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To assist in medical counseling, we present a method to
estimate the chance that a woman with given age and risk
factors will develop breast cancer over a specified interval.
The risk factors used were age at menarche, age at first
live birth, number of previous biopsies, and number of first-
degree relatives with breast cancer. A model of relative risks
for various combinations of these factors was developed
from case-control data from the Breast Cancer Detection
Demonstration Project (BCDDP). The model allowed for
the fact that relative risks associated with previous breast
biopsies were smaller for women aged 50 or more than for
younger women. Thus, the proportional hazards assumption
was relaxed to allow separate proportional hazards models
for those under age 50 and for those of age 50 or more.
The baseline age-specific hazard rate, which is the rate for
a patient without identified risk factors, is computed as
the product of the observed age-specific composite hazard
rate times the quantity 1 minus the attributable risk. We
calculated individualized breast cancer probabilities from
information on relative risks and the baseline hazard rate.
These calculations take competing risks and the interval of
risk into account. Our data were derived from women who
participated in the BCDDP and who tended to return for
periodic examinations. For this reason, the risk projections
given are probably most reliable for counseling women who
plan to be examined about once a year. [J Natl Cancer Inst
81:1879-1886, 1989]

Increasing public awareness of breast cancer risk factors,
such as having a relative with breast cancer, has created a
demand for informed counseling of patients at elevated risk
(1. A woman’s decision to embark on a program of inten-
sive surveillance with mammography, or even to undergo
prophylactic mastectomy (2), depends on her awareness of
the medical options, on personal preferences, and, very im-
portantly, on an individualized estimate of the probability
of her developing breast cancer in a defined period. Such
an estimate is also useful for designing prevention trials in
high-risk subsets of the population and in targeting screening
and prevention efforts.

This article provides such individualized estimates of the
probability of developing breast cancer for white females
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who are willing to have annual examinations, such as partic-
ipants in the Breast Cancer Detection Demonstration Project
(BCDDP) (3). Previous efforts to estimate absolute breast
cancer risk focused on different populations, namely, rela-
tives of known breast cancer patients (4,5).

If one had followed large numbers of patients with each
possible combination of risk factors, one could estimate the
absolute probability of developing breast cancer separately
for each risk factor combination from standard life-table
methods. However, because of the many possible risk fac-
tor combinations, this direct approach is not optimal, even
for large data sets, such as those provided by screening and
following 284,780 women in the BCDDP (3,6-10). Instead
we use a model that assumes proportional hazards over re-
stricted age ranges of less than 50 years and 50 years or
more, and we subdivide the problem of estimating the prob-
ability of developing breast cancer into three problems: (a)
determining which risk factors are important and estimat-
ing the relative risk for a subject with a given constellation
of risk factors at a given age compared to a subject with-
out the identified risk factors; (b) estimating the baseline
age-specific breast cancer hazard rate, which is the rate for
a woman without identified risk factors; and (c) projecting
the long-term probability of developing breast cancer on the
basis of a consideration of competing risks and the results
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on relative risk and baseline hazard. We follow this division
in the Methods section. Tables for estimating individualized
absolute risks are discussed in the Results section.

Methods

Selection of Risk Factors and Estimation of Relative Risks
for Risk Factor Combinations

Risk factors were determined, and relative risks were esti-
mated from a case-control study conducted among partici-
pants in the BCDDP (3,6-10). Cases consisted of women
whose breast cancer was incident (not prevalent at first
screening) between 1973 and 1980 at 28 participating cen-
ters (9). The present analysis was restricted to white fe-
males and included women with in situ carcinoma as well as
women with invasive carcinoma. For each case, a matched
control was selected from women who did not receive a rec-
ommendation for biopsy during the same screening period.
The matching variables were age at entry into the screening
program in 5-year age groups, race, center at which the par-
ticipant was screened, calendar time of entry into the screen-
ing program within 6 months, and length of participation in
the screening program (controls had at least as many years
of screening as the cases). Risk factor information was col-
lected during home interview from 80% of eligible cases and
83% of controls. Whites made up 91% of the case-control
study population.

