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Abstract
Background Adavosertib is a first-in-class, selective small-molecule inhibitor of Wee1. Olaparib is an inhibitor of poly(ADP-
ribose) polymerase (PARP). Preclinical data suggest that adavosertib enhances the antitumor effect of PARP inhibitors.
Objective The safety, tolerability, and efficacy of adavosertib plus olaparib were evaluated in patients with refractory solid 
tumors to define the maximum tolerated dose (MTD) and recommended phase II dose (RP2D).
Patients and Methods Eligible patients in part A (dose finding) had a refractory solid tumor for which there is no established 
treatment and had received ≥ 1 prior course of systemic therapy; in part B (dose expansion), patients had platinum-sensitive 
extensive-stage or relapsed small-cell lung cancer (SCLC). Patients received adavosertib [once (qd) or twice daily (bid)] for 
3 consecutive days with 4 days off treatment (3/4), or 5 consecutive days with 2 days off (5/2), plus olaparib (bid) for 14 or 
21 days of a 21-day cycle.
Results A total of 130 patients were enrolled in the study, 120 in part A and 10 in part B. The MTD for adavosertib bid was 
175 mg (days 1–3, 8–10/21-day cycle) plus continuous olaparib 200 mg bid; the once-daily MTD (and RP2D) was ada-
vosertib 200 mg (days 1–3, 8–10/21-day cycle) plus continuous olaparib 200 mg bid. In the MTD/RP2D cohort, one patient 
(7%) experienced a dose-limiting toxicity (DLT) of thrombocytopenia. The most common treatment-related adverse events 
(TRAEs) in the cohorts in which MTD/RP2D for bid dosing and RP2D for qd dosing were determined were fatigue (64.3% 
and 15.4%, respectively), diarrhea (42.9% and 30.8%), decreased appetite (35.7% and 23.1%), nausea (35.7% and 15.4%), 
and anemia (35.7% and 38.5%). In the SCLC dose-expansion cohort, TRAEs occurred in eight patients (88.9%), including 
thrombocytopenia (66.7%) and anemia (55.6%). In part A, objective response rate (ORR) was 14.8% [95% confidence interval 
(CI) 8.7–22.9] overall; for the cohorts in which MTD/RP2D for bid dosing and RP2D for qd dosing were determined, ORR 
was 30.8% (9.1–61.4) and 9.1% (0.2–41.3), respectively. ORR was 11.1% [95% CI 0.3–48.2; one partial response (PR)], 
disease control rate was 22.2% (2.8–60.0; one PR, one stable disease), and median progression-free survival was 1.5 months 
(1.3–4.2) in the SCLC dose-expansion cohort.
Conclusions Adverse events and DLTs observed in the bid MTD and once-daily MTD/RP2D dosing schedules were man-
ageable and consistent with known adavosertib and olaparib safety profiles. Limited antitumor activity was observed with 
adavosertib plus olaparib combination therapy.
Trial Registration ClinicalTrials.gov, NCT02511795 (registration: 28 July 2015).
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Key Points 

The maximum tolerated dose and recommended phase 
II dose of once-daily adavosertib was determined to be 
200 mg (days 1–3, 8–10/21-day cycle) plus continuous 
olaparib 200 mg twice daily.

The safety profile of combination therapy was consistent 
with previous monotherapy studies with either agent, and 
adverse events were generally manageable in this heavily 
pretreated population of patients with refractory solid 
tumors.

Limited antitumor activity of adavosertib in combination 
with olaparib was observed.

1 Introduction

Genomic instability and replication stress are features of 
cancer cells that result in the accumulation of DNA damage 
[1]. Wee1 is a tyrosine kinase that regulates cyclin-depend-
ent kinases 1 and 2 (CDK1 and CDK2), which regulate the 
cell cycle G2/M checkpoint and intra-S replication stress 
response, respectively [2–4]. During S-phase, the presence 
of replication stress leads to the activation of Wee1 and the 
inactivation of CDK2 to reduce the incidence of replication-
associated DNA damage. Unrepaired DNA damage in the 
G2-phase will also activate Wee1 leading to CDK1 phospho-
rylation activation of the G2/M checkpoint, thus providing 
time for the repair of this DNA damage before cells enter 
mitosis [5]. Inhibition of Wee1, therefore, has the combined 
potential to induce cancer cell death, either by replication 
catastrophe in S-phase or mitotic catastrophe in M-phase 
[1, 2, 6, 7].

Adavosertib (AZD1775) is an orally active, first-in-class, 
selective small-molecule inhibitor of Wee1 (Wee1i), investi-
gated as a treatment for advanced solid tumors [7]. Accept-
able preliminary safety, tolerability, and efficacy has been 
shown with adavosertib monotherapy in several phase I and 
II studies in patients with advanced solid tumors [8–11]. 
Efficacy has also been shown with adavosertib monotherapy 
in two phase II trials in women with recurrent uterine serous 
carcinoma [12, 13].

