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Abstract

Background: There is no model to estimate absolute invasive breast cancer risk for Hispanic women.
Methods: The San Francisco Bay Area Breast Cancer Study (SFBCS) provided data on Hispanic breast cancer case patients
(533 US-born, 553 foreign-born) and control participants (464 US-born, 947 foreign-born). These data yielded estimates of relative
risk (RR) and attributable risk (AR) separately for US-born and foreign-born women. Nativity-specific absolute risks were esti-
mated by combining RR and AR information with nativity-specific invasive breast cancer incidence and competing mortality
rates from the California Cancer Registry and Surveillance, Epidemiology, and End Results program to develop the Hispanic risk
model (HRM). In independent data, we assessed model calibration through observed/expected (O/E) ratios, and we estimated
discriminatory accuracy with the area under the receiver operating characteristic curve (AUC) statistic.
Results: The US-born HRM included age at first full-term pregnancy, biopsy for benign breast disease, and family history of
breast cancer; the foreign-born HRM also included age at menarche. The HRM estimated lower risks than the National Cancer
Institute’s Breast Cancer Risk Assessment Tool (BCRAT) for US-born Hispanic women, but higher risks in foreign-born women.
In independent data from the Women’s Health Initiative, the HRM was well calibrated for US-born women (observed/expected
[O/E] ratio¼ 1.07, 95% confidence interval [CI] ¼ 0.81 to 1.40), but seemed to overestimate risk in foreign-born women (O/E ratio
¼ 0.66, 95% CI¼0.41 to 1.07). The AUC was 0.564 (95% CI¼0.485 to 0.644) for US-born and 0.625 (95% CI¼0.487 to 0.764) for
foreign-born women.
Conclusions: The HRM is the first absolute risk model that is based entirely on data specific to Hispanic women by nativity.
Further studies in Hispanic women are warranted to evaluate its validity.

The National Cancer Institute’s (NCI’s) Breast Cancer Risk
Assessment Tool (BCRAT) predicts invasive breast cancer risk in
non-Hispanic white (NHW) (see “model 2” in [1]), African
American (2), and Asian and Pacific Islander American (3)
women. BCRAT also estimates risk for Hispanic women by

combining Hispanic age-specific incidence rates from the NCI’s
Surveillance, Epidemiology, and End Results (SEER) program with
relative and attributable risks from white women. In a previous
study, BCRAT underestimated breast cancer risk by 18% for
Hispanic women, and the relative risk estimates for Hispanics
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also differed from those in BCRAT (4). Differences between
Hispanic and NHW women in distributions of breast cancer risk
factors and their relative risks have been reported (5–9).
Furthermore, country of birth statistically significantly modifies
breast cancer risk (10). Therefore, we developed a breast cancer
risk prediction model for Hispanic women based on nativity-
specific data.

The San Francisco Bay Area Breast Cancer Study (SFBCS), a
multiethnic population-based case-control study, collected data
on Hispanic women (10). We combined relative and attributable
risks from SFBCS with nativity-specific Hispanic breast cancer in-
cidence and mortality data from the California Cancer Registry
(CCR) and SEER program to build the Hispanic risk model (HRM).
This model estimates absolute invasive breast cancer risk sepa-
rately for Hispanic women born in the United States and foreign-
born Hispanic women. We compared risk projections from the
HRM with those from BCRAT and assessed calibration with inde-
pendent data from the 4-Corners Breast Cancer Study (4-CBCS)
and the Women’s Health Initiative (WHI).

Methods

Data Sources

The SFBCS is a population-based case-control study of breast
cancer in Hispanic, African American, and NHW women resid-
ing in the San Francisco Bay Area. Case patients age 35 to 79
years were diagnosed with a first primary invasive breast cancer
between April 1995 and April 2002 (10). Control participants
were identified by random-digit dialing and frequency-matched
to case patients on five-year age group and race/ethnicity. Race/
ethnicity was based on self-report. Non-Hispanic women were
excluded. Complete model risk factor data were available for
1086 Hispanic case patients (533 US-born, 553 foreign-born) and
1411 Hispanic control participants (464 US-born, 947 foreign-
born); 12 case patients and 29 control participants with missing
data were excluded.

