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Abstract: According to clinical guidelines, the occurrence of very early-onset breast cancer (VEO-BC)
(diagnosed ≤ age 30 years) or VEO ovarian cancer (VEO-OC) (diagnosed ≤ age 40 years) in families
with BRCA1 or BRCA2 mutation (BRCAm) prompts advancing the age of risk-reducing strategies
in relatives. This study aimed to assess the relation between the occurrence of VEO-BC or VEO-OC
in families with BRCAm and age at BC or OC diagnosis in relatives. We conducted a retrospective
multicenter study of 448 consecutive families with BRCAm from 2003 to 2018. Mean age and 5-year–
span distribution of age at BC or OC in relatives were compared in families with or without VEO-BC
or VEO-OC. Conditional probability calculation and Cochran–Mantel–Haenszel chi-square tests were
used to investigate early-onset cancer occurrence in relatives of VEO-BC and VEO-OC cases. Overall,
15% (19/245) of families with BRCA1m and 9% (19/203) with BRCA2m featured at least one case
of VEO-BC; 8% (37/245) and 2% (2/203) featured at least one case of VEO-OC, respectively. The
cumulative prevalence of VEO-BC was 5.1% (95% CI 3.6–6.6) and 2.5% (95% CI 1.4–3.6) for families
with BRCA1m and BRCA2m, respectively. The distribution of age and mean age at BC diagnosis in
relatives did not differ by occurrence of VEO-BC for families with BRCA1m or BRCA2m. Conditional
probability calculations did not show an increase of early-onset BC in VEO-BC families with BRCA1m
or BRCA2m. Conversely, the probability of VEO-BC was not increased in families with early-onset
BC. VEO-BC or VEO-OC occurrence may not be related to young age at BC or OC onset in relatives
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in families with BRCAm. This finding—together with a relatively high VEO-BC risk for women with
BRCAm—advocates for MRI breast screening from age 25 regardless of family history.

Keywords: breast cancer; ovarian cancer; BRCA1; BRCA2; early-onset

1. Introduction

Women who carry the BRCA1 and BRCA2 germline pathogenic variant (BRCAm) have
a high lifetime risk of breast cancer (BC) and ovarian cancer (OC) [1–4]. Early-onset BC (EO-
BC) and EO-OC are well-known key clinical features of hereditary BC and OC syndrome
related to BRCA1 and BRCA2. Women with BRCAm, especially BRCA1 mutation carriers,
are at increased risk of EO-BC and EO-OC; the cumulative risk of EO-BC (<40 years old)
ranges from 12% to 25%, and that of EO-OC (<50 years old) ranges from 8% to 14% [5–11].

Reliable age-specific cancer risk estimates are key points in deciding when cancer
screening and other cancer risk-reducing strategies should start in young women with
BRCAm. Previously published studies reporting frequency data for very early-onset BC
(VEO-BC, defined here as a diagnosis at <30 years old) and VEO-OC (defined here as a
diagnosis at <40 years old) vary widely [8–11]. According to the largest studies, cumulative
incidence estimates of VEO-BC before age 30 ranged from 0.65% to 5.9% for women with
BRCA1m and from 0.7% to 4.8% with BRCA2 [8–11]. Cumulative incidence estimates
of VEO-OC before age 40 ranged from 1.8% to 2.3% with BRCA1 and 0.09% to 0.3%
with BRCA2.

According to international guidelines for management and prevention in women with
BRCAm, BC screening with breast MRI should start at age 25 (National Comprehensive
Cancer Network [NCCN]; European Society for Medical Oncology [ESMO]) or age 30
(National Institute for Health and Care Excellence; National Institute of Cancer [INCa]) and
women should consider risk-reducing salpingo-oophorectomy (RRSO) from age 35 to 40
(NCCN; ESMO) or at age 40 (INCa) and upon child-bearing completion [12–17]. According
to most guidelines, this starting age should be personalized based on family history [12–17].
However, which family history clinical features affect the risk of VEO-BC and/or VEO-OC
for women with BRCAm remain unclear and mostly empirically assessed. Most guidelines
also state that with a family history of EOa or VEO-BC, the age for starting breast MRI
screening should be personalized and considered earlier, 5 to 10 years, before the youngest
age at BC diagnosis in the family. Implementing this guideline assumes that if the family
history includes BC diagnosed under age 35, the age to start breast MRI screening should
be tailored downward, before 30 or before 25 [12–17].