The present analysis was based on 2,852 white cases and
3,146 white controls for whom all information was known
for the variables in the final model. This study represents an
extension and enlargement (9) of the case-control study de-
scribed in (6-8). Among these 5,998 subjects, 4,496 formed
matched pairs. Because we wished to base our analysis on
the larger total number of subjects, we used an unstratified,
unconditional logistic regression rather than a pair-matched
analysis. In fact, both methods of analysis were used in initial
exploratory work, and the answers obtained from compara-
ble models were very similar. The results below include age
as a main effect, but age is simply dichotomized as AGE-
CAT = 0 for age less than 50 years and AGECAT =1
for age 50 years or more. Finer categorizations of age had
no substantial effect on estimates of relative risk for other
variables.

To select variables for inclusion in our risk model, we as-
sessed a variety of factors within this study population. A
number of medications were unrelated to breast cancer risk,
including oral contraceptives (1), thyroid supplements (/2),
rauwolfia preparations (/3), and diazepam medications (/4).
Cigarette smoking (/5) and consumption of methylxanthines
(16) were not associated with elevations in risk. Modest al-
cohol consumption (/7) and long-term menopausal estrogen
therapy (9) did appear to increase risk, but the number of
appropriately exposed women was limited. Height was asso-
ciated with an increased risk, although those in the highest
quartile were only at a 40% higher risk than those in the low-
est quartile (/8). Analyses focusing on familial (7), reproduc-
tive (19), menstrual (20), and medical history (8) variables
determined that the major predictors of risk in this popula-

tion were a family history of breast cancer in a first-degree
relative, a late age at first childbirth, early menarche, and
multiple previous benign breast biopsies; these four factors
were included in our model. These risk factors were also
consistently identified in other studies.

The coding for the four risk factors—age at menarche
(AGEMEN), number of previous breast biopsies (NBIOPS),
age at first live birth (AGEFLB), and number of first-degree
relatives (mother or sisters) with breast cancer NUMREL)—
is given in table 1, together with the distributions among
cases and controls. Information on bilaterality and on ages
of onset of breast cancer among relatives did not improve on
the model containing NUMREL.

The relative risks in table 1 were obtained from an uncon-
ditional logistic regression (217) that included main effects
AGEMEN, NBIOPS, AGEFLB, and NUMREL as well as
AGECAT and interactions between AGECAT and NBIOPS
and between AGEFLB and NUMREL. The former interac- 2
tion was also found in our unreported reanalysis of data from 5
the Cancer and Steroid Hormone Study (22). Our data re-%
vealed no other important interactions between age and other 3
risk factors or among the other risk factors. The uncondi- 2
tional logistic regression model, from which table 1 derives,&
expresses the log of the odds ratio for disease as

—0.74948 + 0.09401(AGEMEN) + 0.52926(NBIOPS)
+ 0.21863(AGEFLB) + 0.95830(NUMREL) (1]
+ 0.01081(AGECAT) — 0.28804(NBIOPS
X AGECAT) — 0.19081(AGEFLB X NUMREL).

In table 1, the coefficients from this equation have been
converted into relative risk factors so that the relative risk can 3
be obtained by multiplication. For example, the relative risk §
for a woman aged 54 (AGECAT = 1) with age at menarche%
of 15 (AGEMEN = (), one previous breast biopsy (NBIOPS %.
= 1), no live births (AGEFLB = 2), and one mother or sister @
with breast cancer (NUMREL = 1), compared to another%
individual of the same age but with no other risk factors, is 2
1.000 X 1.273 X 2.756 = 3.508.

The covariances for the estimated coefficients in equation
1 are presented in table 2.

An important implication of equation 1 is that the pro-
portional-hazards assumption (23) holds separately for the <
age ranges less than 50 years and 50 years or more, even 2
though proportional hazards are not assumed to hold over
all ages.

Estimating the Baseline Age-Specific Breast Cancer
Hazard Rate

/Biosfeulnolpiolxo:oulyy
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Suppose we have obtained estimates of the age-specific
breast cancer incidence rate hf(r) from a composite popula-
tion, such as all subjects in the BCDDP. The subscript 1 in

¥(1) denotes breast cancer, whereas a subscript 2 will re-
fer to competing causes of death. The variable ¢ refers to
age, and the asterisk indicates that this is a composite haz-
ard. We need to estimate h,(¢), the baseline hazard from a
subject without known risk factors.

