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of the 90 % confidence intervals (CIs) for the difference 
in QTcF least squares means after olaparib multiple dos-
ing versus control (day −1) were <10  ms, suggesting a 
lack of clinically relevant effect on cardiac repolarization. 
A slight shortening of QTcF was observed at most time 
points versus control. QTcF results for the individual stud-
ies and single-dose olaparib paralleled the primary mul-
tiple-dose pooled analysis, with upper limits of the 90 % 
CIs < 10 ms.
Conclusion  Olaparib tablets administered as multiple or 
single doses had no clinically significant effect on QT/QTc 
interval.

Keywords  Olaparib · QT interval · QTc interval · Cardiac 
repolarization · Heart rate · Safety · Phase I

Introduction

Olaparib (Lynparza™) is an oral poly (ADP-ribose)-poly-
merase (PARP) inhibitor that, by virtue of its mechanism 
of action, prevents single-strand DNA repair and leads to 
double-strand DNA breaks during replication [1, 2]. As a 
result, olaparib has been evaluated for targeted treatment of 
tumours with homologous recombination repair deficien-
cies such as mutations to the BRCA1 and BRCA2 genes. 
The antitumour efficacy of olaparib has been demonstrated 
in phase II trials of patients with ovarian and breast can-
cer [3–5]. Maintenance therapy with olaparib capsules at 
a dose of 400  mg twice daily (bid) was observed to sig-
nificantly prolong progression-free survival (PFS; 8.4 vs. 
4.8  months for placebo; P  <  0.001) in patients with plat-
inum-sensitive recurrent serous ovarian cancer, with those 
patients harbouring a BRCA mutation deriving the great-
est benefit from olaparib treatment (11.2 vs. 4.3  months; 
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P  <  0.001) [6, 7]. To receive the recommended 400  mg 
bid dose of olaparib capsules, patients are required to take 
16  ×  50  mg large capsules per day, and consequently, 
patient compliance may be compromised. A tablet formula-
tion has, therefore, been developed to deliver a therapeu-
tic dose in fewer and smaller units. A recommended tablet 
dose of 300 mg bid has been determined in a phase I trial 
for administration in phase III clinical trials [8, 9].

Some novel oncology agents targeting critical path-
ways for cancer cell survival and growth have been shown 
to lead to cardiovascular (CV) events, including QT/QTc 
prolongation (delayed cardiac repolarization), hyperten-
sion and congestive heart failure [10, 11]. Prolongation of 
the QT/QTc interval can lead to the development of car-
diac arrhythmias, most seriously torsade de pointes [12]. 
The QT interval is a measure of the duration of the elec-
trical depolarization and repolarization of the heart ven-
tricles and is evaluated from the beginning of the QRS 
complex (combination of the Q wave, R wave and S wave 
representing ventricular depolarization) to the offset of 
the T wave on the surface electrocardiogram (ECG) [12]. 
As the QT interval is dependent on heart rate, a correction 
factor is applied and is known as the QTc interval (QT 
interval corrected for heart rate), which serves as a surro-
gate marker for the risk of torsade de pointes [12].

The International Conference on Harmonisation (ICH) 
E14 guidelines have provided recommendations to enable 
routine evaluation of the effects of drugs on QT/QTc inter-
val within the design of clinical studies [12]. However, 
while laudable, there remain concerns regarding the imple-
mentation of a ‘thorough QT/QTc analysis’ in a dedicated 
study (as recommended by the ICH) in oncology for drugs 
with toxicity levels that preclude use in healthy volunteers 
[13]. In these cases, alternative approaches to the thorough 
QT/QTc study have been proposed that take into account 
safety and ethical issues [13].

Preclinical studies with olaparib have not shown any 
QT/QTc liability or identified a risk of other adverse ECG 
or CV effects (unpublished data). Moreover, clinical trials 
of olaparib to date do not indicate any clinically impor-
tant changes from baseline in ECG measurements follow-
ing treatment with olaparib [3–7]. QT/QTc interval analy-
sis was conducted in two clinical pharmacology studies 
(ClinicalTrials.gov NCT01921140 [referred to as study 
4] and NCT01900028 [referred to as study 7]) in order to 
provide a more thorough analysis of the effect of multiple 
dosing of olaparib tablet formulation on QT/QTc interval. 
Herein, multiple-dose and supporting single-dose results 
are reported for individual studies, as well as data from a 
pooled analysis of both studies.

