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Abstract

Preclinical studies have shown synergistic effects when combining PARP1/2 inhibitors

and platinum drugs in BRCA1/2 mutated cancer cell models. After a formulation change

of olaparib from capsules to tablets, we initiated a dose finding study of olaparib tablets

bidaily (BID) continuously with carboplatin to prepare comparative studies in this patient

group. Patients were included in a 3 + 3 dose-escalation schedule: olaparib 25 mg BID

and carboplatin area under the curve (AUC) 3 mg*min/mL d1/d22, olaparib 25 mg BID

and carboplatin AUC 4 mg*min/mL d1/d22, followed by increasing dose-levels of

olaparib from 50 mg BID, 75 mg BID, to 100 mg BID with carboplatin at AUC 4 mg*min/

mL d1/d22. After two cycles, patients continued olaparib 300 mg BID as monotherapy.

Primary objective was to assess the maximum tolerable dose (MTD). Twenty-four

patients with a confirmed diagnosis of advanced cancer were included. Most common

adverse events were nausea (46%), fatigue (33%) and platelet count decrease (33%).

Abbreviations: AE, adverse event; AUC, area under the concentration-time curve; AUC0-t, AUC from 0 to time t (12 hours for olaparib and 48 hours for carboplatin); BID, bidaily; BRCA1, BReast

CAncer 1; BRCA2, BReast CAncer 2; Cmax, maximum concentration; DLT, dose-limiting toxicity; DSB, DNA double strand breaks; ECOG-PS, Eastern Cooperative Oncology Group performance

status; Gy, gray; HPLC-MS, high performance liquid chromatography-mass spectrometry; ICPMS, inductively coupled plasma mass spectometry; MTD, maximum tolerable dose; NCI, National

Cancer Institute; NER, nucleotide excision repair; OS, overall survival; PAR, polymers of ADP-ribose; PARP, poly(ADP-ribose) polymerase; PBMCs, peripheral blood mononuclear cells; PD,

progressive disease; PFS, progression free survival; PK, pharmacokinetic; PR, partial response; RECIST, response evaluation criteria in solid tumors; REP-assay, radiation-enhanced-PAR

pharmacodynamic assay; SSB, DNA single strand breaks; WHO, World Health Organization.
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Dose-level 3 (olaparib 75 mg BID and carboplatin AUC 4 mg*min/mL; n = 6) was defined

as MTD. Fourteen out of 24 patients (56%) had a partial response as best response

(RECIST 1.1). Systemic exposure of the olaparib tablet formulation appeared comparable

to the previous capsule formulation with olaparib tablet AUC0-12 of 16.3 μg/mL*h at

MTD. Polymers of ADP-ribose levels in peripheral blood mononuclear cells were reduced

by 98.7% ± 0.14% at Day 8 compared to Day 1 for dose-level 3. Olaparib tablets 75 mg

BID and carboplatin AUC 4 mg*min/mL for two cycles preceding olaparib monotherapy

300 mg is a feasible and tolerable treatment schedule for patients with advanced cancer.
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1 | INTRODUCTION

BReast CAncer 1 (BRCA1) and BReast CAncer 2 (BRCA2) are the most

important breast cancer susceptibility genes. The lifetime risk of breast

cancer in BRCA1- and BRCA2-mutation carriers is 45% to 80%.1,2 BRCA1

and BRCA2 play important roles in the process of homologous recombi-

nation and the repair of DNA double strand breaks (DSB).3 BRCA-

mutated tumors are often highly sensitive to drugs that induce DSB,

such as alkylating agents.4 Poly(ADP-ribose) polymerase (PARP) plays an

important role in the repair of DNA single strand breaks (SSB). Trapping

of PARP on the DNA results in persistence of SSB leading to DSB.5 The

genetic interaction between PARP and BRCA can be described as syn-

thetic lethality, which occurs where individual loss of either gene is com-

patible with cell survival, but simultaneous loss of both genes results in

cell death.6 Several preclinical studies have demonstrated that BRCA

deficient cells are sensitive to PARP1/2 inhibition.7-9 Furthermore, in

clinical studies several selective PARP1/2-inhibitors (talazoparib,

niraparib, veliparib) and more broad PARP1,2,3,4,12,15,16-inhibitors

(rucaparib) have proven to be effective in patients with BRCA mutations.

