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Abstract
Purpose In Sweden, a Traceback approach, i.e., a retrospective genetic outreach activity, among cancer patients is not 
normally used in clinical practice. In this pilot study, we wanted to evaluate a Traceback strategy for possible future clini-
cal implementation and investigate why not all women with early-onset breast cancer underwent genetic testing when they 
were first diagnosed.
Methods Out of all women (n = 409) diagnosed with breast cancer at ≤ 35 years in Southern Sweden between 2000 and 2017, 
63 had not previously been tested. These women were offered an analysis of the genes BRCA1, BRCA2, PALB2, CHEK2, 
and ATM through a standardized letter. Subsequently, women with normal test results were informed through a letter and 
carriers of pathogenic variants were contacted through a telephone call and offered in-person genetic counseling. All tested 
women were asked to complete a follow-up questionnaire regarding previously not having attended genetic counseling and 
testing and their experiences of the current retrospective approach.
Results Out of the invited women, 29 (46%) underwent genetic testing and 27 (43%) answered the questionnaire. Pathogenic 
variants were identified in BRCA1 (n = 2), CHEK2 (n = 1), and ATM (n = 1). The main reason for previously not having under-
gone genetic testing was not having received any information from their physicians. Most study participants were satisfied 
with both written pre- and post-test information.
Conclusion The process with retrospective identification, written pre-test information, and genetic testing, followed by in-
person counseling for carriers of pathogenic variants only, was well accepted. This has implications for future Traceback 
implementation programs.

Keywords Breast cancer · Early-onset · Genetic testing · BRCA1 · BRCA2

Introduction

Although breast cancer is the most common cancer in women, 
both worldwide and in Sweden, only 1.5% were diagnosed 
before the age of 35 years in Sweden in 2019 [1]. Unfortu-
nately, breast cancers in young women are often aggres-
sive and associated with a relatively poor prognosis [2–4]. 
Early-onset breast cancers are also more often associated 
with heredity, and young patients are more likely to harbor a 
genetic predisposition to breast cancer [5]. Of all breast can-
cer cases, 5–10% have a strong hereditary background and a 
recent study has estimated the prevalence of pathogenic vari-
ants in BRCA1 and BRCA2 among unselected breast cancer 
patients to be about 4.5% [6]. The corresponding percentage 
in patients diagnosed before 35 years is 10–15% [7]. Among 
women previously diagnosed with breast cancer, the finding 
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of a pathogenic variant is associated with an increased risk for 
the development of new primary cancers. Therefore, the iden-
tification of pathogenic variants in early-onset breast cancer 
patients is of great importance [5, 7].

For many years, Swedish national breast cancer guidelines 
have recommended that all women diagnosed with invasive 
breast cancer at 35 years or younger should be referred for 
genetic counseling, and given the option of genetic testing, 
regardless of family history of cancer [8]. These recommenda-
tions were widened in 2017, to include all women diagnosed 
with breast cancer at 40 years or younger [9]. A knowledge of 
carrier status in previously diagnosed breast cancer patients is 
highly important for prevention strategies for the development 
of new primary cancers. For carriers of pathogenic variants, 
increased surveillance through annual mammography and 
magnetic resonance imaging (MRI) screening is usually rec-
ommended. In addition, these carriers can also be given the 
option of risk-reducing measures to improve both breast cancer 
specific and overall survival, i.e., prophylactic contralateral 
mastectomy and bilateral salpingo-oophorectomy. The identi-
fication of a pathogenic variant in BRCA1, BRCA2, or another 
gene associated with breast cancer, is also associated with 
potential benefits for the woman’s family, as it may influence 
relatives to opt for genetic counseling and testing to identify 
healthy carriers at high risk, and thereby be able to prevent 
cancer and cancer-related deaths through increased surveil-
lance and prophylactic surgery [10, 11].

In 2016, a workshop was convened at the US National 
Cancer Institute to discuss a framework designated ‘Trace-
back’ for retrospective identification of BRCA1 and BRCA2 
germline pathogenic variants in previously diagnosed but 
unreferred ovarian cancer patients and their relatives [12].

This type of retrospective genetic outreach activity in can-
cer patients is not normally used in clinical practice in Swe-
den. However, based on our previous experiences [13, 14], 
we decided to initiate a Traceback pilot study by inviting 
women diagnosed with breast cancer at 35 years or younger 
who had not previously been referred for genetic counseling.

The main objective for the study was to evaluate a Trace-
back counseling strategy, with possible adaptations for 
broader Traceback studies and future clinical implementa-
tion. The secondary objective was to gain a deeper under-
standing why not all women with early-onset breast cancer 
attended genetic counseling and testing when they were first 
diagnosed.

