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Abstract
Rucaparib is an oral small-molecule poly(ADP-ribose) polymerase inhibitor indicated for patients with recurrent ovarian 
cancer in the maintenance and treatment settings and for patients with metastatic castration-resistant prostate cancer associ-
ated with a deleterious BRCA1 or BRCA2 mutation. Rucaparib has a manageable safety profile; the most common adverse 
events reported were fatigue and nausea in both indications. Accumulation in plasma exposure occurred after repeated 
administration of the approved 600-mg twice-daily dosage. Steady state was achieved after continuous twice-daily dosing 
for a week. Rucaparib has moderate oral bioavailability and can be dosed with or without food. Although a high-fat meal 
weakly increased maximum concentration and area under the curve, the effect was not clinically significant. A mass balance 
analysis indicated almost a complete dose recovery of rucaparib over 12 days, with metabolism, renal, and hepatic excretion 
as the elimination routes. A population pharmacokinetic analysis of rucaparib revealed no effect of age, sex, race, or body 
weight. No starting dose adjustments were necessary for patients with mild-to-moderate hepatic or renal impairment; the 
effect of severe organ impairment on rucaparib exposure has not been evaluated. In patients, rucaparib moderately inhib-
ited cytochrome P450 (CYP) 1A2 and weakly inhibited CYP3As, CYP2C9, and CYP2C19. Rucaparib weakly increased 
systemic exposures of oral contraceptives and oral rosuvastatin and marginally increased the exposure of oral digoxin (a 
P-glycoprotein substrate). In vitro studies suggested that rucaparib inhibits transporters MATE1, MATE2-K, OCT1, and 
OCT2. No clinically meaningful drug interactions with rucaparib as a perpetrator were observed. An exposure–response 
analysis revealed dose-dependent changes in selected clinical efficacy and safety endpoints. Overall, this article provides a 
comprehensive review of the clinical pharmacokinetics, pharmacodynamics, drug–drug interactions, effects of intrinsic and 
extrinsic factors, and exposure–response relationships of rucaparib.

 *	 Jim J. Xiao 
	 jxiao@clovisoncology.com

1	 Clovis Oncology, Inc., 500 Flatiron Pkwy, Suite 100, 
Boulder, CO 80301, USA

1  Introduction

The 17-member poly(ADP-ribose) polymerase (PARP) 
superfamily of nuclear enzymes plays a critical role in the 
repair of DNA damage via the base excision repair/single-
strand break repair pathway [1–3]. Poly(ADP-ribose) poly-
merase inhibition results in unrepaired single-strand breaks 
progressing to double-strand breaks, which normal cells 
mend by homologous recombination (HR) mediated via 
BRCA1 and BRCA2 (BRCA) [4–7]. However, as tumor cells 
harboring a BRCA mutation or other HR deficiency (HRD) 
are not capable of error-free repair of double-strand breaks, 
PARP inhibition in this setting leads to synthetic lethality 
[8–20].

Rucaparib, formerly known as AG-014699 and 
PF-01367338, is a potent, orally available, small-molecule 
inhibitor of PARP1, PARP2, and PARP3 [15, 21–23]. It is 
approved in Europe as monotherapy for recurrent ovarian 
cancer in the treatment setting based on the results from the 
Study 10 (NCT01482715) and ARIEL2 (NCT01891344) 
trials, and approved in the USA and Europe in the main-
tenance setting based on the results from the ARIEL3 
(NCT01968213) trial [21, 24]. Rucaparib is also approved 
in the USA for the treatment of patients with metastatic cas-
tration-resistant prostate cancer (mCRPC) associated with 
a deleterious BRCA mutation based on the results from the 
TRITON2 (NCT02952534) study [21].

This review discusses the pharmacokinetic (PK) and 
pharmacodynamic properties, drug–drug interactions 
(DDIs), special populations, and exposure–response rela-
tionships based on published studies from the rucaparib 
research and development program, both preclinical and 
clinical, in order to provide guidance on its use in patients 
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Key Points 

Rucaparib has an absolute oral bioavailability of 36%. 
Steady state is reached following a 1-week treatment. 
Rucaparib can be dosed with or without food.

Rucaparib is eliminated through both metabolism and 
excretion.

Body weight, body mass index, age, race, sex, 
cytochrome P450 phenotypes, mild-to-moderate renal 
or hepatic impairment, and concomitant proton pump 
inhibitors have no clinically significant effects on the 
pharmacokinetics of rucaparib.

Rucaparib has a manageable clinical drug–drug interac-
tion profile as a perpetrator of cytochrome P450 enzymes 
and transporters.

An exposure–response analysis suggests dose-dependent 
efficacy and safety and supports the rucaparib starting 
dose of 600 mg twice daily.

dinucleotide to catalyze the formation of poly(ADP-ribose) 
[PAR] polymers on target nuclear proteins. These PAR poly-
mers act as a signal to recruit additional proteins and initi-
ate the repair of damaged DNA. Crystallographic analysis 
revealed that rucaparib mimics the nicotinamide moiety of 
nicotinamide adenine dinucleotide and binds to the PARP 
active site. In cell-free in vitro assays, rucaparib had high 
binding affinity for PARP1 (inhibitory constant 1.4 nmol/L) 
and PARP2 (inhibitory constant 0.17 nmol/L) [22]. The 
rucaparib concentration required to inhibit PARP1, PARP2, 
and PARP3 function by 50% (IC50) is 0.8, 0.5, and 28 nM, 
respectively.

Cytotoxicity, DNA damage, and HR repair after 24-h 
exposure to rucaparib was examined in nine human ovar-
ian, breast, and pancreatic cancer cell lines (BRCA wild 
type, mutant BRCA1, mutant BRCA2, epigenetically silenced 
BRCA1, heterozygous for BRCA2) and in normal and HRD-
positive (deficient XRCC3) Chinese hamster ovary cell 
lines [15]. At rucaparib concentrations up to 10 µM, greater 
cytotoxicity was observed in the cell lines with a BRCA 
mutation or HRD than in BRCA wild-type cells or those 
that were heterozygous for a BRCA2 mutation [15]. Ruca-
parib induced DNA double-strand breaks in all nine cell 
lines studied; however, HR repair was only observed in cells 
with functional BRCA [15]. In a separate in vitro study, the 
proliferation of 26 of 39 representative human ovarian can-
cer cell lines bearing a wide range of HR deficiencies other 
than a BRCA mutation was inhibited by 50% at rucaparib at 
concentrations ≤13 µM [30]. Cell lines with a low expres-
sion of genes involved in HR were particularly sensitive to 
rucaparib [30]. Rucaparib also potentiated the effects of 
DNA-damaging chemotherapy in ovarian cancer cells that 
were both sensitive and resistant to rucaparib monotherapy 
[30]. In UWB1.289 cells (BRCA1 mutant) exposed to ruca-
parib, concentration-dependent increases in PAR inhibition 
and DNA damage culminated in G2/M cell-cycle arrest, 
apoptosis, and decreased cell viability [29]. In vivo, ruca-
parib decreased tumor growth in mouse xenograft models of 
human cancer with deficiencies in BRCA, as well as those 
with other defects leading to HRD [15, 31]. Mouse plasma 
and tumor concentrations of rucaparib increased with ruca-
parib dose and were inversely correlated with PAR levels 
and directly correlated with greater tumor growth inhibition 
[29].