These studies have demonstrated efficacy of PARP1/2-inhibitors in

breast and ovarian cancers, and showed a tolerable safety profile.10-14

Most clinical studies have been performed with the PARP1/2-inhibitor

olaparib. Proof of concept regarding olaparib treatment for advanced

BRCA-mutated breast cancer was shown by Tutt et al.15 In a Phase I trial

with olaparib in an oral capsule formulation, pharmacokinetic

(PK) measurements showed a rapid absorption followed by a biphasic

decline in plasma concentration. However, the area under the

concentration-time curve (AUC) relationship showed nonlinear absorp-

tion PKs.16 Olaparib has also been investigated in combination with

cytotoxic agents like paclitaxel, carboplatin and doxorubicin for solid

tumors like ovarian and breast cancers. The benefit in efficacy of com-

bining PARP1/2 inhibitors with cytotoxic chemotherapy has been

shown, but more severe toxicity could be the result of combining these

agents.17-19 Olaparib combined with carboplatin showed more bone

marrow toxicity compared to carboplatin alone.17,19 Olaparib has been

approved as maintenance treatment of patients with platinum sensitive

high-grade ovarian cancer.20 Recently, there was a change in olaparib

formulation from capsules to tablets. The approved capsule formulation

of 400 mg bidaily (BID) required intake of eight 50 mg capsules twice

daily. A tablet formulation has been designed and registered to over-

come these disadvantages. The oral bioavailability of the tablet formula-

tion is higher compared to the previous capsule formulation.21 The AUC

of the tablet formulation (300 mg) is 13% higher than the capsule formu-

lation (400 mg).22 As a result of the OlympiAD trial, olaparib tablets

recently have been approved by the Food and Drug Administration as

monotherapy for advanced BRCA-mutated breast cancer.23 Previous

studies have determined maximum tolerable dose (MTD) of the olaparib

capsule formulation when administered in combination with carboplatin.

The MTD was found to be olaparib capsules 400 mg BID Day 1 to 7 and

carboplatin target AUC 5 mg*min/mL once per 21-day cycle.24 Another

Phase I study in which olaparib tablets were combined with carboplatin

and paclitaxel showed increased myelosuppression requiring frequent

dose modifications, including interruptions, delays and reductions. This

toxicity appeared to be more frequent and severe with increasing doses

of olaparib (ranging from 50 to 400 mg BID).25,26 This supports lower

dose olaparib in combination with carboplatin. The aim of our study was

to investigate the MTD of the combination of olaparib in tablet formula-

tion administered in combination with carboplatin for two cycles,

followed by olaparib monotherapy.

What's new

Preclinical studies have shown synergistic effects when com-

bining PARP1/2-inhibitors and platinum drugs in BRCA1/2

mutated cancer cell models. This phase I trial of olaparib tab-

lets combined with carboplatin in advanced cancer patients

showed that the combination has an acceptable side-effect

profile. The maximum tolerable dose was olaparib tablets

75 mg BID and carboplatin AUC 4 mg*min/ml. The observed

preliminary anti-tumor activity was encouraging, with 58%

of patients having a decrease in tumor volume of more than

30%. This study shows that the tablet formulation of

olaparib can be administered safely in combination with car-

boplatin, compared to the previous capsule formulation.
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2 | PATIENTS AND METHODS

2.1 | Patient selection

Patients were eligible if they were at least 18 years old and had a

confirmed histological or cytological diagnosis of advanced cancer.

