospective
adult KMT2A-rearranged cohort showed a high response rate
when venetoclax was combined with hypomethylating agents.12

Five patients presented FLT3-internal tandem duplication (ITD)
mutations, previously reported to be associated with venetoclax
resistance in some experimental models.13 Among them, 3 ach-
ieved PR, 1 did not respond, and 1 patient with FLT3-mutated
MDS achieved CR but relapsed after HSCT. Further studies are
needed to assess the possible roles of different genetic lesions in
venetoclax resistance.14,15 In our cohort, venetoclax combinations
induced responses, even in patients with high disease burdens.
Thus, considering the heavily pretreated population, venetoclax
seems to be an effective option as a bridge to transplantation. We
recorded favorable OS in patients receiving HSCT for consolida-
tion despite the fact that no conclusion can be made considering
the limitations of a relatively short follow-up and a small cohort.
Notably, all patients who achieved CR without complete recovery
of blood counts received HSCT and were alive at the end of the
follow-up. The feasibility of venetoclax-based therapy as a bridge to
HSCT was also recently investigated by Pfeiffer et al in pediatric
patients, showing no significant impact on the transplantation-
related mortality, graft-versus-host diease, and engraftement.6

Interestingly, all patients with postcytotoxic MDS/AML bridged to
HSCT were alive at the last follow-up, similar to what was recently
described in a pediatric cohort with secondary myeloid neoplasms
treated with CPX-351 and bridged to HSCT.16

Although the heterogeneity in venetoclax dosage, the combination
with either cytotoxic agents or hypomethylating agents, and the
length of treatment represent limitations of this study, our findings
confirm the activity and safety of venetoclax combinations in pediatric
high-risk myeloid neoplasms, with durable responses and promising
OS in patients bridged to HSCT. Larger prospective, possibly ran-
domized, studies are needed to confirm the efficacy of venetoclax
and its role in the different phases of AML/MDS treatment.
Figure 1. Treatments and responses of patients treated with venetoclax-based co

Patients are divided into 3 groups based on having received venetoclax plus chemotherap

represent disease evaluation, and response is specified in the legend. (B) Summary of resp

low (≤5% of blast), intermediate (5%-20% of blast), and high disease burden (≥ 20% of bl

after the first cycle for patients receiving 2 or more cycles of venetoclax-based combination.

CR, PR, and NR after the first cycle. (C) Kaplan-Meier estimates of the OS for the entire co

venetoclax.
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