3 � Clinical Experience of Rucaparib

Results from four key clinical trials have established ruca-
parib as a generally well-tolerated monotherapy with anti-
tumor activity in patients with recurrent high-grade ovarian 
carcinoma in the treatment [32–34] and maintenance set-
tings [35]. Study 10 was a phase I/II trial establishing the 

with cancer. In the past decade, a number of PARP inhibi-
tors have been successfully developed, with similarities and 
differences in clinical pharmacology, safety, and efficacy 
systemically assessed [25–28]. However, rucaparib clinical 
pharmacology data from previous publications are incom-
plete. Thus, this systematic review’s objective is to summa-
rize the available data to best define the clinical pharmacol-
ogy profile of rucaparib.

2 � Discovery and Mode of Action

Rucaparib was identified through a systematic process based 
on in vitro structure–activity relationships and in vivo evalu-
ation of radio- and chemopotentiation [22]. Rucaparib was 
tested along with 42 structurally diverse, potent PARP inhib-
itors with inhibitory constants for PARP1 that range from 
1.4 to 5.1 nmol/L [22]. Of the panel of candidate PARP 
inhibitors tested, rucaparib, a benzimidazole with a partition 
coefficient of 2.4, enhanced temozolomide antitumor activity 
the most without body weight loss in mice bearing SW620 
xenografts [22]. The chemical structure and physicochemi-
cal properties of rucaparib are shown in Fig. 1. Rucaparib 
is synthesized as the camsylate salt, a white to pale yellow 
powder that is formulated into a tablet for oral use [21].

Rucaparib works by promoting synthetic lethality, 
where the disruption of two DNA repair pathways results 
in the accumulation of DNA damage and cell death [29]. 
Poly(ADP-ribose) polymerases are recruited to the sites of 
single-strand breaks where they cleave nicotinamide adenine 
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recommended starting dose of rucaparib in patients with 
solid tumors and evaluating the safety, efficacy, and PK of 
rucaparib in patients with BRCA-mutated ovarian cancer 
[33]. ARIEL2 was a phase II trial conducted to assess the 
safety and efficacy of rucaparib in patients with high-grade 
ovarian cancer [32, 36]. In an integrated efficacy analysis 
of Study 10 and ARIEL2 in patients with relapsed ovarian 
cancer associated with a germline and/or somatic BRCA 
mutation who were treated with two or more chemothera-
pies, the investigator-assessed objective response rate (ORR) 
was 53.8% (95% confidence interval [CI] 43.8–63.5), and the 
investigator-assessed progression-free survival (PFS) was 
10.0 months (range, 0.0–22.1; 95% CI 7.3–12.5) [37]. The 
European Commission’s conditional marketing authorization 

was based on an efficacy analysis of a subset of patients 
from Study 10 and ARIEL2 with platinum-sensitive dis-
ease. The investigator-assessed confirmed ORR was 64.6%  
(95% CI 53.0–75.0), and median PFS was 10.9 months  
(95% CI 8.4–12.8) [24].

The use of rucaparib as an alternative treatment option 
to standard-of-care chemotherapy for patients with relapsed 
BRCA-mutated ovarian carcinoma is supported based on the 
results from the phase III ARIEL4 study (NCT02855944) 
[34]. ARIEL4, a randomized open-label study, evalu-
ated the efficacy and safety of rucaparib as a treatment 
for patients with BRCA-mutated relapsed ovarian carci-
noma who had received two or more prior chemotherapies. 
Rucaparib significantly improved median PFS compared 

Fig. 1   Chemical structure of rucaparib camsylate [21]
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with chemotherapy in the intent-to-treat population (7.4 vs  
5.7 months, hazard ratio 0.67, 95% CI 0.52–0.86,  
p = 0.0017) [34].

ARIEL3, a randomized, double-blind, placebo-con-
trolled, phase III study, evaluated rucaparib as a mainte-
nance treatment in patients with recurrent ovarian cancer 
[35]. In this study, median PFS was longer with rucaparib 
than placebo in patients with a BRCA-mutant carcinoma 
(16.6 vs 5.4 months, hazard ratio 0.23, 95% CI 0.16–0.34, 
p < 0.0001) and those with an HRD carcinoma (defined 
as a BRCA mutant or BRCA wild-type/high genomic loss 
of heterozygosity ≥ 16%; 13.6 vs 5.4 months, hazard ratio 
0.32, 95% CI 0.24–0.42, p < 0.0001), and in the intent-to-
treat population (10.8 vs 5.4 months, hazard ratio 0.36;  
95% CI 0.30–0.45, p < 0.0001) [35]. Based on these data, 
rucaparib was approved in the USA and European Union for 
the maintenance treatment of adult patients with recurrent 
ovarian cancer who are in a complete or partial response to 
platinum-based chemotherapy [21, 24].

Rucaparib is also approved in the USA for the treatment 
of patients with a deleterious BRCA mutation-associated 
mCRPC who have been treated with androgen receptor-
directed therapy and taxane-based chemotherapy [21]. The 
approval was based on the results from TRITON2, an open-
label phase II study that evaluated rucaparib in patients 
with mCRPC associated with a deleterious alteration in 
DNA damage repair genes [38]. Among patients with a 
BRCA mutation, the confirmed ORR was 43.5% (95% CI 
31.0–56.7) for the independent radiology review-evaluable 
population and 50.8% (95% CI 38.1–63.4) for the investiga-
tor-evaluable population [38]. Rucaparib is currently under 
investigation as a single agent and in combination with 
cytotoxic, antiangiogenic, or immunotherapeutic agents 
for patients with solid tumors and those harboring a BRCA 
mutation or characterized as having HRD [39, 40].

4 � Pharmacokinetics of Rucaparib

The PK profile of rucaparib monotherapy has been char-
acterized in patients with advanced solid tumors, includ-
ing those with advanced ovarian and prostate cancer. No 
studies of rucaparib in healthy volunteers have been per-
formed because PARP inhibitors are clastogenic [22, 
41]. Intensive PK data for rucaparib were obtained from  
238 patients after administration of single or multiple doses 
in the following: a first-in-human phase I study [42], absolute 
oral bioavailability study [43] (A4991014; NCT01009190), 
ascending dose and food-effect phase I–II studies (Study 
10) [44], mass balance study (NCT02986100) [45], hepatic 
impairment study (NCT03521037) [46], drug interaction 
studies (NCT02740712, NCT03954366) [47, 48], and a 
phase I dose-escalation study in Japanese patients (RUCA-J; 

NCT03499444) [49]. Additionally, sparse PK data were col-
lected from >1027 patients in Study 10 [44], ARIEL2 Part 
1 [32], ARIEL3, TRITON2, and the phase III TRITON3 
study (NCT02975934) of rucaparib in the mCRPC setting.

In these studies, plasma rucaparib concentrations were 
determined using validated liquid chromatography with tan-
dem mass spectrometry methods [50]. A noncompartmental 
analysis was used to estimate standard plasma PK param-
eters for rucaparib based on intensive PK data. Rucaparib 
population PK analyses were first performed using combined 
data from 453 patients who participated in the phase I Study 
A4991014, Study 10, and ARIEL2 [51]. Rucaparib PK was 
well described by a two-compartment model with sequential 
zero-order and first-order absorption and first-order elimi-
nation [51]. The model was then validated externally with 
sparse PK data from ARIEL3 and subsequently with sparse 
PK data from TRITON2 and TRITON3.

