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Abstract

Background: ONC201 is a small molecule that can cause nonapoptotic cell death through loss of mitochondrial function. Results from the
phase I/Il trials of ONC201 in patients with refractory solid tumors demonstrated tumor responses and prolonged stable disease in some
patients.

Methods: This single-arm, open-label, phase Il clinical trial evaluated the efficacy of ONC201 at the recommended phase Il dose (RP2D) in
patients with recurrent or refractory metastatic breast or endometrial cancer. Fresh tissue biopsies and blood were collected at baseline and at
cycle 2 day 2 for correlative studies.

Results: Twenty-two patients were enrolled; 10 patients with endometrial cancer, 7 patients with hormone receptor—positive breast cancer,
and 5 patients with triple-negative breast cancer. The overall response rate was 0%, and the clinical benefit rate, defined by complete response
(CR) + partial response (PR) + stable disease (SD), was 27% (n = 3/11). All patients experienced an adverse event (AE), which was primarily low
grade. Grade 3 AEs occurred in 4 patients; no grade 4 AEs occurred. Tumor biopsies did not show that ONC201 consistently induced mitochon-
drial damage or alterations in tumor necrosis factorrelated apoptosis-inducing ligand (TRAIL) or the TRAIL death receptors. ONC201 treatment
caused alterations in peripheral immune cell subsets.

Conclusion: ONC201 monotherapy did not induce objective responses in recurrent or refractory metastatic breast or endometrial cancer at the
RP2D dose of 625 mg weekly but had an acceptable safety profile (ClinicalTrials.gov Identifier: NCT03394027).
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Lessons Learned

e (ONC201 was tolerable but did not have significant clinical activity in patients with advanced, heavily pretreated estrogen receptor
positive (ER+), triple-negative breast cancer, or endometrial cancer when given at 625 mg PO weekly.

e ONC201 did not consistently cause mitochondrial damage or other biochemical effects predicted by preclinical studies.

e ONC201 induced changes in circulating immune cells consistent with immune suppressive effects.

e These data suggest more frequent dosing or more potent ClpP agonists are needed to see on-target effects.

Discussion induced tumor necrosis factor-related apoptosis-inducing
ligand (TRAIL) transcription.' Subsequent work identified
that ONC201 can cause nonapoptotic cell death through
a TRAIL-independent pathway via loss of mitochondrial

ONC201 is an orally active small molecule initially iden-
tified by a phenotypic screen for small molecules which
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function.? ONC201 progressed to phases I and II trials in
patients with refractory solid tumors.>* The recommended
phase II dose (RP2D) was determined to be 625 mg weekly,
and no serious side effects were attributable to ONC201.3
This trial evaluated ONC201 monotherapy in breast or endo-
metrial cancer.

Patients were eligible if they had histologically proven met-
astatic hormone-refractory hormone receptor (HR)-positive,
HER2 nonamplified metastatic breast cancer previously
treated with >2 lines of hormonal therapy (cohort 1), met-
astatic triple-negative breast cancer (TNBC; cohort 2), or
advanced endometrial cancer (cohort 3). Measurable disease
per Response Evaluation Criteria in Solid Tumors (RECIST)
v1.1 was required. Patients were required to have an Eastern
Cooperative Oncology Group (ECOG) performance status
of 0 or 1 and adequate hematopoietic, hepatic, and renal
function.

Twenty-two patients with endometrial cancer (z = 10),
HR-positive breast cancer (n = 7), or TNBC (n = 5) were
enrolled and treated with ONC201 625 mg every 7 days in
a 28-day cycle between 2018 and 2020. All patients were
female. Median age was 61 years, and all were heavily pre-
treated (median 3 prior therapies).

Patients were evaluated for response by imaging every 8
weeks. The median progression-free survival (PFS) was 8.7
weeks in cohort 1, 6.6 weeks in cohort 2, and 8.9 weeks in
cohort 3. Seven patients were excluded from PFS analysis due
to not completing a full cycle of ONC201, primarily due to
rapid progression. These early progressions suggest a lack
of clinical activity of ONC201 monotherapy and reflect the
underlying advanced disease. Eleven patients had follow-up
imaging to assess for radiological response per RECIST crite-
ria. The overall response rate (ORR) in all cohorts was 0%.
The clinical benefit rate (CBR) was 27% (n = 3/11) and the
median duration of treatment overall was 8.7 weeks. Grade
3 adverse events (AEs) occurred in 4 patients; no grade 4 AEs
occurred (Table 1). Tumor biopsies did not reveal mitochon-
drial damage or consistent alterations in TRAIL or the TRAIL
death receptors. ONC201 treatment caused alterations in
peripheral immune cell subsets compared to baseline.
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Table 1. Adverse events

