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evaluated the safety, efficacy, and pharmacokinetics of venetoclax in combination
with alvocidib in patients with R/R AML. Patients were treated with escalating doses
of venetoclax (400, 600, and 800 mg QD, orally, days 1-28) and alvocidib (45 and
60 mg/m?, intravenously, days 1-3) in 28-day cycles. The combination was found to
be safe and tolerable, with no maximum tolerated dose reached. Drug-related Grade
>3 adverse events were reported in 23 (65.7%) for venetoclax and 24 (68.6%) for
alvocidib. No drug-related AEs were fatal. Gastrointestinal toxicities, including
diarrhea, nausea, and vomiting were notable and frequent; otherwise, the toxicities

reported were consistent with the safety profile of both agents. The response rate

was modest (complete remission [CR] + incomplete CR [CRi], 11.4%;
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1 | INTRODUCTION

Relapsed/refractory (R/R) acute myeloid leukemia (AML) is a genet-
ically complex and heterogeneous disease.? Despite advances in
therapy, treatment of patients with R/R AML remains challenging due
to poor response rates.>* No standard of care is available for R/R
AML; hence, there is an urgent need to develop newer therapies and
combinations to overcome treatment resistance and dismal
outcomes.®

Venetoclax is an orally bioavailable, selective inhibitor of BCL-2
currently being investigated in several hematologic malignancies.®”
In R/R AML, venetoclax showed modest clinical activity as a single
agent.® In combination with hypomethylating agents (HMAs) or
cytarabine, venetoclax showed promise at overcoming the potential
resistance mechanisms and enhancing the clinical benefits in patients
with R/R AML.7-13

Due to genetic and molecular heterogeneity, AML cells can be
co-dependent on other pro-survival proteins. Studies suggest that
the related anti-apoptotic BCL-2 family member MCL-1 is important
for sensitivity to cytotoxic agents and drives treatment resistance to
BCL-2 and BCL-xL targeting compounds.**~¢ Alvocidib is a potent
CDK®9 inhibitor that impacts a variety of short-lived mRNA tran-
scripts and proteins critical for the growth and survival of tumor cells,
including MCL-1.17 Alvocidib induces cancer cell apoptosis through
MCL-1 downregulation.18 However, this effect can be resisted by
increased activity of BCL-2. Alvocidib has shown a synergistic effect
with venetoclax in vitro and in vivo, both in venetoclax-resistant and
venetoclax-sensitive AML cells by decreasing MCL-1.* Thus, a
combination of both agents was hypothesized to overcome drug
resistance.>?° However, both alvocidib and venetoclax have known
hematological and gastrointestinal toxicities that could be addi-
tive, 20722
This phase 1b study evaluated the safety, pharmacokinetics, and
preliminary efficacy of venetoclax combined with alvocidib in adults
with R/R AML as a potential combination therapy for treating pa-
tients with R/R AML.

CR + CRi + partial response rate + morphologic leukemia-free state, 20%). There
was no change in alvocidib pharmacokinetics with increasing doses of venetoclax.
However, when venetoclax was administered with alvocidib, AUC,4 and Ciax
decreased by 18% and 19%, respectively. A recommended phase 2 dose was not
established due to lack of meaningful increase in efficacy across all cohorts
compared to what was previously observed with each agent alone. Future studies
could consider the role of the sequence, dosing, and the use of a more selective
MCL1 inhibitor for the R/R AML population.

acute myeloid leukemia, alvocidib, BCL-2, drug resistance, MCL-1, venetoclax

2 | METHODS
2.1 | Patients

Enrolled patients were >18 years old with a confirmed diagnosis of
relapsed/refractory AML (excluding acute promyelocytic leukemia
with PML::RARA) by World Health Organization criteria and an
Eastern Cooperative Oncology Group (ECOG) performance status of
<2. Patients were excluded if they had active or prior central nervous
system leukemia, severe chronic obstructive pulmonary disease with
hypoxemia, history of any malignancy within the last 6 months,
allogeneic stem cell transplant within the last 6 months, or history of

tumor lysis syndrome (TLS) due to previous exposure to venetoclax.

