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ABSTRACT

BACKGROUND

The inhibition of poly(adenosine diphosphate [ADP]-ribose) polymerase (PARP) is
a potential synthetic lethal therapeutic strategy for the treatment of cancers with
specific DNA-repair defects, including those arising in carriers of a BRCA1 or BRCA2
mutation. We conducted a clinical evaluation in humans of olaparib (AZD2281),
a novel, potent, orally active PARP inhibitor.

METHODS

This was a phase 1 trial that included the analysis of pharmacokinetic and pharma-
codynamic characteristics of olaparib. Selection was aimed at having a study popu-
lation enriched in carriers of a BRCA1 or BRCA2 mutation.

RESULTS

We enrolled and treated 60 patients; 22 were carriers of a BRCA1 or BRCA2 mutation
and 1 had a strong family history of BRCA-associated cancer but declined to undergo
mutational testing. The olaparib dose and schedule were increased from 10 mg daily
for 2 of every 3 weeks to 600 mg twice daily continuously. Reversible dose-limiting
toxicity was seen in one of eight patients receiving 400 mg twice daily (grade 3 mood
alteration and fatigue) and two of five patients receiving 600 mg twice daily (grade
4 thrombocytopenia and grade 3 somnolence). This led us to enroll another cohort,
consisting only of carriers of a BRCAI or BRCA2 mutation, to receive olaparib at a
dose of 200 mg twice daily. Other adverse effects included mild gastrointestinal
symptoms. There was no obvious increase in adverse effects seen in the mutation
carriers. Pharmacokinetic data indicated rapid absorption and elimination; phar-
macodynamic studies confirmed PARP inhibition in surrogate samples (of periph-
eral-blood mononuclear cells and plucked eyebrow-hair follicles) and tumor tissue.
Objective antitumor activity was reported only in mutation carriers, all of whom had
ovarian, breast, or prostate cancer and had received multiple treatment regimens.

CONCLUSIONS

Olaparib has few of the adverse effects of conventional chemotherapy, inhibits PARP,
and has antitumor activity in cancer associated with the BRCA1 or BRCA2 mutation.
(ClinicalTrials.gov number, NCT00516373.)
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ELLULAR DNA IS CONTINUALLY SUBJECT

to damage, which coordinated pathways act

to repair, thereby maintaining genomic in-
tegrity and cell survival.»® The poly(adenosine
diphosphate [ADP]-ribose) polymerases (PARPs)
are a large family of multifunctional enzymes, the
most abundant of which is PARP1. It plays a key
role in the repair of DNA single-strand breaks
through the repair of base excisions.**> The inhi-
bition of PARPs leads to the accumulation of DNA
single-strand breaks, which can lead to DNA dou-
ble-strand breaks at replication forks. Normally,
these breaks are repaired by means of the error-
free homologous-recombination double-stranded
DNA repair pathway,® key components of which
are the tumor-suppressor proteins BRCA1 and
BRCA2.”

A germ-line mutation in one BRCAI or BRCA2
allele is associated with a high risk of the devel-
opment of a number of cancers, including breast,
ovarian, and prostate cancer.®1° Cells carrying
heterozygous loss-of-function BRCA mutations can
lose the remaining wild-type allele, resulting in
deficient homologous-recombination DNA repair,
which causes genetic aberrations that drive car-
cinogenesis; the inactivation of the wild-type allele
in the tumor is thought to be an obligate step in
this process. It leads to the emergence of a tumor
that carries a DNA-repair defect that is not shared
by the normal tissues of the patient. This tumor-
specific defect can be exploited by using PARP in-
hibitors to induce selective tumor cytotoxicity,
sparing normal cells. PARP inhibition in these
tumor cells with deficient homologous-recombi-
nation repair generates unrepaired DNA single-
strand breaks that are likely to cause the accumu-
lation of DNA double-strand breaks and collapsed
replication forks.1113 Conversely, the normal tissue
compartment consists of cells that are heterozy-
gous for BRCA mutations and that therefore retain
homologous-recombination function and have a
sensitivity to PARP inhibitors similar to that of
wild-type cells, predicting a high therapeutic in-
dex for PARP inhibition in BRCA carriers.'*5

Such “synthetic lethality” occurs when there is
a potent and lethal synergy between two other-
wise nonlethal events: in this case, a highly spe-
cific PARP inhibitor induces a DNA lesion and a
tumor-restricted genetic loss of function for the
DNA repair pathway required to repair it (homolo-
gous recombination)®® (Fig. 1 in the Supplemen-
tary Appendix, available with the full text of this
article at NEJM.org). We have shown that inhib-

iting a DNA repair enzyme in the absence of an
exogenous DNA-damaging agent to selectively kill
tumor cells is a novel approach to cancer therapy.'*
In vitro, BRCA1-deficient and BRCA2-deficient cells
were up to 1000-fold more sensitive to PARP inhi-
bition than wild-type cells, and tumor growth in-
hibition was also demonstrated in BRCA2-deficient
xenografts.'»12.1° Here, we describe a clinical eval-
uation of the novel, potent, orally active PARP
inhibitor olaparib (4-[(3-{[4-cyclopropylcarbon-
yl)piperazin-1-yllcarbonyl}-4-fluorophenyl)meth-
yllphthalazin-1(2H)-one; also known as AZD2281
and previously known as KU-0059436)'7 (Fig. 2
in the Supplementary Appendix), with a focus on
BRCA-mutation carriers.

