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Prexasertib, a CHK1 inhibitor, was assessed in platinum resistant or platinum refractory HGSOC patients.
Prexasertib showed durable single agent activity in a subset of patients with recurrent HGSOC.
The most common treatment related adverse events included neutropenia, thrombocytopenia, fatigue, nausea, and anemia.
This study suggests the need to explore alternative approaches to identify predictive biomarkers for prexasertib response.
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a b s t r a c t
Objective. High-grade serous ovarian cancer, the most frequent type of ovarian cancer, has a poor prognosis
and novel treatments are needed for patients with platinum resistant/refractory disease. New therapeutic strategies targeting cell cycle checkpoints, including CHK1 inhibition with prexasertib, may help improve clinical
response and overcome resistance.
Methods. Patients with ovarian cancer (N = 169) were assigned to 4 cohorts as part of the Phase 2 multicenter trial (NCT03414047): Cohort 1: platinum resistant, BRCA-wildtype with ≥3 lines prior therapy; Cohort 2: platinum resistant BRCA-wildtype with <3 lines prior therapy; Cohort 3: platinum resistant, BRCA-mutated with
prior PARP inhibitor therapy; Cohort 4: platinum refractory, BRCA-mutated, or BRCA-wildtype with any number
of prior therapy lines. The primary endpoint was objective response rate (ORR) and secondary endpoints included disease control rate (DCR), and safety. DNA from tumor biopsies was sequenced to identify biomarkers.
Results. The ORR in platinum resistant patients (Cohorts 1–3) was 12.1%, and 6.9% in platinum refractory patients. In platinum resistant patients, DCR was 37.1%, and consistent across cohorts. In platinum refractory patients, DCR was 31.0%. Consistent with the prexasertib mechanism of action, the most common treatment
related adverse events of all grades included thrombocytopenia, neutropenia, fatigue, nausea, and anemia.
Conclusions. Prexasertib demonstrated durable single agent activity in a subset of patients with recurrent
ovarian cancer regardless of clinical characteristics, BRCA status, or prior therapies, including PARPi. There was
no obvious correlation with genomic alterations in responders vs non-responders, emphasizing the need for alternative biomarker approaches for responder identiﬁcation.
© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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platinum resistant BRCA-mutated patients who progressed on prior
PARP therapy (Cohort 3); and platinum refractory BRCA-wildtype or
BRCA-mutated patients with prior therapy (Cohort 4).

1. Introduction
Despite recent therapeutic advances, patients with platinum resistant or refractory high-grade serous ovarian cancer (HGSOC) have a
poor prognosis and need novel treatments. Surgery and platinumbased therapies with or without maintenance therapy are standards of
care for the initial treatment of HGSOC, as well as fallopian tube and primary peritoneal cancers. However, ≥75% of patients relapse after ﬁrst
line therapy and need subsequent treatment [1]. Patients who are refractory to initial treatment (primary platinum refractory patients) or
relapse/progress within 6 months of the most recent platinum-based
therapy (platinum resistant patients), are commonly treated with single
agent chemotherapy with or without an anti-angiogenic agent such as
bevacizumab [2,3]. A greater response rate is observed with bevacizumab and chemotherapy (27.3% vs 11.8% for chemotherapy alone) [3].
Although response may be obtained in multiple lines of therapy, patients with recurrent HGSOC eventually succumb to their disease due
to treatment resistance.
Homologous recombination (HR) DNA repair is commonly defective
in HGSOC; poly (ADP-ribose) polymerase (PARP) inhibitors have
emerged as effective targeted therapy in HGSOC patients with defects
in HR such as BRCA1 and BRCA2 mutations [1]. However, resistance to
PARP inhibitors develops due to reversion mutations in the HR pathway,
stabilization of DNA replication forks, or other mechanisms [4].
Prexasertib (LY2606368, ACR-368) is a checkpoint kinase 1 (CHK1)
ATP-competitive kinase inhibitor [5]. As monotherapy, prexasertib leverages the role of CHK1 in regulating unperturbed cell cycle progression, resulting in DNA damage dependent upon factors controlling
replication initiation. Consequently, CHK1 inhibition by prexasertib promotes ﬁring of late replication origins, leading to replication stress and
stalled replication forks that degenerate into double-strand DNA breaks.
HR is the predominant pathway for repair of double-strand DNA breaks
in S-phase cells, and approximately half of HGSOCs have HR pathway
defects [6,7]. Thus, HR defects may confer an increased sensitivity to
prexasertib. Mutually exclusive with loss-of-function mutations in
BRCA1 and BRCA2, CCNE1 (which encodes cyclin E1) is ampliﬁed in approximately 20% of HGSOCs [8]. Overexpression of cyclin E induces replication stress and DNA damage that activates HR [9]. Cyclin E
overexpression in HGSOC is associated with chemotherapy resistance
and poorer survival [10]. CHK1 inhibition by prexasertib in CCNE1ampliﬁed ovarian cancers may leverage the role of CHK1 in the DNA
damage response and diminish the ability of cells to tolerate high levels
of replication stress induced by cyclin E overexpression.
In nonclinical models of HGSOC, prexasertib demonstrated compelling monotherapy activity, including in in vitro models with or without
BRCA1 mutations, CCNE1 ampliﬁcation, and increased levels of replication stress [11–13]. Preclinically, prexasertib also exhibits monotherapy
activity in HR repair-deﬁcient and proﬁcient models as well as tumor
models with de novo or acquired PARP inhibitor resistance [13]. Additionally, organoid cultures with replication fork instability derived
from HGSOC patients were more sensitive to prexasertib than models
with stable forks [14]. Favorable preliminary clinical activity of
prexasertib was observed in a single-center, investigator-initiated,
Phase 2, proof-of-concept study in patients with BRCA-wildtype, platinum resistant or refractory HGSOC [15]. An exploratory analysis of patients with tumors harboring CCNE1 ampliﬁcation, overexpression, or
both, suggested a potential beneﬁt of prexasertib in this subgroup of patients. The safety proﬁle observed in HGSOC patients aligned with Phase
1 data of patients with solid tumors [11–13]; mechanism-based reversible myelosuppression, consistent with observations of other DDR
targeted agents [16,17], was the most common AE associated with
prexasertib. To further characterize the efﬁcacy and safety of
prexasertib in HGSOC, with a focus on deﬁning the clinical characteristic
associated with response and resistance, the current multi-cohort study
was initiated in platinum resistant, BRCA-wildtype patients who progressed on ≥3 (Cohort 1) or <3 lines (Cohort 2) of prior therapy;

