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Abstract

Purpose Combining olaparib with carboplatin  was
recently shown to be active in both BRCA and non-BRCA
mutant cancers in a recent phase I/Ib combination trial.
The optimal drug sequence recommended was carboplatin
1-day before olaparib. However, carboplatin pre-treatment
induced a ~50% faster olaparib clearance.

Methods To further explore this drug interaction, a popu-
lation pharmacokinetic (PK) model was designed that
included a lag time parameter, a second absorption com-
partment from tablet formulation, a single distribution/
elimination compartment, and covariance among the clear-
ance and volume parameters.

Results Clearance (6.8 L/h) and volume (33 L) estimates
were comparable with literature. The only significant
covariate was the presence of carboplatin on olaparib clear-
ance, consistent with published noncompartmental PK and
in vitro data.
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Conclusions Simulations predicted lower steady-state
peak/trough olaparib exposure through 24-36 h post carbo-
platin pre-treatment, but this effect was lost by day 2 and
thus no dose adjustment is recommended.
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Introduction

DNA damage is occurring constantly and cells have
evolved numerous repair mechanisms based on the type
of damage. Platinum therapies have been a mainstay of
chemotherapy regimens for decades and have largely been
efficacious via adducting DNA and disrupting replication.
Unlike double-stranded DNA breaks (DSB) that involve
non-homologous end joining and/or homologous recom-
bination for repair, platinum—DNA adducts halt replica-
tion until nucleotide-excision repair (NER) removes the
single-strand adducts. Nucleotide excision and base-exci-
sion repair (BER) mechanisms involve single-strand breaks
(SSB) that utilize poly (ADP-ribose) polymerases (PARP)
to build poly (ADP-ribose) chains (PAR) for recruitment of
DNA repair enzymes. Homologous recombination mecha-
nisms for DSB require BRCA proteins [1], thus deleterious
BRCA —/— mutations force cells to rely on BER mecha-
nisms that utilize PARPs.

Inhibitors of PARP, such as olaparib, veliparib, ruca-
parib, and niraparib, are therefore a promising anti-cancer
therapeutic avenue to pursue and recent studies of single-
agent therapies have extended progression-free survival
(PES) in patients with a variety of cancers, especially
carriers of BRCA —/— [2, 3]. The combination of PARP
inhibitors with various anti-cancer agents that induce DNA
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damage requiring SSB repair mechanisms, such as plati-
nums, have potential for additive efficacy. Olaparib (cap-
sule formulation) was the first PARP inhibitor to receive
FDA approval (2014), but labeled usage is limited to a
BRCA mutated patient population with advanced ovarian
cancer that received at least three prior chemotherapies [4].
Olaparib is also approved for second line maintenance ther-
apy by the European Medicine Agencies. Several clinical
trials have demonstrated that olaparib monotherapy affords
a PFS benefit, especially in a germline BRCA mutated
patient population, while having an overall mild adverse
event (AE) profile consisting mostly of grade 1-2 nausea
(~32%), fatigue (~30%), and vomiting (~20%) [5—13]. Fur-
ther, numerous trials have combined olaparib with various
other agents, including VEGF inhibitors cediranib [14—16]
and bevacizumab [17], the anthracycline doxorubicin [18],
the topoisomerase inhibitor topotecan [19], paclitaxel [20],
and platinum compounds cisplatin [21-23] and carboplatin
[24-26].

The anti-cancer mechanisms of olaparib and plati-
num compounds are proposed to be additive, but it was
unknown whether one mechanism was required to occur
before the other for maximum benefit. Preliminary in vitro
experiments suggested greater cell death when carboplatin
was given with or before olaparib, but this effect was lost
when olaparib was given before carboplatin (unpublished).
Olaparib capsules were combined with carboplatin in treat-
ment of women with BRCAI or BRCA2 mutation-associ-
ated breast or ovarian cancer and demonstrated a maximum
tolerated dose (MTD) of 400 mg BID plus AUCS5 carbo-
platin [24]. The AE profile was quite different than single
agent olaparib, with 82% of patients having hematologic
toxicity, likely due to carboplatin.

