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ABSTRACT

Background: Preoperative genetic testing affects the surgical decision-making among women with
breast cancer. To avoid breast-conserving surgery and to offer the possibility of mastectomy with
immediate reconstruction in high-risk patients, genetic testing for pathogenic variants in BRCAT or
BRCA2 and a pedigree-based familial breast cancer risk assessment was offered to younger women
with breast cancer in Denmark. We evaluated the impact of the risk stratification through genetic
counseling on the uptake of contralateral prophylactic mastectomy (CPM).

Material and methods: The prospective cohort study included all women with unilateral breast can-
cer before the age of 45 who participated in a genetic counseling program during their primary diag-
nostics in the Central Denmark Region (2013-2018). Each patient was followed from the time of the
genetic test result to the end of follow-up to estimate the long-term uptake of CPM as a competing
risk-adjusted cumulative incidence. We compared the uptake of CPM between the various genetic risk
categories, ages of onset, and family histories in a multivariable Cox proportional hazards regression
model, reporting hazard ratios (HR) with two-sided 95% confidence intervals (Cls).

Results: 156 females, aged 21-44, learned their genetic test result within a median of 92 days [inter-
quartile range (IQR): 75-114]. The maximal follow-up was 3.8years (median 1.8; IQR: 0.49-2.5), after
which 33% (95% Cl: 24-42%) of the patients had undergone CPM. The uptake of CPM was inversely
associated with the age of onset (HR 0.92; 95% Cl: 0.86-0.98) and significantly higher among BRCA
carriers (HR 2.9; 95% Cl: 1.3-6.8) and patients from the high risk of breast cancer families (HR 5.6; 95%
Cl: 1.9-16) compared to the lower genetic risk categories.

Conclusion: The risk stratification obtained through genetic counseling had a considerable impact on
the surgical decision-making among younger women with breast cancer at long-term follow-up.

Abbreviations: BOADICEA: the Breast and Ovarian Analysis of Disease Incidence and Carrier
Estimation Algorithm; BRCA carrier: pathogenic variant in BRCAT or BRCA2; Cl: confidence interval;
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CPM: contralateral prophylactic mastectomy; HR: hazard ratio; IQR: interquartile range

Introduction

Contralateral prophylactic mastectomy (CPM) after unilateral
breast cancer has seen a steady rise worldwide with the
highest increase in the younger age groups [1-4]. Although
the trend has been particularly well-documented in North
America, less is known for Europe during the same
period [5,6].

The uptake of CPM is affected by multiple factors such as
age, family history, genetic test results, personality traits, and
the surgical options and recommendations [7-9]. CPM
reduces the risk of contralateral breast cancer by about 95%,
whereas its impact on long-term survival is unsettled [10].
Carriers of pathogenic variants in BRCAT or BRCA2 demon-
strate improved long-term survival after CPM [11]. For non-
BRCA carriers the greatest survival benefit is expected to be
in those with a good breast cancer prognosis, a low mortal-
ity risk of other causes, and a high risk of contralateral breast
cancer [12]. Younger women with a strong family history of

breast cancer who test negative for pathogenic variants in
BRCAT or BRCA2 still face a considerable risk of contralateral
breast cancer [13].

Preoperative genetic testing for pathogenic variants in
BRCAT or BRCA2 is known to affect surgical decision-making
among newly diagnosed breast cancer patients [14]. To iden-
tify BRCA carriers prior to their definitive surgery, genetic
counseling was introduced into the primary diagnostic work-
up for eligible women in the Central Denmark Region in
2013. The aim was to avoid breast-conserving surgery in
high-risk patients and in case of high risk to offer the possi-
bility of mastectomy with immediate reconstruction. To be
eligible, the woman should have a personal and/or family
history meeting the national guideline criteria for genetic
counseling such as breast cancer before 40years of age, pre-
menopausal triple negative or bilateral breast cancer, or a
family history suggestive of hereditary breast and ovarian
cancer. The genetic counseling comprised genetic testing for
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pathogenic variants in BRCAT or BRCA2 and a pedigree-based
familial risk assessment.

International guidelines agree that patients should be
counseled about their future contralateral breast cancer risk,
but there are no general recommendations about CPM for
non-BRCA carriers [12,15]. We identified a need to evaluate
how the risk stratification obtained through genetic counsel-
ing affected the long-term uptake of CPM among younger
women with breast cancer.

Material and methods
Study population

Women were recruited from the Department of Clinical
Genetics, Aarhus University Hospital, in the period 1 January
2013 to 31 May 2018. The department has the entire Central
Denmark Region as catchment area (approximately 1.3 mil-
lion inhabitants).