A maximum of one prior line systemic chemotherapy and any num-

ber of prior lines of endocrine therapy for advanced disease was

allowed. Patients were only included if benefit from the combina-

tion of olaparib and carboplatin could be expected. All patients had

an Eastern Cooperative Oncology Group performance status

(ECOG-PS) of ≤2, adequate organ function and evaluable disease

according to response evaluation criteria in solid tumor (RECIST)

version 1.1.27

2.2 | Study design and drug treatment

The study design has been previously described elsewhere.28 In brief,

this was an investigator initiated 3 + 3 traditional Phase I dose-

escalation trial with predefined dose-levels, conducted at the Nether-

lands Cancer Institute in Amsterdam, the Netherlands. Patients

received two cycles of carboplatin intravenously with olaparib tablets,

followed by olaparib monotherapy. Patients received carboplatin in

30 minute infusions on Day 1 of the first two cycles at a dose resulting

in a target platinum AUC of 3 mg*min/mL (dose-level −1) or AUC

4 mg*min/mL (all other dose-levels). Olaparib was administered from

Day 0 onwards at a dose ranging from 25 mg BID (dose-level −1 and

dose-level 1) to 100 mg BID (dose-level 4) continuously for a

21-days cycle. After the first two cycles, patients continued with

olaparib monotherapy at a dose of 300 mg BID (Supplemental

Figure 1 shows an overview of the study design). Study treatment was

continued until disease progression (≥20% increase in the sum of

diameters of target lesions), unacceptable toxicity despite dose modifi-

cations or patient withdrawal. The Calvert formula, in which glomeru-

lar filtration rate was estimated using the Cockcroft-Gault equation,

was used to determine the carboplatin dose.29

2.3 | Objectives

The primary objective was to determine the MTD of two cycles car-

boplatin with olaparib tablets followed by olaparib monotherapy.

Secondary objectives were to investigate the systemic exposure

of the olaparib tablet formulation, the pharmacodynamics and the pre-

liminary response rate of this combination.

2.4 | Dose-escalation and dose-limiting toxicities

A traditional 3 + 3 dose-escalation scheme was used. The starting

dose was olaparib 25 mg BID with carboplatin AUC 3 mg*min/mL

followed by olaparib monotherapy 300 mg BID. Patients were

enrolled per protocol in sequential cohorts of three patients based

on the occurrence of dose-limiting toxicity (DLT) within the first

21 days (one cycle) and only after study committee approval. If one

of three patients experienced a DLT in the first cycle, the cohort was

expanded to six patients. If a DLT was found in at least two out of

six patients, the dose-level was considered to be unsafe. The MTD

was the highest dose-level in which not more than one patient expe-

rienced a DLT. A DLT was defined as any of the following drug-

related adverse events (AEs) occurring in the first cycle of treatment

(Day 1-21): development of > grade 2 toxicity during the DLT

assessment period, toxicity that resulted in missing more than five

doses of olaparib or that delayed the administration of carboplatin

more than 7 days, a dose delay of 7 days or more of the second cycle

of olaparib-carboplatin (Supplemental Table 1). For some toxicities,

> grade 2 toxicity was accepted as supportive treatment was avail-

able. For those the DLT was defined when patients experienced:

hematological toxicity: grade 4 anemia, grade 4 neutropenia ≥7 con-

secutive days, grade 3 or 4 febrile neutropenia, grade 4 thrombocyto-

penia or grade 3 thrombocytopenia with bleeding events.

Nonhematological toxicities: ≥ grade 3 diarrhea, vomiting and nau-

sea despite adequate supportive treatment, increased liver biochem-

istry (aspartate aminotransferase, alanine aminotransferase, alkaline

phosphatase, gamma glutamyltransferase, lactate dehydrogenase)

≥ grade 3 lasting >3 days. In case of a DLT, dosing was interrupted

until the toxicity was recovered to less than grade 2. Dose modifica-

tions according to protocol were allowed in the best interest of the

patient.

