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Abstract The rapid clinical embrace of next generation

multigene cancer predisposition panels has resulted in

discovery of DNA variants in genes for which very limited

data on penetrance has been published. Evidence for

increased risks associated with these genes is often

expressed in odds ratios and studies often were conducted

on a priori high risk cohorts, i.e. those with young onset

disease and/or positive family histories. Despite these

limitations, one can estimate cumulative risks, which may

be useful for health care providers who are counselling

individuals on their results. We present cumulative risks for

several under-studied genes and provide generic informa-

tion that can be extrapolated to data still emerging.

Keywords Penetrance � Hazard ratios � Odds ratios �
Hereditary breast cancer � Nextgen � Cancer panels

Introduction

For clinicians providing cancer risk assessment for carriers

of rare variants in genes for which there is very limited

information on risk, one problem is the non-uniform

manner in which risk estimates are presented. Cumulative

lifetime risk, the most familiar and intuitive concept, is

typically used in clinical guidelines such as the US

Preventive Services Task Force recommendation to offer

magnetic resonance imaging screening to women whose

lifetime risk of breast cancer exceeds 20–25 %. Therefore,

when publications present odds ratios (ORs), relative risks,

or standardized incidence ratios, it is necessary to convert

those estimates.

Methods

Following a literature review, we compiled examples of

published risk estimates for pathogenic variants now being

detected by some of the new breast cancer gene panels

and have converted these so the risks for carriers can be

expressed in terms of cumulative risks (Table 1). To cal-

culate the cumulative risks, we used USA population

incidences compiled by the International Agency for

Research on Cancer and a formula relating a hazard ratio

to the age-specific cumulative risks. In detail, the age-

specific cumulative risk to age T years for carriers was

calculated as one minus the exponential of minus the

cumulative incidence to age T years, where the cumula-

tive incidence to age T years is the sum, as S ranges over

all ages between 0 and T years, of the population inci-

dence at age S years times the hazard ratio at age S years.

We assumed that the hazard ratios (definition: the ratio of

age-specific breast cancer incidence in carriers to that in

non-carriers) for the genetic variants are approximately

equal to their reported ORs (definition: the ratio of the

odds of breast cancer for carriers divided by that of non-

carriers), standardized incidence ratios (definition: ratio of

the observed rate of breast cancer to the age-adjusted

expected rate in the general population) or relative risks

(definition: the ratio of the risk of breast cancer in gene

carriers compared to the risk among those who are not

gene carriers).
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Results

Table 1 shows the published risk estimates for specific

genes and/or variants within genes. Using the strategy

described, this risk is converted to a cumulative risk to age

70 years for carriers living in the USA and other countries

with similar population incidences.

Discussion

Establishing penetrance is a difficult proposition, even for

extensively studied genes, like BRCA1 and BRCA2, in

which no two studies have ever yielded the same results.

Discrepancies are attributable to differences between pop-

ulations and to methodology. The range of penetrance

generally cited for the BRCA genes drives the clinical

recommendations for surveillance and prevention, and

provides a yardstick by which other genes can be compared

and contrasted. Conducting comparisons is very difficult

when the only published literature does not provide

cumulative risks/penetrance for these new genes. In this

paper, we sought to demonstrate one way to address this

gap.

Some cautions are warranted in accepting the risk

estimates provided in Table 1. Some of the published ORs

were estimated using cases selected for a family history,

so the corresponding ORs are only appropriate for women

with comparable family histories, but the published ORs

from studies unselected for family history are appropriate

for all carriers in general in the population studied. In this

case, the risk for an individual carrier is the product of her

risk due to the variant and her risk due to any family

history that she has. Note that, unlike high-risk mutations,

variants associated with a moderately increased risk

explain only a small portion of the cancer family history

of the carriers. Therefore, for carriers with a family his-

tory, their cumulative risk will depend on the increased

risks associated with both their cancer family history and

the variant itself [1]. For example, if a carrier of a variant

associated with an increased OR of cancer also has a

family history sufficient to triple her risk, her cumulative

risk will be about that of a woman with a 3 9 OR

increased risk.

In Fig. 1, we have plotted age-specific cumulative risks

for breast cancer corresponding to various hypothetical

hazard ratios. This generic plot can therefore be used to

estimate a carrier’s overall risk including cancer family

history and other known risk factors. Figure 1 can also be

used to gauge the degree of uncertainty in the overall

cumulative risk estimate from the uncertainty (as expressed

in confidence intervals) in the risk estimates.

Additional caution is warranted in use of these esti-

mates, because: validation studies have not been published

for most of these variants so the published ORs might be

subject to publication bias. The risks shown in Table 1 do

not reflect all known papers on the subject and new papers

are being published rapidly now; risk estimates might be

population-specific; and risk estimates have come from a

mixture of studies, some of which did not select cases on

the basis of family history and some that did. Also, in the

absence of a precise formula converting ORs to cumulative

risks, we have had to assume that reported ORs are close

to, if not identical to, the hazard ratios. We have also

assumed that the hazard ratio is constant with age, which is

unknown for these variants. For high-risk variants, such as

mutations in BRCA1, this is not true as the population of

higher risk carriers is depleted across the decades by death

from breast and ovarian cancers. For less lethal variants,

however, this will not be a major issue. We also assumed

that the incidences for non-carriers are the same as the

population incidence; this is likely true given these variants

are rare.

