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Abstract
Purpose  Anticancer drugs may cause cardiovascular toxicities, including QT interval prolongation. Niraparib, a potent and 
selective once-daily oral poly (ADP-ribose) polymerase inhibitor, is approved as a maintenance therapy in platinum-sensitive 
recurrent epithelial ovarian, fallopian tube, and primary peritoneal cancer (EOC). Here, we present the effects of niraparib 
on cardiac repolarization, and the correlation between changes in baseline QT interval corrected by Fridericia’s formula 
(ΔQTcF) and niraparib plasma concentrations.
Methods  Patients with EOC from the NOVA study (subset of n = 15), the food effect NOVA substudy (n = 17), and a QTc 
substudy (n = 26) underwent intensive electrocardiographic (ECG) monitoring that included triplicate ECG testing on Day 1 
at baseline (predose) and at 1, 1.5, 2, 3, 4, 6, and 8 h postdose concurrent with time-matched blood sampling for determination 
of niraparib plasma concentrations. All patients received once-daily 300-mg niraparib until disease progression or toxicity.
Results  Across the 3 substudies, the upper limit of the two-sided 90% confidence interval (CI) of ΔQTcF was ≤ 10 ms at 
every postdose timepoint, with a maximum upper limit of 4.3 ms, which indicates no clinically meaningful effect on QTc 
prolongation. No statistically significant relationship between ΔQTcF and niraparib plasma concentration was observed 
(estimated slope: 0.0049; 95% CI: − 0.0020, 0.0117; P = 0.164). There were no clinically relevant changes in other ECG 
parameters that could be attributable to niraparib.
Conclusion  Niraparib administration at the recommended daily dose of 300 mg for EOC is not associated with clinically 
relevant alteration of ECGs, including QTc prolongation.
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Introduction

Niraparib (ZEJULA®) is a potent and selective once-daily 
oral poly (adenosine diphosphate-ribose) polymerase 
(PARP) 1/2 inhibitor indicated for the maintenance treat-
ment of patients with recurrent ovarian, fallopian tube, or 
primary peritoneal cancer (EOC) who are in complete or 
partial response to platinum-based chemotherapy. Nira-
parib prevents PARP-mediated single-strand DNA break 
repair in tumors, thereby promoting apoptotic cell death 
[1]. In a phase 1 dose-escalation study, pharmacodynamic 
analyses showed that PARP inhibition was > 50% at nira-
parib doses > 80 mg/day and antitumor activity at doses 
> 60 mg/day; this study established 300 mg once-daily to 
be the maximal tolerated dose of niraparib in patients with 
advanced solid tumors [2]. The pivotal phase 3 NOVA 
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study that led to the approval of niraparib reported a sig-
nificant improvement in progression-free survival com-
pared with placebo in women with platinum-sensitive, 
recurrent EOC who received niraparib maintenance ther-
apy, regardless of BRCA​ mutation or biomarker status [3].

Ovarian cancer is diagnosed at a median age of 
~ 59 years; thus, patients with EOC may have an increased 
cardiovascular risk and associated mortality [4, 5]. Fur-
thermore, the use of multiple lines of anticancer thera-
pies can also lead to chronic effects such as ventricular 
dysfunction or congestive heart failure, or acute cardiac 
effects such as changes in the QT interval, arrhythmias, 
acute coronary syndromes, pericarditis, and/or myocar-
ditis-like syndrome [6–9]. Considering the potential use 
of multiple therapies and/or lines of therapy, as well as 
extended periods of cancer treatments, regulators in the 
European Union, Japan, and USA recommend thorough 
assessment of cardiovascular effects of therapies, includ-
ing anticancer drugs [10].