2.2 | Study design

This was an open-label, international, multicenter Phase 1b dose-
escalation study (NCT03441555) conducted at 11 sites. The pri-
mary objectives were to determine the toxicity, pharmacokinetic (PK)
profiles, and the recommended Phase 2 dose of intravenous (IV)
alvocidib combined with daily oral venetoclax in patients with R/R
AML. The secondary objective was to evaluate the efficacy of ven-
etoclax and alvocidib, and the exploratory objective was to evaluate
correlative efficacy biomarkers. The study was conducted per the
International Conference on Harmonization, Good Clinical Practice
Guidelines, and the Declaration of Helsinki. Local ethics committee
approval was obtained, and patients provided written informed
consent.

2.3 | Treatments
Patients received IV alvocidib on days 1, 2, and 3 and daily oral

venetoclax according to dose levels (cohorts 1—5) in 28-day treat-
ment cycles. All venetoclax dose levels used a 3- or 4-day dose ramp-
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up. To mitigate the risk of TLS when initiating alvocidib with ven-
etoclax, alvocidib dosing for cycle 1 used a 3-day dose ramp-up
except for cohort 1. Concomitant use of strong CYP3A inducers
was prohibited throughout the study. Dose escalation was guided by
a Bayesian optimal interval design.?®> A dose-limiting toxicity (DLT)
review occurred after each dose-escalation cohort. Considerations
for dose escalation are provided in the Supporting Information S1.

2.4 | Study assessments

Adverse events (AEs) were investigator-assessed according to the
National Cancer Institute Common Terminology Criteria for Adverse
Events version 4.03.2* DLTs were assessed during the first and sec-
ond cycles of venetoclax and alvocidib. A complete definition of a
DLT is provided in the Supporting Information S1.

Disease assessments were performed by bone marrow aspiration
with morphological and flow cytometry analysis. Disease assess-
ments were performed at Day 28 + 7 days in the first treatment
cycle, and subsequent assessments were performed at Day
28 + 5 days in every 3rd cycle. Patient responses were evaluated by
the investigator per institutional practices and reported according to
modified International Working Group (IWG) criteria for AML and
European LeukemiaNet (ELN) recommendations.?>2¢ Efficacy end-
points assessed were complete remission (CR) rate, composite CR
rate (CRc; CR + CRi [CR with incomplete blood count recovery]),
objective response rate (ORR; CR + CRi + PR [partial response]), and
the leukemia response rate (CR + CRi + PR + MLFS [morphologic
leukemia-free state]). The time to first response and duration for
patients who achieved CR + CRi was evaluated per IWG criteria for
AML.?> Duration of response (DoR) was defined as the number of
days from the date of first response (CR or CRi) to the earliest evi-
dence of confirmed morphologic relapse, disease progression, or
death due to disease progression. Methods for pharmacokinetic and
biomarker assessments and statistical analyses are described in the
Supporting Information S1 and Table S1.

3 | RESULTS
3.1 | Patient characteristics and treatment groups

The final data cut-off date was 25 January 2021. The study enrolled a
total of 35 patients. The median age was 66 (range, 22—80) years.
Twenty-two (62.9%) patients had de novo AML and 13 (37.1%) had
secondary AML, of which 11 (84.6%) were post MDS/CMML and 2
(5.7%) were therapy-related AML. All patients had received at least 2
prior systemic therapies, with 11 (31.4%) receiving >6 prior regimens
for their AML. Eleven (31.4%) patients had previously received ven-
etoclax. Eight (22.9%) patients had received a prior transplant (6
allogeneic, 1 autologous, 1 cord blood). The demographic and baseline

characteristics were similar across dose-escalation cohorts (Table 1).

WILEY_ @

The maximum dose combination administered was 800 mg of
venetoclax (Ven 800) with 60 mg/m? of alvocidib (Alvo 60). The
maximum tolerated dose (MTD) for venetoclax was not determined.
The median number of treatment cycles across all cohorts was 1.0
(range, 1.0— 16.0). The median duration of exposure to venetoclax
and alvocidib was 30 days (range, 1—454) and 11 days (range,
1—443), respectively. The median number of doses per cycle was 23
for venetoclax and 3 for alvocidib.