Recently, olaparib was studied as being administered
orally in tablet formulation (BID days 1-7) before or
after carboplatin in order to identify the optimal sequence
for in vivo efficacy and safety [26]. Other study end-
points sought to determine the MTD, which was 200 mg
BID olaparib + AUC4 carboplatin, as well as study the
pharmacokinetics (PK) and pharmacodynamics (PD) of
this sequenced combination. There are only a few com-
parable noncompartmental PK studies published, but
most used olaparib in capsule formulation [7, 8, 27, 28],
and only two published studies with olaparib tablets, one
a food-effect study (that showed slowed absorption, i.e.
lower Cyax, later T,,., consistent with capsules with
food) [29], and the other includes population PK analyses
determined from a phase I study in 23 patients also given
cisplatin and gemcitabine in adults with solid tumors
[21]. This trial demonstrated a faster olaparib clearance
with carboplatin pre-treatment using noncompartmen-
tal approaches, yet the sequence of therapy did not alter
the quantity of platinum—-DNA adducts. It is therefore the
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intent of this report to further study the PK of olaparib
tablets in the absence or presence of 24-h prior carbopl-
atin pretreatment using a population approach to assess
the potential impact of carboplatin on olaparib disposi-
tion. Ultimately, the question to be answered is whether
olaparib steady-state exposures would be significantly
altered to a clinically-relevant extent with carboplatin
pre-exposure once per cycle, and whether a dose adjust-
ment should be considered.

Methods
Materials

Olaparib and deuterated olaparib ([2H]8-olaparib) were
supplied from AstraZeneca. Stock solutions were pre-
pared in HPLC-grade methanol (Sigma-Aldrich, St.
Louis, MO) and all assay solvents were of Optima® grade
(Fisher Scientific, Pittsburgh, PA). Pooled human plasma
was provided by the NIH blood bank (Bethesda, MD).
All water used was ultra-filtered using a MilliPore system
(EMD MilliPore, Germany).

Study design

Olaparib was administered orally in tablet formulation
at a dose of 200 mg taken approximately every 12 h
(BID). Patients included in this two-arm, parallel design
phase I/Ib run-in trial (NCT01237067, Clinicaltrials.
gov) [26] were treated at the National Cancer Institute
(Bethesda, MD, USA). Briefly, eligibility criteria for
inclusion on this trial consisted of having recurrent/
refractory epithelial ovarian, fallopian, primary peri-
toneal, uterine papillary serous, malignant mixed Mul-
lerian tumors, or any type of breast cancer (confirmed
histologically or cytologically at the NCI). A full list
of eligibility criteria and study design can be found in
the clinical summary [26]. Patients assigned to Arm A
were administered olaparib beginning on cycle 1 day 1
(C1ID1) for 7 days with carboplatin treatment beginning
on C1D8 of a 21-day cycle. On cycle 2, patients on Arm
A were given carboplatin on day 1, followed by 7 days
of olaparib beginning on C2D2. Patients on Arm B had
the reverse scheme: carboplatin on CI1DI1, olaparib
C1D2-C1DS8, then olaparib on C2D1-C2D7 with car-
boplatin administered on C2D8. Olaparib pharmacoki-
netics were assessed on C1D1 (before carboplatin) and
C2D2 (after carboplatin) for patients on Arm A, and on
C1D2 (after carboplatin) and C2D1 (before carboplatin)
for patients on Arm B.
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Pharmacokinetic sampling and sample bioanalysis

To examine the pharmacokinetic profile of olaparib follow-
ing its oral administration, blood samples were collected in
heparinized collection tubes before drug administration and
at 0.5, 1, 2, 3, 4, and 8 h (£15 min) after the first dose of
olaparib and immediately prior to the second daily dose of
olaparib (approx 12 h after the first daily dose). All sam-
ples were analyzed using a validated uHPLC-MS/MS assay
with a lower limit of quantitation (LLOQ) of 0.5 ng/mL
[30].