Suppose there are [ risk groups. In table 1,/=3 X2 X3
X 4 X 3 = 216. Let r{r) be the relative risk of the ith risk
group compared to the baseline group, and let r,(#) = 1.0.
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Table 1. Risk model and associated relative risks*

. Associated No. of cases No. of controls
Risk factor (code No)) relative risk (n = 2,852) (n = 3,146)
AGEMEN (@yr)
=14 (0) 1.000 790 926
12-13 (1) 1.099 1,554 1,735
<12 (2) 1.207 508 485
NBIOPS
Age <50 yr
0 () 1.000 635 794
1 (D 1.698 113 93
22 (2) 2.882 66 24
Age =50 yr
0 (0) 1.000 1,551 1,817
1(1) 1.273 312 300
22 () 1.620 175 118
AGEFLB (yr) NUMREL
<20 (0) 0 (0) 1.000 167 285
1(1) 2.607 44 40
>2(2) 6.798 8 0
20-24 (1) 0 1.244 708 1,042
1(D 2.681 208 123
=22 (2) 5.775 25 5
25-29 or nulliparous (2) 0 1.548 986 1,106
1(1) 2.756 247 178
=2 (2) 4907 46 20
>30(3) 0 (0) 1.927 307 291
1(D 2.834 87 50
=2 (2) 4.169 19 6
—

*Relative risk compared to an individual of the same age without any risk factors is estimated by locating the person’s associated relative risk for
AGEMEN, NBIOPS, and the combination AGEFLB and NUMREL and multiplying these three numbers together.

Table 2. Parameter estimates and covariances* for equation 1

NBIOPS AGEFLB
NBIOPS AGEMEN AGEFLB NUMREL AGECAT X AGECAT X NUMREL
Parameter estimate 0.52926 0.09401 0.21863 0.95830 0.01081 —0.28804 —0.19081

Covariance 0956 0.001 —0.005 —0.015 0.201 —0.956 0.012
0.161 0.000 —0.010 0.023 0.002 0.005
0.128 0.174 —0.032 0.002 —0.106
1.907 —0.010 0.020 —0.908
0418 —0.280 0.002
1.244 —0.015
0.534

* All covariances are 1072 times the numbers shown. For example, the standard error of the parameter estimate 0.52926 for NBIOPS is (0.00956)" =

0.098.

Suppose that a proportion P{t) of women of age f are in risk
group i Then

I
HOEDIN QNG G} (2]

i=1

Let pi(t) be the observed proportion of cases of age + who
are in risk group L Then j(t) estimates

pi(t) = P{OR1(Ort) T (D). (3]

Dividing both sides of equation 3 by r{t), multiplying by
h¥(t), and summing on i, we obtain

I
hi(®) = ht(@®) 3 {pd)/rd®)} = hT(OF®). (4]

i=1
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Thus, an estimate h,(#) is obtained by substitution of the
estimate AT (¢) from the general population, the estimates 5;(¢)
from the cases, and the estimates 7{t) from the case-control
study into equation 4. The factor F(?) equals 1 minus the
population attributable risk fraction for women of age 1 (10).

Although the age-specific composite incidence rate #¥(s)
increases rapidly with age, the conversion factor F(7) changes
little with age. The estimate of F(z) was 0.5229 for the
814 cases 31-49 years of age, whereas it was 0.5264 for
the 2,038 cases 50-81 years of age. These estimates were
obtained from the covariate compositions of the BCDDP
cases and from the risk model in equation 1 and tables 1
and 2.

To apply these results, we estimated h}(2) in table 3 from
original data tapes on all 284,780 BCDDP participants with
entry o- follow-up forms. Of these subjects, 73 were inel-
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Table 3. Age-specific composite incidence rates A1 (r) for white females
in years 2 and 3 following the initial BCDDP screening?

