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Breast and ovarian cancer screening of non-carriers
from BRCA1/2 mutation-positive families: 2-year
follow-up of cohorts from France and Quebec

Michel Dorval*,1,2,3, Catherine Noguès4, Pascaline Berthet5, Jocelyne Chiquette2,3, Marion Gauthier-Villars6,
Christine Lasset7, Claude Picard4, Marie Plante8, INHERIT BRCAs14, GENEPSO Cohort14, Jacques Simard9,10

and Claire Julian-Reynier11,12,13

We described and compared breast and ovarian screening practices in the 2-year period following test result disclosure in female

non-carriers from BRCA1/2 mutation-positive families living in two countries, France and Quebec, Canada, which provide

universal health care. Four hundred and two (France n¼293; Quebec n¼109) unaffected female non-carriers from BRCA-proven

mutation families provided information about the uptake of mammography, clinical breast examination, breast self-examination,

and ovarian ultrasounds using self-administered questionnaires. The frequency of screening practices between study cohorts

were compared using logistic regression. Annual mammography was conducted in 23 and 43% of French and Quebecer women

participants o50 years of age, respectively (adjusted odds ratio (aOR)¼2.72; 95% confidence interval (CI), 1.08–6.81). In

women Z50 years of age, mammography was conducted in 49 and 65% of French and Quebecer participants (aOR¼1.77; 95%

CI, 0.07–4.51). Overall, 33% of French women and 39% of Quebecer women underwent at least one ovarian ultrasound during

the 2-year period following BRCA1/2 test result with no significant difference between cohorts of women o50 years of age.

Among older women, Quebecers reported more frequently than French women that they had undergone ultrasound once

(aOR¼3.00; 95% CI, 1.02–8.83). The frequency of cancer screening practices for female non-carriers from BRCA1/2 mutation-

positive families in both France and Quebec exceeded those recommended for similarly aged women in the general population.

Our findings highlight the need for clearcut recommendations on the follow-up of women from BRCA1/2 families who are not

themselves carriers of a BRCA1/2 mutation.
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INTRODUCTION

Women from BRCA1/2 mutation-positive families, but who are non-
carriers, are not considered to have a high risk for breast and ovarian
cancer.1–3 Despite some controversy about the magnitude of residual
risk of breast cancer based on family history,2,4 female non-carriers
from BRCA1/2 mutation-positive families are currently encouraged to
adopt the same screening practices as those recommended for women
of their age in the general population.1,5 Information with regard to
cancer screening practices among non-carriers from BRCA1/2 muta-
tion-positive families is scarce and inconsistent. An Australian study
evaluating women who underwent BRCA1/2 testing in a research
context showed that mutation non-carriers overuse screening.6 In
contrast, an UK clinical cohort study revealed that over one-third of
non-carriers Z50 years of age had not had a mammogram within
3 years of follow-up, suggesting that some mutation non-carriers
derive false reassurance from the genetic test results and avoid cancer
screening.7

In countries with public health care, such as France and Canada,
over-screening entails inappropriate use of public resources allocated
to health care. As genetic testing for cancer susceptibility becomes
more commonplace in clinical medicine, it is imperative to determine
whether individuals undergoing testing benefit from such practices
and are making optimum use of health resources corresponding to
their actual risk levels. Risk management and follow-up recommenda-
tions for BRCA1/2 mutation carriers, which are available in both
France and Canada,8,9 suggest the same screening rates for female
non-carriers from BRCA mutation-positive families as those applying
to the general population. Briefly, in both countries, all women of
age 50–69 years should undergo mammography every 2 years.10,11

Although controversy surrounds the benefits of mammography for
women of age 40–49 years, they can be granted access after discussing
the risks and benefits with their physician. Routine mammographic
screening is not recommended for women o40 years of age. Clinical
breast examination (CBE) and breast self-examination (BSE) are
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complementary to mammography. In both countries, annual CBE is
recommended for women of age 50–69 years, but BSE is not
recommended as a routine method of breast cancer surveillance.
Ultrasound (US) and CA-125 test are not recommended for ovarian
cancer screening in either country. In this study, we describe and
compare the cancer screening practices of female non-carriers from
BRCA1/2 mutation-positive families in two countries that offer
universal access to health care, France and Quebec.