METHODS

PATIENTS
This study was performed at the Royal Marsden
National Health Service (NHS) Foundation Trust
(United Kingdom) and the Netherlands Cancer In-
stitute (the Netherlands). Eligibility criteria were an
age of 18 years or older, written informed consent,
disease that was refractory to standard therapies
or for which there were no suitable effective stan-
dard treatments, an Eastern Cooperative Oncology
Group performance status of 2 or less (on a scale
of 0 to 5, with higher scores indicating greater
impairment), a washout period of 4 weeks or more
after previous anticancer therapy, and adequate
bone marrow, hepatic, and renal function. It was
not initially required for eligibility that patients
be carriers of BRCA1 or BRCA2 mutations, although
provisions were made in the protocol to permit
enrichment of the study population with a sub-
stantial proportion of such carriers. Subsequently,
in the expansion phase, only carriers of BRCAI or
BRCA2 mutations were enrolled. The study was
approved by institutional review boards and eth-
ics committees and commenced in June 2005.

STUDY DESIGN
Olaparib was initially given at a dose of 10 mg,
once daily, for 2 of every 3 weeks, but this dose
was subsequently increased to 60 mg or more,
twice daily, given continuously in 4-week cycles
(Table 1 in the Supplementary Appendix). Dose
escalation was performed on the basis of a mod-
ified accelerated-titration design.'® Briefly, this
involved treating at least three patients per dose
for one cycle (initially 3 weeks and subsequently
4 weeks), with a doubling of the dose in the ab-
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sence of adverse effects of grade 2 or higher dur-
ing that cycle. Up to six patients were treated if one
dose-limiting toxicity was observed at a given
dose, and a dose was considered the maximum
administered dose if two manifestations of dose-
limiting toxicity were observed at that dose dur-
ing the first treatment cycle. A drug-related ad-
verse effect of grade 3 or 4 occurring in the first
cycle was considered a manifestation of dose-lim-
iting toxicity.

Since this was a phase 1 trial, the objectives
were to determine safety, the adverse-event pro-
file, the dose-limiting toxicity, the maximum toler-
ated dose, the dose at which PARP is maximally
inhibited, and the pharmacokinetic and pharma-
codynamic profiles in both surrogate samples (of
peripheral-blood mononuclear cells and plucked
eyebrow-hair follicles) and tumor tissue. Once
these had been established, a key aim was to test
the hypothesis that patients with cancer associ-
ated with BRCA1 or BRCA2 mutations would show
an objective antitumor response to single-agent
olaparib treatment.

The study was designed by academic investi-
gators at the Royal Marsden NHS Foundation
Trust and the Institute of Cancer Research and
representatives of KuDOS Pharmaceuticals, the
sponsor. Data were collected and analyzed by
Theradex under the supervision of the academic
investigators. Descriptive statistics were provided
by Theradex, with additional analyses performed
at the Institute of Cancer Research. Three aca-
demic authors wrote the first draft of the manu-
script, which was finalized by the coauthors.
The principal academic investigator vouches for
the completeness and accuracy of the results.

STUDY ASSESSMENTS
Safety evaluations were conducted at baseline and
at weekly visits thereafter. Each evaluation con-
sisted of a history taking and physical examina-
tion; laboratory panels, including a complete blood
count, levels of clotting factors and electrolytes,
and liver- and renal-function tests; and an electro-
cardiographic tracing. Adverse events were grad-
ed according to the Common Terminology Crite-
ria for Adverse Events (version 3.0).1°
Pharmacokinetic and pharmacodynamic stud-
ies were performed at baseline and during the
first and second cycles of treatment. Plasma sam-
ples were analyzed for the olaparib concentration
with the use of solid-phase extraction followed

by high-performance liquid chromatography, with
detection by means of mass spectrometry. The
plasma concentration—time data were analyzed
with the use of noncompartmental analysis
(WinNonLin, version 4.1; Pharsight) to derive
pharmacokinetic parameters after the first dose
(single-dose parameters) and after the dose on
day 14 (multiple-dose parameters). PARP inhibi-
tion was evaluated in pharmacodynamic studies
by means of a functional assay (Mesoscale Discov-
ery) involving the analysis of poly(ADP-ribose)
(PAR) formation from peripheral-blood mononu-
clear cells and tumor-tissue cell lysates, all nor-
malized to the amount of PARP1 protein pres-
ent.”” The formation of foci of yH2AX, the
phosphorylated form of histone H2A histone fam-
ily member X (H2AX) at serine 139, a marker of
DNA double-strand breaks, was evaluated in pa-
tients receiving doses of 100 mg or more of ola-
parib twice daily. This evaluation was performed
before treatment, and at multiple time points af-
ter treatment, on plucked eyebrow-hair follicles
(Fig. 3 in the Supplementary Appendix).2°

Radiologic assessments by means of computed
tomography or magnetic resonance imaging were
carried out every two cycles and graded accord-
ing to the Response Evaluation Criteria in Solid
Tumors (RECIST).2! As appropriate, we carried
out additional disease evaluations involving se-
rum tumor markers, including cancer antigen 125
(CA-125) and prostate-specific antigen (PSA), as-
sessed according to Gynecologic Cancer Inter-
group (GCIG)?? and Prostate-Specific Antigen
Working Group (PSAWG)?? criteria, respectively.
A tumor-marker response in ovarian and prostate
cancers was defined as a decline in the tumor-
marker level of more than 50% that was sus-
tained for at least 4 weeks. A radiologic response
was defined as a complete or partial response on
radiologic assessment, according to RECIST, and
the rate of clinical benefit was defined as the num-
ber of patients with a radiologic or tumor-marker
response or stabilization of disease for 4 months
or more.

