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breast cancer to reduce their risk of recurrence and

Tamoxifen has been used by women diagnosed with
the development of a new tumor in the contralater-

al breast. In 1998, the Breast Cancer
Prevention Trial (BCPT) demonstrat-
ed that tamoxifen treatment pro-
duced a 49% reduction in the risk
of invasive breast cancer among
women at elevated risk for the dis-
ease, but with no previous history of
the disease.! The US Food and Drug
Administration (FDA) subsequently
approved tamoxifen for breast can-
cer chemoprevention for certain sub-
groups of women at high risk of
breast cancer (age 35 years or older
with a 5-year breast cancer risk of
1.67% or higher). Unfortunately,
tamoxifen use has been associated
with adverse outcomes, including
excesses of endometrial cancer, pul-
monary embolism, stroke, deep vein
thrombosis, and cataracts, and not
all eligible women have a positive
benefit/risk ratio.

Investigators have made several

attempts to understand the implications of widespread
population use of tamoxifen to prevent breast cancer.
However, a full evaluation of the impact of tamoxifen

A full evaluation of

the impact of tamoxifen

chemoprevention on
public health requires
~ that both the adverse
events and prbben
benefits for breast cancer
risk reduction be taken
into uccount;

chemoprevention on public health requires that both
the adverse events and proven benefits for breast can-
cer risk reduction be taken into account. It is particu-

larly important to identify subsets
of women in whom the tamoxifen-
induced benefits of reducing the
risks of breast cancer and other
life-threatening or severe illnesses,
such as hip fracture, outweigh the
risks of serious or life-threatening
tamoxifen-induced events, such as
stroke, pulmonary embolism, or
endometrial cancer.

To help identify these women,
Gail et al? created a tool for weighing
the benefits and risks of tamoxifen.
They combined information collect-
ed from the BCPT on the effects of
tamoxifen with information from
other sources on the background
rates of various health outcomes in
women who were not taking tamox-
ifen to estimate the effect of tamox-
ifen on the absolute risk of each out-
come over 5 years for women aged
35 to 79 years. They proposed an

. overall benefit/risk index, which was computed as the
net number of life-threatening events prevented (the total
number of invasive breast cancers plus hip fractures

For-a more detailed discussion, please see the following: Freedman AN, Gréubard,Bl, Rao SR, et al. Estimates of the number of US women
could benefit from tamoxifen for breast cancer chemoprevention. J-Natl Cancer inst. 2003;95:526-532.
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Table 1

Relative Risks and Baseline Rates Used to Estimate the Risk of Invasive Breast Cancer in the Next 5 Years*

isk Factor,
A. Age at menarche, y ~ S
214 , ' ; 1,00 20-24 0.003 0.003 0.006
12-13 : S . 1.0 25-29 0.025 0.022 0.021
<12 : ' 1.21 30-34 0.076 0.077 0.057

35-39 0.165 , .. 0126

Age at counseling, >50 y old ‘ o ~ B0-64 0.581 0969  0.623
0o 100 6569 0592 1135 0727
© 1.27 70-74 0656 1209  0.82

0.798

P ey

,-29'0r nulli

*To compute overall relative risk, muitiply four component relative risks from categories A, B, C, and D. For example, a 42-year-old white nulliparous
woman who began menstruating at age 12 years, who has no affected first-degree relatives, and who has had one previous breast biopsy with
specimens interpreted as benign and no evidence of atypical hyperplasia has an overall relative risk of 1.10 x 1.70 x 1.565 x 0.93 = 2.70. From the
data on 5-year baseline risk, her projected 5-year risk of invasive breast cancer is 2.70 x 0.366 = 1.0%.

For easier individualized breast cancer risk calculations, please refer to NCI's Breast Cancer Risk Assessment Web page: hitp://cancer.gov/bcerisktool
Baseline hazards were modified slightly to reflect data in NCI's Breast Cancer Risk Assessment Tool.

