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The ‘diSéoﬁery of the BRCAl and

" BRCAZ2 genes in 1994 has stimu--
 lated clinical genetic testmg for
 inherited susceptibility to breast- < -
ovarian cancer. While the discovery’
" of these genes may enable the pre-
vention of potentlally lethal disease,
it also poses enormous ‘challenges

- for patients and physicians. Testmg

ies evaluating both the
length and.the quality of
life of women wio make

. different choices must be

* a priority in order to pro-

vide BRCA1/2 carriers with
access to better lnforma-
tion.

-may enable women who have mul— -
- tiple close relatives with breast -
“and/or ovarian cancer to better
- define their own risks of developing

cancer Because of the enormous.

~ fear these cancers inspire and’

because of the widespread media
attention the BRCA1 and BRCA2

.genes have received, many women

wonder whether they should con-
sider genetic testing and what, if ‘

' any, actions they might take if a

mutation were to be discovered.
Although there are strategles to

~decrease cancer:risks, there is no
-perfect means of cancer prevention -

for those women who learn that
they carry a mutation in one of .

these genes. ThlS issue of RISK IN

PERSEPCTIVE reviews the magni--
tude of ‘cancer risks associated with
BRCA1 and BRCA2 mutations and -

_focuses on an undeniably extreme .
measure considered by some women: -

- means of cancer prevention.
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 FREQUENCY OF BRCA1 AND'

BRCA2 MUTATIONS AND

- ASSOCIATED CANCER RISKS‘

In the US populatlon it is est1— -

mated that ¢ one to two in a thou-

* sand women -are born with a muta-

tion in BRCAl or BRCAZ
However, these mutations are more -

~frequent in spec1f1c populatlons for
‘example, they are seen in 2.5% of

individuals with Eastern European

- Jewish ethnic origin. Approximately:
. 7 peicent of breast cancers and 10

percent of ovarian cancers in the.

'~ US are thought to be due to the
presence of mutations in these

genes. Cancers that develop at earlyi_ -
ages or in women with many-.

. affected relatives are especially |

hkely to be due to BRCA1/2 muta-’.

.thIlS



) Ascertammg the prec1se cancer r1sl<s associ-

ated with an inherited BRCA1 or BRCA?2 °

. mutation has been challenging. Since test- K

“ing has.been available for less than four’
""years it is-not known just how-many.
- mutation carriers will ultimately develop -
“cancer, Early estimates predicted that

women with an inherited BRCA1 mutation

faced an 87% probabrllty of developlng

" breast cancer by age 70 and 2:63% proba'—‘

'brhty of developing ovarian cancer by age
70. The breast cancer risks associated W1th

"BRCAZ are similar to. BRCA1; the ovarian -

_cancer r1sk is sornewhat lower. .

" These: early estimates were derived from .

. studles of families: ‘with the most dramatrc

- cancer histories; subsequent populatron-

. . based studies have. shown that the cancer -

risks for BRCA1/2 mutation carriers may
not always be s0 extreme.’ A study by
“Struewing et al in a large cohort of -

- Ashkenazi Jewish women found that by

" age 70, 56%-of mutations carriers had

- developed a breast cancer and 16% an_ f
_ovarjan cancer. In contrast, ‘average

: Amerlcan women with undefined genetic

©status have a lifetime breast ¢ cancer risk of
T 11%, and an, ovarian cancer rlsk of 1. 5%

-.~Although uncertainty persists as to the
- level of risk assoc1ated with having an-

L 1nher1ted BRCA1 or BRCA2 mutation, itis

very clear that not all mutation carriers are

destined to develop cancer. Investlganon of

the modifying effects of other genetic and "
-environmental factors are actively under-
“way but have provided little insight thus

far as to why some individuals with abncrz-

mal BRCA1/2 genes remain cancer-free

CANCER PREVENTION STRATEGIES

. Most women who learn they catry a
BRCA1 or. BRCA2 mutatlon have opted
for close surveillance: semi- -annual breast -
‘exarminations and annual mammograms

for early breast cancer detectlon and semi -

annual pelvic examinations and pelvic

‘ultrasounds for early ovarian cancer detec-
~tion. The prlmary alternative to thlS -
‘ v_approach is preventive SUIgery to-remove .

the breasts (prophylactic mastectomy) and

_ovaries (prophylact1c oophorectomy) To.

