
Vol.:(0123456789)

Clinical Pharmacokinetics (2019) 58:615–625 
https://doi.org/10.1007/s40262-018-0714-x

ORIGINAL RESEARCH ARTICLE

Bridging Olaparib Capsule and Tablet Formulations Using Population 
Pharmacokinetic Meta‑analysis in Oncology Patients

Diansong Zhou1 · Jianguo Li1 · Khanh Bui1 · Maria Learoyd2 · Alienor Berges2 · Tsveta Milenkova3 · Nidal Al‑Huniti1 · 
Helen Tomkinson2 · Hongmei Xu1

Published online: 24 October 2018 
© Springer Nature Switzerland AG 2018

Abstract
Background Olaparib is a first-in-class potent oral poly(ADP-ribose) polymerase inhibitor.
Objectives The aims of this analysis were to establish an integrated population pharmacokinetic (PK) model of olaparib in 
patients with solid tumors and to bridge the PK of olaparib between capsule and tablet formulations.
Methods The population PK model was developed using plasma concentration data from 659 patients in 11 phase I, II, and 
III studies of olaparib tablets/capsules monotherapy. Relative bioavailability between the tablet and capsule formulations 
was estimated and the relative exposure between olaparib tablet and capsule therapeutic doses was further assessed.
Results The concentration–time profile was described using a two-compartment model with sequential zero- and first-order 
absorption and first-order elimination for both capsules and tablets with different absorption parameters. Multiple-dose 
clearance compared with single-dose clearance was reduced by approximately 15% (auto-inhibition). Disease severity had 
an impact on olaparib clearance, and tablet strength had an impact on Ka. The olaparib geometric mean area under the curve 
(AUC) and maximal concentration (Cmax) following a single 300 mg tablet were 42.1 μg h/mL and 5.8 μg/mL, respectively, 
and the steady-state geometric mean AUC and Cmax following a 300 mg tablet twice daily were 49.0 μg h/mL and 7.7 μg/
mL, respectively. The relative exposure (AUC) of the 300 mg tablet formulation is 13% higher than the 400 mg capsule 
formulation.
Conclusion This analysis bridged the olaparib capsule and tablet formulation PK and provided key assessment to support 
the approval of the olaparib tablet formulation in patients with ovarian cancer, regardless of their BRCA  mutation status.
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Key Points 

The olaparib capsule formulation was approved based 
on significant efficacy in a platinum-sensitive relapsed 
ovarian cancer population regardless of BRCA  mutation 
status.

The SOLO2 study also demonstrated significant effi-
cacy of olaparib using the tablet formulation, but the 
study was conducted in gBRCA -mutated ovarian cancer 
patients.

This analysis bridged the olaparib capsule (400 mg 
twice daily) and tablet formulation (300 mg twice daily) 
pharmacokinetics (PK) and provided key assessment to 
support the approval of the olaparib tablet formulation 
in patients with ovarian cancer, regardless of their BRCA  
mutation status.

The oral bioavailability of the tablet formulation is 
higher than the capsule formulation. The population PK 
analysis results were included in olaparib labeling (US 
package insert).

1 Introduction

Olaparib (Lynparza™) is a first-in-class potent oral 
poly(ADP-ribose) polymerase (PARP) inhibitor [1]. PARP 
inhibition leads to the accumulation of DNA single-strand 
breaks, which can lead to the development of more deleteri-
ous double-strand breaks. In tumors with deficiencies in the 
homologous recombination repair pathway (such as muta-
tions in BRCA 1 and BRCA 2), double-strand breaks lead to 
an increase in genomic instability and result in tumor cell 
death [1].

Olaparib was first developed in a capsule formulation 
and was first approved as monotherapy in the USA and EU 
for the treatment of adult patients with deleterious or sus-
pected deleterious germline BRCA-mutated advanced ovar-
ian cancer previously treated with three or more lines of 
chemotherapy, or who are in response (complete or partial) 
to platinum-based chemotherapy, respectively [2, 3].