Population analyses

A population pharmacokinetic (PPK) model utilizing non-
linear mixed effects (NLME) modeling was developed and
validated using Pharsight Phoenix® NLME 1.3 (Certara,
Cary, NC) to identify potential covariates (if any) that may
influence olaparib pharmacokinetics, such as age, weight,
creatinine clearance (CLcg; calculated using the Cock-
croft-Gault equation), race, carboplatin pre-treatment, etc.
A first-order conditional estimation with extended least
squares (FOCE-ELS) estimation algorithm was used to
provide maximum likelihood estimates for fixed and ran-
dom effects.

Development of a multi-compartment absorption model
was based on improvement in the objective function value
(OFV, aka —2*log likelihood) and mechanistic reasoning
from tablet disintegration, dissolution, and gastrointes-
tinal transit. The between-subject variability (BSV) was
described by an exponential function, where the individual
parameter estimate (6,) is the product of the population
parameter estimate (6,,,) and the exponentiated BSV esti-

pop
mate for that individual (7,).

6 = Opop x €. (1

A lag time (T),,) was also tested based on an observed
delay in the appearance of measurable olaparib plasma
concentrations post dose. Several residual or unexplained
variability (RUV) models were explored as well.

The OFV, calculated by Phoenix NLME 1.3 as minus
two times the log likelihood (—2*log likelihood), was used
for model diagnostics. Using the likelihood ratio test, a
significant (¢« = 0.05) improvement between nested mod-
els requires a delta OFV > 3.84, based on a Chi squared
distribution. Non-nested models were compared using
the Akaike Information Criterion (AIC). Visual inspec-
tion of the model included goodness-of-fit plots, such as
observed concentrations (dependent variable, DV), popula-
tion predicted (PRED) and individual predicted (IPRED)
concentrations versus time, DV versus PRED, DV versus
IPRED, and conditional weighted residuals (CWRES) ver-
sus time or IPRED. Quantile—quantile (QQ) plots for n

were assessed for all parameters to check the assumption
that n follow a normal distribution. The n-shrinkage for
each parameter was also assessed and the IIV estimates
for parameters with high n-shrinkage (>30%) were used
with caution due to insufficient individual observations that
shrink the individual estimate towards the population esti-
mate. Covariance between parameters was evaluated using
an omega block variance—covariance matrix.

Identification of potential covariate effects on param-
eters were made by visual and statistical relationships
between individual post hoc 1 estimates for each parameter
and covariate values. Inclusion of covariates was initially
performed in a stepwise, univariate, forward-inclusion
approach based on significant reductions in the OFV for
that parameter (p < 0.005). Covariates that significantly
improved the base model in a univariate fashion were
then added to each other in a multivariate, forward inclu-
sion approach. Once a full model was achieved, a stepwise
backward elimination (p < 0.001) approach was used to
identify the final model. Continuous covariates were scaled
to the dataset median (Eq. 2), where “COVi” is the covari-
ate value for that individual, “COVmed” is the population
median value, and 6, is an estimable parameter. Categor-
ical covariates were included per Eq. 3, where 6, refers to
the fractional change, “Catl” is the first level of specified
category, “Catn” refers to subsequent levels

0; = Opop X (COVi/COVmed)?Me x exp Q)

6 = Bpop X Ora)™ ™ X Bren) =" x exp™ . (3)

The ability of the final model to predict the DV was
tested by visual predictive checks (VPC). Parameter esti-
mates and variances were used to simulate data (58 patients
replicated 500 times each) and the 5th, 50th and 95th pre-
dicted percentiles were calculated in bins defined by time
borders then visually compared with observed data and
corresponding distributions. Nonparametric 95% confi-
dence intervals and standard errors were obtained through
bootstrap resampling (n = 1000 replicates).