RESULTS

STUDY PATIENTS
Sixty patients with histologically or cytologically
confirmed advanced solid tumors were enrolled.
Their baseline characteristics are presented in Ta-
ble 1; and their initial doses are given in Table 2.
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Table 1. Baseline Characteristics of the 60 Study
Patients.

Characteristic Value
Sex —no. (%)

Male 20 (33)

Female 40 (67)
Age —yr

Mean 54.8

Range 19-82
Tumor type — no. (%)*

Ovarian 21 (35)

Breast 9 (15)

Colorectal 8 (13)

Melanoma 4(7)

Sarcoma 4(7)

Prostate 3 (5)

Other 11 (18)
ECOG performance status — no. (%)

0 18 (30)

1 37 (62)

2 5(8)
No. of previous treatment regimens

— no. (%)

1 6 (10)

2 11 (18)

3 11 (18)

>4 32 (53)

* Of the 21 patients with ovarian cancer, 1 had primary
peritoneal cancer and 1 had fallopian-tube cancer; 15 had
a BRCAI mutation and 1 had a BRCA2 mutation. Of the
nine patients with breast cancer, three had a BRCA2 mu-
tation. Of the three patients with prostate cancer, one
had a BRCA2 mutation. Of the 11 patients with other
cancers, 3 had uterine or vaginal cancer, 3 had lung can-
cer, 2 had pancreatic cancer, 2 had mesothelioma, and
1 had kidney cancer.

T For the Eastern Cooperative Oncology Group (ECOG)
performance status, higher scores indicate greater im-
pairment.

Descriptions of the evaluated olaparib doses in 10
separate cohorts are provided in Table 1 in the
Supplementary Appendix.

DOSE-LIMITING TOXICITY AND MAXIMUM
ADMINISTERED DOSE

Three manifestations of dose-limiting toxicity in
the first cycle were observed among patients receiv-
ing 400 or 600 mg of olaparib twice daily. A 47-year-
old patient with advanced ovarian cancer had grade
3 mood alteration and fatigue on the first day of

treatment with 400 mg of olaparib twice daily.
These symptoms resolved within 24 hours after
discontinuation of olaparib but recurred after re-
initiation at 200 mg twice daily, resulting in dis-
continuation of treatment. A 59-year-old patient
with mesothelioma, who had just completed che-
motherapy with mitomycin, vinblastine, and car-
boplatin that had resulted in prolonged myelo-
suppression, had grade 4 thrombocytopenia during
the first month of treatment with 600 mg of ola-
parib twice daily. The thrombocytopenia resolved
within 2 weeks after discontinuation of the drug.
The third manifestation of dose-limiting toxicity
was observed in a 47-year-old patient with meta-
static breast cancer who was receiving 600 mg of
olaparib twice daily; on day 8 of treatment, she
had grade 3 somnolence that resolved completely
within 24 hours after discontinuation of the drug;
grade 1 somnolence occurred on readministration
of olaparib at 400 mg twice daily. These manifes-
tations of dose-limiting toxicity led to the estab-
lishment of the maximum administered dose as
600 mg of olaparib twice daily and the maximum
tolerated dose as 400 mg of olaparib twice daily.

SAFETY
Adverse effects that were at least possibly related to
olaparib were largely of grade 1 or 2 and included
nausea (19 patients [32%]), fatigue (18 patients
[30%)]), vomiting (12 patients [20%]), taste altera-
tion (8 patients [13%]), and anorexia (7 patients
[12%)]) (Table 3). A low incidence of myelosuppres-
sion was reported: three patients (5%) had anemia,
and grade 4 thrombocytopenia developed in two
patients (3%).

One patient with advanced non-small-cell lung
cancer and a history of recurrent lower respiratory
tract infections died from respiratory failure after
receiving olaparib for 4 months. Another patient
with ovarian cancer died from gram-negative sep-
ticemia after receiving olaparib for 1 month, in the
absence of neutropenia; she had inguinal disease
with cutaneous involvement, with the skin colo-
nized by organisms similar to those causing the
septicemia. Both cases were deemed unlikely to
be related to olaparib. No obvious increase in the
frequency or grade of adverse effects was observed
in comparing known BRCA1 or BRCA2 mutation
carriers with noncarriers.

PHARMACOKINETIC STUDIES
Results of pharmacokinetic studies indicated that
olaparib absorption is rapid, with the peak plasma
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Table 2. Doses of Olaparib at Baseline in the Study Patients.
<100 mg, Daily 100 mg, 100 mg, 200 mg, 400 mg, 600 mg,
or Twice Daily,  Twice Daily, Twice Daily,  Twice Daily, = Twice Daily, = Twice Daily,
Subgroup 2 of Every 3 Wk 2 of Every 3 Wk  Continuously Continuously Continuously Continuously
number of patients
All patients
No. of patients 18 4 5 20 8 5
BRCA1 1 1 1 7 6 1
BRCA2 0 0 0 5 0 0
Wild-type BRCA or BRCA 17 3 4 8 2 4
status unknown
Ovarian-cancer subgroup
No. of patients 4 2 1 7 6 1
BRCA1 1 1 1 5 6 1
BRCA2 0 0 0 1 0 0
Wild-type BRCA or BRCA 3 1 0 1 0 0
status unknown

All

60
17

38

21
15

* Although one patient with ovarian cancer who was receiving olaparib at a dose of 100 mg, twice daily, every 2 of 3 weeks was classified as
having wild-type BRCA or unknown BRCA status, she was included in the BRCAI or BRCA2 subgroup because she had a strong family
history of BRCA-associated cancer but declined to undergo BRCA-mutation testing. Olaparib treatment was continued in all patients as long

as they derived clinical benefit.