" date, the vast minority of women have

. chosen to undergo prophylactlc mastectomy
. whereas a moderate.proportion ‘of 'gene-car- o '

riers, partlcularly those who have reached

* . meropause or completed childbearing, have -
“elected prophylactic oophorectomy. The
..potentlally profound effects of. thése surg® . .

eries on- quality of life help: explam Why they

= are not elected more often::

o 'Enormous exc1tement greeted the March
1998 announcement by the National - -
: ‘Cancer TInstitute that’ results of a random-

ized placebo- controlled trial involving over .-

13 000 U.S. women show that the hor-

monal agent tamoxifen reduced the inci-

- ‘dence of new breast cancers among women

at ifcreased risk by 45%.No data are yet.
avarlable about-how effective tamoxrfen is.:

" for women whose mcreased breast cancer .- ’

rrsk is due to a BRCAl/Z mutation, since .

’genetrc testing was not an ‘original compo-. _

- nent of this trial. As these analyses are per- - .

- formed over the coming months, the antic-
“ipated clinical impact of tamoxifen for
mutatlon carners can be- better assessed

".'PRDPHYLACTlc SURGERY

- ’Intens1f1ed surverllance may detect breast
" and ‘or ovarian cancers at a favorable early. .

- stage but does not prevent cancer. For thlS o

reason, women who carry BRCAl or '

: :BRCA2 mutations may consider prophy-

lactic mastectomy and/or oopherectomy .

. despite a-scant literature on the long-term
“outcomes of these procedures. It is clear °

that nelther approach-provides complete '

. ‘protection against developing cancer." ,
- Prospectrve data about the effectlveness of



: prophylactlc surgery from ‘women who have |

‘undergone BRCA1/2 testing are being col-.
" lected but will take years.to accrue..

~In the meant1me the avallable estlmates are

derived from’ retrospectlve studies of women . |
~ ~who had prophylact1c surgery prior o ‘the:

" availability of BRCA1/2 testing. Hartmann

-' . and her colleagues at the Mayo Clinic have

A_'recently reported data- from a cohortt of.

~* 1039 women comparing: the observed inci-

~dence of, breast caricers to the number
expected if prophylactrc mastectomy had

.. not beenperformed. They estimated a:91% -
" ‘reduction in bréast cancer incidence associ-
- ated with this surgery. Srm1larly, prophylac-'
" tic oophorectomy does not guarantee immu-
. ‘nity from ovarian cancer as tumers that -

_ behave like ovarian cancers may still arise *

. from eells lining the abdominal cavity that | '
" cannot be removed: Conservative, estimates -
- suggest that at least 50% of ovarian cancers_

A .mlght be prevented by prophylactrc o
’ voophorectomy : Lo

- "DECISION ANALYSlS ESTlMATING
THEIMPACT OF PROPHYLACTIC
- SURGERY ON LIFE EXPECTANCY

Decision analysrs can help prov1de estimates
- of the impact of a treatment by srmulatmg

.. survival for hypothetrcal cohotts of patients ;

"~ who make dlfferent treatment. dec1srons

Investigators affiliated with the Dana- Farber -
Cancer Institute and the Harvard Center for

Risk Analy51s constructéd a decision-ana- .-

lytic model evaluating the impact of: prophy- '

lactic mastectomy and/or oophorectomy on

) _lrfe expectancy for BRCAl and BRCA2 car- -
©riers. Its purpose was to ptovide estimates

of the effect of these procedures on survival
" for women who carry BRCA1, or BRCA2

" mutations in order to fac1lrtate informed
decision making. Preferences ‘concerning the

- tradeoffs berween maximizing length and . -
~quality-of life will influence the 51gmf1cance o

‘ of these estlmates for an, 1nd1v1dual woman.

