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Frågeställning:
Kan bärare av patogena genetiska varianter identifieras hos tidigare 
otestade kvinnor med bröstcancer samt kan en förenklad Traceback-
strategi införas i klinisk rutin?

Tre frågor till Annelie:
 
Hur kan resultatet av er forskning hjälpa patienterna, rent konkret?
Av de ungefär 8 000 kvinnor som drabbas av bröstcancer årligen i Sverige är 
ca 400 (5 %) yngre än 40 år vid diagnos. Bröstcancer är i de flesta fall inte 
starkt ärftligt, men i vissa familjer kan man finna förändringar i gener (pato-
gena varianter) som kan förklara varför en individ drabbas av bröstcancer. 
Bröstcancer tidigt i livet ökar sannolikheten för att det skulle kunna finnas 
en ärftlig orsak, vilket skulle kunna påverka hur bröstcancern bör behandlas 
och följas upp. 

I detta forskningsprojekt erbjöd vi alla kvinnor i Södra sjukvårdsregionen 
(Skåne, Blekinge, Kronoberg och södra Halland) som drabbats av bröstcan-
cer vid en ålder av 40 år eller yngre mellan åren 2000 och 2019, och som 
tidigare inte genomgått genetisk testning, en analys av bröstcancerasso-
cierade gener. 176 kvinnor deltog i studien och bland dessa identifierades 
17 bärare av patogena varianter. Hos dessa kvinnor har risken för ytterligare 
bröstcancer och äggstockscancer kunnat minskas med hjälp av utökade 
kontroller och undersökningar, samt i vissa fall förebyggande operatio-
ner. Resultaten skulle även kunna påverka klinisk praxis eftersom Trace-
back-strategin var både väl accepterad av studiedeltagarna och kan ses 
som ett alternativ till nuvarande klinisk rutin.

Hur viktigt har stödet från Bröstcancerförbundet varit för er forskning?
Stödet från Bröstcancerförbundet är oerhört viktigt eftersom det för vår 
del gav oss möjligheten att kunna erbjuda tidigare otestade kvinnor som 
drabbats av bröstcancer genetisk testning.

Vad vill du hälsa alla Bröstcancerförbundets givare?
Genom att ge ett bidrag till Bröstcancerförbundet hjälper du till att säker-
ställa fortsatt forskning. Ditt bidrag gör skillnad!

Läs gärna publikationen på följande sidor.
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Abstract
Purpose  This study focused on identifying a hereditary predisposition in women previously diagnosed with early-onset breast 
cancer through a retrospective outreach activity (Traceback). The objectives were to evaluate the possible clinical implemen-
tation of a simplified Traceback strategy and to identify carriers of pathogenic variants among previously untested women.
Methods  Three hundred and fifteen Traceback-eligible women diagnosed with breast cancer at 36–40 years in Southern 
Sweden between 2000 and 2019 were identified and offered an analysis of the genes ATM, BARD1, BRCA1, BRCA2, CHEK2, 
PALB2, RAD51C, and RAD51D through a standardized letter. Women who chose to participate were asked about their expe-
riences through a questionnaire. The workload for the study personnel was measured and recorded.
Results  One hundred and seventy-six women underwent genetic testing and pathogenic variants were identified in 9.7%: ATM 
(n = 6), BARD1 (n = 1), BRCA1 (n = 3), CHEK2 (n = 5), and PALB2 (n = 2). Women with normal test results were informed 
through a standardized letter. Carriers of pathogenic variants were contacted by telephone and offered in-person genetic 
counseling. One hundred and thirty-four women returned the subsequent questionnaire. Most study participants were satis-
fied with both written pre- and post-test information and many expressed their gratitude. The extra workload as compared 
to routine clinical genetic counseling was modest (8 min per patient).
Conclusion  The insights from the participants’ perspectives and sentiments throughout the process support the notion that 
the Traceback procedure is a safe and an appreciated complement to routine genetic counseling. The genetic yield of almost 
10% also suggests that the associated extra workload for genetic counselors could be viewed as acceptable in clinical imple-
mentation scenarios.
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Introduction

Of all breast cancer cases, approximately 5% have been esti-
mated to have strong hereditary backgrounds. The preva-
lence of pathogenic variants in the specific genes BRCA1 
and BRCA2 in unselected breast cancer patients has been 
estimated to be 2–2.5% [1, 2], similarly to what has been 
reported in the Southern Swedish population [3]. Hereditary 
predisposition to breast cancer is associated with early onset 
of the disease [4]. In a recent study based on clinical genetic 
testing in Sweden over several years, 19% of women with 
breast cancer at 30–39 years had a pathogenic variant in 1 of 
13 analyzed genes [5]. Among women previously diagnosed 
with breast cancer, the finding of a pathogenic variant is 
associated with an increased risk for new primary cancers [4, 
6, 7]. The identification of pathogenic variants among these 
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women, who would otherwise not have knowledge of their 
carrier status, is crucial for the prevention of new cancers 
through increased surveillance and risk-reducing measures. 
Especially, the inherited risk for ovarian cancer associated 
with pathogenic variants in BRCA1 and BRCA2 is of clinical 
relevance and has a direct impact on the survival of women 
treated for BRCA1/2-associated breast cancers [8]. In addi-
tion, knowledge of a pathogenic variant provides opportuni-
ties for cancer prevention among healthy family members 
[9, 10].

