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Summary

Background: Outcomes for children with relapsed or refractory acute myeloid leukemia (AML) 

remain poor. The BCL-2 inhibitor venetoclax has shown promising activity in combination with 

hypomethylating agents and low-dose cytarabine in older, unfit adults with newly diagnosed AML. 

The aims of the present study were to determine the safety and explore the activity of venetoclax 

with standard and high-dose chemotherapy in pediatric patients with relapsed AML.

Methods: Patients with relapsed or refractory AML or acute leukemia of ambiguous lineage who 

were 2–22 years old and who had adequate organ function and performance status were eligible. 

We tested the safety and activity of venetoclax (240 or 360mg/m2/day orally for 28 days) in 

combination with cytarabine (100mg/m2/dose IV every 12 hours for 20 doses or 1000mg/m2/dose 

IV every 12 hours for 8 doses) with or without idarubicin (12mg/m2 IV). The primary endpoint 

was the recommended phase 2 dose (RP2D) of venetoclax plus chemotherapy and the secondary 

endpoint was the proportion of patients treated at the RP2D who achieved complete remission 

(CR) or complete remission with incomplete count recovery (CRi). Analyses were done per 

protocol. The study was at ClinicalTrials.gov (NCT03194932). The primary objective has been 

reached and the study is enrolling to address exploratory objectives.

Karol et al. Page 2

Lancet Oncol. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://clinicaltrials.gov
https://clinicaltrials.gov/ct2/show/NCT03194932


Findings: Thirty-eight patients were enrolled from July 1, 2017 to July 2, 2019, with a median 

follow-up of 7.1 months (IQR 5.1–11.2). The RP2D of venetoclax was 360mg/m2 (600mg max) 

combined with cytarabine (1000mg/m2/dose for 8 doses) with or without idarubicin (12mg/m2 as a 

single dose). Overall responses were observed in 24 (69%) of 35 evaluable patients, including 16 

CR (11 MRD negative), 4 CRi (2 MRD negative), and 4 PR. Among the 20 patients treated at the 

RP2D 14 (70%) achieved CR or CRi and 16 (80%) CR/CRi/PR. The most common grade 3–4 

adverse events were febrile neutropenia (25 patients), bloodstream infections (6 patients), and 

invasive fungal infections (6 patients). Treatment-related death occurred in only one patient.

Interpretation: The safety and activity of venetoclax plus chemotherapy in patients with heavily 

pre-treated, relapsed and refractory AML suggests that this combination should be tested in newly 

diagnosed patients with high-risk AML.

Funding: ALSAC, AbbVie, Gateway for Cancer Research, National Institutes of Health 

CA21765

Introduction

Although 50–70% of children newly diagnosed with acute myeloid leukemia (AML) can be 

cured with frontline therapy,(1–3) those with relapsed disease have a dismal outcome and 

require novel therapies. Overexpression of the anti-apoptotic BCL-2 family of proteins is a 

documented mechanism of resistance in AML and other malignancies.(4–6) Preclinical data 

demonstrate that inhibitors of BCL-2 have activity against AML cell lines and patient-

derived samples.(4, 6, 7) Encouraging results observed in elderly unfit patients with newly 

diagnosed AML treated with the specific BCL-2 inhibitor venetoclax in combination with 

hypomethylating agents(8) or low-dose cytarabine(9) led to recent approval of these 

combinations. However, these combinations appear to be less active in relapsed or refractory 

AML.(10, 11)

In this first study of venetoclax in pediatric patients, we describe the safety and activity of its 

use in combination with high-dose cytarabine and idarubicin. We also describe the 

associations between BH3 profiling of AML blasts, response to window therapy with 

venetoclax, leukemic mutational pattern, and the clinical response to combination of 

venetoclax and conventional high-dose chemotherapy.

