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• Rucaparib exposure and efficacy/safety relationship were studied using pooled Study 10 and ARIEL2 data.
• Rucaparib exposure and response were positively correlated in patients with platinum-sensitive recurrent ovarian carcinoma.
• We found no significant association between the model-predicted rucaparib exposure and baseline body weight.
• Our analyses support starting rucaparib 600 mg twice daily with subsequent dose modification based on adverse events.
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Objective. To evaluate correlations between rucaparib exposure and selected efficacy and safety endpoints in
patients with recurrent ovarian carcinoma using pooled data from Study 10 and ARIEL2.

Methods. Efficacy analyses were limited to patients with carcinomas harboring a deleterious BRCA1 or BRCA2
mutation who had received ≥2 prior lines of chemotherapy. Safety was evaluated in all patients who received ≥1
rucaparib dose. Steady-state daily area under the concentration-time curve (AUCss) andmaximum concentration
(Cmax,ss) for rucaparibwere calculated for each patient and averaged by actual dose received over time (AUCavg,ss
and Cmax,avg,ss) using a previously developed population pharmacokinetic model.

Results. Rucaparib exposure was dose-proportional and not associated with baseline patient weight. In the
exposure-efficacy analyses (n = 121), AUCavg,ss was positively associated with independent radiology review-
assessed RECIST response in the subgroup of patients with platinum-sensitive recurrent disease (n = 75, p =
0.017). In the exposure-safety analyses (n = 393, 40 mg once daily to 840 mg twice daily [BID] starting
doses), most patients received a 600mg BID rucaparib starting dose, with 27% and 21% receiving 1 or ≥2 dose re-
ductions, respectively. Cmax,ss was significantly correlated with grade ≥2 serum creatinine increase, grade ≥3 ala-
nine transaminase/aspartate transaminase increase, platelet decrease, fatigue/asthenia, and maximal
hemoglobin decrease (p < 0.05).

Conclusion. The exposure-response analyses provide support for the approved starting dose of rucaparib
600 mg BID for maximum clinical benefit with subsequent dose modification only following the occurrence of
a treatment-emergent adverse event in patients with BRCA-mutated recurrent ovarian carcinoma.

© 2021 Published by Elsevier Inc.
1. Introduction

Ovarian cancer is the fifth leading cause of cancer-related death in
women in the United States and the European Union and the eighth
leading cause of cancer-related death inwomenworldwide [1]. Approx-
imately half of all high-grade ovarian carcinomas (HGOCs), including
fallopian tube and primary peritoneal carcinomas, have homologous re-
combination deficiency (HRD),with 18% estimated to harbor a germline
BRCA1 or BRCA2 (BRCA) mutation, 7% a somatic BRCAmutation, and 20%
a mutation in, or epigenetic silencing of, another homologous recombi-
nation gene [2,3].

Rucaparib is a potent, oral small molecule inhibitor of poly(ADP-ri-
bose) polymerase (PARP) enzymes, including PARP1, PARP2, and
PARP3. In cancer cells with HRD, defects in the homologous recombina-
tion repair pathway combinewith rucaparib-induced enzymatic inhibi-
tion of PARP proteins in an interaction known as synthetic lethality,
resulting in the accumulation of DNA damage, stalled replication forks,
and cell death [4–6]. The efficacy and safety of rucaparib in clinical stud-
ies of treatment, including Study 10 (NCT01482715) and ARIEL2
(NCT01891344), as well as maintenance therapy in ARIEL3
(NCT01968213), have resulted in the approval of rucaparib in the
United States and Europe for treatment andmaintenance therapy of pa-
tients with recurrent HGOC [7,8]. The approved starting dose of
rucaparib is 600 mg twice daily (BID) for all patients to allow for maxi-
mum clinical benefit, with dose modifications as needed to manage
treatment-related adverse effects. In this study, we used a previously
published population pharmacokinetic (PK) model [9] and pooled
data from Study 10 and ARIEL2 to evaluate the correlations of rucaparib
exposure with efficacy and safety and better understand the covariates
influencing rucaparib PK variability in the treatment setting for patients
with recurrent ovarian carcinoma.