concentration observed between 1 and 3 hours af-
ter dosing (Fig. 4 in the Supplementary Appendix).
Thereafter, plasma concentrations declined bipha-
sically, with a terminal-elimination half-life of
approximately 5 to 7 hours (Table 2 in the Sup-
plementary Appendix). Exposure to olaparib in-
creased with increasing doses, up to 100 mg, but
increased less proportionally as the dose was in-
creased further (Fig. 1A and 1B). The mean vol-
ume of distribution was 40.3 liters, and the mean
plasma clearance rate was 4.6 liters per hour. Af-
ter the daily administration of 10, 20, 40, or 80 mg
of olaparib for 14 days, drug exposure was not
increased markedly over that with a single dose:
the area under the curve for olaparib exposure
over a 24-hour period increased by approximately
26%. After twice-daily dosing with 60, 100, 200,
400, or 600 mg of olaparib for 14 days, exposure
increased by an average of 49%; there was no
marked time dependency in the pharmacokinet-
ics of olaparib.

EVIDENCE OF PARP INHIBITION

Figure 1C depicts the average percentage of PARP
inhibition in mononuclear cells in association with
increasing doses of olaparib, plotted against the
steady-state exposure to olaparib. Inhibition of
PARP by more than 90%, as compared with the
value at baseline, was observed in cells from pa-
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tients treated with 60 mg or more of olaparib twice
daily. Immunoblotting of cell extracts prepared
from tumor-biopsy specimens collected before ola-
parib administration and after 8 days of treatment
with olaparib are shown in Figure 1D. PARP in-
hibition was evidenced by the loss of signal from
PAR (a biomarker for PARP activity) after treatment.
Pharmacodynamic analysis was also carried out
on samples of plucked eyebrow-hair follicles to
measure the formation of yH2AX foci after treat-
ment.?* Induction of yH2AX foci 6 hours after
treatment with olaparib (Fig. 1E) indicated that
PARP inhibition was rapidly associated with down-
stream induction of collapsed DNA replication
forks and DNA double-strand breaks, as predicted
by preclinical models.** The induction of yH2AX
foci was sustained at all later time points. There
was no significant increase in foci induction at
doses above 100 mg of olaparib twice daily, which
was the lowest dose represented in these analyses.

ANTITUMOR ACTIVITY AS EVIDENCE OF SYNTHETIC
LETHALITY

Durable objective antitumor activity was observed
only in confirmed carriers of a BRCA1 or BRCA2
mutation, apart from one patient with a strong
family history of BRCA mutation who declined mu-
tational testing but was deemed likely to be a BRCA
carrier (Table 4 and Fig. 2). Overall, 23 patients who
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Table 3. Olaparib-Related Adverse Events Found in at Least 5% of the Safety Population, According to Olaparib Dose.*

<100 mg, Daily 100 mg, 100 mg, 200 mg 400 mg 600 mg
or Twice Daily, ~ Twice Daily, Twice Daily, Twice Daily, Twice Daily, Twice Daily,
2 of Every 3 Wk 2 of Every 3 Wk  Continuously Continuously Continuously Continuously

Adverse Event (N=18) (N=4) (N=5) (N=20) (N=8) (N=5)
number of patients/total number (percent)
Anemia
Grade 1-2 1(6) 0 0 0 0 1 (20)
Grade 3-4 0 0 0 1(5) 0 0
Lymphopenia
Grade 1-2 0 0 0 0 0 0
Grade 3-4 0 0 0 2 (10) 1(12) 0
Diarrhea
Grade 1-2 0 0 0 2 (10) 1(12)
Grade 3-4 0 0 0 0 0
Dyspepsia
Grade 1-2 0 0 0 1(5) 1(12) 2 (40)
Grade 3-4 0 0 0 0 0 0
Nausea
Grade 1-2 6 (33) 1(25) 0 7 (35) 0 3 (60)
Grade 3-4 0 0 0 0 1(12) 1 (20)
Stomatitis
Grade 1-2 0 0 0 3 (15)
Grade 3-4 0 0 0 0
Vomiting
Grade 1-2 2 (11) 1(25) 0 5 (25) 0 3 (60)
Grade 3-4 0 0 0 0 1(12) 0
Anorexia
Grade 1-2 3(17) 0 0 2 (10) 0 2 (40)
Grade 3-4 0 0 0 0 0 0
Dysgeusia
Grade 1-2 0 2 (50) 0 2 (10) 1(12) 3 (60)
Grade 3-4 0 0 0 0 0 0
Fatigue
Grade 1-2 3(17) 0 1 (20) 4 (20) 5 (62) 4 (80)
Grade 3-4 0 0 0 1(5) 0 0
Dizziness
Grade 1-2 0 0 0 1(5) 0 1(20)
Grade 3-4 0 0 0 0 1(12) 0

Total
(N=60)

* The listed adverse events were classified as being possibly, probably, or definitely related to olaparib in the safety population. No grade 5

adverse events related to olaparib were reported at the time of the analysis. Adverse events were graded according to the Common

