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Stratton et al., 2009, Nature, 458, 719 -724.
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® VéZa stna ir vairaku
mutaciju rezultats.

® Svarigakas molekularas
1Izmainas parasti paaugstina
mutaciju bieZumu $tGna un
tadejadi uzkrajas liels

daudzums ar audzeju

J

nesaistitu mutacyju.

® Audzeja Stinas ir genetiski
heterogénas un atskiras péc
to 1iespgjam metastazet un
attistit rezistenci pret
terapiju.
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Inhibition of Poly(ADP-Ribose) Polymerase in Tumors
from BRCA Mutation Carriers

Peter C. Fong, M.D., David S. Boss, M.Sc., Timothy A. Yap, M.D., Andrew Tutt, M.D., Ph.D., Peijun Wu, Ph.D.,
Marja Mergui-Roelvink, M.D., Peter Mortimer, Ph.D., Helen Swaisland, B.Sc., Alan Lau, Ph.D.,
Mark J. O’Connor, Ph.D., Alan Ashworth, Ph.D., James Carmichael, M.D., Stan B. Kaye, M.D.,
Jan H.M. Schellens, M.D., Ph.D., and Johann S. de Bono, M.D., Ph.D.

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 BRCAI 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.)

N ENGLJ MED 361;2 NEJM.ORG JULY 9, 2009
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Making the best of PARP inhibitors in ovarian

cancer

Susana Banerjee, Stan B. Kaye and Alan Ashworth

Abstract | Drugs that inhibit the enzyme poly(ADP-ribose)polymerase (PARP) are showing considerable promise
for the treatment of cancers that have mutations in the BRCA1 or BRCA2 tumor suppressors. This therapeutic
approach exploits a synthetic lethal strategy to target the specific DNA repair pathway in these tumors. High-
grade ovarian cancers have a generally poor prognosis, and accumulating evidence suggests that mutations
in BRCA1 or BRCA2, or silencing of BRCA1 by promoter methylation, may be common in this disease. Here, we
consider how the potential benefit of PARP inhibitors might be maximized in ovarian cancer. We suggest that

it will be crucial to explore novel therapeutic trial strategies and drug combinations, and incorporate robust
biomarkers predictive of response if these drugs are to reach their full potential.

Banerjee, S. et al. Nat. Rev. Clin. Oncol. 7, 508-519 (2010); published online 10 August 2010; doi:10.1038/nrclinonc.2010.116
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This activity has been planned and implemented in accordance
with the Essential Areas and policies of the Accreditation Council
for Continuing Medical Education through the joint sponsorship of
Medscape, LLC and Nature Publishing Group. Medscape, LLC is
accredited by the ACCME to provide continuing medical education
for physicians.

Medscape, LLC designates this educational activity for a maximum
of 1.0 AMA PRA Category 1 Credits™. Physicians should only claim
credit commensurate with the extent of their participation in the
activity. All other clinicians completing this activity will be issued
a certificate of participation. To participate in this journal CME
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(2) study the education content; (3) take the post-test and/or
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nrclinonc; and (4) view/ print certificate.

Learning objectives

Upon completion of this activity, participants should be able to:

1 Distinguish characteristics of BRCA-associated ovarian cancer.

2 ldentify how BRCA mutations affect the response to therapy for
advanced ovarian cancer.

3 Describe the efficacy and safety of poly(ADP-ribose) polymerase
inhibitors in the treatment of ovarian cancer on the basis of
recent research, including limitations in current studies.

Introduction

Ovarian cancer is the second most common gyneco-
logical malignancy and the leading cause of death from
a gynecological cancer. In 2008, there were 21,650 cases
of ovarian cancer and over 15,500 deaths attributed to
the disease in the USA, accounting for approximately
5% of all deaths from malignancy in women.' In the
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UK, the relative incidence is similar, with 6,600 ovarian
cancer diagnoses and more than 4,500 deaths per year.”
Most women (75-80%) present with advanced disease
with little prospect of cure; the 5-year survival rate for
advanced ovarian cancer is approximately 30-40%. The
current standard of care consists of the combination
of radical surgery and platinum-based chemotherapy.
Despite advances in surgical and chemotherapeutic strat-
egies, these approaches have led to small improvements in
outcome. A considerable risk of recurrence and resistance
to therapy remains, and there is a need to improve current
treatment options.