Nevertheless, individualization of the starting age of prevention—based on family
history and the youngest age at BC diagnosis—is a widespread empirical approach, mostly
based on common sense and psychological factors. However, data supporting a link
between EO cancer and the age of other cancers diagnosed in a family are weak [8,10,18–25].
Indeed, family-based factors other than the BRCAm variant itself—including the number
of relatives with BC or OC and the age at diagnosis of relatives—affect the magnitude of
the lifetime risk of BC and OC in women with BRCAm [10,18,24,26]. Regardless, the effect
of the age at cancer diagnosis of affected relatives as a relevant predictor of a recurrent risk
of VEO cancer in a family was not demonstrated [10,18–25].

Some genotype–phenotype correlations have been identified, highlighting some re-
gions of BRCA1 and BRCA2 and types of pathogenic variants as features related to increased
lifetime risk of BC or OC regions; however, these are not currently used for personalizing
screening and preventive strategies [10,27–30]. Little is known about genotypic BRCA1
and BRCA2 features that might be related to earlier onset of cancer.

This study aimed to assess the relation between VEO-BC or VEO-OC in women with
BRCAm and age at BC and OC diagnosis in relatives.
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2. Materials and Methods
2.1. Study Population

We studied 450 consecutive families with a BRCAm mutation over 15 years in seven
centers (Montpellier University Hospital, Montpellier, France; Montpellier Cancer Institute,
Montpellier, France; General Hospital of Béziers, Béziers, France; General Hospital of
Perpignan, Perpignan, France; Montpellier Breast Institute, Montpellier, France; Hartmann
Clinics, Neuilly sur Seine, France; Institut Franco Britannique, Levallois, France).

Eligible families were identified in a local medical comprehensive database as families,
including at least one individual, male or female, with genetic proof of carriage of a BRCAm
who were referred to one of the seven cancer genetics units mentioned above between
1 January 2003 and 31 January 2019. Families were excluded if the medical record of the
individual referred to the Montpellier genetics department was unavailable or did not at
least mention first-degree relatives in a medical pedigree (n = 2).

For wording convenience, individuals with genetically proven BRCAm carriage re-
ferred to the Montpellier genetics department are hereafter called cases but could also be a
proband (first individual in a family with proof of carriage of the BRCAm) or an affected
or unaffected relative who underwent a targeted genetic test and had proof of carriage
of BRCAm.

2.2. Data Collection

For each included family, the following data were collected: BRCAm status (compliant
with the national laboratory standards described in Lesueur et al. [30]); BRCAm character-
istics (Human Genome Variation Society nomenclature according to sequence references
BRCA1 [NM_007294.3] and BRCA2 [NM_000059.3]); genetic family anonymous identifi-
cation number; type and age at cancer onset, including BC and OC and all other types of
cancers in the case (as defined above); family make-up with first- to fifth-degree relative
affected and unaffected relatives of the case, if available; and cancer data for relatives (type
and age at onset for each diagnosis). Available cancer data were ascertained by medical
record validation of self-reported cancer diagnoses.

Parents, children and siblings were defined as first-degree relatives; grandparents,
grandchildren, uncles, aunts, nephews as second-degree relatives; first cousins, great
grandparents, grand aunts, grand uncles, grand nephews as third-degree relatives; second
cousins, great grandchildren as fourth-degree relatives; third cousins, great grand aunts
and great grand uncles as fifth-degree relatives.

2.3. Calculation of Number of BRCAm Carrier Women

The total number of individuals was calculated by summing the included family
make-up. The number of BRCAm carrier women among relatives in each family was
estimated according to the following formula, accounting for the autosomal dominant
pattern of BRCA1/2 inheritance: n1/2 + n2/4 + n3/8 + n4/16 + n5/32, where n1, n2, n3, n4
and n5 are the number of first-, second-, third-, fourth- and fifth-degree female relatives,
respectively, aged ≥20 years at the latest pedigree update, within the family side with
proof of carriage of the pathogenic variant (as previously defined [31]). If the family side
carrying the pathogenic variant lacked genetic proof, the number of female relatives within
each degree of the family was extracted and a 0.5 coefficient was applied. By summing the
estimated number of BRCAm carrier female relatives in each family and the total number
of female cases, we obtained the estimated total number of BRCAm carrier women.

2.4. Outcome Measures and Statistical Analysis
2.4.1. Families According to VEO Cancer

Families including at least one woman with BC diagnosed at ≤30 years old were
considered VEO-BC families. Conversely, families with no woman diagnosed with BC at
≤30 years old were considered no VEO-BC families. Likewise, families with at least one
woman with OC diagnosed at ≤40 years old and those with no VEO-OC women were
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considered VEO-OC and no VEO-OC families, respectively. Families with no VEO-BC or
VEO-OC women were considered no VEO-BC/no VEO-OC families.

