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Abstract

When hereditary breast and ovarian cancer (HBOC) due to a BRCAI/BRCA?2 germline pathogenic variant is diagnosed, the
proband will be asked to inform other at-risk family members. In the Netherlands, a guideline was introduced in 2012 which
provided detailed recommendations regarding this proband-mediated procedure. We now evaluated the uptake of predictive
BRCAI/BRCA2 testing in 40 consecutive HBOC families diagnosed in our centre in 2014. We performed a retrospective
observational study of all 40 families in which a pathogenic BRCAI/BRCA2 germline variant was identified during 2014.
We scored the uptake of predictive and confirmatory testing by the end of 2018 and explored factors associated with the
level of uptake. Two families were excluded. In the remaining 38 families, among 239 family members 218 years at 50%
risk of being a mutation carrier or at 25% risk if the family member at 50% risk was deceased, 102 (43%) were tested.
Among 108 females 25-75 years of age at 50% risk, 59 (55%) underwent predictive or confirmatory testing, and among 43
males at 50% risk with daughters >18 years, 22 (51%) were tested. Factors which complicated cascade screening included
family members living abroad, probands not wanting to share information and limited pedigree information. In conclusion,
the standard proband-mediated procedure of informing relatives seems to be far from optimal. We suggest a tailored
approach for each family, including the option of a direct approach to at-risk family members by the geneticist. In addition,
we suggest detailed monitoring and follow-up of families.

Introduction

Germline pathogenic variants in BRCAI and BRCA2 were
identified in 1994 and 1995 as the main causes of autosomal
dominant hereditary breast and ovarian cancer (HBOC).
Diagnostic testing of patients quickly became available, as
did predictive testing of healthy at-risk family members and
confirmatory testing of affected relatives [1].

The cancer risks for carriers of pathogenic variants in
BRCAI or BRCA2 are high and include lifetime breast
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cancer risks of 60-80% for both genes and ovarian cancer
risks of 30-60% and 5-20% for carriers of pathogenic
germline variants in BRCAI and BRCA2, respectively [2].

As de novo germline pathogenic variants in BRCAI and
BRCA? are rare [3], relatives of the proband generally face a
high risk of cancer when a pathogenic germline BRCA1/
BRCA2 variant is identified.

Informing at-risk relatives has been recognised as an
important objective of genetic counselling. If family mem-
bers are not adequately informed they may present with
advanced symptomatic cancers that could have been pre-
vented if they had been notified in time. Accordingly, cost-
effectiveness of BRCAI/BRCA?2 testing is partly determined
by the number of at-risk family members that would benefit
from a positive test result in the proband [4].

In professional guidelines on cancer genetics it is gen-
erally recommended that at-risk family members are
informed via the proband, in a so-called proband-mediated
approach. However, it has also been recognised that this
standard procedure is ineffective in many families. In a
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recent review of the literature and using data recorded on
HBOC at genetics registries, we found that the uptake of
predictive testing ranged from 21 to 44% [S]. The uptake of
genetic testing was higher for specific subgroups and was
generally higher for close versus distant relatives and for
female versus male relatives.

However, the review also showed that a variety of factors
contribute to complexity in the scoring of predictive testing.
The definition of the pedigree is dependent upon informa-
tion known to the proband and the efforts of the genetics
centre to collect extended pedigree information. In addition,
the identification of at-risk relatives is problematic when it
is not known if the causative pathogenic variant was
inherited from the paternal or maternal side of the family.
Furthermore, when family members have not been tested it
is often unclear whether they did not receive information or
whether they were adequately informed but subsequently
chose to refrain from testing. The evaluation of the uptake
of testing is also difficult in families in which many relatives
of the proband live abroad. Finally, different countries have
different healthcare systems, health laws and professional
guidelines, as exemplified by recent publications from the
United Kingdom, France, Switzerland and Finland [6-10].

In 2012, the Dutch Society for Clinical Genetics pub-
lished a guideline containing detailed recommendations
regarding the proband-mediated procedure. According to
this guideline, the importance of information sharing should
be discussed in depth with the proband, a family letter
containing detailed information aimed at at-risk family
members should be sent to the proband, and follow-up
counselling by telephone to discuss any difficulties in
informing family members is also recommended. In
exceptional cases, at-risk family members can be directly
contacted by the geneticist (www.vkgn.org [11]).

However, the impact of this guideline on the uptake of
testing in cancer families has not been investigated. We
therefore evaluated the uptake of predictive and con-
firmatory BRCAI/BRCA?2 testing in all families diagnosed
in our centre in 2014, 2 years after the introduction of the
guideline. We explored the factors associated with uptake
and compared our data with those reported in the studies we
recently reviewed.