No. of Rate .
Age (T BCDDP SEER Relative
cases BCDDP Pro
gram
20-24 0 2.7% 1.3 2.10%
25-29 0 16.8% 8.0 2.10%
30-34 0 60.3% 28.8 2.10%
35-39 53 114.6 54.7 2.10
40-44 162 203.7 109.2 1.87
45-49 249 280.8 1733 1.62
50-54 289 3209 198.8 1.61
55-59 223 293.8 2215 1.33
60-64 190 369.4 278.3 1.33
65-69 121 356.1 315.3 1.13
70-74 54 307.8 3313 0.93
75-79 11 301.3 364.0 0.83

tIncidence rates are the No. of cases (including in situ carcinoma) per
10° person-years of follow-up. Relative risks = BCDDP rates divided by
rates for white females in 1979, as determined by the SEER Program.

$Too few BCDDP cases were available to obtain a direct estimate of the
rate. The method of extrapolation is described in the Methods section.

igible because their cancers were known to have occurred
before the initial screening. We confined our analyses to
the 243,221 white females for whom we had information
on birth date, age at initial screening, and, for cases, age
at which cancer developed. To obtain counts of ‘breast can-
cers, we analyzed a file (24) containing data on persons with
histologically confirmed breast cancer. We concentrated our
analyses on the 1,354 white females who developed cancer
in years 2 and 3 following the initial screening and for whom
we had adequate data on date of birth, date of initial screen-
ing, and date of cancer diagnosis for calculation of rates. As-
certainment of breast cancer was quite complete for the first
3 years following the initial screening and included cases de-
tected outside the program as well as cases found as a result
of the screening (Baker LH: personal communication, 1983).
We computed breast cancer rates that were age-specific in
1-year intervals and that were specific for years 1 (including
the initial screening), 2, and 3 of the program. Because the
rates in years 2 and 3 following the initial screening were
similar and neither was consistently larger than the other,
the data were combined for these 2 years. These rates were
typically less than half the rate for year 1, which included
prevalent cases and would be inappropriate for use in table
3. Corrections to account for missing data (~5% of those en-
rolled) affected both numerator and denominator to a similar
degree and produced negligible changes in computed rates.
Therefore, we relied solely on the 243,221 white females
without missing data.

The rates in table 3 are grouped into 5-year age intervals.
We extended estimates into the age range 20-34 of sparse
BCDDP cases by multiplying rates from eight population-
based cancer registries in the Surveillance, Epidemiology,
and End Results (SEER) Program by the relative risk of
BCDDP to SEER rates, 2.10, observed for ages 35-39.

Projecting Long-Term Probabilities of Developing
Breast Cancer

The projections that we make are based on the assumption
that the age-specific hazard h,(¢) of dying of causes other
than breast cancer is the same for all subjects. This hazard
is estimated from 1979 mortality rates for all causes except
breast cancer (25). Under this assumption, standard methods
in competing risk analysis (26-28) may be used to calculate
the probability that a woman who is age a and who has
age-dependent relative risk r(z) will develop breast cancer
by age a + . The desired probability is

Pla, 7, v} = " "y Oy expt—J] hiwrudu)
{S2(0)/S2(ad}dL,

where S(r) = exp{— Jy ha(u)du} is the probability of sur-
viving competing risks up to age ¢ As discussed in (26-28),
we do not require an assumption of independence of
competing risks for these calculations, which involve only
observable cause-specific hazard rates. Equation 5 is suffi-
ciently general to allow relative risks r(r) to depend on age,
as required by equation 1. Thus, no assumption of propor-
tional hazards (23) is made. Dupont (29) recently presented
graphs based on his independent derivation of equation 5.
These graphs allow one to convert from relative risks to
absolute risks, assuming proportional hazards. However,
Dupont did not discuss risk factors or the case of nonpropor-
tional hazards.