Methods

Study designs

This report focuses on the QT/QTc data from the two stud-
ies; pharmacokinetic (PK) and other safety data have been 
reported separately [14, 15]. Both studies comprised an ini-
tial, multi-period, single-dose PK phase [part A; to address 
the primary objective of each study (i.e. food effect and 
drug–drug interactions)] followed by a multiple-dose phase 
(part B), which comprised the primary period for QT/QTc 
assessments. Across the studies, recruitment of approxi-
mately 48 patients was planned to ensure that at least 42 
evaluable patients completed the study, thus resulting in a 
sample size of 80–100 evaluable patients. Study designs 
have been described previously [14, 15].

The protocol for the respective studies was reviewed 
and approved by the ethics committees of the participat-
ing study sites. Both studies were performed in accordance 
with the Declaration of Helsinki, Good Clinical Practice, 
and the AstraZeneca Policy on Bioethics [16]. All patients 
provided written informed consent prior to study entry.

Study 4 (ClinicalTrials.gov NCT01921140; AstraZeneca 
study number D0816C00004) was a three-part (parts A–C) 
phase I, open-label, randomized, two-period crossover 
study in adult patients with refractory/resistant advanced 
solid tumours. Part A determined the effect of food on 
the PK of olaparib, and the effect of olaparib on QT/QTc 
interval was evaluated following administration of a single 
oral dose of olaparib tablets (300 mg [2 × 150 mg]). The 
effect of olaparib on QT/QTc interval following multiple 
oral dosing of olaparib tablets (300 mg bid) for 5 days was 
determined in part B, while part C allowed patients contin-
ued access to olaparib tablets to provide additional safety 
analyses.

Study 7 (ClinicalTrials.gov NCT01900028; AstraZeneca 
study number D0816C00007) was a three-part (parts A–C) 
phase I, open-label study in adult patients with refrac-
tory/resistant advanced solid tumours. Part A assessed the 
effect of itraconazole on the PK parameters of olaparib, 
and the effect of olaparib on QT/QTc interval following a 
single oral dose of olaparib tablet formulation (100 mg). A 
lower 100 mg single dose of olaparib was chosen to miti-
gate against potential risks associated with higher olaparib 
exposure because of the anticipated inhibitory effect of itra-
conazole. Part B determined the effect of olaparib on QT/
QTc interval following multiple oral dosing of olaparib 
tablets (300  mg bid), and part C allowed patients contin-
ued access to olaparib tablets to allow for additional safety 
analyses.
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During part B in both studies, patients received open-
label treatment with olaparib tablets at 300  mg bid for 
5  days after a washout period of at least 5  days (7  days 
in study 7), and no more than 14 days after the last dose 
in part A and day −1 of part B. During part B, patients 
self-administered olaparib in a fasted state (no food was 
ingested between 1 h prior to and 2 h after olaparib admin-
istration) on an outpatient basis except for the day 4 even-
ing and day 5 morning doses, which were given at the clinic 
during study assessments. The day 5 morning olaparib dose 
was administered in an overnight-fasted state, with fasted 
conditions maintained until 4 h post-dose.

Patient selection

A detailed description of specific patient eligibility crite-
ria has been previously provided for studies 4 and 7 [14, 
15]. Briefly, male or female patients aged ≥18 years with 
solid tumours that were refractory or resistant to standard 
therapy, a life expectancy of at least 16 weeks, and an East-
ern Cooperative Oncology Group (ECOG) performance 
status ≤2 were eligible for inclusion in either study. In 
addition, patients were required to have normal organ and 
bone marrow function up to 28 days before study treatment 
administration.

Patients with mean QTcF > 470 ms at screening, a famil-
ial history of long QT syndrome, heart failure, left ven-
tricular dysfunction or hypokalemia were excluded from 
study entry, as were those taking calcium channel block-
ers or concomitant medications known to prolong the QT 
interval. Other concomitant medications were permitted if 
the regimen was deemed stable as defined by no change in 
medication or dose within 2 or 4 weeks prior to study treat-
ment initiation in study 4 or study 7, respectively.

Electrocardiogram assessments

Digital ECG (dECG) collection was conducted using a 
flash card-based, digital 12-lead ECG Holter system with 
extractions of triplicate 10-s ECGs at each time point. QT/
QTc intervals were based on the mean of triplicate dECG 
readings (patients rested for at least 10 min before triplicate 
extractions). These dECG data were time-matched for col-
lection in part A on baseline/control day −1 and on day 1 in 
the olaparib fed and fasted treatment arms in study 4, or on 
day 1 with olaparib alone and day 9 with olaparib co-admin-
istered with itraconazole in study 7 at the following time 
points: pre-dose, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12 and 24 h after 
olaparib dosing. In both studies, dECG data were extracted 
at similar time-matched intervals on day −1 (baseline/con-
trol) and day 5 during multiple-dose evaluation in part B.