Simulations

The final covariate model was used to simulate the cumula-
tive effect of carboplatin (given day-1) on olaparib PK over
the course of the regimen (BID days 1-7). An assumption
of this simulation model is that the effect of carboplatin on
olaparib clearance is effective for the first 24 h of olaparib
dosing, which is based on literature that detected irrevers-
ible carboplatin—-DNA mono-adduct formation up to 2 days
post bolus dose [31], even with a terminal plasma half-life
of 2-3 h [32, 33]. Twenty-Five simulated patients were
“pre-exposed” to carboplatin, while 25 simulated patients
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were not; all patient simulations were replicated 100 times.
Mean predicted olaparib concentrations over 8 days was
plotted with a 95% confidence interval.

Statistical considerations

Geometric means and associated 95% confidence inter-
vals are reported for PK parameter estimates throughout.
Comparison of pharmacokinetic parameters by group was
performed using an unpaired ¢ test (GraphPad Prism, v6),
where a two-sided p value <0.05 was considered to be sta-
tistically significant.

Results

Fifty-eight patients had sufficient evaluable olaparib
plasma concentration—time data for pharmacokinetic anal-
ysis. Patient descriptive data is available in Table 1. Fig-
ure la depicts the olaparib concentration—time profiles for
all patients (n = 58), encompassing 870 sample points, as
well as the near ten-fold inter-patient variability in plasma
concentrations. This dataset had noncompartmental PK
published along with the clinical trial efficacy and safety
[26]. In that report, olaparib apparent oral systemic clear-
ance (CL;/F; calculated as Dose/AUCyz) was approxi-
mately 50% faster when carboplatin was administered 24 h
prior. This resulted in a lower Cy;,x and AUC, consistent
with unpublished confidential sponsor data for carboplatin
plus olaparib.

Population pharmacokinetics of olaparib

To further investigate these noncompartmental findings,
a population PK model based on the patients from this
study (NCTO01237067) was developed and internally
validated, consisting of a 2-transit compartment absorp-
tion model with a lag time (T),,) parameter followed by
a single compartment distribution model with first-order
elimination (Fig. 1b). The addition of a T,,, parameter
greatly improved the model (p = 1.09E—18), as did
the second absorption compartment (p = 7.74E—27). A
peripheral distribution compartment did not improve the
model (p = 0.83) likely due to sampling only to 12 h post
dose. The BSV estimates for etaK12 and etaK2c were
216 and 96.3%, respectively, indicating while these struc-
tural parameters are mechanistically necessary, there may
be insufficient inter-individual data to accurately estimate
IIV on these parameters. Therefore, no random effects
were estimated for the K12 (absorption rate from 1st to
2nd absorption compartment) and K2c (absorption rate
from 2nd absorption compartment to central compart-
ment) parameters, and the typical values (thetas) were
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Table 1 Patient characteristics (n = 58)

Parameter Value

Demographic Median (range) or n (%)
59.3 (25.1-74.3)

73.9 (44.7-124.4)

0.81 (0.45-1.45)

88.0 (38.5-239.9)*

8 (13.8%)/50 (86.2%)

Age (year)

Body weight (kg)

Serum creatinine (mg/dL)
Creatinine clearance (mL/min)°

Race (African/Caucasian)

# Patient with highest CLCr (239 mL/min) also had highest WT
(124 kg)

Y CLCr estimated creatinine clearance per Cockcroft-Gault equa-
tion for females: CLCr = [([140—Age] x WT)/(72 x Serum creati-
nine)] x 0.85

fixed and not allowed to vary. There was significant cor-
relation between the CL/F and V/F parameters (p > 0.7)
that was accounted for through a variance—covariance
omega block matrix, which significantly improved the
model (p = 3.96E—13) (Fig. 2a). Additionally, a propor-
tional RUV model best described the data and resulted in
the greatest statistical improvement in the model based
on AIC (—649 points) per Eq. 4, where Cygg and Cprgp
are the observed and predicted olaparib plasma concen-
trations and ¢ is the proportional variability in the data.