Adapted from Gail MH, Costantino JR, Bryant J, et al. Weighing the risks and benefits of tamoxifen treatment for preventing breast cancer. J Nat/
Cancer Inst. 1999;91:1829-1846 by permission of Oxford University Press.
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Table 2

Estimates of the Total Number of US Women Eligible for Tamoxifen Chemoprevention Based on FDA
Guidelines,” by Race and Age Groups

4.6%
(B7% t

5.4%).:

33.0%
- (30.5% to
- 354%)

*Five-year projected risk of invasive breast cancer (IBC) is greater than or equal to 1.67%.

'Estimates for all women includes women of other race.

831,199

3.008,966

Adapted from Freedman AN, Graubard Bl, Rao SR, et al. Estimates of women who could benefit from tamoxifen for breast cancer chemoprevention.
J Natl Cancer Inst. 2003;95:526-532 by permission of Oxford University Press.

minus the total number of endometri-
al cancers, strokes, and pulmonary
embolisms) plus half the net number
of serious events prevented (the num-
ber of in situ breast cancers minus the
number of deep vein thromboses)
over a 5-year period. The benefit/risk
index for a particular woman depend-
ed on age, race, risk factors for breast
cancer, and whether she had a uterus.

In this study, we used nationally
representative data from the year 2000
National Health Interview Survey
(NHIS) to compare the number of US
women who would be eligible for
tamoxifen chemoprevention, accord-
ing to FDA-approved indications, with
the number of women who might
benefit from breast cancer chemopre-
vention based on a benefit/risk index.

46 The American Journal of Oncology Review

These data can assist in evaluating
the potential public health impact of
tamonxifen use for breast cancer chemo-
prevention and may help identify sub-
groups of US women who would espe-
cially benefit from this strategy.

Methods
Assesssing breast cancer risk. The
year 2000 NHIS consisted of comput-
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915,010

104,508

2.5%

(1.1% to

5.0%)

11.4%

. (6.6% to

18.1%)

&

2 B
(2.1% to

er-assisted personal interviews of a
nationally representative sample of
32,374 individuals.® The year 2000
NHIS contained an additional set of
questions called the Cancer Control
Module (CCM), which asked about
breast cancer risk factors. Data on age,
age at first live birth, age at menarche,
number of first-degree relatives with
breast cancer, and number of breast

biopsies were ascertained and were all
part of a breast cancer predictive
model developed by Gail et al* (Table
1). We used this model to calculate the
5-year projected breast cancer
absolute risk for our study sample,
which consisted of the 11,893 women
between the ages of 35 and 79 years
who completed the 2000 NHIS CCM.
We excluded 355 of these women from

further analysis because they reported
having a diagnosis of breast cancer.
Determining tamoxifen eligibility.
The FDA-approved indications for
tamoxifen chemoprevention—age 35
years or older and a 5-year risk of
invasive breast cancer of at least
1.67%—is based on the model by Gail
et al* as modified and Anderson et al®
and described by Costantino et al.’
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Figure 1

Age Groups for White Women (years) Age Groups for Black Women (years)

5-Year Projected
Risk of IBC, % 35-39 40-49 50-59 60-69 70-79 35-39 40-49 50-59 60-69

Benefits from taking tamoxifen to reduce the risk of breast cancer outweigh its risks of life-threatening and severe
adverse effects,

Risks of life-threatening and severe adverse effects from taking tamoxifen outweigh its benefits of reducing the risk of
invasive breast cancer.

Benefit/risk indices for tamoxifen chemoprevention by level of 5-year projected risk of invasive breast cancer, age group, and race for
women with a uterus.

Adapted from Gail MH, Costantino JP, Bryant J, et al. Weighing the risks and benefits of tamoxifen treatment for preventing breast
cancer. J Natl/ Cancer Inst. 1999;91:1829-1846 by permission of Oxford University Press.

We calculated the number of women,
by race and age, who matched these
criteria and would be eligible for
tamoxifen chemoprevention by apply-
ing those 5-year projected breast can-
cer risk estimates to the 2000 NHIS
CCM data. Our calculations of the
total number of US women who
would be eligible for tamoxifen
chemoprevention included white,
black, and Hispanic women, as well as
women who reported that they were
of another race (Table 2). Because of
small numbers, estimates for women
in the “other race” category are not
presented separately in the table.