2. Methods
2.1. Study design
The study was a multicenter, nonrandomized, open-label, parallel
cohort, Phase 2 study of prexasertib in patients with HGSOC, primary
peritoneal, or fallopian tube cancer; hereafter all types are referred to
as HGSOC (NCT03414047). Patients with recurrent disease were
assigned to 4 independent cohorts based on clinical characteristics
and prior treatment. Cohort 1 included platinum resistant patients (progression within 6 months of last dose), BRCA-wildtype with ≥3 prior
therapy lines; Cohort 2: platinum resistant BRCA-wildtype who received <3 lines of prior therapy; Cohort 3: platinum resistant, BRCAmutated with no restriction on number of lines of prior therapy, but
who were previously treated with a PARP inhibitor; and Cohort 4: primary platinum refractory, BRCA-mutated or BRCA-wildtype (deﬁned
as disease recurrence within 4 weeks from the initial platinum containing regimen) with no restrictions on number of lines of prior therapy.
Per protocol, patients were classiﬁed as either being BRCA-negative or
BRCA-positive. Patients were BRCA-negative if there was absence of
any deleterious or suspected deleterious BRCA mutations based on
blood or tumor samples performed as part of standard clinical care
prior to study entry. Alternatively, patients were BRCA-positive if such
mutations were detected. Patients with variants of unknown signiﬁcance were considered BRCA-negative. For clarity and consistency
with convention, throughout this manuscript BRCA-negative and
BRCA-positive patients are referred to as BRCA-wildtype and BRCAmutated, respectively.
The primary study objective was to assess the overall response rate
(ORR) for each cohort. Secondary objectives included evaluating other
efﬁcacy endpoints (listed below) and safety of prexasertib. Additionally,
a relationship between biomarkers and clinical outcomes was assessed
as an exploratory objective (Supplementary Fig. 1).
This study was conducted in accordance with the International Conference on Harmonization requirements for Good Clinical Practice and
with the consensus ethics principles derived from the International
Ethics Guidelines, outlined in the Declaration of Helsinki and Council
for International Organizations of Medical Sciences [18].
2.2. Eligibility
Women who had histologically or cytologically veriﬁed ovarian, primary peritoneal, or fallopian tube cancer of high-grade serous histology
were included in the study. Patients ≥18 years of age with recurrent
platinum resistant (progressed within 6 months after completion of
platinum-based chemotherapy) or platinum refractory (progressed
during or within 4 weeks after last dose of ﬁrst line platinum-based chemotherapy) disease, Eastern Cooperative Oncology Group performance
score of 0 or 1 [19], having a minimum of 1 measurable lesion as per the
Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1
criteria [20], had discontinued all prior cancer treatments, had adequate
organ function, had documented BRCA test results in either tumor or
blood (Cohorts 1–3) prior to study treatment, and were willing to undergo a mandatory pretreatment tumor biopsy, were included in the
study. Study exclusion criteria included patients who had received all
of the following at any time in the platinum-resistant setting: gemcitabine, PEGylated liposomal doxorubicin, and paclitaxel (patients receiving only 1 or 2 of the agents for platinum resistant disease were not
excluded) and/or prior radiotherapy to the whole pelvis, had known
central nervous system disease, had a serious cardiac condition, and
who had participated in any study involving a CHK1 inhibitor. All
patients provided written informed consent prior to study enrollment.
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2.4.3. Statistical considerations
The study enrolled patients based on a Bayesian adaptive design
with the potential to close speciﬁc cohorts early based on the interim
analysis results. Approximately 20 patients were initially enrolled to
each cohort, followed by a futility analysis for each respective cohort.
The decision to close a cohort was made if results suggested the posterior probability of ORR exceeding the prespeciﬁed threshold of activity
was below 20%. In Cohorts 1–3, a cohort could be stopped early if posterior probability of ORR >25% was below 20%; in Cohort 4, the threshold
of ORR was chosen to be 15%. Up to 180 patients could be enrolled in the
study across the cohorts. The Bayesian rule was monitored on an ongoing basis for each cohort after the ﬁrst interim analysis, and the number
of patients in a cohort was not ﬁxed but based on the interim analysis
rules. As cohorts were halted, new eligible patients were allocated to
the enrolling cohorts. All safety and efﬁcacy analyses were based on patients who received at least 1 dose of prexasertib, and the exploratory
biomarker analysis was performed on the subset of those patients
with valid assay results.