METHODS

Participants
Participants from France were identified through a companion psychosocial

study of the GENEPSO cohort.12 The GENEPSO cohort included BRCA1/2

mutation carriers recruited during routine consultation from the year

2000 to present at 26 cancer genetics clinics belonging to the French National

Federation of Cancer Centres’ Cancer Genetic Network. The companion

psychosocial cohort study enrolled, through year 2006, both unaffected carriers

and non-carriers from BRCA mutation-positive families identified in the

GENEPSO cohort. Participants from Quebec were recruited from the

INHERIT BRCAs research program, which provided French Canadian

individuals with BRCA1/2 testing. Details concerning the study design and

population are available.13,14

In the cohorts from both countries, women eligible for this study were

non-carriers from BRCA-positive families who were aware of their test result,

had never had cancer, and were younger than 70 years of age at result

disclosure. This study was approved by the Institutional Ethics Review

Boards of the participating institutions, and all participants signed informed

consent forms.

Data collection
Information with regard to the yearly frequency of breast and ovarian cancer

screening practices during the 2-year period following result disclosure was

collected similarly in both cohorts using self-administered, mail-in question-

naires that were completed 1 year post-disclosure in both groups, and then 1

and 2 years later by the French and Quebecer cohorts, respectively. The

questions asked concerned the yearly frequency of mammography, CBE, BSE,

US, and in the Quebec sample only, the CA-125 blood test. Item formulation

differed slightly between the two surveys. To allow comparability between the

two cohorts, the responses collected after each 1-year period were dichotomised

to determine if a woman underwent a given test during that period. Reponses

about year 1 and year 2 were then combined into a three-category variable

referred to as ‘annually’, ‘once during the 2-year period’, and ‘none’, which

reflected the frequency of the screening practices during the follow-up period.

In the case of BSE, the three categories were ‘monthly or more often’, ‘less often

than monthly’, and ‘never’.

All participants provided socio-demographic details, including age, educa-

tion, marital and employment status, and parity. Although questions on several

psychosocial variables were included in both surveys, only perceived lifetime

breast cancer risk, as assessed on a five-point Likert scale in the first 6 months

following test result disclosure, was measured in a sufficiently similar way in the

two cohorts to be included in this analyses. Medical information such as

personal and familial cancer history was obtained from the participants’

medical (France) or research project (Quebec) files.

Analyses
The w2 test was used to compare the socio-demographic data, cancer risk

perception, familial history of cancer, and the timing of result disclosure in

participants from France and Quebec. The proportions of women in each

cohort who underwent a given test annually, once during the 2-year period, or

never were calculated by age strata. BSE proportions were calculated on the

basis of monthly frequency. Over-screening, according to French and Canadian

recommendations for women from the general population, was defined as

undergoing mammography before the age of 50 years or at a rate of more than

once every 2 years after the age of 50 years. Testing by US or CA-125 was also

considered over-screening. As no precise recommendations exist with regard to

CBE and BSE, no over-screening criteria were defined for these practices.

Crude and adjusted comparisons on screening practices between the two

cohorts were assessed by the odds ratios (ORs) with 95% confidence intervals,

using polytomic logistic regression models. The potential confounding effects

of several variables were assessed by comparing the crude and adjusted models.

Potential confounders included socio-demographics, breast cancer risk percep-

tion, family history of breast and ovarian cancer, and the timing of result

disclosure. Statistical analyses were performed using the SAS 9.1 software.15 All

significance levels were two-sided.