For many years, Swedish national breast cancer guide-
lines have recommended that all women diagnosed with 
invasive breast cancer at an age of 35 years or younger 
should be offered a referral for genetic counseling and given 
the option of genetic testing, regardless of family history 
of cancer [11]. These recommendations were expanded in 
2018 to include all women diagnosed with breast cancer at 
40 years or younger [12]. For additional details on current 
and previous guidelines, see Supplemental 1.

In 2016, the National Cancer Institute held a meeting 
where a framework for the identification and genetic test-
ing of previously diagnosed but unreferred ovarian cancer 
patients and other unrecognized carriers of pathogenic vari-
ants was discussed and designated ‘Traceback’ [13]. Since 
then, Traceback among previous ovarian cancer patients and 
their relatives have been studied [14–17]. However, Trace-
back among previously diagnosed breast cancer patients 
has not been thoroughly evaluated. Hence, we conducted a 
pilot study where a Traceback strategy was evaluated among 
unreferred women who were diagnosed with breast cancer at 
the age of 35 years or younger in Southern Sweden between 
2000 and 2017 [18]. In this study, 29 women underwent 
genetic testing and pathogenic variants were identified in 
four: BRCA1 (n = 2), CHEK2 (n = 1), and ATM (n = 1).

Because the Swedish national breast cancer guidelines 
were expanded in 2018 [12], we identified an opportunity to 
perform a simplified Traceback strategy based on our previ-
ous experiences in a larger cohort of women. The primary 
objective was to evaluate the feasibility of introducing a 
similar procedure within future clinical routine. We hypoth-
esized that a large percentage of women in this age group 
would never have received an offer regarding genetic testing 
and that carriers of breast cancer predisposition pathogenic 
variants would be identified.

Materials and methods

Data collection

National civic registration numbers and information regard-
ing all women who were diagnosed with breast cancer at 
36–40 years in the South Swedish Health Care Region 

between January 1, 2000 and December 31, 2019, (n = 816) 
were retrieved from the Southern Swedish Regional Tumor 
Registry in Lund and the National Quality Registry for 
Breast Cancer (NKBC) in Stockholm. Information regarding 
which patients who had previously undergone genetic test-
ing was retrieved from the Regional Oncogenetic Register 
(OnkGen) and clinical records at Skåne University Hospital 
in Lund. Vital status and current addresses were extracted 
from the Population Register, which is administered by the 
Swedish Tax Agency. After exclusion of women who had 
previously undergone genetic testing (n = 396) and women 
who were deceased (n = 90), unknown (n = 3), emigrated 
(n = 4), or had moved to another healthcare region in Swe-
den (n = 8), an invitation letter was sent to the remaining 315 
women (Fig. 1).

Summary of the Traceback study procedure

The Traceback procedure has previously been described 
in detail [18]. To summarize, an invitation letter written in 
Swedish (English translation, Supplemental 2) and a referral 
form for a blood sample for DNA extraction and analysis 
of genes linked to inherited increased risk for breast can-
cer were sent through regular mail. The women consented 
to study participation and genetic testing by signing a con-
sent form and returning it in an enclosed pre-paid envelope. 
Subsequently, study participants had a blood sample drawn, 
without any cost and without a previous meeting with a 
physician.

When comparing the current Traceback procedure with 
the Traceback pilot study procedure [18], there were two 
discrepancies. First, due to updated recommendations in the 
Swedish national breast cancer guidelines [19], the num-
ber of analyzed genes were increased from five to eight 
(ATM, BARD1, BRCA1, BRCA2, CHEK2, PALB2, RAD51C, 
RAD51D). As in the previous study, TP53 was excluded due 
to the specific difficulties involved with discussing cancer 
risks and management with carriers of pathogenic variants 
in this gene. Second, we simplified the study procedure. We 
concluded in the pilot study that the follow-up telephone call 
could be excluded. Hence, only one written reminder was 
sent after approximately 4 weeks to each of the women who 
had not returned the consent form.

After the analyses were completed, women with nor-
mal test results were notified through a standardized letter 
(English translation, Supplemental 3). Carriers of patho-
genic variants were informed about the test result through 
a telephone call from a genetic counselor and given time 
for in-person genetic counseling at the Oncogenetic Clinic 
in Lund at their earliest convenience. The women had the 
option to choose between a physical appointment at the 
outpatient clinic or telephone counseling. Subsequently, 
a questionnaire with three open-ended questions and six 
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scaled-response questions with Likert rating scales, ranging 
from 1 (strongly disagree) to 5 (strongly agree), regarding 
their experiences of the Traceback approach was sent to the 
women who underwent genetic testing.

To facilitate future discussions regarding the feasibility of 
clinical implementation of a Traceback procedure, the work-
load for the study personnel was recorded and subsequently 
divided per participating woman.