2.3. Intervention
Eligible patients received 105 mg/m2 intravenous infusion of
prexasertib every 2 weeks (days 1 and 15) in a 4-week cycle, until radiographically conﬁrmed progression of disease, unacceptable AEs, or patient/physician request. The doses administered were determined by
the patients’ body surface area at the beginning of each cycle. Dose reductions to 80 mg/m2 (ﬁrst dose reduction) or 60 mg/m2 (second
dose reduction) were required for Grade 3/4 non-hematologic
AEs and febrile neutropenia occurring with prophylactic GCSF. If a
third dose reduction was required, the patient was discontinued from
treatment.

2.4. Study assessments
2.4.1. Assessments and endpoints
Tumor assessments were performed at baseline and thereafter,
every 8 weeks (±1 week) up to 1 year, followed by every 12 weeks
(±1 week) throughout the study period. Primary efﬁcacy outcome evaluated the ORR, deﬁned as the proportion of patients who achieved conﬁrmed best overall response (BOR) of partial response (PR) and
complete response (CR) as per RECIST version 1.1 as assessed by the investigator. Secondary efﬁcacy outcomes included estimating disease
control rate (DCR; proportion of patients who achieve a BOR of CR, PR
or stable disease [SD]) where SD is ≥4 months, duration of response
(DoR; time from the date of ﬁrst objective response until the ﬁrst date
of radiographic documentation of progression or date of death),
progression-free survival (PFS; time from enrollment until the ﬁrst radiographic documentation of progression or death), overall survival
(OS;), and CA-125 response (≥50% reduction from a pretreatment sample, conﬁrmed and maintained for ≥28 days).
Common Terminology Criteria for Adverse Events version 4.0 [21]
grading of adverse events (AEs) was performed by the investigator
throughout the study. Furthermore, laboratory assessments including
CA-125 and plasma biomarker samples were collected ≤3 days prior to
the day of dosing. Post-treatment CA-125 samples were collected until
the patient had documented progression, started another therapy, or
study completion. Correlations between biomarkers in tumor tissue
and clinical outcomes were assessed.

3. Results
3.1. Patient disposition
Overall, 172 patients were enrolled, of which 169 (98.3%) were
nonrandomly assigned to cohorts and received ≥1 dose of the study
drug (Cohort 1: n = 53, Cohort 2: n = 46, Cohort 3: n = 41, Cohort 4:
n = 29). At the time of ﬁnal database lock (February 2021), all patients
had discontinued study treatment, with most patients discontinuing because of progressive disease (PD) (n = 136; 79.1%). The other reasons
for discontinuation included withdrawal of subject (n = 13; 7.6%), physician decision (n = 8; 4.7%), death (n = 7; 4.1%), and AE (n = 5; 2.9%).
3.2. Demographic and baseline characteristics
The demographic and baseline characteristics were comparable
across cohorts. Patients had an overall median age of 59 years. The majority of patients had ovarian cancer (n = 139; 82.2%) and most were
diagnosed at stage III/IV (n = 152; 89.9%). The median time from diagnosis was longer in Cohorts 1 and 3 (1554 and 1803 days, respectively)
compared with Cohorts 2 and 4 (526 and 446, respectively). Demographic and baseline characteristics by cohort are in Table 1.
3.3. Efﬁcacy