The approved capsule formulation of olaparib requires 
patients to receive eight 50 mg capsules twice daily for the 
approved daily dose (2 × 400 mg). The capsule formulation 
increases olaparib solubility by combining 10% crystalline 
olaparib in lauroyl macrogolglycerides. To improve patient 
convenience, a melt-extrusion tablet formulation was devel-
oped for phase III clinical trials to deliver the therapeutic 
dose in fewer dose units: 300 mg twice daily (2 × 150 mg 
tablets) equivalent to a total daily dose of 600 mg. The 

tablet formulation stabilizes the amorphous form of olapa-
rib, which has higher solubility than the crystalline form 
used in the capsule formulation, in a melt-extruded solid 
dispersion that dissolves via an erosion mechanism. Given 
the different drug delivery technologies in the capsule and 
tablet, the formulations are not considered to be bioequiva-
lent. An adaptive open-label phase I study showed that a tab-
let formulation of 300 mg twice daily matched or exceeded 
the steady-state exposure of 400 mg twice daily capsules 
and provided similar tolerability and efficacy in terms of 
tumor shrinkage in patients with germline BRCA -mutated 
ovarian cancer [4]. The olaparib tablet formulation has been 
approved in multiple countries for ovarian and breast cancer 
and is being investigated in other cancer types (e.g. prostate, 
pancreatic cancer) [2, 4, 5].

A mass balance study in humans indicated olaparib was 
the major component present in plasma, and drug-related 
materials were eliminated via the renal (approximately 
44% of the dose) and fecal (approximately 42% of the dose) 
routes [6]. In vitro and in vivo studies showed that olaparib 
metabolism is mediated mainly by cytochrome P450 (CYP) 
3A4/5 [7, 8]. Olaparib is not recommended to be adminis-
tered with moderate or potent CYP3A4 inhibitors or induc-
ers; [7] however, if a moderate or potent CYP3A inhibi-
tor must be administered, then the olaparib dose should be 
reduced [4]. In vitro studies also indicated that olaparib was 
an inducer of CYP3A4 and a time-dependent inhibitor of 
CYP3A4/5; however, the net effect of olaparib on CYP3A 
in vivo is weak time-dependent inhibition [8].

Following administration of a 300 mg (2 × 150 mg tab-
lets) single dose of olaparib tablets, peak plasma concentra-
tions were reached after approximately 1.5 h, after which 
olaparib concentrations decreased in a biphasic fashion, with 
a terminal half-life (t½) of approximately 15 h [7, 9]. Food 
slows the rate of olaparib absorption but has no effect on the 
extent of absorption; therefore, this effect is not considered 
clinically significant and patients are allowed to take olapa-
rib tablets with or without food.

Expanding on these prior assessments, the objective of 
the current analyses was to develop a population pharma-
cokinetic (PK) model for olaparib to derive PK parameters 
describing concentration–time data following administration 
of either capsules or tablets in patients with advanced solid 
tumors (i.e. breast or ovarian cancer). These analyses also 
sought to describe potential differences in the absorption 
kinetics profile of the two formulations, estimate relative 
bioavailability, determine the influence of covariates on the 
PK of olaparib, and generate individual post hoc exposure 
estimates for subsequent exposure–response analysis.
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2  Methods

2.1  Study Design and Population

This analysis utilized pooled plasma concentration data 
obtained from 11 phase I, II, and III clinical studies with 
olaparib monotherapy in patients with cancer, including five 
studies using capsule formulations only, five studies using 
tablet formulations only, and one study using both capsule 
and tablet formulations. Some studies were not included in 
the analysis due to availability at the time of analysis, e.g. 
hepatic and renal impairment studies. Within the included 
studies, the period of fed state in the food effect part of study 
04, as well as patients with gastric surgery, vomiting, erro-
neous PK sampling date, and unknown dosing history, were 
excluded. The effects of strong CYP3A inhibitors or induc-
ers on the PK of olaparib had been well-characterized in a 
formal drug–drug interaction study [7]. In patients, coad-
ministration with itraconazole (a strong CYP3A inhibitor) 
increased olaparib area under the plasma concentration–time 

curve (AUC) by 170% (n = 57) and coadministration with 
rifampicin (a strong CYP3A inducer) decreased olaparib 
AUC by 87%. Therefore, data from patients who received 
coadministration of CYP3A inducers or inhibitors were 
excluded from the analysis. Patients received once- or twice-
daily oral doses of 10–600 mg olaparib capsule formulation 
or 100–450 mg once- or twice-daily oral tablet formulations. 
A summarized description of all the studies included in this 
analysis can be found in Table 1.

Blood samples after single and/or multiple doses for 
determination of olaparib concentrations were taken from 
all patients in phase I/II studies and selected patients in the 
phase III study. The determination of olaparib drug concen-
trations was performed by liquid chromatography mass spec-
trometry using a deuterated internal standard as previously 
reported [10]. The lower limits of quantification for olaparib 
were 0.5 and 20 ng/mL in the high- and low-sensitive meth-
ods, respectively. Either the high- or low-sensitive method 
was used depending on the expected plasma concentration 
of olaparib.

