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Abstract

Background The oral PARP inhibitor olaparib has shown
efficacy in patients with BRCA-mutated cancer. This Phase
I, open-label, three-part study (Parts A—C) in patients with
advanced solid tumours evaluated the effect of food on the
pharmacokinetics (PK) of olaparib when administered in
tablet formulation.

Methods PK data were obtained in Part A using a two-
treatment period crossover design; single-dose olaparib
300 mg (two 150 mg tablets) was administered in two
prandial states: fasted and fed. In Part B, patients received
olaparib tablets (300 mg bid) for 5 days under fasting con-
ditions; in Part C, patients were allowed continued access
to olaparib. Safety was assessed throughout, with data
reported for Parts A and B.

Results A total of 60 and 56 patients were evaluable for
safety and PK analyses, respectively; 57 patients entered
Part B. Rate of olaparib absorption was slower in the
presence of food (t,,, delayed by 2.5 h), resulting in a
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statistically significant ~21 % decrease in peak plasma
exposure (Cp,,) [ratio of geometric means (90 % CI),
0.79 (0.72, 0.86)] but only a marginal increase in olaparib
absorption (AUC,_,,) [ratio of geometric means (90 % CI),
1.08 (1.01, 1.16)]. The point estimate and 90 % CI for the
AUC,_,, treatment ratio were within pre-defined bioequiva-
lence limits (0.80-1.25). Adverse event data were consist-
ent with the known safety profile of olaparib.

Conclusions Results of this study showed that a high-fat
meal decreases the rate of absorption and peak exposure
to olaparib 300 mg tablets, although in the absence of an
effect on the extent of olaparib absorption.

Keywords Olaparib - Food effect - Tablet - PARP
inhibition - PK

Introduction

The oral poly(ADP-ribose) polymerase (PARP) inhibi-
tor, olaparib (Lynparza™), blocks base excision repair by
binding PARP at sites of DNA damage, leading to synthetic

Maastricht University Medical Center, Maastricht,
The Netherlands

Rigshospitalet, Copenhagen, Denmark

Herlev Hospital, Herlev, Denmark

King’s College London at Guy’s Hospital, London, UK
12 AstraZeneca, Macclesfield, UK

'3 PHASTAR, London, UK

Drug Development Unit, The Royal Marsden/Institute
of Cancer Research, Sutton, UK

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00280-015-2836-2&domain=pdf

724

Cancer Chemother Pharmacol (2015) 76:723-729

lethality, most notably in tumour cells with deficiencies in
homologous recombination repair, such as BRCA1/2 muta-
tions [1, 2]. Olaparib is the most studied PARP inhibitor
[3], with results from several Phase II studies showing that
olaparib (capsule formulation) monotherapy demonstrated
antitumour activity in patients with breast and ovarian can-
cer who harboured germline BRCAI/2 (gBRCA1/2) muta-
tions [4-8]. In patients with platinum-sensitive recurrent
serous ovarian cancer (PSR SOC), maintenance monother-
apy with olaparib (capsule formulation) significantly pro-
longed progression-free survival (PFS) versus placebo [9].
Subsequent analysis of this patient population has shown
that patients with a BRCA mutation (BRCAm) receive
greater treatment benefit [10].