Statistical analysis

Mann–Whitney U test was used to examine the differences 
in median age at breast cancer diagnosis and study invita-
tion and time between breast cancer diagnosis and study 
invitation, among women who chose to participate in the 
study and those who chose not to. Pearson’s Chi-square test 
was used to examine differences in patient characteristics 
and between answers to the scaled response questions, as 

well as between study participation and place of residence. 
Descriptive statistics are shown as mean ± standard deviation 
(SD) or median and interquartile range (IQR). All analyses 
were conducted using the IBM SPSS statistical computing 
package (version 28.0; SPSS, Inc., Chicago, Illinois, USA). 
Statistical significance was considered with a two-tailed 
P < 0.05.

Results

Previously tested women

A total of 816 women were diagnosed with invasive breast 
cancer at 36–40 years of age in the South Swedish Health 
Care Region between January 1, 2000 and December 31, 
2019. Out of the 403 women who had previously undergone 
genetic testing, 79 (19.6%) were carriers of one (or two, 

Fig. 1   Traceback inclusion: schematic representation of inclusion, exclusion, and genetic testing
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n = 1) pathogenic variants. The median age at breast cancer 
diagnosis was 38.7 (IQR 37.3–38.7) years and the median 
time from diagnosis to genetic analysis was 0.9 years (IQR 
0.3–0.9) (Table 1).

Study population

Three hundred and fifteen women were offered an analy-
sis of the genes ATM, BARD1, BRCA1, BRCA2, CHEK2, 
PALB2, RAD51C, and RAD51D. The median ages at breast 
cancer diagnosis and study invitation were 39.8 (IQR 
38.5–39.9) and 51.5 (IQR 46.7–57.1) years, respectively. 

The median time from diagnosis to study invitation was 12.1 
(IQR 8.3–17.9) years (Table 1).

Consent, genetic testing, and variant detection

Of the 315 invited women, 147 (46.7%) women returned 
the signed consent form within 4 weeks. Subsequently, 162 
written reminders were sent, which resulted in an additional 
47 (14.9%) consent forms being returned. Of the 194 women 
who accepted participation, 176 (55.9% of the entire cohort, 
90.7% of the women who consented) subsequently had a 
blood sample drawn for DNA extraction and genetic analy-
sis. The median turn-around time for the laboratory analysis, 

Table 1   Characteristics of women diagnosed with breast cancer at 36–40 years of age in the South Swedish Health Care Region between Janu-
ary 1, 2000 and December 31, 2019

Abbreviations: BC breast cancer, IQR interquartile range, PV pathogenic variant
a Including the seven women who were invited to participate in the study but had already been tested
b Mann–Whitney U test or Pearson’s Chi-square test was used to examine differences between women who were tested previously and women 
who were tested in this study
c Date for genetic testing was missing for 27 women who were tested previously
d The carrier numbers are not comparable since not all women who were tested previously were tested for the same genes as in the current study

All women diag-
nosed with BC

Women tested previouslya Women tested in this study Pb

Number of patients, n 816 403 176
Age at BC diagnosis, years, median (IQR) 39.1 (37.8–39.1) 38.7 (37.3–38.7) 39.9 (38.5–39.9) <0.001
Year of BC diagnosis, n (%) <0.001
  2000–2009 331 (40.6) 115 (28.5) 83 (47.2)
  2010–2017 381 (46.7) 204 (50.6) 83 (47.2)
  2018–2019 104 (12.7) 84 (20.8) 10 (5.7)
Time between BC diagnosis and genetic test-

ing, years, median (IQR)
2.2 (0.5–2.2) 0.9 (0.3–0.9)c 12.4 (8.9–12.4) <0.001

Vital status, n (%)
  Alive 644 (78.9) 336 (84.2) 176 (100.0) N/A
  Dead 150 (18.4) 60 (15.0) N/A
  Emigrated 9 (1.1) 5 (1.3) N/A
  Moved to other healthcare region 10 (1.2) 2 (0.5) N/A
  Unknown identity 3 (0.4) N/A N/A
PV carriers, n (%)
  No PV 477 (83.0) 318 (78.9) 159 (90.3) N/Ad

  ATM 8 (1.4) 2 (0.5) 6 (3.4)
  ATM + CHEK2 1 (0.2) 1 (0.2) 0 (0.0)
  BARD1 1 (0.2) 0 (0.0) 1 (0.6)
  BRCA1 34 (5.9) 31 (7.7) 3 (1.7)
  BRCA2 26 (4.5) 26 (6.5) 0 (0.0)
  CHEK2 16 (2.8) 11 (2.7) 5 (2.8)
  PALB2 3 (0.5) 1 (0.2) 2 (1.1)
  TP53 4 (0.7) 4 (1.0) N/A
  Other 3 (0.5) 3 (0.7) N/A
  Unknown PV 2 (0.3) 2 (0.5) N/A
  Unknown result 4 (0.7) 0 (0.0) N/A
  Missing/not tested (n) 237
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i.e., the time from blood sample registration to clinical report 
delivery, was 22 (IQR 21–24) days. Pathogenic variants were 
identified in 17 (9.7%) women: 6 in ATM, 1 in BARD1, 3 in 
BRCA1, 5 in CHEK2, and 2 in PALB2 (Supplemental 4). 
Variants classified as pathogenic (class 5) or likely patho-
genic (class 4) are collectively called pathogenic variants 
in this paper.

