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Preventing Breast, Ovarian Cancer in BRCA Carriers: Rational
of Prophylactic Surgery and Promises of Surveillance
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Women with inherited mutations in the BRCA1 or
BRCA2 (BRCA) genes face a high lifetime risk of de-
veloping breast and ovarian cancer. Breast cancer is the
most common female malignancy in the Western world;
275,000 women will receive a new diagnosis of breast
cancer this year in the United States.1 Given that BRCA
carriers make up 5 to 10% (13,750-27,500 women in the
USA) of all breast cancer cases, increasing is the interest
for the management of these women. As genetic test,
with the power to identify these high-risk women, has
been widely available and preventive surgical and non-
surgical choices abound, there is growing controversy
and uncertainty about prevention choice.

Ideally, prevention strategy should provide the best
combination of cancer protection, survival and quality of
life (QoL). Goal of prophylactic surgery is to eliminate
risk of cancer, by removing the organ(s) targeted by the
BRCA mutated genes, namely breasts and ovaries, be-
fore the disease clinically occurs. By contrast, preserva-
tion or surgical resection of these target organs only
when screening-detected early-stage cancer occurs rep-
resents the principal aim of close surveillance. In the
absence of data from randomized controlled trials
(RCTs) for apparent reasons, prevention management
should be guided by other nonrandomized reports.2 The
evident high risk of cancer for BRCA carriers urgently
suggests the need for intervention. But for which pre-
vention option are there the most convincing data?

Wide variation in risk estimates, diverse impacts of
surgical and nonsurgical prevention measures on sur-

vival and QoL and insufficient data, make decision for
prevention of BRCA mutation carriers too complicated
and challenging. As new data become available over the
last year regarding lifetime risk,3 the efficacy and limi-
tations of surgical and nonsurgical procedures,4–6 and
decision analysis,7 critical analysis on the light of these
new findings may help women and their physician to
deal with this dilemma.

Ten years after the discovery of BRCA genes an
explosion of research on understanding the molecular
mechanisms of BRCA pathway has been noted. But the
expectation that this elucidation could lead to effective
chemoprevention of the most common noninherited
(sporadic) cancer has been proven elusive. Although the
BRCA genes themselves appear unconnected to com-
mon, nonhereditary cancers, advances in understanding
BRCA genes’ biological function,8–10 suggest that de-
fects in other parts of the BRCA pathway might be
critical not only driving breast cancer but other cancers
as well.9,10

Uncertainty about risk magnitude is a major obstacle
in making decision. Most, but not all, women with in-
herited mutations that affect one allele of either BRCA1
or BRCA2, will develop breast and/or ovarian cancer.
This risk varies considerably between 40% to 85% for
breast cancer and 11% to 65% for ovarian cancer.3,8,11,12

This variation is depended on mutated gene (BRCA1 or
BRCA2 and different mutations in the same gene), fam-
ily history (strong or weak), as well as genetic and
external factors that modify genetic risk.8 Data available
suggest that among women with BRCA mutations, those
with a strong family history have a higher risk13 than
those without such a family history.14,15

However, a recent study published in Science3 may
overturn this widely accepted status.16 In the New York
Breast Cancer Study (NYBCS) on 1,008 New York-area
Ashkenazi Jewish women diagnosed with incident,
breast cancer, 104 (10.3%) female probands carried an
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ancient mutation in BRCA1 or BRCA2. By comparing
age, family history, cancer status, and other factors, King
et al.3 determined that the overall lifetime risks for breast
cancer were 82% for BRCA1 or BRCA2 carriers and for
ovarian cancer were 54% for BRCA1 carriers and 23%
for BRCA2 mutation carriers. These findings confirm the
very high lifetime risk of breast and ovarian cancer. The
exciting new is that all women with BRCA mutations,
even those who are distant relatives from both mother’s
side and father’s side, of a breast cancer case may face a
high lifetime risk.

Surgical and Nonsurgical Preventive Options
Prophylactic surgery includes bilateral mastectomy

(BM), bilateral salpingo-oophorectomy (BSO) and resec-
tion of both breasts and ovaries. By removing the BRCA-
targeted organ(s) surgery can dramatically reduce an
overall cancer risk.17 Indeed, although BRCA mutated
genes are found in every cell in the body of carriers, they
target nearly exclusively breast tissue, and to a lesser
extent, the ovary, and fallopian tube. Small appears to be
the risk of other cancers, such as pancreatic, colorectal
and stomach of women with inherited mutations.15,18,19