Table 1  Overview of the studies included in this population pharmacokinetic analysis

qd once daily, bid twice daily, PSR platinum-sensitive relapsed

Formulation Study number Study phase and patient population Dose regimen Number of 
patients

Capsule D0810C00001 NCT00572364 (Study 
11), Yamamoto et al. (2012) [21]

Phase I: Japanese patients with solid 
tumors

100, 200, 400 mg qd or bid 12

Capsule D0810C00002 NCT00516373 (Study 
92), Fong et al. (2009) [22]

Phase I: Patients with advanced 
tumors

10, 20, 40, and 80 mg qd, or 60, 100, 
200, 400, and 600 mg bid

89

Capsule D0810C00008 NCT00494234 (Study 
44), Tutt et al. (2010) [23]

Phase II: Patients with advanced 
BRCA1- or BRCA2-associated 
breast cancer

100, 400 mg bid 41

Capsule D0810C00009 NCT00494442 (Study 
58), Audeh et al. (2010) [24]

Phase II: Patients with advanced 
BRCA1- or BRCA2-associated 
ovarian cancer

100, 400 mg bid 48

Capsule D0810C00012 NCT00628251 (Study 
12), Kaye et al. (2012) [25]

Phase II: Patients with advanced 
BRCA1- or BRCA2-associated 
ovarian cancer who have not 
responded to previous platinum-
based chemotherapy

200, 400 mg bid 61

Tablet D081BC00001 NCT01813474 
(Study 1), Yonemori et al. (2016) 
[26]

Phase I: Patients with advanced solid 
tumors

200, 300 mg qd or bid 11

Tablet D0816C00004 NCT01921140 (Study 
4), Plummer et al. (2015) [9]

Phase I: Patients with advanced solid 
tumors

300 mg qd or bid 60

Tablet D0816C00007 NCT01900028 (Study 
7), Dirix et al. (2016) [7]

Phase I: Patients with advanced solid 
tumors

100 mg qd, 300 mg bid 59

Tablet D0816C00008 NCT01929603 (Study 
8), Dirix et al. (2016) [7]

Phase I: Patients with advanced solid 
tumors

300 mg qd 22

Capsule/tablet D0810C00024 NCT00777582 (Study 
24), Mateo et al. (2016) [4]

Phase I: Patients with advanced solid 
tumors

200, 250, 300, 350, 400, 450 mg qd 
or bid

162

Tablet D0816C00002 NCT01874353 
(SOLO2), Pujade-Lauraine et al. 
(2017) [18]

Phase III: Patients with PSR BRCA 
-mutated ovarian cancer

300 mg bid 94
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The Institutional Review Boards or independent Ethics 
Committees of all investigational sites approved all clinical 
studies, and the studies were performed in accordance with 
the Declaration of Helsinki, Good Clinical Practice, and the 
AstraZeneca Policy on Bioethics.

2.2  Population Pharmacokinetic (PK) Analysis

2.2.1  Base Model Development

Three population PK analyses of olaparib have been previ-
ously conducted. The first was developed for the olaparib 
capsule formulation, the second for the tablet formulation 
in patients with advanced solid tumors [12] and the third for 
the tablet formulation using data from a phase III study that 
supported the proposed maintenance indication in patients 
with ovarian cancer [13]. As the current analysis combined 
data from all three previous analyses, the initial explora-
tory graphical analysis as well as results from previous 
analysis were used to guide the base model selection. A two-
compartment model with a sequential zero- and first-order 
absorption model was selected as the base structural model 
for olaparib. Given the difference in release mechanisms, 
different absorption parameters of capsule and tablet for-
mulations were estimated in the base model. As preclinical 
and in vivo studies indicated, olaparib is a time-dependent 
inhibitor of CYP3A4/5, [8] and because olaparib is also a 
substrate of the CYP3A4/5 enzyme, [7] auto-inhibition is 
possible after multiple doses. Therefore, a potential change 
in olaparib apparent clearance (CL/F) after multiple-dose 
administrations was estimated. As non-compartmental 
analyses indicated a less than dose proportional increase in 
olaparib exposure for a capsule dose ≥ 100 mg, an empirical 
linear model was used for the relative bioavailability (F1) 
for these formulations, and the < 100 mg capsule dose was 
included as reference (F1 = 1) in the base model using the 
following equation:

where THETA is a parameter estimate for the relationship 
between capsule doses ≥ 100 and < 100  mg, and TVF1 
is the typical value of relative bioavailability for capsule 
doses ≥ 100 mg. In addition, a separate F1 was applied for 
the tablet formulation. Between-subject variability (BSV) 
was examined for each of the typical PK parameters and 
included in the base model if supported by data.