Terminology Criteria for Adverse Events (version 3.0).
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were BRCA mutation carriers were treated. Two of
these patients could not be evaluated with regard
to antitumor response: one received only two dos-
es of olaparib, because of dose-limiting toxicity,
and the other had ovarian cancer—associated fa-
tal septicemia from tumor erosion after having
received olaparib for 4 weeks, with a decreasing
CA-125 level. Of the remaining 21 carriers, 2 had
tumors not typically associated with BRCA-carrier
status: 1 with small-cell lung cancer and 1 with
vaginal adenocarcinoma. Both patients were re-
ceiving 200 mg of olaparib twice daily, and their
disease progressed rapidly within 2 and 7 weeks
after the start of treatment, respectively. The re-
maining 19 BRCA carriers had ovarian, breast, or
prostate cancers; 12 of the 19 (63%) had a clinical
benefit from treatment with olaparib, with radio-
logic or tumor-marker responses or meaningful
disease stabilization (stable disease for a period of
4 months or more). Nine BRCA carriers had a re-
sponse according to RECIST, with the response
sustained for more than 76 weeks in one patient
(Fig. 2C and Table 4). Further details on the spe-
cific BRCA1 and BRCA2 mutations and responses
are provided in Table 3 in the Supplementary Ap-
pendix. No objective antitumor responses were ob-
served in patients without known BRCA mutations.
Overall, eight patients with advanced ovarian
cancer had a partial response on radiology, accord-
ing to RECIST (Table 4 and Fig. 2A). On the basis
of GCIG criteria for assessing the response of
the CA-125 level to olaparib in patients with ovar-
ian cancer, six patients with a BRCA mutation
had a decline of more than 50% (Table 4 and
Fig. 2B). Of the three patients with BRCA2 breast
cancer, one had a complete remission, according
to RECIST, and another had stable disease for
7 months; both had a corresponding decline in
serum levels of tumor markers (Fig. 2C). The pa-
tient with BRCA2 breast cancer had a complete
remission lasting for more than 60 weeks. She
had pulmonary and lymph-node metastases and
had previously had disease progression while re-
ceiving anthracycline-based chemotherapy. A pa-
tient with breast cancer (with no family history)
who did not undergo BRCA testing had regression
of cutaneous disease and of multiple subcenti-
meter brain metastases (not meeting RECIST) that
had not previously been treated with radiation or
corticosteroids and a decline of more than 50% in

serum levels of carcinoembryonic antigen and
cancer antigen 15-3.

A patient with castration-resistant prostate can-
cer who was a BRCA2 mutation carrier had more
than a 50% reduction in the PSA level and reso-
lution of bone metastases. He had been partici-
pating in the study for more than 58 weeks at the
time of the cutoff date (and has participated for
more than 2 years since that date) (Fig. 2C, and
Fig. 5 in the Supplementary Appendix).

DISCUSSION

This phase 1 trial of olaparib, an oral PARP in-
hibitor, showed that the drug has an acceptable
side-effect profile and did not have the toxic ef-
fects commonly associated with conventional che-
motherapy. It has satisfactory pharmacokinetic and
pharmacodynamic characteristics. Patients who
were carriers of BRCA1 or BRCA2 mutations did not
appear to have an increased risk of adverse effects,
a finding that supports those of our preclinical
studies.'* Of special interest is the antitumor ac-
tivity in patients with BRCA mutation—associated
cancer.

These data indicate that using PARP inhibi-
tion to target a specific DNA-repair pathway has
the necessary selectivity profile and a wide thera-
peutic window for BRCA-deficient cells, support-
ing the clinical relevance of the hypothesis that
BRCA mutation—associated cancers are suscepti-
ble to a synthetic lethal therapeutic approach.3-2
Predictive biomarkers of homologous-recombina-
tion DNA-repair deficiency in tumor cells should
be used to evaluate the broader usefulness of this
promising therapeutic strategy.® Defects in homol-
ogous-recombination repair can also be caused by
loss of function of proteins other than BRCA1 and
BRCA2, including the RecA homologue RAD51,
ataxia telangiectasia mutated (ATM), ataxia te-
langiectasia and Rad3 related (ATR), and check-
point kinase 1 and 2 homologue (CHK1 and
CHK?2) proteins, as well as components of the
Fanconi’s anemia repair pathway.2® Loss of these
proteins also sensitizes cells to PARP inhibition.®
Such defects in homologous-recombination repair
may be relatively common in some sporadic can-
cers, including breast cancer?” and ovarian can-
cer,?® potentially making this therapeutic strategy
more widely useful as an anticancer treatment.

N ENGLJ MED 361;2 NEJM.ORG JULY 9, 2009

Downloaded from www.nejm.org on March 3, 2010 . For personal use only. No other uses without permission.

Copyright © 2009 Massachusetts Medical Society. All rights reserved.