Early on, prophylactic BM in women with family
history of breast cancer had been suggested. With the
availability of genetic testing, surgery is performed only
to women with evident BRCA mutations. In a recent
report, 483 women with BRCA1/2 mutations were stud-
ied. After a mean follow-up of 6.4 years breast cancer
was diagnosed in two (1.9%) of 105 women who had
bilateral prophylactic mastectomy and in 184 (48.7%) of
378 matched controls who did not have the procedure.
Rebbeck et al. conclude that bilateral prophylactic mas-
tectomy reduces the risk of breast cancer in women with
BRCA1/2 mutations by approximately 90%.4 In a pro-
spective study of 139 women with BRCA1 or BRCA2
mutations, after a mean follow-up of 3 years, breast
cancer was developed in 8 of 63 women who had elected
surveillance but in none of the 76 BRCA mutations
carriers who had undergone prophylactic surgery20 High
morbidity in up to 30% after BM and reconstruction21

and adverse effects on psychosocial status have been
reported. However, recent studies show low rate of com-
plications after reconstruction, less than 10%.22 Further-
more, the majority of women were satisfied with their
decision, more those women with reconstruction, to un-
dergo BM and were not experiencing abnormal levels of
psychological distress, low levels of sexual activity, or
difficulties with body image.23

Nonsurgical interventions reliably attract research in-
terest for a better QoL without increasing risk of cancer
death of high-risk women. But data are few and suggest

major limitations. The addition of magnetic resonance
imaging (MRI), to the modest efficacy regular clinical
breast examination and annual mammography, could in-
crease the rate of early detection. In a latest prospective
study,5 at a mean follow-up of 2.9 years, 23 of 358
women with BRCA mutations developed ductal or inva-
sive breast cancer. MRI significantly increased the rate
of early detection, but the rate of tumors larger than 1 cm
was 43% and only 63% of patients had node-negative
disease.5 More frequent mammographic and MRI screen-
ing, for example every six months, might decrease late
diagnosis due early detection of “interval cancers” in-
creasing thereby early-stage cancer. But evidence is still
lacking. Because of its low specificity, MRI increases the
unneeded additional investigations and biopsies.5

Tamoxifen, an antiestrogenic modifier of genetic risk,8

can reduce breast cancer risk. But tamoxifen is effective
only in estrogen-receptors (ER) positive tumors in the
general population and probably also in BRCA-associ-
ated tumors. Indeed, in the NSABP-P1 trial, tamoxifen
chemoprevention reduced breast cancer incidence in
BRCA2 carriers only but not to those with BRCA1
mutations.24 Research is ongoing to confirm these find-
ings and to determine whether other estrogen receptor
modulators and aromatase inhibitors are more effective
than tamoxifen. Other nongenetic factors may also mod-
ify genetic risk.8 Pregnancy, physical exercise as adoles-
cent, healthy weight4 and breast-feeding25 are all factors
that may delay the onset or even reduce the risk of
cancer.

Ovarian cancer, beyond breast cancer, is also a prin-
cipal goal of prevention strategies for women with in-
herited mutations. Since breast tumorigenesis is caus-
atively linked with estrogen,26 it is not surprising that
BSO reduces the risk of both ovarian cancer and breast
cancer. This protective effect of BSO has been suggested
by previous small studies and decision analysis27,28 and
is confirmed by recent reports. In a large, retrospective
analysis of 551 BRCA carriers, BSO reduced the risk of
ovarian cancer by 96% and of breast cancer by 53% at a
mean follow-up of 9 years.29 Similar findings provided a
prospective study of 170 BRCA carriers. During a mean
follow-up of 2 years, incidence of ovarian or peritoneal
cancer and breast cancer was significantly greater in
women who selected surveillance than in those who
choose to undergone BSO.30 Laparoscopic BSO is asso-
ciated with low morbidity (4%)30 and all benefits of a
minimal-access surgery. High efficacy, minimal inva-
siveness and noneffective surveillance explain an in-
creasing trend towards BSO in recent years. Intensive
screening with ultrasonography and CA-125 in BRCA
carriers detection of ovarian cancer at early stage has
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been failed.30 A recent analysis of studies published
between 1998 and 2003 provided a convincing biological
basis to explain the failure of such a screening. Most
ovarian cancers in women with inherited mutations are
high-grade serous cancers, and these are infrequently
screen at an early stage.6 The use of hormone replace-
ment therapy (HRT) after BSO arises some concerns (31),
although HRT-associated adverse effects –increased risk
of breast cancer, coronary disease and thromboembolism
– observed in general population,32 were not found
among BRCA carriers in a recent Markov decision
analysis.7