2.2.2  Covariate Analysis

The potential covariate effect on olaparib PK was evaluated 
by a stepwise forward selection and backward elimination 
procedure using the stepwise covariate model (SCM) imple-
mented in the PsN toolkit [11]. The p-values for forward 

TVF1 = 1 − THETA × LOG10(DOSE),

selection and backward elimination were set at 0.01 and 
0.001, respectively, corresponding to a decrease in the NON-
MEM objective function value (OFV) of 6.68 and 10.83 
units, respectively. The effect of demographic factors (body 
weight, age, sex, and race), renal function (creatinine clear-
ance [CrCl]), hepatic function [National Cancer Institute 
criteria]), as well as line of treatment, Eastern Cooperative 
Oncology Group (ECOG) performance status, tumor type 
(ovarian cancer, breast cancer, and other types) were tested 
to explain intersubject variability in the CL/F and central 
volume of distribution of olaparib. In addition, the effect of 
age and tablet strength were also explored as fixed effects 
on absorption of olaparib (Ka). Continuous covariates were 
evaluated as a power model centered on a median value, 
while categorical covariates were incorporated into the base 
model as a linear proportional model, with a coding vari-
able equal to 1 when the covariate is present and 0 when it 
is absent.

2.2.3  Model Evaluation

Model evaluation was guided by several assessment meth-
ods, including visual inspection of diagnostic plots, success-
ful convergence, changes in the OFV, precision of parameter 
estimates, covariance estimation, and plausibility of param-
eter estimates. The predictive performance of the final model 
was assessed with a prediction-corrected visual predictive 
check (pcVPC) [14] using simulation of 1000 new data sets. 
The final model outcomes were also evaluated using a non-
parametric bootstrap approach using 1000 replicate boot-
strap data sets [11, 15].

2.2.4  Empirical Bayes Estimation

Individual empirical Bayes estimates of olaparib PK param-
eters from the final population PK model were used to sim-
ulate the olaparib concentration–time profile after single 
doses and at steady-state using the individual nominal dose 
at the beginning of study. The AUC and maximal concentra-
tion (Cmax) values after single doses and at steady-state were 
calculated for different dose levels and the relative exposure 
between the 300 mg tablet and 400 mg capsule were esti-
mated. The estimated individual exposure was also applied 
in the subsequent exposure–response analysis.

2.2.5  Modeling Methodology and Software

The software packages NONMEM version 7.3 (ICON 
Development Solutions, Hanover, MD, USA) and R version 
3.2.4 (The R Foundation for Statistical Computing, Vienna, 
Austria) were used for modeling and simulation. R was also 
used for data preparation, graphical analysis, model diag-
nostics, and statistical summaries. Perl-speaks-NONMEM 
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(PsN) [11] was used to implement all the NONMEM runs 
for the population PK modeling and diagnostic check. The 
first-order conditional estimation with interaction between 
the interindividual and residual random effects (FOCEI) 
method in NONMEM was employed for all model runs.

3  Results

3.1  Patient Population and Characteristics

Patients who had at least one measurable value (greater 
than the lower limit of quantification) for the plasma olapa-
rib concentration were included in the population PK anal-
ysis dataset. Any patients with a history of gastric surgery, 
or coadministered strong CYP3A4 inducers or inhibitors, 
were excluded from the analysis. The final pooled data set 
for the population PK analysis included 659 patients with 
a total of 10,092 olaparib plasma concentrations from 11 

studies. Of the 659 patients analyzed, the majority were 
female (588; 89%), White (589; 90%), and with normal 
hepatic function (571; 87%), normal renal function (317; 
48.1%), and ovarian cancer (427; 65%). The ECOG per-
formance status (score of 0 [normal activity], 1 [restricted 
activity], and 2 [in bed ≤ 50% of the time]) was used to 
define disease severity; no patient had an ECOG perfor-
mance status score > 2. The majority of patients were able 
to carry on normal activity (52.6%) or restricted activity 
(43.9%). The number of prior lines of chemotherapy treat-
ment was not available for study NCT00572364 (n = 12, 
1.8%), and 3 of 659 (0.4%) patients were missing ECOG 
performance status or race information. The missing line 
of treatment covariate was assigned as a line of treat-
ment > 5, while missing ECOG performance status and 
race were assigned as the most common within the cat-
egory. The summary of covariates for the pooled data set 
are shown in Table 2.