129



The NEW ENGLAND JOURNAL of MEDICINE

"J0JI3 pJEpUB)S dY3 a1edIpUl
Sieq [ "140oyod Sw-009 dY3 Ul  pue ‘poyod Sw-QQp Y3 Ul G ‘1oyod Jw-00z 3Yi Ul 8T ‘1oyod Jw-QQT Y3 Ul Z :SMO||0} SB 319M Pa1sa] sa|dwies yym sjusiied jo siaquinu ay| "umoys
350p Y2Ba 10} XYZHA Jo uononpui juediyiugdis sem aiay| ‘asop qliede|o ay) Jo aIBMBUN SEM OYM JBAISqO UE Aq ‘Qulod Blep UYdES J0j Paiods aiam I3anu QT JO Wnwiuiw vy ‘qlied
-B|0 JO 950OP U2ed 3UIAI9Da4 S3Ualed JO 140YOD BY3 40j UMOYS SI 3|2AD 3s41} ay1 Sulnp uoidNpul XyzHA yead ays pue ‘(3J3]) uonesisiuiwipe quede|o Ja1je pue 210§2q UMOYS SI 6¢T
aulIas 18 (XYZH) X Joquiaw ‘Ajiwiey auolsiy \yzH auoisiy jo wioy paiejkioydsoyd ays ‘XyzHA Jo 100} 9die| ¢ Jo ||BLS QT 1SE3| 1B Y1M I3]aNnU |22 Jo adeiuadiad ayp (3 [aued) s9|d1j|0)
1rey-moiqaka Jo asn ayj yum skesse dlweukpodeweyd u| K1AIIDE dYVd JO uoliqiyul Sulwiijuod ‘quswileal) quede|o Ja3je Jou Inq 210jaq sutatold Tdyyd Jo Sulieaws piemdn sjeanas
(mou ajppiw) Apoqiiue TdyVd-11ue Yyim sio|q awes ayj jo 3uiqoiday ‘A1AIDE dyYd JO uoniqiyul sajedipul (mos doi) juswiieasy 4aie [eudis Yyd JO SSO| ay1 ‘@40)a1ay3 ‘siawikjod Yyd
UM J|9SH SDIIPOW Td¥Vd MDY "|0J3U0D SA11ESSU B SB pasn 2iam pue [euis ¥yd ou moys (Pa1BAIIdE 10U SeM TdyYd Y2Iym Ul 350y3) S[|33 0Z9MS patejnwiisun “(josuod Suipeo)
ay3) unde pue ‘Tdyvd ‘(dvd) (esoqu-davy)Ajod isurede saipoqiiue yyum paqoid aiam sjo|g "piemialje skep g pue LoljeJiSiuILIpe qliede|o SNoNUIIUOD JO 14BlS Y] 210jaq pasedaid
94aMm sjualjed WOl S1DBJIXS |[93-3|0YM JOWIN] JO S10|qouNLUL| “q [dUBd Ul umoys aJe ‘qliede|o yiim pajeasy sualied woly siowny ul A1IAIDE dYVd JO uoniqiyul ayy 3udajjal ‘skes
-se dlweuApodew.eyd Jo s3nsai ay| "elep ay3 0} [apow (129je-winwixew) xew3 a|dwis e Jo 11} 159q Jo aul| ay1 siuasaidai aul| pa ay| *(DNY d1e1s-Apears ayy) quiedeo Jo sasop 9|d
-13|nw J4ayje Juaited ayj Ul panaiyde ainsodxa 3nup ayy jsutede pajjo|d ase sanjea asay| "dnoid Suisop yoea ul juaijed yoea Joj swiy 1ano padelane pue quede|o jo 1d19dal 210Jaq A1IAl
OB dyVvd 4o 23ejuadiad e se passaidxs ‘quede|o jo 1diadau Jayye uonIqiyul dyyd 1uasaidas syuiod erep ay| ‘Aesse UOIIBAIIDE-d¥YYd OAIA X3 UE Y3Noay) pauiialap sem ANAIDE (dHVd)
asesawk|od (asoqu-[dQy] a1eydsoydip auisouape)k|od ‘1uaired yoes o) quiede|o Jo UOIIEIISIUILUPE. J91JEB PUB 21049 P31D3[|0d a1am (SDINAd) S||92 JB9|onuUoUOW poo|q-|esaydi

-ad jo sajdwes ‘sasA|eue dlweukpodew.eyd-oiaunjodewleyd Jo s} Nsal 3y} SMOYS D) [dUBd ‘SISOP JO 23Ukl 3y} SSOIDE paulejulew a1am Ajijeuoijodoid asop i Sw QT uey) 4o1eaid
sasop 1e pajoadxa aq pjnom jey) ainsodxa adesane pardipaid ayy pue Sw T 01 dn sasop 1e panalyde sem eyl asop pue ainsodxa usamiaq diysuolejas [euoiriodoid-asop ayy sioid
-9p aul| y2e|q 3y "9sop 03 |euoipiodoid uey} SS3| SEM 2unsodxa Ul 9SBIIDUI BYI YdIym 1o} sasop juasaldal sjulod eiep pas pue ‘9sop yim |jeuoiriodoid paseasour aunsodxs yoiym
10} sasop juasaidai sjuiod ejep an|g ‘paalsiuiipe asop quede|o ay; o3 uipiodde umoys aue (g [aued) (°*ony) Suisop usiye polad JNoY-QT B J9A0 SAIND SLIIJ—UOIIEIIUSIUOD BLU
-se|d ayj Japun ease ay) pue (y [sued) quedejo jo (X*“3) uoiesjuaduod ewse|d yead ay] asop 3|3uls e jo 1diadau Ja3ye umoys e quiede|o Jo salpnis d1jauodewIeyd JO S} NSal Ay |