We included women referred to genetic counseling dur-
ing their primary diagnostic workup for invasive breast can-
cer and excluded women >45years of age or with a
personal history of breast cancer, ovarian cancer, or BRCA
testing prior to the inclusion period. We also excluded
women with bilateral breast cancer, which we defined as
contralateral breast cancer within three months of
the diagnosis.

Genetic risk stratification

The genetic counseling was led by a clinical geneticist. There
were multiple clinical geneticists and genetic counselors
working under supervision. During pretest counseling, gen-
etic testing was discussed with the patient. A blood sample
from each woman was tested for pathogenic variants in
BRCAT1 or BRCA2 by next generation sequencing. A family his-
tory was obtained and cancer diagnoses were verified in the
medical records after written consent. During post-test coun-
seling, the patient was informed about her genetic test result
and the result of her genetic risk stratification.

Women found to carry a pathogenic variant in BRCAT or
BRCA2 (BRCA carrier) were counseled as having an elevated
risk of breast cancer. Non-BRCA carriers were counseled
according to three familial breast cancer risk categories
defined by the Danish Breast Cancer Cooperative Group:
high risk, moderate risk, and population risk. According to
the national guidelines, patients were perceived to have a
high risk if they belonged to a family in which breast cancer
and ovarian cancer had occurred in the same patient, first
degree relatives, or second degree relatives through a male.
Also the rare case of a male breast cancer history would indi-
cate a familial high risk. If a family member, such as the
patient herself, had been diagnosed with breast cancer
before 40years of age, the patient was assessed as having at
least familial moderate risk. For other patients, the familial
risk was assessed on the basis of the calculated lifetime risk
for an unaffected relative to the patient using the BOADICEA
model [16]. A simplified flow diagram illustrates the genetic
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Figure 1. Flow diagram of the genetic risk stratification.

risk stratification (Figure 1). The national guidelines stated
that risk-reducing surgery could be discussed with a woman
who was either a BRCA carrier or had a familial high risk of
breast cancer. In clinical practice, such patients were entitled
to opt to undergo CPM; however, the treatment was not
specifically recommended.

Data analysis

To record cancers and surgical procedures, pathology reports
with dates and diagnoses were obtained from the Danish
national pathology database, linked through a 10-digit per-
sonal identification number assigned to all Danish resi-
dents [17].

The long-term uptake of CPM was examined in a survival
model. We were able to follow the patients from the date of
diagnosis; however, entry was delayed until the date the
patient received the genetic test result or three months after
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the breast cancer diagnosis, whichever came latest. The pur-
pose of the delayed entry was to avoid conditioning on the
future as the genetic risk category and bilateral breast cancer
status could first be determined at that time. The follow-up
ended on the date of CPM, contralateral breast cancer,
death, or last follow-up, whichever came first. Kaplan-Meier
plots with number at risk tables were included for visualiza-
tion. The uptake of CPM was estimated as the cumulative
incidence in the presence of contralateral breast cancer and
death as competing risks [18].

Hazard ratios (HRs) were estimated for potential predictors
of CPM in a Cox proportional hazards regression model. We
considered the following exposure variables as potential pre-
dictors: genetic risk category, age of onset for breast cancer,
family history of breast cancer, or family history of ovarian
cancer. Family history was defined as having an affected first
or second degree relative. Age of onset for breast cancer
was included in the regression model as a continuous vari-
able. Each exposure variable was evaluated alone (univariable
model) and then together with all other exposure variables
(multivariable model). The proportional hazards assumption
was verified for each exposure variable category on the basis
of log-log plots and scaled Schoenfield residuals.

p values were obtained with the Fisher's exact test for cat-
egorical variables, whereas for age of onset the non-parametric
Wilcoxon rank-sum and Kruskal-Wallis tests were used, as
appropriate.

Statistical significance and confidence intervals (Cl) were
reported at the two-sided 95% level. All data were analyzed
in Stata 12.1 (StataCorp, College Station, TX).

The study was registered with the Danish Data Protection
Agency (1-16-02-102-17). Approval was granted from the
Danish Patient Safety Authority (3-3013-2912/1) to obtain
data from medical records without the need for consent.

(n=2), or carrying variants of uncertain significance in BRCAT
or BRCA2 (n=1).

The result of the genetic testing was scheduled before
radiation therapy or final surgery. This meant that the
women learned their genetic test result within a median of
92 days [interquartile range (IQR): 75 to 114] from the breast
cancer diagnosis. The patients received a concluding risk
assessment, which stratified them into one of four genetic
risk categories: BRCA carriers (n=17), familial high risk
(n=15), familial moderate risk (n=113), or population
risk (n=11). As expected, the patients in the four genetic
risk categories differed by age of onset and family history
(Table 1).