4.1 � Single‑Dose Pharmacokinetics

An early study in patients with advanced solid tumors 
showed that rucaparib given as an intravenous infusion 
followed by oral temozolomide, had linear PK at escalat-
ing dose levels (intravenous infusion of 1–18 mg/m2) [42]. 
Inter-subject variability in the area under the concentra-
tion–time curve (AUC) normalized for the actual dose was 
approximately 54% (percent coefficient of variation [CV%]), 
similar to that following oral administration [44], suggesting 
that a large part of PK variability is in disposition kinetics. 
Dose by body surface area did not decrease inter-subject PK 
variability; thus, fixed-dose levels were used in later clinical 
studies [42].

Rucaparib was tested in subsequent clinical studies as a 
monotherapy. Single-dose PK values of oral rucaparib were 
obtained from Study 10 Part 1, in which 55 patients with 
advanced solid tumors received doses from 40 to 840 mg 
[44]. Median time to maximum plasma concentration (Cmax), 
Tmax, was 1.5–6 h (Fig. 2) [44]. Once Cmax was reached, 
mean plasma rucaparib concentrations declined slowly in 
an apparent biexponential manner. PK parameters are sum-
marized in Table 1.

4.2 � Multiple‑Dose Pharmacokinetics

Plasma rucaparib PK following continuous administra-
tion of rucaparib at 40–500 mg once daily (QD) and 240– 
840 mg twice daily (BID) was determined in 55 patients 
with an advanced solid tumor who participated in Study 10 
Part 1 (Table 1, Fig. 2) [44]. Steady-state plasma rucaparib 
PK was achieved after continuous dosing for a week [44]. 
A decision to switch dosing frequency from QD to BID was 
made to further increase rucaparib exposure while avoiding 
possible saturable oral absorption as suggested by available 
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data at that time (limited solubility, relatively moderate oral 
bioavailability, and precipitation in the presence of a chlo-
ride ion, Sect. 4.4.1). Importantly, the tablet burden was high 
given the low tablet strength (40, 60, and 120 mg), with a yet 
greater tablet burden if higher dose levels were to be pursued 
with a QD dosing schedule. Rucaparib steady-state PK at 
the recommended dose level of 600 mg BID using the com-
mercial tablet formulation was determined in 18 evaluable 
patients in Study 10 Part 3 [44]. Arithmetic mean (CV%) for 
steady-state Cmax (Cmax,ss) and AUC from time 0 to tau were 
1940 ng/mL (54%) and 15,800 ng·h/mL (58%), respectively. 
The steady-state accumulation ratio for AUC ranged from 
1.60 to 2.33 following QD dosing and from 1.47 to 5.44 fol-
lowing BID dosing [44].

4.3 � Dose Proportionality

Rucaparib PK exposure increased with ascending dose 
levels (40–500 mg QD and 240–840 mg BID) in Study 10 
Part 1 (Fig. 2) [44]. Dose proportionality for steady-state 
PK parameters after log transformation for QD and BID 
was assessed using the power model [52] and the following 
equation:

where Y is a measure of rucaparib PK exposure (i.e., Cmax, 
AUC from 0 to 24 h [AUC​0–24h]). A slope of 1 indicates 
dose proportionality. For the QD regimen, the slopes of Cmax 
and AUC​0–24h were 0.92 (90% CI 0.69–1.15, R2 = 0.795) 
and 0.98 (90% CI 0.72–1.25, R2 = 0.775), respectively. 
For the BID regimen, the corresponding values were 1.03  
(90% CI 0.42–1.63, R2 = 0.261) and 1.04 (90% CI 0.42–1.67,  
R2 = 0.253), respectively [44].

4.4 � Absorption, Distribution, Metabolism, 
and Elimination

4.4.1 � Absorption

Absolute bioavailability of oral rucaparib was evaluated in 
an open-label, multicenter, dose-escalating, phase I study 
of fasted patients with advanced solid tumors (A4991014; 
NCT01009190) [43]. Each patient received an intravenous 
bolus dose and an oral dose of rucaparib. Rucaparib showed 
a dose-independent mean oral bioavailability of 36% (range 
30–45%) across the tested oral dose range of 12–120 mg 
based on the ratio of dose-normalized AUC [21, 43]. Oral 
bioavailability has not been tested at doses > 120 mg.

The effect of a high-fat meal on the rate and extent 
of rucaparib absorption was assessed at the 40 mg  
(n = 3), 300 mg (n = 6), and 600 mg (n = 26) dose levels in  
Study 10 Parts 1 and 3 [44]. In Part 1, mean rucaparib 

ln (Y) = intercept + slope × ln (dose) + residual error,

plasma concentration profiles and PK parameters following 
single administration of rucaparib 40 mg and 300 mg were 
similar between fed and fasted conditions. In Part 3 (600 mg 
dose level), patients received rucaparib with and without a 
meal in a crossover design with a 7-day washout in between. 
Rucaparib Cmax increased by 20% (90% CI 99–146),  
AUC​0–24h increased by 38% (90% CI 117–162), and median 
time to Cmax was delayed by 2.5 h (4.0–7.8 h) after a high-fat 
meal versus the fasted state [21, 44]. Given the limited food 
effect on rucaparib PK, no meal restrictions were applied 
in later clinical trials. Collective clinical safety and efficacy 
data later confirmed that the food effect is not clinically sig-
nificant and that rucaparib can be given with or without food 
[21, 32, 33, 35, 53]. The reason for the apparent difference in 
the food effect at low doses (40 and 300 mg) and a high dose 
(600 mg) remains undetermined, but a dose-dependent food 
effect is not surprising given that rucaparib has relatively 
high permeability and low solubility (possibly a Biophar-
maceutical Classification System Class II drug).

Rucaparib has lower solubility at lower pH and in the 
presence of chloride ions. The effect of a concomitant pro-
ton pump inhibitor on rucaparib absorption was tested in a 
population PK model, but no apparent effect was observed 
(see Sect. 5.1 for more information). As the main gastroin-
testinal site of rucaparib absorption has not been determined, 
any effect of gastrointestinal complications, such as bowel 
resection and intestinal obstruction, on systemic exposure to 
rucaparib also remains unknown.

Relative oral bioavailability among different oral formula-
tions was compared in the population PK analysis. Capsules, 
low-strength tablets, and high-strength tablets (commercial 
formulation) showed comparable steady-state exposures. 
This was expected based on the rapid in vitro dissolution 
rates of the tested immediate-release formulations of ruca-
parib. Accordingly, efficacy and safety data were pooled 
across trials regardless of which oral formulation was used 
for the new drug application [51].

4.4.2 � Distribution

Plasma protein-binding affinity of rucaparib is moderate in 
human plasma and concentration independent at clinical 
dose levels. In vitro dialysis chamber methodology showed 
that rucaparib was 70% protein-bound in plasma at thera-
peutic concentrations [21, 54].

In vitro, the mean red blood cell-to-plasma con-
centration ratio for rucaparib was 1.83 and concentra-
tion independent in human blood [21, 54]. In vivo, the 
blood-to-plasma AUC ratio of total 14C-radioactivity was 
approximately 0.781 in patients after a single oral dose of 
[14C]-rucaparib 600 mg [45]. The results in both studies 
indicated relatively low rucaparib distribution in red blood 
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Fig. 2   Mean (standard deviation [SD]) plasma rucaparib concentration–time profiles following once-daily [QD] (a, b) and twice-daily [BID]  
(c, d) oral administration of rucaparib in patients with advanced solid tumors. Error bars represent SD. Reprinted from Kristeleit et al. [33]
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cells, but the clinical AUC ratio of 0.781 is lower than the 
ratio from the in vitro data. This is likely due to the forma-
tion of metabolites that have a lower uptake by red blood 
cells than rucaparib.