Table 2  Summary of patient 
demographic data, laboratory 
values, and disease status at 
baseline with mean (SD) and 
median (range) for continuous 
variables, and N (%) for 
categorical variables

CrCl creatinine clearance, ECOG Eastern Cooperative Oncology Group, N number, SD standard deviation

Mean (SD) Median (range) Missing (%) N (%)

Age, years 55.5 (10.8) 55 (19–85) 0
Weight, kg 71.6 (16.6) 69 (34–150) 0
CrCl, (mL/min) 93.5 (32.8) 89.3 (28.6–309.7) 0
Sex
 Female 588 (89.2)
 Male 71 (10.8)

Race 3 (0.4)
 White 589 (89.8)
 Asian 52 (7.9)
 Black or African American 9 (1.4)
 Other 6 (0.9)

Hepatic function
 Normal 571 (86.6)
 Mild 88 (13.4)

ECOG performance status 3 (0.4)
 0 = normal activity 345 (52.6)
 1 = restricted activity 288 (43.9)
 2 = in bed ≤ 50% of the time 23 (3.5)

Tumor group
 1 = breast 107 (16.2)
 2 = ovarian 427 (64.8)
 3 = other 125 (19.0)

Prior lines of chemotherapy 12 (1.8)
 0 8 (1.2)
 1 67 (10.4)
 2 185 (28.6)
 3 169 (26.1)
 4 101 (15.6)
 5 and above 117 (17.8)
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3.2  Population PK Model

The olaparib PK concentration–time profile was adequately 
described using a two-compartment model with sequential 
zero- and first-order absorption and first-order elimination 
for both capsule and tablet formulations. A proportional 
residual error model and BSV for the absorption rate con-
stant (Ka), duration of absorption (D1), CL/F, central and 
peripheral volume of distribution (V2/F and V3/F, respec-
tively), and intercompartmental clearance (Q/F) were esti-
mated. The final parameter estimates for olaparib are sum-
marized in Table 3. Although the same zero- and first-order 
absorption structure model was supported by plasma con-
centration data from either capsule or tablet formulations, 
the absorption between capsule and tablet formulations was 
distinguished by approximately a twice longer zero-order 

release rate constant for the capsule (0.90 h) compared with 
the tablet formulation (0.47 h). With the bioavailability (F1) 
of the capsule formulation doses < 100 mg being used as 
reference of 1, the estimated population mean relative F1 
for the capsule formulation 400 mg and tablet formulation 
(all doses) were 26.6% and 62.7%, respectively. Thus, the 
model–derived relative F1 of all the tablet doses relative 
to the capsule formulation dose of 400 mg and above was 
236% (62.7%/26.6%). The relative exposure between the 
300 mg tablet formulation and the 400 mg capsule formula-
tion was 177% after taking dose into account. The CL/F of 
olaparib after a single dose was 4.22 L/h, and clearance was 
reduced by approximately 15% after multiple doses due to 
auto-inhibition, regardless of formulation.

The effect of demographic factors, renal function, hepatic 
function, as well as line of treatment, ECOG performance 

Table 3  Parameter estimates for the final olaparib population PK model

Exposure estimation for the capsule only applies to patients in studies 12 and 24, with commercial formulation, while estimation for the 100 mg 
capsule was from patients administered by non-commercial formulations
θ typical parameter estimate, ω Omega × 100 = IIV in CV%, BSV between-subject variability, CL clearance, CV% coefficient of variation, D1 
duration of zero-order absorption, F1 bioavailability, Q intercompartmental clearance, RSE relative standard error from NONMEM output
a The RSE (%) for correlation parameters were based on the estimates of the covariance
b Relative to < 100 mg capsule formulation

Parameter Description Final model Bootstrap

Estimate RSEa (%) Median 2.50% 97.50%

θ3 Clearance for single dose, CL1 (L/h) 4.22 4.59 4.24 3.46 5.09
θ4 Scaling factor for steady-state CL2, with CL2 calculated as θ3 × exp (θ4) = 3.60 