CoBs = Cprep X (1 +&). 4)

Several covariates were tested on the PPK base model.
While age, race, body weight, serum creatinine, and cre-
atinine clearance did not significantly influence the clear-
ance parameter, the presence of carboplatin was identi-
fied as a categorical covariate that significantly improved
the model (p = 1.89E—13; dOFV = —54.113, df = 1)
(Fig. 2b). When Empirical Bayes Estimates (EBEs) for
the clearance parameter were outputted for each patient
on each cycle (i.e. based on presence/absence of carbopl-
atin), the CL estimates were comparable to the NCA esti-
mates [26] (Fig. 2c). BSV estimates for V/F, CL/F, and
T, were 37, 55, and 87%, respectively. The addition of
carboplatin covariate, while vastly improving the model
fit, only explained ~2% BSV on the CL/F parameter. After
inspection of various model diagnostics, the final structural,
covariate, and residual and unexplained variability models
were deemed adequate (Fig. 3). Point estimates from this
final model are listed in Table 2. Eta shrinkage estimates
were all <21%, the condition number was 3641.46, and all
model diagnostic plots were deemed acceptable. A visual
predictive check (VPC) was performed to ensure the mod-
el’s ability to adequately describe the data (Fig. 4). All
but five patients had data for both cycles available; these
five patients all had cycle 1 data only (Arm A or B) and
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Fig. 1 Olaparib plasma con- A

centration—time profiles from .
all patients (n = 58). Plasma 10 Carboplatin
concentrations of olaparib = C1D1(A) -
during the first dose of either
cycle 1 or 2 for patients on both
Arms A and B. Cycle 1 day 1
(C1D1) for patients on Arm

A represented olaparib before 0.1
carboplatin, whereas C2D2 for LLOQ (0.5 ng/mL) 31
patients on Arm A represented

olaparib after carboplatin (given 0.01+
on C2D1). For patients on Arm

B, C1D2 represented olaparib

after carboplatin (given on

C1D1), and C2D1 represented

olaparib before carboplatin BID PO

o C2D2(A) +

[Olaparib]
(ug/mL)

= C1D2(B) +

m C2D1(B) -

Fig. 2 Justification of covari-
ance and covariate models.
There was significant covari-
ance among the random effects
for clearance and volume of
distribution (p > 0.70), that sig-
nificantly improved the model
(p <4e—13) (a). The presence
of carboplatin pretreatment led
to significantly faster olaparib
clearance, thus carboplatin was
factored into the model on the
CL parameter as a categorical
covariate that led to a significant .15

improvement (p < 2e—13) in 3 l -OI s I g I OIS I 1 0 T T
the model (b). Model-predicted ’ ’
(black) clearance estimates for T]V

each patient with or without

carboplatin were very consistent 35 -
with NCA estimates (red) (¢) 30 -
25
20 -
15 4
10 -

cL
(L/hr)

- + + - Carbo
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Fig. 3 Model diagnostics. There was no trend in the CWRES vs
PRED (a), confirming adequacy of structural model; nor any trend in
DV vs IPRED (b), suggesting the residual or unexplained variability

the model was able to predict either a single cycle or both
cycles of data.