2.4.2. Cumulative VEO-BC and VEO-OC Risk

Cumulative VEO-BC and VEO-OC risk was calculated separately for VEO-BC and
VEO-OC as the percentage of women with a diagnosis of at least one VEO cancer among
the estimated number of BRCA1m or BRCA2m carrier women.

2.4.3. Mean Age at BC and OC Diagnosis in Relatives

In each family, the mean age at BC diagnosis of affected female relatives was calculated,
considering the youngest age at diagnosis for women with multiple BC diagnoses. In no
VEO-BC families, age at BC diagnosis of all affected females was considered. In VEO-BC
families with only one VEO-BC cases, age at BC diagnosis of all affected females was
considered, except for age at diagnosis of the female with the VEO-BC. In VEO-BC families
with ≥2 women with VEO-BC diagnosed within the family, age at BC diagnosis of all
affected females was considered, except for age at diagnosis of the latest VEO-BC. Families
with missing data for age at diagnosis were not included in calculations.

One value for mean age at BC and OC diagnosis in relatives was obtained for each family.
Medians, quartiles and averages of these mean age values were then calculated for

VEO BC families, no VEO BC families, VEO OC families and no VEO OC families.
A two-sided Wilcoxon–Mann–Withney test was used to compare the average of mean

age at diagnosis within each family between VEO BC (or OC) families and no VEO BC (or
OC) families.

A mixed-effects model was also used to analyze the effect of age at diagnosis of BC (or
OC) of relatives of women with VEO-BC (or OC). Each family corresponding to a cluster
(including all members of the family) was included as a random effect. The group VEO-BC
versus no VEO-BC families was included as a fixed effect.

2.4.4. Distribution of Age at BC and OC Diagnosis in Relatives

The distribution of age according to early BC diagnosis was calculated in 5-year age
groups, separately for two subsets of families, VEO-BC and no VEO-BC, as the ratio of
women with a diagnosis of BC in each age group to the total number of BRCAm carrier
women of the family subset. A comparison of these distributions in four categories of age
(age 31 to 35 years, 36 to 40, 41 to 50, >51) involved the chi-square or Fisher exact test.
The calculations and comparisons were the same for VEO-OC, with the following four
categories of age: 41 to 45 years, 46 to 50, 51 to 60, >61.

2.4.5. Relation between VEO-BC Occurrence and EO-BC in Relatives

According to several guidelines, if the family history includes a case of EO-BC, breast
MRI screening for relatives of BRCAm carrier women should start 5 to 10 years before
the youngest age of BC diagnosis in the family [12–17]. This recommendation assumes
that family history of VEO-BC is a potential predictor of increased risk of EO-BC within
the family and the reverse. Therefore, we hypothesized that, within families, VEO-BC
(occurring before age 30) could be related to EO-BC in relatives (occurring before age
35 years) and the reverse.

We thus calculated the probability of VEO-BC occurring under the following condi-
tions: no BC occurred in the 31–35 age class in the family; at least one BC case occurred in
the 31–35 age class in the family; and one BC case, two BC cases and three BC cases in the
31–35 age class occurred in the 31–35 age class in the family.

Conversely, we calculated the probability of a BC case occurring in the 31–35 age class
in the family under the following conditions: no VEO-BC case occurred in the family, at
least one VEO-BC case occurred, and one VEO-BC case and two VEO-BC cases occurred.

All probabilities were estimated using multiple conditional probabilities [P(A/B∩C) =
P((A/B)/C)].
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The analysis of the relation between the presence of women with BC diagnosed before
age 30 years (VEO-BC) and the percentage of women with BC diagnosed between age
31 to 35 (EO-BC) was stratified by total number of BC cases in the family with a Cochran–
Mantel–Haenszel chi-square test. All measures, calculations and analyses involved BRCA1
and BRCA2 separately (and for BRCA1/2 together, if mentioned).

All statistical analyses were performed with SAS 9.2.2 (SAS Institute, Cary, NC, USA).
All p-values were based on two-sided tests and were considered statistically significant at
p ≤ 0.05.

3. Results
3.1. Study Population

A total of 450 families were eligible and 448 families were included (2 families excluded
because of a lack of available medical data), totalling 11,016 individuals (cases and relatives),
1236 BC and 280 OC cases and 1614 women carrying a BRCAm (genetically proven female
cases and estimated number of female relative BRCA1m carriers). Overall, 245 families
featured BRCA1m and 203 featured BRCA2m.

The mean (SD) number of individuals in families was 24.5 (12.04) (median 22.0 [Q1–
Q3 17–30]; range 3–81). The mean number of BRCAm carrier women in a family was 3.6
(1.4) (median 3.3 [Q1–Q3 2.6–4.3]; range 0.5–12). Family and patient characteristics are in
Supplementary Table S1.