(L/h)
− 0.158 3.52 − 0.161 − 0.217 − 0.106

θ5 Volume of distribution of central compartment for single dose, V2 (L) 2.57 7.85 2.58 2.07 3.12
θ6 Volume of distribution of peripheral compartment, V3 (L) 19.7 9.92 19.0 14.5 23.7
θ7 Intercompartmental clearance, Q (L/h) 1.11 6.67 1.10 0.815 1.44
θ8 Relative bioavailability F1 for capsule > 100 mgb as 1 − θ8 × LOG10 (DOSE) 0.282 2.33 0.281 0.257 0.305
θ9 Relative bioavailability F1 for tablet  formulationb 0.627 5.87 0.629 0.517 0.755
θ10 Absorption rate constant for capsule, Ka  (h−1) 0.247 2.86 0.244 0.210 0.297
θ11 Absorption rate constant for tablet, Ka  (h−1) 0.201 2.68 0.201 0.184 0.221
θ12 Duration of zero-order absorption for capsule, D1 (h) 0.901 7.63 0.905 0.774 1.05
θ13 Duration of zero-order absorption for tablet, D1 (h) 0.467 5.84 0.472 0.421 0.529
θ14 Disease severity (ECOG performance status score = 1) on CL − 0.240 15.3 − 0.237 − 0.303 − 0.166
θ15 Disease severity (ECOG performance status score = 2) on CL − 0.585 8.75 − 0.580 − 0.703 − 0.467
θ16 Tablet strength (100 mg) on Ka, Ka × (1 + θ16) 0.860 4.61 0.866 0.665 1.09
θ17 Tablet strength (200, 300, 125, 225 mg) on Ka, Ka × (1 + θ17) 0.326 16.7 0.325 0.235 0.425
Between subject variability
 ω1 BSV in CL (CV%) 58.3 5.40 58.0 54.4 62.3
 ω2 BSV in V2 (CV%) 66.9 12.0 66.9 57.0 75.4
 ω3 BSV in V3 (CV%) 120 8.80 123 99.9 142
 ω4 BSV in Q (CV%) 77.2 11.0 76.5 60.9 94.2
 ω5 BSV in D1 (CV%) 73.1 8.50 73.1 65.2 83.2
 ω6 BSV in Ka (CV%) 25.1 13.0 25.3 19.1 30.6

Residual variability
 θ1 Proportional error 0.354 0.562 0.354 0.343 0.366
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status, and tumor types were tested as covariates on the CL/F 
and V2/F of olaparib. ECOG performance status was identi-
fied as a significant covariate on overall clearance. Patients 
with an ECOG performance status score of 1 and 2 were 
estimated to exhibit decreased olaparib clearance by 24.0% 
and 58.5%, respectively, when compared with patients with 
an ECOG performance status score of 0. In addition, the 
tablet strength was found to be influential on the absorption 
rate; olaparib Ka increased by 86% with a 100 mg strength 
tablet compared with a 150 mg strength tablet. Other tab-
let strengths (200, 300, 125, and 225 mg) had less impact 
(32.6% increase compared with 150 mg strength) on the Ka 
of olaparib (Table 3). None of the other demographic covari-
ates or laboratory observations had a significant effect on 
olaparib PK parameters. More specifically, prior lines of 
chemotherapy treatment or patient tumor type had no impact 
on olaparib PK. The shrinkage values were all below 30% 
for interindividual variability of all PK parameters, except 
for Ka and V2/F, which were 31.5% and 36.7%, respectively. 
The reasonable shrinkage values suggested the model could 
be used for further exposure–response analysis using empiri-
cal Bayes estimates [16].

3.3  Model Evaluation

The standard goodness-of-fit plots of the final model are 
shown in Fig. 1. Individual predicted values agreed well 
with observed values across the range of observations. The 
weighted residuals were evenly scattered across the range 
of predicted concentrations and time. The stability of the 
final population PK model was evaluated by bootstrapping. 
The median values of parameter estimates from the boot-
strap analysis were in close agreement with the population 
estimates in the final model, suggesting that the param-
eter estimates of the model were unbiased (Table 3). The 
pcVPC plot of the full dataset (Fig. 2) suggested the model 
could adequately represent the distribution of observed 
olaparib concentrations. Most of the observed concentra-
tions were within the 95% prediction interval, indicating 
that the predicted variability did not exceed the observed 
variability. The pcVPC in capsule and tablet formulations 
from study D0810C00024 (Fig. 3) further demonstrated 
the final model could reasonably describe observed olapa-
rib concentrations in both capsule and tablet formulations.