Despite the differences between the genetic risk catego-
ries, the age of onset for breast cancer was not associated
with having a family history of breast cancer (Wilcoxon rank-
sum, p=.10) or ovarian cancer (Wilcoxon rank-sum, p =.99).
Also there was no significant association between having a
family history of breast cancer and ovarian cancer (Fisher's
exact, p=.10).

We were able to follow the patients for a median observa-
tion period of 1.8years (IQR: 0.49 to 2.5years) from the start
of follow-up (Table 2). Within a year, 20% (95% Cl: 14% to
28%) of the patients had opted to undergo CPM. After the
maximal follow-up period of 3.8years, the uptake of CPM
had grown to 33% (95% Cl: 24% to 42%). Metachronous
contralateral cancer or death occurred as the first outcomes
in the competing risk analysis at cumulative incidences of,
respectively, 0.83% (95% Cl: 0.075% to 4.1%) and 10% (95%
Cl: 4.8% to 18%).

Table 2. Follow-up data.

Follow-up,

Under Danish law, the study was not reportable to an eth- Patients,n CPM.n __person-years
ics committee. Genetic ri;k category
Population risk 1 0 10.3
Moderate risk 113 21 156
High risk 15 8 14.8
Results BRCA carrier 17 8 17.5
Age of onset
The study cohort included 156 women undergoing genetic 40-44 31 2 31.5
testing and counseling due to early-onset breast cancer (age 32739 /6 18 108
K h . d f hei b 30-34 33 8 39.2
range: 21-44). The patients were treated for their cancer by <30 16 9 20.1
either breast-conserving surgery and adjuvant therapy or Family history of breast cancer
neoadjuvant therapy. We had excluded patients for the fol- Er‘: 1(5)? fi 1239
lowing reasons: bilateral breast cancer (n=#6), less than three Familil/ history of ovarian cancer '
months of follow-up after the breast cancer diagnosis (n =5), No 139 31 182
: L : Any 17 6 16.3
undergoing CP.M before recelvmg. the genetlc. test result All patients 156 37 199
(n=3), not having returned to receive the genetic test result
Table 1. Patient characteristics.
Genetic risk category
Population risk, Moderate risk, High risk, BRCA carrier,
n=11 n=113 n=15 n=17 p
Age of onset, median (IQR) 40 (40-42) 36 (33-39) 37 (35-40) 36 (32-37) <.001*
Family history of breast cancer, n (%) 1(9.1) 35 (31) 8 (53) 7 (41) 09"
Family history of ovarian cancer, n (%) 1(9.1) 3(27) 9 (60) 4 (24) <.001*

IQR: interquartile range.
Kruskal-Wallis test.
*Fisher's exact test.
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Figure 2. Kaplan—-Meier plots of the uptake of CPM. (a) Genetic risk category. (b) Age of onset.
Table 3. Evaluated predictors of CPM in the Cox regression model.
Univariable Multivariable
HR 95% Cl HR 95% Cl
Genetic risk category
High risk (vs. moderate risk or population risk) 3.8 1.7-8.7 5.6 1.9-16
BRCA carrier (vs. moderate risk or population risk) 3.2 14-71 2.9 1.3-6.8
Age of onset
Per year (vs. younger) 0.92 0.86-0.98 0.92 0.86-0.98
Family history of breast cancer
Any (vs. no) 1.5 0.75-2.8 1.5 0.78-3.1
Family history of ovarian cancer
Any (vs. no) 1.9 0.79-4.6 0.53 0.17-1.7
At the end of follow-up, BRCA carriers had the highest Discussion

uptake of CPM, 72% (95% Cl: 36% to 90%), followed by
women in the familial high risk, 64% (95% Cl: 31% to 84%),
and familial moderate risk categories, 25% (95% Cl: 16% to
34%). No patients in the population risk category underwent
CPM (Figure 2(a)). The uptake of CPM also varied consider-
ably with age, decreasing from 65% (95% Cl: 32% to 85%) in
the youngest to 8.8% (95% Cl: 1.5% to 25%) in the oldest
age group (Figure 2(b)).

Since no patients in the population risk category under-
went CPM, we combined the two lowest genetic risk catego-
ries in the Cox regression analysis. The uptake of CPM was
significantly associated with the genetic risk category and
age of onset for breast cancer, but not with having a family
history of breast cancer or ovarian cancer (Table 3).

Of the three patients who underwent CPM before receiv-
ing their genetic test result, there was one patient in each of
the moderate risk, familial high risk, and BRCA carrier catego-
ries, and the age range was 33 to 40years. Only the patient
in the familial high risk category had a family history of
breast cancer, whereas none of the patients had a family his-
tory of ovarian cancer. Thus, we found no obvious reason
why the three patients underwent CPM before receiving
their genetic test result.