3.2. VEO-BC and VEO-OC Families

In total, 78 of the 448 (17.4%) families had at least one VEO cancer case (BC and/or
OC): 15% of BRCA1 families included a VEO-BC case and 8% a VEO-OC case, with 9% and
2%, respectively, for BRCA2 families (Figure 1).
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Figure 1. Flowchart of study population and population subsets according to very early-onset breast
cancer (VEO-BC) or VEO ovarian cancer (VEO-OC) cases. (n): number of families in each population
subset. * Number of all men and women, affected and unaffected, individuals in included families.
When the BRCAm inheritance family side was known, only individuals from this inheritance family
side were counted. a Families with at least one woman with VEO-BC (age at diagnosis <30 years).
b Families with at least one woman with VEO-OC (age at diagnosis <40 years). c Families with no
women with a diagnosis of VEO-BC or VEO-OC.
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In BRCA1 families, VEO-BC families mostly included only one case of VEO-BC (30 fam-
ilies; 12%). Seven families (3%) included two cases of VEO-BC (Supplementary Table S1).
Age at VEO-BC diagnosis ranged from 21 to 30 years; 38 of 44 (86%) women with VEO-BC
had a diagnosis between age 26 and 30 years.

In BRCA2 families, all VEO-BC families included only one case of VEO-BC. Age at
VEO-BC diagnosis ranged from 23 to 30 years: 17 of 19 (89%) women with VEO-BC had a
diagnosis between age 26 and 30 years.

Amongst BRCA1m families, 2 of 19 families included 2 women with VEO-OC and
one family included 3 women with VEO-OC. Age at VEO-OC diagnosis ranged from 21 to
40 years: 13 of 23 (57%) women had a diagnosis between age 36 and 40 years, 26% between
31 and 35 years and 17% <30 years. In BRCA2 families, all 4 VEO-OC families included
only one case each of VEO-OC, with one VEO-OC case diagnosed between age 36 and
40 years, 2 between 31 and 35 years and one <30 years.

3.3. Cumulative Risk of VEO-BC and VEO-OC

The cumulative risk of VEO-BC was 5.1% (95% CI 3.6–6.6) in BRCA1m carrier women
and 2.5% (95% CI 1.4–3.6) in BRCA2m carrier women. The corresponding numbers for
VEO-OC were 2.7% (95% CI 1.6–3.8) and 0.5% (95% CI 0.0–1.0) (Table 1).

Table 1. Cumulative risk of very early-onset breast cancer (VEO-BC) and VEO ovarian cancer
(VEO-OC) in BRCAm carrier women.

Cumulative Prevalence
(95% CI)

Comparative Data from Literature:
Range of Previously Published

Cumulative Incidence of VEO Cancer

VEO BC
BRCA1 a 5.1% (3.6–6.6) 0.7–8.7% *
BRCA2 b 2.5% (2.4–3.6) 0.0–4.8% *

VEO OC
BRCA1 a 2.7% (1.6–3.8) 1.1–2.3% *
BRCA2 b 0.5% (0.01–1.0) 0.1–1.7% *

a: among BRCA1m carrier women. b: among BRCA2m carrier women. *: all ranges mentioned are based on
following references: Antoniou et al. [8] (Am. J. Hum. Genet., 2003), Kuchenbaecker et al. [10] (JAMA, 2017),
Mavaddat et al. [11] (J. Natl. Cancer Inst., 2013).

3.4. Age at BC and OC Diagnosis in Relatives of BRCAm Carrier Women with VEO-BC
or VEO-OC
3.4.1. Mean Age at BC and OC Diagnosis in Relatives

Average of mean age at BC diagnosis of female relatives of a BRCAm carrier with
VEO-BC did not statistically differ from average of mean age at BC diagnosis of affected
women of no VEO-BC BRCAm families, in both BRCA1m and BRCA2m families (Figure 2).

For VEO-OC, average of mean age at OC diagnosis did not significantly differ between
female relatives of women with VEO-OC and no VEO-OC (Figure 3).