2.5 | Olaparib and platinum measurements

An high-performance liquid chromatography-mass spectrometry

(HPLC-MS/MS) method was used to determine olaparib in human

plasma using Olaparib-d8 (deuterated) as internal standard. The com-

pounds were extracted from the plasma by liquid-liquid extraction

with tert-butyl methyl ether. Chromatographic separation was per-

formed on a Phenomenex HPLC Gemini C18 column using gradient

elution. For detection, an AB Sciex API4000 tandem mass spectrome-

ter equipped with an electrospray ionization interface was used oper-

ating in the positive ion mode. Further details have been described

before.30

An inductively coupled plasma mass spectometry (ICPMS)

method was used to determine platinum from carboplatin in human

plasma and plasma ultrafiltrate using iridium as internal standard. For

detection, a Varian 810-MS ICPMS is used.31

2.6 | Safety and assessments

During screening, information was gathered about medical history

and demographics. At baseline and throughout treatment physical

examination, vital signs, ECOG-PS, concomitant medication and

laboratory (hematology, chemistry, urine analysis) assessments
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were performed. Tumor response was evaluated using computer

tomography scans at baseline and every two cycles according to

RECIST version 1.1. AEs were graded according to the National

Cancer Institute (NCI) Common Terminology Criteria version

4.03.32

2.7 | Statistical analysis

No formal sample size calculation was performed prior to our study

because of the traditional 3 + 3 design. Upfront, we expected to enroll

15 to 20 patients in our study. Data were summarized with descrip-

tive statistics and graphs. Disease progression was summarized with

Kaplan-Meier method. All analyses were performed using R software

version 3.3.3.

2.8 | PK assessments

To determine the PK parameters of olaparib from tablets in combina-

tion with carboplatin, an intensive blood sampling scheme was used.

For olaparib 21 blood samples (21 × 4 mL) were collected: nine on

Day 0: pre-dose and 0.5, 1, 2, 4, 6, 8, 10 and 12 hours after adminis-

tration. Twelve on Day 1 pre-dose and 0.5, 1, 2, 2.25, 2.5, 3, 4, 6, 8,

10, 12 hours after olaparib administration. For carboplatin 10 blood

samples (10 × 4 mL) were collected: 0.25, 0.5, 1, 2, 4, 6, 8, 10, 24 and

48 hours after infusion of carboplatin. For carboplatin PKs, concentra-

tions of platinum were measured in both plasma and plasma ultrafil-

trates.31 Calculation of PK parameters included maximum

concentration (Cmax), time to reach maximum concentration, AUC

from 0 to time t (AUC0-t; 12 hours for olaparib and 48 hours for car-

boplatin), AUC from time 0 to time of last measurable concentration

and half-life.

2.9 | Pharmacodynamic assessments

Poly(ADP) ribose levels were determined in peripheral blood mononu-

clear cells (PBMCs) using the radiation-enhanced-polymers of ADP-

ribose (PAR) pharmacodynamic assay (REP assay).33 In brief, 16 mL

venous blood was collected in mononuclear cell preparation citrate

tubes pre-dose at Day 0, and at Day 8. PAR levels were assessed in

three independent samples, containing 2 × 106 PBMCs, which were

irradiated ex vivo with 8 gray (Gy) on ice and incubated for 1 hour on

ice. Cellular PAR levels were measured by using the HT-PARP in vivo

pharmacodynamics Assay II, following the NCI protocol34 using a

Tecan-Infinite-200-Pro. PAR levels on Day 8 of cycle one treatment

were compared to the PAR levels before start of treatment to deter-

mine the balance of PARP and poly (ADP-ribose) glycohydrolase

(PARG) activity and the resulting relative reduction in PAR levels after

8 days of treatment.

The relative reduction in PAR levels was defined as ([PAR levels

Day 0 − PAR levels Day 8]/PAR levels day 0) × 100%.

