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Stratton et al., 2009, Nature, 458, 719 -724.
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Vēža šūna ir vairāku 
mutāciju rezultāts.

Svarīgākās molekulārās 
izmaiņas parasti paaugstina 
mutāciju biežumu šūnā un 
tādējādi uzkrājas liels 
daudzums ar audzēju 
nesaistītu mutāciju.

Audzēja šūnas ir ģenētiski 
heterogēnas un atšķiras pēc 
to iespējām metastazēt un 
attīstīt rezistenci pret 
terapiju.
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Figure 1. Breast cancer susceptibility loci according to the approximate magnitude of their
associated relative risk (per risk allele) and frequency of the risk allele
This figure shows that most low penetrance variants in susceptibly loci discovered to date fall
into the lower right corner (risk allele frequencies over 20% and relative risk per risk allele
under 1.3), and that common risk alleles associated with higher relative risk (upper right
corners) are unlikely to exist. While additional high penetrance mutations in susceptibly loci
are unlikely; moderate and low penetrance variants are likely to be discovered in the near future
as the genetic coverage of whole genome scans improves for uncommon variants and the size
of studies increases.
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Analysis of the 8th exon of the BRCA2 
gene by HRM 

ceturtdiena, 2011. gada 9. jūnijs



BRCA2 mutācijas Latvijā
Lokalizā-

cija
Skaits 873delG 886delTG -25 A>G -69 T>C

Breast 

cancer 
777 2 5 3 1

Ovary 

cancer 
298 0 0 0 0

ceturtdiena, 2011. gada 9. jūnijs



n engl j med 361;2 nejm.org july 9, 2009 123

The new england  
journal of medicine
established in 1812 july 9, 2009 vol. 361 no. 2

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.

A BS TR AC T

From the Drug Development Unit, Royal 
Marsden National Health Service (NHS) 
Foundation Trust and the Institute of 
Cancer Research, Sutton, Surrey (P.C.F., 
T.A.Y., S.B.K., J.S.B.); the Breakthrough 
Breast Cancer Research Centre at the In-
stitute of Cancer Research (A.T., P.W., A.A.), 
and the Breakthrough Breast Cancer Re-
search Unit at King’s College London, 
Guy’s Campus (A.T., P.W.) — both in Lon-
don; KuDOS Pharmaceuticals, Cambridge 
(P.M., A.L., M.J.O., J.C.); and AstraZeneca, 
Macclesfield (H.S.) — all in the United 
Kingdom; and the Netherlands Cancer 
Institute, Amsterdam (D.S.B., M.M.-R., 
J.H.M.S.); and Department of Pharmaceu-
tical Sciences, Utrecht University, Utrecht 
(J.H.M.S.) — both in the Netherlands. 
Address reprint requests to Dr. de Bono 
at the Institute of Cancer Research, Royal 
Marsden NHS Foundation Trust, Downs 
Rd., Sutton, Surrey SM2 5PT, United King-
dom, or at johann.de-bono@icr.ac.uk.

This article (10.1056/NEJMoa0900212) was 
published on June 24, 2009, at NEJM.org.

N Engl J Med 2009;361:123-34.
Copyright © 2009 Massachusetts Medical Society.

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 BRCA1 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.)

The New England Journal of Medicine 
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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

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.1 In the 

UK, the relative incidence is similar, with 6,600 ovarian 
cancer diagnoses and more than 4,500 deaths per year.2 
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,3,4 and clear-
cell5 and mucinous6 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.7 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.8 
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),9–12 the international 
standard of care for patients who present with advanced 
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Parauga D500 elektroferogramma (A), negatīvās kontroles elektroferogramma (B) un iegūto 
datu normalizācijas grafiks (C). 

Pacienta D500 ģimenes ar HNPCC 
sindromu ciltskoks.
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Figure 1. Breast cancer susceptibility loci according to the approximate magnitude of their
associated relative risk (per risk allele) and frequency of the risk allele
This figure shows that most low penetrance variants in susceptibly loci discovered to date fall
into the lower right corner (risk allele frequencies over 20% and relative risk per risk allele
under 1.3), and that common risk alleles associated with higher relative risk (upper right
corners) are unlikely to exist. While additional high penetrance mutations in susceptibly loci
are unlikely; moderate and low penetrance variants are likely to be discovered in the near future
as the genetic coverage of whole genome scans improves for uncommon variants and the size
of studies increases.
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Table 2

Novel common genetic susceptibility loci associated with histological heterogeneity, recently identified in a genome-wide association study of ovarian
cancer ([38••] and unpublished data)

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 rs2072590 0.32 1.10 1.05–1.16 1.19 1.14–1.25

