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Simple Summary: Cascade genetic testing is crucial for families with hereditary cancer syndromes
like Lynch syndrome, where clinically established surveillance programs reduce illness and death.
However, communicating genetic information within families faces barriers, with only a small
uptake of genetic testing in family members informed through family-mediated contact. Provider-
mediated interventions via letter or phone call increase testing uptake but raise legal and ethical
concerns. We describe 30 years of national experience with cascade testing using unsolicited letters,
covering administration, legislation, public attitudes, and testing rates. Our approach resulted in
an average of 7.3 additional tests per family. Overall uptake of genetic testing was 54.4% after
family-mediated and 64.9% after provider-mediated contact by letter. The uptake of genetic testing
was highest in the first year after diagnosis of Lynch syndrome in the family, with 72.5% tested after
provider-mediated contact. We propose a model for cascade genetic testing combining family- and
provider-mediated contact.

Abstract: Cascade genetic testing and surveillance reduce morbidity and mortality in Lynch syndrome.
However, barriers to conveying information about genetic disorders within families result in low
uptake of genetic testing. Provider-mediated interventions may increase uptake but raise legal and
ethical concerns. We describe 30 years of national experience with cascade genetic testing combining
family- and provider-mediated contact in Lynch syndrome families in the Danish Hereditary Non-
Polyposis Colorectal Cancer (HNPCC) Register. We aimed to estimate the added value of information
letters to family members in Lynch syndrome families (provider-mediated contact) compared to
family members not receiving such letters and thus relying on family-mediated contact. National
clinical practice for cascade genetic testing, encompassing infrastructure, legislation, acceptance,
and management of the information letters, is also discussed. Cascade genetic testing resulted in
7.3 additional tests per family. Uptake of genetic testing was 54.4% after family-mediated and 64.9%
after provider-mediated contact, corresponding to an odds ratio of 1.8 (p < 0.001). The uptake of
genetic testing was highest in the first year after diagnosis of Lynch syndrome in the family, with
72.5% tested after provider-mediated contact. In conclusion, the Danish model combining family-
and provider-mediated contact can increase the effect of cascade genetic testing.

Keywords: cascade genetic testing; direct contact; genetic counseling; Lynch syndrome; family
communication
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1. Introduction

Lynch syndrome is an autosomal dominantly inherited cancer predisposition syn-
drome characterized by a significantly elevated risk of developing multiple primary cancers
at an early onset. Colorectal and endometrial cancers are core Lynch syndrome cancers,
but additional cancer types, such as upper urinary tract and small intestine cancers, are
observed at an increased frequency. Internationally recognized surveillance programs,
commencing at 25 years, have been proven to effectively reduce both the incidence of
illness and mortality associated with Lynch syndrome [1–4]. It is crucial for individuals in
Lynch syndrome families to gain knowledge about their potential cancer susceptibility, as
identification of individuals carrying predisposing genetic variants plays a pivotal role in
early diagnosis and cancer prevention through enrollment in surveillance programs [5].

As germline mismatch repair deficiency is usually inherited, it becomes essential to
identify additional family members carrying the same pathogenic variant whenever an
individual is diagnosed with Lynch syndrome. Hence, clinical guidelines advocate for
cascade testing within families affected by Lynch syndrome [6–9]. In such a cascade-testing
approach, the initial focus is to test first-degree relatives to the index person, defined as the
first person to be diagnosed with Lynch syndrome in the family, as they are most likely to
share the same pathogenic variant. Subsequently, the process “cascades” through the family
as new carriers of the pathogenic variant are found, and genetic testing is offered to their
first-degree relatives [6]. Cascade testing has demonstrated its effectiveness in identifying
individuals who carry the pathogenic variant but have not yet developed cancer [10,11].
However, the success of cascade testing hinges on how effectively the risk information
is conveyed to other family members at risk. This conveying can occur either through
communication from a family member who has been diagnosed with the pathogenic
variant (family-mediated contact) or through healthcare professionals (provider-mediated
contact) [11].

In many countries, the responsibility for conveying the risk information is primarily
delegated to the index person due to legal restrictions that prevent healthcare professionals
from directly contacting relatives [12–14]. This practice is very subjective and unreliable
as it is influenced by a combination of individual, interpersonal, and environmental fac-
tors. Notably, concerns about familial closeness and worries that relatives may struggle
to comprehend the implications of genetic test results have been cited as reasons for hesi-
tating to share such information [5,14]. Consequently, family-mediated cascade testing is
reported to result in around 36% of the relevant family members being genetically tested,
leaving many family members unaware of their potential risks and opportunities for pre-
vention [11]. In contrast, it has been demonstrated that healthcare providers can increase
the proportion of genetically counseled and tested family members [11,15]. However,
the provider-mediated approach requires legal rights, supportive infrastructure, ethical
considerations, and acceptance among professionals and family members [16,17].