The 4-CBCS, a population-based case-control study of breast
cancer, included Hispanic, Native American, and NHW women re-
siding in non-reservation areas of Arizona, Colorado, New Mexico,
and Utah. Case patients age 25 to 79 years were diagnosed with his-
tologically confirmed in situ or invasive breast cancer between
October 1999 and May 2004 (11). Control participants were
frequency-matched to case patients based on five-year age inter-
vals and ethnicity. Women who were non-Hispanic or diagnosed
with in situ breast cancer or second primary breast cancer were ex-
cluded. Complete model risk factor data were available for 592
Hispanic case patients and 802 Hispanic control participants 166
case patients and 81 participants with missing data were excluded.

Both the SFBCS and 4-CBCS collected information on age at
diagnosis case patients or selection into the study control par-
ticipants race/ethnicity, family history of breast cancer in first-
degree female relatives, age at menarche, parity, and age at first
full-term pregnancy. As part of the Breast Cancer Health
Disparities Study, the data from the two studies were harmo-
nized using common definitions (12). For the current analysis,
women with a history of ovarian breast cancer were excluded.
Information on participants’ nativity and previous biopsy for
benign breast disease were available from the SFBCS only. We
therefore used the SFBCS for model development.

CCR and SEER Data
We obtained age- and nativity-specific (US-born vs foreign-
born) invasive breast cancer incidence rates for Hispanic

women from an enhanced CCR data set provided by the Cancer
Prevention Institute of California, and competing mortality
rates from SEER. CCR data included all Hispanic female
California residents age 25 years or older and diagnosed with
first primary invasive breast cancer between 1995 and 2004.
SEER mortality data included all Hispanic female California resi-
dents age 25 years or older at diagnosis who died from non–
breast cancer causes between 1995 and 2004. Hispanic nativity
was classified as previously described and validated (13).

Women’s Health Initiative
The WHI is a national, longitudinal study composed of a set of
randomized clinical trials and an observational study (14–16).
We used data on 6220 postmenopausal Hispanic women age 50
to 79 years who entered the WHI study without a history of
breast cancer or mastectomy (bilateral or unilateral) and who
were followed through March 2005 (WHI Main Study). We ex-
cluded women with missing information on previous breast
cancer or mastectomy.

Statistical Analysis

To select risk factors, we examined variables in SFBCS that most
closely aligned with the five independent risk factors and coding
in the Gail model (17), but also considered other risk factors (see
the Supplementary Methods, available online). Following the pre-
viously described methods (2,3,17), we first developed nativity-
specific multivariable relative risk models from the SFBCS data,
including risk factors in (17). Then, we obtained baseline age-
and nativity-specific breast cancer incidence rates for Hispanic
women by multiplying age- and nativity-specific rates from CCR
times 1 minus the nativity-specific population-attributable risk
from SFBCS. Finally, we calculated absolute risk projections for a
Hispanic woman with a specific risk factor profile by multiplying
her multivariable relative risk times the baseline age-specific
breast cancer incidence rate and accounting for competing mor-
tality rates from SEER, as described below.

Nativity-specific odds ratios were obtained using conditional
logistic regression, conditioning on five-year age groups, sepa-
rately for US-born and foreign-born Hispanic women in SFBCS,
with independent variables shown in Table 1. Specifically, the
log-relative odds main effects model included the following risk
factors as of the reference year (ie, the calendar year before diag-
nosis for case patients or before selection into the study for con-
trol participants age at first full-term pregnancy (0 ¼<20 years, 1
¼ 20–29 years, 2 ¼�30 years or nulliparous); age at menarche (2
¼<12 years, 1 ¼ 12–13 years, and 0 ¼�14 years); history of first-
degree relatives with breast cancer (0 ¼ no relatives, 1 ¼�1 rela-
tives); history of biopsy with benign breast disease (0¼ no biopsy,
1 ¼�1 biopsies). Age (in five-year age categories) was included to
account for matching. The value of the log odds corresponding to
variables in Table 1 and their estimated variance-covariance ma-
trix are shown in Supplementary Table 1 (available online). The
Supplementary Methods (available online) give additional details
on coding and variable selection.