Choosing Prevention Intervention
Penetrance, and impacts of prevention strategies on

cancer risk, survival, and QoL are the key criteria con-
sidered for making a good decision. It is however, elu-
sive to believe that a certain prevention option can fully
meet all these expectations together in an individual
woman. On one hand, nonsurgical procedures provide
good QoL but may be associated with increased risk of
advanced-stage cancer and mortality, on the other sur-
gery ensures a very high protection from cancer but it is
associated with all the disadvantages of invasiveness,
non-reversibility, surgical morbidity and adverse effects
on QoL.33

Ideally, surveillance may result in lifelong preserva-
tion of target organs or its surgical resection only when
cancer becomes clinically evident. Unfortunately, indi-
vidual women who will benefit from close screening
and/or chemoprevention cannot be identified. This iden-
tification can emerge only due understanding signalling
pathways and identifying genetic and environmental
modifiers.26 Genomics-based diagnostic techniques, such
as gene-array analysis and research focused on evaluat-
ing molecular pathways34 will help to identify those
BRCA carriers who will develop breast or ovarian can-
cer. Exciting findings using gene-expression profiles
based on tissue-array analysis in clinically evident breast
cancer are already available.35,36

Despite the rational focus of research on developing
effective nonsurgical interventions, in current clinical
practice prophylactic surgery is clearly superior to sur-
veillance. The high protective index, over 90% by sur-
gery, despite a possible overestimation37 and advances in
surgical techniques have resulted in an increasing accep-
tance of surgical prevention among both oncologists and
women with BRCA mutations.23

Which surgical procedure is the best? Of three surgical
approaches available, radical removal of both breast and
ovaries provides the highest cancer protection but be-
cause of its major invasiveness and complications, it is

preferred by few women. Most BRCA carriers choose
between BM and BSO, but it is a great challenge because
of their various effects on efficacy and QoL.38 The
efficacy of BSO to reduce risk of both breast cancer by
50% and ovarian cancer by 90%,27–30 the more extensive
surgery and increased morbidity with BM and recon-
struction,21,22 the advantages of laparoscopic BSO, and
the absence of effective ovarian-cancer screening,
strongly convince for the superiority of BSO.6,7,39 A
careful and individualized decision about use of HRT
after BSO is advised.

Separate decision for BRCA1 and BRCA2 carriers
appears useful. For BRCA1 carriers there is little or no
room for discussion. The evident very high lifetime risk
of both breast cancer (65-82%) and ovarian cancer (39–
54%)3,12,14,15 along with failure response to tamoxifen
chemoprevention,24 suggest the urgent need for surgical
prophylaxis. Compared with BRCA1 carriers, women
with BRCA2 mutation face a lower probability of devel-
oping cancer in the breast (45–82%) or ovary (11–23%).
But this risk remains high, much higher than in general
population, and despite the tamoxifen effectiveness –
most BRCA2 are ER positive tumors – the uncertainty
about cancer mortality persists.

The wide availability and power expand the clinical
applications of genetic testing. Since 5% to 10% of
women with a new breast cancer diagnosis carry BRCA
mutations and initial surgical treatment of breast cancer
differs between carriers and non-carriers, genetic risk
assessment may affect surgical decision.40 Breast-con-
serving surgery41 and mastectomy, which are currently
used for breast cancer treatment, may be inappropriate
procedures for BRCA carriers. The mutated genes con-
tinue to target the available breast tissue and there is
increased risk of developing cancer in the preserved
breast and/or the contralateral breast42

In summary, with the discovery of BRCA genes enor-
mous progress has been made and multiple prevention
options are available. However, right individualized de-
cision at the right time is elusive. Intensive research on
nonsurgical prevention strategies provides the best prom-
ises for the future. But at present, demands and prefer-
ences of women with BRCA mutations to avoid removal
of breasts and/or ovaries cannot be satisfied without risk.
Surveillance strategy is associated with a high risk of late
diagnosis of breast cancer and particularly of ovarian
cancer and mortality in some women, who despite ad-
vances in molecular research and image technology can-
not be identified.

In current clinical practice, rational is a surgical ap-
proach. Prophylactic surgery does not cure the cause,
namely the mutated genes. But with complete resection
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of target organ(s), surgery provides a very high efficacy
regarding cancer prevention and survival. As surgery
evolves, postoperative morbidity rates and adverse ef-
fects on QoL have dramatically been reduced. Laparo-
scopic bilateral salpingo-oophorectomy after completion
of childbearing provides today the best risk-benefit ratio
and it is increasingly acceptable by both doctors and their
patients toward improving primarily survival and QoL.