3.2 | Safety

All 35 (100%) patients experienced at least 1 treatment-emergent
adverse event (TEAE), and 33 (94.3%) patients had at least one
Grade 3 or 4 TEAE (Table 2). The most common TEAEs of any grade
(occurring in >40% of patients) were diarrhea (88.6%), nausea (77.1%),
vomiting (62.9%), hypokalemia (54.3%), febrile neutropenia (45.7%),
fatigue (40.0%), and hypomagnesemia (40.0%). Grade >3 TEAEs
occurring in >20% of patients were febrile neutropenia (45.7%),
diarrhea (31.4%), and hypokalemia (28.6%). Among the grade 3 or 4
TEAESs, 23 (65.7%) were considered possibly related to venetoclax, and
24 (68.6%) were considered possibly related to alvocidib.

Thirty-two (91.4%) patients experienced at least 1 serious
adverse event (SAE) (Table 2). The most common SAEs (occurring in
>10% of patients) were febrile neutropenia (34.3%), diarrhea
(17.1%), vomiting (11.4%), and sepsis (11.4%). Twenty (57.1%) and 22
(62.9%) patients had SAEs considered possibly related to venetoclax
and alvocidib, respectively. Among these SAEs, 5.2% of patients
experienced drug-related febrile neutropenia, 17.1% of patients
experienced drug-related diarrhea, 11.4% of patients experienced
drug-related vomiting, and 5.7% of patients experienced drug-related
sepsis. The incidence of febrile neutropenia (n = 5; 83.3%) was higher
in the Ven 400 Alvo 45 dose-escalation cohort compared with the
other dose cohorts (range, 0%—40.0%); otherwise, the incidence of
any SAEs varied across cohorts, with no clear dose-related trends.

Thirteen (37.1%) patients had TEAEs leading to venetoclax and
alvocidib discontinuation, diarrhea (n = 3 [8.6%]) and nausea (n = 2
[5.7%]) being the most common. Two patients experienced DLTs: One
patient in the Ven 400 Alvo 45 “no ramp-up" cohort experienced
tumor lysis syndrome [TLS], and 1 patient in the Ven 400 Alvo 60
cohort experienced a respiratory tract fungal infection. Treatment-
emergent clinical TLS was reported in 3 (8.6%) patients, including
the DLT.

Twenty-eight (80.0%) deaths occurred; 22 (62.9%) were due to
disease progression. Thirteen deaths (37.0%) occurred <30 days af-
ter the last dose of the study drug. Six (17.1%) patients experienced
fatal TEAEs (neutropenic sepsis [n = 1], pneumonia [n = 2], sepsis
[n = 2], multiple organ failure [n = 1]), acute kidney injury [n = 1]); 1
patient had two primary TEAEs of sepsis and multiple organ failure.
No fatal TEAEs were considered to be related to either venetoclax or
alvocidib. All patients discontinued the study; the primary reasons

