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Breast cancer risks in older BRCA2 pathogenic variant carriers are understudied. Recent studies show a marked decline in the
relative risk at older ages. We used data from two large studies to update the breast cancer risks in the BOADICEA model for BRCA2
carriers 60 years and older.

BJC Reports; https://doi.org/10.1038/s44276-024-00079-1

The Breast and Ovarian Analysis of Disease Incidence and Carrier
Estimation Algorithm (BOADICEA), implemented in the CanRisk
tool (www.canrisk.org) [1], can be used to predict the risk of
developing breast cancer (BC) and the likelihood of carrying
pathogenic variants in breast cancer susceptibility genes [2, 3].
The model combines the effects of rare genetic variants, polygenic
risk scores, cancer family history, mammographic density and
several other lifestyle/hormonal risk factors.
The risks associated with BRCA1 and BRCA2 pathogenic variants

(PVs) used in BOADICEA were originally estimated using complex
segregation analysis in a large series of families carrying PVs. The
model estimated relative risks (RRs) of breast and ovarian cancer
up to age 70 years, as there were few data at older ages [4]. The
model assumed breast cancer log-relative risks that are piecewise
linear functions of age: in particular, the RRs were estimated to
increase from 8.99 at age 59 to 13.1 at age 69 years. To implement
the model for older individuals, the RR was assumed to remain
constant at 13.1 for ages 70 years and older [2, 4]. However, more
recent data [5–7] suggest that the BC RRs decrease with age, and
that the RR for ages 70 and over is much lower; therefore, the
original RR estimate of 13.1 is most likely an overestimate for older
BRCA2 carriers.
We therefore updated the RRs in BOADICEA by re-deriving the

piecewise log-RR linear function for ages 60 and over. We first
estimated a revised RR for ages 70–79 using results from two
recent large studies [5, 6]. The first, BRIDGES, is a case–control
analysis based on panel testing in ~50,000 breast cancer cases
and 50,000 controls from population-based studies; this study
showed a clear decline in the odds ratio (OR) by age and reported
an OR of 3:05 [95% CI: 2.14–4.35] at ages 60–80 ([5], Table S12).
The second study is a prospective cohort study that included
1610 BRCA2 PV carriers unaffected at baseline; this study reported
a RR for ages 71–80 of 6:6 [95% CI: 3.0–14.7]. A third large
case–control also found a decline with age and reported
(graphically only) an OR ~3 at ages 70–80 [7]. We derived a
meta-analysis RR estimate for ages 70 and over (3.38) as the
inverse-variance weighted average of the two available estimates
(using the reported sample sizes and 95% confidence intervals to
compute the variances). To ensure that relative risks decrease
smoothly with age, a piecewise log-linear function with age was
then fitted such that the BC RR decreases from 9.05 at age 60 (as
in the previous model) to 3.38 at ages 70, and constant thereafter.

Note that the RRs here correspond to the average RR for BRCA2
carriers relative to the population incidences, averaged over all
polygenic effects, which are the inputs to the model [2]. The
residual polygenic component in the model was adjusted to
account for the change in the RRs and to ensure that the model
remains internally consistent for predicting the breast cancer
familial relative risks [3].
Figure 1 shows the revised age-dependent BC RRs and

incidences for BRCA2 PV carriers (Fig. 1a, b), and the predicted
cumulative risk of developing BC for BRCA2 PV carriers (Fig. 1c, d).
Based on the revised RRs, the predicted cumulative risk of
developing BC for BRCA2 PV carriers with unknown family history
(Fig. 1c) remains identical to the previous BOADICEA model until
around age 61, and increases more slowly thereafter, reaching
58% by age 80. This compares to the 77% BC risk by age 80
obtained in the previous version. For a BRCA2 PV carrier with an
affected mother at age 40 (Fig. 1d), the breast cancer risk by age
80 is predicted to be 72.5%, compared to the 87% BC risk
obtained in the previous version. These revised predictions are
more consistent with both the population-based penetrance
estimates (e.g. ~43% in the BRIDGES study [5], ~50% reported by
Hu et al. [7]) and estimates from carriers with cancer family
history (72% [95% CI: 65–79%] reported by Kuchenbaecker et al.
[6]).
We note that the data are still limited in this age group that

there is still uncertainty in the risk estimates, and that better
estimates may be become available with further data. The
estimates from the cohort studies are likely to be upwardly
biased (as estimates of the RRs relative to the general population)
as the cohort is oversampled for carriers with a family history.
However, the BRIDGES study (though large) has relatively few
control carriers, and we did not want to rely solely on the results
from one study. All studies, however, show a consistent decline in
the RR with age; this is also more consistent with the pattern
seen for most cancer susceptibility genes (e.g. MSH2 for
colorectal and endometrial cancers [8]). The new estimates are
therefore likely to be more realistic. A recent validation study in
BRCA1 and BRCA2 PV carriers suggests that this model provides
well-calibrated risks in both BRCA2 PV carriers under and over the
age of 50 years [9].
Note that we have now also updated the corresponding ovarian

cancer risk model to include these new breast cancer RRs [10] (the
ovarian model is affected by this change as it also considers breast
cancer family history). The updated breast and ovarian cancer
models are available through the CanRisk v2.4 tool.
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Fig. 1 Comparison between previous and updated BOADICEA parameters, and between the corresponding predicted BC risks. a Previous
and updated BRCA2 relative risks in BOADICEA/CanRisk v2.4. b Previous and updated BC incidences for BRCA2 mutation carriers (UK cohort
born in 2000). c Revised cumulative breast cancer risk for the average BRCA2 pathogenic variant (PV) carrier (20 years old, born in 2000) using
previous and updated BRCA2 RRs. d Corresponding cumulative risks for BRCA2 PV carrier (20 years old, born in 2000) with an affected mother
(40 years old, born in 1980) diagnosed at age 40.
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