We evaluated equation 5 by dividing the age scale into 13
intervals, [0, 7)[71, 72), . . . [712, 713), with widths AL Ay, ...
Ay3. The baseline hazard h,(t) is assumed to be 0 in the first
interval [0, 20), and the remaining 12 intervals are defined as
in table 3. If A;(¢), hy(t), and r(t) are assumed to be constant
in interval j, with respective values hlj, hzj, and r;, and if we
consider only values of a and a +r in the set (0, 7,,... 7}3),
then equation 5 becomes

P(a, 7, r) = thyrj/thyr; + hop}{S1(7j - D/S1(@)} X

(5]

; (61
(Sa(rj - VISA@Y1 — exp{—A;Chyr; + by},

where the smallest value of j in the summation satisfies 7, - |
= a and the largest value of j satisfies 7; = a + r. Quantities
like §i(7j— ) In equation 6 are obtained recursively from
formulas like S;(rj) = 8,(r; - 1) exp (—hy7;4)).

Results
BCDDP Composite and Baseline Rates

The composite age-specific rates hf(s) are consistently
higher in the BCDDP population than in the SEER popu-
lation, except for those women over age 70 (table 3). This
difference can be explained partly in terms of self-selection
and partly because screening shifts the age at diagnosis to
earlier ages. Indeed 140 (10.3%) of the 1,354 detected can-
cers were in situ, and some of these might never have been
detected in routine follow-up. About 4.5% of breast cancers
reported to the SEER Program are classified as in situ.
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Projection of Individualized Probabilities of Breast Cancer

Table 4 contains estimates of the probabilities of devel-
oping breast cancer over specified follow-up periods, , for
subjects with given age, a, and relative risks. If both a and
a + r are less than or equal to 50, or if both a anda + 7 are
50 or more, only an “initial relative risk,” namely, the rela-
tive risk at age g, need be specified. However, if a < 50 and
a + 7 > 50, one must specify the relative risk at age a (the
initial relative risk) and the relative risk at age 50 (the “later
relative risk”).

As an example, suppose a 40-year-old woman with menar-
che at age 12, with one previous biopsy for benign breast dis-
ease, with no children, and without a history of breast cancer
in her mother or sisters asks what her chances are of develop-
ing breast cancer within 30 years. From table 1, we estimate
the initial relative risk at age 40 of such a person to be 1.099
X 1.698 X 1.548 = 2.89. At age 50, the final relative risk
drops to 1.099 X 1.273 X 1.548 = 2.17, if we assume that
no additional risk factors have developed. From table 4, the
chance of developing disease is 8.6% for a person with ini-
tial and final relative risks of 2.0, 11.9% for initial relative
risk of 5.0 and final relative risk of 2.0, 17.0% for initial rel-
ative risk of 2.0 and final relative risk of 5.0, and 20.0% for

initial and final relative risks of 5.0. A rough guess near the
point (initial relative risk, final relative risk) = (2.0, 2.0) is,
therefore, somewhat greater than 8.6%. A more refined esti-
mate is obtained from bivariate linear interpolation starting
from the relative risk point (2.0, 2.0), which is nearest to the
two relative risks (2.89, 2.17) in our example. The interpo-
lated estimate is then 8.6 + (2.89 — 2.0X11.9 — 8.6)/(5.0
—20)+ @217 — 2.0X17 — 8.6)/(5.0 — 2.0) = 10.1%. For
a follow-up of 10 years, only the initial relative risk of 2.89
need be specified. From linear interpolation in table 4, the
estimated risk would be 2.5 + (2.89 — 2.0X6.1 — 2.5)/(5.0
— 2.0) = 3.6%. Likewise, had the woman presented at age a
= 50 with the same history of risk factors, one would need
only to specify her initial relative risk, 2.17. Over 10 years
of follow-up, her risk would be estimated as 3.1 + (2.17 —
2.0X7.6 — 3.1)/(5.0 — 2.0) = 3.4%.

Uncertainty in Projections

There are three major sources of uncertainty in these cal-
culations. The first source is the extent to which the BCDDP
population is representative of other women who might come
to a physician for counseling. We consider this issue of the
generalizability of results from the BCDDP in the Discussion
section.