Out of the 139 women who did not undergo genetic test-
ing, 7 had already been tested elsewhere, 1 did not want 
to, 1 was too anxious to, and 1 was too ill to participate. 
Three women had their information letter returned (address 
unknown). The remaining 126 (90.6%) women did not com-
municate a reason for choosing not to participate.

There were no statistically significant differences between 
median age at breast cancer diagnosis (39.9 vs. 39.4; 
p = 0.26) or study invitation (51.7 vs. 51.2 years; p = 0.18) 
of the women who participated in the Traceback study com-
pared with those who did not, nor was there a significant dif-
ference between median time from breast cancer diagnosis to 
study invitation (12.2 vs. 11.8 years; p = 0.31). In addition, 
when analyzing the association between participation in the 
Traceback study and place of residence, no significant dif-
ference was found (p = 0.55).

Workload assessment

As compared to clinical routine, the additional tasks for the 
Traceback procedure consisted of registry matching and 
sending invitation letters, referral forms, and reminders. 
Between August 9, 2022 and November 10, 2022, between 
10 and 40 invitation letters with referral forms were sent on 
a weekly basis (depending on the workload at the labora-
tory) and between September 1, 2022 and December 12, 
2022, approximately 10–20 reminders were sent each week. 
This work was recorded, and a total time of 24 h was noted, 

corresponding to 4.6 min per invited woman or 8.2 min per 
woman who underwent genetic testing.

Questionnaire

Of the 176 women who underwent genetic testing, 134 
(76.1%) returned the subsequent questionnaire. Study partic-
ipants’ answers to the scaled-response questions are shown 
as mean ± SD (Table 2). Most women, both with and without 
pathogenic variants, reported that they understood and were 
satisfied with the written study information, as well as with 
the opportunity for additional contacts and going through 
with the genetic testing. Five (4.2%) of the women with nor-
mal test results and two (14.3%) of the carriers of a patho-
genic variant would have wanted additional oral information. 
Most women 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.

The first open-ended question was ‘What was your expe-
rience of being offered genetic testing through a letter?’. To 
this question, 112 (83.6%) women had positive responses. 
These responses included some short answers, such as ‘Posi-
tive,’ ‘Very positive,’ ‘Good,’ ‘Very good,’ ‘Totally OK,’ and 
‘Very good, grateful for the offer.’ The majority of partici-
pants wrote longer answers, such as ‘Very positive, I was 
immensely happy to feel that I am not forgotten.’ ‘I was very 
happy to get the offer, a very simple way to do the testing.’ 
‘I was glad to be elected to collaborate with the investiga-
tion,’ and ‘My first thought was that it is good that doctors, 
researchers, etc. offer and do this type of studies on women.’ 
Twenty (14.9%) women reported mixed feelings, e.g., ‘I 
was hesitant at first, but after a discussion with my family I 
realized that it was only beneficial’ and ‘Exciting and scary 
at the same time, you both want to know and are afraid to 

Table 2   Closed-ended scaled-
response questions with answers 
ranging from 1 (strongly 
disagree) to 5 (strongly agree)

a Pearson’s Chi-square test was used to examine differences between answers to the scaled-response ques-
tions
b Two women with normal test results did not answer this question

Women with 
normal test 
results

Women with 
a pathogenic 
variant

Pa

Number of patients, n 120 14
Questions, mean (SD)
  I understood the obtained written study information 4.79 (0.447) 4.86 (0.363) >0.3
  I am satisfied with the obtained written study information 

and the opportunity for further contacts
4.85 (0.513) 4.86 (0.363) >0.3

  I would have wished for additional oral information 1.64 (0.877) 2.29 (0.994) 0.08
  I am satisfied with undergoing genetic testing 4.93 (0.250) 5.00 (0.000) >0.3
  I have shared the obtained information with my relatives 4.20 (1.120) 4.57 (0.756) >0.3
  I would recommend a female friend with breast cancer to 

undergo genetic testing in the same way that I didb
4.72 (0.801) 4.93 (0.267) >0.3
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know.’ One woman wrote that she was ‘Surprised. Made 
me ponder what I would want to know.’ One woman had a 
negative response and wrote that it was ‘A bit hard, almost 
shocking. Almost as hard as getting the cancer diagnosis.’

When answering the question ‘What was the main rea-
son for choosing to participate in the study?’, 90 (67.2%) 
women reported only one reason. The remaining 44 women 
reported two (or more) reasons. In total, 71 (53.0%) women 
reported that they wanted increased knowledge for them-
selves. One woman wrote ‘I have wondered if I have any 
of the genes that can cause breast cancer, but I have not 
known how to find out if I am a carrier.’ Five women wrote 
that they wanted to be able to receive extended surveillance 
or additional interventions, such as prophylactic removal 
of the contralateral breast. Seventy-four (55.2%) women 
reported that they wanted to know more for the sake of their 
family members, i.e., the hereditary aspect of the disease. 
Illustrative quotes are ‘To know if it was hereditary, for my 
daughter’s sake’ and ‘That I do not have anything that I will 
pass on to my daughter.’ Thirty-three (24.6%) women had 
altruistic reasons and reported that they wanted to support 
medical research or help others.