RESULTS

Participants
The 2-year questionnaire was completed by 293 (83%) of the 354
eligible unaffected non-carriers who participated in the psychosocial
GENEPSO cohort companion study. The 3-year questionnaire was
completed by 109 (81%) of the 134 eligible unaffected women with
truly negative results who participated in the Quebec psychosocial
study.

Patient characteristics differed between the two cohorts (Table 1).
The French participants were younger than the Quebecers. Even
though women who perceived their breast cancer risk as high or
very high accounted for similar percentages within both cohorts, the
Quebecer cohort contained a higher percentage of women who
perceived their breast cancer risk as low or very low. Quebecers had
a higher number of first-degree relatives affected by breast cancer as
compared with the French women, whereas the opposite was true with
regard to family history of ovarian cancer. French women received
more recent disclosure of the BRCA1/2 test compared with the Quebec
women.

Screening practices
France. Nearly one-half of the French women in the 50–69 age group
underwent annual mammography (Table 2). During the 2-year
follow-up period, 78 and 44% of women in the 40–49 age group
and the 30–39 age group, respectively, had at least one mammogram
(Table 2). The overall rate of over-screening by mammography was
50% in the French cohort (Figure 1). An annual CBE was conducted
in over 61% of French women in all age groups, whereas 11% of
women did not have a CBE within the 2-year follow-up period. The
overall proportion of women reporting no BSE was 35%. Thirty-three
percent of French women underwent at least one US during the 2-year
follow-up period with little proportion variation among age groups.

Quebec. Approximately two-thirds of the Quebecer women Z40
years of age underwent an annual mammogram, and 40% of women
of age 30–39 years had a mammogram at least once during the 2-year
follow-up period (Table 3). The overall rate of over-screening by
mammography in the Quebecer group was 64% (Figure 1). An annual
CBE was conducted for most women (78%) in all age groups, whereas
only 6% did not have a CBE during the 2-year follow-up period.
Overall, 39% of Quebecers underwent US at least once during the
2-year follow-up period with fairly consistent proportion across age
groups. The rate of over-screening by CA-125 blood test during the
2-year follow-up period was 30%, with 25% of women of age 50–69
years undergoing this test annually.

Comparisons between France and Quebec. With regard to breast
cancer screening practices, the greatest difference between the two
cohorts was for women r49 years of age (Table 4). In this younger
age group, the proportions of Quebecers who had annual mammo-
graphy, annual CBE, and reported performing BSE were significantly
higher than those of the French women. These differences persisted
after controlling for age, breast cancer risk perception, and family
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history of breast cancer. In women of age Z50 years, the only
difference detected was for CBE, adjusted OR showing more frequent
use of CBE at least once during the 2-year follow-up period by
Quebecers as compared with French women.

With regard to the frequency of US among women r49 years of
age, no difference was observed between cohorts. Among older
women, however, there was more frequent occurrence of US once
during the 2-year follow-up period for Quebecers as compared with
French women.

Comparisons with women from the general population. To determine
whether screening was also overused by women in the general
population in the two countries, we compared the rates of mammo-
graphy over a 2-year period as reported in population-based

surveys16,17 with those observed in our cohorts of true non-carriers.
No population data were available with respect to ovarian cancer
screening. In both countries and for all age groups, the rates of
mammography were substantially higher among non-carriers than
among women from the general population (Table 5).

DISCUSSION

This comparative study examining cohorts from France and Quebec
shows screening practices that exceed those recommended for simi-
larly aged women of the general population in a substantial number of

Table 1 Selected characteristics of participants from France

(n¼293) and Quebec (n¼109)

France Quebec

Characteristics n (%) a n (%) P-value

Age at result disclosure (years)

20–29 36 (12) 12 (11) o0.0001

30–39 102 (35) 15 (14)

40–49 81 (28) 26 (24)

50–59 51 (17) 34 (31)

60–69 33 (10) 22 (20)