Patients and methods

The diagnostic laboratory of our institute provided the
identification details of all families in which a pathogenic or
likely pathogenic BRCAI or BRCA2 germline variant had
been identified in 2014. The resulting number of families
was 40. For all families we reviewed the pedigrees, the
medical files of family members, and the outcome of
diagnostic, predictive and confirmatory DNA testing.

Notably, a proportion of family members who were tested
for a known familial variant had previously been treated for
breast, ovarian or another cancer. We applied the term
predictive testing to unaffected and confirmatory testing to
affected family members of the proband.

In the Netherlands, as a rule, blood samples for predictive
and confirmatory testing are sent to the same laboratory in
which initial diagnostic testing in the proband was per-
formed. Therefore, all tested family members were regis-
tered at our laboratory, including those who received genetic
counselling at our Family Cancer Clinic and family mem-
bers counselled in other genetics centres in the Netherlands.

Following the identification of a pathogenic or likely
pathogenic germline BRCAI/BRCA?2 variant in the proband,
additional tests were often performed to investigate whether
the variant was inherited from the paternal or maternal side
of the family. We listed these additional tests under the
heading of diagnostic tests and not as predictive or con-
firmatory tests, since they preceded the sending of a family
letter to the proband containing information to be dis-
tributed amongst at-risk relatives. We assessed all at-risk
relatives according to the pedigree information available by
the end of 2018. Ages were calculated with reference to the
date of the family letter or estimated when a date of birth
was unavailable.

We identified all of the proband’s adult (=18 years)
family members on the affected side of the family and at
50% risk of being a mutation carrier. If a family member at
50% risk was deceased, family members at 25% risk were
assessed. Two subgroups were assessed for whom a posi-
tive test result (i.e., being a mutation carrier) would have the
most important clinical consequences: females at 50% risk
aged 25-75 years and males at 50% risk with daughters >18
years. The scoring procedure used in this study is illustrated
by a fictitious pedigree A depicted in Fig. 1.

Apart from the data obtained for the period 2014-2018,
we also evaluated the uptake of testing over the course of
time, at quarterly (q) periods between 2014 and 2018.

Results

Among the 40 families, 23 had a pathogenic germline
BRCAI variant, 16 a pathogenic germline BRCA2 variant
and one (family 32) a likely pathogenic BRCA2 germline
variant. The results for the 40 families are summarised in
Table 1 and Table 2. Two families, 5 and 40, were excluded
from the general analysis. In family 5, a pathogenic BRCAI
variant had previously been identified in another branch of
the family at another centre. In family 40, it appeared that a
pathogenic BRCAI variant had already been identified at
our centre in 2007 and the test performed in 2014 showed
the same result.

SPRINGER NATURE
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Fig. 1 Scoring of at-risk and tested family members. In this ficti-
tious pedigree (A), a pathogenic BRCAI germline variant was identi-
fied in the proband affected with breast cancer (III-1). Subsequently,
both her parents were tested and, as expected based on pedigree data
(no breast or ovarian cancer had occurred in the maternal family
members, data not shown), the father of the proband proved to be a
carrier of the pathogenic germline BRCA/ variant. As a next step, a
letter was sent to the family for circulation amongst the proband’s at-
risk paternal family members. Testing of the proband and both her
parents was labelled as diagnostic testing, while subsequent testing of
additional family members was labelled as predictive or confirmatory
testing for unaffected and affected at-risk relatives, respectively. When
the family first received the letter, five adult relatives were at 50% risk,

In the remaining 38 families, the number of predictive or
confirmatory tests varied from O to 15, with a mean number
of 3.9 tests per family. In eight families, not a single family
member was registered at our laboratory for predictive or
confirmatory testing. In three of these eight families—
families 10, 16 and 19—the proband did not wish to contact
any of his/her at-risk family members. In-depth counselling
did not alter that decision and we have not directly con-
tacted the proband’s family members. In the remaining five
families, numbers 13, 20, 22, 27 and 29, most or all at-risk
family members lived abroad.

Among 239 adult family members at 50% risk of being a
mutation carrier (or at 25% risk if the individual at 50% risk
was deceased), 102 (43%) were tested. Among 108 females
at 50% risk and 25-75 years of age, 59 (55%) underwent
predictive or confirmatory testing, and among 43 males at
50% risk with daughters >18 years, 22 (51%) were tested. If
the five families in which most or all at-risk families
members lived abroad are excluded from the analysis, the
33 remaining families showed an uptake of 99/194 (51%)
for the total at-risk group, and 57/84 (68%) and 22/37
(59%), respectively, for the specific female and male
subgroups.