3 | RESULTS

3.1 | Patients

Between July 2015 and October 2017, we enrolled 24 eligible patients

with advanced malignancies: 18 patients had breast cancer, 3 had ovar-

ian cancer, 1 had eye melanoma, 1 colorectal cancer and 1 esophageal

cancer. One patient had received more than one line of treatment in

the advanced setting and was therefore not considered to be evaluable

for safety and efficacy. Baseline characteristics of the 24 patients are

presented in Table 1. The median patient age was 49 years (range,

TABLE 1 Table showing the baseline characteristics for all 24
evaluable patients included in our study

N %

Gender

Female 22 92

Male 2 8

Age (median) (range) years 49 (27-70) —

Tumor type primary disease

Breast 18 75

Ovarian 3 13

Colorectal 1 4

Esophageal 1 4

Eye melanoma 1 4

Ethnicity

Caucasian 24 100

WHO performance status

WHO 0 19 79

WHO 1 4 17

WHO 2 1 4

BRCA-status

BRCA-1 mutated 8 33

BRCA-2 mutated 11 47

BRCA-2 like 2 8

Non-carrier 1 4

Unknown 2 8

Previous platinum treatment

Yes 6 25

No 18 75

Lines of chemotherapy in adjuvant setting

0 7 29

1 17 71

Lines of chemotherapy for M1 disease

0 18 25

1 6 75

Previous hormonal therapy

Yes 12 50

No 12 50
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27-70). Most patients had a World Health Organization (WHO) perfor-

mance status of zero (19/24; 79%). Nineteen patients (19/24; 79%) had

a germline BRCAmutation (BRCA1 or BRCA2).

3.2 | Treatment

Patients were enrolled in predefined dose cohorts (Supplemental

Table 2); the lowest dose-level started with 25 mg olaparib BID and

carboplatin AUC 3 mg*min/mL, the highest dose-level explored

olaparib 100 mg BID and carboplatin AUC 4 mg*min/mL. Three

patients were treated in the lowest dose-level, six patients were

treated at each dose-levels with olaparib 50 mg BID, olaparib 75 mg

BID and olaparib 100 mg BID, respectively. Since there were two

dose-limiting toxicities at the highest dose-level of 100 mg BID, the

MTD was determined to be olaparib 75 mg BID and carboplatin AUC

4 mg*min/mL. Dose-reductions were applied in five patients. Two

patients received olaparib maintenance at 250 mg BID instead of

300 mg BID because of hematological toxicity. Two patients received

olaparib 200 mg BID instead of 300 mg because of malaise.

One patient was allocated to the olaparib 100 mg BID and carboplatin

AUC 4 mg*min/mL cohort and was switched to olaparib 75 mg BID in

the second cycle because of hematologic toxicity in the first cycle.

Supplemental Figure 2 shows an overview of the dose-escalation

scheme.

3.3 | Safety

Three DLT events were observed in this trial. In dose-level 2 (olaparib

50 mg BID and carboplatin AUC 4 mg*min/mL), one patient devel-

oped a grade 3 liver biochemistry increase lasting for more than

3 days. In dose-level 4 (olaparib 100 mg BID and carboplatin AUC

4 mg*min/mL), two patients experienced a DLT consisting of ≥7 days

dose delay of cycle 2 or missing ≥5 doses of olaparib due to

hematologic toxicity. Therefore, the preceding dose-level (olaparib

75 mg BID and carboplatin AUC 4 mg*min/mL) was expanded to six

patients. No DLTs were observed at this dose-level (Supplemental

Table 2). Hence, the MTD was determined to be olaparib 75 mg BID

combined with carboplatin AUC 4 mg*min/mL. The most common

grade 1/2 AEs observed in our study were nausea (11/24; 46%),

fatigue (8/24; 33%) and platelet count decrease (8/24; 33%). The

majority of AEs (20/24; 83%) were grade 1/2 in severity

(Supplemental Table 3). Most common grade 3/4 AE were hematolog-

ical events: anemia (4/24; 17%), neutrophil count decrease (2/24; 8%)

and platelet count decrease (2/24; 8%). Table 2 provides an overview

of AEs that were possibly related to the treatment administration.