Mean age at cancer diagnosis in each family was 47.0 and 54.0 years for BC and
OC, respectively, in female relatives of VEO cancer BRCA1 families, and was 46.8 and
55.5 years, respectively for BC and OC in no VEO cancer BRCA1 families. Mean age at
cancer diagnosis in each family was 51.5 and 56.0 years for BC and OC, respectively, in
female relatives of VEO cancer BRCA2 families, and was 47.7 and 61.0 years, respectively,
for BC and OC in no VEO cancer BRCA2 families (not represented, insufficient data for
Wilcoxon–Mann–Withney test, details shown in Supplementary Table S2). Among the
4 BRCA2 families with a VEO-OC case, one family had another diagnosis of OC (age at
diagnosis 56 years).
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Figure 2. Average of mean age at BC diagnosis in female relatives of women with VEO-BC versus
no VEO-BC. a: among BRCA1 mutation (BRCA1m) carrier women. b: among BRCA2m carrier
women. Fam. VEO-BC: families with at least one VEO-BC. Fam. NO VEO-BC: Families without any
VEO-BC. (n): number of families with available data for age at first BC diagnosis in women. NSD:
nonsignificant difference (two-sided Wilcoxon–Mann–Withney test). Horizontal line is median, box
edges are 1st and 3rd quartile and whiskers are range of age at diagnosis of BC in relatives in each
family. Central black square is the mean average age at diagnosis of BC in relatives in each family.



Genes 2021, 12, 1100 8 of 18

Genes 2021, 12, x FOR PEER REVIEW 8 of 18 
 

dian, box edges are 1st and 3rd quartile and whiskers are range of age at diagnosis of BC in rela-
tives in each family. Central black square is the mean average age at diagnosis of BC in relatives in 
each family. 

For VEO-OC, average of mean age at OC diagnosis did not significantly differ be-
tween female relatives of women with VEO-OC and no VEO-OC (Figure 3). 

 
Figure 3. Average of mean age at OC diagnosis of female relatives of women with VEO-OC versus 
no VEO-OC among BRCA1m carrier women. Fam. VEO-OC: families with at least one or more 
VEO-OC case. Fam. NO VEO-OC: families without VEO-OC cases. (n): number of families with 
available data for age at first OC diagnosis in women. a: among BRCA1m carrier women. Horizon-
tal line is median, box edges are 1st and 3rd quartile and whiskers are range of age at diagnosis of 
BC in relatives in each family. Central black square is the mean average age at diagnosis of BC in 
relatives in each family. 

Mean age at cancer diagnosis in each family was 47.0 and 54.0 years for BC and OC, 
respectively, in female relatives of VEO cancer BRCA1 families, and was 46.8 and 55.5 
years, respectively for BC and OC in no VEO cancer BRCA1 families. Mean age at cancer 
diagnosis in each family was 51.5 and 56.0 years for BC and OC, respectively, in female 
relatives of VEO cancer BRCA2 families, and was 47.7 and 61.0 years, respectively, for BC 
and OC in no VEO cancer BRCA2 families (not represented, insufficient data for Wil-
coxon–Mann–Withney test, details shown in Supplementary Table S2). Among the 4 
BRCA2 families with a VEO-OC case, one family had another diagnosis of OC (age at 
diagnosis 56 years). 

3.4.2. Mixed-Effects Model 
For BRCA1 families, mean age at BC diagnosis of female relatives in each family was 

older in VEO-BC than no VEO-BC families (0.1 year older), with no significant effect of 
VEO-BC occurrence on age at BC diagnosis of relatives (p = 0.93) in the mixed-effect 
model. Mean age at OC diagnosis of female relatives in each family was younger in VEO-
OC than no VEO-OC families (2.6 years older), with no significant effect of VEO-OC oc-
currence on age at OC diagnosis of relatives (p = 0.36). 

For BRCA2, mean age at BC diagnosis of female relatives in each family was older in 
VEO-BC than no VEO-BC families (3.6 years older), with a significant fixed effect of VEO-

Figure 3. Average of mean age at OC diagnosis of female relatives of women with VEO-OC versus
no VEO-OC among BRCA1m carrier women. Fam. VEO-OC: families with at least one or more
VEO-OC case. Fam. NO VEO-OC: families without VEO-OC cases. (n): number of families with
available data for age at first OC diagnosis in women. a: among BRCA1m carrier women. Horizontal
line is median, box edges are 1st and 3rd quartile and whiskers are range of age at diagnosis of BC in
relatives in each family. Central black square is the mean average age at diagnosis of BC in relatives
in each family.

3.4.2. Mixed-Effects Model

For BRCA1 families, mean age at BC diagnosis of female relatives in each family was
older in VEO-BC than no VEO-BC families (0.1 year older), with no significant effect of
VEO-BC occurrence on age at BC diagnosis of relatives (p = 0.93) in the mixed-effect model.
Mean age at OC diagnosis of female relatives in each family was younger in VEO-OC than
no VEO-OC families (2.6 years older), with no significant effect of VEO-OC occurrence on
age at OC diagnosis of relatives (p = 0.36).

For BRCA2, mean age at BC diagnosis of female relatives in each family was older
in VEO-BC than no VEO-BC families (3.6 years older), with a significant fixed effect of
VEO-BC occurrence in the family on the age at BC diagnosis of relatives (p = 0.02). (Details
shown in Supplementary Table S2).