2. Methods

In Study 10 Part 1, patientswith solid tumors received oral rucaparib
40–500mg once daily (QD) or 240–840mg BID. In Study 10 Part 2A and
ARIEL2 Parts 1 and 2, patients with relapsed HGOC or fallopian tube or
primary peritoneal carcinoma received rucaparib 600mgBID. A popula-
tion PK model [9] was developed based on the data from Study
A4991014 (NCT01009190), Study 10, and ARIEL2 (Table S1). Exposure
variables were calculated from individual PK parameter estimates
from the population PK analysis, nominal dose and frequency, and ac-
tual dosing information. Steady-state daily (0–24 h) area under the
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concentration-time curve (AUCss) and maximum concentration (Cmax,

ss) for rucaparib were calculated for each patient, and these PK parame-
ters were averaged by the actual dose received over time (AUCavg,ss and
Cmax,avg,ss). For the exposure-efficacy analysis, AUCavg,ss up to the con-
firmed response (or the last dose if there was no confirmed response)
was used. For the exposure-safety analysis, Cmax,avg,ss up to the last
dose was used.

2.1. Exposure-efficacy analysis population

The US Food and Drug Administration approved rucaparib for the
treatment of patients with ovarian carcinoma associated with deleteri-
ous germline and/or somatic BRCA mutation who have been treated
with 2 or more chemotherapies based on integrated analysis of data
from Study 10 and ARIEL2 [7]. We sought to better characterize the re-
lationship between exposure and efficacy in this population, and thus
the exposure-efficacy analysis population was limited to patients with
ovarian carcinoma associated with a deleterious germline or somatic
BRCA mutation who participated in Study 10 Parts 1 and 2A or ARIEL2
Parts 1 and 2, received at least 1 dose of rucaparib, and underwent at
least 1 efficacy assessment. BRCA mutation status was determined
based on results from local and central laboratory tests.

2.2. Exposure-efficacy analysis endpoints, models, and covariates

The exposure-efficacy analysis tested 7 endpoints (Table S2): con-
firmed investigator- and independent radiologic review (IRR)-assessed
response according to Response Evaluation Criteria In Solid Tumors,
version 1.1 (RECIST), composite of confirmed response by Gynecologic
Cancer InterGroup (GCIG) CA-125 criteria or RECIST response, best per-
cent change from baseline in sum of diameters of target lesions (per
RECIST) and in serum cancer antigen 125 (CA-125), progression-free
survival (PFS), and duration of response (DOR). PFS was analyzed in
all patients in the exposure-efficacy analysis population, and DOR was
analyzed in patients with a confirmed investigator-assessed RECIST
response.

Endpoints with continuous data (i.e. change from baseline in sum of
diameters of target lesions) were modeled using linear regression
(Table S2). Endpoints with binary data (i.e. investigator-assessed re-
sponse, IRR-assessed response, and confirmed response by GCIG CA-
125 criteria or RECIST) were modeled using linear logistic regression.
Endpoints with time-to-event data (i.e. PFS and DOR) were modeled
using Cox regression.
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Efficacy covariates included age (<65 vs ≥65 years), race (white vs
non-white), region (North America vs Europe/other), mutation origin
(germline vs somatic vs indeterminate germline or somatic BRCAmuta-
tion), BRCA gene (BRCA1 vs BRCA2), number of prior chemotherapies (2
vs ≥3), progression-free interval (PFI) following last platinum-based
therapy (<6months vs ≥6–≤12 months vs >12months), Eastern Coop-
erative Oncology Group (ECOG) performance status (PS; 0 vs 1), and
baseline sum of diameters of target lesions (Table S2).

In all covariate models, exposure was included in the model regard-
less of significance. Logistic and linear regression models tested
covariates.

Cox regression models were centered at the median exposure in all
ovarian cancer patients receiving 600 mg BID rucaparib; covariates
were tested on the reference hazard at that median exposure. Covari-
ates were tested in a stepwise forward search with a p < 0.05 level of
significance. Only covariates that were significant in a univariate search
were included in multivariate testing.

2.3. Exposure-safety analysis population

To comprehensively evaluate the safety of rucaparib in patients with
ovarian carcinoma, the exposure-safety analysis population included
patients with ovarian cancer in Study 10 Parts 1 and 2A or ARIEL2
Parts 1 and 2 who received at least 1 dose of rucaparib, regardless of
BRCAmutation status.