Poly(ADP-ribose) polymerase (PARP) inhibition by 
olaparib leads to both an inhibition of PARP enzyme activ-
ity [14] as well as trapping PARP onto DNA at the site of 
DNA damage [15], leading to replication fork collapse and 
the induction of DNA double-strand breaks. Cancer cells 
deficient in homologous recombination repair, including 

those harboring mutations in BRCA1 and/or BRCA2, are 
susceptible to the single-agent activity of PARP inhibitors 
through this concept of synthetic lethality [16, 17], and this 
concept has been validated in the clinic [18]. Olaparib is an 
inhibitor of PARP that is currently approved in a number of 
countries across multiple tumor types, including advanced or 
recurrent ovarian, early or metastatic breast, metastatic pros-
tate, metastatic pancreatic, and mismatch repair proficient 
advanced or recurrent endometrial cancer (in combination 
with durvalumab) [19, 20]. Preclinical data demonstrate that 
adavosertib has the potential to both enhance the antitumor 
effect of PARP inhibitors such as olaparib as well as over-
come PARP inhibitor resistance in patient-derived models of 
ovarian, triple-negative breast (TNBC), and small-cell lung 
cancer (SCLC) [21–23].

This phase Ib study aimed to investigate the safety, toler-
ability, and preliminary efficacy of adavosertib plus olapa-
rib in patients with refractory solid tumors to define the 
maximum tolerated dose (MTD) and recommended phase 
II dose (RP2D). Archival tissue was collected for explora-
tory biomarker analysis to identify any genetic alterations 
that may predict the clinical response to the adavosertib and 
olaparib combination. There was no prospective selection 
of patients based on any known biomarkers of Wee1i or 
PARP inhibition.

2  Methods

2.1  Study Design and Patients

This was an open-label, multicenter, phase Ib study evaluat-
ing the safety, tolerability, pharmacokinetics (PK), and anti-
tumor activity of oral adavosertib in combination with olapa-
rib in patients with refractory solid tumors (NCT02511795). 
The study took place at six investigational sites: five in the 
USA and one in Canada.

Part A was a dose-escalation cohort. Patients received 
adavosertib [200, 250, or 300 mg once daily (qd) or 125, 
150, or 175 mg twice daily (bid)] for 3 consecutive days 
with 4 days off treatment (3/4) on days 1–3 and 8–10 or 
days 1–3, 8–10, and 15–17, or for 5 consecutive days with 
2 days off treatment (5/2; 200 or 250 mg qd cohorts only) 
on days 1–5 and 8–12, plus continuous oral olaparib (100, 
200, or 300 mg bid) for 14 or 21 days of a 21-day cycle 
(detailed dosing schedules for all part A cohorts are outlined 
in Table 1). The MTD was the highest dose at which fewer 
than one-third of evaluable patients had a dose-limiting tox-
icity (DLT) during cycle 1 (first 21 days of treatment). The 
DLT observation period could be expanded by up to 2 weeks 
if considered appropriate in case of treatment delay due to 
study-drug-related adverse events (AEs). Part B was an 
expansion cohort of patients with relapsed extensive-stage 
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SCLC; patients in part B received adavosertib 200 mg qd 
(3/4) on days 1–3 and 8–10 of a 21-day cycle, plus continu-
ous olaparib 200 mg bid, as this was the dose and schedule 
selected as the RP2D during the escalation.

Female or male patients at least 18 years of age and with 
an Eastern Cooperative Oncology Group performance status 
(ECOG PS) of 0–1 were eligible for inclusion in this study. 
Key inclusion criteria were as follows: any prior palliative 
radiation therapy must have been completed ≥ 7 days before 
study treatment, and patients must have had a histologically 
confirmed refractory solid tumor for which there is no estab-
lished treatment with curative intent and ≥ 1 prior course of 
systemic therapy (part A), or extensive-stage SCLC (his-
tologically confirmed diagnosis) and confirmed response 
[either partial response (PR) or complete response (CR)] to 
first-line platinum therapy followed by relapse after comple-
tion of treatment (part B). Key exclusion criteria included 
the following: prior treatment with a PARP inhibitor; use of 

an investigational drug during the past 30 days or five half-
lives (whichever was longer) prior to the first dose of study 
treatment; use of anticancer drugs 21 days or five half-lives 
(whichever was shorter) prior to the first dose of study treat-
ment (for drugs for which five half-lives was equal to or less 
than 21 days, a minimum of 10 days between termination 
of the prior treatment and administration of study treatment 
was required); use of radiotherapy (except for palliative rea-
sons) within 21 days prior to study treatment; major surgical 
procedures up to 28 days, or minor surgical procedures up 
to 7 days, prior to beginning study treatment; and toxic-
ity worse than grade 1 from prior therapy (except alopecia 
or anorexia). No other anticancer therapy [chemotherapy, 
immunotherapy, hormonal anticancer therapy, or radiother-
apy (except palliative local radiotherapy)], biological ther-
apy, or other novel agent was permitted while patients were 
receiving the study medication. Prophylactic antiemetic 
medication was mandatory. The institutional review boards 

Table 1  Summary of treatment schedules and tolerability profiles (part A)

The bold rows indicate the MTD for bid and qd dosing; the RP2D (cohort 7.4; adavosertib 200 mg qd + olaparib 200 mg bid) was carried for-
ward into the dose-expansion part of this study. bid twice daily, DLT dose-limiting toxicity, MTD maximum tolerated dose, qd once daily
a Evaluable patients received > 75% of the planned dose of adavosertib and olaparib
b Preferred terms; some patients experienced > 1 DLT