Table 4. Projected probability (%) of developing breast cancer within 10, 20, or 30 years of follow-up

Initial relative risk*t

Initial age Years of Later
oo follow-up relative risk® 1.0 20 5.0 10.0 20.0 30,0
20 10 0.0 0.1 02 0.5 L0 1.4
20 0.5 10 25 49 9.5 14.0
30 1.7 34 83 159 293 405
30 10 0.5 09 23 44 87 12.8
20 17 33 8.1 15.6 288 39.9
30 1.0 32 48 9.5 16.9 299 408
20 47 63 109 182 309 417
50 8.9 10.4 149 218 340 443
10.0 156 17.1 212 276 388 483
20.0 276 288 123 378 474 55.5
30.0 377 187 418 464 547 61.7
40 10 1.2 25 6.1 11.8 222 313
20 1.0 28 40 75 13.1 234 324
2.0 43 55 89 14.5 245 334
50 86 97 13.1 183 280 36.4
10.0 15.4 16.4 195 244 133 411
200 274 284 309 352 427 495
300 377 385 407 443 50.8 56.6
30 10 44 56 9.1 146 246 335
20 74 86 1.9 17.3 27,0 356
50 159 17.0 20.0 249 337 415
10.0 283 292 318 359 434 50.0
20.0 475 48.1 50.0 53.1 58.5 634
300 612 61.6 63.1 653 693 728
50 10 1.6 3.1 76 14.6 27.1 377
20 32 6.4 15.1 279 478 619
30 44 8.5 19.9 355 578 717
60 10 1.8 36 8.6 16.5 30.1 415
20 30 59 14.0 259 446 582
70 10 1.4 27 6.7 129 24.1 337

*The initial relative risk corresponds to the initial age a. If the initial age is <50 and if the initial age plus the follow-up specified is ?50, theri a later
relative risk at age 50 should also be specified. If the initial age is =50, only the initial relative risk is required. If the initial age is <50 and'if the initial age
plus the years of follow-up does not exceed 50, then only an initial relative risk is required.

tValues in columns are projected probabilities expressed in percents.
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The second source of uncertainty is that equation 1 may be
misspecified by the inclusion of inappropriate terms, for ex-
ample. We arrived at equation 1 by carefully studying known
risk factors and their interactions and by allowing the rela-
tive risks associated with particular factors to vary with age
(no proportional hazards assumption). We balanced the de-
sire to fit the available BCDDP data well with therealization
that elaborate models suited to one data set are often unreli-
able (30). It is likely, however, that other data analysts would
arrive at somewhat different models. To the extent that ad-
ditional information could define a truly better model, our
procedures are subject to systematic error.

A third source of uncertainty arises from random error,
even if the form of the risk equation 1 is correctly specified.
Random fluctuations affect our estimates of baseline hazard,
h,(1), and our estimates of relative risk coefficients (tables
1 and 2 and equation 1). Preliminary calculations suggest
that the latter is much more important. Therefore, we stud-
ied the effects of random fluctuations in relative risks by the
following simulation procedure. We generated 1,000 ran-
dom samples of sets of log relative odds coefficients, 8, from
a multivariate normal distribution with means and covari-
ances as in table 2. For a given type of individual, such as
subject 1 or subject 2 in table 5, each of these sets of 8 coeffi-
cients is used to estimate the probability of developing breast
cancer through equation 6. Estimated 95% confidence lim-
its on the projected probability of developing breast cancer
are the 25th- and 975th-order statistics from this sample, re-
spectively. This procedure for obtaining confidence intervals
is called a “parametric bootstrap” (3/), and table 5 gives
the results for two hypothetical subjects. These confidence
intervals do not take into account the smaller uncertainty
associated with estimating the baseline hazard.

Subject 1 in table 5 corresponds to a woman with NBIOPS
=1, AGEMEN = 1, AGEFLB = 2, and NUMREL = 0 both
before and at age 50. We discussed this woman previously.
We estimated that her absolute risks ranged from 1.3% to
10.1% (table 5), depending on the time interval. Note that
the ratio of half the width of the confidence interval to the
original risk estimate is in the range 0.18-0.27, with slightly
more uncertainty above than below the original value. For
subject 2, who has a greater risk primarily because she has
two affected relatives (table 5), the absolute risks are much
higher, and the ratio of half the width of the confidence
interval to the original estimate ranges from 0.44 to 0.64,

which is large. Moreover, the confidence intervals (table 5)
are asymmetrically situated about the original estimate and
include a wider range of higher risks than lower risks.