Calculating Tamoxifen Benefit/Risk
Index

We used data from the 2000 NHIS
CCM 1o also estimate the number of
US women who would potentially

benefit from tamoxifen chemopre-
vention. Women were first catego-
rized according to their 5-year pro-
jected breast cancer risk estimates,
race, age, and whether they had a
uterus. We then used the net bene-
fit/risk indices presented in the
entries with at least one asterisk in
Tables 10 and 11 of Gail et al® to cal-
culate the number of white and
black women, aged 35 to 79 years, in
these categories who would have a
positive benefit/risk index (see
Figures 1 and 2). Although the FDA-
approved indications for tamoxifen
chemoprevention include a &-year
risk of invasive breast cancer of at
least 1.67%, we included in our cal-
culations women with a 5-year risk
of invasive breast cancer of at least
1.50%. We used this lower risk cutoff
to include most women aged 35

48 The American Journal of Oncology Review

years or older who could potentially
benefit from tamoxifen.

All estimates, including totals and
percentages, were weighted by the
NHIS sample weights to the total US
population. Standard errors used to
compute the 95% confidence intervals
(CIs) were estimated to take into
account the complex multistage prob-
ability sampling design of the NHIS.”

Results

Table 2 shows estimates of the
total number of US women, by race
and age groups, eligible for tamox-
ifen chemoprevention according to
FDA-approved indications. For all
65,826,074 women aged 35 to 79 years
in the US population, 10,232,816
(15.5%, 95% CI = 14.7% to 16.3%)
women would be eligible for tamox-
ifen chemoprevention on the basis of
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Figure 2

Age Groups for White Women (years}

Age Groups for Black Women (years)

5-Year Projected
Risk of IBC, % 35-39 40-49

50-59 60-69

adverse effects.

invasive breast cancer.

40-49 50-59 60-69

Benefits from taking tamoxifen to reduce the risk of breast cancer outweigh its risks of life-threatening and severe

Risks of life-threatening and severe adverse effects from taking tamoxifen outweigh its benefits of reducing the risk of

Benefit/risk indices for tamoxifen chemoprevention by level of 5-year projected risk of invasive breast cancer, age group, and race for

women without a uterus.

Adapted from Gail MH, Costantino JP, Bryant J, et al. Weighing the risks and benefits of tamoxifen treatment for preventing breast

cancer. J Natl Cancer Inst. 1999;91:1829-1846 by permission of Oxford University Press.

their age and breast cancer risk fac-
tors. The percentage of women eligi-
ble for tamoxifen chemoprevention
increases with increasing age. Only
0.1% of women aged 35 to 39 years
would be eligible, whereas 4.6% of
women aged 40 to 49 years, 13.2% of
women aged 50 to 59 years, 33.0% of
women aged 60 to 69 years, and 47.7%
of women aged 70 to 79 years would be
eligible. The percentage of US women
who would be eligible for tamoxifen
chemoprevention varies dramatically
by race, 'with 18.7% of white women,
5.7% of black women, and 2.9% of
Hispanic women being eligible.

Table 3 shows weighted estimates
of the total number of white and black
US women, both with and without a
uterus, who would benefit from
tamoxifen chemoprevention based on
evidence for a positive benefit/risk

index as calculated with the use of the
benefit/risk indices presented in Gail
et al.2 Of the 50,104,829 white women
aged 35 to 79 years, we found that
2,431,911 (4.9%, 95% CI = 4.3% to
5.4%) would benefit from tamoxifen
chemoprevention. The percentage of
white women who would benefit
varies by age, with 0% of women aged
35 to 39 years benefiting, 8.1% of
women aged 40 to 49 years benefiting,
8.5% of women aged 50 to 59 years
benefiting, 2.1% of women aged 60 to
69 benefiting, and 0.1% of women
aged 70 to 79 years benefiting.
Absence of a uterus was an important
factor in determining benefit. Overall,
59.4% (95% CI = 53.4% to 65.4%) of the
white women who would benefit
from tamoxifen reported having had a
hysterectomy (data not shown).
Among those who would benefit, the

percentage who had had a hysterecto-
my varied by age: 24.7% (95% CI =
16.9% to 33.9%) of women aged 40 to
49 years, 96.5% (95% CI = 93.7% to
99.3%) of women aged 50 to 59 years,
and 100% (950/0 CI=86.8%to 1000/0) of
women aged 60 to 79 reported having
had a hysterectomy (data not shown).