Women with normal test results (n = 120) subsequently 
answered the question ‘What was your experience of being 
informed of the result from the genetic analysis through a 
letter?’. One hundred and twelve (93.3%) women had posi-
tive responses, such as ‘It was good, then you can read it 
many times’, ‘I was very happy to receive the negative result 
in a letter’, and ‘It felt natural since the study information 
was delivered by mail.’ Six women reported mixed feelings, 
e.g., ‘Totally OK. A bit nervous to open it in the beginning, 
but when I read the result then it was only joy.’ One woman 
wrote that she thought it was hard and one woman answered 
that she had not received the result. Women with pathogenic 
variants (n = 14) answered the question ‘What was your 
experience of being informed of the result from the genetic 
analysis through a telephone call and subsequent genetic 
counseling?.’ Ten (71.4%) women had a positive answer, 
such as ‘I think it worked well. The physician was distinct, 
and it felt like he took the time to answer our questions.’ 
and ‘Good. I got a long and informative talk that gave room 
for questions. Pertinent information.’ Two women expressed 
criticism regarding the counseling process, with differing 
views: ‘I think it would be better to get the result by mail 
and not a telephone call, but maybe you would want to talk 
with someone after you have read the letter’ and ‘Not so 
good. I wanted to have a physical meeting instead. I think 
that it will be better, will be less misunderstandings.’ Two 
women reported that they felt shocked and sad about the 
genetic test result.

At the end of the questionnaire, 54 (40.3%) women wrote 
additional comments, such as being thankful (n = 42), being 
supportive of the study (n = 9), or feeling happy or safe 

(n = 3). Furthermore, three women wrote that they would 
have wanted to get the offer of genetic testing earlier, i.e., not 
years after their initial breast cancer diagnosis.

Discussion

Retrospective identification of carriers of pathogenic vari-
ants among previously treated cancer patients is a challeng-
ing undertaking from a practical, ethical, and psychological 
perspective. At the same time, it has the potential to reduce 
serious morbidity and probably even save lives among 
women that were not identified as carriers of pathogenic 
variants in association with a previous cancer diagnosis. 
We conducted a Traceback study to retrospectively identify 
carriers of pathogenic variants among women diagnosed 
with early-onset breast cancer to assess the feasibility and 
effectiveness of this approach. The study aimed to contribute 
insight into the potential benefits of expanding the Traceback 
procedure clinically, with results on the prevalence of patho-
genic variants in this setting, the effectiveness of outreach 
strategies, and the experiences and motivations regarding 
retrospective genetic testing.

The current Traceback study employed a proactive out-
reach strategy to women who were diagnosed with breast 
cancer between 36 and 40 years in the South Swedish Health 
Care Region who had not previously undergone genetic 
testing. The study participation rate was encouraging, with 
46.7% of invited women returning signed consent forms 
within 4 weeks, and an additional 14.9% returning them after 
receiving reminders. The outreach approach successfully 
engaged most of the target population, leading to 55.9% of 
those invited undergoing genetic testing. This suggests that 
offering genetic testing to previously unreferred breast can-
cer patients through a mail-based approach is a viable and 
effective method. Furthermore, the workload on the genetic 
counseling staff was manageable, with an estimated eight 
additional minutes of work for every woman who accepted 
to participate, as compared to clinical routine. However, 
the workload per patient will depend on the structure of the 
healthcare system, and the easy access to public registries in 
Sweden has facilitated the current study. Of the women who 
chose not to participate in the study, the majority (90.6%) 
did not communicate their reason, indicating a need for fur-
ther research to understand barriers to genetic testing.

It is well established that knowledge of carriership is of 
clinical importance, since increased surveillance and pro-
phylactic surgery leads to significantly reduced morbidity 
and mortality [4, 6, 20], especially for women harboring 
pathogenic variants in BRCA1, BRCA2, or PALB2. Out of the 
early-onset breast cancer patients who had previously under-
gone genetic testing, 19.6% were carriers of pathogenic vari-
ants in ATM, BARD1, BRCA1, BRCA2, CHEK2, or PALB2. 
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In the current study, 9.7% of the women were identified as 
carriers of pathogenic variants in these six breast cancer 
susceptibility genes. This highlights the significant number 
of women who may carry pathogenic variants but have not 
been identified due to previous more restrictive testing crite-
ria. These results stress the importance of expanding genetic 
testing efforts among early-onset breast cancer patients, as 
identification of pathogenic variants in this population is 
important not only for individual risk assessment but also for 
guiding preventive strategies and informing family members.

Out of the women who had not previously undergone 
genetic testing, 21.4% were deceased. Potentially, several of 
these women were unknown carriers of a pathogenic variant. 
In such circumstances, the carrier status is likely to remain 
unknown until a subsequent cancer diagnosis in a family 
member might trigger testing.

In a recent Swedish publication, the percentage of car-
riers of a pathogenic variant in BRCA1 or BRCA2 among 
women diagnosed with breast cancer at 40 years or younger 
was 10.0% (105/1055 patients) [5]. For the women identi-
fied in the current study, who were previously tested and 
therefore excluded from the Traceback procedure, the corre-
sponding percentage was 14.2% (57/375 women) (Table 1). 
Three of the women who were tested in the current study 
were carriers of pathogenic variants in BRCA1 and none in 
BRCA2, a figure that might seem low in comparison. While 
this discrepancy may be due to chance, it is also possible 
that women with a strong family history or other risk fac-
tors compatible with a high increased breast (and ovarian) 
cancer risk were more likely to be offered testing early [11], 
explaining the lower yield in the Traceback cohort.