Simulations

Simulations were performed using the current olaparib dos-
ing scheme (200 mg BID days 1-7) either with or without
carboplatin pre-treatment in order to assess the cumulative
effect with 14 doses based on 2 days of carboplatin effect
(lasting until end of first day of olaparib dosing). Equa-
tion 5 describes how an individual’s clearance (CL;) is a
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Standard Normal Quantiles

Standard Normal Quantiles

(RUV) model was adequate. Random effects calculated were nor-
mally distributed (c, d)

function of the population estimate (CL,,,), the IIV param-
eter for that individual that determines how far off the
population estimate that individual is (yCL,), the fraction
change in clearance with carboplatin (dCLdCarbo) that is
only in effect when carboplatin was present (Carbo = 1) in
the first 24 h (t < 24).

CLi = CLpop x ([dCLdCarbo] (Curbo=h x i(r=24.1.00))

X exp("CLi).

&)
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Table 2 Final population PK

; Parameter Point estimate (%CV)  Bootstrap estimate® (%CV) Bootstrap 95% CI
model parameter estimates

CL/F (L/h) 6.83 (4.21%) 7.02 (6.80%) 5.96-7.84
IV CL/F® 55.0% (7.98%) 57.0% (7.06%) -

VIF (L) 32.4 (4.30%) 32.4 (5.39%) 29.2-36.7
IV VIF 37.3% (9.23%) 38.4% (9.78%) -

Kal2 (1/h)° 14.5 (0%) 14.5 (0%) -

IV Kal2 N/E N/E -

Ka2c (1/h)° 3.22 (0%) 3.22 (0%) -

IV Ka2c N/E N/E -

Ty, (h) 0.251 (0.23%) 0.299 (14.1%) 0.236-0.396
IV T,, 87.1% (13.5%) 70.7% (19.6%) -
dCLdCarbo (% change) 1.35 (5.67%) 1.34 (5.96%) 1.16-1.51

43.6% (5.22%)

46.36% (5.29%)

41.75-51.58%

Proportional RUV (%CV)

CI confidence interval; /IV inter-individual variability, expressed as %CV; RSE relative standard error; RUV
residual or unexplained variability; N/E not estimated; dCLdCarbo fractional change in clearance param-
eter based on binary carboplatin covariate status

# Boostrap performed with 1000 replicates

b All “ITV” values given as point estimates (in %CV) with a percent relative standard error (%RSE)

¢ Parameter estimates fixed

Fig. 4 Visual predictive check.
A visual predictive check 2.5 -
(n = 500 reps) generated 95%
confidence intervals (shaded
areas) around the predicted 5th,
50th, and 95th quantiles (/ines)
that adequately described the
observed data (dots)

[Olaparib] (mg/L)

Y
:
/
/3
.

Simulated patients pre-exposed to carboplatin prior to
olaparib dosing had lower predicted olaparib concentra-
tions compared to simulated patients without carboplatin
for the 24 h until steadily normalizing to “no carbopl-
atin” simulated patients (Fig. 5). While there was a dif-
ference in olaparib exposure during the first 24-48 h of
simulated PK profiles, this drug effect was not deemed
to be clinically relevant or warrant a dose adjustment.

Time (hr)

Discussion

This report assessed the PK of olaparib tablets in the pres-
ence or absence of carboplatin pre-treatment in advanced
women’s cancers. There are numerous studies demonstrat-
ing the efficacy of combination of olaparib-platinum ther-
apy [6, 21-26], yet toxicities limit therapeutic efficacy and
optimal doses still need to be defined, and none (besides
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Fig. 5 Simulations of 200 mg
olaparib given BID on Days 1-7

Simulated Olaparib BID D1-7 (Covariate PPK Model)

EInEy

either with carboplatin (blue)
or without carboplatin (red).
Twenty-five simulated patients
in each group were given this
dosing regimen; each replicated
100 times

[Olaparib] (mg/L)

the clinical trial that generated the current PK data [26])
published PK with olaparib tablets and carboplatin. Drug—
drug interactions can alter drug exposure to subtherapeutic
or supratherapeutic/toxic levels. In this study, carboplatin
was shown to increase olaparib clearance ~50%, resulting
in lower olaparib exposure. While there is no comparable
literature available for olaparib tablets with carboplatin,
this result is consistent with unpublished findings from the
drug sponsor that demonstrated a 14% lower olaparib AUC
and 17% lower Cy;,x With carboplatin pre-exposure.