Mean±SD 41.6±11.1 48.1±12.3 o0.0001

Educational level

rHigh school 126 (44) 57 (52) 0.12

4High school 164 (56) 52 (48)

Living with a spouse

Yes 230 (80) 82 (76) 0.36

No 57 (20) 26 (24)

Parity

0 43 (16) 18 (17) 0.87

Z1 226 (84) 90 (83)

Currently employed

Yes 212 (72) 75 (70) 0.66

No 81 (28) 32 (30)

Breast cancer risk perception

High or very high 41 (17) 15 (14) 0.001

Moderate 159 (67) 54 (52)

Low or very low 38 (16) 35 (34)

Family history (first-degree relatives)

Breast cancer, 0 85 (34) 27 (25) o0.0001

Breast cancer, 1 107 (43) 29 (27)

Breast cancer, Z2 59 (24) 51 (48)

Ovarian cancer, 0 162 (64) 81 (76) 0.03

Ovarian cancer, Z1 90 (36) 26 (24)

Timing of result disclosure

1999–2000 40 (14) 39 (36) o0.0001

2001–2003 137 (47) 39 (36)

2004–2006 116 (36) 31 (28)

aOwing to missing data, the number of participants does not always add up to the total.
Proportions do not always add to 100% because of rounding.

Table 2 Breast and ovarian cancer screening practices in French non-

carriers from BRCA1/2 families during the 2-year period following

test result disclosure

Age at result disclosure (years)

Screening practices and

20–29

(n¼36)

30–39

(n¼102)

40–49

(n¼81)

50–69

(n¼74)

Total

(n¼293)

frequency %a % % % %

Mammography

Yearly 0 19 38 49 29

Once during the 2-year 8 25 40 42 31

follow-up period

None 92 56 22 9 39

Clinical breast exam

Yearly 61 61 70 61 63

Once during the 2-year

follow-up period

33 29 17 24 25

None 6 10 12 15 11

Breast self-examination

Monthly or more often 19 25 33 22 26

Less often than monthly 42 34 30 55 39

None 39 40 37 23 35

Pelvic/transvaginal ultrasounds

Yearly 6 10 16 15 12

Once during the 2-year 25 22 25 12 21

follow-up period

None 69 69 59 73 67

aProportions based on non-missing values. Proportions do not always add to 100% because of
rounding.
The shaded regions indicate over-screening.
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female non-carriers from BRCA mutation-positive families. Specifi-
cally, over one-half of French and Quebec non-carriers underwent
unnecessary mammography during the 2-year period following result
disclosure. In younger women, however, Quebecers were more fre-
quently screened for breast cancer than French women. Ovarian US
screening was also overused in 33 and 39% of non-carriers in France
and Quebec, respectively.

One possible explanation for differences in practices between the
two cohorts concerns the knowledge of physicians with respect to
breast cancer screening. In France, guidelines for the management of
BRCA1/2 carriers were available 8 years before the Canadian recom-
mendations.8,9,18 Within the French recommendations are specific
statements suggesting that non-carriers from families with a proven
BRCA1/2 mutation have cancer risks similar to those of individuals in
the general population. The Canadian recommendations on the
follow-up of women having a family history of breast cancer do not
clearly take into account the possibility that these women can obtain
truly negative BRCA1/2 test results. Therefore, it is possible that
Quebec physicians may have been reluctant to reduce the breast
cancer screening rates of these non-carrier women from BRCA-
positive families to those of women in the general population to fulfil

their medical/ethical/legal obligations. Owing to their proximity to the
United States, Quebec physicians may also be influenced by the
American guidelines, which recommend annual mammography for
women aged Z40 years. The high frequency of ovarian cancer
screening observed in both cohorts is intriguing. Although the
frequency of US was similar in France and Quebec, the reasons behind
over-screening may differ between the two countries because of
variations in accessibility and attitudes toward US screening. For
example, France has the highest number of recommended US scans
of all European countries in the context of prenatal screening,19 with
47% of women averaging 4.5 US screens during pregnancy in 2003.20

In contrast, the Régie de l’Assurance-Maladie du Québec reimburses for
only two US scans during pregnancy, with accessibility being limited
by a shortage of radiologists.21 The high rates of US observed in the
two populations deserve closer examination because ovarian cancer
screening is not recommended, especially among women with nega-
tive BRCA1/2 test results.