3q25 rs2665390 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 rs9303542 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
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0.0008     1.65           3.41  
0.055       1.41           2.31  
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Lokalizā-
cija

Saslimšanas risks (%)Saslimšanas risks (%)Saslimšanas risks (%)Saslimšanas risks (%)
Lokalizā-

cija
Populācija BRCA1 BRCA2

MLH1
MSH2
MSH6

CHEK2
1100delC

 

Krūts 
vēzis 10 - 14 65 - 85 45 - 85 11,4 - 15,4

Olnīcu 
vēzis 1-2 37 - 62 11 - 23 7 - 12 2,4 - 3,4

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
Polygenes, Risk Prediction, and Targeted Prevention of Breast Cancer

n engl j med 358;26 www.nejm.org june 26, 2008 2801

of her breast-cancer risk profile, offer a person-
alized screening program in which the starting 
age would vary. Table 2 shows the absolute risks 
of breast cancer per centile of the population. 
These absolute risks are based on the predicted 
risk distribution of the seven known breast-can-
cer susceptibility loci. Table 2 also shows the age 
at which women in different risk categories will 
have a specified absolute risk of breast cancer in 
the next 10 years. Women in the 5th percentile 
of the risk distribution (relative risk, 0.63) have 
a 10-year risk at 50 years of age of 1.5%, and, be-
cause of the effects of competing causes of death, 
they never reach a threshold 10-year risk of 2.3%.

In contrast, women in the 95th percentile have 
a 10-year risk of 2.3% after 41 years of age. Only 
the top 0.1% of the population would reach the 
threshold for moderate risk according to the 
NICE guidelines, for whom annual screening af-
ter 40 years of age is recommended. As more 
alleles are identified, the precision of the risk 
estimates would improve, but the principle would 
remain the same. For example, if two further 
sets of seven loci conferring the same relative 
risks were identified, women in the 95th percen-
tile would have a relative risk of 1.91, and ap-
proximately 3.5% of the population would be 
included in the NICE moderate-risk category. 
However, no women would be included in the 
high-risk category as defined by NICE (i.e., 8% 

risk between 40 and 50 years of age); magnetic 
resonance imaging (MRI) or prophylactic oopho-
rectomy or mastectomy would be appropriate for 
women in this category. Even if all susceptibility 
loci were known,6 only 2% of the population 
would be included in this category. Thus, it is 
likely that this high-risk category will remain re-
stricted largely to carriers of BRCA1 and BRCA2 
mutations. In practice, risk prediction could be 
improved by incorporating information on life-
style risk factors or other markers (e.g., mammo-
graphic density), but risk classification with the 
use of genetic profiling could improve the cur-
rent classification.

Discussion

Although the clinical use of single, common low-
penetrance genes is limited, a small number of 
susceptibility alleles could distinguish women at 
high risk for breast cancer from women at low 
risk, particularly in the context of population-
screening programs. Moreover, stratifying wom-
en according to genetic risk may improve the ef-
ficiency of screening programs.

There are many questions to be answered and 
barriers to be overcome, however, before such 
potential could be realized. The simple models 
we described make several assumptions, some of 
which may not be robust. For example, the as-

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

Percentile of Population Relative Risk Lifetime Risk†
10-Yr Risk at 50 Yr  

of Age†
Age at Which 10-Yr 

Risk ≥2.3%

% yr

5 0.63 6.1 1.5 NA‡

10 0.69 6.7 1.6 NA‡

20 0.77 7.4 1.8 NA‡

40 0.90 8.6 2.1 53

60 1.03 9.7 2.4 49

80 1.20 11.0 2.7 45

90 1.35 12.0 3.0 43

95 1.49 14.0 3.4 41

* The relative risks are based on the risk distribution of seven known breast-cancer susceptibility loci.
† The absolute risks (lifetime risk and 10-year risk at 50 years of age) are estimated from the relative risks and age-specif-

ic breast-cancer incidence and all-cause mortality in England and Wales in 2004.
‡ NA denotes not applicable. The 10-year risk of breast cancer increases with age and peaks at approximately 60 years of 

age.29 It then decreases because the mortality from other causes increases faster than the incidence of breast cancer. 
Thus, the maximum 10-year risk among some women is less than the 2.3% threshold.
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Diagnostika vs. Terapija

Riska grupu identifikācija un agrīnā diagnostika ir 
bezjēdzīgas, ja nav efektīvas riska profilakses 
savlaicīgas efektīvas terapijas.
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women.76,78 The bone loss caused by AI use is 
a concern considering their prolonged use in 
otherwise healthy women.79,80 Moreover, it 
should be underscored that AIs will be effective 
only in postmenopausal women with constitu-
tive synthesis of estrogen, not in premenopausal 
women in whom estrogen synthesis is regulated 
by a pituitary-controlled gonadotropin-mediated 
feedback system.81