REFERENCES

1. Jemal A, Tiwari RC, Murray T. Cancer Statistics. CA Cancer
J Clin 2004;54:8–29.

2. Harris RP, Helfand M, Woolf SH, et al. Current methods of the US
Preventive Services Task Force: a review of the process, 2004.
(Accessed July 9, 2004, at http://www.ahrq.gov/clinic/ajpmsuppl/
harris3.htm.)

3. King MC, Marks JH, Mandell JB; New York Breast Cancer Study
Group. Breast and ovarian cancer risks due to inherited mutations
in BRCA1 and BRCA2. Science 2003;302:643–6.

4. Rebbeck TR, Friebel T, Lynch HT, et al. Bilateral prophylactic
mastectomy reduces breast cancer risk in BRCA1 and BRCA2
mutation carriers: the PROSE Study Group. J Clin Oncol 2004;
22:1055–62.

5. Kriege M, Brekelmans CTM, Boetes C, et al. Efficacy of MRI and
mammography for breat-cancer screening in women with a famil-
ial or genetic predisposition. N Engl J Med 2004;351:427–37.

6. Hogg R, Friedlander M. Biology of epithelial ovarian cancer:
implications for screening women at high genetic risk. J Clin
Oncol 2004;22:1315–27.

7. Armstrong K, Sanford Schwartz J, Randall T, et al: Hormone
replacement therapy and life expectancy after prophylactic oopho-
rectomy in women with BRCA1/2 mutations: A decision analysis.
J Clin Oncol 2004;22:1045–54.

8. Narod SA. Modifiers of risk of hereditary breast and ovarian
cancer (Review). Nat Rev Cancer 2002;2:113–23.

9. Couzin J. The twists and turns in BRCA’s path. Science 2003;302:
591–3.

10. Venkitaraman A. Tracing the network connecting BRCA and
Fanconi anaemia proteins. Nat Rev Cancer 2004;4:266–76.

11. Nathanson KN, Wooster R, Weber BL. Breast cancer genetics:
What we know and what we need. Nat Med 2001;7:552–6.

12. Georgiou, I, Fatouros M, Arampatzis I, et al. Evaluating cancer
risks in BRCA mutation carriers. Gastric Breast Cancer 2003;2:
45–51.

13. Ford D, Easton DF, Stratton M, et al. Genetic heterogeneity and
penetrance analysis of the BRCA1 and BRCA2 genes in breast
cancer families. Am J Hum Genet 1998;62:676–89.

14. Antoniou A, Pharoah PD, et al. Average risks of breast and ovarian
cancer associated with BRCA1 or BRCA2 mutations detected in
case Series unselected for family history: a combined analysis of
22 studies. Am J Hum Genet 2003;72:1117–30.

15. Brose MS, Rebbeck TR, Calzone KA, et al. Cancer risk estimates
for BRCA1 mutation carriers identified in a risk evaluation pro-
gram. J Natl Cancer Inst 2002;94:1365–72.

16. Begg CB. On the use of familial aggregation in population-based
case probands for calculating penetrance. J Natl Cancer Inst 2002;
94:1221–6.

17. Roukos DH, Kappas AM, Tsianos E. Role of surgery in the
prophylaxis of hereditary cancer syndromes (Editorial). Ann Surg
Oncol 2002;9:607–9.

18. Thompson D, Easton DF. Cancer incidence in BRCA1 mutation
carriers. J Natl Cancer Inst 2002;94:1358–65.

19. Gruber SB, Petersen GM. Cancer risks in BRCA1 carriers: time for

the next generation of studies (Editorial). J Natl Cancer Inst
2002;94:1344–45.

20. Meijers-Heijboer H, van Geel B, van Putten WL, et al. Breast
cancer after prophylactic bilateral mastectomy in women with a
BRCA1 or BRCA2 mutation. N Engl J Med 2001;345:159–64.

21. Gabriel SE, Woods JE, O’Fallon WM, et al. Complications leading
to surgery after breast implantation. N Engl J Med 1997;336:677–
82.

22. Guerra AB, Metzinger SE, Bidros RS, et al. Bilateral breast re-
construction with the deep inferior epigastric perforator (DIEP)
flap: an experience with 280 flaps. Ann Plast Surg 2004;52:246–
52.

23. Metcalfe KA, Esplen MJ, Goel V, Narod SA. Psychosocial func-
tioning in women who have undergone bilateral prophylactic mas-
tectomy. Psychooncology 2004;13:14–25.