2.4.2. Biomarker analysis
Formalin-ﬁxed, parafﬁn-embedded (FFPE) tumor tissue from a
study-mandated tumor biopsy was collected at baseline from patients.
Archived FFPE tumor tissue was also collected if available and utilized
for testing if the corresponding baseline biopsy was unavailable or not
evaluable.
Genomic proﬁling to detect base substitutions, short insertions and
deletions, and copy number alterations in 324 cancer-related genes,
and select rearrangements was performed using the FoundationOne®
CDx hybrid-capture next-generation sequencing (NGS) assay at Foundation Medicine (Cambridge, MA, USA). The analysis of genomic data
focused on aberrations with known or likely functional consequences
as annotated by Foundation Medicine.
Evaluation of cyclin E1 expression via immunohistochemistry was
performed at the Eli Lilly and Company Clinical Diagnostics Laboratory
(Indianapolis, IN, USA) using anti-cyclin E1 (clone EP435E) antibody
(Abcam, Cambridge, UK) on the Dako Omnis platform using EnVision
FLEX reagents (Agilent, Santa Clara, CA, USA) including the target retrieval solution at low pH for antigen retrieval. Slides were counterstained with hematoxylin. The intensity of the immunohistochemical
label was scored based on a 4-point scale (0-3; negative, weak, medium,
and strong staining) and the percent of positive tumor cells was determined manually. H-scores were calculated using the formula 1 × (% of
1+ cells) + 2 × (% of 2+ cells) + 3 × (% or 3+ cells) [22].

3.3.1. Primary efﬁcacy
The ORR in platinum resistant patients (Cohorts 1–3) was 12.1%
(Cohort 1: 11.3%; Cohort 2: 13.0%; Cohort 3: 12.2%) and in platinum refractory patients (Cohort 4) was 6.9%. Across all cohorts, a total of 87
(51.5%) patients had SD with 42 (24.9%) patients maintaining SD for
≥4 months (Table 2 and Fig. 1). Interestingly, the response rate was
comparable between Cohort 3 (patients with BRCA-mutated tumors
that had received prior PARP inhibitor therapy) and Cohorts 1 and 2
(BRCA-wildtype patients with or without prior PARP inhibitor therapy).
However, in Cohort 1 and 2, response to prexasertib was more likely in
patients with no prior PARP treatment versus prior PARP treatment
(Cohorts 1 [14% vs. 0.0%] and 2 [13.6% vs. 0.0%]) (Supplementary
Table S1). The ORR was comparable for patients with or without prior
anti-angiogenic treatment in Cohorts 1 (13.3% vs. 8.7%) and 2 (15.0%
vs. 11.5%); response to prexasertib was more likely in patients with
prior anti-angiogenic therapy in Cohort 3 (17.6% vs. 8.3%) and Cohort
4 (11.8% vs. 0.0%) (Supplementary Table S1).
3.3.2. Secondary efﬁcacy
In platinum resistant patients, the DCR was 37.1% (Cohort 1: 45.3%;
Cohort 2: 32.6%; Cohort 3: 31.7%. In platinum refractory patients, the
DCR was 31.0%. Patients with BRCA-wildtype, platinum resistant cancer
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Table 1
Baseline and demographic characteristics.
Parameter

Age, mean (SD)
Race, n (%)
Asian
African American
Native Hawaiian or Paciﬁc
Islander
White
Initial pathological diagnosis⁎, n (%)
Fallopian tube cancer
Ovarian cancer
Primary peritoneal carcinoma
Median time since primary
diagnosis⁎, days(min-max)a
Prior therapies
Surgery
Radiotherapy
Systemic therapy
Median prior systemic regimens

Cohort 1: Platinum resistant, Cohort 2: Platinum resistant, Cohort 3: Platinum resistant, Cohort 4: Platinum
BRCA-wildtype with ≥3 prior BRCA- wildtype with <3
BRCA-mutated with prior
refractory with any number
lines of therapy
prior lines of therapy
PARP inhibitor therapy
of prior lines of therapy

All cohorts

N=53

N=46

N=41

N=29

N=169

61.3 (9.4)

62.3 (9.4)

59.5 (8.6)

59.0 (13.4)

60.8 (10.0)

6 (11.3)
0 (0.0)
1 (1.9)

8 (17.4)
1 (2.2)
1 (2.2)

4 (9.8)
0 (0.0)
0 (0.0)

3 (10.3)
1 (3.4)
0 (0.0)

21 (12.4)
2 (1.2)
2 (1.2)

46 (86.8)

36 (78.3)

37 (90.2)

25 (86.2)

144 (85.2)

4 (7.5)
43 (81.1)
6 (11.3)
1554 (506–4649)

3 (6.5)
37 (80.4)
6 (13.0)
526 (247–2580)

1 (2.4)
37(90.2)
3 (7.3)
1803 (780–4572)

3 (10.3)
22 (75.9)
4 (13.8)
446 (103–3648)

11 (6.5)
139 (82.2)
19 (11.2)
1052
(103–4649)

51 (96.2)
5 (9.4)
53 (100.0)
4.0 (3.0,5.0)

44 (95.7)
1 (2.2)
46 (100.0)
2.0 (1.0,2.0)

41 (100.0)
6 (14.6)
41 (100.0)
5.0 (4.0,6.0)

26 (89.7)
2 (6.9)
29 (100.0)
2.0 (1.0,3.0)