We calculated the conversion factor F(t) ¼ 1 � AR(t), where
AR(t) is the population-attributable risk at age t, from (18):

1�ARðtÞ ¼ Rð1=rrÞ;

where the sum of reciprocal estimated relative risks, 1/rr, is
over the case patients age t with complete data in SFBCS. This
formula was applied separately for case patients in four groups
defined by ages (t < 50 years vs t � 50 years) and by nativity.
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We used age- and nativity-specific invasive breast cancer in-
cidence rates h*(t) in five-year age intervals from the CCR
(Supplementary Table 2, available online) to estimate the base-
line hazard as h1(t) ¼ h*(t)F(t). The hazard h2(t) of age- and
nativity-specific mortality from non–breast cancer causes was
obtained from SEER data (Supplementary Table 3, available on
line). Using Equation 6 in (17) with one-year intervals, we com-
bined the information on h1, h2, and the relative risk (rr) to proj-
ect individualized absolute risk of invasive breast cancer for
various initial and final ages and combinations of risk factors.

We estimated the variance of the absolute risk by bootstrap-
ping SFBCS data. From 10 000 bootstrap samples, we obtained 10
000 estimates of the log-relative risks and attributable risk. For a
fixed combination of risk factors and risk projection interval, we
obtained 10 000 bootstrap estimates of absolute risk by regarding
the h* and h2 as known quantities, but applying the 10 000 differ-
ent sets of relative risks and attributable risk. The 95% confidence
interval (CI) was defined by the 2.5th percentile and 97.5th percen-
tile of the resulting bootstrap distribution of absolute risk. We refer
to these confidence limits for a given risk projection as “exact,”
and we developed a SAS computer program to compute them. We
also developed simple graphs (Figure 1, A and B, respectively, for
US-born and foreign-born Hispanic women) that plot approximate
confidence limits against projected absolute risk. Thus, one can
obtain approximate confidence intervals by estimating absolute
risk for any combination of risk factors and projection interval and

reading the approximate confidence limits from Figure 1. The
methods to construct Figure 1 are in the Supplementary Methods
(available online).

Projections for HRM with confidence intervals can be com-
puted using a SAS macro (HispBrCa_RAM_Ver2_1, available at
http://dceg.cancer.gov/tools/risk-assessment/HispBrCa_RAM/).
This program was developed using SAS 9.3 (SAS Institute Inc.,
Cary, NC).

To assess the relative risks in the HRM, we estimated them
from independent data in 4-CBCS and WHI. In 4-CBCS, we used
multivariable logistic regression to estimate the odds ratios for
age at first full-term pregnancy, age at menarche, and family
history of breast cancer in first-degree female relatives, regard-
less of nativity. In WHI, we used Cox proportional hazards mod-
els to estimate hazard ratios for age at first live birth, age at
menarche, family history of breast cancer in first-degree rela-
tives, and biopsy for benign breast disease, separately by nativ-
ity. Because we wanted to compare relative risks from WHI with
those from HRM, we used the same models for covariates. We
tested the proportionality assumption using scaled Schoenfeld
residuals. We assessed the calibration and discriminatory accu-
racy of the HRM in WHI as in (4) by computing each woman’s
absolute risk of developing invasive breast cancer from WHI en-
rollment through March 2005. The expected counts in risk factor
category i, Ei , were calculated as the sum of risks of women in
that category and compared with the observed number of

Table 1. Multivariable relative risk estimates for US-born and foreign-born Hispanic women from the San Francisco Area Breast Cancer Study*

US-born Hispanics
RR (95% CI) No. of case patients (n¼ 533)

No. of control
patients (n¼ 464)Risk factor (assigned code)

Age at first full-term pregnancy (AFP), y
<20 (0) 1.0 (Referent) 124 134
20–29 (1) 1.26 (1.05 to 1.52) 280 242
�30/nulliparous (2) 1.59 (1.10 to 2.31) 129 88

Biopsy for benign breast disease (BIOP)
No (0) 1.0 (Referent) 431 385
Yes (1) 1.10 (0.79 to 1.53) 102 79

Family history of breast cancer in
first-degree female relatives (FH)
No (0) 1.0 (Referent) 445 396
Yes (1) 1.18 (0.83 to 1.68) 88 68

Foreign-born Hispanics RR (95% CI) No. of case
patients (n¼ 553)

No. of control
patients (n¼ 947)Risk factor (assigned code)