2.4. Exposure-safety analysis endpoints, models, and covariates

The exposure-safety analysis tested treatment-emergent hemato-
logic laboratory variables (grade ≥3 neutrophil decrease, grade ≥3 plate-
let decrease, grade ≥3 lymphocyte decrease, grade ≥3 hemoglobin
decrease, maximum hemoglobin reduction from baseline), non-
hematologic laboratory variables (grade ≥3 alanine aminotransferase
[ALT] increase, grade ≥3 aspartate aminotransferase [AST] increase,
grade ≥2 bilirubin increase, grade ≥2 creatinine increase), and other
qualitative adverse events (grade ≥3 fatigue/asthenia, grade ≥3 nausea)
(Table S2). All laboratory endpoints were based on standard Common
Terminology Criteria for Adverse Events version 4.03 grading [10].

Maximum change from baseline in hemoglobin, a continuous end-
point, was modeled using linear regression (Table S2). The other end-
points were binary and modeled using linear logistic regression.

Safety covariates included age (<65 vs ≥65 years), race (white vs
non-white), germline BRCA status (germline BRCA mutation vs BRCA
wild type/unknown), number of prior chemotherapies (2 vs ≥3),
ECOG PS (0 vs 1), and baseline albumin (Table S2).

Aswith the efficacymodels, in all covariatemodels the exposurewas
included in the model regardless of significance. Logistic and linear re-
gression models tested covariates in a stepwise forward search with a
p < 0.05 level of significance. Only covariates that were significant in a
univariate search were included in multivariate testing.

2.5. Concentration-QT analysis

Concentration-QT prolongation analysis was conducted using data
from patients in Study 10 Part 1. QT interval was obtained from tripli-
cate 12‑lead electrocardiogram (ECG) recordings and corrected for
heart rate by Fridericia's method (QTcF). Per study design, triplicate
ECG data were collected from dose-escalation cohorts (3 patients per
dose level based on 3 + 3 design) at predose, and 2 and 7 h postdose
on day 1 andday 15 of cycle 1 following continuous rucaparib treatment
at escalating dose levels (40 mg QD to 500 mg QD, then further esca-
lated from 240 mg BID to 840 mg BID). PK samples were collected be-
fore and after each postdose ECG measurement (1.5 and 2.5 h PK for
2 h ECG; 6 and 8 h PK for 7 h ECG) to avoid any effect of PK sampling
on QT interval. The PK sample concentration at each ECGmeasurement
was calculated by linear interpolation. A linearmixed-effectsmodel was
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conducted with the calculated PK sample concentration and QTcF
change from baseline (ΔQTcF). The expected ΔQTcF and confidence in-
tervals following 600 mg rucaparib BID were calculated at the median
Cmax,ss and at the upper 95th percentile of Cmax,ss based on the final
model.

3. Results

3.1. Model-predicted steady-state exposure

Comprehensive PK data collected in 375 patients from Study 10 and
ARIEL2 allowed us to extend upon and confirm earlier findings that the
model-estimated steady-state rucaparib exposure, asmeasured by Cmax,

avg,ss and AUCavg,ss, is dose-proportional [11].
Other studies of maintenance treatment with the PARP inhibitor

niraparib in the setting of recurrent ovarian carcinoma have suggested
that baseline patient body weight could guide dose selection [12].
Given these results, we evaluated whether patient weight may be asso-
ciated with rucaparib exposure. Because baseline creatinine clearance
was a significant covariate on rucaparib clearance [11], we accounted
for the effect of baseline creatinine clearance on rucaparib clearance
and analyzed the association between bodyweight and rucaparib expo-
sure stratified by renal function.We found no statistically significant as-
sociation between the model-predicted rucaparib exposures (Cmax,avg,ss

and AUCavg,ss) and baseline body weight in patients with normal, mild
or moderate renal insufficiency (Fig. 1).