Several limitations should be considered when assessing these
findings. First, no information was collected in either the French or
the Quebec survey with regard to the actual screening recommenda-
tions provided to women after they received their BRCA1/2 test result.
Therefore, the reasons for the intensive cancer screening practices of
non-carriers from BRCA mutation-positive families are unknown.
Second, the screening practice information collected was based on self-
reporting, and consequently they are subject to memory and social
desirability biases. Although self-reports about screening practices are
generally accurate,22 some women may have overestimated their
frequency when asked to report them retrospectively.23 Third, com-
parison was made between two groups of women who were tested in
different contexts. Although statistical comparisons were modelled
using potential confounding factors for which the data were sufficient,
the possibility of residual confounding cannot be ruled out.

When considering the public health impact of over-screening by
female non-carriers from BRCA mutation-positive families, financial,
psychosocial, and physical implications should be considered. In
countries where health care is available to all, over-screening by true
non-carriers constitutes inappropriate use of public resources.
Furthermore, false-positive screening test results often lead to unne-
cessary invasive diagnostic procedures that entail additional costs,
anxiety, and reluctance to participate in or withdraw from screening
programmes.24–26 It has been estimated that 50% of women will have
at least one false-positive test result for every 10 mammograms they
undergo.27 Rates of false-positive test results are even higher in ovarian
cancer screening.28 Given the intense screening practices of women
with negative BRCA1/2 test results, further research is required on the
psychosocial impact of false-positive screening results in this subgroup
of women, who may be vulnerable to psychological distress. Moreover,
it has not been established whether mammographic screening is safe
before 40 years of age. The lifetime risk of radiation-induced breast
cancer may be higher in women who start having mammograms at a
relatively young age because of extended total exposure.29,30 As our
ability to estimate individual breast cancer risk improves through
understanding additional genetic and environmental factors involved
in familial clustering, it may eventually be feasible to target female
non-carriers from BRCA mutation-positive families who may benefit
from more intensive screening.31

Our findings have implications for the follow-up of women from
families that carry BRCA1/2 mutations, but for whom genetic test
results are negative. First, because most of these women will be
referred to their primary care physicians and gynaecologists for future
risk management, risk information based on the genetic test must be

Table 3 Breast and ovarian cancer screening practices in Quebec

non-carriers from BRCA1/2 families during the 2-year period

following test result disclosure

Age at result disclosure (years)

Screening practices and

frequency

20–29

(n¼12)

(%) a

30–39

(n¼15)

(%)

40–49

(n¼26)

(%)

50–69

(n¼56)

(%)

Total

(n¼109)

(%)

Mammography

Yearly 8 27 69 65 54

Once during the 2-year 0 13 31 28 23

follow-up period

None 92 60 0 7 22

Clinical breast exam

Yearly 75 87 81 74 78

Once during the 2-year

follow-up period

25 0 15 20 17

None 0 13 4 6 6

Breast self-examination

Monthly or more often 50 7 35 24 27

Less often than monthly 42 80 40 52 54

None 8 13 15 24 19

Pelvic/transvaginal ultrasounds

Yearly 8 27 13 18 17

Once during the 2-year 25 7 29 23 22

follow-up period

None 67 67 58 59 61

CA-125

Yearly 0 14 4 25 15

Once during the 2-year 0 7 22 18 15

follow-up period

None 100 79 74 57 70

aProportions based on non-missing values. Proportions do not always add to 100% because of
rounding.
The shaded regions indicate over-screening.
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Table 4 Comparison of cancer screening practices between non-carriers in France and Quebec during the 2-year period following test result

disclosure

r49 years of age

Screening practices and frequency France (%) Quebec (%) Crude OR (95% CI) Adjusted OR (95% CI) a