Rucaparib had a steady-state volume of distribution of 
113–262 L following a single intravenous dose of rucaparib 
12–40 mg in patients with advanced solid tumors partici-
pating in the phase I A4991014 study [43]. These values 
were considerably greater than the plasma volume, suggest-
ing tissue distribution/binding. In the pooled population 
PK analysis, mean estimates for the volume of the central 
compartment and peripheral compartment were 17 and  
166 L, respectively [51]. There was no apparent compart-
ment volume-dose trend in the population PK analysis at 
therapeutic dose levels.

Quantitative whole-body autoradiography of 
[14C]-rucaparib camsylate in rats suggested rucaparib 
binding in pigmented tissues. This may explain the 

photosensitivity observed in clinical trials of rucaparib. 
Patients receiving rucaparib are advised not to spend time 
in sunlight and to protect themselves from the sun when 
outside [21, 24].

Clinical data are limited on the distribution and attendant 
effects in the central nervous system for rucaparib (and other 
PARP inhibitors). In vivo PK studies in male CD-1 mice 
confirmed the limited brain penetration of all PARP inhibi-
tors evaluated (rucaparib, niraparib, olaparib, talazoparib, 
and veliparib) [55]. This is consistent with in vitro data 
showing that PARP inhibitors are substrates of P-glycopro-
tein (P-gp) and/or breast cancer resistance protein (BCRP). 
Interestingly, rucaparib (and niraparib) showed antitumor 
efficacy in an intracranial BRCA1-mutant, triple-negative, 
breast cancer MDA-MB-436 xenograft mouse model fol-
lowing oral administration [55]. Moreover, clinical activity 
was observed in a rucaparib-treated patient with germline 
BRCA2-mutant triple-negative breast cancer and central 

Table 1   Arithmetic mean 
(percent coefficient of variation) 
single-dose and steady-state 
rucaparib PK parameter 
estimates in patients with cancer 
who received rucaparib in Study 
10 Part 1 [44]

For the BID dosing schedule, concentration at 12 h was calculated by extrapolation from the last observed 
concentration in the same dosing interval. For AUC​0–t, t = 24 h for QD; t = 12 h for BID. Table adapted 
from Kristeleit et al. [33].
AUC​0–τ area under the plasma concentration–time curve from 0 to time t, BID twice daily, Cmax maximum 
plasma concentration, QD once daily, Tmax time to maximum plasma concentration
a n = 2
b n = 3
c n = 1
d n = 6
e n = 8
f n = 4

Dose (mg) N Day Cmax, ng/mL Median tmax, h (range) AUC​0–τ, ng·h/mL

40 mg QD 3 1 129 (28) 2.5 (1–4) 915a

15 138 (36) 4 (1–4.05) 1810 (44)
80 mg QD 3 1 114 (41) 1.5 (1–2.5) 800 (27)

15 175 (37) 2.5 (2.5–2.57) 1740 (20)
160 mg QD 4 1 261 (51) 4.0 (4–6.05) 3050 (51)

15 288 (29)b 3.75 (2.5–4)b 4110 (33)b

300 mg QD 3 1 629 (37) 2.5 (1–4.08) 5740 (38)
15 693 (76) 2.53 (2.5–8) 9610 (83)

500 mg QD 3 1 949 (52) 4 (4–4) 11,000 (61)
15 1390 (23) 4 (4–4.17) 19,900 (41)

240 mg BID 3 1 219 (72) 6 (4.05–6) 2800c

15 971 (49) 1.5 (1–4) 10,700a

360 mg BID 8 1 666 (58) 3.23 (1.5–6) 4860 (58)d

15 1300 (43)d 3.3 (0–6.33)d 9430a

480 mg BID 9 1 1150 (57) 2.5 (1.5–4) 8810 (63)e

15 3170 (69)e 1.51 (0–6)e 26,300 (73)d

600 mg BID 7 1 1030 (61) 4 (2.42–10) 7200 (66)f

15 2420 (45) 4 (2.53–10) 21,400 (61)f

840 mg BID 3 1 1380 (69) 4 (2.5–8) 13,200a

15 3030a 4.04 (4–4.07)a 29,000c
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nervous system involvement. The patient experienced com-
plete resolution of neurological symptoms after one cycle 
of rucaparib and progressed after 9 months (overall sur-
vival was 25 months) [55]. It is possible that brain tumors 
disrupted the blood–brain barrier, allowing the intracranial 
exposure of rucaparib to reach therapeutic concentrations. 
Taken together, rucaparib could be effective in treating brain 
metastases with BRCA mutations, but additional studies are 
needed.

4.4.3 � Metabolism and Excretion

The carboxylic acid M324, an inactive oxidative metabolite 
of rucaparib, has been observed in humans [56]. Prelimi-
nary metabolite profiling in plasma samples collected from 
three patients in Study 10 treated with rucaparib 600 mg 
BID suggested that M324 is a major metabolite of ruca-
parib [44]. In vitro studies indicated that rucaparib had a 
low metabolic turnover rate. The turnover rate calculated as 
a percentage of M324:rucaparib was well below 10% after 
a 2-h incubation with human liver microsomes [54]. M324 
formation was mediated mainly by CYP1A2 and CYP3A, 
which were estimated to be responsible for 27% and 64% 
of the hepatic CYP-mediated metabolism of rucaparib to 
M324, respectively, whereas the other five CYPs showed no 
or negligible activity [54]. The contributions of non-CYP 
elimination pathways were not measured in this assay and 
must be accounted for when estimating total metabolic clear-
ance and/or potential effect of a co-administered drug on the 
metabolism of rucaparib to M324.

Rucaparib clearance was 13.9–18.4 L/h following a single 
intravenous dose of rucaparib 12–40 mg in 35 patients with 
advanced solid tumors participating in the phase I A4991014 
study [43]. In Study 10 Part 1, the apparent rucaparib clear-
ance at steady state was comparable after the administration 
of 50–500 mg QD (26.7–47.5 L/h) and the administration 
of 240–840 mg BID (26.2–58.6 L/h) [44]. At the approved 
rucaparib 600-mg BID dosage, apparent rucaparib clearance 
at steady state ranged from 15.3 to 79.2 L/h [21].

A single-dose mass balance study was performed to 
characterize the disposition and metabolic identification 
of orally administered [14C]-rucaparib 600 mg (≈ 140 μCi) 
in six patients with advanced solid tumors [45]. The mean 
elimination half-life was 25.9 and 30.4 h based on ruca-
parib concentration and total radioactivity in plasma, respec-
tively [45]. Mean post-dose recovery of total radioactivity 
was 89.3% (urine 17.4%; feces 71.9%) over 12 days [45], 
inferring almost complete excretion. The mean (CV%) uri-
nary clearance of total 14C-rucaparib was 11.4 L/h (29%). 
Metabolite profiling conducted in plasma, urine, and feces in 
the mass balance study showed that rucaparib was metabo-
lized via oxidation, N-demethylation, N-methylation, and 

glucuronidation to seven identifiable metabolites (Fig. 3) 
[45]. Unchanged rucaparib and M324 were the major drug-
related components in all matrices, with the other metabo-
lites detected in trace amounts. Unchanged rucaparib and 
M324 comprised 64.0% and 18.6% of total radioactivity in 
plasma, respectively, 44.9% and 50.0% of total radioactiv-
ity recovered urine, and 94.9% and 5.1% of total radioac-
tivity recovered in feces [45]. The high fecal recovery of 
unchanged rucaparib could be attributed to hepatic excretion 
and/or incomplete oral absorption.