3.2. Exposure-efficacy relationships

Of 121 patients in the exposure-efficacy analysis dataset, PK concen-
trations were available from 117 patients for whom steady-state expo-
sureswere estimated (Table 1). Cmax,avg,ss (standard deviation [SD])was
1712 (756) ng/mL (range, 166–4413 ng/mL) and AUCavg,ss (SD) was
37,145 (17,140) ng/mL× h (range, 2328–99,524). Amajority of patients
(110/121; 90.9%) were treatedwith a starting dose of rucaparib 600mg
BID. Ten patients were treated at doses below 600mg BID and 1 patient
received 840 mg BID in the phase I dose-escalation part of Study 10
(Part 1). The number of patients varied for different efficacy endpoints:
114 patients were evaluated for the endpoint of investigator-assessed
response and 102 for the endpoint of IRR-assessed response. Most pa-
tients were younger than 65 years old (81/121; 66.9%), white (98/
121; 81.0%), and from North America (65/121; 53.7%). All had HGOC
with a BRCA1 (77/121; 63.6%) or BRCA2 (44/121; 36.4%) mutation, the
majority of whichwere germlinemutations (102/121; 84.3%). Most pa-
tients had received 3 or more prior chemotherapies (76/121; 62.8%).

Patients with a confirmed IRR-assessed partial or complete RECIST
response showed statistically higher exposures than patients without
a confirmed response (Fig. 2A; p = 0.029). We also observed a trend
of increasing response rate with increasing rucaparib exposure in a lin-
ear logistic regression analysis of IRR-assessed RECIST response (n =
102), although in that analysis the exposure-response relationship
was not found to be statistically significant (Fig. 2B). We then further
assessed the relationship between steady-state exposure and IRR-
assessed RECIST response based on patients' platinum sensitivity status.
In the patients with PFI <6 months following their last platinum-based
chemotherapy (platinum-resistant or refractory), the observed re-
sponse rate was 11.1% (3/27), while the response rates in patients
with PFI 6–12 months (partially platinum-sensitive) and ≥12 months
(platinum-sensitive) were 53.8% (28/52) and 56.5% (13/23) respec-
tively. No correlation between AUCavg,ss and IRR-assessed RECIST re-
sponse was detectable among patients with platinum-refractory/
resistant ovarian cancer (PFI <6 months) (Fig. 2C); however, a signifi-
cant correlation (p = 0.017) was observed for patients with platinum-
sensitive disease (PFI ≥6 months; Fig. 2D).

The exposure in patients with a confirmed investigator-assessed
partial or complete RECIST response was similar to the exposure in



Fig. 1.Model-predictedCmax,avg,ss (A), p>0.05, andAUCavg,ss (B), p>0.05 at 600mg twice daily vs baselineweight stratifiedby renal function to account for the effect of baseline creatinine
clearance on rucaparib apparent clearance. The points are individual model-predicted estimates of the Cmax,avg.ss or AUCavg,ss following a dose at steady state vs baselineweight. The solid
blue line is a local regression smooth showing the trend of the relationship. The shaded blue region represents 5th to 95th percentile confidence interval around the trend. AUCavg,ss,
average daily area under the concentration-time curve at steady state; Cmax,avg,ss, average maximum concentration at steady state.
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patients without a confirmed response (Fig. S1A; p=0.606).When the
exposure-response relationship analysis was performed for
investigator-assessed RECIST response (n = 114), no apparent correla-
tion or trends were observed over the range of exposures (Fig. S1B).
Further, no significant correlations were seen for the other tested effi-
cacy endpoints with continuous data (i.e. change from baseline in sum
of diameters of target lesions, change in CA-125, PFS or DOR) or with bi-
nary data (i.e. confirmed response by GCIG CA-125 criteria or RECIST;
Table S3).

3.3. Exposure-safety relationships

Of 393 patients in the exposure-safety analysis dataset, PK parame-
ters were determined in 375 patients (Table 1). Cmax,avg,ss (SD) was
671
1839 (732) ng/mL (range, 75–6254 ng/mL) and AUCavg,ss (SD) was
40,200 (16,767) ng/mL × h (range, 690–141,157). The starting doses
of rucaparib ranged from 40mgQD up to 840mg BID, butmost patients
(378/393; 96.2%) received a starting dose of 600 mg BID, with 27% and
21% of patients requiring 1 and ≥2 dose reductions, respectively.