Methods

Study design and participants

Patients aged 2–22 years with relapsed or refractory AML or acute leukemia of ambiguous 

lineage were eligible. Patients were required to have greater than 5% bone marrow blasts, 

adequate organ function, a performance status (Lanksy for those ≤ 16 years, Karnofsky for 

those >16) of at least 50, and have recovered from prior therapy. Patients who underwent 

prior hematopoietic cell transplantation had to be at least 60 days from transplantation and 

free from active graft-versus-host disease. Patients who were pregnant and those with Down 

syndrome, acute promyelocytic leukemia, juvenile myelomonocytic leukemia, or a bone 

marrow failure syndrome were excluded. Patients could receive hydroxyurea or low-dose 

cytarabine (≤100mg/m2/day) up to 24 hours prior to the start of therapy but had to be 14 
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days from prior myelosuppressive therapy or gemtuzumab ozogamicin. Patients were 

eligible to receive idarubicin if they had previously received <300mg/m2 of doxorubicin 

equivalents (using conversion ratios of 0.5:1 for daunorubicin, 5:1 for idarubicin, and 4:1 for 

mitoxantrone). The study was approved by the institutional review boards of participating 

institutions and registered at ClinicalTrials.gov (NCT03194932). Each patient and/or family 

provided written informed consent and, as appropriate, assent.

Procedures

We explored the safety of two dose levels of venetoclax (Abbvie Inc, North Chicago, IL, 

USA) and two regimens of cytarabine with or without idarubicin using a rolling-6 accrual 

strategy.(12) Venetoclax was given orally once daily on days 1–28, initially at 240mg/m2 

(max 400mg, dose levels 1 and 2b) and escalating to 360mg/m2 (max 600mg, dose levels 2a, 

3, and 4). Conventional chemotherapy began on day 8, starting with intermediate-dose 

cytarabine (100mg/m2/dose IV every 12 hours for 20 doses) at dose levels 1 and 2a and 

escalating to high-dose cytarabine (1000mg/m2/dose IV every 12 hours for 8 doses) at dose 

levels 2b, 3, and 4. After dose level 1 was deemed tolerable, patients were enrolled in 

alternating fashion on dose levels 2a and 2b to evaluate the toxicity of increasing doses of 

either venetoclax (dose level 2a) or cytarabine (dose level 2b). When both dose levels were 

deemed tolerable, patients were enrolled on dose level 3. Dose level 4 (including idarubicin 

12mg/m2 IV) was opened to patients with limited prior anthracycline exposure after dose 

level 3 was determined to be tolerated. At all dose levels, 50% of the planned venetoclax 

dose was given on day 1 to mitigate potential tumor lysis syndrome. For patients with 

disease progression during the venetoclax monotherapy window, conventional chemotherapy 

could be started earlier than day 8 at the treating physician’s discretion. Patients could 

receive up to four cycles or could proceed to alternative therapy including transplant after 

one cycle. Patients were admitted for monitoring during the first 2 days of therapy and then 

were monitored at least twice weekly with laboratory and clinical evaluations for toxicity 

until the completion of cycle 1.

Patients received triple intrathecal therapy with methotrexate, hydrocortisone, and cytarabine 

during diagnostic evaluation. Patients with evidence of CNS leukemia received weekly triple 

intrathecal therapy until clearance of leukemic blasts from the cerebrospinal fluid. 

Prophylactic antimicrobial therapy was given according to institutional guidelines and 

typically included levofloxacin and micafungin, with vancomycin added after administration 

of cytarabine. The use of azole antifungals and other potent inhibitors of CYP3A4 was 

prohibited during treatment with venetoclax.

Criteria for removing patients from therapy included the development of a dose-limiting 

toxicity, no response to therapy, relapse, second malignancy, and completion of protocol 

therapy and evaluation period.

Toxicities were graded according to the Common Terminology Criteria for Adverse Events 

(CTCAE) version 4.03. Any grade 3 or higher non-hematologic event attributable to 

venetoclax was considered a DLT except for grade 3/4 infection; grade 3/4 nausea, vomiting, 

or diarrhea manageable with supportive care; or grade 3/4 electrolyte disturbance resolving 
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to ≤ grade 2 within 7 days. Failure to recover an ANC >300/μl or platelet count of 30,000/μl 

by day 50 was also deemed a DLT unless attributable to underlying leukemia or infection.