Age at first full-term pregnancy (AFP), y
<20 (0) 1.0 (Referent) 100 267
20–29 (1) 1.60 (1.35 to 1.88) 307 526
�30/nulliparous (2) 2.54 (1.84 to 3.53) 146 154

Biopsy for benign breast disease (BIOP)
No (0) 1.0 (Referent) 468 856
Yes (1) 1.62 (1.16 to 2.24) 85 49

Family history of breast cancer in
first-degree female relatives (FH)
No (0) 1.0 (Referent) 486 898
Yes (1) 2.48 (1.67 to 3.68) 85 49

Age at menarche (MEN), y
�14 (0) 1.0 (Referent) 165 370
12–13 (1) 1.30 (1.12 to 1.50) 248 391
<12 (2) 1.68 (1.26 to 2.25) 140 186

*Estimates obtained from multivariable conditional logistic regression models separately for US-born and foreign-born Hispanic women, with risk factors coded as

shown. The overall relative risk of developing invasive breast cancer, compared with an individual of the same nativity with all risk factors at their lowest risk level, is

estimated by multiplying the relative risks across risk factors. CI ¼ confidence interval; RR ¼ relative risk.
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women with incident invasive breast cancer, Oi. For each cate-
gory, we computed an observed/expected (O/E) ratio and 95%
confidence interval from (O/E)exp(þ/-1.96 x O-1/2).
Discriminatory accuracy comparing WHI patients with non-
case patients was assessed using the concordance statistic, or
area under the receiver operating characteristic curve (AUC) sta-
tistic (19). Statistical significance tests were two-sided, with the
significance level set at a P value of less than .05.

Results

Relative and Attributable Risks

Relative risks for the HRM are given separately for US-born and
foreign-born Hispanic women (Table 1). The corresponding con-
version factors F(t)¼1-AR(t) were 0.749 (95% CI¼ 0.601 to 0.926)
for US-born women younger than age 50 years, 0.778 (95% CI¼
0.613 to 0.890) for US-born women age 50 years or older, 0.429
(95% CI¼ 0.336 to 0.537) for foreign-born women younger than

age 50 years, and 0.450 (95% CI¼ 0.350 to 0.514) for foreign-born
women age 50 years or older.

Individualized Absolute Risks

Table 2 provides absolute risk estimates for various initial ages,
follow-up durations, and relative risks for US-born and foreign-
born Hispanic women. Suppose one wishes to project invasive
breast cancer risk over 20 years for a 30-year-old foreign-born
Hispanic woman who had her first full-term pregnancy at age 28
years (AFP ¼ 1), who never had a biopsy for benign breast disease
(BIOP ¼ 0), whose mother had breast cancer (FH¼ 1), and who be-
gan menstruating at age 11 years (MEN ¼ 2). From Table 1, the
woman’s relative risk is 1.60 (for AFP ¼ 1) x 1.00 (for BIOP ¼ 0) x
2.48 (for FH¼ 1) x 1.68 (for MEN ¼ 2) ¼ 6.67. From Table 2, the
woman’s 20-year absolute risk is between 2.56% for relative risk 5
and 5.06% for relative risk 10. By linear interpolation, the approxi-
mate risk is 2.56þ (5.06–2.56)(6.67–5.00)/(10–5) ¼ 3.40%. The exact
estimate from our SAS program, HispBrCa_RAM_Ver2_1, is 3.39%.

Figure 1. Approximate upper and lower 95% confidence limits for the estimated absolute risk of invasive breast cancer plotted against the projected absolute risk.

A) For US-born Hispanic women. B) For foreign-born Hispanic women. Confidence limits were calculated as described in the “Analytic Approach and Risk Factors” sec-

tion. The loci represent regressions that are quadratics in absolute risk.
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Confidence Intervals on Risk Projections

For this example with a risk of 3.39%, the approximate 95% con-
fidence interval (Figure 1) was 2.45% to 4.80%, which agrees well
with the “exact” bootstrap 95% confidence interval (2.31% to
5.09%). For most purposes, Figure 1 yields sufficiently accurate
confidence intervals.