Increased incidence of adverse events with increased exposure was
observed for selected safety endpoints (Table 2). Amongnonhematologic
endpoints evaluated, the exposure-response relationship was statisti-
cally significant for grade ≥3 ALT increase (p = 0.033, incidence rate
13.3%) and grade ≥3 AST increase (p = 0.027, incidence rate 4.0%), but
not for grade ≥2 bilirubin increase (p = 0.723, incidence rate 6.4%). In
addition, a statistically significant correlationwas identified for grade ≥2
creatinine increase (p < 0.001, incidence rate 28.8%; Fig. 3). Among he-
matologic endpoints evaluated, correlations with grade ≥3 platelet



Table 1
Exposure summary in the exposure-efficacy and exposure-safety analyses.a

Variable Exposure-efficacy analysis Exposure-safety analysis

Patients (n) 121 393
PKs (n)b 117 375
Cmax,avg,ss, mean ng/mL 1712 1839
SD 756 732
Range 166–4413 75–6254

AUCavg,ss, mean ng/mL × h 37,145 40,200
SD 17,140 16,767
Range 2328–99,524 690–141,157

AUCavg,ss, average daily area under the concentration-time curve at steady-state; Cmax,avg,

ss, average maximum concentration at steady state; PK, pharmacokinetic; SD, standard
deviation.

a Overall exposure estimates over the full duration of treatment.
b Number of patients with at least 1 evaluable PK concentration.
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decrease and maximum hemoglobin reduction were observed
(Table 2). Although additional assessment suggested albumin as a sig-
nificant covariate for maximum hemoglobin reduction and grade ≥3
nausea, and age (≥65 years) as a significant covariate for grade ≥2 creat-
inine increase (Table 2), none were considered clinically significant, as
these relationships are typically observed in patients regardless of treat-
ment [13–15].

The concentration-QT analysis included 54 patients with a total of
522 paired ECG-concentration data points. A linear mixed-effects
Fig. 2. Box plots show the exposure distributions, stratified by response (A). Exposure-respon
tested for overall patients (B), for patients with PFI <6 months (C), and for patients with P
stratified by exposure quartile. Vertical red bars represent the 5th to 95th percentile confide
displayed above each vertical bar. In each plot, the solid blue line is the logistic regression m
confidence interval on the predicted event rate. The horizontal blue dashed line shows the a
concentration-time curve at steady state up until the relevant event; BRCA, BRCA1 or BRCA2
Evaluation Criteria In Solid Tumors version 1.1.
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model was used to describe the moderate increase in ΔQTcF at increas-
ing rucaparib concentrations. Based on the population PK model devel-
oped with data from Study 10 and ARIEL2, the median and 95th
percentile Cmax,ss following 600 mg BID was 2079 ng/mL and
3627 ng/mL, respectively. At the predicted median steady-state Cmax,ss

the projected ΔQTcF was 11.5 ms (90% confidence interval CI
8.8–14.2 ms); at the 95th percentile of Cmax,ss the projected ΔQTcF
was 17.2 ms (90% confidence interval 12.6–21.7 ms). The observed
data, model fitting, and prediction are presented in Fig. 4.
4. Discussion

An exploratory exposure-efficacy analysis was conducted using a
previously developed population PK model and the pooled clinical effi-
cacy data from patients with ovarian carcinoma and a BRCAmutation in
Study 10 and ARIEL2. In this analysis, the relationship betweenAUCavg,ss
and IRR-assessed RECIST response was found to be statistically signifi-
cant in the subgroup of patients with platinum-sensitive recurrent dis-
ease, suggesting a clinical benefit for maximizing the rucaparib dose in
these patients. Most patients (91%) in the efficacy population received
a starting dose of 600 mg BID rucaparib, which may have reduced the
chance of finding significant correlations for the other tested efficacy
endpoints (i.e. maximum percent change in target lesions, change in
CA-125, PFS, or DOR). However, these endpoint variables, which are
se relationships for IRR-assessed RECIST response in patients with a BRCAmutation were
FI ≥6 months (D). Red points represent the mean exposure and event rates in patients
nce intervals on the event rate. Event numbers (patients with event/total patients) are
odel fit for that patient subset. The shaded blue region represents 5th to 95th percentile
verage response rate when the p value is >0.05. AUCavg,ss, average daily area under the
; IRR, independent radiologic review; PFI, progression-free interval; RECIST, Response



Table 2
Exposure-safety relationship with covariates.