Approximately 90% of ovarian carcinomas are epithe-
lial in origin and develop from the cells on the surface of
the ovary. The remainder arise from germ cells or stromal
cells. Papillary serous histology accounts for as many as
75% of ovarian cancers. Mucinous and endometrioid
tumors are less common (approximately 10% each), fol-
lowed by clear-cell tumors, Brenner (transitional cell)
tumors, and undifferentiated carcinomas. Histological
grade and type can be important prognostic factors in
early-stage disease. Low-grade tumors seem to exhibit less
chemosensitivity than high-grade tumors,>* and clear-
cell® and mucinous® types have a worse outcome than
other forms of epithelial ovarian cancers. Endometrioid
histology is associated with better survival than serous
adenocarcinoma, regardless of disease stage or response
to platinum-based therapy.” High-grade and low-grade
tumors seem to have distinct molecular profiles, reflect-
ing different disease entities; for example, KRAS, BRAF
and HER2 (ERBB2) mutations occur in low-grade serous
carcinoma, but are rare in high-grade serous carcinoma.®
Despite the clinical and molecular distinctions, all
epithelial ovarian cancers are currently treated similarly.

Based on four phase III studies (GOG-111, EORTC-
NCIC OV-10, AGO and GOG-158),°'? the international
standard of care for patients who present with advanced

508 | SEPTEMBER 2010 | VOLUME 7
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A Genome-Wide Association Study Identifies A New Ovarian

Cancer Susceptibility Locus On 9p22.2

Honglin Song1 ’**, Susan J. Ramusz’**, Jonathan Tyrer1, Kelly L. Bolton' ’17, Aleksandra
Gentry-Maharajz, Eva Wozniak2, Hoda Anton-CuIver3, Jenny Chang-CIaude4, Daniel W.
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Locus SNP Risk allele frequency Non-serous cases Serous cases
Odds ratio 95% CI  Odds ratio  95% CI
9p22 rs3814113 0.72 1.14 1.08-1.20 1.30 1.23-1.37
2q31 152072590 0.32 1.10 1.05-1.16 1.19 1.14-1.25
3925 152665390 0.08 1.13 1.04-1.24 1.25 1.15-1.35
8q24 rs10088218 0.88 1.06 0.98-1.14 1.30 1.23-1.41
17q21  1s9303542 0.27 1.06 1.01-1.12 1.15 1.09-1.20
19p13  rs8170 0.18 1.04 0.97-1.02 1.18 1.12-1.25

Gayther & Pharoah 2010, Curr. Opin Genet. Dev., 20, 231-238.
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Locus SNP Risk allele frequency Non-serous cases Serous cases
Odds ratio 95% CI  Odds ratio  95% CI
9p22 rs3814113 0.72 1.14 1.08-1.20 1.30 1.23-1.37
2q31 152072590 0.32 1.10 1.05-1.16 1.19 1.14-1.25
3925 152665390 0.08 1.13 1.04-1.24 1.25 1.15-1.35
8q24 rs10088218 0.88 1.06 0.98-1.14 1.30 1.23-1.41
17q21  1s9303542 0.27 1.06 1.01-1.12 1.15 1.09-1.20
19p13  rs8170 0.18 1.04 0.97-1.02 1.18 1.12-1.25
0.0008 1.65 3.41
0.055 1.41 2.31

Gayther & Pharoah 2010, Curr. Opin Genet. Dev., 20, 231-238.
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Diagnostika vs. Terapija
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Roukos & Briasoulis 2007, Nat. Clin. Practice Oncol., 4, 578 - 590.
Gayther & Pharoah 2010, Curr. Opin Genet. Dev., 20, 231-238.
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Diagnostika vs. Terapija

Table 2. Absolute Risks of Breast Cancer According to Percentile of Population.*

Percentile of Population

10
20
40
60
80
90
95

Relative Risk

0.63
0.69
0.77
0.90
1.03
16740
1.35
1.49

Lifetime Risky

6.1
Sl
/.4
3.6
9.7
11.0
12.0
14.0

%

10-Yr Risk at 50 Yr
of Age7

1.5
1.6
1.3
231
2.4
257
3.0
3.4

Age at Which 10-Yr
Risk =2.3%

yr
NA::
NA:
NA::
53
49
45
43
41

Pharaoh et al., 2008, N. Engl. ]. Med., 358, 2796-803.
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Diagnostika vs. Terapija

® Riska grupu identifikacija un agrina diagnostika ir
bezjeédzigas, ja nav efektivas riska profilakses
savlaicigas efektivas terapijas.
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Efficacy and safety