Fig. 1  Goodness-of-fit plots for final base model. Upper panels show 
observed concentrations versus individual predictions (left) and popu-
lation predictions (right), while lower panels show CWRES versus 

population prediction (left) and time after first dose (right). CWRES 
conditional-weighted residuals
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3.4  Empirical Bayes Estimation

The final olaparib population PK model was used to obtain 
individual empirical Bayes estimates of PK parameters and 
exposure of AUC, Cmax, and minimal plasma concentration 
(Cmin) for patients administered 100, 200, and 400 mg olaparib 
single or multiple (twice daily) capsule formulations, and for 
subjects administered 200, 250, and 300 mg olaparib single 
or multiple (twice daily) tablet formulations. The summary 
of model-predicted AUC and Cmax after single- or multiple-
dose administrations of olaparib is presented in Fig. 4 and 
Electronic Supplementary Table S1. The olaparib geometric 
mean AUC and Cmax following a single 300 mg tablet dose 
(n = 204) were 42.1 μg h/mL and 5.8 μg/mL, respectively, and 
the steady-state geometric mean AUC and Cmax following a 
300 mg tablet twice daily (n = 227) were 49.0 μg h/mL and 
7.7 μg/mL, respectively. The steady-state geometric mean 
AUC and Cmax following a 200 mg tablet twice daily (n = 30) 
were 39.0 μg h/mL and 7.0 μg/mL, respectively. The steady-
state geometric mean AUC and Cmax following a 400 mg 
commercial capsule twice daily (n = 48) were 43.5 μg h/mL 
and 6.2 μg/mL, respectively. Finally, the geometric mean 
steady-state exposure of the 300 mg tablet formulation was 
13% higher than the 400 mg capsule formulation (Electronic 
Supplementary Table S1).

4  Discussion

Study 19 [19] and SOLO2 [18] were the pivotal studies 
that led to the approval of olaparib in patients with ovar-
ian cancer for capsule and tablet formulations, respectively. 
Study 19 (capsule) was conducted in ovarian cancer patients 
regardless of BRCA  mutation, but SOLO2 (tablet) was con-
ducted in gBRCA -mutated patients only. To gain approval for 
the tablet formulation in a broader population (regardless of 
BRCA  mutation), bridging olaparib PK between tablet and 
capsule was raised as a key question from multiple regu-
latory agencies, including the FDA, European Medicines 
Agency (EMA) and Health Canada. The current analysis 
integrated PK data from different patient populations to 
evaluate the impact of formulations, patient demographics, 
ECOG performance status, lines of treatment, and tumor 
types on the PK of olaparib. This analysis provided key 
assessment to support approval of the olaparib tablet for-
mulation in patients with ovarian cancer, regardless of their 
BRCA  mutation status.

In this population PK model, the same two-compartment 
disposition model was applied to describe drug distribu-
tion and elimination for both capsule and tablet formula-
tions. Although the same zero- and first-order absorption 
model was used to describe the absorption process of both 

Fig. 2  Visual predictive check 
for the final covariate model. 
The pink-shaded areas represent 
the 90% CI around the median, 
and the light-blue-shading at the 
bottom and top areas represents 
the 90% CI around the predicted 
5th and 95th percentiles. The 
red solid line represents the 
observed median, and the dotted 
lines represent the observed 5th 
and 95th percentiles of the data. 
The circles represent individual 
observations. CI confidence 
interval
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formulations, different magnitudes of absorption parameter 
estimates were applied to distinguish different absorption 
processes between the two formulations. In addition, the 
empirically selected parameter model characterized well the 
less than dose-proportional increase in olaparib ≥ 100 mg 
in capsule formulation. The estimated CL/F and appar-
ent total volume of distribution for the tablet formulation 
in this analysis were approximately 6.7 L/h and 35.5 L, 
respectively. These values are similar to those previously 
reported (6.83 L/h and 32.4 L, respectively) using a single 
phase I study [17]. Based on model Bayesian estimates, the 
geometric mean steady-state exposure of the 300 mg tablet 

formulation was 13% higher than the 400 mg capsule formu-
lation, which is in agreement with the value (31%) reported 
in a non-compartmental analysis from a tablet–capsule 
formulation crossover study (D0810C00024) [4]. Olaparib 
showed time-dependent PK that the steady-state clearance 
decreased by 15% after multiple dosing. These results of the 
population PK model were included as part of the prescrib-
ing information [4].