The continuous Holter recordings were sent to a cen-
tral ECG laboratory (eResearch Technology [ERT], 
Peterborough, UK), where the triplicate dECG extrac-
tion and analysis were performed. A single assessor fully 
blinded to time, treatment and sequence read the ECGs 
from one patient centrally. Any clinically significant 
abnormal ECG findings were recorded as adverse events 
(AEs).

Pharmacokinetic assessment

Blood samples were taken to investigate the relationship 
between QT/QTc interval and olaparib concentration at 
each ECG monitoring period up to 24 h post-dose in parts 
A and B of studies 4 and 7. In addition, PK samples were 
collected 48 (day 3) and 72 (day 4) h post-dose in part A of 
both studies. After collection, samples were processed and 
shipped to Covance (Harrogate, UK) for analysis.

Statistical analyses

Digital ECG data were analysed by study and as a pooled 
dataset using the QT analysis set, which was defined as all 
patients who had at least one evaluable time-matched QT/
QTc interval value at a scheduled time point in part A or 
part B. The safety analysis set comprised all patients who 
received at least one dose of olaparib.

ECG evaluations comprised the QT interval and QT 
corrected using Fridericia’s correction (QTcF). Secondary 
analysis was performed based on individually corrected QT 
(QTcI). Heart rate, PR interval (the time from the onset of 
the P wave to the start of the QRS complex) and QRS inter-
val data were also summarized.

The primary objective was to investigate the effect of 
multiple doses of olaparib on QTcF interval, with sup-
portive analyses to investigate the effect of single doses on 
QTcF. Effects of single and multiple doses of olaparib on 
QTcI intervals were also evaluated as supportive analyses. 
In addition, a modelled exposure–QT response analysis 
was performed to assess the relationship between change 
from baseline in QTc (ΔQTc) and olaparib concentrations. 
This relationship was then used to predict the magnitude of 
QTc prolongation that could be expected allowing for the 
range of maximum plasma concentrations achieved with 
the 300 mg bid tablet dose.

Analysis of effect of olaparib on QTc

An ANCOVA model with factors for effect of study, treat-
ment (multiple-dose olaparib/control) and time, interaction 
terms between study and time, and between treatment and 
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time, and a random effect for patient within study was fitted 
to part B pooled data to assess the change in time-matched 
QTcF from control (day −1; ∆QTcF). This analysis is simi-
lar to that detailed in the ICH E14 guidelines for the clini-
cal evaluation of QT/QTc data, but accounts for the fact that 
the pre-dose (time zero) measurements in part B were made 
following 4  days of dosing on olaparib [12]. Therefore, 
for the multiple-dose setting, the analysis did not include 
baseline (i.e. the ‘on treatment’ time zero measurement) 
as a correction factor but instead included it as an addi-
tional time point in the model. The ANCOVA model was 
used to assess the effect of multiple doses of olaparib on 
the QTcF by calculating the difference in least squares (LS) 
means (olaparib QTcF interval LS mean at time t minus 
control QTcF interval LS mean at time t; i.e. change from 
time-matched control at day −1 of part B) and two-sided 
90  % CIs. Validity of the ANCOVA model was assessed 
by checking distributional assumptions of the data using a 
residual plot and a quantile‒quantile plot. Lack of a clini-
cally relevant effect on cardiac repolarization, as detected 
by QTcF prolongation, was concluded if the upper bound 
of the 90 % CI around the mean effect was <10 ms for the 
contrast multiple-dose olaparib versus control for every 
time point. Similarly, lack of a clinically relevant effect on 
QTcF shortening was concluded if the lower bound of the 
90 % CI was not less than 10 ms below zero for all time 
points.

QTcF assumes that the slope of the relationship between 
QT and RR (duration of a heart beat) on a natural logarithm 
scale is 1/3, i.e. QTcF =  (QT/RR)1/3. Deviation from 1/3 
can introduce bias in the estimates of treatment effect. If 
QTcF was not found to be the most appropriate correction 
for the data, it was planned to analyse the secondary vari-
able QTcI using the same model as for the primary analysis 
with QTcF to check the consistency of the results. QTcI was 
calculated using the formula QTcI = QT/RRβi, where βi is 
the individual-specific correction factor assessed via linear 
regression models.

In a supportive analysis of the effect of single dosing of 
olaparib on QTc, an ANCOVA model using similar factors 
to the primary analysis was fitted to pooled data from part 
A (data were pooled for: the fasted arm in study 4 and the 
olaparib-alone arm in study 7; and the fed arm in study 4 
and olaparib co-administered with itraconazole in study 
7) and compared with control. As the pre-dose (time zero) 
measurements on each dosing day in part A were taken 
prior to any dosing with olaparib or after the appropriate 
washout period, this analysis assessed the effect on change 
from pre-dose in QTcF and additionally included a covari-
ate for the pre-dose (time zero) measurement (i.e. was 
baseline-corrected).