162 (95.9)
14 (8.3)
169 (100.0)
3.0 (2.0, 5.0)

Abbreviation: BRCA, breast cancer gene; ECOG, Eastern Cooperative Oncology Group; SD, stable disease.
⁎ The total ‘N’ varied (N=138); Cohort 1 n=41; Cohort 2 n=39; Cohort 3 n=32; Cohort 4 n=26.
a
Duration of disease is the time from date of initial pathological diagnosis to date of ﬁrst exposure to treatment.

with ≥3 lines of prior therapy (Cohort 1) showed the highest DCR of
45.3%, respectively (Table 2).
The overall median DoR for 19 patients with an objective response
was 5.6 months (95% CI: 3.9, 7.6). The DoR for patients in Cohort 1
(8.6 months [95% CI: 5.6, NE]) trended to be greater than for the other
cohorts. The DoR for the 2 platinum refractory patients who experienced a PR was 5.1 and 5.6 months, respectively. The overall median
PFS and OS were 3.7 months (95% CI: 3.6, 3.9) and 11.9 months (95%
CI: 9.9, 14.0), respectively. Of note, PFS was similar in patients with or
without prior anti-angiogenic therapy (3.7 months [95% CI: 3.6, 4.7]
vs. 3.7 months [95% CI: 3.4, 4.7]) and PARP inhibitor treatment (3.5
months [95% CI: 1.9, 3.8] vs. 3.8 months [95% CI: 3.7, 5.3]). Patients
with BRCA-wildtype, platinum resistant cancer with <3 lines of prior
therapy (Cohort 2) tended to show the highest median OS (14.3 months
[95% CI: 11.8, 16.5]) (Table 2).

neutropenia, and abdominal pain (Supplementary Table S2), whereas
the most common study treatment-related adverse events (TRAE) included thrombocytopenia, neutropenia, fatigue, nausea, and anemia
(Table 3). TEAE ≥Grade 3 events were observed in 123 (72.8%) patients,
and TRAEs ≥Grade 3 occurred in 98 (58.0%) patients. Reversible neutropenia was the most common ≥Grade 3 TEAE observed occurring in
37.9% of patients. A total of 70.4% of patients were administered granulocyte colony stimulating factor (GCSF), of which 62.7% patients were
given GCSF prophylactically. Of patients, 30.8% and 39.6% required
dose reduction and dose delay respectively, due to AEs.
Serious AEs (SAEs) were reported in 43.8% of patients, with 27.2%
assessed to be study treatment related. Febrile neutropenia was the
most common SAE, experienced by 10.1% of patients (Supplementary
Table S3). A total of 5 (2.9%) patients discontinued study treatment
due to an AE, all of which discontinued due to an AE deemed by the investigator to be related to study treatment (large intestine perforation,
blood creatinine increased, febrile neutropenia, neutropenia, and pneumonia). Seven (4.1%) deaths occurred on therapy during the study, 9
(5.3%) deaths occurred within 30 days of treatment discontinuation;

3.3.3. Safety
The most common treatment-emergent AEs (TEAEs), regardless of
relatedness to study drug included fatigue, nausea, thrombocytopenia,

Table 2
Efﬁcacy results of prexasertib in patients with ovarian, fallopian, and peritoneal cancer.
Parameter

Best overall response, n (%) (95% CI)
CR
PR
SD
PD
ORR (CR/PR), n (%) (95% CI)
DCR (CR+PR+Stable disease persisting≥4 months), n (%) (95% CI)
DoR, median months (95% CI); patients censored (%)a
PFS, median months (95% CI); patients censored (%)
OS, median months (95% CI); Patients censored (%)

Cohort 1: Platinum
resistant,
BRCA-wildtype with ≥3
prior lines of therapy

Cohort 2: Platinum
resistant,
BRCA-wildtype with <3
prior lines of therapy

Cohort 3: Platinum
resistant, BRCA-mutated
with prior PARP
inhibitor therapy

Cohort 4: Platinum
refractory with any
number of prior lines of
therapy

N=53

N=46

N=41

N=29

0 (0.0) (0.0, 6.7)
6 (11.3) (4.3, 23.0)
33 (62.3) (47.9, 75.2)
9 (17.0) (8.1,29.8)
6 (11.3) (4.3, 23.0)
24 (45.3) (31.6, 59.6)
8.6 (5.6, NE); 0 (0.0)
3.9 (3.7, 5.7); 6 (11.3)
13.0 (7.5, 19.3); 18 (34.0)

1 (2.2) (0.1, 11.5)
5 (10.9) (3.6, 23.6)
24 (52.2) (36.9, 67.1)
15 (32.6) (19.5,48.0)
6 (13.0) (4.9, 26.3)
15 (32.6) (19.5, 48.0)
3.8 (2.8, NE); 1 (16.7)
3.7 (3.1, 4.7); 4 (8.7)
14.3 (11.8, 16.5); 12 (26.1)