QT interval is defined as the duration of ventricular 
depolarization and repolarization (or contraction and 
relaxation) and measured from the beginning of the QRS 
complex (the combination of the Q wave, R wave, and S 
wave) to the end of the T wave. Because heart rate influ-
ences the QT interval, it is commonly corrected by means 
of the Fridericia or Bazett formula to a more accurate 
value known as QTcF or QTcB, respectively [11]. QT 
prolongation is a clinically important ECG abnormality, 
because it can be a precursor for the development of tor-
sade de pointes, a type of ventricular tachycardia that is 
sometimes fatal [7]. Occurrence of torsade de pointes is 
usually associated with a corrected QT interval (QTc) of 
≥ 500 millisecond (ms); however, no established threshold 
that reduces the risk of ventricular arrhythmia exists [12, 
13]. The degree of QT prolongation is recognized as a 
useful marker for proarrhythmic risk from a clinical and 
regulatory standpoint [14].

In preclinical animal studies, niraparib,1, 3, and 10 mg/
kg, administered intravenously during 3 sequential 30-min 
periods, did not change the QTc, blood flow, or PR inter-
val, although there was a slight increase in the QRS 
interval (6% compared with predose) at the highest dose. 
Furthermore, toxicity studies in animals at 1 month and 
3 months after niraparib administration did not show any 
treatment-related ECG abnormalities at the highest doses 
of 12 and 15 mg/kg/day [15, 16].

Because the cardiac effects of niraparib have not been 
formally evaluated in a clinical study, we conducted an 
intense QT/QTc study in a subset of patients from the 
NOVA study and two other substudies, evaluating cardiac 
repolarization and correlation between baseline QTc inter-
val changes and niraparib plasma concentrations.

Materials and methods

Patients and overall study design

The overall study population consisted of patients who 
underwent intensive ECG monitoring while enrolled in the 
NOVA main study (PR-30-5011-C; NCT01847274) and 
the NOVA food effect (FE) substudy (PR-30-5011-C2), as 
well as patients enrolled in the open-label QTc substudy 
(PR-30-5011-C1). Cancer staging was performed accord-
ing to the International Federation of Gynecology and 
Obstetrics (FIGO) staging criteria for EOC [17].

NOVA was a phase 3, randomized, double-blind, pla-
cebo-controlled study of adult patients with platinum-sen-
sitive ovarian cancer categorized according to the presence 
or absence of a germline BRCA​ mutation. Platinum-sensi-
tive disease was defined as disease progression > 6 months 
after completion of the penultimate round of platinum 
therapy and having a complete or partial response to the 
last round of platinum-based chemotherapy. Details on the 
study design and eligibility criteria for the NOVA study 
have been previously published [3]. A subpopulation of 
patients from the NOVA study who underwent intensive 
ECG monitoring (referred to as the NOVA main popula-
tion) was included in the present QTc analysis.

The FE study was a 14-day, open-label, crossover sub-
study designed to assess the effect of a high-fat meal on 
the PK and ECG findings of niraparib. The eligibility 
criteria for the FE study were the same as those for the 
NOVA main study. Patients either fasted or consumed a 
high-fat meal before dosing; after a 7-day PK assessment 
and wash-out period, patients received a dose of niraparib 
under the opposite condition. Patients received a single 
dose of 300 mg niraparib (3 × 100 mg) on days 1 and 8. 
After the completion of the 14-day period, patients began 
daily dosing with 300 mg niraparib on Cycle 1/day 1, 
approximately 2 weeks after the start of the FE substudy. 
Overall study design and eligibility criteria of the FE study 
have been described previously [18].

The QTc substudy enrolled patients with histologically 
diagnosed EOC and an Eastern Cooperative Oncology 
Group performance status of 0–2. Patients enrolled in the 
NOVA main study and FE substudy were platinum-sen-
sitive; however, entry criteria for the QTc substudy were 
broadened to include patients with ovarian cancer regard-
less of platinum sensitivity and burden of disease, as long 
as either no standard therapy existed for these patients or 
the patients had refused standard therapy. Fasting was not 
required. Patients received 300 mg (3 × 100 mg) niraparib 
orally once-daily until progression or toxicity.

In all three substudies, patients were excluded if they 
had a baseline QT prolongation > 470 ms or were receiving 
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concomitant medications that prolong QTc. For all patients 
(regardless of study part), dose interruptions (no longer 
than 28 days) were allowed. In addition, dose reductions 
to two capsules daily (200 mg) and subsequently to one 
capsule daily (100 mg) were allowed based on treatment 
side effects. No further dose reductions were allowed. The 
timing of efficacy or safety evaluations was not affected by 
dose interruptions or reductions.