‘quede|Q JO saipn]s diweukpodewIeyd pue d13aubjodeLUIBYd JO S} Nsay ‘T ainSi4

3 w 9¢ 113 1€ 8 ‘ON 1juaiied
nﬂ EW (Bw) g Apoqnuy
asoq quede|Q Ajleg-ao1m | asoq quede|Q Ajleg-ao1m | ﬁ =™ upy-nuy
009 00 00¢ 00T oov OON oo~ :
: T & e
o1 Z o1 Z .
° ..nP ° m ljuy
-0z @ -0z . &
w w
F0¢ M. F0¢ M_
55 B 5
-0y 98 IV, -0y 93 W,
m o mn o
05 o 05 gy S
3 3 =
09 B L9 B
-0 -0L
asop
3242 15T asop aj2ho puz (1 keq) 1541
‘wnwixey [l 154y 2104eg [ ‘Tekea @ ¥1Aea @ g4ea @ 94H [ o409g [ 6 6& 6& N
E| a
(jw/ayx3r) DNy =1e15-Apeays quede|o (8w) asoq quede|o (8w) asoq quedejo
00T 08 09 oy 0C 0 009 005 00y 00¢ 00C OOT 0 009 00§ 00¥ 00¢ 00C 001 0
L 1 1 1 1 O L 1 1 1 1 1 O > L 1 1 1 1 1 ] O
RE 3 ¢ & : n
0z S R o o N i . S 3
& H Foy 2 . &
° 0 o3 . . Lo & b4 0t <
09 2= N R * ST @
. s s [08 & s
. . % & Foor = oz £
00T s -0l = 74
o] v

NEJM.ORG JULY 9, 2009

N ENGLJ MED 361;2

130

Downloaded from www.nejm.org on March 3, 2010 . For personal use only. No other uses without permission.

Copyright © 2009 Massachusetts Medical Society. All rights reserved.



131

‘quiede|o 03 asuodsau dIWwalsAs e
pey Ajpuanbasqns ays ‘Adesayy quede|o jo T 3242 Jo #T Aep UO punoy siselselaL uleiq [eluSpIdUI Ue 0} SUIMO e} 3Y} SPISING Paleas] SeM Jadued agni-ueldoj(es TyDYg yim juaired auQ
-3u11sa) UoNBINW-YDYG PaUIP3AP OYM INq ‘SIdUED pajeINL- Dy g Jo A1olsiy Ajiwey Suosis e yum auo papnpul sjuaized asay] §
“(j9ns] §zT uadiue Jadued ayy ul aulPap e 3ulaey pue) 3nip ayi Jo 9|24d auo Juiaiedal Jaye quedejo o) pajejaiun sisdas
1|-950p JO 3sNEJ3q ‘sasop om} A|uo paniadas Suiaey Jaye ‘quede|jo paddols auo ‘asuodsas sowny o} piedas yum pajen|eas aq jou pjnod sjuaijed om] I
“190ued 3unj ||90-|jews—uou
pey SUO puB ‘BLUOUIDIED ||9D-|EUS PEY SUO ‘BLUODJES PEY SUO ‘J3DUED }SBAIQ DY F-UOU PBLY OM] ‘JaDUED UBLIEAO Zi/DYg PBY dUO 4adUED 1SBaiq ZWDyg PeY auo ‘sjuaited uaaas asays jO J-
“e11912 dnouny Supjiop (YSd) uadnuy diyidads-are1sold pue dnoidiaiu| Jadue) 2130]03aUAD) 01 SUIpIOIIE PISSISSE SE ‘SHIIM {7 1SBI| JB JOJ PAUIBISNS SEM
183} 940§ UBL] 2O JO BUIDSP B SE paulydp Sem asuodsal Jayiew-iowny v “(1S1D3Y) siown] pijos ul eual) uolen|ead asuodsay Jo siseq ayy uo papesd sem asuodsai d130jo1pes 3y ]

wody palp auo pue ‘Audixoy Sul

POLY(ADP-RIBOSE) POLYMERASE INHIBITOR IN BRCA-RELATED CANCER

0 0 0 0 0 1 A|snonuruod ‘Ajrep ao1m3 Swi o9
14 14 3 0 14 14 [bAisnonunuod ‘Ajiep saimy Sw oot
% ¢ z (ow g ‘uoneanp [enyoe) 1 ¢ 9 Ajsnonunuod ‘Ajrep ao1mi Sw 0oz
0 0 0 0 0 1 Ajsnonunuod ‘Ajiep ao1m3 Swi Qo1
[
fsyeam ¢ S
« B
1 T 1 0 1 z K193 Jo 7 ‘Ajiep ao1m3 Swi Qo1 P
¢ 5
0 0 0 0 0 1 Alsnonunuod ‘Ajiep ao1m3 3w goT> 3
J.190UBD UBLIBAO o
6 8 9 1 8 ST ZYDYd 10 TYDYg Yum siualied 5
0 0 0 0 0 1 Alsnonunuod ‘Ajiep ad1m1 3w 009 2
z
14 14 € 0 14 14 bAjsnonunuod ‘Ajiep ac1my Swi ooy
N
(ow £ &
/ S I pue 9 ‘UoIjeINp [BNIDE) T ¥ 01 Ajsnonunuod ‘Ajiep a21m3 3w 00z a
0 0 0 0 0 1 Ajsnonunuod ‘Ajiep 2o1m3 Swi Qo1 2
fsyeam ¢ m
1 1 1 0 1 z K1ana jo 7 ‘Ajrep ao1m3 Swi 0O >
0 0 0 0 0 1 A|snonunuod ‘Ajrep ad1m1 3w 001>
(490ueD 21€3504d YUM T (490ueD 91€3504d YUM T
‘190UBD 1SBAIQ YIM 7 ‘192UBD 1SB3Iq YHM T (49oued 21€3504d YUM T (19oueDd 3SB2IQ YUM T (19oueDd 3SB2IQ YUM T a1elso.d Jo ‘}seaiq ‘UelieAo
‘J9DUED UBLIBAO UY}IM 6) ZT ‘49DUED UBLIBAO YHM Q) OT  4ODUED UBLIEAO UYIM Q) /  “JSDUED UBLIEAO YHM ) 7 ‘49DUED UEBLIBAO UIIM 8) 6 61 ZVD¥ g 10 TYDYE YHm sjudlied
LT 0T L Y 6 09 sjuaned ||y
siuaigod fo saquinu
aseasiq 9|qe1s 10 asuodsay Joyiep asuodsay JadJejy-1owny aseasiqg asuodsay diSojoipey  sjusiied jo asoq pue dnou3qns
asuodsay Jajjiep -lown] Jo d13o[oipey 9|qe1s A|jeoiSojoipey 919|dwo) Jo |eined ‘ON [e101
-lown] Jo di3ojoipey
«'Pa1ENn[EeAT 3g p|no) asuodsay ayi WOYA 10} sjudlred Apnis ul sesuodsay |ed1ul|d ‘v 9|qel

Downloaded from www.nejm.org on March 3, 2010 . For personal use only. No other uses without permission.