Hormonal contraceptives
Although long-term oral contraceptive use is 
suggested to reduce the risk of ovarian cancer 
among women who carry mutations of BRCA1 or 
BRCA2, data on the effect of oral contraceptives 
on breast cancer risk are inconsistent and do not 
allow any recommendations on their use.82,83 
Currently a number of chemoprevention trials 
are open to accrual for women at risk of HBOC 
and are publicly available at the ClinicalTrials.gov 
database (www.clinicaltrials.gov). AIs, sulindac, 
genistein, and celecoxib are among the agents 
being investigated.

CHOOSING PREVENTIVE INTERVENTION
Selecting the most appropriate preventive strategy 
for women with familial susceptibility to HBOC 
is not a straightforward task. Risk assessment, the 
limitations of genetic testing, the effectiveness 
of risk reduction and the adverse effects of these 
interventions, as well as their impact on survival 
and quality of life, should carefully be consid-
ered. Existing evidence is mainly based on cohort 
or case–control studies, although, in the case of 
tamoxifen, evidence has been obtained from 
randomized controlled trials.65,66 Despite these 
limitations, preventive intervention for BRCA 
mutation carriers is urgently required, because 
these women are at very high risk of developing 
breast and/or ovarian cancer at a young age. 
Furthermore, without adequate prevention the 
mortality for these women is high because of late 
cancer diagnosis.59

Table 2 summarizes the effects of surgical and 
nonsurgical interventions on survival and quality 
of life in women from HBOC families. Prophylactic 
surgery remains the most effective modality for 

Table 2 Surgical and nonsurgical interventions: safety, reduction of cancer incidence and mortality, and impact on quality of life in 
BRCA1/2 mutation carriers.

Efficacy and safety Prophylactic surgery Surveillance with or without 
chemoprevention

References

Bilateral salpingo-
oophorectomy

Bilateral 
mastectomy

Reduction in cancer 
incidence 

35–39, 41–70

Breast cancer 50%b 90% BRCA1 mutation: modest or no effecta
BRCA2 mutation: Effective (~50% 
reduction)a

Ovarian and overall cancer risk 
reduction

80–90% 0% Screening: failure (late diagnosis)
Primary prevention: NA

Mortality reductionc 

Overall mortality reduction 
(breast and ovarian cancer 
combined) compared with no 
risk-reducing surgery

HR 0.28 [95% CI 
0.10–0.74]

NA NA 46

Risk of late diagnosis Breast: moderate 
Ovaries: minimal

Breast: minimal
Ovaries: very high

High 35–39, 41–51, 
59–62

Aggresiveness Minimal 
(laparoscopic)b

High None 12

Morbidity (%) Low (<4%)b Moderate (10–30%)d No 12, 48

Medication Yes (HRT)e No Yes (chemoprevention) 52, 65–70, 84, 85

Adverse-effects profile on QOL Moderateb Moderate Minimal 12, 40, 50
aTamoxifen chemoprevention reduces the risk of ER-positive breast cancer in high-risk healthy individuals but the magnitude of this benefit is lower than that  
with prophylactic surgery. bAdvantages of bilateral salpingo-oophorectomy compared with bilateral mastectomy. cEstimates are based on a mean follow-up of 
3.1 years in the PBSO group and 2.1 years in the non-PBSO group. dBreast reconstruction is included. ePremenopausal women. Abbreviations: HR, hazard ratio; 
HRT, hormone replacement therapy; NA, not available; QOL, quality of life.
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Somatiskas mutācijas PIK3CA un PTEN 
gēnos krūts vēža pacientēm
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BRCA1/2 ciltstēva mutāciju noteikšana 
visām krūts/olnīcu vēža pacientēm

lēti

efektīvi

Jaunas riska grupu identifikācijas un 
agrīnās diagnostikas metodes

BRCA2

preskrīnings gadījumos, kad nav 
ciltstēva mutāciju

eksoma/pilna genoma sekvenēšana 
HOC pacientēm bez BRCA1/2 
mutācijām

miRNA
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Profilakses programmu izstrāde un ieviešana 
atbilstoši ģenētiski determinētam riskam

Somatisko mutāciju, genomu organizācijas 
un transkriptomu saistība ar terapiju 

draiveru orientēta terapija

metastāžu draiveru identifikācija

klīniski perfekti definētas un 
homogēnas pacientu kopas

molekulārā citoģenētika

eksomu/pilna genoma 30 - 50x 
sekvenēšana

transkriptomu analīze 

mRNA līdz 1000x

nekodējošās 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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