The questionnaire responses provided insights to the 
experiences and motivations of women who underwent 
genetic testing. Most participants reported an under-
standing of, and satisfaction with, the study information, 
emphasizing the importance of clear and concise commu-
nication in the Traceback procedure. Further support for 
the simplified procedure was given by a previous study, 
BRCAsearch, where 818 newly diagnosed breast cancer 
patients were contacted in a similar manner, resulting in 
very few telephone calls to the designated genetic coun-
selor and a general high level of satisfaction with the pro-
cedure [3, 21]. It is notable that most participants wanted 
to gain knowledge not only for themselves but also for the 
sake of their family members, highlighting the hereditary 
aspect of the disease, which is concordant with findings in 
previously published studies [18, 22]. Importantly, many 
women expressed a willingness to share information with 
their relatives and would recommend genetic testing to 
others. The differences in experiences between women 
who received their results through a standardized letter 
and those who received a telephone call from a genetic 
counselor and subsequent genetic counseling suggest that 

personalized communication may be preferred when deliv-
ering potentially life-altering genetic information. Provid-
ing support and counseling for carriers of pathogenic vari-
ants is essential to help individuals navigate their as well 
as family members’ risks and make informed decisions 
regarding surveillance and prevention.

The backdrop of the current study was that the Swed-
ish breast cancer guidelines were amended to include a rec-
ommendation of genetic testing for all women with breast 
cancer at age 40 years or younger. It is important to recog-
nize that guidelines evolve over time, and in the recently 
published ASCO—Society of Surgical Oncology Guide-
lines [23], the authors recommend that genetic testing of 
BRCA1 and BRCA2 should be offered to all patients with a 
previous history of breast cancer and without active disease 
diagnosed at 65 years or younger, as well as selectively to 
patients diagnosed after 65 years if the result will inform 
personal risk management and/or family risk assessment. In 
addition, testing for high-penetrance genes beyond BRCA1 
and BRCA2 should be offered to those with a family history, 
and, if necessary, for moderate-penetrance genes when cou-
pled to personal and family cancer risk information. Such 
changes in guidelines and recommendations highlight the 
need for the development of cost-effective clinical retrospec-
tive testing strategies.

This study has some limitations. The sample size was 
limited. The reasons for non-participation among eligible 
women were not elucidated, which would be advantageous 
to explore in future research to improve outreach strategies. 
However, the Swedish Ethical Review Authority does not 
approve contact with individuals who decline research con-
sent, making such studies difficult.

The findings of this Traceback study have several 
implications for clinical practice. The procedure was well 
accepted by participants, led to an additional genetic yield 
of almost 10% in this previously untested group of women, 
and should be seen as cost-efficient considering the modest 
additional workload compared to the current clinical rou-
tine. An alternative to the Traceback approach would be to 
identify patients as a part of clinical follow-up at the respec-
tive departments where this is being taken care of. However, 
given the considerable time that had elapsed since the pri-
mary diagnoses in this study and the fact that most healthy 
individuals would probably no longer have an active contact 
with the healthcare unit where primary care was provided, 
the possibility to reach out to these individuals in the clini-
cal context would probably be limited. When considering 
implementation of similar protocols within healthcare, there 
is a need for continued efforts to educate both medical staff 
and patients about the benefits of genetic testing for breast 
cancer risk. Further research is needed to explore barriers 
to genetic testing and refine interventions that address the 
diverse needs of this population.



606	 Breast Cancer Research and Treatment (2024) 205:599–607

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10549-​024-​07288-9.

Acknowledgements  The authors would like to acknowledge all the 
women who participated in this study.

Author contributions  All authors contributed to the study conception 
and design. Material preparation, data collection, and analysis were 
performed by AA. The first draft of the manuscript was written by AA, 
and all authors commented on previous versions of the manuscript. All 
authors read and approved the final manuscript.

Funding  Open access funding provided by Lund University. This study 
was supported by a grant from the Swedish Breast Cancer Association.

Data availability  The datasets generated during and/or analyzed dur-
ing the current study are not publicly available due to privacy/ethical 
restrictions but are available from the corresponding author on reason-
able request.

Declarations 

Conflict of interest  The authors have no relevant financial or non-fi-
nancial interests to disclose.

Ethics approval  This study was performed in line with the principles 
of the Declaration of Helsinki. Approval was granted by the Ethical 
Review Board in Lund, reference number 2018/678, and the Swedish 
Ethical Review Authority, reference number 2019-03408.