Among the covariates evaluated for potential impact on 
olaparib PK, the demographic factors and hepatic or renal 
function did not significantly influence olaparib clearance 
or volume of distribution, which is similar to the previously 

Fig. 3  Visual predictive check 
for the final covariate model 
for Study D0810C00024 with 
olaparib capsule (a) and tablet 
(b) formulation dose adminis-
tration. The pink-shaded areas 
represent the 90% CI around 
the median, and the light-blue-
shading at the bottom and top 
areas represents the 90% CI 
around the predicted 5th and 
95th percentiles. The red solid 
line represents the observed 
median, and the dotted lines 
represent the observed 5th and 
95th percentiles of the data. 
The circles represent individual 
observations. CI confidence 
interval
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reported population PK analysis [17]. In addition, the line of 
treatment and tumor type (ovarian cancer vs. breast cancer 
vs. other cancer types) were not identified to have signifi-
cant impact on the overall olaparib PK; however, the ECOG 
performance status score was found to have a statistically 
significant impact on olaparib clearance. The observed 
decrease in olaparib clearance in patients with an ECOG 
performance status score of 2 was based on 23 patients, 
representing only 3.5% of the total patients included in the 
analysis, only 5 of whom were administered 300 mg tab-
lets twice daily, which is considered insufficient to derive a 
definitive conclusion. Furthermore, in an attempt to further 
understand this finding, the potential contribution of reduced 
renal or hepatic function in these patients with poor perfor-
mance status (ECOG = 2) was examined, and neither was 
found to be responsible for the elevated exposure observed 
in these patients. There is no obvious biological explanation 
for olaparib exposure being higher in patients with an ECOG 
performance status score of 2. A similar effect was observed 
for sunitinib, where patients with an ECOG score of 2 have 
decreased sunitinib metabolite clearance; [20] however, the 
mechanism was not clear either. Additionally, it should be 
noted that the ECOG performance status is subjectively 
defined and is therefore imprecise. Given the limitations of 
this analysis and the expectation that clinical impact with 
such exposure differences is minimal, cautious interpretation 
should be exercised regarding ECOG performance status.

The 300 and 400 mg twice-daily doses were the approved 
starting doses for the tablet and capsule formulations, respec-
tively. Although the 300 mg tablet formulation exhibited 
higher exposure than the exposure observed after the 400 mg 
capsule formulation, the safety data from SOLO2 (300 mg 
tablet formulation) [18] was consistent with that from Study 

19 (400 mg capsule formulation), [19] with only leukope-
nia identified as a new adverse drug reaction. Similarly, the 
safety profile of olaparib from the larger 300 mg twice-daily 
tablet pool was consistent with that from the larger 400 mg 
twice-daily capsule pool (data on file). Hematologic toxicity 
(primarily anemia) was reported at an increased frequency 
with the tablet formulation compared with the capsule for-
mulation; however, anemia remained manageable by inter-
rupting or reducing olaparib dose or administering blood 
transfusions when indicated, and treatment discontinuation 
was rarely required. Reports of neutropenia and thrombo-
cytopenia remained at low frequency with the tablet for-
mulation; these events remained primarily low grade and 
rarely required treatment discontinuation. Nausea and vomit-
ing, as well as grouped events of fatigue and asthenia, were 
reported, with a similar frequency and severity for both the 
tablet and capsule formulations. Since the safety and efficacy 
profiles for both formulations are similar, no impact on the 
benefit–risk profile is expected should patients switch from 
capsule to tablet formulation.

5  Conclusions

An integrated population PK model of two-compartment 
disposition with consecutive zero- and first-order absorp-
tion described olaparib PK and its variability well in both 
tablet and capsule formulations. The relative exposure 
(AUC) of the 300 mg tablet formulation is 13% higher than 
the 400 mg capsule formulation. This analysis bridged the 
olaparib capsule and tablet formulation PK and provided 
key assessment to support the approval of the olaparib tablet 
formulation in patients with ovarian cancer, regardless of 

Fig. 4  Empirical Bayes esti-
mated AUC ss after multiple-dose 
administrations of olaparib 100, 
200, and 400 mg capsule formu-
lations twice daily, and 200, 250, 
and 300 mg tablet formulations 
twice daily. AUC ss area under 
the concentration–time curve at 
steady state
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their BRCA  mutation status. The model can be applied for 
further exposure–response analyses to support and inform 
clinical decisions.
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