Response was determined by bone marrow evaluation between days 35 and 49. In patients 

with hypocellular bone marrows at first evaluation, a repeat marrow was performed at the 

time of hematological recovery but not later than day 50. The last bone marrow evaluation 

performed was used to classify disease response. Complete response (CR) was defined as 

MRD <5% and hematological recovery (ANC ≥500/μl and platelets ≥75,000/μl), CRi as 

MRD <5% without hematological recovery, and partial response (PR) as MRD of 5–25% 

with a greater than 50% decrease in leukemic blast percentage. MRD negative status was 

defined by a level of <0.1%. In patients with extramedullary disease at study entry, complete 

resolution of extramedullary disease was required. For patients without an MRD evaluable 

immunophenotype, response was determined by bone marrow morphology. Overall response 

(ORR) was the sum of the CR, CRi, and PR. Minimal residual disease testing and response 

evaluations were performed in the Department of Pathology at St. Jude Children’s Research 

Hospital.

Response to single-agent venetoclax was assessed by comparing absolute peripheral blood 

leukemic blast counts on days 1 and 8 as determined by flow cytometric-based minimal 

residual disease (MRD) assay. In patients without evaluable peripheral blood MRD, single-

agent response to venetoclax was evaluated using optional day 8 bone marrow evaluation 

(N=4) by comparing MRD in bone marrow before therapy and on day 8.

For BH3 profiling, cryopreserved blood or bone marrow cells were stained with leukemia-

specific antibodies and permeabilized as described (Appendix page 1). BAD, HRK, and 

NOXA peptides were tested for induction of cytochrome c loss from the mitochondria of 

digitonin permeabilized leukemic blasts. Dependence on BCL-2, BCL-XL, and MCL-1 were 

determined by the relative release of cytochrome c due to mitochondrial outer membrane 

permeabilization in the presence of these agents as measured by multicolor flow-cytometry.

Blood samples were collected 2, 4, and 6 hours post-dose on days 1 and 2 and prior to 

dosing (0 hour) and 2, 4 and 6 hours after dosing on day 8 to characterize venetoclax 

pharmacokinetics. Venetoclax plasma concentrations were determined using liquid–liquid 

extraction and liquid chromatography with tandem mass spectrometric detection.(13) The 

lower limit of quantitation was 2.05 ng/mL. The pharmacokinetic parameters of venetoclax 

in plasma were estimated using noncompartmental methods in Phoenix® WinNonlin® 

version 6.4 (Certara USA, Inc., Princeton, NJ). Pharmacokinetic parameters estimated 

included the maximum plasma concentration (Cmax), the time to maximum concentration 

(Tmax), the area under the concentration-time curve (AUC) from time 0 to 6 hours post-dose 

(AUC6), and the AUC over the 24-hour dose interval (AUC24). The pre-dose (0 hour) 

concentration was used as the 24-hour post-dose concentration value at steady state on that 

same day in order to calculate AUC24. The apparent oral clearance (CL/F, where F is the 

bioavailability) of venetoclax was calculated by dividing the administered dose by AUC24. 

Dose-normalized exposures were calculated using the dose received.
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Patient-reported quality of life and hope measures were administered at baseline prior to the 

start of treatment, during the first week of therapy, and after completion of one cycle of 

venetoclax therapy. Physical, emotional, and social health were assessed in patients aged 8–

17 years directly and in those aged 5–7 years using parent proxies with the 37-item Patient 

Reported Outcomes Measurement Information System (PROMIS) Pediatric Profile.(14) 

Participants responded based on their experience during the past 7 days, and raw scores were 

converted into age-normalized T-scores in each domain. Hopefulness and optimism were 

assessed using the Herth Hope Index (HHI),(15) in adolescents and young adults (13 years 

and older) as well as their parents.(16)

Outcomes

The primary endpoint was the recommended phase 2 dose (RP2D) and was defined as the 

highest dose level at which six participants were treated with at most one experiencing a 

dose-limiting toxicity (DLT). The secondary endpoint of the study was overall response. 

Prespecified exploratory objectives included BH3 profiling, pharmacokinetics, and quality 

of life assessments.