Cohort Adavosertib dose Olaparib dose Adavosertib schedule, 
administration days in 
21-day cycle

Olaparib 
schedule, 
days

Patients, n 
(evaluable,a 
n)

Patients with 
a DLT, n (%)

DLTsb (grade)

1 125 mg bid (3/4) 100 mg bid 1–3/8–10 1–14 3 (3) 0
2 150 mg bid (3/4) 100 mg bid 1–3/8–10 1–14 3 (3) 0
3.1 175 mg bid (3/4) 100 mg bid 1–3/8–10 1–14 4 (4) 0
3.2 150 mg bid (3/4) 200 mg bid 1–3/8–10 1–14 7 (7) 0
4.1 175 mg bid (3/4) 200 mg bid 1–3/8–10 1–14 7 (7) 0
4.2 175 mg bid (3/4) 200 mg bid 1–3/8–10 1–21 14 (14) 1 (7.1) Neutrophil count decreased 

(4), platelet count 
decreased (4)

4.3 175 mg bid (3/4) 200 mg bid 1–3/8–10/15–17 1–21 14 (14) 2 (14.3) Fatigue (3), platelet count 
decreased (3, 4)

5 175 mg bid (3/4) 300 mg bid 1–3/8–10 1–14 5 (5) 1 (20.0) Alanine aminotransferase 
increased (2), fatigue (3)

6.1 250 mg qd (5/2) 200 mg bid 1–5/8–12 1–21 8 (8) 2 (25.0) Neutropenia (4), thrombocy-
topenia (4), drug-induced 
liver injury (3)

6.2 200 mg qd (5/2) 200 mg bid 1–5/8–12 1–21 7 (7) 2 (28.6) Anemia (2), neutropenia 
(4), thrombocytopenia (4), 
diarrhea (1), nausea (2), 
vomiting (1)

7.1 250 mg qd (3/4) 200 mg bid 1–3/8–10 1–21 17 (16) 1 (6.3) Asthenia (2), dyspnea (2), 
fatigue (2), nausea (2)

7.2 250 mg qd (3/4) 200 mg bid 1–3/8–10/15–17 1–21 4 (4) 1 (25.0) Neutrophil count decreased 
(4)

7.3 300 mg qd (3/4) 200 mg bid 1–3/8–10 1–21 3 (3) 1 (33.3) Neutropenia (4)
7.4 200 mg qd (3/4) 200 mg bid 1–3/8–10 1–21 13 (13) 1 (7.7) Thrombocytopenia (2, 3)
8.1 200 mg qd (3/4) 300 mg bid 1–3/8–10 1–21 11 (11) 2 (18.2) Dizziness (2), platelet count 

decreased (3)
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of all participating sites approved the study, all patients 
provided written informed consent, and the study was con-
ducted in accordance with the Declaration of Helsinki.

2.2  Assessments

2.2.1  Safety and Tolerability Assessments

AEs were graded by Common Terminology Criteria for 
Adverse Events (CTCAE; version 4.03). AEs were assessed 
by physical examination, vital signs (blood pressure, pulse 
rate, and body temperature), and laboratory parameters start-
ing from enrollment of the patient and throughout the post-
treatment follow-up period. DLTs were recorded, and the 
MTD was determined during cycle 1 (first 21 days of treat-
ment). DLTs were defined as toxicities related to adavosertib 
or olaparib treatment that met at least one of the following 
criteria: hematologic toxicities, such as infection with febrile 
neutropenia or thrombocytopenia (grade ≥ 4 for more than 
7 days); thrombocytopenia (grade ≥ 3) with bleeding (grade 
≥ 2); non-hematologic toxicity (grade ≥ 3); abnormal liver 
function tests (LFTs), including grade ≥ 3 elevated total bili-
rubin, hepatic transaminase, or alkaline phosphatase lasting 
more than 48 h or any change in LFT components consistent 
with Hy’s Law; and any other clinically significant or unac-
ceptable toxicity that did not respond to supportive care and 
resulted in a disruption of the dosing schedule of more than 
7 days or was judged to be a DLT by the investigator in col-
laboration with the medical monitor.

2.2.2  Efficacy Endpoints

Efficacy outcomes were based on Response Evaluation Cri-
teria in Solid Tumors version 1.1: objective response rate 
(ORR), defined as rate of confirmed CR + confirmed PR 
divided by the number of patients in the efficacy analysis 
set with measurable disease at baseline; disease control rate 
(DCR), defined as CR + PR + stable disease; duration of 
response (DOR), defined as the time from the date of first 
documented response until date of documented progression 
or death in the absence of disease progression; and progres-
sion-free survival (PFS). In parts A and B, ORR and DCR 
were presented by dose-level cohort (part A) and RP2D 
expansion cohorts (part B). PFS was presented by RP2D 
expansion cohort(s) for part B.