Discussion

The projected probabilities in table 4 are intended to pro-
vide an aid to decision-making and, despite their consider-
able uncertainty, may serve as a useful complement to clin-
ical experience and intuition. Major improvements could be
made if we better understood risk factors for breast can-
cer. Some progress in this direction has been reported by
Dupont and Page (32-34) and others, who have identified
atypical hyperplasia (AH) in biopsy specimens as an impor-
tant risk factor. We could not incorporate AH in our model
because we did not have pathologic assessments of speci-
mens obtained from biopsies performed before 1973. The
risk factors that we selected and the relative risks associated
with these factors are broadly consistent with those of other
population-based studies (35-37).

We now suggest a simple adjustment for using table 1 for
a woman with AH. We used data from 16,692 subjects with
biopsy-proven benign breast disease [see table 1 of (24)].
These women were found to have benign breast disease at
screening during the BCDDP from 1973 to 1979 and were
subsequently followed through February 1986 for detection
of breast cancer. We analyzed data from 465 women who
developed breast cancer more than 6 months after the first
biopsy-proven diagnosis of benign breast disease and from
15,849 women who did not. The remaining 16,692 — 465 —
15,849 = 378 women were excluded because we lacked data
for them on one or more of the following factors included
in a logistic model of the odds of developing breast cancer:
AGEFLB, NBIOPS, NUMREL, AGEMEN, AGE (0 if <50,
1 if =50), and AH (1 if at least one biopsy in 1973-1979
yielded a diagnosis of AH and 0 otherwise). These factors
were coded as in table 1 but were evaluated from a question-
naire in 1979. For example, NBIOPS refers to the total num-
ber of previous biopsies as of 1979. The resulting estimated
relative risk for AH was 1.96 with 95% confidence interval
(1.51, 2.54). As noted in (24), this relative risk is somewhat
smaller than that observed in earlier studies (32-34), prob-
ably because less stringent criteria for AH were employed
in the later study. The theory of attributable risk calcula-
tions (38) indicates that alternative, mutually exclusive, and

Table 5. Estimates of probability (%) of developing breast cancer, with 95% confidence intervals

Age interval Subject 1* Subject 27
om Probability Confidence interval Probability Confidence interval
30-40 1.3 10, 17 6.1 35,113
30-60 79 66, 9.8 3127 199, 51.7
40-50 36 28, 47 16.0 9.4, 282
40-70 10.1 84, 122 198 25.1, 60.5
50-60 34 28, 41 152 9.0, 26.4
50-80 92 77,110 368 231, 56.6

. _ _ e e em——

*Subject 1 had values NBIOPS = 1, AGEMEN = 1, AGEFLB = 2, and NUMREL = 0 before and at age 50.
tSubject 2 had values NBIOPS = 1, AGEMEN = 2, AGEFLB = 0, and NUMREL = 2 before and at age 50.
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exhaustive partitionings of the “exposed” category will yield
the same attributable risk, provided (a) that the “unexposed”
category is unaltered and (b) that the risk models fit well.
Because the presence of AH can be regarded as a further
subdivision of the exposure category defined by NBIOPS in
table 1, inclusion of AH in model 1 would not alter apprecia-
bly our estimates of the baseline age-specific breast cancer
hazard rates from equation 4. Therefore, for women without
previous breast biopsies, one could use tables 1 and 4 directly.
For women with previous breast biopsies, the relative risks
in table 1 correspond to a mixture of relative risks for those
with and without AH. Using the 7.8% prevalence rate of AH
among 16,692 women with biopsy-proven benign breast dis-
ease [table 4 in (24)], we estimate this mixture as rr(0.078 X
1.96 + 0.922) = 1.075rr, where rr is the relative risk in the
absence of AH. Thus, for women with AH, one can muitiply
estimates of relative risk from table 1 by 1.96/1.075 = 1.82
before referring to table 4, and for women without AH, one
can multiply these estimates by 1/1.075 = 0.93. For practi-
cal purposes, one can use tables 1 and 4 directly for women
whose breast biopsies reveal no AH.