were death (n = 28), AEs (n = 7), withdrew consent (n = 5), allogeneic
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TABLE 1 Patient demographics and baseline characteristics.
Cohort
Ve 288 a3 Ven 600 mg Ven 800 mg
Alvo 45 mg/m?% "no ramp-  Alvo 45 mg/m? Alvo 60 mg/m? Alvo 60 mg/m? Alvo 60 mg/m? Total
Characteristic up” (N = 8) (N = 6) (N = 11) (N =5) (N =5) (N = 35)
Median age, years 69.0 (36-80) 69.0 (33-79) 51.0 (22-76) 66.0 (62-79) 73.0 (59-78) 66.0 (22-
(range) 80)
Gender, n (%)
Female 1(12.5) 1(16.7) 5 (45.5) 1 (20.0) 3 (60.0) 11 (31.4)
Male 7 (87.5) 5(83.3) 6 (54.5) 4 (80.0) 2 (40.0) 24 (68.6)
AML status, n (%)
de novo 7 (87.5) 3 (50.0) 7 (63.6) 2 (40.0) 3 (60.0) 22 (62.9)
Secondary 1(12.5) 3 (50.0) 4 (36.4) 3 (60.0) 2 (40.0) 13 (37.1)
ECOG performance status, n (%)
0 4 (50.0) 2 (33.3) 0 0 1 (20.0) 7 (20.0)
1 4 (50.0) 3 (50.0) 10 (90.9) 4 (80.0) 4 (80.0) 25 (71.4)
2 0 1(16.7) 1(9.1) 1 (20.0) 0 3 (8.6)
Cytogenetics
Favorable 0 0 0 0 1 (20.0) 1(2.9)
Intermediate 2 (25.0) 4 (66.7) 5 (45.5) 4 (80.0) 3 (60.0) 18 (51.4)
Poor 5 (62.5) 2(33.3) 6 (54.5) 1 (20.0) 1(20.0) 15 (42.9)
No mitoses 1(12.5) 0 0 0 0 1(2.9)
No. of prior systemic therapies, n (%)
2-5 5 (62.5) 5(83.3) 7 (63.6) 3 (60.0) 4 (80.0) 24 (68.6)
>6 3(37.5) 1(16.7) 4 (36.4) 2 (40.0) 1 (20.0) 11 (31.4)
Prior venetoclax 4 (50.0) 2 (33.3) 3(27.3) 1 (20.0) 1 (20.0) 11 (31.4)
therapy, n (%)
Prior radiation therapy,n 0O 1(16.7) 1(9.1) 0 0 2 (5.7)
(%)
Prior allogeneic 1(12.5) 3 (50.0) 1(9.1) 0 1 (20.0) 6(17.1)

transplant, n (%)

Abbreviations: Alvo, alvocidib; AML, acute myeloid leukemia; ECOG, Eastern Cooperative Oncology Group; Ven, venetoclax.

stem cell transplant (n = 1), and other (n = 1). The reasons for
discontinuation were similar across the dose-escalation cohorts.

3.3 | Efficacy

We observed a leukemia response (CR, CRi, PR, or MLFS) in 7 (20.0%)
patients. Four (11.4%) patients achieved a CRc response, including 1
(2.9%) CR and 3 (8.6%) CRi (Table 3). MLFS was observed in 3 (8.6%)
patients. The median time to first response for CRc was 0.9 months
(range, 0.8—1.2), and the median duration of response was 8.4 months
(95% Cl, 5.1—not evaluable [NE]; Figure 1). One patient was reported
as having an allogeneic transplant post-study. Of the 7 responding

patients, 4 were “prolonged responders,” with at least 2 disease

assessments and a response of CR, CRi, MLFS, or PR for 3 months or
longer. All 4 prolonged responders had no prior venetoclax exposure
(Figure 1). We observed an interesting non-responder that had over 16
cycles of therapy, a 79-year-old man with de novo AML. Before study
entry, they had 2 lines of venetoclax-based therapies (Ven/Aza and
Ven/Decitabine) with a best response of refractory disease (RD). The
response assessment at the end of his first cycle was RD which

remained RD for over a year before progression.

3.4 | Pharmacokinetics

The PK parameters for venetoclax are summarized in Table S2.

Compared with venetoclax alone, co-administration with alvocidib
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TABLE 2 Summary of
treatment-emergent adverse events.

Any adverse event occurring in >20% of patients

Diarrhea

Nausea

Vomiting
Hypokalemia
Febrile neutropenia
Fatigue
Hypomagnesemia
Decreased appetite
Pyrexia

Abdominal pain
Hyperphosphatemia
Thrombocytopenia
Constipation
Hypophosphatemia
Hypotension

Odema peripheral

Serious adverse events occurring in >10% of patients

Febrile neutropenia
Diarrhea
Vomiting

Sepsis

resulted in 19% and 18% lower venetoclax Cnax and AUC,g,
respectively (Figure 2, Table S3). There was no apparent change in

alvocidib PK with increasing doses of venetoclax (Table S4).