2.2.3  Pharmacokinetic Assessments

Samples were taken on cycle 1 and beyond on day 3 or day 
10 for the determination of adavosertib and olaparib plasma 
concentrations, and a pre-dose sample was taken every other 
cycle (e.g., cycle 1, 3, 5, etc.). The PK parameters of olapa-
rib monotherapy were determined by a sub-study in which 

single-agent olaparib was given bid, orally, for 3 consecutive 
days, as determined by the adavosertib cohort assignment. 
Key PK parameters analyzed included area under the plasma 
concentration–time curve from time zero to 10 h (AUC 0–10) 
and maximum plasma drug concentration (Cmax). The ada-
vosertib PK sample analysis was performed by Labcorp Early 
Development Laboratories Inc (Madison, WI, USA), and the 
olaparib PK samples were analyzed by Labcorp Early Devel-
opment Laboratories Limited (Harrogate, UK) on behalf of 
AstraZeneca. Real-time PK analysis was conducted prior to 
each cohort; actual/nominal sampling times were used in the 
parameter calculations, and PK parameters were derived using 
standard non-compartmental methods. The PK analysis set 
included all patients who received the adavosertib/olaparib 
dose and had at least one reportable PK sample without major 
protocol deviation.

2.2.4  Biomarker Assessments

Analysis of tumor-related genetic alterations was conducted 
using archived tumor tissue samples collected at baseline. 
Archival tumor tissue was provided in formalin-fixed paraf-
fin-embedded (FFPE) blocks. If FFPE blocks were unavail-
able, archival tumor tissue sections were provided on tissue 
slides; all tissue was shipped at ambient temperature to a 
central laboratory for processing. Next-generation sequenc-
ing analyses were performed using a clinical trial assay based 
on  FoundationOne®CDx (Foundation Medicine, Inc., Cam-
bridge, MA, USA) [24], while immunohistochemistry analyses 
to assess expression of c-MYC, SLFN11, and cyclin E1 were 
performed by AstraZeneca.

2.3  Statistical Analysis

Statistical analyses were performed using  SAS® (SAS Insti-
tute, Cary, NC, USA) by Sarah Cannon Development Inno-
vations under the direction of the Biometrics Group, Astra-
Zeneca. ORR and DCR were calculated and presented along 
with an exact 95% CI using the Clopper–Pearson method [25]. 
Kaplan–Meier median PFS and DOR was calculated, along 
with the 95% CI, using the Brookmeyer–Crowley method 
[26]. Descriptive statistics were used to summarize the safety 
and PK data. The PK analysis set included all patients who 
received the adavosertib/olaparib dose and had at least one 
reportable PK sample without major protocol deviation. Bio-
marker analysis was performed for all patients who consented 
and for whom a valid tumor tissue sample was obtained.
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3  Results

3.1  Patient Disposition and Characteristics

A total of 154 patients provided informed consent, of 
whom 130 were enrolled in the study (part A: n = 120; 
part B: n = 10). Two patients (n = 1 in cohort 7.1 and the 
SCLC cohort) were enrolled but did not receive either 
study treatment. Overall, 124 patients (part A: n = 115; 
part B: n = 9) received both adavosertib and olaparib. Four 
patients (3.1%) started olaparib treatment but discontin-
ued prior to the first dose of adavosertib (Supplementary 
Fig. 1). At the time of data cut-off, two patients (1.6%; 
n = 1 in cohorts 7.1 and 8.1) remained on treatment and 
continued to receive both drugs. The most common reason 
for treatment discontinuation was progressive disease (96 
patients overall; 77.4% of the 124 patients who received 
adavosertib and olaparib). Of the 119 patients treated in 
part A, more than two-thirds were female (70.6%); median 
age at study entry was 59 years; the most common primary 
tumor sites were ovary (21.8%), breast (16.0%), and lung 
(12.6%); 83 (69.7%) had an ECOG PS of 1; and a median 
of 4.0 (range 0–16) prior systemic therapies had been 
received at baseline. Of the nine patients treated in part 
B: approximately half were female (55.6%); median age 
at study entry was 59 years; eight (88.9%) had an ECOG 
PS of 1; and a median of 2.0 (range 1–6) prior systemic 
therapies had been received at baseline (Table 2 and Sup-
plementary Table 1).

3.2  Safety and Tolerability

3.2.1  Part A

A summary of tolerability by treatment schedule is provided 
in Table 1. A total of 14 patients [14/119 patients evaluable 
for DLTs (11.8%)] experienced 26 DLTs during the study. 
The most common (≥ 20%) DLTs were neutropenia (6/14 
patients), thrombocytopenia (5/14 patients), and fatigue 
(3/14 patients). No bleeding events were associated with the 
events of thrombocytopenia. The MTD with adavosertib bid 
(the highest dose at which fewer than one-third of evaluable 
patients had a DLT), which was found in cohort 4.2, was 
adavosertib 175 mg bid (days 1–3 and 8–10 of a 21-day 
cycle) plus continuous olaparib 200 mg bid [1/14 patients 
(7.1%) had a DLT]. The qd MTD (which was also the RP2D) 
was found in cohort 7.4 to be adavosertib 200 mg qd (days 
1–3 and 8–10 of a 21-day cycle) plus continuous olaparib 
200 mg bid [1/13 patients (7.7%) had a DLT].