Modelling of relationship between ∆QTc and olaparib 
concentration

For both QTcF and QTcI, day −1 (control)-corrected ∆QTc 
(∆∆QTc) was used as the endpoint for PK/PD (pharmaco-
dynamic) modelling of the potential relationship between 
∆QTc interval and olaparib concentration, according to 
models based on ICH E14 guidance [17, 18]; gender was 
used as a covariate in the analysis. Modelling was per-
formed using the software package NONMEM, version 
7.2 (ICON, Hanover, MD, USA), with the choice of model 
guided by exploratory graphical analysis of the data (linear 
mixed-effect model, nonlinear mixed-effect model of Emax 
type and log-linear model).

The linear mixed-effect model was defined according to 
the equation:

where θ1 and θ2 are the population mean intercept and 
slope, respectively, η1 and η2 are the IIV of θ1 and θ2, 
respectively, Conc is the olaparib concentration, and ε is 
the residual error. η1, η2 and ε are random variables and are 
normally distributed with a mean of 0 and a variance of ω1

2, 
ω2

2 and σ2, respectively (i.e. η1 ~ N[0, ω1
2], η2 ~ N[0, ω2

2] and 
ε ~ N[0, σ2

2]).
The nonlinear, mixed-effect model of the Emax type was 

defined as follows:

where θ1 is population mean intercept, θ2 is maximum 
∆∆QTc interval prolongation (Emax), and θ3 is the concen-
tration to achieve half of Emax. Variables η1, η2 and η3 are 
the IIV of θ1, θ2 and θ3, respectively, and ε is the residual 
error. η1, η2, η3 and ε are random variables and are nor-
mally distributed with a mean of 0 and a variance of ω1

2, 
ω2

2, ω3
2 and σ2, respectively (i.e. η1 ~ N[0, ω1

2], η2 ~ N[0, ω2
2], 

η3 ~ N[0, ω3
2] and ε ~ N[0, σ2

2]).
Other models were also explored, including the log-lin-

ear model, which was defined as follows:

where θ1 and θ2 are the population mean intercept and slope, 
respectively, η1 and η2 are the IIV of θ1 and θ2, respectively, 
and ε is the residual error.

For validation, the final model was required to fulfil 
certain acceptance criteria: the estimation and covariance 
step terminated without error messages; 95 % CIs of each 
estimated parameter do not contain their null value; signifi-
cant digits average 3.0 or higher; all gradients at the last 
iteration are reasonably small; and the correlation between 
model parameters is less than 0.95. A battery of diagnostic 

��QTc = (θ1 + η1)+ (θ2 + η2)× Conc+ ε

��QTc = (θ1 + η1)+ {[(θ2 + η2)× Conc]/[(θ3 + η3)+ Conc]}

��QTc = (θ1 + η1)+ (θ2 + η2)× Ln(Conc) + ε
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plots were also generated for validation, to ensure that 
models performed adequately.

A statistically significant estimate of the slope (θ2) from the 
linear mixed model or the maximum change in QTc interval 
prolongation from an Emax or sigmoid Emax model indicated 
potential drug-related QTc interval prolongation. A potential 
QTc interval prolongation with regulatory concern for a linear 
relationship for QT study is defined as the predicted interval at 
the mean maximum plasma concentration (Cmax) of olaparib 
dose given in the three different parts of studies 4 and 7:

where SE (θ2) is the standard error of the slope (θ2) and Cmax,mean  
is the mean maximum drug concentration [18]. The Cmax,mean 
of olaparib was used in both equations. The concentration‒
QTc relationship was used to predict the magnitude of QTc 
prolongation.

Results

Patient characteristics

In studies 4 and 7, 60 and 59 patients received olaparib and 
completed part A, respectively. Overall, 56 and 53 patients 
completed part B in studies 4 and 7, respectively. A total of 
119 and 109 patients were included in the pooled QT/QTc 
analysis for parts A and B, respectively.

Patient demographics and baseline characteristics 
were comparable between studies and are summarized in 
Table 1. In both studies, patients were over 60 years of age, 
on average, and were mainly female and Caucasian. In 
approximately one-third of the patient population in studies 
4 and 7, the ovary was the primary tumour site.

Important protocol deviations with potential to affect 
part A single-dose and part B multiple-dose QT assess-
ment periods were documented in three and six patients in 
study 4, respectively, and five and nine patients in study 
7, respectively. In these patients (more than one viola-
tion may have occurred per patient), protocol violations 
comprised previous gastric surgery or banding (n  =  4), 
ingestion of disallowed medication (n = 8), vomiting post-
olaparib dose (n = 1), not taking study treatment accord-
ing to the protocol (n =  4) and incorrect enrolment of a 
patient with a QTcF reading >470 ms at screening (n = 1).