3.5 | Biomarker correlates

Twenty-seven patients were evaluable for mutational profiles at
baseline. The most frequently observed mutations were TP53 (8/27),
RUNX1 (7/27), DNMT3A (6/27), and ETV6 (6/27; Figure 3). Mutations
associated with venetoclax sensitivity, SRSF2 (3/27), IDH2 (2/27), and
IDH1 (1/27), were uncommon. Two of the 4 patients who achieved
CR/CRi had IDH2 mutations, and 1 of the 8 patients with a TP53
mutation achieved MLFS. The non-responder who received over 16
cycles of therapy had an NF1 gene mutation at baseline. Comparative
biomarker analysis showed that their NF1 gene had no changes from
baseline to post-therapy.

Fourteen patients with >30% blasts were evaluable for gene
expression of BCL2 and BCL2L1. The median BCL2 mRNA expression
(272%Y in bone marrow blasts was 0.48 (95% Cl, 0.34—0.70), whereas

Venetoclax + Alvocidib (N = 35)

Any grade Grade > 3
n (%) n (%)
35 (100.0) 33 (94.3)
31 (88.6) 11 (31.4)
27 (77.1) 5(14.3)
22 (62.9) 4 (11.4)
19 (54.3) 10 (28.6)
16 (45.7) 16 (45.7)
14 (40.0) 0
14 (40.0) 0
13 (37.1) 0
13 (37.1) 0
11 (31.4) 2(5.7)
9 (25.7) 0
9 (25.7) 8 (22.9)
8 (22.9) 0
8 (22.9) 6(17.1)
8 (22.9) 1(2.9)
8 (22.9) 0
32 (91.4)
12 (34.3)
6 (17.1)
4 (11.4)
4 (11.4)

the median expression of BCL2L1 was considerably higher at 17.5
(95% Cl, 8.0—38.0). The median gene expression of BCL2 was similar
in patients regardless of prior lines of therapy (median 0.45 vs. 0.52,
for patients with <4 prior lines of therapy vs. patients with >4 prior
lines of therapy). In contrast, the median BCL2xL gene expression
was nearly 2 times greater in patients with >4 prior lines of therapy
(25.0 vs. 12.2) versus those patients with <4 (Table S5).
Twenty-seven patients were assessed by BH3 profiling to
determine the apoptotic potential of BCL2, BCL-xL, MCL-1 and/or
BCL-w, of which 21 were evaluable (Table S6). There were 3 patients
whose tumor cells were resistant to all 4 BH3 mimetics; 1 had a best
response of MLFS. Nine patients showed dependency on a single BH3
family member; 4 were dependent on BCL-xL, with 1 patient
achieving a CRi; 4 were dependent on BCL-w. One patient with BCL-
2 dependency discontinued the study before evaluation for clinical
response. Of the 8 patients with dual dependency, 6 were dependent
upon MCL-1 and BCL-xL; 2 of whom achieved MLFS as the best
response. The other 2 patients were non-responders. One was
dependent on BCL-2 and BCL-xL, and the prolonged non-responder
showed dependency on MCL-1 and BCL-w at baseline. Notably, the
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TABLE 3 Summary of response rates.

Cohort
Ve S g Ven 600 mg Ven 800 mg
Alvo 45 mg/m?% "no Alvo 45 mg/m? Alvo 60 mg/m? Alvo 60 mg/m? Alvo 60 mg/m? Total
Response, n (%) ramp-up” (N = 8) (N = 6) (N =11) (N =5) (N =5) (N = 35)
CR 1(12.5) 0 0 0 0 1(2.9)
CRi 0 0 2 (18.2) 1 (20.0) 0 3 (8.6)
CR + CR; 1(12.5) 0 2(18.2) 1(20.0) 0 4 (11.4)
MLFS 0 0 0 2 (40.0) 1 (20.0) 3 (8.6)
Median time to best response, months (range)
CR 1.2 (1.2-1.2) NA NA NA NA 1.2 (1.2-
1.2)
CR; NA NA 0.9 (0.8-0.9) 1.0 (1.0-1.0) NA 0.9 (0.8-
1.0)
CR + CR; 1.2 (1.2-1.2) NA 0.9 (0.8-0.9) 1.0 (1.0-1.0) NA 0.9 (0.8-
1.2)
Objective response rate 1(12.5) 0 2 (18.2) 1 (20.0) 0 4 (11.4)
(CR + CR; + PR), n (%)
Leukemia response rate 1(12.5) 0 2(18.2) 3 (60.0) 1 (20.0) 7 (20.0)
(CR + CR; + PR + MLFS), n (%)
Median DoR for CR + CR;, months NA NA 6.8 (5.1-NE) 8.3 (NE-NE) NA 8.4 (5.1-
(95%Cl) NE)

Abbreviations: Alvo, alvocidib; CRi, CR + incomplete blood count recovery; CR, complete remission; DoR, duration of response; MLFS, morphologic
leukemia-free state; NA, not applicable; PR, partial remission; Ven, venetoclax.