Risk estimates are but one factor that needs to be inte-

grated with other complex issues in individualizing medi-

cal management. We hope that the estimates and

confidence intervals in Table 1, and the cumulative risks in

Fig. 1, will be useful to clinicians given that cancer family

history and other risk factors are appropriately taken into

account.
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Fig. 1 Cumulative risks (CRs) for carriers of variants with various

hazard ratios (HRs), for carriers living in the USA and other countries

with similar population incidences. This figure provides a general

guidance for clinicians considering how risks of genes, based on very

limited data yet, compare with genes with more established manage-

ment strategies

Estimating cumulative risks for breast cancer for carriers of variants in uncommon genes 369

123



Open Access This article is distributed under the terms of the

Creative Commons Attribution 4.0 International License (http://crea

tivecommons.org/licenses/by/4.0/), which permits unrestricted use,

distribution, and reproduction in any medium, provided you give

appropriate credit to the original author(s) and the source, provide a

link to the Creative Commons license, and indicate if changes were

made.

References

1. Byrnes GB, Southey MC, Hopper JL (2008) Are the so-called low

penetrance breast cancer genes, ATM, BRIP1, PALB2 and

CHEK2, high risk for women with strong family histories? Breast

Cancer Res 10:208. doi:10.1186/bcr2099

2. Sokolenko AP, Iyevleva AG, Preobrazhenskaya EV, Mitiushkina

NV, Abysheva SN, Suspitsin EN, Kuligina E, Gorodnova TV,

Pfeifer W, Togo AV, Turkevich EA, Ivantsov AO, Voskresenskiy

DV, Dolmatov GD, Bit-Sava EM, Matsko DE, Semiglazov VF,

Fichtner I, Larionov AA, Kuznetsov SG, Antoniou AC, Imyanitov

EN (2012) High prevalence and breast cancer predisposing role of

the BLM c.1642 C[T (Q548X) mutation in Russia. Int J Cancer

130:2867–2873. doi:10.1002/ijc.26342

3. Seal S, Thompson D, Renwick A, Elliott A, Kelly P, Barfoot R,

Chagtai T, Jayatilake H, Ahmed M, Spanova K, North B,

McGuffog L, Evans DG, Eccles D, Breast Cancer Susceptibility

Collaboration (UK), Easton DF, Stratton MR, Rahman N (2006)

Truncating mutations in the Fanconi anemia J gene BRIP1 are

low-penetrance breast cancer susceptibility alleles. Nat Genet

38:1239–1241. doi:10.1038/ng1902

4. Zhang ZH, Yang LS, Huang F, Hao JH, Su PY, Sun YH (2012)

Current evidence on the relationship between two polymorphisms

in the NBS1 gene and breast cancer risk: a meta-analysis. Asian

Pac J Cancer Prev 13:5375–5379

5. Steffen J, Nowakowska D, Niwinska A, Czapczak D, Kluska A,

Piatkowska M, Wisniewska A, Paszko Z (2006) Germline

mutations 657del5 of the NBS1 gene contribute significantly to

the incidence of breast cancer in Central Poland. Int J Cancer

119:472–475. doi:10.1002/ijc.21853

6. Heikkinen K, Rapakko K, Karppinen SM, Erkko H, Knuutila S,

Lundan T, Mannermaa A, Borresen-Dale AL, Borg A, Barkardottir

RB, Petrini J, Winqvist R (2006) RAD50 and NBS1 are breast

cancer susceptibility genes associated with genomic instability.

Carcinogenesis 27:1593–1599. doi:10.1093/carcin/bgi360

7. Cybulski C, Carrot-Zhang J, Kluzniak W, Rivera B, Kashyap A,

Wokolorczyk D, Giroux S, Nadaf J, Hamel N, Zhang S, Huzarski

T, Gronwald J, Byrski T, Szwiec M, Jakubowska A, Rudnicka H,

Lener M, Masojc B, Tonin PN, Rousseau F, Gorski B, Debniak T,

Majewski J, Lubinski J, Foulkes WD, Narod SA, Akbari MR

(2015) Germline RECQL mutations are associated with breast

cancer susceptibility. Nat Genet 47:643–646. doi:10.1038/ng.3284

370 N. M. Lindor et al.

123

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1186/bcr2099
http://dx.doi.org/10.1002/ijc.26342
http://dx.doi.org/10.1038/ng1902
http://dx.doi.org/10.1002/ijc.21853
http://dx.doi.org/10.1093/carcin/bgi360
http://dx.doi.org/10.1038/ng.3284

	Estimating cumulative risks for breast cancer for carriers of variants in uncommon genes
	Abstract
	Introduction
	Methods
	Results
	Discussion
	Open Access
	References