Prophylactic surgery

Surveillance with or without
chemoprevention

Bilateral salpingo- Bilateral
oophorectomy mastectomy
Reduction in cancer
incidence
Breast cancer 50%° 90% BRCA1 mutation: modest or no effect?
BRCAZ2 mutation: Effective (~50%
reduction)?@
Ovarian and overall cancer risk  80-90% 0% Screening: failure (late diagnosis)
reduction Primary prevention: NA
Mornrtality reduction®
Overall mortality reduction HR 0.28 [95% CI NA NA
(breast and ovarian cancer 0.10-0.74]
combined) compared with no
risk-reducing surgery
Risk of late diagnosis Breast: moderate Breast: minimal High
Ovaries: minimal Ovaries: very high
Aggresiveness Minimal High None
(laparoscopic)P
Morbidity (%) Low (<4%)P Moderate (10-30%)9 No
Medication Yes (HRT)® No Yes (chemoprevention)
Adverse-effects profile on QOL  ModerateP Moderate Minimal

Roukos & Briasoulis 2007, Nat. Clin. Practice Oncol., 4, 578 - 590.
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Fig. 1. Proportions of Molecular Aberrations (1,144 patients)

Mutation Patients tested Patients with aberration Percent
PIK3CA 803 82 10
KRAS 144 136 18
BRAF 740 123 17
EGFR 636 20 3
NRAS 489 38 8
PTEN loss 445 16 17
CKIT 431 1 2
p53 120 1 37
ALK 85 1 1
G-NAQ 75 2 3
C-MET 62 1 2
RET* 32 18 56
* Includes mastly patients with medullary thyroid cancer
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Fig. 2. Best RECIST Response; Patients with 1 Aberration
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Somatiskas mutacijas PIK3CA un PTEN
génos kriits veéza pacientem

S1 S38 H1047R

S2 + S39 E545K
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S4 E545K S41

S5 S42

S6 H1047L S43 +
S7 S44 E545K
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S9 S46 H1047R V272M
S10 S47

S11 S48 E545K

S12 Q546K S49

S13 S50

S14 S51

S15 S52
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Chemotherapy-

- - Early clonal Benign Early invasive Late invasive
Fertiized egg Gestation Infancy Chidhood  Adulthood 2Xpansion hamour Cancer CANCOr re;ce:f:lrsrg::te

lntrins}c L |
mutation processes Environmental
and lifestyle exposures Mutator
O Passanger mutation phenotype Chemotherapy c=====m
¢ Driver mutation
Chemothera;z%
resistance mutation bl o
driver mutations

10s-1,000s of mitoses 10s-100s of mitoses 10s-100,000 or more
depending on the organ depending on the cancer passenger mutations

Stratton et al., 2009, Nature, 458, 719 -724.
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Relative expression
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Figure2. Relative Expression of miRNAs

P <0.001
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Py.1sp-r = 0,1707 (Mann-Whitney Test)
Py.cisp-c = 0,2713 (Mann-Whitney Test)
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® BRCA1/2 ciltstéva mutaciju noteiksana
visam kriits/olnicu véza pacientém

® &t
B efektivi

® Jaunas riska grupu identifikacijas un
agrinas diagnostikas metodes

® BRCA2

® preskrinings gadijumos, kad nav
ciltsteva mutaciju

® eksoma/pilna genoma sekvenésana
HOC pacientem bez BRCA1/2
mutacijam

8 miRNA

ceturtdiena, 2011. gada 9. junijs



® Profilakses programmu izstrade un ievieSana
° W e ) - ° ° - °
atbilstosi genétiski determinétam riskam

® Somatisko mutaciju, genomu organizacijas
un transkriptomu saistiba ar terapiju

® draiveru orientéta terapija
® metastaZu draiveru identifikacija

® Kkliniski perfekti definétas un
homogenas pacientu kopas

® molekulara citogenetika

® eksomu/pilna genoma 30 - 50x
sekvenesana

® transkriptomu analize

®  mRNA lidz 1000x

® nekodgjosas RNS: miRNA &
link
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"WELL, IN OUR COUNTRY,"
SAID ALICE, STILL PANTING A
LITTLE, "YOU'D GENERALLY
GET TO SOMEWHERE ELSE —
IF YOU RUN VERY FAST FOR A
LONG TIME, AS WE'VE BEEN
DOING."

"A SLOW SORT OF COUNTRY!"
SAID THE QUEEN. "Now,

HERE, YOU SEE, IT TAKES ALL
THE RUNNING YOU CAN DO, TO
KEEP IN THE SAME PLACE. IF
YOU WANT TO GET SOMEWHERE
ELSE, YOU MUST RUN AT
LEAST TWICE AS FAST AS
THAT!"
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