No evidence of an effect of multiple doses of olaparib 
on QTc

For all time points, the upper limit of the 90  % CI was 
<10  ms, indicating the absence of a clinically relevant 

��QTc_mean = θ2 × Cmax,mean

��QTc_upper = θ2 + 1.64× SE(θ2)× Cmax,mean

effect of olaparib on cardiac repolarization. The LS mean 
QTcF interval and change from control at each ECG assess-
ment time point for the pooled data are reported in Fig. 1 
and Table 2.

Table 1   Patient characteristics and baseline demographics (safety 
analysis set)

ECOG performance status and overall disease classification were 
based on assessments at baseline. Primary tumour locations are based 
on assessments at diagnosis

ECOG Eastern Cooperative Oncology Group, SD standard deviation
a  Other tumour locations identified (in one patient each) were: study 
4, adrenal gland, bladder, liver, pleura, skin/soft tissue, thyroid, testi-
cle, uvea, primary peritoneum, endometrium, bile duct and unknown 
but probably gall bladder-pancreas; study 7, central nervous system 
(brain/spinal cord/ophthalmic), fallopian tube, bilio-pancreas, urethra
b  Metastatic disease—patient has any metastatic site of disease or 
both locally advanced and metastatic sites of disease
c  Locally advanced—patient only has locally advanced disease

Study 4 
N = 60

Study 7 
N = 59

Median age, years (range) 60.0 (36‒85) 61.0 (34‒82)

Sex, n (%)

 Male 14 (23.3) 17 (28.8)

 Female 46 (76.7) 42 (71.2)

Race, n (%)

 White 59 (98.3) 55 (93.2)

 Other 1 (1.7) 3 (5.1)

Mean weight, kg (SD) 75.8 (13.5) 74.6 (19.4)

ECOG performance status, n (%)

 (0) Normal activity 26 (43.3) 25 (42.4)

 (1) Restricted activity 32 (53.3) 32 (54.2)

 (2) In bed ≤ 50 % of the time 0 2 (3.4)

 Missing 2 (3.3) 0

Primary tumour location, n (%)

 Ovary 21 (35.0) 20 (33.9)

 Colorectal 6 (10.0) 10 (16.9)

 Breast 10 (16.7) 3 (5.1)

 Lung 5 (8.3) 3 (5.1)

 Pancreas 1 (1.7) 7 (11.9)

 Peritoneum 2 (3.3) 2 (3.4)

 Head and neck 1 (1.7) 2 (3.4)

 Cervix 0 3 (5.1)

 Prostate 2 (3.3) 0

 Uterus 0 2 (3.4)

 Biliary tract 0 2 (3.4)

 Othera 12 (20.0) 4 (6.8)

 Missing – 1 (1.7)

Overall disease classification, n (%)

 Metastaticb 52 (86.7) 53 (89.8)

 Locally advancedc 7 (11.7) 6 (10.2)

 Missing 1 (1.7) 0
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There was a slight shortening of QTcF at all time points, 
except at 4 h post-dose, where there was no change compared 
with control. However, the lower limits of the 90 % CI were 
>−10  ms for all time points. In order to test the assump-
tion that the treatment effect was similar in both studies, 
the interaction between study and treatment was assessed. 
A statistically significant interaction between treatment 
and study was observed at the 5  % level for multiple-dose 
data (P = 0.0098), and the primary analysis was, therefore, 
repeated for each individual study separately to check for 
consistency of results. Results of the separate study analyses 
of QTcF data were consistent with the primary data (Tables 4, 
5 in “Appendix”), with the upper limits of the 90 % CIs noted 
as <10 ms for all time points. Results of sensitivity analyses 
excluding patients with important protocol deviations were 
consistent with the primary QTcF analysis for both the com-
bined and individual studies.

The relationship between ln(QT) and ln(RR) was inves-
tigated. The median of the slopes from the linear regression 

models of QT was found to be greater than 1/3; therefore, a 
secondary analysis of QTcI was performed. This analysis of 
QTcI confirmed the absence of a clinically relevant effect of 
multiple-dose olaparib on the primary analysis of cardiac 
repolarization, with the upper limits of the 90 % CI being 
<10 ms in all cases (Fig. 2).

No evidence of an effect of single doses of olaparib 
tablets on QTc

The effect of single-dose olaparib on the QTcF interval was 
assessed as a supportive analysis for two pooled popula-
tions (the fasted arm in study 4 combined with the olaparib-
alone arm in study 7 and the fed arm in study 4 combined 
with olaparib co-administered with itraconazole in study 7) 
compared with control. For both pooled populations, there 
was no evidence of an effect of olaparib on QTc; the upper 
limit of the 90 % CI was < 10 ms for all time points.