Copyright © 2009 Massachusetts Medical Society. All rights reserved.



132

The NEW ENGLAND JOURNAL of MEDICINE

Patient 20,
at Baseline

Patient 41,
at Baseline

Patient 20,
at 4 Mo

Patient 41,
at 4 Mo

1600

1400+

1200+

1000

800

CA-125 (U/ml)

600

4004

200+

—— Patient 20
Ovarian cancer
169 Days of olaparib,
100 mg twice daily

—=— Patient 39
Ovarian cancer
533 Days of olaparib,
400 mg twice daily

Patient 40
Fallopian-tube cancer
216 Days of olaparib,
400 mg twice daily

—— Patient 41
Ovarian cancer
331 Days of olaparib,
400 mg twice daily
—— Patient 60
Ovarian cancer
220 Days of olaparib,
200 mg twice daily

—— Patient 61

|

N
o
o

I

—
=
o
O -t
—
o
o

200

T
300
Days of Olaparib Treatment 200 mg twice daily

T T .
Ovarian cancer
400 300 169 Days of olaparib,

60

[l Progressive disease  [] Stable disease [ Partial response [l Complete response

80 [ Ovarian cancer B Prostate cancer [I] Breast cancer

Treatment Duration (wk)
S
o
1

et |

Not all BRCAI or BRCA2 carriers had a response
to olaparib. Various BRCA1 or BRCA2 mutations
may have resulted in differing homologous-recom-
bination defects and sensitivities to PARP inhibi-
tion. Differences in response could also have re-

sulted from preexisting genetic resistance; we and
others have shown previously that secondary BRCA2
mutations may restore BRCA function and there-
fore homologous recombination, causing resis-
tance to PARP inhibitors and platinum com-
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Figure 2 (facing page). Radiologic Evidence of Tumor
Response to Olaparib.

Computed tomographic (CT) scans of the abdomen in a
patient with advanced ovarian cancer (Patient 20), who
had a very strong family history suggestive of BRCA de-
ficiency but who declined to undergo BRCA testing,
show a reduction in the size of a peritoneal tumor nod-
ule (encircled in red) by 66% over a 4-month treatment
period (top right), as compared with baseline (top left).
She received olaparib at a dose of 100 mg, twice daily,
for 2 of every 3 weeks. CT scans of the abdomen in an-
other patient with advanced ovarian cancer (Patient 41),
who had a BRCA1 mutation (4693delAA), show com-
plete regression of a peritoneal tumor nodule over a
4-month treatment period (bottom right), as compared
with baseline (bottom left). Patient 41 received olaparib
(200 mg, twice daily) for a year. Panel B shows biochem-
ical evidence of antitumor activity, measured as cancer
antigen 125 (CA-125) levels over time for six patients
with advanced ovarian or fallopian-tube cancer who had
a response to olaparib therapy according to Gynecologic
Cancer Intergroup criteria. The maximum decline in the
CA-125 level was 98%, in Patient 39 (from 1180 U per
millimeter at baseline to a normal value of 22 U per mil-
liliter). All patients also had a partial response, accord-
ing to Response Evaluation Criteria in Solid Tumors (RE-
CIST), as evaluated on CT. Panel C shows the duration
of treatment and the best response seen in the 19 BRCA
mutation carriers with ovarian, breast, or prostate can-
cer who could be evaluated for tumor response. Objec-
tive antitumor response was defined as the number of
patients with a complete or partial response on radio-
logic assessment, according to RECIST, whereas the rate
of clinical benefit was defined as the number of patients
with a radiologic or tumor-marker response or stable
disease, for 4 or more months. Tumor-marker response
was defined as a decline of more than 50% in tumor-
marker levels, sustained for at least 4 weeks.

pounds.?®3° Assays of homologous-recombination
proficiency will be vital to the study of primary or
acquired resistance to PARP inhibitors, as well as
for identifying sporadic tumors that have defec-
tive homologous recombination. Molecular stud-
ies of ovarian cancer have, for example, suggested
that up to half of high-grade serous cancers may

lose BRCA1 or BRCA2 function through genetic
or epigenetic events.?® Some sporadic tumors
appear to be phenocopies of BRCAI- or BRCA2-
deficient tumors without actually bearing germ-
line mutations in either the BRCA1 or BRCA2
gene, a phenomenon that has been described as
“BRCAness.”*

In conclusion, this study raises the possibility
that for some anticancer drugs, the traditional
processes of clinical development and registration
need to be altered. Due consideration must now be
given to developing rationally designed, molecu-
larly targeted therapies for patients whose tumors
have the same molecular defect but different ori-
gins, such as the ovary, breast, or prostate. Such
a radical change in drug evaluation and registra-
tion may be key to accelerating the development
of anticancer drugs.
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