Statistical analysis

Statistical analysis was performed using Stata 15.1 (StataCorp, College Station, USA) using 

data available on August 24, 2019. For the primary endpoint, the rolling-6 design resulted in 

a minimum possible sample size of 2 patients if the first two patients each experienced a 

DLT and a maximum sample size of 54 patients. Any participant who experienced a non-

hematologic DLT during the first 35 days after taking the initial dose of venetoclax was 

considered evaluable for toxicity. Participants without DLTs who received at least 21 of the 

planned 28 doses of venetoclax and at least 80% of the planned chemotherapy were also 

considered evaluable for toxicity. Post-hoc analyses included estimation of overall survival, 

analysis of associations between response to single-agent venetoclax (including 

identification of an optimal threshold to define a “good” window response) and overall 

response to combination therapy, and description of severe infection. Overall survival was 

defined as the time from study enrollment to death, with living patients censored at last 

follow-up, and was estimated by the Kaplan-Meier method. The Fisher’s exact test was used 

to compare the proportion of patients who achieved CR/CRi among those who experienced 

good response to the window versus those with a poor response to the window therapy. For 

analysis of infection, sepsis requiring urgent intervention, severe sepsis, and septic shock 

were defined as previously described.(17, 18) Invasive fungal infection (IFI) was categorized 

according to EORTC consensus criteria with the addition of the category of suspected IFI, 

comprising diagnosed IFI with imaging findings consistent with IFI but not meeting EORTC 

criteria.(19)

Role of the funding source

The funding source had no role in the study design, collection, data analysis, data 

interpretation, or writing of the report. SEK, SBP, LW, and JER had access to the complete 

trial database. JER had the final responsibility to submit for publication.
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Results

Between July 1, 2017 and July 2, 2019, 38 patients were enrolled, including 4 patients with 

primary refractory AML, 33 patients with relapsed AML, and 1 patient with relapsed mixed-

phenotypic acute leukemia (Appendix page 2). The median follow-up time was 7.1 months 

(inter-quartile range 5.1–11.2). The 21 females and 17 males had a median age of 10 years 

(range, 3–22) at enrollment (Table 1). Patients with primary refractory AML therapy had 

received 2, 3, 4, or 5 prior lines of therapy (N=1 each). Previous transplant had been 

performed in 18 patients, of whom 8 had two prior transplants and 1 had three prior 

transplants. Twenty-one patients were treated for first relapse, 11 for second relapse, and 2 

for third relapse. Prior attempts with salvage therapy occurred in 18 relapsed patients, 9 of 

whom had failed at least 2 prior salvage attempts. Median marrow MRD level at time of 

study entry was 32.7%.

Two patients did not receive combination therapy because of rapid disease progression 

(N=1) or infection precluding ongoing therapy (N=1) and were excluded from further 

analyses (Figure 1). Although the protocol allowed early initiation of therapy in patients 

with disease progression during the venetoclax window, disease-induced organ dysfunction 

precluded ongoing therapy after the day 1 (1/2 dose) venetoclax, precluding evaluation of 

treatment related toxicity or activity in the patient with disease progression. Patients received 

1 cycle (N=30), 2 cycles (N=5), or 4 cycles (N=1) of treatment.

All dose levels were tolerated, with only one DLT observed (prolonged hematopoietic 

recovery in one patient at dose level 1). No patients required dose reduction or 

discontinuation due to venetoclax-related toxicity. There was one on-therapy death due to 

colitis/sepsis in a patient who had relapsed, was refractory to 3 prior courses of therapy, and 

had experienced colitis during his prior course of therapy. Venetoclax 360mg/m2 (max 

600mg) combined with cytarabine 1000mg/m2/dose with or without idarubicin 12mg/m2 

(dose levels 3 and 4) was the recommended phase 2 dose (RP2D; Table 2).

Median time to hematological recovery (ANC> 300/μl, platelets >30/μl) in patients 

achieving a CR were 38 and 38.5 days, respectively. Patients experienced an average of 2.2 

(range 0–8) grade 3 or higher toxicities during the first cycle of therapy, with infectious 

toxicities accounting for 65.7% of toxicities. Table 3 shows the toxicities that occurred 

during cycle 1. Serious adverse events occurred in 2 patients during cycle 1, including sepsis 

in 1 and the toxic death described above. Tumor lysis syndrome was observed in 1 patient 

with rapidly progressive disease during the venetoclax window and who was taken off-study 

after 1 dose of venetoclax due to disease-induced multisystem organ dysfunction prior to 

combination therapy. Febrile neutropenia was common, with 43 episodes in 25 (66%) study 

participants; 14 (33%) episodes were associated with clinically or microbiologically 

documented infection. There were 8 bloodstream infection episodes in 6 (16%) study 

participants during cycle 1 of therapy. Sepsis requiring urgent intervention occurred in 6/8 