Mammography

Yearly 22.8 43.4 2.48 (1.25–4.94) 2.72 (1.08–6.81)

Once 27.9 18.9 0.88 (0.39–2.01) 0.99 (0.37–2.63)

None (ref.)b 49.3 37.7 1

Clinical breast exam

Yearly 64.4 81.1 2.44 (1.04–5.75) 2.66 (1.11–6.37)

Once (ref.) 25.6 13.2 1 1

None 10.0 5.7 1.09 (0.26–4.60) 1.39 (0.32–6.14)

Breast self-examination

Monthly 27.4 30.2 3.24 (1.26–8.35) 3.05 (1.15–8.11)

Less often than monthly 33.8 56.6 4.92 (2.04–11.86) 4.57 (1.86–11.22)

None (ref.) 38.8 13.2 1 1

Pelvic/transvaginal ultrasounds

Yearly 11.4 15.7 1.43 (0.59–3.46) 1.42 (0.57–3.53)

Once 23.3 21.6 0.96 (0.45–2.06) 0.95 (0.44–2.07)

None (ref.) 65.3 62.8 1 1

Z50 years of age

France (%) Quebec (%) Crude OR (95% CI) Adjusted OR (95% CI) a

Mammography

Yearly 48.7 64.8 2.01 (0.93–4.35) 1.77 (0.70–4.51)

Once (ref.) 41.9 27.8 1

None 9.5 7.4 1.18 (0.30–4.67) 1.00 (0.20–4.90)

Clinical breast exam

Yearly (ref.) 60.8 74.1 1 1

Once 24.3 20.4 0.69 (0.29–1.63) 0.26 (0.08–0.84)

None 14.9 5.6 0.31 (0.08–1.18) 0.11 (0.02–0.50)

Breast self-examination

Monthly 21.6 24.1 1.06 (0.38–2.97) 0.82 (0.25–2.73)

Less often than monthly 55.4 51.9 0.89 (0.38–2.13) 0.60 (0.22–1.67)

None (ref.) 23.0 24.1 1 1

Pelvic/transvaginal ultrasounds

Yearly 14.9 17.7 1.47 (0.55–3.95) 2.72 (0.84–8.83)

Once 12.2 23.5 2.40 (0.91–6.34) 3.00 (1.02–8.83)

None (ref.) 73.0 58.8 1 1

aAnalyses of breast cancer screening practices adjusted for age, cancer risk perception, and family history of breast cancer.
Analyses of ovarian cancer screening practices adjusted for age, cancer risk perception, and family history of ovarian cancer.
bReference category based on age-specific recommendations.

Table 5 Proportions of non-carriers from BRCA1/2 mutation positive families who have undergone at least one mammography in past 2 years

compared with those among women from the general population in France and in Quebec

Age (years)

20–29 (%) 30–39 (%) 40–49 (%) 50–69 (%)

France

BRCA1/2 non-carriers 8 44 78 91

Women from the general population17 NAa NAa 52 74

Quebec

BRCA1/2 non-carriers 8 40 100 93

Women from the general population16 NAa 10 23 77

aQuestion not asked to women in this age group.
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properly transmitted to the usual care settings. Second, clearcut
recommendations are needed on the follow-up of women from
BRCA1/2 families who do not carry the familial mutation. Third,
such recommendations should be accompanied by continuous educa-
tion of primary care physicians with respect to the rapidly evolving
field of cancer genetics. Fourth, further research is required to develop
and assess methods of fostering optimum use of screening in the
context of cancer genetic testing. One challenge is to provide true non-
carriers of familial BRCA1/2 mutations with complete information
about the possible benefits and risks involved in further screening,
without over-reassuring them.
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