The mixed model could not be applied for age at OC diagnosis of relatives in BRCA2
families because of insufficient number of VEO-OC families (one BRCA2 family with
VEO-OC and no relative with OC diagnosed in this family).

3.4.3. Distribution of Ages at BC and OC Diagnosis in Relatives

In BRCA1 families, the distribution of ages at BC diagnosis of female relatives did not
differ between families with and without VEO-BC (p = 0.76) (Figure 4). In BRCA2 families,
neither distribution differed (p = 0.92).

In BRCA1 families, the distribution of ages at OC diagnosis of female relatives did
not differ between families with and without VEO-OC (p = 0.51). In BRCA2 families, the
distribution and comparisons were not analyzed because of an insufficient number of
VEO-OC families (n = 1) (details shown in Supplementary Table S3).
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3.5. Relation between VEO-BC Occurrence and Early-Onset BC (EO-BC) in Relatives
3.5.1. Conditional Probability of VEO-BC by Occurrence of EO-BC

In BRCA1 families, the probability of VEO-BC in families with at least one EO-BC case
diagnosed between age 31 and 35 and and no EO-BC case was 1.34% and 2.32% (difference
p = 0.22). Conversely, the probability of EO-BC in families with at least one VEO-BC case
diagnosed between age 31 and 35 and no VEO-BC case was 1.09% and 2.0% (difference
p = 0.19).

In BRCA2 families, the probability of VEO-BC in families with at least one EO-BC
case diagnosed between age 31 and 35 and no EO-BC case was between 0.59% and 1.05%
(difference p = 0.32). Conversely, the probability of EO-BC in families with at least one
VEO-BC case diagnosed between age 31 and 35 and no VEO-BC case was between 1.09%
and 2.0% (difference p = 0.76). (Figure 5 and Supplementary Table S4).
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Figure 4. Distribution of ages at BC and OC diagnosis of relatives; comparison of families with VEO cancer and no VEO
cancer. Fam. VEO-BC: families including at least one VEO-BC case; Fam. VEO-OC: families with at least one VEO-OC case;
Fam. NO VEO-BC: families with no VEO-BC case; Fam. NO VEO-OC: families with no VEO-OC case. n**: Number of women
with available data for age at BC diagnosis. Of note: for women with multiple BC diagnoses, the youngest age at diagnosis
was considered. a: among BRCA1m carrier women. b: among BRCA2m carrier women. NSD: non-significant difference.
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3.5.2. Association between EO Cancer Occurrence and Number of VEO Cancer Cases in
the Family (Cochran–Mantel–Haenszel Model)

In BRCA1 families, we found no significant relation between the number of women
with EO-BC diagnosed between age 31 and 35 and the number with VEO-BC in the family
(p = 0.87)—or between the number of women with EO-OC diagnosed between age 41 and
45 and the number of women with VEO-OC in the family (p = 0.45).

In BRCA2 families, we found no significant relation between the number of women
with EO-BC diagnosed between age 31 and 35 and the number with VEO-BC in the family
(p = 0.87) (Supplementary Table S5).

4. Discussion

In this multicenter retrospective study involving 450 consecutive families with BRCAm,
17% of all families were affected by VEO-BC and/or VEO-OC. In total, 15% and 8% of
BRCA1m families and 9% and 2% of BRCA2m families exhibited VEO-BC and VEO-OC,
respectively. VEO-BC and VEO-OC cases in women with BRCAm are considered scarce
events, but our results support that the magnitude of the occurrence in clinical cancer
genetics practice has been underestimated [1,2,5–9,12,15,28].

For women with BRCA1m or BRCA2m, we estimated a cumulative risk of VEO-BC
of nearly 5% and 2.5%, respectively. This finding was consistent with the uppermost part
of the range of previous estimates, especially the cumulative incidence recently estimated
by Kuchenbaecker et al. in the largest prospective study published to date [8,10,11]: 5.9%
(95% CI 3.4–10.1) for BC between age 21 and 30 for BRCA1 and 4.8% (95% CI 2.0–11.5)
for BRCA2.

For VEO-OC, our estimates of cumulative risk also agreed with the estimated inci-
dences in the literature for BRCA1 and BRCA2, and confirmed a meaningful occurrence of
such events—but only in women with BRCA1m [10].

Our results also highlighted an earliness differential between BRCA1 and BRCA2
families. This finding was expected, given the differential pattern of age-specific penetrance
of the 2 genes, with BRCA1m leading to more frequent BC occurrence under age 40 and
OC occurrence under age 50 as compared with BRCA2m [8–11]. We confirmed a higher
earliness frequency of cancer onset with BRCA1 than BRCA2 for the youngest age groups
as well.