Olaparib can be administered as either a capsule or a
tablet formulation. The capsule formulation of olaparib has
been shown to be well tolerated at doses <400 mg twice
daily (bid) [4-6, 9, 11]. In December 2014, the European
Commission (EC) granted marketing authorization for
olaparib capsules (400 mg bid) as the first therapy for the
maintenance treatment of adult patients with platinum-sensi-
tive relapsed BRCA-mutated (germline and/or somatic) high-
grade serous epithelial ovarian, fallopian tube, or primary
peritoneal cancer who are in complete response or partial
response to platinum-based chemotherapy. In addition, the
US Food and Drug Administration (FDA) approved olaparib
capsules (400 mg bid) as the first monotherapy for patients
with deleterious or suspected deleterious germline BRCA-
mutated (gBRCAm) advanced ovarian cancer, as detected by
a FDA-approved companion diagnostic test (BRACAnaly-
sis CDx™), who have been treated with three or more prior
lines of chemotherapy. In order to receive a 400 mg bid dose
of the olaparib capsule formulation, patients are required to
take 8 x 50 mg large capsules (size 0) twice a day. A tablet
formulation has, therefore, been developed to facilitate deliv-
ery of olaparib doses in fewer, smaller units. However, the
capsule and tablet formulations are not bioequivalent [12].
Results of a Phase I trial identified 300 mg (bid) olaparib as
the recommended tablet dose for Phase III studies in BRCA-
mutated ovarian cancer, including the maintenance therapy
setting [13, 14]. For any oral therapy, it is important to evalu-
ate the effect of food on the pharmacokinetics (PK) of the
drug. This Phase I study evaluated the effect of food on the
PK of olaparib following oral dosing of the 300 mg tablet
formulation in patients with advanced solid tumours.

Methods
Study design

This was a Phase I, open-label, randomized, two-
period, crossover study conducted in adult patients with
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refractory/resistant advanced solid tumours (Clinical-
Trials.gov NCT01921140). The study consisted of three
parts (Parts A—C). Part A assessed the effect of food on
the PK of olaparib and the effect of olaparib on cardiac
repolarization (assessed by change in QT interval) follow-
ing a single oral dose of olaparib tablets (300 mg); Part
B determined the effect of olaparib on cardiac repolari-
zation following multiple oral dosing of olaparib tablets
(300 mg bid) under fasting conditions, and Part C (ongo-
ing) allowed patients continued access to olaparib tab-
lets (300 mg bid) to provide additional long-term safety
data. We report here on the results of the effect of food on
olaparib PK in Part A, and safety assessments in Parts A
and B. QT analyses from Parts A and B will be reported
separately (manuscript in preparation), and Part C multi-
ple-dose safety data will be reported once completed. The
institutional review boards or independent ethics commit-
tees of all investigational sites approved the protocol. The
study was performed in accordance with the Declaration
of Helsinki, Good Clinical Practice, and the AstraZeneca
policy on Bioethics [15].

Part A was a randomized, open-label, two-treatment
period crossover design. Each patient received a single
oral dose of olaparib 300 mg (two 150 mg tablets) in each
of two prandial states: once in the overnight fasted state
and once immediately following a high-fat meal at break-
fast time. Doses were separated with a 5—-<14 day wash-
out. For the fasted treatment state, patients were fasted
from >10 h before olaparib dosing and until 4 h post-dose.
Water was allowed except for 1 h before and after olaparib
administration. For the fed treatment state, patients were
fasted from >10 h before receiving a high-fat meal which
was to be eaten, in full, within 30 min (patients were still
considered evaluable if they had consumed at least 75 %
of the meal within 45 min). Olaparib was administered
30 min after the start of the meal (or a maximum of 45 min
if the meal was not completed), after which patients were
fasted until 4 h post-dose. Water was allowed except for
1 h before and after olaparib administration. In accord-
ance with the US Food and Drug Administration (FDA)
guidance (Food and Drug Administration 2002) [16], the
high-fat meal had a total calorie content of approximately
800-1000 kcal, with approximately 50 % of the calorie
content derived from fat. The meal derived approximately
150, 250, and 500-600 kcal from protein, carbohydrate,
and fat, respectively.

Part B was an open-label design in which patients
received olaparib tablets 300 mg bid for 5 days. Patients
underwent a 5- to 14-day washout period between the last
dose of olaparib in Part A and day-1 of Part B. Patients
received olaparib under fasted conditions (from 1 h prior to
2 h after dosing) except on the day 5 morning dose, where
they remained fasting for 4 h post-dose.
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Patient selection

Eligible patients were aged >18 years and had a confirmed
(histologically or, where appropriate, cytologically) malig-
nant solid tumour refractory or resistant to standard therapy
and for which no suitable standard therapy exists. Healthy
volunteers could not be used for this study as preclinical
toxicology data (unpublished) preclude the use of olaparib
in this population.