The protocols of all three substudies were approved by the 
ethics committees of the participating study sites and were 
conducted in accordance with the International Conference 
on Harmonisation, Good Clinical Practice, and the Declara-
tion of Helsinki. All participants provided written informed 
consent prior to study entry.

QTc assessments

The main objective of the intensive ECG analyses was to 
assess the effects of niraparib on cardiac repolarization fol-
lowing a single dose. The primary endpoint was the mean 
change between time-matched measurements of QTcF for 
niraparib from baseline (ΔQTcF). Baseline was defined as 
the average of the triplicate (if collected) readings closest to, 
but prior to, the first dose of study drug. Twelve-lead Holter 
recordings were collected from the selected patients on day 
1 of Cycle 1 and then transferred to and analyzed by ERT 
(St. Louis, MO; formerly Biomedical Systems). Twelve-
lead ECGs were extracted from the Holter recordings at 
baseline (predose) and 1, 1.5, 2, 3, 4, 6, and 8 h postdose. 
Time-matched PK samples were collected on day 1. Periodic 
safety assessments (including safety ECG, vitals, clinical 
laboratories, and AEs) were made per protocol throughout 
the study.

In addition to the standard 12-lead ECG conducted at 
screening and Cycle 2, day 1 (predose and 2 h postdose) 
and at the study treatment discontinuation, patients selected 
for intensive ECG monitoring had triplicate 12-lead ECGs 
taken predose and at 1, 1.5, 2, 3, 4, 6, and 8 h postdose 
(day 1 only), which coincided with blood sampling for PK 
determination in all three substudies. After a 5-min period 
where the patients were supine to stabilize heart rate, ECGs 
were extracted in triplicate within a 5-min window with sin-
gle ECGs extracted between 1 and 2 min between ECGs. 
The average of each of the triplicate measures was used for 
analysis.

QT assessments were performed at a central laboratory 
by board-certified cardiologists using the computer-assisted 
measurement of intervals software. The QT interval was 
measured from the earliest detection of depolarization in 
any lead (beginning of the Q or R wave) to the latest detec-
tion of repolarization in any lead (end of the T wave). QT 
was corrected for heart rate using the Fridericia correc-
tion (QTcF): QTcF = QT/RR1/3 and the Bazett correction 

(QTcB): QTcB = QT/RR1/2 where RR is the time interval 
between consecutive heart beats and QT, RR, QTcF, and 
QTcB are expressed in seconds.

Heart rate, PR interval (the time from the onset of the P 
wave to the start of the QRS complex) and QRS duration 
(combined duration of the Q wave, R wave, and S wave rep-
resenting ventricular depolarization prior to ventricular con-
traction) data were also summarized using central tendency 
and categorical analysis. Abnormal heart rates were catego-
rized as an increase of > 20% resulting in a heart rate > 100 
beats per minute (bpm) or a decrease of > 20% resulting in 
a heart rate < 50 bpm. Number and percentage of patients 
with an increase in QRS duration > 20% resulting in a QRS 
duration > 120 ms or a decrease in QRS duration > 20% 
resulting in a QRS duration < 60 ms were determined. Simi-
larly, the number and percentage of patients with an increase 
in PR interval > 20% resulting in a PR interval > 220 ms or 
a decrease in PR interval > 20% resulting in a PR interval 
duration < 120 ms were determined.

Pharmacokinetic assessments

On Cycle 1, day 1, all patients who underwent intensive 
ECG monitoring had blood samples drawn for measure-
ments of plasma levels of niraparib at predose (within 
30 min of niraparib dose) and at 1, 1.5, 2, 3, 4, 6, and 8 h 
postdose (± 2 min at all postdose time points). Niraparib 
PK parameters determined from blood draws were matched 
to ECG assessment using a validated LC/MS/MS method.