AE Grade 1 Grade2 Grade 3 Grade 4
Hematological
Lymphocyte count decreased 0 0
WBC decreased 1 0 0 0
Anemia 0 1 0 0
Gastrointestinal
Diarrhea 4 0 0 0
Nausea 4 0 0 0
Abdominal pain 2 1 0 0
AST elevated 2 0 1 0
Anorexia 2 1 0 0
ALK phos elevated 2 1 0 0
ALT elevated 1 1 0 0
Bilirubin elevated 0 0 1 0
Vomiting 1 0 0 0
Chemistry
Hypermagnesemia 1 0 0 0
Creatinine increased 0 1 0 0
Hypophosphatemia 1 0 0 0
Other
Fatigue 7 0 0 0
Dizziness N 0 0 0
Hyperhidrosis 1 0 0 0
Arthralgias 1 0 0 0
Flu-like symptoms 1 0 0 0
Paresthesia 1 0 0 0
Malaise 1 0 0 0
Confusion 1 0 0 0
Flushing 1 0 0 0
Hot flashes 1 0 0 0
Lethargy 1 0 0 0
Lymphedema 1 0 0 0
Stroke 0 0 1 0
Rash maculopapular 1 0 0 0
Headache 1 0 0 0

Abbreviations: AE, adverse event; ALK phos, alkaline phosphatase; ALT,
alanine transaminase; AST, aspartate transferase; WBC, white blood cell
count.

Author disclosures and references available online.



The Oncologist, 2023, Vol. 28, No. 10 €967

TRIAL INFORMATION

Disease Breast cancer and advanced endometrial carcinoma

Stage of disease/treatment Recurrent/refractory metastatic

Prior therapy Cohort 1: >2 prior lines of hormonal therapy
Cohort 2/3: 21 line of chemotherapy for metastatic/recurrent disease

Type of study Phase II, single arm in 3 cohorts. Cohort1: HR-positive breast cancer, Cohort 2: TNBC,
Cohort3: endometrial cancer

Primary endpoint Cohort 1: PFS
Cohort 2/3: ORR

Secondary endpoints Cohort 1: ORR, CBR, safety
Cohort 2/3: PFS, CBR, safety

Investigator’s analysis Level of activity did not meet planned endpoint. No evidence of effect on correlative
endpoints.

DRUG INFORMATION

Generic/working name Dordaviprone dihydrochloride/ONC201
Company name Chimerix, Inc. (Formerly Oncoceutics, Inc.)
Drug type Small molecule

Drug class ClpP agonist

Dose 625

Unit Milligrams

Route Oral

Schedule of administration Weekly

PATIENT CHARACTERISTICS

Number of patients, male 0
Number of patients, female 22
Stage v
Age: median (range) 61 (38-73) years
Number of prior systemic therapies: median (range) 3(1-11)
Performance status: ECOG 0: 6
1: 16
2:0
3:0
4:0
Cancer types or histologic subtypes HR-positive breast cancer, 7; TNBC, 5; endometrial cancer, 10

PRIMARY ASSESSMENT METHOD: HR-POSITIVE (COHORT 1)

Number of patients screened 10

Number of patients enrolled 7

Number of patients evaluable for toxicity 7

Number of patients evaluated for efficacy 3
Evaluation method RECIST 1.1
Response assessment, CR 0(0%)
Response assessment, PR 0 (0%)
Response assessment, SD 1(33.3%)
Response assessment, PD 2 (66.7%)
Median duration assessment, PFS 8.7 weeks
Duration of treatment 8.7 weeks
Outcome notes Three patients did not complete 1 cycle due to clinical progression. One

patient had clinical progression and did not have follow-up imaging.