3.4 | Pharmacokinetics

PK parameters for all patients included in this Phase I study are pres-

ented in Supplemental Table 4. The mean Cmax of olaparib in the dif-

ferent dose-levels show an increase with increasing olaparib dose. At

MTD the median AUC0-12 on day 0 was 15.5 μg/mL*h and on Day

1 16.3 μg/mL*h indicating minimal accumulation. Figure 1 shows sum-

marized PK profiles of olaparib tablet formulation by dose-level after

receipt of a single olaparib dose. Mean AUC0-48 for carboplatin target

AUC 4 mg*min/mL, determined in plasma ultrafiltrates was

5.10 mg/mL*min. Supplemental Figure 3 shows the PK profile of car-

boplatin measured in plasma-ultrafiltrate after a single dose.

3.5 | Pharmacodynamics

Supplemental Figure 4 shows the relative remaining PAR levels as a net

result of the balance of PARP and PARG activity in PBMCs at Day 8 of

cycle 1. The mean relative reduction in PAR levels at Day 8 was 97.5%

± 0.1%. The relative reduction in PAR levels increased with an increase

of the olaparib dose and reached 99.1% ± 0.1% at dose-level 4.

TABLE 2 Adverse events at least possibly related to the treatment administration and occurring in >10% of patients in case of grade 1/2
events and all events in case of grade 3/4 events. All events were graded according to the Common Terminology for Adverse Events version 4.03

Grade 1/2 Grade 3/4

Dose-level −1 1 2 3 4 All (%) −1 1 2 3 4 All (%)

Adverse event

Alanine aminotransferase increased 1 1 1 3 (13) 1 1 (4)

Anemia 1 1 (4) 1 2 1 4 (17)

Anorexia 1 2 1 4 (17)

Aspartate aminotransferase increased 1 1 2 (8) 1 1 (4)

Dysgeusia 2 1 3 (13)

Fatigue 2 2 1 3 8 (33)

Nausea 6 3 2 11 (46)

Neutrophil count decreased 1 1 2 1 4 (17) 2 2 (8)

Platelet count decreased 4 2 2 8 (33) 1 1 2 (8)

Vomiting 1 1 2 4 (17)

GEENEN ET AL. 3045



Day 0 Day 1

0 5 10 0 5 10

0

2

4

6

Time after dose (h)

O
la

p
a

ri
b

 p
la

s
m

a
 c

o
n

c
e

n
tr

a
ti
o

n
 (

µ
g

/m
L

)

Doselevel −1

Doselevel 1

Doselevel 2

Doselevel 3

Doselevel 4

Mean olaparib plasma concentration

F IGURE 1 Mean olaparib plasma concentration. X-axis: time after dose (h), Y-axis: olaparib plasma concentration (ug/mL)

E
s
C

a

B
C

C
R

C

B
C

B
C

E
y
e
M

e
l

B
C

B
C

O
v
C

A

B
C

B
C

O
v
C

A

B
C

B
C

O
v
C

A

B
C

B
C

B
C

B
C

B
C

B
C

M
a
x
im

u
m

 t
u
m

o
rc

h
a
n
g
e
 f
ro

m
 b

a
s
e
lin

e
 (

%
)

−
1
0
0

−
8
0

−
6
0

−
4
0

−
2
0

0
2
0

4
0

Doselevel −1, Olaparib 25 mg BID

Doselevel 1, Olaparib 25 mg BID

Doselevel 2, Olaparib 50 mg BID

Doselevel 3, Olaparib 75 mg BID

Doselevel 4, Olaparib 100 mg BID

BRCA 1

BRCA 2

BRCA 2 like

Negative

F IGURE 2 Swimmerplot. X-axis: time (years), Y-axis: individual patients. BC: breast cancer, EsCa: esophagus carcinoma, OvCa: ovarian cancer,
CRC: colorectal cancer. EyeMel: eye melanoma. BID: bidaily