Statistical analyses

ECG intervals at each time point were obtained as the 
averages from triplicate recordings. To assess the ΔQTcF 
between time-matched measurements for niraparib, the 
upper bound of the two-sided 90% confidence interval (CI) 
at each time point for ΔQTcF was calculated. The primary 
analysis focused on the calculation of the largest increase 
in the ΔQTcF, specifically, the upper bound of the 90% CI 
of the ΔQTcF. The QT study was considered negative (no 
effect on QTc prolongation) if the upper bound of the two-
sided 90% CI for the ΔQTcF was < 10 ms (per the Inter-
national Conference on Harmonisation E14 guidelines). 
Primary analyses were performed separately for the NOVA 
main and QTc substudy, and for the FE substudy.

For PK analysis, all postdose time points with non-miss-
ing QTcF values and niraparib plasma concentrations were 
used to perform repeated measures regression analysis. The 
analysis used effects on patients as a random variable and 
plasma concentration at the matching time point as the pre-
dictor of time-matched ΔQTcF. The relationship between 
ΔQTcF and plasma concentration of niraparib was analyzed 
using a linear mixed-effects model. The linear regressions 
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were plotted with CIs over the range of plasma concentra-
tions reported throughout the study and summarized with 
slope, intercept, and a test of the statistical significance of 
the slope (different from 0).

Based on a regulatory commitment to evaluate intensive 
ECG data in 10% of niraparib-treated patients in the NOVA 
study (N = 490), approximately 49 patients were needed for 
the intensive ECG evaluation. The NOVA main study, the 
QTc substudy, and the FE substudy contributed to reach the 
target sample size of eligible patients for the QTcF analy-
ses (n = 58), which could identify a clinically meaningful 
prolongation of QTcF, if one existed, due to treatment with 
niraparib.

Results

ECG data were collected from a total of 58 patients: 15 
patients from the NOVA main study (10 niraparib-treated 
and 5 placebo-treated), 26 niraparib-treated patients from 
the QTc substudy, and 17 niraparib-treated patients from the 
FE substudy. ECGs of patients who had ≥ 1 time-matched 
change from baseline ECG value were included in the QTc 
analysis. Patients from the NOVA main study and QTc sub-
study were analyzed together and referred to as “NOVA 
main and QTc substudy” patients. Because the NOVA main 
subset included five placebo-treated patients, placebo-
adjusted QTc analyses are provided for the NOVA main and 
QTc substudy. Patients from the FE substudy were analyzed 
separately. Combined QTc analyses across the three datasets 
are also reported where applicable and are referred to as 
“combined ECG data” in this report.

Patient characteristics

Patient demographics and clinical characteristics were com-
parable among the three substudies (Table 1); the median 
age was > 60 years, most patients were Caucasian and had 
a primary tumor of the ovary. More than half of the patients 
had Stage IIIC or higher-stage cancer per the FIGO clas-
sification [17], and most patients had received between one 
and three prior platinum-based regimens.

Mean ΔQTcF

Figure 1 shows baseline- and placebo-corrected ΔQTcF 
in niraparib-treated patients in the NOVA main and QTc 
substudy. There were no significant differences in mean 
ΔQTcF at any postdose timepoint. The largest increase in 
the ΔQTcF [mean ± standard deviation (SD)] for niraparib 
was 4.3 ± 8.8 ms at 3 h postdose, smaller than the upper limit 
of the 90% CI for the mean ΔQTcF of 6.7 ms at 3 h postdose 
(Table 3 in “Appendix”).

In the FE substudy, intensive ECG monitoring was con-
ducted in patients in both fed and fasted states. The bio-
equivalence between the fed (high-fat meal) and fasted con-
ditions has been previously demonstrated [18]. Increases as 
well as decreases in the ΔQTcF were seen in the ECGs of 
fasted patients. The largest increase in the upper bound of 
the 90% CI of the ΔQTcF in the fasted state was 4.1 ms at 
1 h postdose (mean ± SD, 1.2 ± 6.64 ms). Patients in the fed 
state only showed reductions in the ΔQTcF; the largest mean 
reduction in ΔQTcF was 11.5 ms at 2 h postdose (Table 4 
in “Appendix”).