Materials and Methods

Data acquisition

National civic registration numbers and information regard-
ing names and treating physicians for all women diagnosed 

with breast cancer at 35 years or younger in the South Swed-
ish Health Care Region were retrieved from the Southern 
Swedish Regional Tumor Registry in Lund and from the 
National Quality Registry for Breast Cancer (NKBC) in 
Stockholm. Information regarding which patients were reg-
istered at the Oncogenetic Clinic in Lund and which were 
not was subsequently retrieved from the OnkGen Register 
and from clinical records at Skåne University Hospital in 
Lund. Vital status, current addresses, and telephone numbers 
to all the women who were not registered at the clinic were 
extracted from the Population Register, administered by the 
Swedish Tax Agency.

Study cohort

In total, 409 women were diagnosed with invasive breast 
cancer at 35 years or younger in the South Swedish Health 
Care Region between January 1, 2000, and December 31, 
2017. After exclusion of women who were already registered 
at the Oncogenetic Clinic at Skåne University Hospital in 
Lund, deceased, emigrated, or had moved to another health-
care region in Sweden, inquiries were sent to the remaining 
64 women’s treating physicians to ensure that no existing 
medical condition would prevent possible study inclusion. 
After exclusion of one ineligible patient due to comorbidity, 
an invitation letter with informed consent was subsequently 
sent to 63 eligible women (Fig. 1).

Summary of the Traceback pilot study procedure

An invitation letter (Online Resource 1) was sent by regular 
mail. The letter contained information about the study and 
possible implications of genetic testing, an informed consent 
form, a pre-paid envelope, contact information, and a refer-
ral form for a blood sample for DNA extraction. The women 
were invited to contact the study coordinators for additional 
information if needed.

If the consent form was returned and a blood sample was 
drawn, with no cost for the participant, the breast cancer sus-
ceptibility genes BRCA1, BRCA2, PALB2, CHEK2, and ATM 
were analyzed (for technical details, see Online Resource 2). 
According to current clinical routine in Sweden [15], genetic 
testing of the genes BRCA1, BRCA2, TP53, PALB2, CHEK2, 
and ATM is offered to women with suspected hereditary 
breast cancer after in-depth genetic counseling. For a more 
streamlined approach suitable for a Traceback scenario, it 
was decided by the study management to exclude TP53 due 
to the specific difficulties involved with discussing cancer 
risks and management for carriers of pathogenic variants in 
this gene (for a more detailed discussion regarding the deci-
sion to exclude TP53, see Online Resource 2).
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After approximately one month, a follow-up telephone 
call was made to the women who had not returned the con-
sent form.

After one additional month, a reminder with a new writ-
ten informed consent form, pre-paid envelope, and referral 
for DNA extraction was sent to each of the women who had 
not returned the consent form.

Women with normal test results (non-carriers of patho-
genic variants) were informed about the test result through a 
standardized letter (Online Resource 3). To resemble clinical 
practice as much as possible, the standardized letter used the 
same phrasing as in clinical templates used by genetic coun-
selors at the Oncogenetic Clinic in Lund, where applicable. 
This letter also contained a questionnaire with questions 
regarding the reason for not attending genetic counseling and 
testing when they were first diagnosed with breast cancer 
and their attitudes toward the current retrospective approach. 
Carriers of pathogenic variants were informed about the 

result through a telephone call from a genetic counselor and 
given time for an appointment at the Oncogenetic Clinic 
in Lund at their earliest convenience. These women were 
handed the questionnaire after the subsequent genetic coun-
seling session.

Statistical analysis

Descriptive statistics were used to summarize pertinent 
information from one closed-ended questionnaire question 
and six scaled-response questions with Likert rating scales 
ranging from 1 (strongly disagree) to 5 (strongly agree). 
Spontaneous answers to three open-ended questions were 
grouped into categories using content analysis. Mann–Whit-
ney U test was used to examine the differences in median age 
at breast cancer diagnosis, median age at study invitation, 
and median time between breast cancer diagnosis and study 
invitation between women who completed all parts of the 

Fig. 1  Flowchart summariz-
ing the study cohort, inclusion, 
genetic analyses, and return of 
questionnaires
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study and those who did not. Fisher’s exact test was used 
to examine the association between place of residence, i.e., 
in which county in the South Swedish Health Care Region 
the women lived, and completing all parts of the study. All 
analyses were conducted using the IBM SPSS statistical 
computing package (version 25.0; SPSS, Inc., Chicago, 
Illinois, USA). Statistical significance was considered with 
a two-tailed p-value of < 0.05.