We evaluated the uptake of CPM among younger women
with breast cancer who participated in a genetic counseling
program during their primary diagnostics of breast cancer.
Around three months lasted from the breast cancer diagno-
sis to the day the woman learned her genetic test result.
Although the process might have been speeded up through
genetic testing at the primary diagnostic unit, we prioritized
testing in a setting of genetic counseling and demonstrate
this to be feasible within just three months. A further gain,
was the increased number of risk categories, as the pedi-
gree-based risk assessment relied not only on the BRCA sta-
tus but also on the family history of the woman.

The uptake of CPM among younger women with breast
cancer in Denmark was comparable to the uptake among
age-matched women in the United States [1]. Most BRCA car-
riers and women with a familial high risk of breast cancer
underwent CPM, whereas CPM was less common among
women in the familial moderate risk and population risk cat-
egories, consistent with a high uptake of bilateral prophylac-
tic mastectomy among young BRCA carriers with no personal
history of breast cancer [19]. Age and family history were
previously reported to affect the surgical decision-making
among breast cancer patients [14,20]. After adjusting for
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these potential confounders in the multivariable regression
model, the genetic risk stratification was still associated with
a strong impact on the uptake of CPM.

CPM reduces the risk of contralateral breast cancer and
cancer-related anxiety [10]. Well-established risk factors for
contralateral breast cancer include early-onset primary breast
cancer, a pathogenic variant in a high-risk gene, family his-
tory, and non-genetic factors [12]. A registry-based study
from Denmark found a 5.5% 10-year risk of contralateral
breast cancer among women under 45years of age [21],
whereas the individual risk to a woman can be further differ-
entiated on the basis of age of onset, family history, and
BRCA status [13]. The evidence of long-term survival benefit
after CPM is limited for genetically disposed individuals [10],
and the recommendations therefore vary between inter-
national guidelines [12,15]. The surgeon’s recommendation
affects the final decision-making, as women without heredi-
tary risk are more likely to undergo CPM if the surgeon nei-
ther recommends for or against CPM than if the surgeon
recommends against CPM [9,22].

A proximate family history of breast cancer and ovarian
cancer was enough to classify a family as high-risk despite
negative BRCA testing. As a consequence, more than half of
the women counseled as having a familial high risk had a
first or second degree relative with ovarian cancer compared
to only a small minority of patients in the familial moderate
risk and population risk categories. Since a family history of
ovarian cancer is not itself a known risk factor for contralat-
eral breast cancer, this practice may have led to unnecessary
anxiety among some of the patients. The national guidelines
are currently being updated to improve the precision of
breast cancer risk assessment through systematic use of the
BOADICEA model. Inclusion of moderate risk genes, poly-
genic risk scores, and environmental factors may improve
the precision of genetic risk assessment in the future [23].

Due to the moderate size of the study population, we
had to combine the two lowest genetic risk categories in the
Cox proportional hazards regression model. This was reason-
able, given that CPM was considered an option for high-risk
patients, not population risk or moderate risk individuals. Yet
it would have been interesting to compare the uptake
between these two genetic risk categories as well. As the
genetic counseling program was aimed at identifying women
at high risk of breast cancer, it was offered exclusively to
those patients more likely to harbor pathogenic variants in
BRCAT or BRCA2, such as younger women or those with triple
negative breast cancer or a positive family history. The
absence of a control group, that did not undergo genetic
counseling, limited us from assessing the overall impact of
the program. As the patients were not asked to answer deci-
sion-making questionnaires, we were restricted to observe
the long-term differences in CPM uptake between groups
defined by genetic risk category, age of onset, and family
history, whereas the impact of additional motivation factors
did not come to light. As the genetic testing was restricted
to BRCAT and BRCA2, other studies will be needed to assess
the impact of positive test results for moderate risk genes,
such as PALB2, CHEK2, and ATM. Interestingly, a CPM uptake

comparable to BRCA carriers was recently reported for non-
BRCA carriers with positive multigene panel testing
results [24].

Given the steady increase in CPM up to 2 years after the
breast cancer diagnosis, a strength of the study was the ana-
lysis of long-term follow-up data, providing clinically import-
ant data on the long-term impact of risk stratification
through genetic counseling. Consistent with the aim of the
program, we found very few high-risk patients not opting for
bilateral mastectomy with immediate reconstruction.

Conclusion

The risk stratification obtained through genetic counseling
had a considerable impact on the surgical decision-making
among younger women with breast cancer at long-term fol-
low-up.
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