Discussion

The BCPT demonstrated a striking
49% reduction in the risk of invasive
breast cancer among women at elevat-
ed risk who took tamoxifen for 5
years. Using nationally representa-
tive data, we estimate that 15.5%
(N=10,232,816) of women aged 35 to
79 years in the United States would be
eligible for tamoxifen chemopreven-
tion on the basis of their age and
breast cancer risk factors. Because
breast cancer incidence rates increase
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Table 3

Estimates of the Total Number of US White and Black Women Who Would Benefit From Tamoxifen
Chemoprevention, by Age

11,699,803 1,715,650

7,979,454 915,010

6,941,299 769,534

Adapted from Freedman AN, Graubard Bl, Rao SR, et al. Estimates of women who could >enefit from tamoxifen for breast cancer chemoprevention.
J Natl Cancer Inst. 2003;95:526-532 by permission of Oxford University Press.

with increasing age, it is not surpris-
ing that the percentage of women eli-
gible for tamoxifen chemoprevention
increases dramatically with age, with
45% of white women older than 60
years of age being eligible.

A higher percentage of women eli-
gible for tamoxifen were white
(18.7%) than were black (5.7%) or

Hispanic (2.9%). These large differ-

ences are likely the result of: 1) the
lower prevalence of breast cancer risk
factors among blacks and Hispanics,
and 2) the lower baseline incidence
rates for breast cancer for blacks and
Hispanics (compared with those for

whites) used in the Gail breast cancer
predictive model. Our data may ex-
plain, in part, the difficulty of identify-
ing and recruiting minority wornen at
high risk of breast cancer for trials of
breast cancer chemopreventive agents.
That is, few of them have an estimated
risk of invasive breast cancer high
enough to make them eligible to par-
ticipate in such a trial.

Although a substantial percent-
age of US women would be eligible
for tamoxifen according to FDA-
approved indications, a much smaller
percentage would actually benefit
from tamoxifen use (see Figure 3). In

50 The American Journal of Oncology Review

our study, only 4.9% of white US
women would benefit from tamoxifen
when we weighed benefits of reducing
risk of breast cancer against the risks
of life-threatening and severe adverse
effects to tamoxifen. Although this
percentage is much smaller than the
percentage of white women eligible
for tamoxifen (18.7%), it nonetheless
corresponds to a substantial number
of women (N=2,431,911). These data
also indicate that, whereas the percent-
age of women eligible for tamoxifen is
highest among women in the 60- to 79-
year age group, the proportions of
white women who would benefit are
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Women who are at increased risk
of breast cancer now have the option
to consider taking tamoxifen to
reduce their chances of developing
the disease. It is important to em-
phasize, however, that as with any
medical procedure or intervention,
the choice to take tamoxifen is an
individual one in which benefits and
risks must be considered in consul-
tation -with a woman’s physician.
The decision will depend on a
woman’s age, breast cancer risk fac-
tors, whether she has a uterus, fami-
ly history, how she weighs the bene-
fits and risks, and her specific
lifestyle, personal values, and pref-
erences. Tamoxifen therapy mmay not

be appropriate for all women who

are at increased risk. These .case

studies. illustrate - howa ‘decision

about tamoxifen use may differ

based on the specific combmahon of -

factors involved. 5
On a physmmn s visit, a: 42~year~

old: whlte woman is concerned about eve

approved indications for use of
tamoxifen for breast cancer chemo-
prevention (aged 35 years or older
with a 5-year breast cancer -risk of
1.67% or higher).