Exposure metric Endpoint p value for exposure Significant covariates (p < 0.05)b

No covariate Adjusted for covariatesa

Exposure-safety with nonhematologic variables
Cmax,avg,ss ALT increased, grade ≥3 0.033 0.025 ECOG PS
Cmax,avg,ss AST increased, grade ≥3 0.027 NA NA
Cmax,avg,ss Bilirubin increased, grade ≥2 0.723 NA NA
Cmax,avg,ss Creatinine increased, grade ≥2 <0.001 <0.001 Age ≥65 years
Cmax,avg,ss Fatigue/asthenia, grade ≥3 0.029 NA NA
Cmax,avg,ss Nausea, grade ≥3 0.101 0.245 Albumin

Exposure-safety with hematologic variables
Cmax,avg,ss Neutrophils count decreased, grade ≥3 0.061 NA NA
Cmax,avg,ss Lymphocytes count decreased, grade ≥3 0.548 NA NA
Cmax,avg,ss Platelet count decreased, grade ≥3 0.040 NA NA
Cmax,avg,ss Hemoglobin decreased, grade ≥3 0.067 NA NA
Cmax,avg,ss Hemoglobin, CFB 0.001 <0.001 Albumin

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CFB, change from baseline; Cmax,avg,ss, average maximum concentration at steady state; ECOG, Eastern Cooperative On-
cology Group; NA, not applicable (no significant covariates identified); PS, performance status.

a The model includes significant covariates as listed.
b The p value is the significance level for the exposure variable.
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assessed on a continuum, may be considered less clinically robust com-
pared with the binary endpoint of RECIST response for assessing drug
activity or lack thereof in a small patient cohort. It is also important to
note the lack of a significant correlation when evaluating exposure-
efficacy using investigator-assessed objective response, which was
likely attributable, in part, to discordance between local and central ra-
diology review, as has previously been reported in assessments of
RECIST response [16,17]. Despite these limitations, the wide range in
the observed AUCavg,ss levels (range, 2328–99,524 ng/mL × h) still
allowed detection of a statistically significant correlation between
rucaparib exposure and IRR-assessed RECIST response. Although this
significant correlation was observed in a relatively small group of pa-
tients (n = 75), this exposure-efficacy correlation is the first to our
knowledge that has been identified among PARP inhibitors that are ap-
proved for the treatment of patients with ovarian cancer.

In this analysis, we also demonstrate that bodyweight shows no sig-
nificant effect on rucaparib PK, suggesting that body weight–
normalized dosing is not required to optimize the overall benefit-risk
profile. In the frontlinemaintenance PRIMA trial (NCT02655016), an in-
dividualized starting dose for niraparib (200 vs 300 mg daily; selected
based on baseline body weight and platelet counts) was introduced,
Fig. 3. Exposure-safety relationships for creatinine. (A) Box plots show the maximum concent
mean exposure and event rates in patients stratified by exposure quartile. Vertical red bars re
(patients with event/total patients) are displayed above each vertical bar. Regression analyses
logistic regression model fit for that patient subset. The shaded blue region represents 5th
maximum concentration at steady state.
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after approximately 65% of patients had been enrolled, in an effort to
improve the tolerability of the treatment [18]. While results have been
reported for patients in PRIMA who received an individualized vs a
fixed starting dose, the efficacy data for patients receiving lower vs
higher doses have not yet been reported, which is an important consid-
eration for evaluating if patients are underexposed. In our view, the ad-
vantages of selecting an individualized dose based on baseline body
weight and platelets remain inconclusive.