3046 GEENEN ET AL.



3.6 | Efficacy

A total of 24 patients were evaluable for response. In one patient,

physical examination was used for tumor evaluation, because of

extensive skin metastases. Fourteen patients (14/24; 58%) had a par-

tial response (PR) as best response. According to RE CIST 1.1, this was

confirmed after at least 4 weeks. The group with PRs was represented

by patients treated at all dose-levels explored. Almost all patients

achieved PR within the first 12 weeks of treatment (13/14; 93%). In

seven patients (7/24; 29%) stable disease was the best response

observed (Supplemental Table 5). The waterfall plot in Figure 2 shows

the maximum change in target lesion diameter compared to baseline.

Six patients (6/24; 25%) had a prolonged response of >12 months

(Figure 3). The median progression free survival (PFS) was 7 months

(Supplemental Figure 5).

4 | DISCUSSION

This Phase I trial of olaparib tablets, an oral PARP1/2 inhibitor, com-

bined with carboplatin, showed that the combination is safe and has an

acceptable side-effect profile. The MTD was found to be olaparib tab-

lets 75 mg BID and carboplatin AUC 4 mg*min/mL. Although the target

AUC of carboplatin was AUC 4 mg*min/mL in 21 patients (dose-level

1-4), the mean AUC0-48 measured in carboplatin ultrafiltrates of these

21 patients was 5.1 mg*min/mL. Therefore, the exposure of carboplatin

was higher than the targeted AUC 4 mg*min/mL. Our study shows that

the tablet formulation of olaparib can be administered safely in combi-

nation with carboplatin, compared to the previous capsule formula-

tion.16 Comparing the tablet PKs with the previous capsule formulation

shows comparable exposure at the MTD, although there are slight dif-

ferences in timeframe.16 In our study, the AUC0-12 is 16.3 μg/mL*h at

75 mg olaparib tablet BID, which is comparable to the AUC0-12 of

13.2 μg/mL*h at 80 mg olaparib capsule BID.16 However, in previous

PK studies of olaparib tablet and capsule formulations, it was found

that the exposure of the olaparib tablets was higher than the capsule

formulation.22 In our study, this was not confirmed. This could be

explained by the low dosing of olaparib in our study compared to the

bioequivalence testing dose of 400 mg before. At lower dose, nonlinear

PKs may be less prominent which might explain this discrepancy. Phar-

macodynamic analyses showed a high relative reduction in PAR levels,

as read-out for the balance of PARP and PARG activity in PBMCs, of

97.5% ± 0.1% at the lowest dose-level indicating that already at the

level of 25 mg olaparib BID there is almost complete PAR down-

regulation. Pharmacodynamic analyses showed a slight further relative

reduction in PAR levels with an increase of the olaparib dose. Since

olaparib treatment response may be dose dependent, we choose to

abide to the registered monotherapy tablet dosage of 300 mg BID for

maintenance therapy.15 Future studies are necessary in order to

explore whether pharmacodynamically guided reduction of mainte-

nance dosing could lead to fewer AEs without compromising treatment

response.
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Before, only one validated enzyme-linked immunosorbent assay

for quantifying basal PAR levels was available for pharmacodynamic

assessment of the effect of PARP1/2 inhibitors on the balance of

PARP and PARG activity. Notably, the overall level of PAR measured

is a reflection of both synthesis and degradation.35 In that study, PAR

levels were measured in PBMCs of patients who were administered

veliparib in combination with topotecan, which resulted in a greater

than 50% reduction in PAR levels in 19 out of 23 patients with mea-

surable PAR levels.36 A limitation of this previous progressive disease

(PD) assay was that it is only applicable to patients with sufficient high

levels of PAR. In our study, the radiation-enhanced-PAR pharmacody-

namic assay (REP-assay) was used. The REP-assay uses 8 Gy of

ex vivo radiation to strongly enhance the basal PARP1/2 activity in

PBMCs, which allowed the sensitive determination of the lowest PAR

levels present in PBMCs even from patients treated at the highest

dose-level.33 This higher sensitivity of the REP-assay probably

explains the impressive relative reduction in PAR levels observed at all

dose-levels compared to previous studies and provides a better repre-

sentation of the true biological inhibitory effect of PARP1/2 inhibitors

on the balance of PARP and PARG activity.