(75%), severe sepsis in 3/8 (38%), and septic shock in 2/8 episodes (25%). There were 6 

episodes of IFI in 6 (16%) study participants, including 4 episodes of pulmonary infection 

and 2 of bloodstream or disseminated candidiasis; 3/6 episodes (50%) were probable or 

proven, with 2 episodes of possible and one suspected IFI.
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Response to cycle 1 was evaluable in 35 patients, with 16 (46%) achieving CR (11 MRD 

negative), 4 (11%) CRi (2 MRD negative), 4 (11%) PR, and 11 (31%) with no response 

(Table 2, Appendix page 5). One patient who received combination therapy but died from 

colitis/sepsis before response determination was inevaluable. Median MRD at the end of 

cycle 1 was 1.9%. Responses among the 12 evaluable patients who received intermediate-

dose cytarabine (dose levels 1 and 2a) included 1 CR, 3 CRi, 2 PR, and 6 NR (CR/CRi 33%, 

ORR 50%). Responses in 23 patients who received high-dose cytarabine with or without 

idarubicin (dose levels 2b, 3, and 4) included 15 CR, 1 CRi, 2 PR, and 5 NR (CR/CRi 70%, 

ORR of 78%). Patients (N=20) treated at the RP2D had a CR/CRi of 70% (14 of 20; 95% 

confidence interval [95%CI] 46–88%) and an ORR of 80% (16 of 20; 95%CI 56–94%). 

Patients refractory to prior therapy (including 4 primary refractory and 18 relapsed/

refractory patients) had an CR/CRi of 45% (6 CR, 4 CRi), with responses seen in patients 

refractory to 1 (N=6), 2 (N=3), and 4 (N=1) prior regimens. Durability of response was 

unable to be assessed, because 16 (80%) of the 20 patients who achieved a CR/CRi 

proceeded to allogeneic stem cell transplantation. All patients who were MRD negative after 

cycle 1 and proceeded to transplant remained MRD negative at the time of transplant. A 

post-hoc analysis of overall survival of study participants is shown in the Appendix (page 6). 

Death occurred off-therapy in 19 patients, all of which were due to progressive disease.

Response to the venetoclax window was evaluable in 33 patients who were also evaluable 

for end of cycle 1 response (Appendix page 5). Better response to the window was 

associated with achieving a CR/CRi at the end of cycle 1 (Kruskal-Wallis p=0.045). A 

receiver operating curve identified an optimal cutoff of at least a 50% reduction in blasts to 

identify patients likely to achieve a CR/CRi (73.5% correctly classified, sensitivity 84.2%, 

specificity 57%, Appendix page 7).

In post-hoc analyses, the proportion of patients who achieved CR/CRi among the 22 patients 

who experienced good response to the window (>50% blast reduction) was 73% (13 CR, 3 

CRi; 95%CI 50–89%), in contrast to the 27% (3 CR; 95%CI 6–61%) in the 11 patients with 

a poor response to the window therapy (p=0.02 by Fisher’s exact test, Appendix pages 3 and 

8). Patients with a good window response were MRD negative after cycle 1 in 10/22 vs. 2/11 

in those with poor response (p=0.2). This trend was maintained when the analysis was 

restricted to patients treated at the RP2D: the CR/CRi was 86% (11 CR, 1 CRi, 9 MRD 

negative; 95%CI 57–98%) in the 14 patients with a good response and 40% (2 CR, 1 MRD 

negative; 95%CI 5–85%) in the 5 patients with a poor response (p=0.08 for CR/CRi, and 

p=0.1 for MRD negative).

Recurrent genetic lesions in this relapsed population included FLT3 alterations (N=3 internal 

tandem duplications, N=2 activating mutations), KMT2A rearrangements (N=12), TP53 
mutations (N=4), WT1 mutations (N=5), CBFβ/MYH11 (N=2) and RUNX1-RUNX1T1 
(N=4) fusions, NF1 mutations (N=3), and biallelic CEBPA, PTPN11, DNM2, and NRAS 
mutations (N=2 each; Appendix pages 2 and 5). Among the 8 patients with favorable genetic 

alterations (CBFβ/MYH11, RUNX1-RUNX1T1, or CEBPA mutations), 6 obtained CR. 