PRIMARY AsSESSMENT METHOD: TNBC (coHORT 2)

Number of patients screened

Number of patients enrolled
Number of patients evaluable for toxicity

NS ISR, TN

Number of patients evaluated for efficacy
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PrimARY AssessMENT METHOD: TNBC (coHORT 2)
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Evaluation method

Response assessment, CR
Response assessment, PR
Response assessment, SD
Response assessment, PD
Median duration assessment, PFS
Duration of treatment

Outcome notes

RECIST 1.1
0(0%)

0 (0%)
1(50%)
1(50%)
6.6 weeks
6.6 weeks

Two patients did not complete 1 cycle due to clinical progression. One
patient had clinical progression and did not have follow-up imaging

PRIMARY ASSESSMENT METHOD: ENDOMETRIAL CANCER (COHORT 3)

Number of patients screened 14
Number of patients enrolled 10
Number of patients evaluable for toxicity 10
Number of patients evaluated for efficacy 6
Evaluation method RECIST 1.1
Response assessment, CR 0(0%)
Response assessment, PR 0 (0%)
Response assessment, SD 2(33.3%)
Response assessment, PD 4 (66.7%)
Median duration assessments 8.9 weeks
Duration of treatment 8.9 weeks

Outcome notes

Two patients did not complete 1 cycle; of these, 1patient did not complete 1 cycle due to

clinical progression and 1 patient did not complete a cycle due to intercurrent illness (a
cerebrovascular accident) after 2 of 4 weekly doses in cycle 1 thought not to be related to
ONC201. Two patients had clinical progression and did not have follow-up imaging.

PHARMACODYNAMIC ANALYSIS: RESULTS

Mitochondrial DNA (mtDNA) copy number analysis, reverse transcription-quantitative polymerase chain reaction (RT-qPCR), immunoblot-
ting and electron microscopy were performed on the paired tumor biopsy samples in 9 patients (Fig. 1D). There were not consistent changes in
mitochondrial structure, mitochondrial DNA copy number, protein levels of ClpP target subrates Tfam and Tufm. Gene expression of TRAIL,

DR4, DRS, ATF4, and DDIT3/CHOP were also mixed.

AssesSMENT, ANALYSIS, AND Discussion

Completion

Investigator’s assessment

This open-label, single-arm, phase II clinical trial evaluated
ONC201 monotherapy in 3 cohorts: (1) hormone-refractory
HR-positive, HER2 nonamplified metastatic breast cancer, (2)
metastatic TNBC, and (3) advanced endometrial cancer. The
primary endpoint for cohort 1 was PFS. The primary end-
point for both cohort 2 and cohort 3 was ORR. Secondary
endpoints included safety, CBR (defined as complete response
[CR] + partial response [PR] + stable disease [SD]), ORR
(cohort 1), and PFS (cohorts 2 and 3). All statistical tests
were 2-sided with 95% confidence intervals (Cls) and an
alpha level of .05. PFS was estimated using the Kaplan—-Meier
method (Fig. 1). All statistical analyses were performed using
GraphPad Prism software v6.0 (GraphPad Software Inc., La
Jolla, CA).

Out of 22 patients enrolled, 15 patients completed at least
1 cycle of ONC201. Six patients had clinical progression
prior to cycle 2. Four patients were excluded from response
rate evaluations due to not having follow-up imaging because
of clinical progression. Four patients had stable disease at first
restaging, but all had progression by next restaging.

Study completed
Inactive because results did not meet primary endpoint

ONC201 was well tolerated though all patients experienced
an AE. The most common low-grade AEs were fatigue (31.8%),
dizziness (22.7%), nausea (18.2%), and diarrhea (18.2%).
There were 4 grade 3 AEs (decreased lymphocyte count, ele-
vated AST, elevated bilirubin, and stroke) and no grade 4 AEs.

ONC201 was hypothesized to induce TRAIL expression
resulting in autocrine apoptotic death.® Subsequent work
identified that ONC201 causes nonapoptotic cell death
through a TRAIL-independent pathway by inducing mito-
chondrial structural damage and functional impairment.?
ONC201 was found to bind and activate mitochondrial casei-
nolytic protease P (ClpP), a serine protease that participates in
the degradation of damaged mitochondrial proteins.”® ClpP
is overexpressed in many hematologic and solid malignancies
including breast cancers, and thus is of interest as an anti-
cancer target.”!! Patients with endometrial cancer had tumor
regressions in a phase I study of ONC201 prompting their
inclusion in this study.*