AEs considered to be causally related to either ada-
vosertib or olaparib occurred in 12 patients (85.7%) in 

cohort 4.2 and 13 patients (100%) in cohort 7.4. The most 
common AEs causally related to either adavosertib or 
olaparib were fatigue (64.3% and 15.4%, respectively), 
diarrhea (50.0% and 38.5%), decreased appetite (50.0% 
and 30.8%), nausea (50.0% and 30.8%), and anemia 
(35.7% and 46.2%). Adavosertib- or olaparib-related 
AEs in cohorts 4.2 and 7.4 are shown in Table 3. Seri-
ous AEs considered to be causally related to adavosertib 
or olaparib occurred in three patients (21.4%) in cohort 
4.2 (one patient with febrile neutropenia, one patient 
with decreased platelet count and decreased neutrophil 
count, and one patient with anemia, diarrhea, neutrope-
nia, and thrombocytopenia) and two patients (15.4%) in 
cohort 7.4 (one patient with dizziness and one patient with 
constipation).

AEs considered to be causally related to adavosertib 
occurred in 12 patients (85.7%) in cohort 4.2 and 12 
patients (92.3%) in cohort 7.4. The most common AEs 
causally related to adavosertib in cohorts 4.2 and 7.4 were 
fatigue (64.3% and 15.4%, respectively), diarrhea (50.0% 
and 38.5%), decreased appetite (50.0% and 30.8%), nausea 
(50.0% and 23.1%), and anemia (35.7% and 38.5%). Seri-
ous AEs considered to be causally related to adavosertib 
occurred in three patients (21.4%) in cohort 4.2 (one patient 
with febrile neutropenia, one patient with decreased platelet 
count and decreased neutrophil count, and one patient with 
anemia, diarrhea, neutropenia, and thrombocytopenia) and 
one patient (7.7%) in cohort 7.4 (dizziness).

Overall, CTCAE grade ≥ 3 events causally related to ada-
vosertib were observed in 52 patients (43.7%). There were 
four AEs with an outcome of death [sepsis (n = 2) and res-
piratory failure and cardiovascular disease (both n = 1)]; one 
(sepsis) was considered causally related to adavosertib but 
was not a result of a DLT. One AE (cardiovascular disorder) 
led to discontinuation of adavosertib and olaparib in cohort 
4.2 (not considered related to adavosertib or olaparib); there 
were no discontinuations due to AEs in cohort 7.4. Five 
(35.7%) patients in cohort 4.2 and three (23.1%) patients in 
cohort 7.4 experienced an AE leading to dose reduction of 
adavosertib, while three (21.4%) and three (23.1%) patients, 
respectively, experienced an AE leading to dose reduction 
of olaparib. Seven (50.0%) patients in cohort 4.2 and five 
(38.5%) patients in cohort 7.4 experienced an AE leading 
to dose interruption of adavosertib, while nine (64.3%) and 
eight (61.5%) patients, respectively, experienced an AE lead-
ing to dose interruption of olaparib.

3.2.2  Part B

AEs considered to be causally related to adavosertib or 
olaparib occurred in eight patients (88.9%; Table 3). The 
most common AEs causally related to adavosertib or olapa-
rib were thrombocytopenia (66.7%) and anemia (55.6%). 
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Six patients (66.7%) experienced grade 3 AEs related to 
adavosertib or olaparib (grade 4 or 5 AEs related to ada-
vosertib or olaparib, n = 0). Three patients (33.3%) expe-
rienced serious AEs [febrile neutropenia, pneumonia, and 
urinary tract infection, n = 1 (11.1%) each]; the serious AE 
of febrile neutropenia was considered related to olaparib 
but not to adavosertib. There was one AE that resulted in 
death (pneumonia), which was not considered by investiga-
tors to be treatment related. AEs led to dose reductions of 
adavosertib in one patient and interruptions of adavosertib 

in three patients; AEs led to interruptions of olaparib in five 
patients. There were no AEs that resulted in discontinuation 
of adavosertib or olaparib.

3.3  Clinical Response

3.3.1  Part A

In part A, ORR was 14.8% (17/117; 95% CI 8.7–22.9). For 
the cohorts in which MTD for bid dosing (cohort 4.2) and 

Table 2  Patient demographics and baseline characteristics

Patients in cohorts 4.2 (adavosertib 175 mg bid + olaparib 200 mg bid) and 7.4 (adavosertib 200 mg qd + olaparib 200 mg bid) received the 
MTD for bid and qd dosing, respectively; the RP2D (cohort 7.4) was carried forward into the dose-expansion part of this study. bid twice daily, 
BMI body mass index, ECOG PS Eastern Cooperative Oncology Group performance status, MTD maximum tolerated dose, qd once daily, RP2D 
recommended phase II dose, SCLC small-cell lung cancer, SD standard deviation
a 8/15 patients had a confirmed primary diagnosis of SCLC
b 1/2 patients had a confirmed primary diagnosis of SCLC
c 3/5 patients had a confirmed primary diagnosis of SCLC
d Further details of the specific diagnoses are provided in Supplementary Table 1

Part A Part B

Total population 
(n = 119)

Cohort 4.2 (n = 14)
MTD

Cohort 7.4 (n = 13)
MTD/RP2D

SCLC cohort (n = 9)

Age
 Mean, years (SD) 58.9 (10.7) 56.1 (12.4) 60.7 (11.6) 58.6 (11.2)
 Median, years (range) 59 (26–80) 56.5 (26–77) 62 (29–76) 59 (34–74)
 ≥ 65 years, n (%) 38 (31.9) 4 (28.6) 5 (38.5) 2 (22.2)