Among the 12 patients with KMT2A rearrangements, 4 achieved a CR, 1 CRi, 1 PR, and 5 

patients had no response; 1 patient with KMT2A rearrangement did not receive combination 

therapy because of multiorgan system failure due to progressive disease within window 
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therapy. Responses in 4 patients with TP53 mutations included 2 CR, 1 CRi, and 1 PR. None 

of the 5 patients with FLT3 alterations responded.

BH3 dependency profiling prior to protocol therapy was available for 19 patients. BCL-2 

dependence was observed in 9 patients. BCL-XL was the primary observed dependence in 5 

patients, while 5 patients showed minimal or no dependence on any tested BH3 family 

member. No patients’ leukemia was primarily dependent on MCL-1, although 1 patient who 

was more dependent on BCL-XL or BCL-2 also showed some dependence on MCL-1.

BH3 profiles were associated with both window response to therapy as well as end of cycle 

1 marrow response. Patients with BCL-2 dependence included 5 patients with CR and 1 with 

CRi (CR/CRi 67%), 1 PR, and 2 NR. Patients with BCL-2 dependence had a >50% 

reduction in circulating blasts after window therapy in 7 of the 9 evaluable cases. Of the 2 

patients not responding at the end of the cycle, 1 showed a poor response to window therapy 

and profiling following cycle 1 demonstrated a switch to BCL-XL dependence. Patients with 

BCL-XL dependence included 1 CR, 1 CRi (CR/CRi 40%), 1 PR, and 2 NR. Window 

response was good in 1 of the 5 patients with BCL-XL dependence, with the single patient 

showing a good window response having secondary BCL-2 dependence in vitro. In contrast, 

none of the patients lacking secondary BCL-2 dependence achieved a CR. Patients with 

minimal or no in vitro BH3 dependence included 1 CR and 1 PR (both showing minimal 

response to BCL-2), and 3 NR. (Appendix page 3)

Pharmacokinetic data was available for 10 patients, including 6 patients on dose levels 3 and 

4 patients on dose level 4. The median time to maximal venetoclax concentration was 6 

hours with maximal concentrations increasing across each day measured: 0.7±0.7 μg/mL on 

day 1, 1.4±0.9 μg/mL on day 2, and 2.2±1.4 μg/mL on day 8. Pharmacokinetic parameters 

were similar across age groups; day 8 AUC24 was 21.9–34.3 μg•h/mL in 2 children under 6 

years, 53.5±40.7 μg•h/mL in 5 children 7–12 years, and 41.9±19.7 μg•h/mL in 3 children 

≥13 years old. Pharmacokinetic parameters were also similar across weight groups and with 

and without idarubicin (Appendix page 9).

Quality of life scores were within the average range for nearly all domains at baseline 

(Appendix Table 4), although mobility concerns were higher at baseline per parent report. At 

the On-Treatment (1-week) and Post-Treatment time points, all PROMIS domains were 

within normal limits for both parent proxy and self-report. Descriptive statistics suggested 

parents and adolescent patients endorsed hopefulness at all time points (Appendix page 3).

Discussion

To our knowledge, this is the first study of venetoclax in children and young adults with 

relapsed AML. We found that the combination of venetoclax and high-dose cytarabine with 

or without idarubicin was well-tolerated and active, with 14 (70%) of the 20 evaluable 

patients who were treated at the RP2D achieving CR or CRi after 1 cycle of therapy. 

Notably, 10 (71%) of these 14 patients were MRD negative. The ORR of patients treated at 

the RP2D (80%) was similar to that observed in the AML 2001/01 study (using FLAG ± 

liposomal daunorubicin) of patients in first relapse (75%) despite the greater prior therapy 
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burden in our population. Additionally, the proportion of patients who achieved CR after 1 

cycle of therapy at the RP2D (65%) was similar to that obtained after two cycles of intensive 

therapy in AML 2001/01 (59%).(20) This CR estimate also compared favorably to that 

reported in AAML1421 (utilizing CPX-351) after 1 cycle of therapy (57%).(21) Limited 

availability of patients for randomized relapsed AML trials makes direct prospective 

comparisons between retrieval therapies impractical. The hematologic parameters used to 

define count recovery in our study have been used by our group historically.(22) Although 

differences between these parameters and those used by other groups may result in slight 

differences in the definitions of response, the ability of patients to proceed to transplantation 

following attainment of a CR/CRi on therapy suggests that the definitions used within the 

trial adequately identified patients whose response enabled more definitive therapy.