Categorical analyses of QTcF changes

In the NOVA main and QTc substudy, 1 patient had QTcF 
duration > 450  ms predose, and 2 patients each had 2 
instances of QTcF durations > 450 ms postdose. In the FE 
study, 4 patients had QTcF duration > 450 ms postdose. Of 
these, 1 patient (patient 3) had QTcF durations > 450 ms in 
both the fasted and fed states (Table 2). These data indi-
cated that the ΔQTcF observed in the few patients were 
mild, with no patient having a QTcF duration > 480 ms or a 
ΔQTcF ≥ 30 ms at any postdose time point.

Supportive QT analyses of other ECG variables

Heart rate

In the NOVA main and QTc substudy, postdose increases 
and decreases were noted in baseline-adjusted mean heart 
rate (ΔHR), but none were clinically meaningful. The largest 
ΔHR was 8.3 ± 7.9 bpm at 4 h postdose. No patient devel-
oped an increase or decrease in heart rate postdose (defined 
as increases > 20% from baseline resulting in a heart rate 
> 100 bpm, or decreases > 20% resulting in a heart rate of 
< 50 bpm).

In the FE study, postdose increases in ΔHR were seen in 
both the fed and fasted groups; the largest mean increases 
were 12.6 ± 9.47 bpm at 8 h postdose and 13.1 ± 9.54 bpm 
at 6 h postdose, respectively. These increases were not clini-
cally meaningful. Three patients (fasted, n = 2; fed, n = 1) 
had increases in heart rate that met reporting criteria.

QRS interval

No consistent changes from baseline in the postdose mean 
QRS duration differences (ΔQRS) were observed in any 
substudy. At any timepoint in the NOVA main and QTc 
substudy, mean ΔQRS were less than ± 1 ms, which did not 
suggest any important clinical concerns. In the FE study, the 
largest (± SD) increase in ΔQRS was 1.1 ± 1.74 ms found in 
the fasted group at 1.5 h postdose. No patient in any treat-
ment group had a postdose QRS duration > 120 ms and an 
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increase in QRS duration of > 20%, or a postdose QRS dura-
tion < 60 ms and a decrease from baseline of > 20%.

PR interval

In the NOVA main and QTc substudy, no consistent differ-
ences were observed in postdose baseline-adjusted mean 
PR interval differences (ΔPR). The largest change (± SD) 
was − 5.4 ± 8.7 ms at 6 h postdose in the NOVA and QTc 
studies, and − 6.4 ± 6.05 ms at 4 h postdose in the fed 

group of the FE study, neither of which was clinically 
meaningful. No patient in any treatment group had a post-
dose PR interval > 220 ms and a ΔPR from baseline > 20%. 
However, in the NOVA and QTc substudy, there was one 
instance of a > 20% reduction in ΔPR interval and a PR 
interval of < 120 ms; the patient had a predose PR inter-
val of 145.3 ms and a 4 h postdose value of 116 ms. No 
increase or decrease in the ΔPR > 20% was observed in 
the FE substudy.

Table 1   Demographic and clinical characteristics

BMI Body Mass Index, ECG electrocardiograph, ECOG Eastern Cooperative Oncology Group, FIGO International Federation of Gynecology 
and Obstetrics, NA not applicable

Characteristic NOVA main study (n = 15) QTc substudy (n = 26) Food effect 
substudy 
(n = 17)

Age, year, median (range) 62 (45–77) 62 (46–76) 64 (47–69)
 ≥ 65 years 7 (47) 10 (39) 7 (41)

Race, n (%)
 White 14 (93) 21 (81) 15 (88)
 Black 0 3 (12) 1 (6)
 Asian 1 (7) 1 (4) 0
 American Indian or Alaska Native 0 1 (4) 0
 Native Hawaiian or other Pacific Islander 0 0 1 (6)

Weight in kg, median (range) 68 (50–103) 70 (43–120) 73 (55–115)
Height in cm, median (range) 159 (154–173) 160 (149–173) 163 (150–173)
BMI in kg/m2, median (range) 27 (20–40) 27 (18–51) 26 (21–43)
ECOG performance status
 0 14 (93) 17 (65) 12 (71)
 1 1 (7) 9 (35) 5 (29)