In a dedicated hepatic impairment study, patients with 
normal hepatic function (n = 8) or moderate hepatic impair-
ment (n = 8) received a single oral dose of 600 mg of ruca-
parib. The mean percentage (CV%) 24-h urinary recovery 
of rucaparib was 3.7% (43%) for the normal group and  
3.3% (69%) for the impairment group, corresponding to a 
mean (CV%) renal clearance of 3.21 L/h (19%) and 2.77 
mL/min (59%), respectively [46].

Population PK of rucaparib 600 mg BID indicated 
no apparent difference in rucaparib PK among patients 
with different phenotypes of CYP1A2 (normal, n = 28; 
hyperinducer, n = 133) and CYP2D6 (poor metabolizer,  
n = 9; normal metabolizer, n = 75; intermediate metabolizer,  
n = 69; ultra-rapid metabolizer, n = 4) [51]. The medians 
and distributions of exposures between former smokers  
(n = 95) and those who never smoked (n = 246) overlapped 
following administration of rucaparib 600 mg BID. The 
sample size of current smokers (n = 16) was too small to 
conduct meaningful comparisons. In the population PK 
model, baseline creatinine clearance (CLCR) was a signifi-
cant covariate on rucaparib clearance, with an approximately 
27% variation in rucaparib clearance from the differences in 
CLCR (10th to 90th percentiles) [51].

5 � Intrinsic Factors Affecting Rucaparib 
Pharmacokinetics

Covariates of clinical interest were assessed for potential 
influence on rucaparib in the population PK analysis and in 
dedicated clinical trials.

5.1 � Demographics

As evaluated in the population PK analysis of rucaparib 
600 mg BID, body weight, body mass index, age, and race 
showed no statistically significant effect on rucaparib PK 
[57]. The lack of a body weight effect on rucaparib expo-
sure justifies the use of fixed-dose administration rather than 
dosing based on body weight or body surface area [51, 57]. 
Age initially showed an effect on rucaparib clearance in the 
population PK model; however, the effect was insignificant 



1485Rucaparib Clinical Pharmacology

when baseline CLCR was included in the model as a covari-
ate, likely owing to a correlation between CLCR and age [57].

A population PK analysis suggested that Asian patients 
had comparable exposures to White patients, while expo-
sures in Black patients appeared to be high relative to other 
patients. However, these results are considered preliminary 
because individuals who were non-White comprised < 10% 
of the population (21 Asian patients; eight Black patients). 
PK data collected from the phase I dose-escalation study in 
Japanese patients (RUCA-J) suggested a dose-proportional 
increase in steady-state exposures and overlapping PK pro-
files with Western patients. The difference in steady-state 
AUC from time 0 to tau (CV%) of rucaparib 600 mg BID 
is not considered clinically significant between Japanese 
patients (28,100 ng·h/mL [40.8%]) [49] and Western patients 
(16,900 ng·h/mL [54%]) [44] based on a manageable safety 
profile in Japanese patients; thus, Japanese patients were 
treated at the same starting dose (600 mg BID) in subsequent 
clinical studies.

Rucaparib PK in different settings was compared in the 
population PK analyses. Rucaparib exposures in patients 
with ovarian cancer who received rucaparib in a mainte-
nance setting (ARIEL3, n = 359) were about 20% lower than 
those in a treatment setting (Study 10, ARIEL2, n = 412). 

Part of the difference in rucaparib exposures was explained 
by baseline covariates (e.g., CLCR, albumin level), but none 
of these covariates were considered clinically significant 
[57]. Patients with mCRPC in TRITON2 (n = 199 patients) 
[58] and TRITON3 (n = 19 patients) showed comparable 
PK as compared to patients with ovarian cancer, suggesting 
the lack of a sex-based PK difference between patients with 
ovarian and prostate cancer.

5.2 � Special Populations

5.2.1 � Renal Impairment

PK profiles of rucaparib 600 mg BID were estimated using 
the population PK model for mild-to-moderate renal impair-
ment. The model-predicted steady-state AUC (AUC​ss) was 
approximately 15% and 32% higher for patients with mild 
(n = 148; baseline CLCR 60–89 mL/min) and moderate  
(n = 72; CLCR 30–59 mL/min) renal impairment, respec-
tively, than that for patients with normal renal function  
(n = 143; CLCR ≥90 mL/min). Such mild increases in 
exposure were not considered clinically significant when 
comparing safety data. Therefore, no dose adjustment is 

Fig. 3   Potential phase I and phase II metabolic pathways of ruca-
parib following a single oral dose of [14C]-rucaparib 600 mg. Num-
bered arrows denote the following: 1, N-demethylation; 2, oxidation;  
3, glucuronidation; and 4, N methylation. The dashed-line box indi-

cates that the position of the glucuronide on M324 cannot be con-
cluded. F feces, P plasma, U urine. Reprinted from Liao et al. [45], 
with permission from Springer
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recommended for patients with mild or moderate renal 
impairment [21].

The PK characteristics of rucaparib in patients with severe 
renal impairment (CLCR < 30 mL/min) or patients undergo-
ing dialysis are limited. Harold et al. [59] described a case 
report of a patient on three-times-a-week hemodialysis who 
started rucaparib monotherapy at one third of the recom-
mended dose (200 mg BID) for the treatment of BRCA-
associated breast and recurrent ovarian cancer. Trough con-
centrations of rucaparib in the blood samples of the patient 
were below the concentrations reported in ARIEL2; yet, a 
clinically significant disease response was attained [59]. On 
the basis of the limited PK sampling, the plasma concentra-
tion drop following hemodialysis was approximately 11% 
(7 h and 20 min in between) as compared with a 17% drop 
on a non-dialysis control day (7 h in between) [59]. The 
apparent minimal effect of hemodialysis on rucaparib PK 
could be due to the widespread distribution of rucaparib in 
tissues coupled with a slow intercompartmental clearance; 
rucaparib eliminated from plasma during dialysis may be 
largely replenished from tissues after dialysis.

5.2.2 � Hepatic Impairment

Population PK of rucaparib 600 mg BID indicated no appar-
ent difference in rucaparib behavior in the setting of mild 
hepatic impairment [21, 51]. The model-predicted AUC​ss 
was comparable between patients with normal hepatic func-
tion (n = 337) and mild hepatic impairment (total bilirubin 
between 1.0 and 1.5 × upper limit of normal and any aspar-
tate aminotransferase, n = 34) per National Cancer Institute 
Organ Dysfunction Working Group criteria [51, 60].

A dedicated PK study (NCT03521037) was conducted to 
compare the PK in patients with moderate hepatic impair-
ment (total bilirubin > 1.5 × upper limit of normal and  
≤ 3 × the upper limit of normal, n = 8) versus patients with 
normal hepatic function (n = 8) [46]. On the basis of the 
Cmax and time to Cmax results, moderate hepatic impairment 
had no apparent effect on the oral bioavailability of rucaparib 
and formation kinetics of M324 [46]. Patients with moder-
ate hepatic impairment showed slightly higher AUC from  
time 0 extrapolated to infinity of rucaparib and AUC from 
time zero to last quantifiable measurement of M324 than 
patients with normal hepatic function, with geometric 
mean ratios (90% CI) of 1.446 (0.668–3.131) and 1.483 
(0.766–2.868), respectively [46]. It was observed that the 
higher AUC values coincided with slower renal clearance 
of rucaparib and M324 in patients with moderate hepatic 
impairment despite the similar baseline CLCR between the 
two groups; thus, the observed PK differences between 
hepatic function groups might be in part due to differ-
ent renal clearance of rucaparib and M324 [46]. Similar 
trends of AUC changes were observed when patients were 

classified using the Child–Pugh criteria for hepatic func-
tion [46]. The effect of moderate hepatic impairment on 
rucaparib AUC was similar in magnitude to the effects of a 
high-fat meal and moderate renal impairment and was thus 
not considered clinically significant [44, 46, 51]. Hence, no 
dose adjustment is recommended for patients with mild-to-
moderate hepatic impairment [21, 46]. Nevertheless, caution 
should be used for patients with moderate hepatic impair-
ment as the safety of rucaparib has not been well character-
ized in this population.