Results

Characteristics of study population

A total of 63 women diagnosed with invasive breast cancer 
at 35 years or younger in the South Swedish Health Care 
Region between January 1, 2000 and December 31, 2017, 
who had not previously been registered at the Oncogenetic 
Clinic at Skåne University Hospital in Lund, were offered 
analysis of the genes BRCA1, BRCA2, PALB2, CHEK2, and 
ATM. Median ages at diagnosis and study invitation was 
34.2 (range: 25.3–35.9) and 45.8 (33.0–54.2) years, respec-
tively. Median time from breast cancer diagnosis to study 
invitation was 12.3 (2.8–20.3) years.

Consent for study participation

Detailed information regarding study enrollment, follow-up, 
genetic analyses, and completion of questionnaires is shown 
in Online Resource 4. Twenty-six (41%) women returned the 
signed consent form within a month. Out of these, 24 (92%) 
accepted participation, whereas two women signed the form 
but declared that they did not wish to participate in the study. 
After approximately one month, follow-up telephone calls 
were made to the women who had not returned the signed 
consent form. Contacts were made with 14 (38%), of whom 
five (36%) declined participation. Reasons for declining 
were a lack of time, the inability to emotionally handle a 
negative consequence of the test outcome, and not having 
any daughters. Approximately one month after the follow-up 
telephone call, written reminders were sent to the women 
who still had not returned the signed consent form (n = 26). 
This resulted in an additional seven women returning the 
consent form, of whom six accepted study participations and 
one declined. Summing up, out of 35 consenting women, 
24 (69%) consented without a reminder, five (14%) after 
the follow-up telephone call, and six (17%) after the written 
reminder.

Uptake of genetic testing

Twenty-nine (83%) of the consenting women subsequently 
had a blood sample drawn for DNA extraction and genetic 

analysis. Germline pathogenic variants were identified in 
four (14%); two in BRCA1, one in CHEK2, and one in ATM 
(for further information, see Online Resource 2). Subse-
quently, all four women with pathogenic variants and 23 
(92%) women without pathogenic variants completed the 
follow-up questionnaire (Fig. 1, Online Resource 4).

Characteristics of women who completed the study 
vs. those who did not

Out of the 27 women who completed all parts of the Trace-
back study, i.e., accepted participation, underwent genetic 
testing, and answered the questionnaire, 22 (81%) returned 
the signed consent form within one month, one (4%) after 
the follow-up telephone call, and four (15%) after the writ-
ten reminder (Online Resource 4). There were no statisti-
cally significant differences between median ages at breast 
cancer diagnosis or study invitation of women who com-
pleted all parts of the Traceback study compared with those 
who did not (34.2 vs. 34.0; p = 0.92, and 46.3 vs. 45.7 years; 
p = 0.80, respectively). Neither was there any statistically 
significant difference between median time from breast can-
cer diagnosis to study invitation for these women (12.3 vs. 
12.0 years; p = 0.75). In addition, when analyzing the asso-
ciation between completing all parts of the Traceback pilot 
study or not and place of residence, i.e., in which county 
they lived, no statistically significant difference was found.

Reasons for not having been tested previously

The most reported reason (n = 20; 74%) for not having 
been tested when first diagnosed with breast cancer was not 
receiving any information regarding genetic counseling and 
testing from treating physicians. One woman (4%) reported 
that she had received information but declined. Five (20%) 
reported other reasons for previously not having been 
referred to the Oncogenetic Clinic in Lund. Two of these 
reasons were that “They (the physicians) didn’t think it was 
an enhanced risk that mine was hereditary” and that “They 
(the physicians) didn’t think it was genetic, since no one 
in the family has had cancer”. Two other women reported 
that they did not remember if they discussed a referral with 
their physicians. One woman wrote “I have gone through 
breast cancer operations three times. I don’t have any breasts 
left. I’m scared of developing tumors somewhere else in the 
body”, which might not be an answer to the question per se. 
One woman did not report any reason at all for not being 
referred to the clinic.

Satisfaction with the Traceback approach

Study participants’ answers to the scaled-response questions 
are listed in Table 1, where the most frequent answers are 
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highlighted in bold. Most women, both with and without 
germline pathogenic variants, reported that they understood 
and were satisfied with the written study information, as 
well as the opportunity for additional contacts and going 
through with the genetic testing. However, six (26%) of 
the women without a pathogenic variant agreed to wanting 
additional oral information. Most women also reported that 
they had shared the information with their relatives and that 
they would recommend a female friend with breast cancer 
to undergo genetic testing in the same way that they did 
(Table 1).