Despite our patient population being heavily pretreated, the side effect profile of the 

combination was consistent with toxicity seen with intensive chemotherapy in this 

population and included febrile neutropenia in 63% of patients, similar to prior studies at our 

institution in patients with relapsed AML.(22, 23) One (2.6%) of 38 patients died due to 

infectious complications, a proportion similar to that seen in studies of patient with first 

relapse of AML.(20) In addition to the objective tolerability of the regimen, survey results 

from patient and parent indicated that the therapy did not adversely affect quality of life. 

Patients and their parents also maintained normal Herth Hope Index scores throughout the 

first cycle, suggesting that the adverse effects did not diminish either hope or quality of life.

Patients in this study suffered grade 3/4 infections at similar proportions to those seen in 

prior relapsed AML trials (28.9% vs. 19.4%).(20) The overall number of IFI was similar to 

other pediatric patients with relapsed leukemia, with 6 participants (16%) experiencing IFI.

(24) However, the impact of each infection was high; 3 of 6 participants with IFI 

discontinued venetoclax therapy because of the infection. Notably, the prohibition on azole 

use during the study precluded both azole prophylaxis and treatment of IFI; the use of azoles 

in future studies (combined with lower doses of venetoclax due to interactions via 

cytochrome P450 3A4)(25) may address this issue.

Our data suggest that responses may be more frequent when venetoclax is combined with 

high-dose chemotherapy compared to intermediate-dose cytarabine. This is consistent with 

data from studies of venetoclax in adults with relapsed AML.(10) In that retrospective 

cohort, objective responses were seen in only 21% of patients treated with combinations of 

venetoclax and either hypomethylating agents or low-dose cytarabine. Our data are also 

consistent with preclinical data showing synergy between venetoclax, cytarabine, and 

idarubicin, with greater synergy observed with higher doses of chemotherapy.(26)

Despite overall encouraging responses, discreet subsets of patients experienced poor 

responses. For example, none of the 5 patients with FLT3 activation responded. This is 

consistent with prior reports in which FLT3 activated samples were resistant to venetoclax.

(27) Combining venetoclax with FLT3 inhibitors is an attractive therapeutic approach for 

these patients.(28) Additional previously proposed mechanisms of resistance to venetoclax 

were also observed in our patients, with exclusively BCL-XL dependent samples having 

poor responses to therapy (1/4 CR/CRi) and one patient converting from BCL-2 dependence 
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to BCL-XL dependence after one cycle of therapy. This aligns with preclinical data, in which 

resistance to BCL-2 inhibition often occurred through a transition to reliance on other BH3 

family members.(7, 29, 30)

The body-surface-area (BSA)-based dosing of venetoclax in this study resulted in similar 

venetoclax concentrations across different age and weight groups. In addition, the 

venetoclax concentrations in this study were similar to those observed in the adult AML 

subjects.(9) This finding indicates that BSA-based dosing adequately accounts for 

developmental pharmacokinetics of venetoclax. Idarubicin showed no effect on venetoclax 

pharmacokinetics in this study.

Limitations of this study include the heterogeneous patient population in terms of prior 

therapy, genetics, and BH3 dependency, as well as the small number of patients treated at 

each dose level. Nevertheless, the results strongly suggest that the combination of venetoclax 

and chemotherapy should be tested in newly diagnosed patients with high-risk AML. Future 

studies should evaluate not only the activity of such combinations but should seek to validate 

leukemic blast reduction and BH3 dependencies as biomarkers of response to combination 

therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in Context

Evidence before this study

We searched PubMed for clinical reports published in English from inception until 

October 17, 2019. Search terms included “acute myeloid leukemia”, “venetoclax”, 

“BCL-2”, “ABT-199”, “clinical”, “pediatric”, “children”, and “patient”. We excluded 

pre-clinical studies and reviews. Published literature indicated venetoclax in combination 

with low-dose cytarabine (i.e. 20mg/m2/day) or the hypomethylating agents decitabine 

and azacitidine has activity in adults who were treatment naïve or had relapsed acute 

myeloid leukemia (AML). Prior reports of venetoclax in relapsed AML have been in 

retrospective cohorts treated outside of clinical trials. There were no published reports of 

the use of venetoclax alone or in combination with conventional AML regimens in 

pediatric patients.