Ottman et al. (4) estimated the probability of developing
breast cancer by age 70 in mothers of breast cancer patients
(the index case). Because bilateral disease is uncommon, we
compare our results with their results for all index cases with
unilateral disease, for which the mothers’ cumulative risk is
6.5% [table 1 of (4)] with 95% confidence interval (2.6%,
10.4%). For sisters of such index cases [table 2 of (4)], the
cumulative risk to age 70 is 17.4% with 95% confidence
interval (1.1%, 33.7%). Note that the confidence intervals are
extremely wide, which is typical of life tables based on small
numbers. It is difficult to compare our estimates with these
figures because Ottman et al. made no attempt to define or
use other risk factors associated with the mother or sister of
the index case, such as age at first live birth. However, if we
assume that a woman with one involved relative had no other
risk factors, she would have a relative risk of 2.607 (table
1) and, by linear interpolation in table 4, a cumulative risk
from ages 40 to 70 of 8.6 + (2.607 — 2) X (11.9 — 8.6)/(5
~2) + (2.607 — 2X17 — 8.6)/(5 — 2) = 11.0%, which is
quite consistent with the results of Ottman et al. (4). Our
figure of 11.0% is also in good agreement with the value
12.3% calculated from table 1 in (39). Similarly, Anderson
and Badzioch (5) studied the cumulative risk to age 70
among women who had a sister with breast cancer (index
patient) and one other immediate family member with breast
cancer (index relative of the index patient). They reported a
cumulative risk of 18% with 95% confidence interval (12%,
24%) if the index relative was a mother and 14% with
95% confidence interval (9%, 19%) if the index relative was
another sister. Our analysis would lead to a relative risk of
6.798 for a woman with two or more family members with
breast cancer and a cumulative risk from ages 40 to 70 of
20 + (24.9 — 20X6.798 — 5)/(10 — 5) + (31.8 — 20X(6.798
— 5)/(10 — 5) = 26%, which is somewhat higher but is also
subject to considerable variability. Compared with simple
life-table methods, the techniques used in our study allow
one to assess multiple risk factors; in addition, the projected
risks as in table 4 are regular, compared with the erratic
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estimates one finds with life tables based on small numbers of
events (4,5). One obtains these desirable features as a result
of model assumptions that must be examined critically.

The rates in table 3 have never before been calculated or
published for the original BCDDP population, although rates

for a related cohort with extended follow-up (40) and rates '

expressed in terms of cancers detected per 1,000 screenings
(3) have been published.

The composite rates in table 3 were derived for women
in the BCDDP who had passed the initial screening without
cancer detection and who were in years 2 or 3 of follow-up.
Therefore, the derived probabilities in table 4 are most appli-
cable to a woman who had just had a normal examination,
including mammography as in the BCDDP, and who would
be willing to have annual examinations for an extended pe-
riod. For women over age 65, there is little difference be-
tween BCDDP rates and SEER rates, which indicates that
table 4 may be useful for older women under more sporadic
follow-up like members of the SEER population.

In the age range 30-64, women in the general (SEER)
population have lower rates than women in the BCDDP co-
hort (table 3). An approximate calculation of attributable risk
with the use of data from the Cancer and Steroid Hormone
Study (22,35) suggests that increased prevalence of the risk
factors in table 1 in the BCDDP cohort can explain only
a relative risk of about 1.17 in table 3. Thus, a consider-
able portion of the increased risk among young women in
the BCDDP is due to the accelerated detection of cancers
as a result of frequent screening (4/). On the basis of such
attributable risk calculations, we believe that if the data in
tables 1 and 4 are applied to younger women under sporadic
follow-up, the incidence of detected disease will be overesti-
mated by roughly 10%-20%. Nonetheless, a woman at high
relative risk who is receiving sporadic follow-up might wish
to begin a program of annual examinations and adopt other
preventive or surveillance measures on the basis of the re-
sults shown in table 4, since the intrinsic rate of progression
to malignant disease is presumably no slower among women
receiving sporadic follow-up than among those seen annu-
ally.

The methods reported in this article may be used to help
design prevention trials in high-risk populations, because an
important determinant of the required sample size is the
absolute risk of developing breast cancer in such a population
“42).
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