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Abstract

Clinical risk assessment involves absolute risk measures, but information on modifying risk and 

preventing cancer is often communicated in relative terms. To illustrate the potential impact of risk 

factor modification in model-based risk assessment, we evaluated the performance of the IBIS 

Breast Cancer Risk Evaluation Tool, with and without current body mass index (BMI), for 

predicting future breast cancer occurrence in a prospective cohort of 665 postmenopausal women. 

Overall, IBIS’s accuracy (overall agreement between observed and assigned risks) and 

discrimination (AUC concordance between assigned risks and outcomes) were similar with and 

without the BMI information. However, in women with BMI > 25 kg/m2, adding BMI information 

improved discrimination (AUC = 63.9 % and 61.4 % with and without BMI, P < 0.001). The 

model-assigned 10-year risk difference for a woman with high (27 kg/m2) versus low (21 kg/m2) 

BMI was only 0.3 % for a woman with neither affected first-degree relatives nor BRCA1 

mutation, compared to 4.5 % for a mutation carrier with three such relatives. This contrast 

illustrates the value of using information on modifiable risk factors in risk assessment and in 

sharing information with patients of their absolute risks with and without modifiable risk factors.
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Introduction

Accurate assessment of a woman’s breast cancer risk is needed for the clinical management 

of decisions about preventive interventions (e.g., mammographic screening, risk-reducing 

surgery, and chemoprevention). Clinical guidelines use absolute risk, either as remaining 

lifetime risk (RLR) or as within a fixed time horizon (e.g., 5 or 10 years), to guide these 

decisions. For example, consideration of annual mammograms and MRI starting at age 30 

years is recommended for women with RLR of 20 % or higher (as determined by risk 

models that are largely dependent on family history) [1] and consideration of risk-reducing 

strategies is recommended for women aged 35 years or more whose 5-year invasive breast 

cancer risk, as determined by the Breast Cancer Risk Assessment Tool (BCRAT) [2–4], is 

1.7 % or higher.

Since breast cancer is caused by a complex interplay of many genetic and non-genetic risk 

factors, risk assessment is complex. Various statistical models (reviewed in [5]) have been 

developed for assigning absolute breast cancer risks. As the models differ with respect to 

their risk factors and their assumptions about the role of the competing risk of death, they 

can yield substantially different risk estimates. Therefore, the choice of a particular 

prediction model is an important aspect of clinical counseling. A further challenge is how 

best to communicate personal risk to individuals and physicians. Currently, counseling is 

based on stratification of women as “high risk,” (e.g., RLR ≥ 20 %) versus average risk < 

20 % RLR [1]. Further, many modifiable risk factors, such as physical activity and alcohol 

intake, are not included in current risk assessment tools. Thus, integration of risk reduction 

strategies based on modifiable factors is limited to the modifiable factors present in a given 

risk model and to the ability to integrate relative risk concepts into communication of 

absolute risk estimates.

We have found that the IBIS model performed well on prospective data from 1857 pre- and 

postmenopausal women from the New York site of the breast cancer family registry 

(NYBCFR) [6]. We also have noted limitations of clinical guidelines based on the concept of 

RLR and instead recommended risk stratification based on shorter time periods [7]. Body 

mass index (BMI) is one of the few modifiable risk factors included in the IBIS model. 

Here, we use a cohort of high-risk women to investigate two effects of IBIS’ inclusion of 

BMI: (i) the extent of IBIS’ overall performance improvement and (ii) variation of BMI’s 

impact on IBIS-assigned risk across subgroups of women with different inherited risks.

Methods

Study sample

We studied women enrolled in the NYBCFR, using inclusion criteria described elsewhere 

[6–8]. We restricted eligibility to postmenopausal women with at least one subsequent 

update on cancer and vital status, and who at cohort enrollment were aged 20–70 years and 

had no prior history of bilateral prophylactic mastectomy. We excluded women with a 

personal history of breast cancer and women without information on weight and height. At 

enrollment, we collected data on demographics, lifestyle and environmental factors, and 
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family history of cancer. All cohort participants provided written informed consent, and the 

study was approved by the relevant local ethics committees.