Added value of this study

Our results indicate that the specific BCL-2 inhibitor venetoclax is safe and active in 

combination with conventional intensive chemotherapy in pediatric patients with relapsed 

AML. The combination of venetoclax with high-dose cytarabine with or without 

idarubicin demonstrated excellent activity in this heavily pretreated population, which are 

higher than published data using venetoclax in alternative combinations. These results 

also compare favorably with results from previous relapsed AML trials. To our 

knowledge, this is the first report of combination therapy with BCL-2 inhibition and 

intensive chemotherapy in patients with AML.

Implications of all available evidence

Results of this study support further evaluation of venetoclax in combination with 

intensive chemotherapy in patients with AML.
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Figure 1: 
CONSORT diagram of enrolled and analyzed patients Of 38 enrolled participants, 3 were 

inevaluable for response. Two did not receive combination therapy either due to a viral 

infection during the venetoclax window (removed so as to avoid myelosuppressive therapy 

with an active infection) and a patient whose disease progression after the day 1 (1/2 dose 

venetoclax) precluded ongoing therapy (including the early introduction of chemotherapy as 

allowed in the protocol; N=1 each). Of 36 patients who received venetoclax and 

chemotherapy, 1 was inevaluable due to dying of toxicity prior to response evaluation and 35 

were evaluable for response.
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Table 1:

Baseline patient characteristics

Total Patients N= 38

Age: median (range) 10 (3–22)

Female 21 (55%)

Prior CR

 • 0 4 (10.5%)

 • 1 21 (55.3%)

 • 2+ 13 (34.2%)

Prior therapies since last CR

 • 0 16 (42.1%)

 • 1 9 (23.7%)

 • 2 7 (18.4%)

 • 3+ 6 (15.8%)

Prior Transplant

 • 0 20 (52.6%)

 • 1 9 (23.7%)

 • 2+ 9 (23.7%)

Genetics: Favorable

 • RUNX1-RUNX1T1 4 (10.5%)

 • CBFβ/MYH11 2 (5.3%)

 • CEBPA mutations 2 (5.3%)

Genetics: Neutral

 • KMT2A rearrangements 12 (31.6%)

Genetics: Adverse

 • FLT3 internal tandem duplication 3 (7.9%)

 • FLT3 point mutations 2 (5.3%)

 • TP53 4 (10.5%)

 • WT1 5 (13.2%)

 • 5q- 2 (5.3%)

 • Monosomy 7 1 (3.1%)

Bone marrow leukemic burden at study entry: median (IQR) 33% (18–68%)
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Table 2:

Dose escalation and response to cycle 1

Dose 
level

Venetoclax Cytarabine Idarubicin N MRD 
neg

CR CRi PR NR

1 240 mg/m2 (max 400 
mg)

100 mg/m2 q12h × 20 
doses

0 7 2 (29%) 1 (14%) 2 (29%) 1 (14%) 3 (43%)

2a 360 mg/m2 (max 600 
mg)

100 mg/m2 q12h × 20 
doses

0 5 0 0 1 (20%) 1 (20%) 3 (60%)

2b 240 mg/m2 (max 400 
mg)

1000 mg/m2 q12h × 8 
doses

0 3 1 (33%) 2 (66%) 0 0 1 (33%)

3 360 mg/m2 (max 600 
mg)

1000 mg/m2 q12h × 8 
doses

0 11 7 (64%) 7 (64%) 1 (9%) 1 (9%) 2 (18%)

4 360 mg/m2 (max 600 
mg)

1000 mg/m2 q12h × 8 
doses

12 mg/m2 9 3 (33%) 6 (67%) 0 1 (11%) 2 (22%)

N, evaluable patients; MRD neg, minimal residual disease negative (<0.1%) among patients obtaining a CR or CRi; CR, complete response; CRi, 
complete response with incomplete hematological recovery; PR, partial response; NR, no response

Note that MRD Negative patients are a subset of CR/CRi patients and not a discrete group.
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