Patients needed to be able to eat a high-fat meal within
a 30-min period and have had no changes to their concomi-
tant medication in the 2 weeks prior to the start of olaparib
treatment. Patients also needed to have a life expectancy
of >16 weeks, an Eastern Cooperative Oncology Group
(ECOG) performance status <2, and have adequate organ
and bone marrow function measured within 28 days prior
to administration of olaparib. Patients were excluded if they
were unable to swallow orally administered medication,
if they had disorders likely to interfere with absorption of
olaparib, and if they had a previous gastrointestinal resec-
tion. Concomitant medication with inhibitors or inducers of
CYP3A4 was not permitted.

Study objectives

The primary objective was to evaluate the effect of food on
the PK of olaparib following oral dosing of the tablet for-
mulation in patients with advanced solid tumours. Second-
ary objectives included assessment of the safety and toler-
ability of olaparib tablets.

Food effect pharmacokinetic assessment

In Part A, blood samples were taken for olaparib analysis
pre-dose and at 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 24, 48,
and 72 h post-dose. Blood samples were centrifuged at
4 °C for 10 min and at 1500 g within 30 min of collec-
tion, to provide plasma samples for olaparib analysis.
These were stored at <—20 °C and transported to Covance
(Harrogate, UK), where concentrations of olaparib were
determined by solid-phase extraction and analysis using
reversed-phase high-performance liquid chromatography
(HPLC) with turbo ion spray tandem mass spectrometric
(MS)/MS detection (positive ion mode) [17].

PK parameters were determined using standard, non-
compartmental analyses. The PK parameters determined for
olaparib in each treatment period were maximum plasma
concentration (C,,,,), area under the plasma concentration
time curve from zero (pre-dose) to infinity (AUC,_,.), AUC
from zero to time of last quantifiable sample (AUC,_),
time to maximum plasma concentration (,,), terminal
half-life (z,,), terminal rate constant (1,), apparent clear-
ance (CL/F), and apparent volume of distribution (V,/F).

PK computations were performed using Phoenix™ for
WinNonlin version 6.3.

Safety assessment

Patients were monitored for adverse events (AEs) through-
out the study periods—data are presented here for the
safety assessment in Parts A and B of the trial. AEs were
graded according to the National Cancer Institute Common
Terminology Criteria (NCI-CTC) version 4. All serious
AEs (SAEs) and AEs related to treatment were followed
to resolution. Clinical laboratory, vital signs, and physi-
cal examination parameters were also evaluated. All safety
analyses were descriptive and presented for the safety
analysis set, defined as all patients who received at least
one dose of olaparib.

Statistical analyses

The study sample size was based on providing an esti-
mate of the difference between olaparib PK parameters
in the fed and fasted states. Power calculations showed
that if this difference was minimal, 42 evaluable patients
(21 per sequence) would provide 90 % power to show
whether the 90 % confidence intervals (Cls) for the
food effect (ratio of geometric least-squares means
of AUC_, or C,, in the fed state to the fasted state)
would be entirely within the bioequivalence boundaries
of 0.8-1.25, i.e. would rule out a 20 % change in the log-
transformed AUC,_,, or C,,,.. Recruitment of approxi-
mately 48 patients was therefore planned to ensure 42
evaluable patients completed the study. The PK analysis
set included all patients who received at least one dose
of olaparib and had evaluable PK profiles in either the
fed or fasted state. The safety analysis set includes all
patients who entered the study and received at least one
dose of olaparib.