Female, n (%) 84 (70.6) 10 (71.4) 7 (53.8) 5 (55.6)
Race, n (%)
 White 105 (88.2) 10 (71.4) 10 (76.9) 8 (88.9)
 Black/African American 6 (5.0) 2 (14.3) 1 (7.7) 0 (0)
 Asian 5 (4.2) 1 (7.1) 1 (7.7) 1 (11.1)
 Other 3 (2.5) 1 (7.1) 1 (7.7) 0 (0)

Mean BMI, kg/m2 (SD) 27.3 (6.6) 27.0 (7.8) 26.3 (4.9) 28.3 (4.4)
ECOG PS, n (%)
 0 (normal activity) 36 (30.3) 4 (28.6) 2 (15.4) 1 (11.1)
 1 (symptoms but ambulatory) 83 (69.7) 10 (71.4) 11 (84.6) 8 (88.9)

Primary diagnosis, n (%)
 Ovary 26 (21.8) 3 (21.4) 3 (23.1) 0
 Breast 19 (16.0) 3 (21.4) 0 0
 Lung 15 (12.6)a 2 (14.3)b 5 (38.5)c 9 (100)
 Prostate 9 (7.6) 2 (14.3) 0 0
 Uterus 9 (7.6) 0 1 (7.7) 0
 Colon 6 (5.0) 0 2 (15.4) 0
 Pancreas 6 (5.0) 0 0 0
 Rectal 4 (3.4) 0 0 0
 Soft tissue 3 (2.5) 1 (7.1) 0 0
  Otherd 18 (15.1) 2 (14.3) 2 (15.4) 0

Median number of previous therapy regimens (range)
 Systemic 4.0 (0–16) 3.0 (1–11) 4.0 (1–8) 2.0 (1–6)
 Radiotherapy 1.0 (0–8) 1.0 (0–3) 1.0 (0–3) 2.0 (0–3)
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Table 3  Adavosertib- or olaparib-related adverse events in cohort 4.2, cohort 7.4, and the SCLC cohort

Patients in cohorts 4.2 (adavosertib 175 mg bid + olaparib 200 mg bid) and 7.4 (adavosertib 200 mg qd + olaparib 200 mg bid) received the 
MTD for bid and qd dosing, respectively; the RP2D (cohort 7.4) was carried forward into the dose-expansion part of this study. AE adverse 
event, bid twice daily, MTD maximum tolerated dose, qd once daily, RP2D recommended phase II dose, SCLC small-cell lung cancer

Parameter, n (%) Part A Part B

Cohort 4.2 (n = 14) Cohort 7.4 (n = 13) SCLC 
cohort 
(n = 9)

Any AE causally related to adavosertib or olaparib (any grade) 12 (85.7) 13 (100) 8 (88.9)
Any grade ≥ 3 AE causally related to adavosertib or olaparib 6 (42.8) 4 (30.8) 6 (66.7)
Deaths causally related to adavosertib or olaparib 0 0 0
Any AE resulting in death (any grade) 1 (7.1) 0 1 (11.1)
AEs causally related to adavosertib or olaparib occurring in > 10% of patients (any grade)
 Infections and infestations
  Escherichia bacteremia 0 0 1 (11.1)

 Blood and lymphatic system disorders
  Anemia 5 (35.7) 6 (46.2) 5 (55.6)
  Febrile neutropenia 1 (7.1) 0 1 (11.1)
  Leukopenia 1 (7.1) 0 2 (22.2)
  Neutropenia 2 (14.3) 0 2 (22.2)
  Thrombocytopenia 3 (21.4) 2 (15.4) 6 (66.7)

 Metabolism and nutrition disorders
  Decreased appetite 7 (50.0) 4 (30.8) 2 (22.2)
  Dehydration 1 (7.1) 2 (15.4) 0

 Nervous system disorders
  Dizziness 1 (7.1) 2 (15.4) 0
  Headache 3 (21.4) 0 0
  Taste disorder 3 (21.4) 0 0

 Cardiac disorders
  Tachycardia 2 (14.3) 0 0

 Respiratory, thoracic, and mediastinal disorders
  Dyspnea 0 2 (15.4) 0

 Gastrointestinal disorders
  Abdominal distension 0 2 (15.4) 0
  Abdominal pain 1 (7.1) 2 (15.4) 0
  Constipation 3 (21.4) 1 (7.7) 0
  Diarrhea 7 (50.0) 5 (38.5) 2 (22.2)
  Mouth ulceration 0 0 1 (11.1)
  Nausea 7 (50.0) 4 (30.8) 1 (11.1)
  Vomiting 3 (21.4) 2 (15.4) 2 (22.2)

 Skin and subcutaneous tissue disorders
  Pruritus 3 (21.4) 0 1 (11.1)

 Musculoskeletal and connective tissue disorders
  Joint swelling 0 2 (15.4) 0
  Muscle spasms 2 (14.3) 0 0
  Myalgia 3 (21.4) 0 0

General disorders and administration-site conditions
   Fatigue 9 (64.3) 2 (15.4) 1 (11.1)
  Peripheral edema 0 2 (15.4) 0
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RP2D for qd dosing (cohort 7.4) were determined, ORR was 
30.8% (4/13; 9.1–61.4) and 9.1% (1/11; 0.2–41.3), respec-
tively. This included four patients with PR in cohort 4.2 
[ovarian cancer (n = 2), SCLC (n = 1), and TNBC (n = 1)] 
and one patient with PR in cohort 7.4 (ovarian cancer).