Risk model

We used the software packages IBIS v7 [9] (http://www.ems-trials.org/riskevaluator/) to 

predict a woman’s probability of developing breast cancer during a subsequent period after 

enrollment defined as her 10-year risk. The breast cancer hazard rate assumed by the IBIS 

model depends on a woman’s BRCA1 and BRCA2 mutation status, on her (unobserved) 

carrier status of a single hypothetical dominantly acting gene (to accommodate residual 

familial clustering), and on several non-genetic factors. These include age at menarche, 

parity, age at first live birth, age at menopause, prior use of hormone replacement therapy, 

history of hyperplasia/atypical hyperplasia, history of lobular carcinoma in situ, height, and 

BMI [11]. The BMI-associated hazard ratios relative to the referent group (BMI < 21 kg/m2) 

are 1.14 (21–23 kg/m2), 1.15 (23–25 kg/m2), 1.26 (25–27 kg/m2) 1.32 (>27 kg/m2) [9].

Statistical analysis

We evaluated the calibration of the IBIS model by comparing its 10-year assigned risks to 

breast cancer incidence within 10-year post-enrollment. We compared calibration and 

discrimination (as described elsewhere [6, 7]) for women (i) with actual reported 

information on BMI to (ii) a hypothetical scenario where all women had given no 

information on BMI (default setting of weights). We calculated the mean RLR for the entire 

cohort and compared for women (i) with actual reported information on BMI to (ii) a 

hypothetical scenario where all women had given no information on BMI (default setting of 

weight).

We also examined BMI-related differences in assigned 10-year risk in women with different 

levels of hereditary risk.

Results

BMI’s effect on IBIS performance

Calibration—During the 10-year post-enrollment risk period, 38 of the 665 women 

developed breast cancer, 42 died from other causes, 179 were last observed breast cancer-

free during the period, and 406 were alive and free of breast cancer after 10-year follow-up. 

342 (51 %) women reported a BMI exceeding 25 kg/m2. The overall mean observed 10-year 

breast cancer probability was 6.61 % (95 % CI 4.84–8.97 %), which was similar to the mean 

IBIS-assigned risk of 7.06 % (including BMI) and 7.00 % (without BMI). The IBIS-

assigned risks also were well calibrated within subgroups of women determined by assigned 

risk level (data not shown).

Discrimination—IBIS’ receiver operating characteristic (ROC) plots also were similar 

with and without BMI information, with a common area under the curve (AUC) of 61.93 % 

(95 % CI 51.44–72.42 %) with BMI and of 61.87 % (95 % CI 51.44–72.3 %) without BMI. 

However, in the subgroup of women with a BMI greater than ≥ 25 kg/m2, the AUC was 

63.9 % with BMI and 61.4 % without it (P value < 0.001).
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Effect of BMI on IBIS-assigned risk

Since IBIS was well calibrated to this cohort, we use the risks assigned by this model to 

investigate BMI’s effect on a woman’s 10-year breast cancer risk. Figure 1 shows a 

scatterplot of 10-year risks as assigned by IBIS with and without inclusion of reported BMI 

information. Overall, the differences in absolute risk are modest, in agreement with the 

above performance results. However, they are higher for women having high risk due to 

other factors than for women at lower risk. Using the 10-year risk threshold of 3.4 % to 

define women at high risk (horizontal and vertical lines in the figure), we find that inclusion 

of BMI information reclassifies 22 (3.3 %) of the 665 women: 11 women are deemed high 

risk with BMI information but not without it, and conversely, another 11 women are deemed 

at lower risk with BMI information but not without it.