Venetoclax Discontinued

CR=Complete response
CRi=Complete response with incomplete blood count recovery
PD=Progressive disease

RD=Resistant disease
MLFS=Momhalogic leukemia-free state
DS=Discontinued with No Response Data

833883833528838833833723222
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FIGURE 1 Swimmer plot of best treatment response and survival for all patients since the first dose of study drug. Each lane represents
one patient in the study, with the colored bars indicating the drug exposure. The numbers on the left indicate the treatment cohort each
patient was a part of: 1, Ven 400 Alvo 45 "no ramp-up"; 2, Ven 400 Alvo 45; 3, Ven 400 Alvo 60. 4, Ven 600 Alvo 60. 5, Ven 800 Alvo 60. Note:
#, prior venetoclax.
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last visit sample for the prolonged non-responder revealed de-
pendency on MCL-1, BCL-2, and BCL-xL. The remaining patient was
dependent upon 3 BH3 family members (BCL-2, MCL-1, and BCL-xL)
at baseline, and achieved a CRi. No clear correlation of MCL-1 de-
pendency and alvocidib exposure was observed.

4 | DISCUSSION

The combination of venetoclax and alvocidib was tested in patients
with R/R AML, including at the highest planned dose levels, and no
MTD was determined. The types and severity of AEs were expected
based on the prior clinical experiences of the two agents and primarily

included cytopenia and gastrointestinal disorders such as diarrhea and

>

Alvocidib Dose = 45 mg/m? == 60 mg/m? Alvocidib Dose == 45mg/m* ® 60 mg/m?

IS

60

w

20

o

Venetoclax C ax (Hg/mL)
~
Venetoclax AUC 4 (Hg*h/mL) @
s

.\/en \/en.+ Ao Ven Ven + Ao

FIGURE 2 Co-administration with alvocidib reduced
venetoclax exposure. A, Crax or B) AUC,4 of venetoclax by each
patient when given alone, or in combination with alvocidib.

nausea.>?” Two events of clinical TLS were considered SAEs; these
patients were deemed at high risk for TLS at baseline. Diarrhea and
nausea were the most reported grade >3 adverse events leading to
discontinuation of venetoclax and alvocidib and occurred in three and
two patients, respectively. The TLS and other toxicities were managed
with standard of care, or the patient's treatment was interrupted. The
safety data from this study were consistent with the previously
demonstrated safety profile of venetoclax and alvocidib mono-
therapy.2?2 Hence, the study met its safety endpoint for the dose
escalation phase. However, the combination did not result in a
meaningful increase in efficacy compared to what was previously
observed with each agent alone. Therefore, the study was terminated
without cohort expansion to confirm safety, explore efficacy, and
confirm suitability of a recommended Phase 2 dose.

Previous in vitro and in vivo studies reported that venetoclax in
combination with alvocidib was synergistic in venetoclax-sensitive
and -resistant AML models, providing a rationale for clinically
testing this combination. Limited efficacy at various dose levels was
observed, and only seven patients (20%) achieved a response with a
median duration of response of 8.4 months. These outcomes are
comparable to previously reported studies in R/R AML where ven-
etoclax combination therapy resulted in responses of 31% and a
median duration of response of 7.8 months.’ All patients who ob-
tained a response in this study had adverse risk features, and none
had prior exposure to venetoclax. In another study, single-agent