Primary tumor, n (%)
 Ovarian 12 (80) 25 (96) 15 (88)
 Primary peritoneal 0 0 1 (6)
 Fallopian tube 3 (20) 1 (4) 1 (6)

Duration since diagnosis (year), median (range) 2.2 (1.8–7.7) 2.3 (0.6–17.2) NA
FIGO stage
 0, I, II 2 (13) 3 (12) 0
 III 0 3 (12) 0
 IIIA 2 (13) 0 1 (6)
 IIIB 1 (7) 1 (4) 1 (6)
 IIIC 8 (53) 14 (54) 12 (71)
 IV 2 (13) 5 (19) 3 (18)

Number of prior platinum courses
 1–3 14 (93) 25 (96) 14 (82)
 > 3 1 (7) 1 (4) 3 (18)

Number of prior chemotherapy courses
 1–3 14 (93) 20 (77) 5 (29)
 > 3 1 (7) 6 (23) 12 (71)

Radiotherapy prior to enrollment, n (%) 1 (7) 3 (12) 2 (12)
Time since last platinum course (days), median (range) 50 (35–56) 41 (8–1419) NA



722	 Cancer Chemotherapy and Pharmacology (2019) 83:717–726

1 3

Clinical interpretation of ECG results

One patient in the QTc substudy population had a first-
degree atrioventricular block 1 h postdose, which was 
considered an abnormal potentially clinically meaningful 
ECG finding. Of the three ECG readings taken at this time-
point, one was considered abnormal, possibly clinically 
relevant, and two were reported as abnormal but not clini-
cally meaningful. The PR interval for these three ECGs 
was measured at 236 ms, 234 ms, and 242 ms. Although 
one ECG reading was > 240 ms, the triplicate average was 
237 ms; the threshold for abnormal, potentially clinically 
relevant PR interval for this study was 240 ms. In the FE 
study, one patient had an abnormal potentially clinically 

relevant ECG finding at 3 h postdose described as a pos-
sible ectopic atrial rhythm and left axis deviation inferior 
infarct. Myocardial infarction was observed in two patients 
in the FE study on day 1, but not on day 8 when the second 
dose was administered. Therefore, such an onset did not 
appear to be associated with niraparib. Postdose ST or T 
wave abnormalities that were not present at baseline were 
noted in some patients at sporadic postdose timepoints 
(NOVA main and QTc substudy, n = 2 patients; FE study, 
n = 7); however, all of these repolarization abnormalities 
were determined to be nonspecific and not of clinical con-
cern. No postdose U wave abnormalities, second-degree, 
and third-degree blocks, or bundle branch blocks that were 
not present at baseline were reported in any patient.

Relationship between niraparib plasma 
concentration and ΔQTcF

The relationship between niraparib plasma concentration 
and ΔQTcF was explored graphically, and the data were 
analyzed using a linear mixed-effects model. In the NOVA 
main and QTc substudy, the estimated slope (95% CI) was 
0.0014 (− 0.0031, 0.0060), with a geometric mean Cmax of 
740.3 ng/mL. In the FE study, the estimated slope (95% 
CI) was − 0.0002 (− 0.0060, 0.0055), with a geometric 
mean Cmax of 835.8 ng/mL. When the data from the NOVA 
main, QTc and FE substudies were combined for the expo-
sure–response analysis, no exposure-related positive trends 
were observed in mean QTcF or mean ΔQTcF versus time 
since dosing. More importantly, no statistically significant 
relationship between ΔQTcF and niraparib plasma concen-
tration was observed (estimated slope: 0.0049, 95% CI: 
− 0.0020, 0.0117; p = 0.164; Fig. 2).
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Fig. 1   Baseline- and placebo-corrected ΔQTcF (mean ± 90% CI) on 
day 1 in the NOVA main and QTc substudy

Table 2   Patients with postdose QTcF interval > 450 ms

Patient number Baseline QTcF 
duration (ms)

Postdose time 
point (h)

QTcF 
duration 
(ms)