The noncompartmental pharmacokinetics of olaparib
tablets from this study [26] were compared to relevant lit-
erature on olaparib tablet and capsule formulations [7, 8,
21, 27-29]. Following a 400 mg capsule dose, olaparib
Cypax and AUC values typically averaged 1-6.4 pg/mL and
10-70 h*pg/mL, respectively, while clearance and volume
of distribution had estimated ranges of 7.0-10.8 L/h and
107-210 L, respectively [7, 8, 17, 21, 23, 27, 28]. Tablet
doses of 200 mg gave mean values for Cy;,x, AUC, CL/F,
and V/F, of 7 pg/mL, 43 h*ug/mL, 7.95 L/h, and 146 L,
respectively, that suggested 200 mg tablets provided com-
parable exposure to 400 mg capsules [28, 29, 34]. Addi-
tionally, the AE profile of olaparib plus carboplatin was
very similar for 200 mg BID tablets (with AUC4 carbopl-
atin) and 400 mg BID capsules (with AUCS carboplatin)
[24, 26].

A more relevant comparison to the study presented here
is a phase I study, conducted in 2012, where 23 advanced
cancer patients received 100 mg olaparib tablets BID along
with cisplatin and gemcitabine; population PK analy-
ses were performed [21]. The point estimates for olapa-
rib CL/F and V/F from that population PK model were
6.48 L/h and 38.7 L, respectively, along with a half-life of
first dose olaparib of 4.07 h [21]. These values were com-
parable to this study’s first 200 mg dose of olaparib alone
(6.9 L/h and 31.1 L, respectively; Group A C1D1), as well
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as other literature values (4.6 L/h and 40.3 L) [8]. Only
one other study performed similar analyses (PK/PD) on
patients given olaparib, but this was not a formal popula-
tion analyses and no clearance or volume of distribution,
nor BSV parameters were described [35].

The model described here had comparable popula-
tion estimates for CL/F (6.83 L/h) to the NCA estimate
(6.08 L/h) and a previous population analysis (6.5 L/h;
*from the Supplement) [21]. Likewise, the population esti-
mate for V/F from this analysis (32.4 L) was comparable to
the NCA estimate (31 L) [26] and a previous report (39 L)
[21]. The population half-life was estimated from this PPK
model to be 2.9 h, while the previous PPK model estimated
half-life at 4 h [21], which is likely due to the slightly
slower CL/F and larger Vd from that report. Several major
differences exist between this population PK model and the
previous PPK model [21], including a variance—covariance
block matrix, lag time, and an additional absorption com-
partment, whereas the previous PPK model used a simpli-
fied (single compartment) absorption model. Further, the
absorption rates from the model described here were much
faster (14.5 and 3.22/h for K12, K2c, respectively) than the
previously estimated absorption rate (Ka) of 2/h [21].

The prescribing information for olaparib, approved in
2014 at 400 mg BID (capsules), reported several PK param-
eter estimates, including apparent plasma CL/F of 8.6
(£7.1) L/h, apparent volume of distribution at steady-state
(Vss/F) of 167 (£196) L, and a half-life of 11.9 (£4.8) h
[4]. While the clearance estimate is comparable (6.08 L/h),
this study reports a much lower apparent oral volume of
distribution (~30 L) and shorter half-life (~3 h). Reasons
for this discrepancy are unclear, but could be related to cap-
sules vs tablets or different patient population, where not
all patients in this study had confirmed deleterious germline
BRCA mutations and insufficient terminal PK sampling.
The longer half-life of 12 h was based on an elimination
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rate calculated over a 72-h period [29]. The shorter half-life
estimate in this study was likely due to an elimination rate
calculation in the first 12 h post dose of a BID regimen,
where the true terminal elimination had not yet occurred.
The prescribing information also reported that olaparib
Cyax and AUC increased 1.5- and 1.2-fold, respectively,
in patients with mild renal impairment (CLcr = 50-80 mL/
min) [4]. This suggested that renal clearance has a minimal,
but still relevant, role in total systemic olaparib clearance.

