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Pevonedistat with azacitidine in older patients with TP53-mutated
AML: a phase 2 study with laboratory correlates
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Finding safe and effective treatment strategies for patients with TP53-mutated acute myeloid leukemia
(AML) remains an important unmet need.1,2 Among all somatic mutations found in AML, TP53 mutations
are associated with intrinsic resistance to cytotoxic therapy, shorter overall survival (OS), and inferior
outcomes with allogeneic hematopoietic cell transplantation.3-6 The NEDD8-activating enzyme inhibitor
pevonedistat (PEVO) has been shown to induce apoptosis in AML via increased reactive oxygen species7

as well as accumulation of the oncoprotein MYC and transactivation of the gene encoding the BH3-only
protein NOXA in AML cell lines and primary AML samples.8 Additional studies have demonstrated that
PEVO enhances the cytotoxicity of hypomethylating agents in preclinical AML models.9 Consistent with
these observations, a phase 1b study of PEVO with azacitidine (AZA) demonstrated a composite com-
plete remission (CCR) rate of 30%, with an additional 11% partial remission rate. Responses occurred
irrespective of poor-risk disease features and were observed in 6 of 8 patients with TP53-mutated AML.10

Here, we report the results of a phase 2 study of PEVO + AZA in older patients with previously untreated
TP53-mutated AML that builds on the previous results. This was a substudy of the Beat AML “umbrella”
Master trial (www.clinicaltrials.gov, #NCT03013998) evaluating targeted therapies using prospective
genomic profiling of previously untreated older patients with AML.11

The primary objective of this open-label phase 2 study was to evaluate the CCR rate (complete
remission [CR] + CR with incomplete hematologic recovery [CRi]) and tolerability of PEVO + AZA
combination therapy in patients ≥60 years of age with untreated TP53-mutated AML (variant allele
frequency [VAF] ≥30%). Inclusion criteria are listed in supplemental Table 1. This study was approved
by a central institutional review board and by local institutional review boards and was conducted
according to the Declaration of Helsinki. Four sites enrolled ≥1 patient(s) between April 2018 and
December 2019. AZA (75 mg/m2) was administered subcutaneously or intravenously on days 1 to 7 (or
days 1-5 and days 8 and 9) of every 28-day cycle for up to 12 cycles. PEVO (20 mg/m2) was given as a
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Table 1. Patient demographics and baseline characteristics

Total, N = 10

Age, y

Median (range) 72.0 (68.0-85.0)

Sex, n (%)

Male 5 (50.0)

Female 5 (50.0)

Race, n (%)

White 9 (90.0)

Other 1 (10.0)

Ethnicity, n (%)

Hispanic or Latino 0

Not Hispanic or Latino 10 (100.0)

Body mass index (kg/m2)

Median (range) 28.42 (20.7-38.6)

Previous exposure to chemotherapy for an indication
other than AML, n (%)

3 (30.0)

Previous exposure to radiation therapy, n (%) 4 (40.0)

n, number of patients in subset.
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1-hour infusion on days 1, 3, and 5 of each cycle for up to 24
cycles after administration of AZA. Bone marrow aspiration and
biopsy were performed before therapy and after 1, 2, and 4 cycles
to assess clinical response using the 2017 European LeukemiaNet
criteria.12 The primary end point was the proportion of patients with
CCR by the end of cycle 4. Secondary end points included
response duration, OS, and proportion of patients transitioning to
allogeneic hematopoietic cell transplantation. This study used
Simon’s Optimal 2-stage design. The statistical methods are sum-
marized in Supplemental Table 2.
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Figure 1. Swimmer’s plot of the 10 patients who received study treatment with P

discontinuation of study treatment. Created with www.biorender.com.
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After the enrollment, 10 patients received treatment with both the
study drugs. The baseline demographics/characteristics of these
patients are summarized in Table 1 and supplemental Table 3.
Patients completed a median of 3.5 (range, 2-13) cycles of
PEVO + AZA over a median of 81 days. Three patients (30%)
completed more than 6 cycles.