NOVA main and QTc substudy
 1 465.0 1.5 456.0

2 465.0
 2 446.7 2 451.3

4 457.7
Food effect substudy
 1 (fasted) 455.7 2 454.3
 2 (fasted) 448.0 1 456.3
 3 (fasted) 450.7 1 450.3

1.5 451.7
2 454.3
8 451.3

 3 (fed) 452.7 8 452.0
 4 (fasted) 443.0 1 451.3

1.5 451.0

Fig. 2   Correlation between ΔQTcF and niraparib plasma concentra-
tion in all patients in the ECG study (NOVA main and food effect and 
QTc substudies)
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Discussion

The International Conference on Harmonisation E14 
guidelines emphasizes the need to evaluate cardiac safety 
in non-antiarrhythmic drugs due to their ability to delay 
cardiac repolarization (prolongation of the QT interval) 
[10], which is a common reason for post-marketing with-
drawal of a drug from the market and requires stringent 
pharmacovigilance [9]. At the same time, the effect of new 
drugs on QT prolongation should be cautiously studied 
in a way such that it does not impede drug advancement 
or inappropriately disqualify patients from clinical trials 
based on QT prolongation criteria [13, 19]. The recent 
approval of niraparib as a maintenance therapy in EOC 
that has responded to platinum-based chemotherapy 
implies a longer-term, extended use of the drug in a poten-
tially older, heavily pretreated population. The likelihood 
of cardiovascular disease and other comorbidities in this 
population necessitates an analysis of cardiac effects fol-
lowing niraparib treatment.

Because of the indication and nature of oncology drugs, 
these cannot be administered to healthy subjects at thera-
peutic concentrations; hence, a thorough QTc study cannot 
be conducted [13]. We therefore performed an intensive 
and comprehensive QTc analysis of patients from three 
niraparib studies to investigate the effect of niraparib on 
measures of cardiac ventricular repolarization. Traditional 
thorough QTc studies for non-antiarrhythmic drugs are 
considered negative with no increased risk of QTc pro-
longation, if the largest increase in the ΔQTcF is < 10 ms 
[10]. In our study, the upper bound of the two-sided 90% 
CI for ΔQTcF was ≤7 ms at every postdose time point (up 
to 8 h postdose). At no time postdose did the measure-
ments indicate a mean ΔQTcF greater than 4.3 ms (at 3 h 
postdose) and an upper bound of the 90% CI for the mean 
ΔQTcF greater than 6.7 ms (at 3 h postdose). Notably, the 
3 h postdose timepoint falls close to the median Tmax of 
4 h for 300-mg dose of niraparib [20], which is the daily 
recommended dose. These data represent a negative QTc 
study, indicating no clinically relevant effect of niraparib 
on cardiac repolarization as measured by the prolongation 
of QTcF interval.

Modeling the plasma concentration of niraparib versus 
ΔQTcF confirmed the lack of meaningful QTcF increases 
with increasing concentrations of niraparib. This finding 
is further supported by the findings that (1) no patient had 
a QTcF duration of > 480 ms or a ΔQTcF of ≥30 ms (or 
≥60 ms) in any treatment group, (2) no patient had clini-
cally significant changes in other cardiac parameters such 
as heart rate, PR interval, or QRS interval, as assessed 
by central tendency and categorical analysis, and (3) no 
patient had clinically relevant ECG abnormalities. Results 

of other QT analyses (i.e., QTcB and uncorrected QT 
interval) were in agreement with the results of the QTcF 
analysis (data not shown).