3

'Synthesrzlng avarlable data about procedure ,
efficacy, gene—assoc1ated cancerrisks . and |

cancer prognosis, the life: expectancy gams o

" from particular prophylact1c surgical mter— ,
ventlons compared to no prophylactlc ‘ ‘

s 'surgery were calculated. “The life- expectancy

~ gaing’ “from various combmatlons of 1mmed1— e
- ate and delayed prophylactrc surgrcal strate-

gies for women of different ages. and at dif- .’
ferent levels of cancér risk were modeled
using a Markov cohort s1mulat10n Delayed

surgery was considered because postponing .
' surgery until after .completion of childbear- e
" ing and lactatron may be 1mportant for S
". some women.

The analysrs made conservatlve assumptions "
~ about the degree of protection afforded by

" :_prophylactlc surgeries and considered that
- prophylactic mastectomy reduced breast”

cancer risk by 85% and prophylactrc

, 'oophorectomy reduced ovarian cancer rrsk

- by 50%. The impact of these surgeries on
‘life expectancy of women Wltl’l low risk -

~ mutations (40% cumulatlve breast canicer

" risk and ‘5% cumulatlve ovarian-cancer

-'_f_r1sl<) moderate risk mutations (60% cumu-
lative breast cancer risk and 20% ovarian
"cancer. rlsk) and high risk mutations ( 85 %. o
'cumulatwe breast and 40% cumulative -

ovarran cancer risks) Were each evaluated

: 'The study showed that 30 year—old women
‘who elect both surgeries can antlclpate from .

3.2 to 7.6 years of life expectancy gain .-

depending on whether they carry a mutation

conferring low or high cancer risk. For pro- |
phylactlc mastectomy alone, the gain ranges -

from 2.9 to 5.3 years. To place these gains

in context, they greatly exceed the survrval

- impact of widely accepted medical preven- b
‘tive measures such as smokmg cessation,
- blood pressure control and screening mam-

mography. The’ surv1val benefit of prophy- .
lactic mastectomy:is 2 to 4 times that of

:chemotherapy for early stage breast cancer.
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_ - ST TABLE1
Age-specific life »expectancy gams resultlng from prophylactlc surgery compared to

‘cancer surveillance in women carrylng a moderate nsk mutatlon in BRCA1 or BRCAZ

CLINICAL STRATEGY\ . AGE 30° | AGES50

Llfe expectancy WlthOut prophylactlc surgery (years) 42.3 Lo 29_.6' -

Gain i in life expectancy with prophylactrc surgery (years) | _ B
Mastectomy and oophorectomy _ 53 .20

._ Mastectomy and delayed (10 years) oophorectomy 51 N 17
Mastectomy 41 | 16
Delayed (10 years) mastectomy 24 | : (')_.2j
Oophotectme o . : 10 04

The an-‘ticipated’virnpact of prophy--

lactic oophorectomy is less substan- -

tial, both because ovarian cancer is

- less common and because the pro-

cedure appears less effective.
Nonetheless, prophylactrc

‘oophorectomy results in an addi-

“ tional 0.2-1.7 years of life _
: ‘expectancy for 30-year old women.
- Delayrng prophylactic oophorec-
‘tomy until age 40 results in little
~ compromise. of this benefit. Life

expectancy. gains decline with age -

- at the time of surgery and are mini-
mal for 60-year old women. Table T
shows the results of the analysis for -

women with “moderate” risk.

. mutations conferring 60% breast
- cancer and 20% ovarian cancer
risk by age 70

NEED FOR ONGOING RESEARCH

Although this analysrs shows that

prophylactic surgery may result in-
increased life expectancy for .

BRCA1/2 mutation carriers, many -

“will elect not to have these proce-
- dures because of their potentially-

profound effects on: self-image and

" "sexual and reproductlve function. -

Women who opt for testing and as

“a result face dlfﬁcult decisions

about how to manage their cancer
risks must have access to current
data, clinical’ expertise and support— '

* . ive counseling: Long-term follow-

up studies evaluating. both'the . ..
length and the quality of life of -

" women who:make different choices -
‘must be.a priofity in-order to pro-

vide BRCA1/2 carriers with access
to better 1nformat10n In order to -

accomplish this goal, clinical cancer

- geneticists encourage women con-
*templating testing to part1c1pate in -
- research studies so that future esti- _'
- mates of the cancer risks and the

effectiveness of cancer prevention- -
strategies can be refined.