All patients were clinically followed up for response (Figure 1). Nine
patients were assessed for the primary end point; none attained
CCR by the end of cycle 4. Two patients attained partial remission
(patients 3 and 7, shown in supplemental Table 3) and 7 patients
(70%) had stable disease by the end of cycle 4. Because the
≥40% CCR rate required for continuing enrollment after stage 1
was not reached, the futility of the PEVO + AZA combination was
declared, and enrollment was stopped. Notably, however, 1 patient
(patient 6) attained CR with incomplete hematologic recovery by
the beginning of cycle 6 but subsequently progressed at cycle
9, day 1. When compared with the other 9 patients, unique char-
acteristics of this patient’s AML included mutations in BRCA2
(VAF, 45.71%), TET2 (VAF, 49.34%), CSF1R (VAF, 53.73%),
MDM2 (VAF, 50.54%), and ASXL1 (42.71%). The median OS was
187.5 days (95% confidence interval, 31.0-326.0) (supplemental
Figure 1).

All patients treated in the study experienced at least 1 treatment-
emergent adverse event (TEAE). Overall, 9 patients (90%) experi-
enced grade 3 or higher TEAEs. Two patients (20%) had
treatment-emergent serious adverse events (SAEs) that resulted in
death (grade 5 respiratory failure and an unknown cause) and were
considered unrelated to the study therapy. The most common
grade 3 or higher TEAE was grade 4 neutropenia in 2 patients
(20%). Three patients experienced the following 6 additional
treatment-emergent SAEs: grade 3 pleural effusion, grade 2 pos-
terior tibial and peroneal vein thrombosis, grade 3 pneumonia,
grade 3 cellulitis, grade 3 small intestine obstruction, and grade
4 sepsis. All patients died during the study; the most common
Treatment failure - further leukemia-directed therapy
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causes of death were AML progression (60%) and SAEs which
resulted in the death of 2 patients (20%).

The response rate in this study was lower than in the phase 1b
study.10 One reason may be that this study enrolled patients with
TP53-mutated AMLs with a VAF ≥30% to assure treatment of
dominant clones, whereas a lower VAF was used to classify the
disease as TP53-mutated in the phase 1b study.10 Importantly, a
higher TP53 VAF has been associated with similarly poor survival
outcomes with hypomethylating agent treatment.13

Among the planned correlative studies was immunoblotting to
examine changes in BCL2 family members and DNMT1 throughout
the treatment. These proteins were studied in the 12 available
samples from 5 patients because (1) BCL2 family members, which
mediate most chemotherapy-induced killing,14 are modulated by the
study drugs8,15 and (2) DNMT1, the most abundantly expressed
DNA methyltransferase in proliferating cells and a potential onco-
protein in AML,16 has been reported to be higher in AZA-resistant
AML cells17 and lower in AML that responds to decitabine.18

Consistent with preclinical observations,8 the proapoptotic BCL2
family member NOXAwas upregulated at the end of cycle 1 in 4 of 5
patients (supplemental Figure 2). NOXA upregulation was associ-
ated with the upregulation of additional BH3-only proteins, including
PUMA, BIM, and BID. Importantly, though BCL2 was unchanged,
upregulation of the antiapoptotic proteins BCLXL and MCL1 was
also observed at the end of cycle 1 compared with baseline in all
patients, providing a potential explanation for the ability of blasts to
tolerate increased BH3-only protein levels. Given the small sample
size and low response rate, it is difficult to draw definitive conclu-
sions about any differences between patients. Although PEVO and
AZA have both been reported to increase NOXA expression,8,15 the
short half-life of these drugs (<10 hours) makes it important to look
at the changes in pro- and antiapoptotic BCL2 family members at
time points closer to therapy with those agents in future studies. In
this study, DNMT1 levels also increased at the end of cycle 1 in 4 of 5
patients. However, conclusions about the predictive value of base-
line DNMT1 levels cannot be made based on our study because
most patients did not achieve a response.

In summary, in this phase 2 Beat AML substudy, treatment
with AZA + PEVO did not induce responses (CCR) in older
patients with TP53-mutated AML. These observations mirror recent
results with the same combination in myelodysplatic syndrome,19

stand in contrast to previous results in AML,10 and do not sup-
port the combination as targeted therapy in TP53-mutated AML.
Reports of studies (#NCT04172844 and #NCT03862157)
examining the addition of venetoclax to AZA + PEVO in AML are
eagerly awaited.
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