Consent to participate  Written informed consent was obtained from 
all individual participants included in the study.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Hu C, Hart SN, Gnanaolivu R, Huang H, Lee KY, Na J, Gao C, 
Lilyquist J, Yadav S, Boddicker NJ et al (2021) A population-
based study of genes previously implicated in breast cancer. N 
Engl J Med 384(5):440–451. https://​doi.​org/​10.​1056/​NEJMo​
a2005​936

	 2.	 Breast Cancer Association Consortium, Dorling L, Carvalho S, 
Allen J, Gonzalez-Neira A, Luccarini C, Wahlstrom C, Pooley 
KA, Parsons MT, Fortuno C et  al (2021) Breast cancer risk 
genes—association analysis in more than 113,000 women. N Engl 
J Med 384(5):428–439. https://​doi.​org/​10.​1056/​NEJMo​a1913​948

	 3.	 Nilsson MP, Torngren T, Henriksson K, Kristoffersson U, Kvist 
A, Silfverberg B, Borg A, Loman N (2018) BRCAsearch: writ-
ten pre-test information and BRCA1/2 germline mutation test-
ing in unselected patients with newly diagnosed breast cancer. 

Breast Cancer Res Treat 168(1):117–126. https://​doi.​org/​10.​1007/​
s10549-​017-​4584-y

	 4.	 Partridge AH, Pagani O, Abulkhair O, Aebi S, Amant F, Azim 
HA Jr, Costa A, Delaloge S, Freilich G, Gentilini OD et al (2014) 
First international consensus guidelines for breast cancer in young 
women (BCY1). Breast 23(3):209–220. https://​doi.​org/​10.​1016/j.​
breast.​2014.​03.​011

	 5.	 Öfverholm A, Törngren T, Rosén A, Arver B, Einbeigi Z, Haralds-
son K, Ståhlbom AK, Kuchinskaya E, Lindblom A, Melin B et al 
(2023) Extended genetic analysis and tumor characteristics in 
over 4600 women with suspected hereditary breast and ovar-
ian cancer. BMC Cancer 23(1):738. https://​doi.​org/​10.​1186/​
s12885-​023-​11229-y

	 6.	 Paluch-Shimon S, Pagani O, Partridge AH, Bar-Meir E, Fallow-
field L, Fenlon D, Friedman E, Gelmon K, Gentilini O, Geraghty 
J et al (2016) Second international consensus guidelines for breast 
cancer in young women (BCY2). Breast 26:87–99. https://​doi.​org/​
10.​1016/j.​breast.​2015.​12.​010

	 7.	 Kuchenbaecker KB, Hopper JL, Barnes DR, Phillips KA, Mooij 
TM, Roos-Blom MJ, Jervis S, van Leeuwen FE, Milne RL, 
Andrieu N et al (2017) Risks of breast, ovarian, and contralateral 
breast cancer for BRCA1 and BRCA2 mutation carriers. JAMA 
317(23):2402–2416. https://​doi.​org/​10.​1001/​jama.​2017.​711

	 8.	 Finch AP, Lubinski J, Møller P, Singer CF, Karlan B, Senter L, 
Rosen B, Maehle L, Ghadirian P, Cybulski C et al (2014) Impact 
of oophorectomy on cancer incidence and mortality in women 
with a BRCA1 or BRCA2 mutation. J Clin Oncol 32(15):1547–
1553. https://​doi.​org/​10.​1200/​JCO.​2013.​53.​2820

	 9.	 Gomez-Flores-Ramos L, Alvarez-Gomez RM, Villarreal-Garza 
C, Wegman-Ostrosky T, Mohar A (2017) Breast cancer genetics 
in young women: what do we know? Mutat Res Rev Mutat Res 
774:33–45. https://​doi.​org/​10.​1016/j.​mrrev.​2017.​08.​001

	10.	 Llort G, Chirivella I, Morales R, Serrano R, Sanchez AB, 
Teule A, Lastra E, Brunet J, Balmana J, Grana B (2015) SEOM 
clinical guidelines in hereditary breast and ovarian cancer. 
Clin Transl Oncol 17(12):956–961. https://​doi.​org/​10.​1007/​
s12094-​015-​1435-3

	11.	 Regionala cancercentrum i samverkan (2014) Nationellt vårdpro-
gram bröstcancer. pp 147–157

	12.	 Regionala cancercentrum i samverkan (2018) Nationellt vårdpro-
gram bröstcancer. pp 52–68

	13.	 Samimi G, Bernardini MQ, Brody LC, Caga-Anan CF, Camp-
bell IG, Chenevix-Trench G, Couch FJ, Dean M, de Hullu JA, 
Domchek SM et al (2017) Traceback: a proposed framework to 
increase identification and genetic counseling of BRCA1 and 
BRCA2 mutation carriers through family-based outreach. J Clin 
Oncol 35(20):2329–2337. https://​doi.​org/​10.​1200/​JCO.​2016.​70.​
3439

	14.	 Moss HA, Samimi G, Havrilesky LJ, Sherman ME, Myers ER 
(2018) Estimating the number of potential family members eli-
gible for BRCA1 and BRCA2 mutation testing in a “Traceback” 
approach. Genet Epidemiol 42(1):117–122. https://​doi.​org/​10.​
1002/​gepi.​22095

	15.	 Delahunty R, Nguyen L, Craig S, Creighton B, Ariyaratne D, 
Garsed DW, Christie E, Fereday S, Andrews L, Lewis A et al 
(2022) TRACEBACK: testing of historical tubo-ovarian cancer 
patients for hereditary risk genes as a cancer prevention strategy 
in family members. J Clin Oncol 40(18):2036–2047. https://​doi.​
org/​10.​1200/​JCO.​21.​02108