Sensitivity analyses excluding patients with important 
protocol deviations that could have potentially affected the 
dECG data paralleled the primary QTcF analysis for the 
pooled populations. Moreover, as for multiple-dose data, 
secondary analysis of QTcI was performed. In all cases, the 
upper limit of the two-sided 90 % CI was <10 ms, indicat-
ing the absence of a clinically relevant effect of single- or 
multiple-dose olaparib on cardiac repolarization.

Concentration–QTc analysis

Findings from the pooled analysis and individual stud-
ies 4 and 7 showed that there was no obvious correlation 
between olaparib plasma concentration and ΔΔQTcF 
(Fig. 3).

Results of the pooled analysis showed that the relation-
ship of the change from baseline in ΔΔQTcF with olaparib 
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Fig. 1   Least squares (LS) mean change (90  % CI) in QTcF inter-
val from control (day −1) versus time with multiple-dose olaparib 
(300 mg bid tablet formulation): pooled data from studies 4 and 7

Table 2   Summary of ANCOVA 
to assess the effect of multiple-
dose olaparib (300 mg bid tablet 
formulation) on mean QTcF 
interval (ms) at time t: pooled 
data from studies 4 and 7

LS least squares

Time point LS mean (N) Treatment effect (olaparib vs. control)

Control (day −1) Multiple-dose olaparib Difference in LS means 90 % CI

Pre-dose (time zero) 417.0 (104) 415.1 (103) −1.95 −3.81, −0.10

1 h post-dose 419.3 (103) 416.3 (104) −2.93 −4.79, −1.07

1.5 h post-dose 419.2 (104) 418.5 (103) −0.70 −2.56, 1.15

2 h post-dose 419.0 (104) 418.0 (104) −0.93 −2.78, 0.92

3 h post-dose 417.9 (104) 417.9 (103) −0.01 −1.86, 1.85

4 h post-dose 416.7 (104) 416.7 (104) 0.00 −1.85, 1.86

6 h post-dose 411.7 (105) 410.7 (103) −1.07 −2.92, 0.78

8 h post-dose 412.1 (104) 408.3 (103) −3.76 −5.62, −1.91

12 h post-dose 413.3 (91) 409.5 (98) −3.78 −5.72, −1.83
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plasma concentration was best described by a linear model 
with a coefficient of 0.238 (95 % CI 0.033, 0.445) ms·(µg/
mL)‒1 and an intercept of −1.25 (95 % CI −2.32, −0.18) 

ms. Furthermore, findings from pooled analysis data for 
change from baseline in ΔΔQTcI with olaparib plasma 
concentration  were best described by the baseline value 
and a log-linear model of the olaparib plasma concentra-
tion with a value of 0.86 (95  % CI 0.18, 1.54) ms·(µg/
mL)‒1 and an intercept of −2.18 (95 % CI −3.59, −0.77) 
ms. The pooled analysis included a food effect study (study 
4). One of the findings of the pooled analysis was that food 
was likely to have altered the baseline of the PK/PD model; 
a negative baseline value was found in the model likely due 
to the impact of food, suggesting a difference in baseline 
values between the fasted and fed groups.

Predictions of the magnitude of effect of olaparib, allow-
ing for the range of maximum plasma concentrations achieved 
following the 300  mg bid tablet dose, indicated no clinical 
impact of olaparib on ΔΔQTcF or ΔΔQTcI (Table 3).

Additional QT data

One patient (0.9 %) in the single olaparib dose fasted/alone 
analysis (combined data from studies 4 and 7) and one 
patient (1.0 %) in the multiple-dose (combined data) part B 
analysis recorded an absolute QTcF value of >480 ms. No 
patients recorded an absolute QTcF of >500 ms.

No patients in the multiple-dose assessments had an 
increase in QTcI of >30 ms, and no patients had increases 
in QTcF of >60 ms compared with time-matched measure-
ments on day −1 (control).

Olaparib did not have any clinically relevant effects on 
PR and QRS interval or heart rate, as assessed by central 
tendency by time point analyses and the analysis of outliers 
(data not shown).