Our results did not provide any clue as to a relation between age at diagnosis of
relatives of women with VEO cancer and the occurrence of VEO cancer within the family.
When considering the age at BC diagnosis in affected relatives of a women with VEO-BC,
the mean age at BC diagnosis was similar in families with and without VEO-BC. Nor did
we find a difference in age at OC diagnosis in affected relatives in families with and without
VEO-OC. Furthermore, the distribution of ages at BC and OC diagnosis of relatives did not
differ between families with and without VEO cancer. In the frontier age classes, from age
31 to 40 years, when a difference could have been expected, the proportion of VEO-BC and
no VEO-BC families was similar and did not significantly differ. Most of the VEO-OC cases
seemed isolated within each family.

In addition, when we focused on the 31- to 35-year frontier age class at BC diagnosis
of affected relatives, neither the absence or presence of BC diagnosis between age 31 and 35
nor the number of such EO-BC diagnoses in a family were significantly related to VEO-BC.
Therefore, our data do not support the intuitive concept of starting breast screening 5 to
10 years before the youngest age at BC diagnosis in the family, despite being recommended
in several guidelines and commonly applied in clinical routine practice [12–17]. Hence,
we suggest that family history, especially young age at diagnosis in relatives, might not
be a relevant criterion to personalize the starting age of breast screening in women with
BRCAm.

The magnitude of lifetime risk of BC and OC in women with BRCAm has been related
to the location of the pathogenic variants in Breast Cancer Cluster Regions and Ovarian
Cancer Cluster Regions [10,27–30,32]. It has also been suggested that some types of variants
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could be associated with a small but significant effect on age at onset of cancer. In women
with BRCA1m, nonsense-mediated mRNA decay variants were found to be associated with
a 2-year older mean age at BC onset; nonsense variants located in exon 11 were associated
with a 2-year earlier mean age at BC and OC onset; and in women with BRCA2m, nonsense
variants located in exon 11 were associated with reduced lifetime BC risk but a 2.5-year
earlier mean age at onset [29]. However, as far as we know, no genotype data allow for
a reliable prediction of increased risk of EO or VEO-BC and VEO-OC in women with
BRCAm [33].

Altogether, our results and the revisited risk of VEO-BC published in the most recent
studies might prompt considering starting breast MRI screening from age 25 for all women
with BRCAm, given that BC onset under age 30, especially between age 25 and 30, is not
rare in this population and that no family-based reliable criterion allows for accurately
identifying the women who need tailored preventive measures. Moreover, this very young
population more frequently has a diagnosis of triple-negative or basal-like tumors than
older women [11,34–37]. These tumor phenotypes benefit from MRI screening [38,39]. The
potential aggressiveness of these tumor types also strengthens the benefit that might be
expected from such cautious screening [40–43].

Periodic breast MRI, as the most sensitive screening (sensitivity range: 85–93%) for
early-stage BC, not exposing the mammary glands to X-rays, is recommended and per-
formed from age 25 in many countries, including the United States, the Netherlands and
Poland [13,14,44,45]. Despite a reported ~20% rate of false-positive results at the first breast
MRI screening, the actual uptake of breast MRI screening in women with BRCAm in these
countries is high (>80%), which indicates good acceptability of this preventive program by
patients [46–49]. The cost-effectiveness assessment of screening by breast MRI in women
with BRCAm was reported as positive, including when starting yearly breast MRI screening
from age 25 [50–52].

The cumulative risk of VEO-OC we found in women with BRCA1m (reaching ~2.5%)
addresses a more delicate issue: the optimal age for RRSO, aiming at a compromise between
OC risk and preventive surgery-related mortality decrease, child-bearing completion, and
the consequences of iatrogenic premature ovarian insufficiency [53–57]. US guidelines state
that RRSO should be performed between age 35 to 40 in women with BRCA1m, whereas
some other guidelines (e.g., the latest national French guidelines or British guidelines) advise
it to be performed at age 40, after child-bearing completion [12,13,15,58]. Taking into account
an occurrence of VEO-OC in women with BRCA1m being not as rare as historically reported,
the age of 40 years should not be considered a minimum age to perform RRSO after child-
bearing completion when counselling unaffected women with BRCA1m. Consequently, our
results enhance the need to provide young unaffected women with BRCAm with appropriate
genetic counselling about parenthood plan completion [59,60]. Fertility preservation could
be a relevant additional option [61–64].