Two other PARP inhibitors, olaparib and rucaparib, have 
been approved for the treatment of EOC [21, 22]. Pooled 
data from two phase 1 open-label studies of olaparib showed 
a lack of clinically relevant effect on cardiac repolarization 
(upper limits of 90% CIs for the ΔQTcF least squares was 
< 10 ms) for single (100 and 300 mg; n = 119) and multiple 
(300 mg twice-dialy × 5 days; n = 109) doses compared with 
control (day − 1). Slight shortening of QTcF was reported 
at most postdose time points compared with control (base-
line/day − 1); however, the lower limits of the 90% CI 
were > − 10 ms for all time points. No patient had QTcF 
of > 500 ms [11]. In an open-label single-arm PK study of 
rucaparib in patients with solid tumors who received contin-
uous doses from 40 mg once-daily (0.03 times the approved 
dose) to 840 mg twice daily (1.4-times the approved dose), 
the mean increase in ΔQTcF was 14.9 (90% CI 11.1–18.7) 
ms at Cmax for steady-state rucaparib 600 mg twice daily 
[22]. Increasing plasma concentration of rucaparib seemed 
to be associated with increasing QTcF from baseline. Of the 
55 patients with baseline and postdose ECG measurements 
available, 6 (11%) had at least 1 postbaseline QTcF measure-
ment > 450 ms and 10 (18%) had ΔQTcF increases > 30 ms 
[23]. The current robust QTcF analysis of niraparib in a 
pooled population from three substudies did not show any 
patient with a ΔQTcF of > 60 ms and/or an absolute QTcF 
interval of > 480 ms, and there was no adverse effect of 
niraparib exposure. Overall, the cardiac safety of niraparib 
compares favorably with that of the existing PARP inhibi-
tors for EOC.

In conclusion, administration of niraparib at the therapeu-
tic dose (single dose of 300 mg daily) did not prolong the 
QTcF interval. There was no significant correlation between 
niraparib exposure and ΔQTcF. Additionally, categorical 
summaries of percentage of patients with ΔQTcF of 0–30, 
31–60, and > 60 ms and/or with a QTcF > 480 ms were con-
cordant with lack of correlation between the exposure and 
the ΔQTcF. There were no clinically relevant changes in 
other ECG parameters or abnormal ECG findings attribut-
able to the administration of niraparib. These results are con-
sistent with clinical experience with niraparib and indicate 
that niraparib does not demonstrate a propensity to prolong 
the QTcF interval in patients with EOC.
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Appendix

See Tables 3 and 4.

Table 3   Absolute mean QTcF and mean ΔQTcF at postdose time points in the NOVA main and QTc substudy

NOVA main and QTc substudy

Postdose time point/statistics Baseline QTcF (ms) Postdose QTcF (ms) Change from baseline Change from 
baseline and 
placebo

1 h
 n 36 36 36 36
 Mean (SD) 415.8 (16.72) 416.5 (14.91) 0.8 (9.23) − 2.2 (9.23)
 90% CI of mean 411.1, 420.5 412.3, 420.7 − 1.8, 3.3 − 4.8, 0.3

1.5 h
 n 35 35 35 35
 Mean (SD) 415.5 (16.88) 418.5 (16.72) 3.1 (8.67) − 0.3 (8.67)
 90% CI of mean 410.7, 420.3 413.8, 423.3 0.6, 5.5 − 2.8, 2.1

2 h
 n 36 36 36 36
 Mean (SD) 415.8 (16.72) 419.7 (17.15) 3.9 (6.97) 3.7 (6.97)
 90% CI of mean 411.1, 420.5 414.9, 424.5 2.0, 5.9 1.7, 5.7

3 h
 n 36 36 36 36
 Mean (SD) 415.8 (16.72) 420.0 (15.42) 4.3 (8.80) 0.8 (8.80)
 90% CI of mean 411.1, 420.5 415.7, 424.4 1.8, 6.7 − 1.6, 3.3

4 h
 n 36 36 36 36
 Mean (SD) 415.8 (16.72) 419.2 (14.67) 3.5 (10.63) 3.3 (10.63)
 90% CI of mean 411.1, 420.5 415.1, 423.4 0.5, 6.5 0.3, 6.3

6 h
 n 36 36 36 36
 Mean (SD) 415.8 (16.72) 415.6 (12.92) − 0.1 (10.95) 1.1 (10.95)
 90% CI of mean 411.1, 420.5 412.0, 419.3 − 3.2, 2.9 − 2.0, 4.2

8 h
 n 36 36 36 36
 Mean (SD) 415.8 (16.72) 416.4 (13.56) 0.6 (10.73) 1.3 (10.73)
 90% CI of mean 411.1, 420.5 412.6, 420.2 − 2.4, 3.7 − 1.7, 4.3
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