Safety

Adverse events experienced by patients participating in stud-
ies 4 and 7 have been reported in detail previously, and no 
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Fig. 2   Least squares (LS) mean change (90 % CI) in QTcI from con-
trol (day −1) versus time with multiple-dose olaparib (300  mg bid 
tablet formulation): pooled data from studies 4 and 7
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concentrations for pooled data from studies 4 and 7 (part A)

Table 3   Prediction of ΔΔQTcF and ΔΔQTcI at the geometric mean Cmax

Single doses of olaparib used in part A were 300 mg in study 4 and 100 mg in study 7

CI confidence interval, DDI co-administration with itraconazole, MD multiple dose, NCI no clinical impact, ΔΔQTc change from baseline in 
time-matched interval

Study 4 Study 7

Part A Part B Part A Part B

Fasted Fed MD Alone DDI MD

Cmax, μg/mL 5.48 7.00 9.17 2.99 4.24 8.44

Predicted ΔΔQTcF, ms 
(90 % CI)

1.30 (0.35, 2.26) 1.67 (0.45, 2.88) 2.18 (0.59, 3.78) 0.71 (0.19, 1.73) 1.01 (0.27, 1.75) 2.01 (0.54, 3.48)

Predicted ΔΔQTcI, ms 
(90 % CI)

1.60 (0.53, 2.67) 1.78 (0.59, 2.98) 1.99 (0.66, 3.32) 1.19 (0.39, 1.98) 1.42 (0.47, 2.37) 1.99 (0.64, 3.21)

Conclusion NCI NCI NCI NCI NCI NCI
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new safety findings were observed [14, 15]. Therefore, 
only CV AEs are included here. One CV AE was reported 
in a 60-year-old male from study 4 who experienced Com-
mon Terminology Criteria for Adverse Events version 3.0 
(CTCAE) grade 1 tachycardia during the fasted state. Four 
patients reported five CV AEs in study 7, which were CTCAE 
grade 1 atrioventricular block and grade 1 sinus bradycar-
dia in one patient, grade 3 atrial fibrillation (n = 1), grade 1 
tachycardia (n = 1), and grade 3 cardiac failure (n = 1). The 
event of cardiac failure led to study discontinuation.

Discussion

The potential for non-antiarrhythmic drugs to induce QT/
QTc interval prolongation has led to the development of 
international harmonized recommendations supporting 
thorough QT/QTc analyses of novel targeted agents [12, 
13]. Due to ethical issues in conducting a thorough QT/QTc 
study of some oncology agents in healthy patient popula-
tions, modifications in study design have been proposed 
[13]. Accordingly, two three-part clinical pharmacology 
studies were conducted in patients with refractory/resist-
ant advanced solid tumours to assess the effect of multiple-
dose olaparib tablet formulation on QT/QTc interval, with 
single-dose assessments undertaken as supportive analyses.

As with other oncology studies, a thorough QT/QTc 
analysis, defined by the ICH E14 guidance [12], was not 
feasible owing to safety and ethical reasons. While the 
design of studies 4 and 7 may have been subject to some 
methodological limitations, our studies were designed to 
rigorously investigate the QT interval (including sensitiv-
ity analyses, time window-matched dECG assessments 
and data analysis in a central ECG laboratory) with results 
analysed separately and pooled to provide a total dataset of 
over 100 patients.

Previously published PK data showed that food reduced 
olaparib exposure, whereas the antifungal agent, itracona-
zole, increased olaparib exposure [14, 15]. A previous study 
specifically evaluating the effects of food on QT reported 
that food itself may shorten the QTc interval and PR inter-
vals for at least 4 h after ingestion [19]. Studies have also 
reported prolongation effects of itraconazole on QT interval, 
although these reports are few in number and largely reflect 
the potential for itraconazole to affect serum concentrations 
of agents known to directly affect QT prolongation [20–23]. 
For these reasons, to eliminate any potential food or con-
comitant drug exposure effects in the present study, the pri-
mary analysis of the potential effect of olaparib on QT inter-
val was conducted when olaparib was taken in the fasted 
state and following a washout period of at least 5  days 
(7 days for patients in the itraconazole study).

Overall, the primary analyses and sensitivity analysis of 
the pooled multiple-dose olaparib data indicate that mul-
tiple dosing of olaparib at the dosage utilized in phase III 
monotherapy trials (300 mg bid) does not exert a clinically 
significant effect on cardiac repolarization. Findings from 
the individual studies were consistent with that shown for 
the pooled analysis. Data from the supportive single-dose 
analyses may have been potentially confounded by the 
effect of food, itraconazole, or the different single doses 
of olaparib (100 and 300  mg) in the individual studies. 
Regardless of these potential confounders, the QT results 
from the single-dose analyses supported the primary anal-
ysis for multiple-dose olaparib. Thus, across all analyses, 
the upper limit of the two-sided 90 % CI around the mean 
treatment effect was < 10 ms, indicating a lack of clinically 
relevant effects of olaparib on cardiac repolarization.