Because our data lead to tempering the reliability of basing individualization of
the starting age of preventive measures on family history, they also emphasize the need
for refining the understanding of phenotype variability of BRCA1/2 cancer-susceptibility
hereditary syndrome. Genetic and nongenetic modifier factors have been widely explored
and provided evidence for impact of environmental factors (mainly lifestyle and estrogen
exposure-related factors), a large set of single nucleotide polymorphisms and genotypic
features of BRCA1/2 variants themselves [29,30,64–78]. To our knowledge, no BRCA1/2
genotype–phenotype association with underlying age at cancer onset variability has been
clearly identified [65–74]. One hypothesis for this could be that extreme earliness in cancer
onset in women with BRCAm might be affected to a greater extent by extrinsic modifiers
than pathogenic variant location or type.

Although we conducted a single-country study, which could imply insufficient repre-
sentativeness, we used comprehensive and consecutive data collection, covering a 15-year
time frame, which allowed for a long follow-up of these families in 7 different French
cancer genetic centers. This design allowed us to build a dataset including more than
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11,000 individuals from 448 BRCA1/2 families, which supports a good representativeness
of women with BRCAm in the French population.

The retrospective design is certainly a limitation of this study, because ascertainment
bias and biases due to inaccuracies in the reporting of family history could not fully be
avoided—despite rigorous checking of data by medical record validation, strengthened by
a long-term follow-up of most families.

In this study, the case selection pooled affected probands referred for genetic testing
because of personal or family history of cancer according to international standards for
BRCA1/2 testing and unaffected carrier relatives of probands referred for presymptomatic
targeted testing. This design could imply overestimation of EO and VEO cancers. How-
ever, because of the comprehensiveness of the inclusion of families, we believe that this
population represents that in most cancer genetics centers. Moreover, clinical standards
for BRCA1/2 testing have been evolving over the last 15 years, from more stringent criteria
toward enlarged criteria [13,79]. This criteria loosening might dilute families with the most
aggressive phenotype expression such as VEO cancer in more families with less severe ex-
pression or penetrance of the BRCA1/2-related cancer susceptibility syndrome. Regardless,
our estimates of cumulative risk of VEO-BC and VEO-OC in women with BRCAm over 2003
to 2015 and 2016 to 2018 are homogeneous and consistent with the uppermost frequency
estimates published so far [10]. In further studies in the general population or in women
undergoing a somatic BRCA1/2 test (e.g., for theranostic purposes related to PARP-inhibitor
use) regardless of currently used genetic criteria, frequency data for VEO-BC and VEO-OC
could be extracted, which would put our results into perspective [80].

BRCA1/2 status was not available for all female relatives in our study population
(including, for example, deceased relatives). Thus, the number of BRCAm carrier women
in this study pooled pathogenic variant carriers and estimates. Hence, some of the BC and
OC diagnoses of relatives might be phenocopies (i.e., developed in noncarrier women).
However, because of the extremely low cumulative incidence of BC under age 30 years
(<0.1%) and OC under age 40 years (<0.01%) in the population, phenocopying of VEO can-
cers is unlikely, and so may not have significantly affected our results [81,82]. Nevertheless,
it might have influenced, to a limited extent, the distribution of ages at diagnosis, which we
observed in relatives, in particular for the oldest age groups. This distribution might have
also been biased because of the inclusion of women who underwent risk-reducing breast
and/or ovarian surgery. Although further study could analyze data with this parameter
stratified or censured, the risk-reducing mastectomy rate in the French BRCAm population
is quite low (estimated at 10% to 25%) [12,47–49]. Bilateral mastectomy and RRSO are not
recommended under age 30 and 40, respectively, according to the national guidelines of the
French National Cancer Institute [12]. Hence, the outcome we reported herein (cumulative
risk of VEO-BC and VEO-OC) and the distribution of ages in the youngest age groups are
unlikely to have been affected in our study.

The follow-up duration and required features for appropriate censoring were not
available for all families in this study. Thus, we could not calculate incidence. Nevertheless,
the cumulative risk and cumulative incidence are expected to be appropriate epidemiologic
indexes, allowing for a meaningful comparison, provided they are used for descriptive
outcome purposes, as in this study [83,84].

5. Conclusions

This study found no relation between the occurrence of VEO cancers in families with
BRCAm and age at BC or OC diagnoses of relatives. Thus, these results do not support that
EO-BC or EO-OC predicts young age at diagnosis of the corresponding cancer in BRCAm
carrier relatives and do not advocate for tailoring BC or OC risk-reduction strategies on the
basis of EO cancer occurrence in the family. Considering this observation—and because
the VEO-BC risk was 5% and 2.5% in women with BRCA1m or BRCA2m—our study
advocates offering breast MRI screening from age 25 to all women with BRCAm, regardless
of family history.
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BC and OC of relatives; Table S4. Conditional probability of VEO-BC and EO-BC 31–35; Table S5.
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