- Consider another 42-year-old

white woman with different risk fac--
tors for breast cancer. This patient.

had her first menstrual cycle at the
age of 12, had her first child at age 28,
and has a mother and a sister who

already have had breast cancer. She

has never had a breast biopsy or a
hysterectomy. Her estimated. risk of
developing breast cancer is 2.3% over

the next 5 years. Based on her breast -
cancer risk estimate, she is eligible to-
take tamoxifen for breast cancer
chemoprevention based on the FDA-
approved. indications for the drug. Fr
From Table 10 (Figure 1) from the arti
article by Gail et al? the benefits of

taking tamoxifen to redu
patlents breast cancer r1skf wi

Case Studies

tamoxifen for breast cancer chemo-
prevention (aged 35 years or older -
with-a 5-year breast cancer risk of
1.67% or higher).

Consider ~another 48-year-old
black woman with different risk fac-
tors for breast cancer. This patient
had her first menstrual cycle at the
age of 11, had her first child at age

- 27, and has a mother and a sister

who already have had breast cancer.
She has had a benign breast biopsy.

“Her estimated risk of developing

breast cancer is 3.0% over the next 5
years. Based on her breast cancer
risk: estimate, she is eligible to take

_tamoxifen for breast cancer chemo-
‘prevention based on the FDA-

approved md1cat10ns for the drug
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Case Studies (continued)

more favorable beneﬁt/ r1sk ratio.

, se, because the posmblhty,

of developmg ‘endometrial cancer
no longer exists, the benefits of
i amoxﬁen to. reduce her :

woﬁld ' outwelgh the risks of
advgrse events (Figure 2).

greatest in the 40- to 49-year and 50- to
59-year age groups (8.1% and 8.5%
would benefit, respectively). This pat-
tern reflects the high proportion of
women aged 40 to 59 years in the cur-
rent US population, and the fact that
the benefit/risk index decreases with
increasing age as adverse side effects
associated with tamoxifen use become
more common. Among women aged
50 years or older, with few exceptions,
only those who had had a hysterecto-
my had a positive benefit/risk index.
Having a hysterectomy eliminates the
risk of endometrial cancer; thus, our
data demonstrate the important role
that endometrial cancer plays in the
benefit/risk index for women aged 50
years or older.

Although FDA-approved indica-
tions specify that a 5-year invasive

Figure 3
60 "
—+— % white women eligible -
50 for tamoxifen o
~#i— % white women with a J,M'";f
40 positive benefit/risk el
index for tatnoxifen ﬂ"‘
ey &
g
] 30 M‘fi -
U a
Ry Wf'
20 {h
o ,.w"‘“"
0 N, M“"“‘r“:—-l .
35-39 40-49 50-59 60-69 70-79
Age

Estimates of the percentage of white US women who would be eligible for tamoxifen and
the percentage who would have a positive benefit/risk index for tamoxifen chemopre-

vention, by age.

breast cancer risk of 1.67% is neces-
sary for tamoxifen chemoprevention
eligibility, our data, which take into
account the benefits of reducing a
woman’s risk of breast cancer as well
as the risk of adverse events associat-
ed with tamoxifen, demonstrate that a
substantial number of white women
with a risk less than 1.67% but greater
than 1.50% would also benefit from
tamoxifen use. For example, among
white women in the 40- to 49-year age
group, only 5.3% would be eligil:1e for
tamoxifen according to FDA eligibility
criteria, but 8.1% would benefit on the
basis of the benefit/risk index. This
difference reflects the substantial
number of women in this age group
who have a 5-year invasive breast
cancer risk greater than 1.50% but less
than the 1.67% defined by FDA-
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approved indications. By contrast,
most of the older women with a risk
greater than 1.50% would not benefit
from tamoxifen because of the high
incidence of adverse side effects asso-
ciated with its use in older women.
Although approximately 6% of
black women would be eligible for
tamoxifen, our analysis suggests that
a very small percentage (0.6%) would
derive any net benefit from its use.
Proportionally fewer black women
than white women in the United
States have an estimated net benefit
from taking tamoxifen because the
estimated risk of breast cancer among
black women in the general popula-
tion is relatively low, and because the
estimated baseline rates of stroke, pul-
monary embolism, and deep vein
thrombosis are higher among black
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women than among white women.?
Our results for black women are less
stable than those for white women,
however, not only because of the
higher uncertainty in projecting breast
cancer risk among this population,
but also because the estimated benefi-
cial and adverse effects of tamoxifen
from the BCPT primarily reflect the
outcomes in white women, who com-
prised 96.5% of the study population.