Information on age was available for 227 at-risk family
members. Among 113 at-risk females the uptake was 62/
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or at 25% risk if a parent at 50% risk was deceased, comprising the
relatives I1-4, 1I-5, TII-2, III-3 and III-4. Three of these five relatives
were tested. It should be noted that additional family members were
tested, including III-5 and III-6 once they learned that their mother did
not wish to be tested, and III-8 based on cascade testing after her father
was found to be mutation carrier. In the current study, I1I-4 was scored
as untested; however, the fact that the offspring III-5 and III-6 were
tested is relevant and is given as extra information in Table 1. The fact
that individual III-8 was tested has been added to the total number of
tested family members, but individual III-8 was not counted as an at-
risk family member since she was originally not at-risk (before her
father was tested) according to the criteria used.

113 (55%) and among 114 males the uptake was 39/114
(34%) (Table 2).

Of the diagnostic and presymptomatic or confirmatory
tests performed by the end of 2018, 175/204 (86%)
were performed by the end of 2015. The number of
tests performed per quarter over this period is depicted in
Fig. 2.

Nineteen family members had some form of cancer
preceding DNA testing. Most but not all cancers were
confirmed by medical or pathology records. In four patients
the tumour types were probably not related to the patho-
genic germline BRCAI or BRCA2 variant (cancer of the
tongue, cervix, skin (melanoma) and large bowel, respec-
tively). Among the remaining 15 patients, 12 had breast
cancer or ductal carcinoma in situ of the breast, two had
ovarian cancer and one prostate cancer. The uptake rate of
genetic testing among all patients with cancer was 9/19
(47%). Among the patients with tumours probably asso-
ciated with the germline pathogenic BRCAI or BRCA2
variant the uptake rate was 8/15 (53%). Notably, in the
latter group two breast cancer patients (diagnosed at ages 34
and 56, respectively), were negative for the familial
pathogenic variant.

While we did not systematically collect information on
the reasons why at-risk family members were not tested,
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Table 2 Number and percentages of tested female and male at-risk
relatives, all age groups 218 years included®.

Age (y) No. atrisk Females Males

No. at risk Tested No. at risk Tested

No. % No %

18-20 6 4 1 25% 2 0 0%
21-25 11 6 4  67% 5 1 20%
26-30 2 2 100% 5 1 20%
31-35 2 2 100% 4 1 25%
36-40 20 12 9  T5% 8 3 38%
41-45 24 16 11 69% 8 2 25%
46-50 26 11 5 45% 15 5 33%
51-55 31 16 9 56% 15 5 33%
56-60 28 12 6 50% 16 7 44%
61-65 29 15 6 40% 14 6 43%
66-70 13 6 2 33% 4 57%
71-75 10 4 4  100% 3 50%
76-80 6 4 0 0% 0 0%
81+ 10 3 1 33% 1 14%
Total 227 113 62  55% 114 39 34%

“The total number is less than the total number in Table 1 due to the
fact that for some family members no information on age was
available; in family 35 one at-risk female was tested below age 18.

some information was available on family members coun-
selled at our clinic. In two families, at-risk daughters of a
patient with ovarian cancer and a BRCA2 mutation decided,
after genetic counselling, that “for the moment” they would
undergo breast surveillance without predictive testing. We
have not recorded either testing or preventive surgery dur-
ing follow-up. In a family with a BRCAI variant, a male
family member with young daughters underwent genetic
counselling and decided that he would undergo testing in
the future when the result would be relevant for his
offspring.

Discussion

In this retrospective observational study, we evaluated the
effects of the most recent national professional guideline
concerning informing at-risk family members in families
with hereditary cancer syndromes. After 4-5 years of fol-
low-up, the uptake of predictive testing in 38 families with
HBOC was 43%. The uptake was higher in women than in
men (55% and 34%, respectively). In the two subgroups for
whom we considered testing most clinically important—
adult females (25-75 years) at 50% risk and males at 50%
risk with adult (=18 years) daughters—the uptake rates, at
55% and 51%, respectively, were more favourable than the
overall uptake of 43%.

After exclusion of the five families in which all or most
at-risk family members lived abroad, the total and subgroup
percentages were higher, although this increase might be
somewhat artificial since these five families had the lowest
uptake rates at our laboratory and data on possible testing in
foreign laboratories was lacking.

In the introduction we discussed the complexity of
evaluating the uptake of predictive testing. For example, in
an evaluation by Sanz et al. [12] 25 families were excluded
from a set of 133 pedigrees due to loss of follow-up data. In
a study by Sermijn et al. [13], the counsellors had empha-
sised that the proband ‘“‘should not feel obliged to inform
relatives, and should only inform relatives if comfortable to
do so”. Therefore, we must exercise caution when com-
paring our results with those reported in literature for
HBOC [5]. However, our results imply that, among the
families counselled in our clinic, a large proportion of at-
risk family members remain untested.