Following log-transformation, the PK parameters
AUC, ., and C_,, were analysed separately using a
mixed-effect analysis of variance model allowing for treat-
ment (food condition: fasted or high-fat meal), sequence
and treatment period; patient within sequence was treated
as a random effect in the model. Point estimates and
adjusted 90 % ClIs for the difference in treatment (fasted
or high-fat meal) were constructed and then exponentially
back-transformed to provide point and CI estimates for
the ratio of interest (i.e. C,, or AUC,__, of olaparib fol-
lowing the high-fat meal to C,,, or AUC,_,, of olaparib
in the fasted state). No effect of food on the PK of olapa-
rib was concluded if the two-sided 90 % CIs for the ratios
of AUC,_, and C,,, were within the range of 0.80-1.25.
A Hodges—Lehmann median estimator of difference and
90 % CI were calculated for 7,
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All summaries and statistical analyses were performed
using SAS® version 8.1.

Results

A total of 80 patients were enrolled (provided informed
consent) at 11 sites in four countries: Belgium (three sites),
Denmark (two sites), the Netherlands (three sites), and the
UK (three sites). Of these, 60 patients were randomized
(18 patients did not fulfil eligibility criteria; one patient

Table 1 Patient characteristics and baseline demographics (safety
population)

Part A
N =60

Median age, years (range) 60.0 (36-85)
Gender, n (%)

Male 14 (23.3)

Female 46 (76.7)
Race, n (%)

White 59 (98.3)

Other 1(1.7)
Weight, mean (kg) (SD) 75.8 (13.5)
ECOG performance status, n (%)

0 26 (43.3)

1 32 (53.3)

2 0

Missing 2(3.3)
Primary tumour location, n (%)

Ovary 21 (35.0)

Breast 10 (16.7)

Lung 5(8.3)

Colorectal 6 (10.0)

Peritoneum 2(3.3)

Prostate 2(3.3)

Other® 14 (23.3)
Overall disease classification, n (%)

Metastatic® 52 (86.7)

Locally advanced® 711.7)

Missing 1(1.7)

ECOG Eastern Cooperative Oncology Group, SD standard deviation

# Tumour locations reported as other (in one patient each) were adrenal,
bladder, head and neck, liver, pleura, skin/soft tissue, pancreas, thyroid,
testicle, uveal, primary peritoneal, endometrium, cholangiocarcinoma
and unknown, but probably gallbladder—pancreas

® Metastatic disease—patient has any metastatic site of disease or
both locally advanced and metastatic sites of disease

¢ Locally advanced—patient only has locally advanced disease.
ECOG performance status and overall disease classification were
based on assessments at baseline. Primary tumour locations are based
on assessments at diagnosis
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withdrew due to an AE, and one patient decided not to con-
tinue with the study) and completed Part A of the study;
60 and 56 patients were included in the safety (Parts A and
B) and PK populations, respectively. Four patients were
excluded from the PK population: n = 3, due to previous
gastric surgery; n = 1, due to incomplete PK sampling dur-
ing the fasted period and not fulfilling the meal consump-
tion criteria as defined in the protocol.

Of the 56 patients in the PK population, a total of 55 and
54 patient profiles were evaluable for the PK analysis from
the fasted and fed arms, respectively (PK parameters could
not be determined for a small number of patients as a result
of incomplete sampling). All patients randomized to treat-
ment completed Part A, with 57 patients entering Part B (of
the three patients who did not enter Part B; one died as a
result of progressive disease (PD); one developed rapid PD;
and one became ineligible to continue into Part B). One
patient discontinued Part B because of PD.

The demographics and patient characteristics of the
randomized patients are shown in Table 1. The majority of
patients (96.7 %) had an Eastern Cooperative Oncology
group (ECOG) performance status <1. The most common
cancers were ovary, breast, lung, and colorectal (Table 1).