0 (0.0) (0.0, 8.6)
5 (12.2) (4.1, 26.2)
17 (41.5) (26.3, 57.9)
15 (36.6) (22.1,53.1)
5 (12.2) (4.1, 26.2)
13 (31.7) (18.1,48.1)
5.6 (3.7, NE); 0 (0.0)
3.6 (1.9, 3.9); 4 (9.8)
11.1 (7.2, 16.4); 12 (29.3)

0 (0.0) (0.0, 11.9)
2 (6.9) (0.8, 22.8)
13 (44.8) (26.4, 64.3)
11 (37.9) (20.7,57.7)
2 (6.9) (0.8, 22.8)
9 (31. 0) (15.3, 50.8)
5.3 (5.1, NE); 0 (0.0)
3.7 (1.8, 4.7); 4 (13.8)
8.2 (6.2, 11.9); 4 (13.8)

Abbreviations: BRCA, breast cancer gene; CI, conﬁdence interval; CR, complete response; DCR, disease control rate; DoR, duration of response; N = number of patients in the population;
n = number of patients in the speciﬁed category; NE = not evaluable; OS, overall survival; PD, progressive disease; PFS, progression-free survival; PR, partial response; SD, stable disease
a
The total ‘N’ varied (N=19); Cohort 1 n=6; Cohort 2 n=6; Cohort 3 n=5; Cohort 4 n=2.
216

Fig. 1. Spider plot of tumor size change from baseline A. Cohort 1: Platinum resistant, BRCA-wildtype with ≥3 prior lines of therapy; B. Cohort 2: Platinum resistant, BRCA-wildtype with <3 prior lines of therapy; C. Cohort 3: Platinum resistant, BRCAmutated with prior PARP inhibitor therapy; D. Cohort 4: Platinum refractory with any number of prior lines of therapy
Abbreviations: BOR, best overall response; CR, complete response; NE, not evaluable; PD, progressive disease; PR, partial response; SD, stable disease.
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Table 3
Treatment-related adverse events related to study treatment occurring in >20% of the population.
Parameter

Cohort 1: Platinum
resistant, BRCA-wildtype
with ≥3 prior lines of
therapy
N=53

Thrombocytopenia
Neutropenia
Fatigue
Nausea
Anemia
Vomiting
Diarrhea

Cohort 2: Platinum
resistant, BRCA-wildtype
with <3 prior lines of
therapy
N=46

Cohort 3: Platinum
resistant, BRCA-mutated
with prior PARP
inhibitor therapy

Cohort 4: Platinum
refractory with any
number of prior lines of
therapy

All cohorts

N=41

N=29

N=169

All

G3/4/5⁎

All

G3/4/5

All

G3/4/5

All

G3/4/5

All

G3/4/5

24 (45.3)
23 (43.4)
25 (47.2)
17 (32.1)
16 (30.2)
14 (26.4)
11 (20.8)

12 (22.6)
19 (35.8)
4 (7.5)
1 (1.9)
7 (13.2)
2 (3.8)
0 (0.0)

20 (43.5)
20 (43.5)
17 (37.0)
20 (43.5)
12 (26.1)
12 (26.1)
13 (28.3)

6 (13.0)
16 (34.8)
0 (0.0)
1 (2.2)
1 (2.2)
2 (4.3)
0 (0.0)

19 (46.3)
17 (41.5)
17 (41.5)
11 (26.8)
13 (31.7)
9 (22.0)
4 (9.8)

8 (19.5)
17 (41.5)
2 (4.9)
1 (2.4)
5 (12.2)
2 (4.9)
0 (0.0)

11 (37.9)
12 (41.4)
12 (41.4)
13 (44.8)
12 (41.4)
10 (34.5)
6 (20.7)

4 (13.8)
12 (41.4)
4 (13.8)
0 (0.0)
5 (17.2)
1 (3.4)
1 (3.4)

74 (43.8)
72 (42.6)
71 (42.0)
61 (36.1)
53 (31.4)
45 (26.6)
34 (20.1)

30 (17.8)
64 (37.9)
10 (5.9)
3 (1.8)
18 (10.7)
7 (4.1)
1 (0.6)

Abbreviations: BRCA, breast cancer gene; G, grade.
⁎ The only Grade 5 AE was one patient in Cohort 1 with sepsis.