alvocidib produced a transient CRi in 1 out of 9 patients.”?® Here,
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FIGURE 3 Molecular patterns of response. Heatmap showing the frequency of molecular markers detected at baseline for each patient as
it relates to best response on study, which is color coded on the bottom. The molecular marker is on the right and the frequency is on the left,
with the colors indicating the type of alteration. CR, complete response; CRi, CR with incomplete hematologic recovery; DS, discontinued with
no response data; MLFS, morphologic leukemia-free state; PD, progressive disease; PR, partial response; RD, resistant disease.
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some patients had initial signs of activity when receiving venetoclax
and alvocidib together but then progressed on venetoclax alone.
Given that an MTD was not reached with 60% of patients receiving
>4 prior lines of therapy, it is likely that the dose levels or schedule of
alvocidib used in this study may have been sub-optimal. Future
studies could explore different treatment schedules to achieve more
consistent MCL1 inhibition.

The PK of venetoclax has been described alone or in combination
with other agents.??2° In this study, there was no apparent change in
alvocidib PK with increasing doses of venetoclax, yet the co-
administration with alvocidib decreased the AUC,,; and C.x of
venetoclax. There was also no apparent relationship between
increasing venetoclax dose and the overall response observed in the
present study. Since alvocidib was only co-administered for a few
days, the slight reduction in exposure was probably limited and un-
likely to explain a significant decline in efficacy.

Although patient numbers were too small to make definitive
conclusions, our exploratory analysis found 2 of 4 patients who
achieved a CR or CRi response had IDH2 mutations and no previous
exposure to venetoclax, consistent with previous observations that
IDH1/2 mutations were associated with sensitivity to venetoclax
mono- or combination therapy with HMAs.2132 Notably, the RD
patient that stayed on study treatment for over a year with pre-
vious exposure to venetoclax-based regimens did not have an IDH1/
2 mutation. TP53 mutations were the most frequently observed
aberrations at baseline, and have been reported to be associated
with inferior outcomes with venetoclax combination therapies in
treatment-naive AML.2%3334 Given that in vitro disruption of TP53
also reduces sensitivity to MCL-1 inhibition, this subset of R/R AML
patients may not benefit from co-targeting BCL-2 and MCL-1.%°
Interestingly, it was observed that 3 of the 6 responders with
DNMT3A mutations had previous exposure to HMA; typically, such
patients are refractory to subsequent therapy and have poor sur-
vival.23” Preclinical evidence suggests that mutant DNMT3A can
promote expression of BCL2 and MCL1, which could explain
sensitivity in these patients.>® Emerging clinical data show that
DNMT3A mutations may predict response to venetoclax-containing
combinations that can be further explored in more extensive
studies.’

Study patients were heavily pre-treated and had a heteroge-
nous disposition at baseline, which, while typical of R/R disease,
prevents a strong correlation of molecular markers to outcomes. It
is possible that indirectly targeting MCL-1 through CDK? inhibition
with alvocidib is not ideal, particularly in the R/R setting. MCL-1 has
historically been a challenging drug target. Thus, transcriptional
repression of MCL-1 was a potentially more accessible mechanism
than direct inhibitors.®? A previous report evaluating a combination
regimen of alvocidib and vorinostat in patients with AML produced
inconsistent shifts in MCL-1 protein levels, suggesting that there
are unknown factors involved that regulate the activity of alvocidib
in vivo.*° Direct targeting of both BCL-2 and MCL-1 could be
explored in future studies as more selective MCL-1 inhibitors are

available.

In summary, the MTD and recommended Phase 2 dose for the
combination of venetoclax and alvocidib were not determined due to
a lack of efficacy in the dose-escalation portion. For this reason, the
study was stopped before opening the safety expansion cohort.
While the phase 1b study design and the small sample size across
dose cohorts limited the interpretations of the findings, the
biomarker data presented here may help generate new hypotheses
regarding the R/R AML patients who may or may not benefit from
venetoclax combination therapies. These results highlight that this
novel combination of active drugs in AML did not prove to be syn-
ergistic. However, this was a very high-risk, heavily pre-treated
population, and many patients had received prior treatment with
venetoclax. While there are no plans to proceed with this regimen in
further studies, preclinical investigations of potential independent
resistance mechanisms could be undertaken to guide the develop-

ment of new combination strategies.
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