	16.	 Weinmann S, Phillips S, Sweet K, Cosgrove CM, Senter L (2022) 
Hospital-based ovarian cancer patient traceback program results in 
minimal genetic testing uptake. Gynecol Oncol 164(3):615–621. 
https://​doi.​org/​10.​1016/j.​ygyno.​2021.​12.​027

	17.	 Romagnoli KM, Kulchak Rahm A, Jonas MC, Schwiter R, Klinger 
T, Ladd I, Salvati Z, DiNucci A, Blasi PR, Sheridan L et al (2023) 
Human-centered design study to inform traceback cascade genetic 

https://doi.org/10.1007/s10549-024-07288-9
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1056/NEJMoa2005936
https://doi.org/10.1056/NEJMoa2005936
https://doi.org/10.1056/NEJMoa1913948
https://doi.org/10.1007/s10549-017-4584-y
https://doi.org/10.1007/s10549-017-4584-y
https://doi.org/10.1016/j.breast.2014.03.011
https://doi.org/10.1016/j.breast.2014.03.011
https://doi.org/10.1186/s12885-023-11229-y
https://doi.org/10.1186/s12885-023-11229-y
https://doi.org/10.1016/j.breast.2015.12.010
https://doi.org/10.1016/j.breast.2015.12.010
https://doi.org/10.1001/jama.2017.711
https://doi.org/10.1200/JCO.2013.53.2820
https://doi.org/10.1016/j.mrrev.2017.08.001
https://doi.org/10.1007/s12094-015-1435-3
https://doi.org/10.1007/s12094-015-1435-3
https://doi.org/10.1200/JCO.2016.70.3439
https://doi.org/10.1200/JCO.2016.70.3439
https://doi.org/10.1002/gepi.22095
https://doi.org/10.1002/gepi.22095
https://doi.org/10.1200/JCO.21.02108
https://doi.org/10.1200/JCO.21.02108
https://doi.org/10.1016/j.ygyno.2021.12.027


607Breast Cancer Research and Treatment (2024) 205:599–607	

testing programs at three integrated health systems. Public Health 
Genomics 26(1):45–57. https://​doi.​org/​10.​1159/​00052​9852

	18.	 Augustinsson A, Nilsson MP, Ellberg C, Kristoffersson U, Olsson 
H, Ehrencrona H (2021) Genetic testing in women with early-onset 
breast cancer: a Traceback pilot study. Breast Cancer Res Treat 
190(2):307–315. https://​doi.​org/​10.​1007/​s10549-​021-​06351-z

	19.	 Regionala cancercentrum i samverkan (2020) Nationellt vårdpro-
gram bröstcancer

	20.	 Domchek SM, Friebel TM, Singer CF, Evans DG, Lynch HT, 
Isaacs C, Garber JE, Neuhausen SL, Matloff E, Eeles R et al 
(2010) Association of risk-reducing surgery in BRCA1 or 
BRCA2 mutation carriers with cancer risk and mortality. JAMA 
304(9):967–975. https://​doi.​org/​10.​1001/​jama.​2010.​1237

	21.	 Nilsson MP, Nilsson ED, Borg A, Brandberg Y, Silfverberg 
B, Loman N (2018) High patient satisfaction with a simplified 
BRCA1/2 testing procedure: long-term results of a prospective 
study. Breast Cancer Res Treat 173(2):313–318. https://​doi.​org/​
10.​1007/​s10549-​018-​5000-y

	22.	 Kne A, Zierhut H, Baldinger S, Swenson KK, Mink P, Veach PM, 
Tsai ML (2017) Why is cancer genetic counseling underutilized 
by women identified as at risk for hereditary breast cancer? Patient 
perceptions of barriers following a referral letter. J Genet Couns 
26(4):697–715. https://​doi.​org/​10.​1007/​s10897-​016-​0040-0

	23.	 Bedrosian I, Somerfield MR, Achatz MI, Boughey JC, Curigliano 
G, Friedman S, Kohlmann WK, Kurian AW, Laronga C, Lynce F, 
Norquist BS, Plichta JK, Rodriguez P, Shah PD, Tischkowitz M, 
Wood M, Yadav S, Yao K, Robson ME (2024) Germline testing in 
patients with breast cancer: ASCO—Society of Surgical Oncology 
Guideline. J Clin Oncol 42(5):584–604. https://​doi.​org/​10.​1200/​
JCO.​23.​02225​21

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1159/000529852
https://doi.org/10.1007/s10549-021-06351-z
https://doi.org/10.1001/jama.2010.1237
https://doi.org/10.1007/s10549-018-5000-y
https://doi.org/10.1007/s10549-018-5000-y
https://doi.org/10.1007/s10897-016-0040-0
https://doi.org/10.1200/JCO.23.0222521
https://doi.org/10.1200/JCO.23.0222521

	
	Retrospective genetic testing (Traceback) in women with early-onset breast cancer after revised national guidelines: a clinical implementation study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Data collection
	Summary of the Traceback study procedure
	Statistical analysis

	Results
	Previously tested women
	Study population
	Consent, genetic testing, and variant detection
	Workload assessment
	Questionnaire

	Discussion
	Acknowledgements 
	References