Comparison With NCI’s BCRAT

We plotted five-year absolute risks from the HRM (ordinate)
against absolute risks from BCRAT (abscissa) separately for US-
born Hispanic women age 35, 50, and 70 years (Figure 2, A–C)
and for foreign-born Hispanic women age 35, 50, and 70 years
(Figure 2, D–F). For US-born women, BCRAT yielded higher ab-
solute risk estimates than the HRM for most risk factor pat-
terns (points below the equiangular line). The percentages of
risk patterns in which the BCRAT had higher risk estimates
than the HRM were 76%, 55%, and 69%, respectively, in women
age 35, 50, and 70 years. For foreign-born women, absolute
risks from BCRAT were higher than from the HRM for women

age 35 years in 61% of risk patterns, but lower in 66% for
women age 50 years and in 66% for women age 70 years.

Hispanic Risk Model Validation

We compared relative risks from the HRM with those for Hispanic
women in 4-CBCS and WHI (Supplementary Table 4, available on
line). The relative risk estimates from 4-CBCS are not strictly com-
parable with those in the HRM because data on nativity and bi-
opsy for benign breast disease were not available in 4-CBCS. None
of the 4-CBCS relative risks were statistically significantly different
from the relative risks in the US-born HRM. However, the 4-CBCS
relative risks for age at first full-term pregnancy (relative risk [RR]
¼ 1.19, 95% CI¼ 1.01 to 1.41) and family history (RR¼ 1.39, 95%
CI¼ 1.03 to 1.88) were statistically significantly lower than the re-
spective relative risks (RR¼ 1.60, 95% CI¼ 1.35 to 1.88, P ¼ .01;
RR¼ 2.48, 95% CI¼ 1.67 to 3.68, P ¼ .02) in the foreign-born HRM.
In WHI, there were too few invasive breast cancer events to fit reli-
able multivariable relative risk models. For foreign-born WHI
Hispanic women, none of the relative risks were statistically dif-
ferent from those in the foreign-born HRM; whereas for US-born

Table 2. Projected absolute risk (%) of developing invasive breast cancer within 5, 10, 20, or 30 years by relative risk, initial age, and years of fol-
low-up for Hispanic women*

Initial age, y Years of follow-up

Project absolute risk, %

US-born Hispanic initial relative risk Foreign-born Hispanic initial relative risk

1 2 5 10 1 2 5 10

20
5 0.01 0.01 0.03 0.06 0.00 0.00 0.01 0.02

10 0.03 0.07 0.17 0.34 0.01 0.03 0.07 0.14
20 0.36 0.72 1.80 3.56 0.12 0.25 0.62 1.23
30 1.50 2.98 7.27 14.01 0.53 1.06 2.62 5.17

30
5 0.10 0.20 0.51 1.02 0.03 0.07 0.17 0.34

10 0.33 0.66 1.64 3.25 0.11 0.22 0.55 1.10
20 1.47 2.92 7.14 13.77 0.52 1.03 2.56 5.06
30 3.34 6.57 15.62 28.75 1.20 2.38 5.85 11.35

40
5 0.46 0.91 2.26 4.46 0.16 0.33 0.81 1.62

10 1.15 2.29 5.64 10.95 0.41 0.82 2.03 4.02
20 3.05 6.00 14.32 26.55 1.09 2.18 5.35 10.41
30 5.14 10.00 23.09 40.69 2.00 3.97 9.62 18.30

50
5 0.89 1.77 4.37 8.55 0.32 0.63 1.57 3.11

10 1.95 3.86 9.36 17.84 0.69 1.38 3.43 6.73
20 4.10 8.02 18.83 34.02 1.62 3.21 7.83 15.03
30 6.07 11.74 26.68 45.85 2.59 5.11 12.27 22.96

60
5 1.18 2.35 5.77 11.20 0.46 0.91 2.26 4.47

10 2.28 4.51 10.88 20.55 0.96 1.90 4.69 9.16
20 4.37 8.53 19.90 35.58 1.96 3.89 9.42 17.90