Carboplatin is largely eliminated renally; patients with
normal renal function (CLcr > 60 mL/min) excrete 65%
of the dose within 12 h [36]. In this population model,
creatinine clearance was not well correlated with olapa-
rib clearance (r < 0.005). Further, it is logical to assume
that co-administered carboplatin may slightly decrease
olaparib clearance possibly due to competition for renal
elimination (carboplatin is not plasma protein bound) and
that any olaparib-carboplatin drug interaction may mani-
fest as increased olaparib exposure, possibly in the same
range (1.2-1.5 fold) as that observed in renally impaired
patients [4]. However, in this study, the presence of car-
boplatin decreased Cy;px and AUC; 4g 1.2-fold and 1.3-
fold, respectively, due to increased olaparib clearance; this
is contrary to expected results and the mechanism for this
moderate change is currently unclear. While there is no
comparable literature available for olaparib tablets with
carboplatin, this result is consistent with unpublished find-
ings from the drug sponsor (NCT00516724) that demon-
strated an 11.0% lower steady state olaparib AUC and a
14.8% lower Cypx With carboplatin pre-exposure (n = 4).
The magnitude of decreased olaparib exposure in the pres-
ence of carboplatin is also comparable to the present study.

It is possible that pretreatment of carboplatin could be
inducing elevation of PARP and as an intracellular bind-
ing target of olaparib, would lower the plasma concentra-
tions of olaparib relative to monotherapy. The faster disap-
pearance of olaparib from the plasma into the cells to bind
PARPs during carboplatin pretreatment could account for
the faster clearance estimates. No change in volume of dis-
tribution was observed relative to carboplatin pretreatment,
consistent with prior data showing no change in olaparib
plasma protein binding by carboplatin [26]. In order to elu-
cidate the mechanism of altered olaparib clearance with
carboplatin, in vitro experiments were needed and demon-
strated greater intracellular olaparib when blood/PMBCs
were pretreated with carboplatin [26], which is consistent
with clinical results.

Simulations using this population PK model suggested
that while the early olaparib doses would incur lower
plasma concentrations with carboplatin pre-exposure (car-
boplatin effect assumed to last 2 days), eventually olapa-
rib plasma exposure normalized. Therefore, on the cur-
rent carboplatin regimen of a single dose once per 21-day

cycle, there is no need for dose adjustment. This is also the
consensus from other clinical data with carboplatin and
olaparib, that while an effect on PK was observed, it was
not deemed clinically relevant, which these simulations
support.

In conclusion, this report assessed the pharmacokinet-
ics of olaparib in the presence and absence of carboplatin
pretreatment in women with advanced women’s cancers.
There is clinical evidence of the additive effect of plati-
num treatment with PARP inhibitors in this patient popu-
lation [21, 24, 25], and while a tolerable dose combina-
tion was previously determined with carboplatin/olaparib
capsules [24], the use of olaparib tablets required a sepa-
rate study. Pharmacokinetic data was not available for the
aforementioned capsule study; therefore, a direct com-
parison of the carboplatin effect on olaparib clearance,
whether in capsule or tablet, could not be assessed. It was
evident through both noncompartmental and population
analyses that carboplatin induced a faster olaparib clear-
ance in this patient population. The long-term effects on
steady-state olaparib are currently not known, as steady-
state levels have not been assessed following carboplatin
treatment given once per cycle. Thus, it is not known
whether the carboplatin effect on olaparib clearance dis-
sipates towards the end of each cycle. Elucidation of the
mechanism is ongoing.
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