In part A, median PFS was 3.5 months (n = 115; 95% CI 
2.4–4.7) and median DOR was 6.4 months (n = 17; inter-
quartile range 1.4–3.1). Of the 124 patients treated with 
adavosertib and olaparib, one patient (cohort 8.1) had a 
confirmed CR and 17 patients (13.7%) had a confirmed PR. 
The patient with a confirmed CR had measurable disease 
at baseline but did not have target lesions at baseline. Four 
patients in part A had an unconfirmed CR or PR (one patient 
each in cohorts 3.2, 4.2, 4.3, and 7.1). For cohorts 4.2 and 
7.4, median PFS was 7.4 months (95% CI 1.2–15.8) and 
4.0 months (95% CI 1.4–10.6), respectively. At the time of 
data cut-off (25 April 2019), 36 patients (29.0%) were cen-
sored for PFS. For cohorts 4.2 and 7.4, DCR was 76.9% 
(46.2–95.0) and 61.5% (31.6–86.1), respectively. Supple-
mentary Table 2 summarizes clinical response by cohort 
(parts A and B); individual patient clinical responses are 
presented for part A in Fig. 1.

3.3.2  Part B

In the SCLC cohort, ORR was 11.1% (95% CI 0.3–48.2); 
there was one PR, and DCR was 22.2% (95% CI 2.8–60.0; 
one PR, one stable disease). Median PFS was 1.5 months 
(95% CI 1.3–4.2); DOR in the responding patient was 
2.9 months. Supplementary Table 2 summarizes clinical 
response by cohort (parts A and B); individual patient clini-
cal responses are presented for part B in Fig. 1.

3.4  Pharmacokinetics—Part A

Changes in olaparib PK following combination with ada-
vosertib (part A) are shown in Supplementary Table 3, and 
a comparison of PK across adavosertib doses in combina-
tion with olaparib 200 mg bid (part A) is shown in Sup-
plementary Fig. 2. Following dosing on cycle 1, day 3, 
adavosertib 175 mg bid plus olaparib 200 mg bid produced 
the longest duration of plasma adavosertib concentration 
above the phosphorylated CDK1 half-maximal inhibitory 
concentration  (IC50) and the greatest coverage within the 
preclinically determined target adavosertib plasma concen-
tration range for cell kill activity (0.5–1 µM; Supplementary 
Fig. 2). Assessment of the PK results for olaparib indicated 
that there was generally no statistically significant difference 
between exposure to olaparib in the presence of adavosertib 
and to olaparib alone. Adavosertib 175 mg bid increased 
olaparib AUC 0–10 by 33% and Cmax by 18%. The ratio of 
olaparib plus adavosertib to olaparib alone for AUC 0–10 and/
or Cmax exceeded 2 in some patients; however, there was no 

evidence that these data were unreliable, so data from these 
high outliers were included in the statistical analyses. Olapa-
rib clinical minimum steady-state plasma drug concentra-
tion (Cmin,ss; measured in part A) was comparable with the 
95% inhibitory concentration  (IC95) in preclinical studies, as 
shown in Supplementary Fig. 3.

3.5  Biomarker Analysis

Preliminary analyses of samples showed that the TP53 
mutation was the most common genetic aberration, found 
in 73% of all patients with response data and next-generation 
sequencing data regardless of tumor type (Fig. 2). The RB1 
mutation was found in 19% of patients; BRCA2 and BRCA1 
mutations were found in 16% and 13% of patients, respec-
tively. No clear correlation was observed between genomic 
markers and best objective response in the overall cohort 
with mixed tumor types. The small number of patients in 
the expansion cohort (part B) with available next-generation 
sequencing data (n = 3) precluded a firm conclusion. A total 
of 63 samples were evaluable for c-MYC expression, 58 for 
cyclin E1, and 61 for SLFN11. No statistically significant 
differences were observed between the expression of these 
proteins and the best objective response in the overall cohort 
(Supplementary Fig. 4), although only a small number of 
patients achieved a PR.

4  Discussion

This study investigated 15 possible treatment schedules 
to identify a tolerable dosing schedule for adavosertib in 
combination with olaparib. The qd MTD [cohort 7.4; ada-
vosertib 200 mg qd (days 1–3 and 8–10 of a 21-day cycle) 
plus continuous olaparib 200 mg bid] was established as the 
RP2D and was used for patients treated in part B (relapsed 
extensive-stage SCLC).

The PK results indicated that there was generally no sta-
tistically significant difference between exposure to olaparib 
in the presence of adavosertib and to olaparib alone. Some 
patients had a greater-than-twofold increase in olaparib 
exposure in the presence of adavosertib. As the number of 
patients in each cohort was small, the interpatient variability 
in olaparib exposure when co-administered with adavosertib 
was moderate to high and the study was not sized to show 
lack of effect; therefore, a drug–drug interaction cannot be 
ruled out. Greater olaparib exposure in the presence of ada-
vosertib may underlie the fact the MTDs were determined 
using olaparib at a dose of 200 mg as opposed to its standard 
dose of 300 mg.