The current study adds to our understanding of the effects of other
clinical covariates and baseline patient characteristics on rucaparib PK.
In the previously published analysis of rucaparib PK, the efficacy and
safety covariates tested included effect of food, renal function, hepatic
function, cytochrome P450 (CYP1A2 and CYP2D6) phenotypes, and
concomitant photon-pump inhibitor medication [9]. The previous pop-
ulation PK analysis showed that baseline renal function had a moderate
effect on rucaparib elimination, with 33% higher AUCss observed in pa-
tients with moderate renal impairment than in patients with normal
renal function [9]. However, mean rucaparib exposure (AUCss) largely
overlapped between the subgroups of patients with normal, mildly im-
paired, and moderately impaired renal function, suggesting that no
starting dose adjustment is required in patients with mild or moderate
ration of rucaparib, stratified by grade ≥2 creatinine increase. (B) Red points represent the
present the 5th to 95th percentile confidence intervals on the event rate. Event numbers
were conducted for patients with grade ≥2 creatinine increase. The solid blue line is the
to 95th percentile confidence interval on the predicted event rate. Cmax,avg,ss, average



Fig. 4.QTcF analysis based on data from Study 10 dose escalation. The points are triplicate
mean ΔQTcF vs time-matched concentrations. The solid blue line is the line of best fit for
mean ΔQTcF vs concentration using a linear mixed-effects model. The dark blue shaded
band is the 5th to 95th percentile confidence interval in the mean fit. The light blue
shaded band is the 5th to 95th percentile prediction interval of the data. The horizontal
bar at the bottom of the plot is the 5th to 95th percentile range of Cmax,avg,ss data
following 600 mg rucaparib BID from patients with high-grade ovarian cancer included
in the exposure-safety analysis. The point is the median Cmax, and the vertical dashed
green and magenta lines indicate the median and 95th percentile concentrations,
respectively. The projected ΔQTcF at the median and the 95th percentile Cmax (labeled
as ‘95% CI’ in the figure) are indicated by the green and magenta horizontal dashed lines,
respectively. ΔQTcF, QTcF change from baseline; CFB, change from baseline; CI,
confidence interval; Cmax, maximum concentration; QT, time from the start of the Q
wave to the end of the T wave on an electrocardiogram; QTcF, QT corrected according to
Fridericia's formula.
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renal impairment [7–9]. The correlation observed between rucaparib
exposure and increased risk of grade ≥2 creatinine elevation was likely
due to the inhibition of renal transporters (e.g. MATE1 and MATE2-K)
by rucaparib rather than direct impact on renal function [19]. Although
a relationship was observed between age (≥65 years) and increased
grade ≥2 creatinine, this may be attributable to a trend towards declin-
ing renal function and physical condition in older adults [15]. Similarly,
the clinical significance of albumin as a covariate for maximum hemo-
globin reduction and grade ≥3 nausea may be explained by the fact
that low albumin has generally been found to be associated with nau-
sea, fatigue, and lower hemoglobin concentration in patients who are
not receiving anticancer treatment [13,14]. A significant exposure-
response relationship was observed for grade ≥3 ALT or AST increase;
however, consistent with previous reports [20], these increases were
transient. Nevertheless, increased incidence and severity of adverse ef-
fects in patients with higher rucaparib exposures underscores the im-
portance of routine safety monitoring.

Concentration-QT prolongation analysis showed an increase in
ΔQTcF as rucaparib concentrations approached Cmax,ss in patients re-
ceiving 600mg rucaparib BID. The upper limit of the confidence interval
for Cmax,ss was between 10 and 20 ms, indicating mild-to-moderate QT
prolongation at the recommended clinical dose of rucaparib [21]. Con-
sistent with results reported with other PARP inhibitors (e.g. olaparib,
niraparib, veliparib [22–24]), our analysis suggested that clinically sig-
nificant QTcF prolongation from baseline (>20ms) is unlikely following
continuous dosing with 600 mg rucaparib BID [25,26].

5. Conclusion

The lack of clinically relevant safety covariates in our analysis sup-
ports not modifying the starting dose for rucaparib based on baseline
covariates. Furthermore, the significant correlation observed between
exposure and IRR-assessed RECIST response supports maximizing the
rucaparib dose for improved clinical benefit. Given these analyses, the
674
rucaparib starting dose should not be modified based on baseline char-
acteristics, including weight. Alternatively, tolerability to therapy
should guide a clinician's decision to modify the dose. Overall, the
exposure-response analyses presented here support the approved
starting dose of rucaparib 600 mg BID with subsequent dose modifica-
tion following the occurrence of a treatment-emergent adverse event
in patients with BRCA-mutated recurrent ovarian carcinoma.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ygyno.2021.03.015.
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