We also analyzed BMI’s influence on IBIS’ 10-year risks for five hypothetical women aged 

50 years with varying levels of hereditary risk, keeping all other risk factors constant. For 

each woman, we examined the difference between her IBIS risk with BMI of 27 versus 21 

kg/m2 in terms of number of affected first-degree relatives and BRCA1 mutation carrier 

status. Table 1 shows that this difference increases with a woman’s hereditary risk, ranging 

from 0.3 % for women without affected relatives or BRCA1 mutation to 4.5 % for those 

with three affected relatives and a BRCA1 mutation. This contrast shows that a woman at 

high hereditary risk can move across the 10-year threshold of 3.4 % used to increase 

screening strategies by increasing her BMI.

Discussion

We have applied the IBIS breast cancer risk model to our prospective cohort of 

postmenopausal women at risk for breast cancer. We found that, although adding current 

BMI information does not improve the calibration or discrimination of the model, it does 

improve discrimination for the subgroup of postmenopausal women with a BMI greater ≥ 25 

kg/m2. We also found that the BMI-induced change in IBIS-assigned 10-year risk was 

greater for women with high hereditary risks than for those with low hereditary risks. 

Moreover, obese women classified as high risk (i.e., as having ≥ 3.4 % 10-year risk) could 

be reclassified as low risk by changing BMI alone, although this would require a large 

weight reduction.

We focused on the role of BMI in postmenopausal women because of its positive association 

with breast cancer risk among postmenopausal, but not premenopausal women [10, 11]. The 

reasons for the specificity of this association are thought to involve circulating estrogen 

concentrations due to estrogen production in adipose tissues [12, 13]. In premenopausal 

women, estrogen levels (produced predominantly in the ovaries) are homeostatically 

regulated by a negative feedback system involving gonadotropins [12, 13].

The IBIS model, and others that ignore potential interactions between hereditary and 

nonhereditary factors (5, 9), assumes that the relative risk of a nonhereditary risk factor 

remains constant across the entire risk continuum. This assumption may be valid for BMI, as 

epidemiologic studies that have shown that (i) BMI does not alter risk ratios associated with 

family history of breast cancer [14] and (ii) the BMI-associated breast cancer risk ratio 
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among postmenopausal women is similar for BRCA1/2 mutation carriers women in the 

general population [15].

Nevertheless, even if the assumption of constancy of relative risks across the risk spectrum 

holds, risk factor modification will, on the absolute risk scale, have higher impact on women 

with high hereditary risks than on those will lower hereditary risks. Thus communicating 

changes in absolute risk from modifiable risk factors may have a large impact at the 

individual level, particularly for women with high absolute risks.

Absolute risk thresholds for developing a cancer within a fixed time horizon (e.g., 5 or 10 

years) are regularly quoted in clinical guidelines as key bases for decisions regarding 

prevention strategies these shorter term fixed time horizon may be more useful to guide 

clinical practice than overall lifetime risk [7]. For example, women whose 10-year breast 

cancer risks are 3.4 % or higher may be classified as high risk, and thus deemed appropriate 

for aggressive preventive strategies. Here we have illustrated how an obese woman can 

change her high-risk status by substantially reducing her weight. More generally, this 

argument indicates that even when risk factors have limited impact on a population level, 

they can have a large impact on how particular women are classified into categories affecting 

their screening and chemoprevention counseling. We recommend that women be informed 

about both absolute and relative risk reductions when counseled for breast cancer 

prevention.
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Fig. 1. 
Scatterplot of 10-year risks with and without BMI in model. Points denote 10-year risks for 

665 postmenopausal women as assigned by IBIS model with and without self-reported BMI. 

Women who developed breast cancer (N = 38) are highlighted in red. Horizontal and vertical 
lines indicate the commonly used 3.4 % 10-year threshold for high-risk status. The addition 

of BMI information reclassified 11 women from low to high risk, and 11 women from high 

to low risk
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Table 1

Effect of including BMI in IBIS model according to inherited risk factors

Inherited risk factors
No. affected first-degree relatives

10-year risk (%)

BMI = 27 kg/m2 BMI = 21 kg/m2 Risk difference

0 1.8 1.5 0.3

1 3.8 3.0 0.8

2 5.0 4.0 1.0

3 9.7 7.8 1.9

3 + BRCA1 mutation carrier 24.6 20.1 4.5
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