Shortening of QTcF was observed pre-dose in the 
absence of olaparib exposure, suggestive of normal varia-
tion in heart rate on the QT/QTc interval or diurnal vari-
ation of the QT/QTc interval due to the influence of the 
autonomic system (occurring independently of heart rate), 
as previously proposed in a study that included patients 
with fitted pacemakers who had normally innervated hearts 
[24]. In these patients, pronounced diurnal variation in the 
QT interval was noted over 24  h of evaluation, with QT 
intervals shortening during the day and lengthening in the 
evening to result in an average difference of 23 ms between 
waking and sleeping hours [24]. By time-matching the QT 
assessments in the present studies, the potential confound-
ing effects of such diurnal variation were controlled for.

In both studies, dECG evaluations showed no clinically 
relevant effect of olaparib on PR and QRS intervals or heart 
rate in either the single (part A)- or multiple (part B)-dose 
periods of the studies. These observations are consistent 
with previous phase II studies of patients with ovarian or 
breast cancer, which did not indicate any clinically impor-
tant changes from baseline in ECG measurements follow-
ing olaparib treatment [3–5].

The concentration–effect model was used to support 
the primary statistical analyses and allow the potential 
confounding influence of dose, food or itraconazole to be 
addressed. Results from the pooled data used in the concen-
tration–effect model to determine the relationship between 
increasing olaparib plasma concentrations and ΔΔQTcF 
indicated that only a small change in QTcF occurred for 
every µg/mL increment in olaparib plasma concentration. 
Similar findings were noted for the effect of increasing 
olaparib plasma concentrations on ΔΔQTcI. The finding 
that food altered the baseline of the model is in agreement 
with the literature regarding shortening of the QT interval 
after food administration [19]. From the predicted rela-
tionships identified in the concentration–effect models, 
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the maximum range of olaparib drug plasma concentra-
tion reached with multiple dosing would not be expected 
to cause prolongation of the QTc interval of a magnitude 
that would be of clinical concern or that would cross the 
threshold of regulatory concern, as set out in the ICH E14 
guidelines [12].

In conclusion, the results from these two clinical pharma-
cology studies conducted in patients with refractory/resist-
ant advanced solid tumours demonstrate that olaparib (when 
given as tablet formulation) had no clinically relevant effect 
on QT/QTc interval when administered as either a single 
dose or as multiple doses at the 300 mg bid dosage being 
utilized in phase III monotherapy trials in platinum-sensitive 
relapsed ovarian cancer and other solid tumour types.
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Appendix

See Tables 4 and 5.

Table 4   Summary of ANCOVA 
to assess the effect of multiple-
dose olaparib (300 mg bid tablet 
formulation) on mean QTcF 
interval (ms) at time t: study 4

LS least squares

Time point LS mean (N) Treatment effect
(olaparib vs. control)

Control (day −1) Multiple-dose olaparib Difference in LS means 90 % CI

Pre-dose (time zero) 415.0 (54) 412.8 (54) −2.26 −4.73, 0.21

1 h post-dose 419.0 (53) 414.8 (54) −4.21 −6.69, −1.73

1.5 h post-dose 418.8 (53) 416.8 (54) −1.97 −4.45, 0.52

2 h post-dose 418.8 (53) 416.4 (54) −2.41 −4.90, 0.07

3 h post-dose 417.3 (53) 416.9 (54) −0.36 −2.85, 2.12

4 h post-dose 416.9 (53) 416.6 (54) −0.26 −2.75, 2.22

6 h post-dose 411.4 (54) 409.2 (53) −2.22 −4.70, 0.26

8 h post-dose 409.9 (54) 406.5 (53) −3.34 −5.83, −0.86

12 h post-dose 412.4 (49) 406.6 (52) −5.78 −8.34, −3.22

Table 5   Summary of ANCOVA 
to assess the effect of multiple-
dose olaparib (300 mg bid tablet 
formulation) on mean QTcF 
interval (ms) at time t: study 7

LS least squares

Time point LS mean (N) Treatment effect
(olaparib vs. control)

Control (day −1) Multiple-dose olaparib Difference in LS means 90 % CI

Pre-dose (time zero) 419.0 (50) 417.4 (49) −1.61 −4.40, 1.18

1 h post-dose 419.5 (50) 417.9 (50) −1.56 −4.34, 1.22

1.5 h post-dose 419.5 (51) 420.2 (49) 0.65 −2.13, 3.44

2 h post-dose 419.1 (51) 419.7 (50) 0.64 −2.12, 3.41

3 h post-dose 418.6 (51) 419.0 (49) 0.38 −2.40, 3.16

4 h post-dose 416.6 (51) 416.9 (50) 0.29 −2.47, 3.06

6 h post-dose 412.0 (51) 412.2 (50) 0.16 −2.60, 2.93

8 h post-dose 414.4 (50) 410.1 (50) −4.20 −6.98, −1.42

12 h post-dose 413.9 (42) 412.5 (46) −1.46 −4.43, 1.52
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