24. King MC, Wieand S, Hale K, et al. Tamoxifen and breast cancer
incidence among women with inherited mutations in BRCA1 and
BRCA2: National Surgical Adjuvant Breast and Bowel Project
(NSABP-P1) Breast Cancer Prevention Trial. JAMA 2001;286:
2251–6.

25. Jernström H, Lubinski J, Lynch HT, et al. Breast-feeding and the
risk of breast cancer in BRCA1 and BRCA2 mutation carriers.
J Natl Cancer Inst 2004;96:1094–8.

26. Agnantis NJ, Paraskevaidis E, Roukos DH. Carcinogenesis of
breast bancer: Advances and applications. Gastric Breast Cancer
2004;3:5–14. (Accessed August 20, 2004, at http://www.gas-
tricbreastcancer.com/breastcancer_abs.asp.)

27. Schrag D, Kuntz KM, Garber JE, Weeks JC. Decision analysis –
effects of prophylactic mastectomy and oophorectomy on life
expectancy among women with BRCA1 and BRCA2 mutations.
N Engl J Med 1997;336:1465–71. (Erratum, N Engl J Med 1997;
337:434).

28. Rebbeck TR, Levin AM, Eisen A, et al. Breast cancer risk after
bilateral prophylactic oophorectomy in BRCA1 mutation carriers.
J Natl Cancer Inst 1999;91:1475–9.

29. Rebbeck TR, Lynch HT, Neuhausen SL, et al. Prophylactic oo-
phorectomy in carriers of BRCA1 or BRCA2 mutations. N Engl
J Med 2002;346:1616–22.

30. Kauff ND, Satagopan JM, Robson ME, et al. Risk-reducing sal-
pingo-oophorectomy in women with a BRCA1 or BRCA2 muta-
tion. N Engl J Med 2002;346:1609–15.

31. Garber JE, Hartman AR. Prophylactic oophorectomy and hormone
replacement therapy: protection at what price? J Clin Oncol 2004;
22:978–80.

32. Writing Group for the Women’s Health Initiative Investigators.
Risks and benefits of estrogen plus progestin in healthy postmeno-
pausal women: principal results From the Women’s Health Initia-
tive randomized controlled trial. JAMA 2002;288:321–33.

33. Roukos DH, Kappas AM. Risks and benefits of risk-reducing
surgery in inherited breast and gastric cancer susceptibility. Gas-
tric Breast Cancer 2002;1:65–7.

34. Gswind A, Fischer OM, Ullrich A. The discovery of receptors
tyrosine kinases: targets for cancer therapy. Nat Rev Cancer 2004;
4:361–70.

35. van de Vijver MJ, He YD, van ’t Veer LJ et al. A gene-expression
signature as a predictor of survival in breast cancer. N Engl J Med
2002;347:1999–2009.

36. Roukos DH, Pavlidis N, Agnantis NJ. Gene-expression profile: the
future in the outcome prediction and treatment of breast cancer.
Gastric Breast Cancer 2003;2:5–8. (Accessed August 18, 2004 at
http://www.gastriccancer.net/Gene–Expression_abs.asp.)

37. Klaren HM, van’t Veer LJ, van Leeuwen FE, Rookus MA.
Potential for bias in studies on efficacy of prophylactic surgery
for BRCA1 and BRCA2 mutation. J Natl Cancer Inst 2003;95:
941–7.

38. Roukos DH, Agnantis NJ, Paraskevaidis E, Kappas AM. Chal-
lenges in surgical preventive decision for BRCA1/BRCA2-muta-
tion carriers. Gastric Breast Cancer 2002;1:68–70.

39. Roukos DH, Agnanti NJ, Paraskevaidis E, Kappas AM. Approach-

1033EDITORIAL

Ann Surg Oncol, Vol. 11, No. 12, 2004



ing the dilemma between prophylactic bilateral mastectomy or
oophorectomy for breast and ovarian cancer prevention in carriers
of BRCA1 or BRCA2 mutations. Ann Surg Oncol 2002;9:941–3.

40. Roukos DH. Effect of genetic cancer risk assessment on surgical
decisions at breast cancer diagnosis—Invited Critique. Arch Surg
2003;138:1329.

41. Roukos DH, Kappas AM, Agnantis NJ. Perspectives and risks of
breast-conservation therapy for breast cancer (Editorial). Ann Surg
Oncol 2003 Aug;10:718–21.

42. Metcalfe K, Lynch HT, Ghadirian P, et al. Contralateral breast
cancer in BRCA1 and BRCA2 mutation carriers. J Clin Oncol
2004;22:2328–35.

1034 N.J. AGNANTIS ET AL.

Ann Surg Oncol, Vol. 11, No. 12, 2004