Furthermore, since carboplatin induces DSB, it could therefore

lead to higher PARP1/2 activity and higher PAR levels. So far, this has

only been confirmed in nucleotide excision repair (NER) deficient

tumor cell lines, but not in NER proficient tumor cell lines nor

PBMCs.37 Furthermore, the REP assay used in our study increased

baseline PARP activity in PBMCs on average 121-fold, which probably

far outweighs any possible additional effect of carboplatin on

PARP1/2 activity.

The most common AEs were mild and self-limiting. However, in

three patients, dose reductions were applied because of hemato-

logical toxicities. Anemia was the most common grade 3/4 AE

(4/24; 17%). The level of hematological toxicities observed was

comparable to the one reported in trials with olaparib mon-

otherapy.38 Serious toxicities that previously have been described

for olaparib, such as pneumonitis or the development of secondary

malignancies were not observed39; this could be related to the rela-

tively short follow-up. Regarding the tumor response, the patient

with the most pronounced decrease in tumor volume was treated

with the lowest dose of the olaparib-carboplatin combination

explored in our study. However, there was only slight difference in

olaparib dose between the different dose-levels. Furthermore, an

almost complete relative reduction in PAR levels was observed at

the lowest dose-levels. This raises the question whether treatment

at a higher dose-level would have an additional therapeutic effect.

The increase in dose could lead to a more durable response but our

study was not aimed at nor powered for in-depth analyses of PFS

or overall survival (OS), so conclusions on differences in response

duration are not possible.

Recently, the results of the OlympIAD trial were published in

which olaparib monotherapy was administered to patients with

advanced BRCA-mutated breast cancer.40 The PFS in the olaparib

group was significantly longer compared to the reference group

(nonplatinum containing therapy) (7 vs 4.2 months). The main

question is what the addition of carboplatin to olaparib would do on

the end points of PFS and OS. Looking at the mechanism of action,

the addition of carboplatin is a rational choice. However, the addi-

tion of carboplatin to olaparib could result in more and more severe

(hematological) toxicities,17 although not observed in our study even

with the higher exposure to carboplatin of 5 mg*min/mL instead of

the targeted AUC 4 mg*min/mL. Carboplatin monotherapy is also a

promising therapy in patients with advanced BRCA-mutated triple

negative breast cancer.41 Comparing in a 3-arm study, olaparib mon-

otherapy with the combination olaparib-carboplatin and with car-

boplatin monotherapy might give useful information. Although our

study provides valuable information on safety and anti-tumor effect,

some questions remain. First, it would have been interesting to have

tumor tissue available from the time of progression in order to study

the resistance mechanisms involved. Second, we did not measure

PAR levels at the end of treatment. It would be interesting to see

whether there remains sufficient reduction in PAR levels at the time

of PD. Third, we did not perform any pretreatment genotyping of

the tumor. Although most patients harbored a BRCA1 or BRCA2

mutation, treatment responses varied considerably. This may have

been due to multiple factors,42-44 including the molecular make-up

of the tumor, tumor heterogeneity or differences in the tumor

microenvironment. Future studies addressing all these factors are

highly desirable in order to select the most appropriate treatment

for a certain patient. Finally, the small number of patients (n = 24) in

this trial makes it difficult to draw firm conclusions on anti-tumor

activity and a prospective trial comparing olaparib with or without

carboplatin would be needed.

Overall, our study provided the MTD of olaparib tablets in combi-

nation with two cycles of carboplatin. Furthermore, our study showed

that this combination can be applied safely and is reasonably well tol-

erated. The observed preliminary anti-tumor activity is encouraging

with 58% of the patients having a decrease in tumor volume of more

than 30%.
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