6 � Drug–Drug Interactions

The potential for DDIs associated with rucaparib and con-
comitant medications have been investigated by the use of 
dedicated in vitro testing and clinical studies in patients with 
an advanced solid tumor [47, 48, 54, 61].

6.1 � Rucaparib as a Victim

Results from in vitro assays were indicative of low DDI 
potential for rucaparib as a victim. Rucaparib showed 
moderate permeability across Caco-2 cell monolayers. In 
transfected cells expressing drug transporters, rucaparib 
was a substrate for P-gp and BCRP, but not a substrate for 
hepatic (organic anion-transporting polypeptide [OATP] 
1B1, OATP1B3) or renal uptake transporters (organic anion 
transporter [OAT] 1, OAT3, or organic cation transporter 
[OCT]) 2 [54]. Rucaparib oral PK was dose proportional 
across rucaparib dosages (40 mg QD to 840 mg BID), and 
the oral bioavailability of rucaparib was independent of 
rucaparib doses with a mean value of 36% [43, 44]. Thus, 
the oral bioavailability of rucaparib in patients who received 
rucaparib 600 mg had a negligible impact from P-gp and 
BCRP [54].

Clinically significant DDIs with concomitant treatment 
of CYP perpetrators are not expected. In the population PK 
analysis, patients with different CYP1A2 and CYP2D6 phe-
notypes showed comparable rucaparib PK. While a signifi-
cant contribution of CYP3A to rucaparib metabolism cannot 
be excluded based on in vitro CYP phenotyping and human 
absorption, distribution, metabolism, and elimination data 
[45, 54], the low rucaparib turnover rate justifies no restric-
tions on the concomitant use of CYP perpetrators in patients 
receiving rucaparib [54].

Rucaparib has shown promising activity when combined 
with the androgen receptor inhibitor enzalutamide in patients 
with mCRPC associated with HR repair gene alterations 
[38]. Given that enzalutamide is also a strong CYP3A4 
inducer, attention was required to characterize rucaparib 
PK to support the use of enzalutamide in combination with 
rucaparib. In the phase Ib RAMP study (NCT04179396), 
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the combination of rucaparib 600 mg BID and enzaluta-
mide 160 mg QD was administered in patients with mCRPC 
[61]. The combined treatment had no significant effect on 
the PK concentrations of rucaparib and its metabolite M324 
[61]. Trough PK values of enzalutamide and its metabo-
lite N-desmethyl enzalutamide in the combined treatment 
remained similar to those observed in the previous studies 
of enzalutamide 160 mg QD alone [61, 62]. On the basis of 
these results, the phase III trial CASPAR (NCT04455750) 
has been initiated to further study the combination of ruca-
parib and enzalutamide [63].

Additionally, rucaparib concentrations from 0.5 to 50 μM 
showed moderate human plasma protein binding with the 
average of 70%, indicating that concomitant administrations 
of highly protein-bound medications, such as enzalutamide, 
are unlikely to result in fluctuations in plasma concentrations 
of unbound rucaparib [54]. When the concomitant treatment 
of a proton pump inhibitor was evaluated as a time-varying 
covariate in the population PK analysis, dose-normalized, 
steady-state minimum plasma concentration of rucaparib 
was comparable in patients who received rucaparib with or 
without a proton pump inhibitor [51].

The European Medicines Agency (EMA) and US Food 
and Drug Administration guidelines recommend that active 
metabolites contributing to ≥ 50% of overall activity should 
be investigated in vitro for their DDI potential as victims 
of CYP and transporter modulators [64, 65]. In enzymatic 
assays, the IC50 values of M324 against PARP1, PARP2, 
and PARP3 were ≥ 34-fold higher than that of rucaparib 
[24]. Similarly, M324 showed ≥ 77-fold higher IC50 val-
ues in cytotoxicity assays than rucaparib against selected 
BRCA-mutant cell lines. Given the limited in vitro activity, 
no DDI assessment for M324 as a substrate of enzymes and 
transporters was conducted.

6.2 � Rucaparib as a Perpetrator

In vitro, rucaparib reversibly inhibited CYP1A2, CYP2C9, 
CYP2C19, CYP2D6, and CYP3As. No time-dependent 
inhibition of any CYP enzymes was observed [54]. Ruca-
parib inhibited UGT1A1 but not UGT2B7 [54]. In cultured 
human hepatocytes, rucaparib showed a concentration-
dependent induction of CYP1A2 messenger RNA (and a 
down-regulation of CYP3A4 messenger RNA (0.05–13 μM) 
and decreased CYP2B6 messenger RNA at ≥2.08 μM [54]. 
Rucaparib inhibited P-gp and BCRP and slightly inhibited 
OATP1B1, OATP1B3, OAT1, and OAT3 [54].

In an open-label, sequential, DDI phase I study 
(NCT02740712), the effects of rucaparib on the PK of probe 
substrates for CYP isoenzymes and P-gp were assessed 
in 17 patients with advanced solid tumors [47]. Patients 
received CYP probe substrates as a modified Cooperstown 
5 + 1 cocktail (CYP1A2, caffeine; CYP2C9, S-warfarin; 

CYP2C19, omeprazole; and CYP3A, midazolam) [66] and 
the P-gp probe digoxin (delivered separately 1 day after 
the cocktail) both before rucaparib administration and at 
rucaparib steady state following rucaparib 600 mg BID for  
1 week. Rucaparib moderately inhibited CYP1A2; weakly 
inhibited CYP2C9, CYP2C19, and CYP3A; and marginally 
increased digoxin exposure (Table 2, Fig. 4) [47].

In an open-label phase I study (NCT03954366), the 
effects of rucaparib on the PK of BCRP substrate rosuvas-
tatin and oral contraceptives ethinylestradiol and levonorg-
estrel were evaluated in patients with solid tumors [48]. 
Rucaparib 600 mg BID for 2 weeks weakly increased the 
plasma exposures of rosuvastatin and the oral contracep-
tives (Table 2, Fig. 4) [48]. However, the limited effects of 
rucaparib on the probe drug exposures are not considered 
clinically significant, and dose adjustments of rosuvastatin 
and oral contraceptives are not needed when co-administered 
with rucaparib.

Given that rucaparib inhibited renal transporters OCT1, 
OCT2, MATE1, and MATE2-K (IC50, 4.3, 31, 0.63, and 
0.19 μM, respectively) in vitro, caution is advised when 
rucaparib is co-administered with sensitive substrates of 
MATEs, OCT1, and OCT2, such as metformin [54]. As 
renal excretion of creatinine is partially mediated by OCT2, 
MATE1, and MATE2-K [67], inhibition of these transport-
ers by rucaparib and other PARP inhibitors [68, 69] causes 
reversible creatinine elevation without decreasing renal 
function. As a result, serum creatinine-based calculation of 
glomerular filtration rate is no longer a reliable surrogate of 
renal function for PARP inhibitors [70].