70
5 1.23 2.44 5.99 11.61 0.55 1.10 2.73 5.39

10 2.36 4.66 11.22 21.10 1.10 2.19 5.37 10.44

*Tables present absolute risk estimates for various initial ages, follow-up durations, and relative risks for US-born and foreign-born Hispanic women. For example, to

project invasive breast cancer risk over 20 years for a 30-year-old foreign-born Hispanic woman who had her first full-term pregnancy at age 28 years (age at first full-

term pregnancy [AFP] ¼ 1), who never had a biopsy for benign breast disease (biopsy for benign breast disease [BIOP] ¼ 0), whose mother had breast cancer (family his-

tory of breast cancer in first-degree female relatives [FH] ¼ 1), and who began menstruating at age 11 years (age at menarche [MEN] ¼ 2). From Table 1, the woman’s rel-

ative risk is 1.60 (for AFP ¼ 1) x 1.00 (for BIOP ¼ 0) x 2.48 (for FH¼1) x 1.68 (for MEN ¼ 2) ¼ 6.67. As shown in the table, the woman’s 20-year absolute risk is between

2.56% for relative risk 5 and 5.06% for relative risk 10. By linear interpolation, the approximate risk is 2.56þ (5.06–2.56)(6.67–5.00)/(10–5) ¼ 3.40%.
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WHI Hispanic women, the relative risk for age at first full-term
pregnancy (RR¼ 0.71, 95% CI¼ 0.47 to 1.08) was statistically signif-
icantly lower than that in the US-born HRM (RR¼ 1.26, 95% CI¼
1.05 to 1.52, P¼ .01).

We assessed the HRM calibration and discriminatory accu-
racy in WHI (Table 3). For US-born Hispanic women (n¼ 2079), 52
breast cancers were diagnosed (“observed”), compared with 48.7
expected from the HRM, yielding an O/E of 1.07 (95% CI¼ 0.81 to
1.40). Thus, the US-born HRM was well calibrated in WHI. For
foreign-born women (n¼ 1230), 17 breast cancers were observed
compared with 25.6 expected, yielding an O/E of 0.66 (95% CI¼
0.41 to 1.07). Thus, the HRM appears to overestimate risk in this

group, but the deviation was not statistically significant. For WHI
women of unknown nativity (n¼ 2911), 61 breast cancers were
observed and 68.7 were expected, yielding an O/E of 0.89 (95%
CI¼ 0.69 to 1.14). Supplementary Table 5 (available online) gives
data on O and E within groups defined by tertiles of risk. There is
no evidence of overfitting as the agreement between O and E is
similar across tertile categories. The nativity-specific concor-
dance statistics (AUC) of the HRM in the WHI cohort (Table 3)
were an AUC of 0.564 (95% CI¼ 0.485 to 0.644) for US-born
Hispanic women, an AUC of 0.625 (95% CI¼ 0.487 to 0.764) for
foreign-born Hispanic women, and an AUC of 0.582 (95% CI¼
0.509 to 0.656) for Hispanic women of unknown nativity.

Figure 2. Plots of five-year projections of absolute invasive breast cancer risk in Hispanic women based on the HRM (ordinate) vs the NCI Breast Cancer Risk

Assessment Tool (BCRAT) (abscissa). A) For US-born Hispanic women age 35 years. B) For US-born Hispanic women age 50 years. C) For US-born Hispanic women age 70

years. D) For foreign-born Hispanic women age 35 years. E) For foreign-born Hispanic women age 50 years. F) For foreign-born Hispanic women age 70 years.
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Discussion

We developed a nativity-specific model to project individual-
ized, absolute invasive breast cancer risk for US Hispanic
women. A SAS program provides “exact” risk estimates with
confidence intervals, but Tables 1 and 2 can be used to obtain
nativity-specific risk projections, and corresponding approxi-
mate confidence intervals can be read from Figure 1. Hispanics
are the largest racial/ethnic minority group in the United States,
comprising nearly 17% of the total US population (approxi-
mately 54 million in 2013), with US-born Hispanics representing
the largest share (65%) (20).

To incorporate nativity, we obtained nativity-specific inci-
dence and mortality rates and used nativity-specific relative
risks from SFBCS. We omitted some risk factors and simplified
the coding of some risk factors, compared with the original Gail
model (see Supplementary Methods, available online) (17). The
resulting simplified HRM model fit the SFBCS data well and
yielded absolute risk estimates with smaller variances than
with the original coding. Projections of five-year absolute risk
from the HRM were usually lower than those from the NCI
BCRAT for US-born Hispanic women, but were usually higher
for foreign-born Hispanic women age 50 years or older.