Effect of food on olaparib pharmacokinetics

The derived PK parameters for olaparib following dosing
of the tablet formulation in the fasted and fed states during

Table 2 Pharmacokinetic parameters of single-dose olaparib 300 mg
in plasma when administered in the fasted or fed state

PK parameter Fasted (N = 56) Fed (N = 56)
n 55 54

Cinax (Ug/mL) 7.00 (35.0) 5.48 (40.5)

n 55 54

tmax (1) 1.50 (0.50-5.85) 4.00 (1.00-12.0)
n 54 51

AUC,_,, (ug h/mL) 43.0 (55.2) 45.4 (57.1)

n 52 51

AUC,, (ug h/mL) 43.6 (54.3) 46.0 (56.6)

n 54 51

t, (h) 12.2 (5.31) 11.1 (4.09)

n 54 51

CL/F (L/h) 7.95 (4.23) 7.55 (3.99)

n 54 51

V,/E (L) 146 (142) 127 (107)

AUC,_,, = area under plasma concentration—time curve from zero to
infinity, AUC,, , = area under plasma concentration—time curve from
zero to the last measurable time point, CL/F = apparent clearance
following oral administration, C,,, = maximum plasma concentra-
tion; t,,, = time to maximal plasma concentration, #,, = terminal
half-life, Vz/F = apparent volume of distribution. Data are expressed
as geometric mean (GCV %) for C,,,, AUC,_.,, and AUC, ,, arith-

metic mean (SD) for CL/F, VZ/F, and t,,, and median (range) for 7,
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Part A are shown in Table 2, and the olaparib plasma con-
centration versus time profiles are shown in Fig. 1. The
rate of olaparib absorption was slower in the presence of
food (1, delayed by 2.5 h, 90 % CI 2.07-2.96) (Fig. 1,
Table 2). Point estimates for the treatment ratio for C,,,
showed that there was a statistically significant ~21 %
decrease in olaparib peak plasma exposure (C,,,,) follow-
ing a high-fat meal (treatment ratio: 0.79; 90 % CI, 0.72,
0.86), an effect likely because of the observed reduction in
the rate of olaparib absorption (Table 3).

Point estimates for the treatment ratio for AUC,__, indi-
cated a small (8 %) increase in the extent of olaparib expo-
sure when administered with food, which was of borderline
statistical significance (treatment ratio: 1.08; 90 % CI 1.01,
1.16). However, both the point estimates and 90 % ClIs for the
treatment ratios for AUC,, ., were within the pre-defined bio-
equivalence range of 0.80—1.25 (Table 3), indicating that the
presence of food did not alter the extent of olaparib absorp-
tion. No effect of food was observed on the terminal elimina-
tion half-life, clearance, or volume of distribution (Table 2).

There was no obvious impact of food on inter-patient
variability in olaparib PK, with percentage geometric coef-
ficients of variation (%GCV) for geometric mean AUC,_,
and C,, values being within the range of 55-57 % and

35-41 %, respectively, independent of the prandial state.
Safety

A total of 52 (86.7 %) and 41 (68.3 %) patients reported at
least one AE of any grade in Parts A and B, respectively;
AEs of gastrointestinal origin (nausea, vomiting, diarrhoea,
abdominal pain, and dyspepsia) of grade <2 were the most
common (Table 4).

There were no obvious differences observed between the
AEs reported under fed/fasted conditions; however, nausea

and vomiting were reported more frequently during the
fasted period (18.3 vs. 8.3 % for nausea and 16.7 vs. 5.0 %
for vomiting).

AEs of grade 3 were reported in six patients in Part
A (three patients in each treatment condition; each of
the following events was reported in one patient: ascites,
constipation, nausea, vomiting, fatigue, and malignant
pleural effusion) and one patient in Part B (nausea and
decreased appetite). One serious AE (malignant pleural
effusion, grade 3) was reported in Part A, which was not
considered by the investigator to be related to olaparib.
No serious AEs were reported in Part B, and there were
no AEs that led to olaparib discontinuation in either part
of the study.

Two deaths related to the disease under investigation/
disease progression occurred during the study (one during
Part A with a primary cause of death of haemoptysis and
one during Part B with a primary cause of death of PD);
neither death was related to study treatment nor reported
as an AE. No safety issues were identified based on ECG
findings, vital signs, physical examinations, and laboratory
parameters.