neutropenia was reported in 10.1% of patients but was manageable
with GCSF administration given either prophylactically or to treat the
neutropenia.
A unique element of this study was the use of a Bayesian adaptative
design to monitor the ongoing efﬁcacy and allow early termination of a
cohort based on a prespeciﬁed futility rule. This approach was implemented based on the results of a pilot study where activity was observed across a wide spectrum of clinical characteristics and prior
treatments. Notably, in that study, 6/19 (32% [95% CI 13–57]) heavily
pretreated platinum resistant or refractory HGSOC patients achieved
an objective response [15]. Since in the pilot study activity was observed
in heavily pretreated patients, Cohorts 1 and 2 of this study segregated
patients on the number of prior therapy lines. Similarly, the pilot study
suggested differing outcomes for patients with and without BRCA mutations [30], which provided the justiﬁcation for Cohort 3. Cohort 4 included platinum-refractory patients to explore the clinical beneﬁt of
prexasertib in high unmet medical need patients. The cohort size was
not ﬁxed, such that based on interim analysis rules, the cohorts meeting
prespeciﬁed rules could be expanded while allowing those with minimal activity to close. However, since the activity was consistent across
cohorts and clinical characteristics, including the time from initial diagnosis, these were not a driver of prexasertib activity, and the cohort size
remained relatively balanced. An exception was Cohort 4 which was
smaller and enrolled women with primary platinum-refractory disease,
occurring in up to 25% of the total patient population. The Bayesian
adaptive design was well-suited for this study and is a reasonable consideration for studies with agents where the optimal population has
not yet been deﬁned.
The response rate with prexasertib was consistent across a variety of
clinical characteristics, including line of prior therapy, BRCA status, and
prior anti-angiogenic or PARP inhibitor treatments. A subset of patients
across all cohorts achieved durable objective responses, suggesting a
potential underlying molecular mechanism. As a result, an exploratory
biomarker analysis was conducted. HGSOC is characterized by genomic
instability associated with nearly universal mutation of TP53 and a high
prevalence of HR deﬁciency (HRD) [2,8,31]. Mutually exclusive with
BRCA mutations, frequent ampliﬁcation of CCNE1 also promotes genomic instability by generating replication stress [32]. Tumors with defective G1/S checkpoint signaling due to TP53 loss and high replication
stress are heavily dependent on ATR/CHK1-mediated replication fork
stabilization, G2/M phase arrest, and DNA repair, potentially rendering
them more sensitive to prexasertib. Consistent with this hypothesis, approximately two thirds of BRCA-wildtype HGSOC patients with cyclin
E1-overexpressing tumors derived clinical beneﬁt from prexasertib in
the pilot Phase 2 study [15]. In the current study, 29% of tumor
samples from BRCA-wildtype patients in Cohorts 1 and 2 and 26% of patients in Cohort 4 harbored CCNE1 ampliﬁcations. Higher response rates
were observed in patients with CCNE1-ampliﬁed tumors, but there

however, only 1 death (sepsis) was deemed to be related to study
treatment (Fig. 3).
3.4. Biomarker analysis
Genomic proﬁles consisting of selected genes involved with cell
cycle regulation or the DNA damage response were integrated with objective response data in Fig. 2. Documented BRCA results from prior testing used to meet eligibility requirements were concordant with BRCA
status by central testing for all but 3 patients. Two patients in BRCAwildtype Cohort 2 were BRCA-negative by prior blood-based testing,
but harbored BRCA2 rearrangements by tissue-based central testing
(Fig. 2B). One patient enrolled to BRCA-mutated Cohort 3 lacked a
BRCA mutation by central testing.
TP53 was the most frequently mutated gene in the overall population (93%). CCNE1 ampliﬁcation, deﬁned as a copy number ≥6,
occurred in 29% of patients enrolled to BRCA-wildtype Cohorts
1 and 2, and 26% of patients in Cohort 4. The response rate was not
signiﬁcantly different by Fisher’s exact test in patients with CCNE1ampliﬁed tumors as compared to non-ampliﬁed tumors across all
cohorts (19.2% vs. 7.4%, p = 0.13), and in Cohorts 1 (18.2% vs. 7.1%,
p = 0.56), 2 (12.5% vs. 4.5%, p = 0.47) and 4 (20% vs. 5.9%, p =
0.41). Across all cohorts, median PFS was 3.7 months in all patients
regardless of CCNE1-ampliﬁcation status. H-scores for cyclin E1 expression did not signiﬁcantly differ in patients who experienced PR
compared to those with SD or PD (Fig. 2).
4. Discussion
In this Phase 2 multi-cohort study, treatment with prexasertib
resulted in responses in 12.1% of platinum resistant HGSOC patients
(Cohorts 1–3) and a corresponding PFS of 3.7 months. The response
rates and median PFS observed with prexasertib are similar to that
observed with single agent chemotherapy in patients with platinum resistant HGSOC [23–27]. Notably, the prexasertib response rates were
14.3% (7.6, 23.6) in patients who had received prior anti-angiogenic
therapy. Of note, although ORR observed in both treatment groups
were limited, a signiﬁcant proportion of responses were durable
(mDoR = 5.6 months). The DCR with prexasertib suggests clinical beneﬁt was achieved in a subset of patients. Non-hematologic toxicity with
prexasertib was generally Grade 1 and 2 and compares favorably to toxicities observed with standard chemotherapy agents used in the treatment of ovarian cancer. Consistent with prior studies, prexasertib was
associated with reversible mechanism based hematologic toxicity.
Grade 3/4 neutropenia was observed in 38% of patients, which is
lower than that reported for previous studies with prexasertib
[12,28,29]. This may be due to the assessment schedule and the higher
than usual rate of prophylactic GCSF use in this study. Serious febrile
218