Open-ended questions and selected spontaneous answers 
from the study participants are listed in Table 2. Regarding 
the women’s experiences of being offered genetic testing 
through a letter, the answers were grouped into the catego-
ries “Positive responses” (n = 23, 85%) and “Emotional but 
positive responses” (n = 4, 15%). The main reasons why the 
women chose to participate in the Traceback pilot study and 
undergo genetic testing were that they saw either a benefit 
for their family members or themselves, or that they saw a 
need for more knowledge. These reasons were categorized 
as “Family’s risk”, “Own and family’s risk”, “Own risk”, 
and “Increased knowledge”, respectively (Table 2). Unse-
lected spontaneous answers are listed in Online Resource 5. 
One woman wrote an additional comment at the end of the 
questionnaire; that she would have wanted to get the offer 
of genetic testing while undergoing her treatment, not after 
several years.

The 23 women with normal genetic test results answered 
a question regarding their experiences of being informed 

of the result through a standardized letter. All these women 
had a positive component to their answer, but two (9%) were 
categorized as “Additional oral conversation” and one (4%) 
as “Emotional but positive response”. The four women who 
were tested with pathogenic variants instead answered a 
question regarding their experiences of being informed of 
the result through a telephone call from a genetic counse-
lor and the subsequent in-person genetic counseling. These 
answers were categorized as “Positive responses” (n = 2), 
“Emotional but positive response” (n = 1), and “Emotional 
response” (n = 1) (Table 2, Online Resource 5).

Discussion

In the present Traceback pilot study, we invited all women 
diagnosed with breast cancer at 35 years or younger in the 
South Swedish Health Care Region to undergo genetic test-
ing, if they were not previously registered at the Oncoge-
netic Clinic at Skåne University Hospital in Lund. We also 
evaluated why they had not been registered at the clinic, 
even though they fulfilled the Swedish national guidelines 
for consideration of genetic counseling and testing, and their 
attitudes toward the current retrospective approach.

Out of the 63 invited women, 27 (43%) completed all 
parts of the Traceback pilot study. There was no signifi-
cant difference between median age at study invitation for 
the women who completed all parts of the study compared 
with those who did not. In previous studies regarding rapid 
genetic testing of newly diagnosed breast cancer patients, it 

Table 1  Closed-ended scaled-response questions with answers ranging from 1 (strongly disagree) to 5 (strongly agree)

Most frequent answers are highlighted in bold

Statements 1 2 3 4 5

Women without a pathogenic variant, n = 23
 I understood the written information that I obtained regarding the study 5 (21.7%) 18 (78.3%)
 I am satisfied with the obtained written information regarding the study 

and the opportunity for further contacts
3 (13.0%) 20 (87.0%)

 I would have wished for additional oral information 13 (56.5%) 4 (17.4%) 5 (21.7%) 1 (4.3%)
 I am satisfied with undergoing genetic testing 1 (4.3%) 22 (95.7%)
 I have shared the information that I obtained with my relatives 2 (8.7%) 2 (8.7%) 2 (8.7%) 17 (73.9%)
 I would recommend a female friend with breast cancer to undergo 

genetic testing in the same way that I did
3 (13.0%) 2 (8.7%) 18 (78.3%)

Women with a pathogenic variant, n = 4
 I understood the written information that I obtained regarding the study 1 (25.0%) 3 (75.0%)
 I am satisfied with the obtained written information regarding the study 

and the opportunity for further contacts
4 (100.0%)

 I would have wished for additional oral information 4 (100.0%)
 I am satisfied with undergoing genetic testing 4 (100.0%)
 I have shared the information that I obtained with my relatives 1 (25.0%) 3 (75.0%)
 I would recommend a female friend with breast cancer to undergo 

genetic testing in the same way that I did
1 (25.0%) 3 (75.0%)
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has been reported that women who accepted study partici-
pation were younger than those who declined [16, 17]. The 
discrepancy between our study and these previous studies 
could potentially be attributed to the fact that all women in 
our study were relatively young (33.0–54.2 years).

In our study, 29 (46%) women underwent genetic test-
ing. When comparing this result with a previous Swedish 
study regarding BRCA1/2 testing after written pre-test infor-
mation without face-to-face counseling (the BRCAsearch 
study), the uptake seems remarkably low [16, 18]. It should 
be noted, however, that the BRCAsearch study concerned 
newly diagnosed women and our study used a retrospective 
approach. Since none of the invited women chose to answer 
the questionnaire without completing the genetic testing, we 
do not know why these women declined participation. Previ-
ous studies have reported several factors as associated with 
patients declining genetic counseling, including patients’ 
socioeconomic status [19], the expected benefits or limita-
tions of genetic counseling and testing, a fear of psychologi-
cal effects, a lack of time, and a limited ability to travel [20, 
21]. Consistent with some of these studies, the women who 
declined participation at the follow-up telephone call in our 
study (n = 5) stated a lack of time, the inability to emotion-
ally handle a negative consequence of the test outcome, and 
not having any daughters. Additionally, even though most of 
the women stated that they did not get any information about 
genetic counseling and testing when they were first diag-
nosed, we cannot rule out the possibility that some women 
who chose not to participate may have been offered testing 
previously but declined. Finally, the COVID-19 pandemic 
came as an unexpected event during the study inclusion 
period. It is possible that the pandemic affected the study 
outcome, so that fewer women accepted participation com-
pared with what would have been the case otherwise.