Importantly, we do not know to what extent family
members received no information from the proband or,
alternatively, were informed but chose not to be tested.
Based on literature and illustrative examples registered in
our medical files, it is clear that a lack of adequate sharing
of information by the proband and postponing or non-
participation in testing by informed family members both
commonly occur. In some studies uptake increased sub-
stantially after at-risk relatives were approached directly by
a genetics centre [13, 14], suggesting that these relatives
had not yet received adequate information. Other authors
have reported that some relatives informed by the proband
refrained from counselling and testing. It should be noted
that some relatives may not have fully understood the
implications of the information received [15]. In our clinic
some women decided, after in-depth genetic counselling,
that they wished to refrain from testing and would undergo
periodic mammography.

The main strength of our evaluation is that it is the
outcome of a single-centre study performed shortly after the
introduction, in 2012, of a new and detailed national
guideline on the procedure of informing family members.
This implies that the counselling procedures practiced by
members of the team were probably quite similar. In addi-
tion, extended pedigree information was available for all
families.

Our study also had several limitations. First, although
we collected as much pedigree information as possible,
there are still missing data on the number of at-risk rela-
tives, their ages and offspring. The numbers and percen-
tages presented on the uptake of testing were based on the
available pedigree information. Second, we may not have
collected all available DNA test results, since diagnostic or
predictive tests might have been performed in another
centre in the Netherlands if the geneticist in that centre did

SPRINGER NATURE
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Fig. 2 DNA testing in 38
families with a pathogenic
BRCA1/BRCA2 germline
variant 2014-8. The number of =
DNA tests performed in 38
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not know that a branch of the family had previously been
evaluated at our clinic. In addition, family members living
abroad may have been tested in centres in their country of
residence.

The time interval between the identification of the gene
variant in the proband and the uptake of testing by an at-risk
family member is relevant since during that time interval at-
risk family members will probably not take preventive
measures. An illustrative example is family 38 in which a
causative BRCAI germline variant was found in a 39-year-
old patient with ovarian cancer. A sister of the proband
underwent predictive testing and proved to be a variant
carrier, which was soon followed by preventive salpingo-
oophorectomy. Histologically, an early-stage ovarian cancer
was diagnosed and treated by surgery and systemic therapy.
At the last follow-up in September 2019 there were no signs
of recurrence.

In our cohort we found that the large majority of pre-
dictive testing (86%) took place within 1-2 years after the
gene defect was diagnosed in the proband. These findings
are comparable to the time intervals found in literature
[16, 17]. It therefore seems that only a small minority of at-
risk family members are subject to an unduly large time
interval. Notably, the reasons for a long time interval may
differ: late sharing of information by the proband, post-
ponement of testing by the informed family member, or new
circumstances, for example, when a daughter of a var-
iant carrier reaches the age of 25, the recommended starting
age for breast surveillance in variant carriers.

To summarise, in the families with HBOC evaluated
here, only around half of all family members at highest risk
of being carrier of a pathogenic BRCAI/BRCA2 variant
underwent predictive testing under the current standard
proband-mediated procedure.

Clinical genetics is a field in which not only the proband
is considered, but also his or her family members.
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Professional guidelines recommend that adequate informa-
tion should be provided to all at-risk relatives. However,
both our study and data from literature strongly suggest that
the current procedure is inadequate.

The subject of informing family members is of increas-
ing importance due to several factors, including broader
indications for testing, increased use of gene panel testing,
testing shortly after diagnosis to guide cancer management,
and the mainstreaming of genetic testing by treating phy-
sicians [18-20].

Various procedures have been proposed to enhance
cascade screening, including additional counselling of the
proband [15, 21], home visits by a genetic field worker [22],
and follow-up consultations with family members who
undergo surveillance [7]. Another option is that the
geneticist directly approaches at-risk family members. This
approach has been explored in several studies and is now
being considered in several genetics centres and registries
[9, 23], including our own.

Progress in this field seems to be hampered by an on-
going and complex debate among healthcare professionals
that encompasses health law, confidentiality, the right not to
know, duties of the patient, duties of the doctor and per-
ceived time restraints [8, 24].

After reviewing all pedigrees, an essential conclusion is
that each family is unique and deserves a tailored approach.
The structure of each pedigree is unique, as is the medical
situation of each proband and her or his relationships with
close and distant family members.

In 2019, the national Dutch guideline was updated and
now includes, apart from hereditary tumour syndromes,
hereditary cardiac and neurological conditions. In this latest
guideline the standard procedure remains the proband-
mediated sharing of information, but the option of the
clinical geneticist directly contacting relatives is
emphasised.
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In conclusion, we cannot exclusively rely on the standard
proband-mediated procedure regarding the informing of at-
risk relatives. We suggest that, in addition to the proband-
mediated procedure, a tailored approach for each family
should be introduced, including the option of direct contact
with at-risk family members by the geneticist. We should
probably also reconsider the burden of predictive testing on
healthy family members and increase efforts with regard to
psychosocial support. In addition, we suggest detailed
monitoring and follow-up of families in order to improve
insight into the information cascade and the uptake of
testing and preventive measures.
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