Of the 9,377,715 white US women
who would be eligible for tamoxifen
chemoprevention, we estimate that
less than one third (N=2,431,911)
would derive a net benefit from tak-
ing the drug on the basis of their age
and breast cancer risk factors. We esti-
mate that among the white women
who would benefit from tamoxifen,
approximately 58,148 invasive breast
cancers will develop over the next 5
years. If all 2,431,911 women with an
estimated net benefit/risk index took
tamoxifen over the next 5 years, and if
the risk reduction of 49% reported by
the BCPT' applies, then 28,492 of
these breast cancers would be pre-
vented, or deferred, which would be
a substantial achievement. However,
of the 7,481,779 black US women
between the ages of 35 and 79 years
who would be eligible, only 42,768
(0.6%, 95% CI = 0.2% to 1.3%) would
benefit from tamoxifen chemopre-
vention. Estimates for Hispanic US
women and women of other races
could not be calculated because bene-
fit/risk indices for these races have
yet to be developed.

Although the probabilities obtained
from the breast cancer risk model used
in these analyses® have been shown to
accurately predict the numbers of
breast cancers in various subgroups of
women over a specified period of
time,’ the model has only limited abil-
ity to identify which women in partic-

ular will develop breast cancer and
which will not.” Some might argue
that one should not recommend a
course of medical management, such
as taking or not taking tamoxifen,
unless one is able to foretell an indi-
vidual’s outcome with precision.
However, most clinicians weigh the
risks and benefits associated with a
particular treatment and recommend
the course of action that has the most
favorable expected net effect. For
example, a doctor might recommend
an antihypertensive medication for a
person with only moderately elevated
blood pressure, even though a moder-
ate elevation in blood pressure cannot
reliably discriminate between a per-
son who will die from cardiovascular
disease in the next 5 years and one
who will not. Moreover, the clinical
trials that provide evidence of a bene-
fit of treatments such as antihyperten-
sive agents rely on comparisons of
groups of individuals. However much

one would like to have a treatment tai-
lored to an individual, the best avail-
able evidence to guide treatment deci-
sions is based on the resemblance of
an individual to a group.

Not everyone would agree with the
criteria used by Gail et al’ to deter-
mine a net benefit/risk index, particu-
larly as it pertains to counseling an
individual woman on the appropriate
therapy for her situation. Although a
benefit/risk index is useful for mak-
ing population estimates, it may not
appropriately measure the net benefit
for a particular woman because it
does not include all health risk and
protective factors for the disease, and
because a particular woman may
assign different weights to the various
health outcomes than in Gail et al.? For
example, women who exercise regu-
larly may have lower risk of cardio-
vascular disease than women of the
same age and ethnic group in the gen-
eral population, which could mitigate

,Additional informatior
T breast cancer
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adverse outcome factors in the bene-
fit/risk index. Such women, therefore,
would have a more favorable bene-
fit/risk index than we used in our cal-
culations (see Table 12 in Gail et al?).
Moreover, a women might have much
more concern about breast cancer
than a pulmonary embolism, for
example. Therefore, the tabulated
benefit/risk index should not be the
sole basis for decision making regard-
ing the use of tamoxifen for breast
cancer risk reduction therapy.
Counseling individual women about
tamoxifen chemoprevention must
involve both fully informing a woman
of her disease risk and benefits and
considering her comorbidities, per-
sonal values, preferences, lifestyle,
and specific medical situation. These
issues are especially important when
counseling minority women about
tamoxifen chemoprevention because
limited predictive information for
their health risk profiles is available.
The precision of breast cancer risk
prediction models and benefit/risk
indices for tamoxifen chemopreven-

tion is highly dependent on the avail-
ability and quality of health outcomes
data, not only those for breast cancer,
but also for other outcomes, such as
stroke. Efforts to collect more accurate
data on various health outcomes and
in various populations are needed to
improve our prediction models and
our assessments of the risks and bene-
fits of health outcomes associated
with tamoxifen chemoprevention. B
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