The safety profile of adavosertib plus olaparib was 
acceptable for this heavily pre-treated patient population 
(for which standard-of-care therapy does not exist or has 
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proven ineffective or intolerable), and the nature of the AEs 
observed was consistent with the known safety profiles of 
adavosertib and olaparib [8, 21, 27–37].

Preliminary antitumor activity was demonstrated with 
adavosertib in combination with olaparib in patients with 
BRCA-mutant and BRCA-wild-type solid tumor malignan-
cies, contributing to the growing body of evidence of anti-
tumor activity following treatment with adavosertib. In the 
EFFORT trial, adavosertib administered alone (300 mg on 
days 1–5 and 8–12 of a 21-day cycle) or in combination with 
olaparib (150 mg bid on days 1–3 and 8–10 and olaparib at 
200 mg bid on days 1–21 of a 21-day cycle) demonstrated 
efficacy in patients with PARP inhibitor-resistant ovarian 
cancer [37]. Results from a recent phase Ib trial in patients 
with DNA damage response aberrant advanced tumors indi-
cated that alternating adavosertib and olaparib treatment 
may be better tolerated than concurrent drug administra-
tion [38]. Phase I and II studies have also been performed 
with adavosertib in combination with gemcitabine, cispl-
atin, docetaxel, paclitaxel, pegylated liposomal doxorubicin, 
carboplatin, or durvalumab for the treatment of advanced 
pancreatic cancer, advanced solid tumors, refractory TP53-
mutated ovarian cancer, platinum-resistant ovarian cancer, 
and head and neck squamous-cell carcinoma [29–31, 33, 
39–41]. A dosing schedule for adavosertib in combination 
with irinotecan has also been determined for the treatment 
of refractory solid tumors in children [28]. Recent studies 
have provided evidence of clinical efficacy for adavosertib 
as monotherapy [12, 13, 42] and in combination with gem-
citabine [43] in high-grade serous ovarian and uterine can-
cer, for which there is currently no effective therapy. Results 
from two phase II studies assessing the efficacy and safety 
of adavosertib as treatment for recurrent uterine serous 
carcinoma have also been reported [12, 13]. Data from the 
most recent of these, the ADAGIO trial, indicated a nar-
row therapeutic window for adavosertib. While the clinical 
development of adavosertib is not currently proceeding, the 
scientific rationale for exploring Wee1 inhibition as a poten-
tial treatment target remains valid, and other Wee1is remain 
in clinical development.

Although a number of patients in this trial responded to 
combination therapy and achieved a robust DOR, there was 
no clear correlation with their genomic profiles. BRCA1/2 
status was not found to be involved in treatment response 
across all cohorts, and further genomic biomarkers as 
well as expression levels of potentially predictive protein 
biomarkers also failed to find any significant association. 
However, the lack of clear correlation detected is not unex-
pected when taking into consideration the range of dosing 
schedules, heterogeneous cohorts, and the small number 
of clinical responses. Nevertheless, evidence from the 
IGNITE trial, where Cyclin E1 over-expression in high-
grade serous ovarian cancer was used to pre-select patients 

for adavosertib monotherapy, and where there was a 53% 
ORR observed, suggests that targeting Wee1 is still a valid 
approach in selected patients. In addition, the preclinical 
data suggesting that replication stress is enriched in BRCA-
mutant PARP inhibitor-resistant cancers [22] are consistent 
with the adavosertib monotherapy and olaparib combination 
efficacy seen in the EFFORT trial [37]. All patients partici-
pating in the EFFORT trial had progressed previously on a 
PARP inhibitor, and just under half of the ovarian cancer 
patients had germline or somatic BRCA mutations [37]. 
Both adavosertib monotherapy and olaparib combination 
arms demonstrated clinical benefit with a clinical benefit 
rate of 63% and ORR of 23% for monotherapy, and clini-
cal benefit rate of 89% and ORR of 29% for the olaparib 
and adavosertib combination [37]. These data suggest that 
a post-PARP inhibitor or PARP inhibitor-resistant setting 
is another patient population where adavosertib could be 
beneficial.

5  Conclusions

Preliminary data from this trial indicate only limited antitu-
mor activity of adavosertib in combination with olaparib in 
patients with solid tumors where there was no preselection 
for replication-stress-associated biomarkers or a population 
enriched for replication stress, such as those who had pro-
gressed on PARP inhibitors. An overall DCR of 56.5% and 
a median DOR of 5.8 months (DOR up to 18.2 months) 
was seen across a variety of tumors in both BRCA-mutated 
and BRCA wild-type patients who were heavily pre-treated. 
These data indicate the need for appropriate selection of 
patients for Wee1i in combination with a PARP inhibitor. 
The safety profile observed in the study was consistent with 
the known safety profiles of adavosertib and olaparib. The 
toxicity was manageable with effective toxicity management, 
including dose delays, dose reductions, dose interruptions, 
and/or the use of supportive care approach in the patients 
with poor tolerance.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11523- 024- 01102-8.
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