6.3 � Metabolite as a Perpetrator

Following a single oral dose of [14C]-rucaparib 600 mg, the 
plasma AUC​0–24h ratio of M324 to rucaparib is 30.4% and 
the AUC ratio of [14C]-M324 to total radioactivity is 18.6% 
[45]. On the basis of the EMA criteria [64, 65], M324 is 
regarded as a major metabolite of rucaparib [45]. The assess-
ment of DDI risk of M324 as a perpetrator using in vitro 
inhibition studies on human CYP isoforms and transporters 
demonstrated that M324 inhibited CYP2C8, CYP2C19, and 
the other CYPs, for example., CYP1A2, CYP2B6, CYP2C9, 
CYP2D6, and CYP3A4/5 (IC50, 47.5, 51.0, and >80 µM, 
respectively), and inhibited OAT3, OATP1B1, P-gp, BCRP, 
MATE1, and MATE2-K (IC50, 5.67, 15.6, 10.9, 3.98, 251, 
and 70.7 µM, respectively). M324 did not inhibit OAT1 or 
OCT2 at concentrations up to 500 µM. In human plasma, 
M324 at concentrations up to 60 μM exhibited a concentra-
tion-independent protein binding with the mean free frac-
tion of 8.88%. In the RUCA-J study in Japanese patients, 
the clinical Cmax for M324 at steady state was 411 ng/mL. 
According to EMA and US Food and Drug Administration 
DDI guidelines [64, 71], DDIs analyzed using static models 
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Table 2   Summary of PK 
parameters of probe drugs with 
and without rucaparib

Table adapted from Xiao et al. [47] and Liao et al. [48]
%CV percent coefficient of variation, AUC​ area under the concentration–time curve, AUC​0–72h AUC from 
time 0 to 72 h, AUC​0–96h AUC from time 0 to 96 h, AUC​0–inf AUC from time 0 extrapolated to infinity,  
AUC​τ,ss AUC over a dosing interval τ (12 h) at steady state, Cmax maximum plasma concentration, Cmax,ss 
maximum plasma concentration during a dosing interval at steady state, CYP cytochrome P450, DDI drug–
drug interaction, NA not applicable, PK, pharmacokinetic, t1/2 elimination half-life, TEAE treatment-emer-
gent adverse event, tmax time to maximum concentration, tmax,ss time to maximum concentration at steady 
state

PK parameters by probe drug Patients, n Geometric mean (%CV)a Ratio (90% CI)

Without rucaparib With rucaparib

Caffeine
 Cmax (ng/mL) 16 5980 (30) 5900 (16) 0.99 (0.90–1.08)
 AUC​0–72h (ng·h/mL) 16 57,500 (61) 130,000 (34) 2.26 (1.93–2.65)
 AUC​0–inf (h ng·h/mL) 11 59,300 (76) 152,000 (31) 2.55 (2.12–3.08)
 t1/2 (h) 11 7.0 (78) 20.7 (25) –
 tmax (h) 16 0.5 (0.3, 2.0) 1.0 (0.5, 2.0) –

S-warfarinb,c

 Cmax (ng/mL) 14 721 (20) 759 (20) 1.05 (0.99–1.12)
 AUC​0–96h (h*ng/mL) 14 20,300 (26) 30,200 (29) 1.49 (1.40–1.58)
 tmax (h) 14 1.0 (0.5, 3.0) 1.5 (0.5, 3.0) –

Omeprazole
 Cmax (ng/mL) 16 1110 (71) 1210 (54) 1.09 (0.93–1.27)
 AUC​0–72h (ng·h/mL) 16 2910 (123) 4510 (116) 1.55 (1.32–1.83)
 AUC​0–inf (ng·h/mL) 16 2920 (123) 4540 (116) 1.55 (1.32–1.83)
 t1/2 (h) 16 1.5 (91) 2.3 (91) –
 tmax (h) 16 2.0 (1.0, 3.0) 2.0 (2.0, 3.0) –

Midazolam
 Cmax (ng/mL) 16 19.4 (35) 22.0 (54) 1.13 (0.95–1.36)
 AUC​0–72h (ng·h/mL) 16 45.4 (65) 63.0 (69) 1.39 (1.14–1.68)

AUC​0–inf (ng·h/mL) 16 48.0 (64) 66.5 (67) 1.38 (1.13–1.69)
 t1/2 (h) 16 6.8 (41) 7.8 (39) –
 tmax (h) 16 0.5 (0.3, 1.0) 0.5 (0.2, 2.0) –

Digoxinb,c

 Cmax (pg/mL) 16 1940 (34) 1860 (32) 0.96 (0.84–1.10)
 AUC​0–72h (pg·h/mL) 16 21,500 (20) 25,900 (27) 1.20 (1.12–1.29)
 tmax (h) 16 1.0 (0.5, 3.0) 1.0 (0.5, 3.0) –

Rosuvastatin
 Cmax (ng/mL) 18 13.0 (116)d 18.1 (107)e 1.29 (1.07–1.55)
 AUC​0–last (ng·h/mL) 18 145 (95.9)d 200 (95.9)e 1.34 (1.16–1.54)
 AUC​0–inf (ng·h/mL) 18 145 (94.0)e 210 (93.0)e 1.35 (1.17–1.57)
 t1/2 (h) 18 17.5 (64.4)e 16.6 (51.8)e –
 tmax (h) 18 1.5 (0.5, 4.0)d 2.0 (0.5, 6.0)e –

Ethinylestradiol
 Cmax (ng/mL) 18 0.0732 (44.3) 0.0784 (59.7)d 1.09 (0.94–1.27)
 AUC​0–last (ng·h/mL) 18 0.714 (57.4) 1.15 (43.8)d 1.43 (1.15–1.77)
 AUC​0–inf (ng·h/mL) 18 0.962 (28.4)f 1.41 (35.1)g –h

 t1/2 (h) 18 15.9 (40.9)e 24.8 (63.4)e –
 tmax (h) 18 1.00 (0.5, 2.0) 1.50 (1.0, 47.5)d –

Levonorgestrel
 Cmax (ng/mL) 18 3.17 (30.7) 3.43 (47.3)d 1.19 (1.00–1.42)
 AUC​0–last (ng·h/mL) 18 52.9 (49.6) 77.5 (51.5)d 1.56 (1.33–1.83)
 AUC​0–inf (ng·h/mL) 18 64.0 (53.0)i 102 (40.6)j –h

 t1/2 (h) 18 38.5 (38.5)e 46.6 (40.4)k –
 tmax (h) 18 1.51 (1.0, 4.0) 1.50 (1.0, 47.5)d –
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a For tmax, data are reported as median (minimum, maximum)
b AUC​0–inf is not reported because percent of extrapolated AUC was < 20% for ≤ 1 patient
c The t1/2 is not reported because of uncertainty in the reliability of t1/2 estimation
d n = 17
e n = 16
f n = 11
g n = 12
h AUC​0–inf geometric mean ratio for oral contraceptives were not calculated because ethinylestradiol  
AUC​0–inf was not accurately determined owing to the high (> 20%) percentage of extrapolation in 7 out of 
18 patients when oral contraceptives were dosed alone and 5 out of 17 patients when oral contraceptives 
were dosed with rucaparib
i n = 10
j n = 7
k n = 15

Table 2   (continued)

Fig. 4   Effect of rucaparib on the PK of probe drugs. AUC​0–72h area 
under the concentration–time curve from time 0 to 72 h, AUC​0–96h 
AUC from time 0 to 96 h, AUC​0–inf AUC extrapolated from time 0 
to infinity, AUC​0–last AUC from time 0 up to the last timepoint with 

a quantifiable concentration, BCRP breast cancer resistance pro-
tein, CI confidence interval, Cmax maximum plasma concentration,  
CYP cytochrome P450, GMR geometric mean ratio, P-gp P-glycopro-
tein. Adapted from Xiao et al. [47] and Liao et al. [48].
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suggested no DDI risk for M324 as a perpetrator of major 
human CYPs and transporters (except BCRP). According to 
EMA guidance [64], the design of the aforementioned DDI 
study (NCT03954366) is considered sufficient for evaluating 
the effect of both the parent drug (rucaparib) and metabolite 
(M324) on the PK of oral rosuvastatin (BCRP substrate). 
Overall, the in vitro and clinical studies did not reveal any 
additional clinically significant DDI signals.