Fig. 2. Correlation with alterations in DNA damage response genes and cell cycle regulators; Cohort 1: Platinum resistant, BRCA-wildtype with ≥3 prior lines of therapy; Cohort 2: Platinum resistant, BRCA-wildtype with <3 prior lines of therapy;
Cohort 3: Platinum resistant, BRCA-mutated with prior PARP inhibitor therapy; Cohort 4: Platinum refractory with any number of prior lines of therapy. The copy number is indicated in the cells for genes with ampliﬁcation.
Abbreviations: BRCA, breast cancer gene.
Notes: Cyclin E1 H-score is also included; Several patients had a >30% decrease in target lesions, but the PRs were not conﬁrmed and therefore per RECISIT 1.1 the conﬁrmed best overall response is SD. Similarly, several patients had <20% increase in
target lesions but met another criterion for progressive disease (eg. detection of a new lesion, or unequivocal progression of a non-target lesion).
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Fig. 3. Association with cyclin E1 H-score and ORR; A. Cohort 1: Platinum resistant, BRCA-wildtype with ≥3 prior lines of therapy; B. Cohort 2: Platinum resistant, BRCA-wildtype with <3 prior lines of therapy; C. Cohort 4: Platinum refractory, BRCAmutated or BRCA-wildtype with any number of lines of prior therapy. Subjects with a BOR of NE were excluded. P−values were determined using Student's t−test. Archival biopsy (grey triangle) was deﬁned as any tissue that was collected more than
28 days before the treatment start date.
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were no statistically signiﬁcant associations. Similarly, median cyclin E1
H-scores were numerically higher in responders compared to nonresponders, but differences were not signiﬁcant. Conclusions are limited
by small sample sizes as well as a lack of established cutoffs for deﬁning
high-level CCNE1 ampliﬁcation or cyclin E1 overexpression. Whether
prexasertib treatment exacerbates endogenous replication stress to a
level sufﬁcient to induce replication catastrophe and cell death in an individual tumor likely depends on multiple factors. For example, downregulation of FAM122A expression stabilizes WEE1 and reduces
replication stress [33]. Tumors with compensatory low expression of
FAM122A may be more tolerant of intrinsic oncogene-induced replication stress and resistant to prexasertib. Methods to directly assess baseline levels of replication stress in the clinical setting may beneﬁt the
development of CHK1 inhibitors [33]. Additional factors such as levels
of cyclin B1/CDK1 activity and expression of DNA repair pathway
genes may also impact the sensitivity of BRCA-wildtype tumors to
prexasertib [34]. In the current study, response rates were similar in
BRCA-mutated and wildtype cohorts, suggesting HRD status is not a determinant of prexasertib sensitivity. However, BRCA-mutated patients
enrolled to Cohort 3 were required to have received prior PARP inhibitor
therapy, and mechanisms of resistance to PARP inhibitors include restoration of HR function and replication fork stability, which could result in
cross resistance to prexasertib [35]. Nonetheless, objective responses to
prexasertib were still observed in 12.2% of Cohort 3, suggesting that
prexasertib monotherapy may be beneﬁcial in PARP inhibitor resistant
tumors [13]. However, in the small group of BRCA-wild type patients
from Cohorts 1, 2 who also received prior PARP inhibitor, no response
to prexasertib was observed. These data may suggest PARP inhibitor resistance in BRCA-wild type patients will likely not beneﬁt from
prexasertib monotherapy. This biomarker analysis, which primarily focused on genomic alterations and cyclin E1 expression, did not identify
any potential predictive biomarkers for prexasertib response, suggesting alternative approaches, including proteomics-based biomarkers,
may need to be explored to understand which patients will beneﬁt
from prexasertib treatment.
Sequential monotherapy has been used in patients with platinum
resistant HGSOC. However, recent advances with anti-angiogenic
therapy, targeted agents, and immunotherapy lay the groundwork
for considering combination therapies in advanced lines of therapy
[2]. Speciﬁcally, there is strong rationale to combine prexasertib
with either PD-L1 [36] or PARP inhibitors [14,36–39]. The safety of
prexasertib and a PD-L1 inhibitor was characterized in a Phase 1
study where preliminary activity was observed in patients with
CCNE1-ampliﬁed HGSOC with evidence of cytotoxic T-cell activation
[40]. Similarly, a Phase 1 combination study demonstrated the feasibility of combining prexasertib with olaparib and preliminary clinical
activity in patients harboring BRCA mutations with HGSOC who had
previously progressed on a PARP inhibitor [41]. These studies provide preliminary data to support combination therapy as another approach to build on and extend the clinical beneﬁt of prexasertib
observed in this study.
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