Even though the uptake for genetic testing was relatively 
low, it increased from 22 (35%) to 24 (38%) women after the 
follow-up telephone call, and to 29 (46%) women after the 
written reminder. Considering this, it may be sufficient with 
only one written reminder in future Traceback implementa-
tions to simplify the procedure.

On average, 10–15% of women diagnosed with breast 
cancer before 35 years are carriers of pathogenic variants in 
BRCA1 or BRCA2 [5]. Four (14%) of the women who under-
went genetic testing in our study were identified as carriers 
of pathogenic variants. Out of these, two (7%) were carri-
ers of pathogenic variants in BRCA1 and none in BRCA2, a 
figure that might seem low. Since the study sample is small, 
it is possible that this is simply due to chance. However, it is 
also possible that the women who were not offered genetic 
counseling when they were first diagnosed more often lacked 
a family history suggesting hereditary breast and ovarian 
cancer, which could explain a lower genetic diagnostic yield. 
This hypothesis is supported by comments made by two of Ta
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the participants in the questionnaire, i.e., “They (the physi-
cians) didn’t think it was hereditary/genetic”.

Consistent with the findings in our study, a previous 
study regarding simplified pre-test information and germline 
BRCA1/2 testing reported that very few patients contacted 
them for genetic counseling or with practical questions over 
the telephone, suggesting that the majority felt that the writ-
ten pre-test information was sufficient [18]. The main rea-
sons why the women chose to participate in the study and 
undergo genetic testing were that they saw either a benefit 
for their family members, especially daughters, or them-
selves, which is consistent with a previous study [22]. Out 
of the women who were tested without pathogenic variants, 
most reported that they were content with being informed 
through a letter. Out of the four women who were tested 
with pathogenic variants, two were clearly satisfied with the 
procedure, where they were informed of the result through a 
telephone call from a genetic counselor and the subsequent 
in-person genetic counseling. One woman was concerned 
about the time between the telephone call and the in-person 
counseling, and one woman answered that she “was a bit 
sad”, which might not have reflected the question per se. 
Considering the above results, it appears that most of the 
consenting women were satisfied with both the written pre- 
and post-test information.

A major limitation in this study is that only 27 (43%) of 
63 invited women completed the full procedure, including 
genetic testing and return of questionnaires. Even though no 
woman expressed any serious concerns regarding her expe-
riences with being contacted retrospectively and receiving 
written information by regular mail, we cannot exclude the 
possibility that some of the women who never responded 
may have reacted differently.

In this pilot study we wanted to evaluate a Traceback 
counseling strategy by inviting all women diagnosed with 
breast cancer at 35 years or younger in the South Swedish 
Health Care Region who were not previously registered at 
the Oncogenetic Clinic in Lund. Pathogenic variants were 
identified in four (14%) of the participants, i.e., women who 
would otherwise not be aware of their carrier status.

In summary, this study demonstrated that a retrospective 
identification of individuals with breast cancer that may ben-
efit from genetic testing, combined with a simplified genetic 
counseling procedure based mostly on written information 
followed by in-person counseling for carriers of pathogenic 
variants only, was well received by the vast majority of con-
senting study participants. Especially for carriers of patho-
genic variants in BRCA1 or BRCA2, it is well established that 
knowledge of carriership is of major clinical importance, 
since increased surveillance and prophylactic surgery leads 
to significantly reduced morbidity and mortality [5, 7]. After 
some minor adjustments of the study protocol, our next step 
will be to initiate a larger Traceback implementation study 

by inviting all previously untested women diagnosed with 
breast cancer between 36 and 40 years of age. The Swed-
ish national breast cancer guidelines were recently updated 
with a recommendation for genetic counseling also for this 
age group, and we expect that a large percentage of women 
in this group will never have received an offer regarding 
genetic testing since they were diagnosed before the guide-
lines changed, further underscoring the unmet clinical need 
for similar Traceback approaches.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10549- 021- 06351-z.
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