Table 3 Relative bioavailability of olaparib 300 mg in fed and fasted
states

Comparison of fed versus fasted state

PK parameter Geometric LS mean ratio 90 % CI

Cax 0.79 0.72,0.86
AUC,_,, 1.08 1.01, 1.16
AUC,, 1.08 1.01, 1.16

AUC,,_,, = area under plasma concentration—time curve from zero to
infinity, AUC,_, = area under plasma concentration—time curve from
zero to the last measurable time point, C,,, = maximum plasma con-
centration, LS = least square
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Table 4 Adverse events
reported in Part A or Part B

Part A—single-dose olaparib 300 mg

Part B—olaparib 300 mg bid

(>5 % of total patients in Part n (%) Fasted (n = 60) Fed (n =60) Total (n =60) (n=060)
A
: Patients with any AE 40 (66.7) 38 (63.3) 52 (86.7) 41 (68.3)

Nausea 11 (18.3) 5(8.3) 15 (25.0) 18 (30.0)
Vomiting 10 (16.7) 3(5.0) 13 (21.7) 5(8.3)
Diarrhoea 2(3.3) 5(8.3) 7(11.7) 4(6.7)
Fatigue 1(1.7) 6 (10.0) 7(11.7) 5(8.3)
Headache 5(8.3) 2(3.3) 7(11.7) 2(3.3)
Abdominal pain 4(6.7) 2(3.3) 6 (10.0) 1(1.7)
Decreased appetite 3(5.0) 1(1.7) 4(6.7) 1(1.7)
Dyspnoea 4(6.7) 0 4(6.7) 1(1.7)

Discussion Safety data from Parts A and B were consistent with the

It is important to understand the effects of concomitant
food intake on the PK and safety profile of oral medica-
tions. This open-label, Phase I trial was conducted to allow
appropriate patient recommendations to be made regarding
administration of olaparib tablets with food.

Findings from the PK analysis demonstrated that food
decreases peak exposures to olaparib (C,,,) and slows
the rate of absorption (f,,,), but does not alter the extent
of olaparib absorption (AUC,,_.). Both the point estimates
and 90 % ClIs for the treatment ratios for AUC lie entirely
within the pre-defined bioequivalence range of 0.80-1.25,
and it can, therefore, be concluded that there was no effect
of food on olaparib AUC. However, given the observed sta-
tistically significant decrease in C,,,, despite no effect on
AUC,_, an effect of food on the PK of olaparib tablets
cannot be ruled out. Preclinical data obtained from stud-
ies in mice suggest that efficacy of olaparib was associ-
ated with plasma concentrations being maintained above
the IC,, for PARP inhibition for the majority of the dosing
interval (unpublished data). It would therefore appear that
following treatment with olaparib, maintaining the inhibi-
tion of PARP is of most importance in driving efficacy, and
on that basis we do not believe that the observed difference
in C,,,, in the current study will be clinically relevant. The
decrease in C,,, in the presence of food is small, and with
no alteration on the extent of olaparib absorption, the effect
of food on the efficacy of olaparib following dosing of the
tablet formulation is considered to be minimal. Phase III
trials of olaparib 300 mg tablets in patients with BRCA-
mutated ovarian cancer (clinicaltrial.gov NCTO01844986
and NCT01874353) allow patients to take olaparib tablets
with a light snack (a piece of buttered toast or two plain
biscuits).
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known safety profile of olaparib [4-6, 9, 11], with the major-
ity of AEs reported being of mild or moderate severity. For all
treatment conditions, and for single and multiple dosing, the
most frequently reported AEs were of gastrointestinal origin.

In conclusion, the results of this study showed that a
high-fat meal decreases the rate of absorption and peak
exposure to olaparib 300 mg tablets although in the absence
of an effect on the extent of olaparib absorption.
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