To compare the effect of ONC201 on tumors before
and after the treatment, paired tumor biopsy samples were
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performed prior to the first dose (cycle 1, day 1) and after
the fifth dose (Cycle 2, Day 2) in 9 patients. Cancer types and
biopsy sites are summarized in Fig. 1D. Note that patient #1
experienced the overall best clinical response of SD, though
had rising CA125. Mitochondrial DNA (mtDNA) copy num-
ber analysis, reverse transcription-quantitative polymerase
chain reaction (RT-gPCR), immunoblotting, and electron
microscopy were performed on the samples as previously
described.? In mitochondrial structural analysis of 7 patients
using electron microscopy, only patient #1 showed a decrease
in the fraction of intact mitochondria from 87% to 59% (Fig.
1E, 1F), while other paired samples did not show a reduction.
mtDNA copy number qPCR analysis did not show a consis-
tent trend in 9 patients between pre- and post-ONC201 (Fig.
1G). The protein levels of Tfam and Tufm, 2 established ClpP
target substrates, were compared with immunoblotting anal-
ysis. Several patients showed a reduction of both Tfam and
Tufm (#2, 3, 5) after ONC201 treatment. Meanwhile, other
patients (#4, 6, 7, 8, 9) showed an increase of these proteins,
or no change (patient #1, Fig. 1H). In summary, there was
no consistent ONC201-induced changes in Tfam and Tufm
levels.

The original study that identified ONC201 described it as
a TRAIL-inducing small molecule compound.® Subsequent
studies reported that ONC201 induces TRAIL death recep-
tor 5§ (DRS) and upregulates ATF4 and DDIT3/CHOP as
an integrated stress response.'”'* We previously reported
that ONC201 does not significantly induce TRAIL, DR4/5
in breast cancer cell lines and that cytotoxicity of ONC201
is independent of TRAIL-DR pathway, while ATF4 and
DDIT3 are significantly upregulated.? We analyzed the
expression level of these genes in the 9 paired-biopsy sam-
ples by RT-qPCR. The TRAIL and DR4/5 qPCR presented
mixed results upon ONC201 treatment. TRAIL mRNA was
decreased in 3 patients (#2, 3, 5), increased in 4 patients (#1,
4, 5, 7), and not detectable in 2 patients (#8, 9). The level
of DR4 was increased upon treatment in Patients #1-7, but
not detected in Patients #8 or #9. DRS was not detectable
in many patients, but Patients #3 and #7 showed a reduc-
tion, while patient #5 showed an increase after ONC201
treatment. Both ATF4 and DDIT3/CHOP were increased in
patient #1, potentially associated with noticeable mitochon-
drial damage (Fig. 1I) and the best overall clinical response.
Induction of ATF4 was observed in 3 patients (#4, 5, 6), but
not in other patients. DDIT3 induction was only observed
in patient #1. Together, the molecular and electron micros-
copy analysis from paired-biopsy samples demonstrated that
ONC201 625 mg per week for 5 doses did not show consis-
tent changes in these potential pharmacodynamic targets of
ONC201 in these tissue sites.

ONC201 has been shown to upregulate natural killer (NK)
cells and CD3+ cells within tumors and peripheral blood in
preclinical mouse models.”> Peripheral NK cells have fur-
ther been shown to be increased following treatment with
ONC201 in a cohort of patients with prostate cancer.'’ There
were no consistent changes in the peripheral NK cells during
treatment with ONC201 in our study (Fig. 2A). Among total
peripheral CD4+ T cells, naive cells were increased and sub-
sets of effector memory cells (EM1 and EM4) were decreased
(Fig. 2B). Activated (HLA-DR+ or PD-1+ or ICOS+) and
proliferating (Ki67+) CD4+ T cells (Fig. 2C) and CD8+ T
cells (data not shown) were decreased after 2 cycles of treat-
ment. CTLA4 expression on CD4+ T cells was increased after
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treatment (Fig. 2D). These changes in the peripheral immune
cells are consistent with an immunosuppressive effect. This
suggests combining ClpP agonists with anti-CTLA4 therapy
may increase efficacy.

ONC201 monotherapy at 625 mg weekly did not demon-
strate clinical benefit with no durable responses in this
phase II study of patients with breast or endometrial cancer.
Correlative studies from tumor biopsies suggest that ONC201
did not consistently reach its target within the tumor given
that no consistent changes in mitochondrial structure, loss of
mtDNA, or ClpP substrates (Fig. 1F-H), or upregulation of
TRAIL, DR4, or DR (Fig. 11).
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cells were decreased among total peripheral CD4+ T cells (*P < .05; **P < .005). (C) Activated (HLA-DR+ or PD-1+ or ICOS+) and proliferating (Ki67+)
cells were decreased among total peripheral CD4+ T cells. (D) CTLA4 expression on peripheral CD4+ T cells was increased.