7 � Exposure–Response Analysis

Exploratory exposure–response analyses were conducted 
in support of regulatory filings to the US Food and Drug 
Administration and EMA. Given some patients had dose 
modifications/interruptions, model-estimated individual 
Cmax,ss and AUC​ss at the nominal dose levels were corrected 
by actual dose levels up to the event of interest. Linear logis-
tic regression was used for binary endpoints, linear regres-
sion was used for continuous endpoints, and Cox regression 
was used for time-to-event endpoints.

7.1 � Exposure–Efficacy Relationships

In support of the original new drug application supporting 
ovarian cancer treatment, exposure–efficacy relationships 
were explored for selected efficacy endpoints in patients 
with ovarian cancer with a deleterious BRCA mutation 
who received two or more lines of platinum-based chemo-
therapies in Study 10 and ARIEL2 (n = 117, 300–840 mg 
BID) [57]. A significant correlation was detected between 
AUC​ss and independent radiology review-assessed ORR in 
platinum-sensitive patients with a progression-free interval 
of ≥ 6 months following the last platinum-containing regi-
men (n = 75, p = 0.017) [57]. No apparent correlation was 
observed for other efficacy endpoints. The results of this 
exposure–efficacy analysis suggested that better efficacy 
could be achieved by maximizing rucaparib exposure [57].

In the exposure–efficacy analyses of patients with 
mCRPC in TRITON2, no clinically meaningful relationships 
between rucaparib steady-state exposure and response were 
detected, possibly owing to the narrow range of PK expo-
sures [58]. However, additional covariate analyses suggested 
that higher AUC​ss correlated with greater maximal tumor 
shrinkage in TRITON2 patients with measurable disease 
[58].

7.2 � Exposure–Safety Relationships

Data from Study 10 and ARIEL2 were also pooled to test 
for associations of dose-normalized Cmax,ss with clini-
cal biochemical adverse events and adverse events with 
a severity grade of 3 or higher in patients with ovarian 

cancer [32, 44, 57]. Overall, PK data were available for 
375 patients who received at least one dose of rucaparib 
in these studies. The starting doses ranged from 40 mg 
QD to 840 mg BID [57]. After accounting for covariates, 
Cmax was significantly correlated with grade ≥ 2 serum 
creatinine increase (p < 0.001), grade ≥ 3 alanine ami-
notransferase (increase (p ≤ 0.033), grade ≥ 3 aspar-
tate aminotransferase increase (p = 0.027), grade ≥ 3 
platelet decrease (p = 0.04), grade ≥ 3 fatigue/asthenia  
(p = 0.029), and maximal hemoglobin decrease from base-
line (p = 0.001) [57]. However, such adverse effects can be 
managed by dose modification and, thus, no adjustment of 
starting dose is necessary [57].

Similar to the exposure–efficacy analysis above, correla-
tions between dose normalized Cmax,ss and selected safety 
endpoints were assessed in ARIEL3 (n = 359) and TRI-
TON2 (n = 199) [58]. In ARIEL3, statistically significant 
correlations were observed for grade ≥ 2 creatinine increase 
(p < 0.001), grade ≥ 3 ALT increase (p = 0.003), grade ≥ 3 
hemoglobin decrease (p < 0.001), and grade ≥ 3 cholesterol 
increase (p < 0.001). In TRITON2, statistically significant 
correlations with dose-corrected Cmax,ss were observed for 
grade ≥ 2 creatinine elevation (p = 0.004) [58] and grade  
≥ 3 hemoglobin (p = 0.033).

The effect of rucaparib on cardiac repolarization was 
studied in 54 patients with ovarian cancer who received 
doses from 40 mg QD to 840 mg BID. Changes of QT cor-
rected according to Fridericia’s formula from baseline were 
fitted to time-matched plasma rucaparib concentration data 
using linear mixed-effects models. At the predicted median 
Cmax,ss following rucaparib 600 mg BID, the projected QT 
corrected according to Fridericia’s formula increase from 
baseline was 11.5 ms (90% CI 8.8–14.2). As the risk for 
clinically significant QT corrected according to Fridericia’s 
formula increase from baseline (i.e., > 20 ms [72, 73]) is 
low, no specific electrocardiogram monitoring is indicated 
clinically.

8 � Summary and Future Perspectives

The clinical pharmacology of rucaparib has been well char-
acterized. Rucaparib has a moderate oral bioavailability and 
can be administered with or without food. The elimination 
of rucaparib is accomplished through multiple pathways, 
including metabolism and excretion. No active metabolite 
was identified.

The DDI risk of rucaparib is minimal and manageable. 
Rucaparib is not a strong perpetrator of CYP enzymes or 
efflux transporters, and DDIs that affect rucaparib PK are 
not clinically significant. Although no medicines are pro-
hibited for the combination or coadministration with ruca-
parib, the EMA summary of product characteristics and 
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US prescribing information note that coadministration of 
rucaparib and CYP substrates may increase the systemic 
exposure of these drugs and recommend dose adjustment of 
CYP substrates if clinically indicated.

Demographics, CYP polymorphism, and mild-to-mod-
erate organ dysfunction showed no clinically meaningful 
effect on rucaparib PK. Nevertheless, close monitoring is 
needed when rucaparib is administered in special popula-
tions (e.g., patients with renal and hepatic impairment). 
A quantitative exposure–efficacy analysis highlighted the 
importance of maintaining rucaparib treatment intensity for 
optimal efficacy, and the exposure–safety analysis allowed 
a better understanding and effective management of adverse 
effects and DDIs.

Although numerous nonclinical and clinical studies have 
been conducted to characterize the absorption, distribution, 
metabolism, excretion, and DDIs, as well as effects of vari-
ous intrinsic and extrinsic factors on rucaparib PK, clini-
cal pharmacology characterization is a continuous process, 
and such data should be interpreted in the context of clinical 
safety and efficacy in specific patient populations. As with 
other PARP inhibitors, gaps remain even with the current 
understanding of rucaparib clinical pharmacology. For exam-
ple, the intestinal absorption sites of rucaparib have not been 
determined. Future research of intrinsic and extrinsic factors 
affecting rucaparib PK variability and more comprehensive 
characterization of exposure–response relationships would be 
valuable. These studies could examine the effects of penetra-
tion and transporter-mediated efflux on rucaparib distribution 
in target tumors, not only from patient to patient but also 
among different tumors within a single patient. Addition-
ally, in vivo analyses may be warranted for potential DDI 
risks, such as OCT1 and MATE1/2-K inhibition, because 
these have only been evaluated in vitro. Despite these limita-
tions, the extensive assessments currently available allow a 
robust understanding of rucaparib clinical pharmacology. In 
conclusion, clinical pharmacology assessments of rucaparib 
supported selecting 600 mg BID with or without food as the 
starting dose for patients with cancer.
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