When assessing the HRM with independent data, relative
risk estimates from 4-CBCS were similar to those for the US-
born HRM, but lower than the relative risks for age at first full-
term pregnancy and family history in the foreign-born HRM.
The US-born HRM was well calibrated in WHI US-born Hispanic
women. In foreign-born WHI women, the HRM appeared to
overestimate risk, but this discrepancy was not statistically sig-
nificant. In WHI, the concordance statistics for the HRM for US-
born and foreign-born Hispanic women, while modest, were
similar to those obtained for other BCRAT models (2,3).

Because the HRM was based on data from SFBCS, CCR, and
SEER on all Hispanic female California residents, the HRM is
likely to be appropriate for Hispanic women with origins similar
to those in the SFBCS and CCR—namely, Hispanic women in
western US states, primarily of Mexican and Central American
descent. Studies highlighting heterogeneity in breast cancer risk
between Hispanic women underscore the importance of differ-
ences in country of origin, duration of residence in the United
States, and acculturation in estimating the risk of breast cancer
(10,21–23). Further, there is evidence of genomic differences be-
tween Hispanic subgroups in the Unites States (24,25). These
factors were not captured in the HRM and may contribute to
some of the differences in HRM relative risks and absolute risk
predictions in the validation studies. Future studies are war-
ranted that collect comprehensive information on breast cancer

risk factors, genomic data, and health outcomes across different
populations of Hispanic women. Such data can be used to eval-
uate the HRM further and to develop improved risk prediction
models.

We note several additional limitations. First, the HRM had
modest discriminatory accuracy, which highlights the need for
considering additional risk factors, such as mammographic
density (26–29) or genetic variants (30,31). Nevertheless, an ad-
vantage of the HRM, like BCRAT, is that the information re-
quired is available from self-report. Second, the validation data
sets did not have data on all HRM risk factors (eg, nativity in 4-
CBCS) or covered restricted age ranges (eg, participant age was
�50 years only in WHI), limiting our ability to test calibration
across risk factor categories. However, these studies are among
the few sources with information on breast cancer risk factors
in Hispanic women. Third, in addition to random error in pro-
jections, there is the possibility of bias from misspecification of
the model. Fourth, the ages of participants in SFBCS were 35 to
79 years; projections outside these ages assumed constancy of
relative and attributable risks. Further efforts to evaluate the
HRM will require more extensive data on Hispanic women.

The HRM, like the BCRAT, should not be used for certain
women. It will probably underestimate breast cancer risk in
Hispanic women with a personal history of invasive breast can-
cer or ductal or lobular carcinoma in situ, in women carrying
breast cancer–causing mutations (eg, BRCA1 or BRCA2), and in
women who received therapeutic radiation doses to the breast at
a young age, such as for treatment of Hodgkin’s lymphoma (32).
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Table 3. Analysis of observed vs expected numbers of invasive breast cancers among Hispanic women in the Women’s Health Initiative*

Risk category

Hispanic risk model

AUC (95% CI) No. of women No. observed No. expected O/E ratio (95% CI)

US-born Hispanics 0.564 (95% CI¼ 0.485 to 0.644) 2079 52 48.73 1.07 (0.81 to 1.40)
Foreign-born Hispanics 0.625 (95% CI¼ 0.487 to 0.764) 1230 17 25.59 0.66 (0.41 to 1.07)
Hispanics of unknown nativity 0.582 (95% CI¼ 0.509 to 0.656) 2911 61 68.71 0.89 (0.69 to 1.14)

*Counts represent the number of women in each nativity group and the number of incident invasive breast cancers observed during the Women’s Health Initiative

(WHI) Main Study period. Expected cancers are calculated by applying the Hispanic risk model (HRM) to Hispanic women in WHI. The WHI did not collect nativity infor-

mation for all participants; specifically, women who participated in the clinical trial arm did not have nativity information and are categorized as “unknown nativity”

for this analysis. For Hispanic WHI women of unknown nativity, we calculated the expected count as a weighted average of the expected counts from the US-born and

foreign-born HRMs, based on the proportion of US-born women among women with known nativity, 2079/(2079þ1230) ¼ 0.6283. AUC ¼ area under the receiver operat-

ing characteristic curve; CI ¼ confidence interval; O/E¼observed-to-expected ratio.
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