To the best of our knowledge, Denmark stands out as the only country in the world
with three decades of experience in implementing direct provider-mediated contact within
Lynch syndrome families. In this paper, we describe 30 years of national clinical practice for
cascade genetic testing, covering aspects related to infrastructure, legal frameworks, and the
acceptance of this approach. Additionally, we assess the added value of provider-mediated
contact on the uptake of genetic testing (the Danish experience). Finally, we propose a
model for cascade genetic testing combining family- and provider-mediated contact (the
“Danish model”).

2. Materials and Methods
2.1. The Danish Healthcare System

Denmark, with a population of nearly 6 million inhabitants, has a healthcare system
that encompasses genetic counseling, genetic testing, surveillance procedures, and cancer
treatment, all funded through taxes and provided free of charge to citizens fulfilling clinical
criteria, with very little variation across urban and rural regions. The waiting period for
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the index person of a family suspected of having a hereditary cancer syndrome to receive
genetic counseling varies from 2 to 12 months. However, waiting times for subsequent
family members are considerably shorter in most regions.

A cornerstone of the Danish healthcare system is the Central Population Register
(CPR). Since 1 April 1968, every citizen in Denmark has been assigned a unique CPR
number, and their names, date of birth, current addresses, and parent–child relationships
are recorded in the register [18,19]. All information noted in the healthcare and public
systems is linked to personal CPR numbers, including diagnoses, education, and income.
Denmark has a long history of building and maintaining national registers, which can be
linked through the CPR for research purposes. Some of these registers are supported by
the government with mandatory reporting, while others, like the Danish Hereditary Non-
Polyposis Colorectal Cancer (HNPCC) Register, are center-based and rely on voluntary
data collection.

2.2. The Danish Legislation

The Danish legislation has changed over the 30 years the HNPCC Register has existed.
Hence, the management of cascade testing conducted by the HNPCC Register has adjusted
accordingly to follow current regulations. Initially, oral consent was obtained by the
HNPCC Register from 1991 to 2016, but it transitioned to written informed consent (see
Supplementary Figure S1) to comply with the European General Data Protection Rules
(GDPR) and Danish legislation introduced in 2017.

In Denmark, cascade genetic testing in hereditary cancer syndromes relies on specific
regulations in the national legislation (https://dsmg.dk/wp-content/uploads/2022/11/
Uopfordret-kontakt-til-risikopersoner.pdf (accessed 5 March 2024)) [20]. Inhere, medical
doctors are allowed to directly contact a Danish citizen under the following conditions:

(1) The person is at risk of a life-threatening condition;
(2) There is an accurate test to clarify if the person has the condition;
(3) The consequences of the condition can be avoided or reduced if diagnosed early;
(4) The potential benefit for the person outweighs the potential harm inflicted by giving

the information.

In case a family member declines contact from the HNPCC Register, no provider-
mediated contact will be initiated.

2.3. The Danish HNPCC Register

The national HNPCC Register was established in 1991 at the Gastroenterology de-
partment (called the Gastro Unit, covering both gastrointestinal surgery and medical
gastroenterology) at Copenhagen University Hospital, Hvidovre, by local gastroenterologi-
cal surgeons with the aim to reduce morbidity and mortality from hereditary colorectal
cancer [21]. Since then, specialized staff members have registered families with HNPCC
(covering Lynch syndrome but also familial colorectal cancer with a yet unknown genetic
cause) in a dynamic database, adding new data to family members, e.g., genetic counseling,
genetic test results, and surveillance outcomes [21–23].

Until 2009, approximately 90% of the families included in the register were diagnosed
locally at the HNPCC Register. Over the years, clinicians engaged locally at the HNPCC
Register have actively promoted the voluntary reporting of data by colleagues from other
hospitals. Today, the register receives data on approximately 20 newly diagnosed Lynch
syndrome families per year from all six departments of clinical genetics in Denmark. The
HNPCC Register is an integrated part of the Gastro Unit. It is managed by a senior scientist
who bears responsibility for both the staff and the scientific research conducted. Operational
expenses include salaries for one chief physician working halftime with the register, two
part-time genetic assistants recording the reported data in the database, and a part-time
data manager extracting data for research purposes and quality assessments. The registered
data are hosted by a private company, which offers a secure electronic platform and data
storage (https://hd-support.dk/product/winhnpcc/ (accessed 5 March 2024)) [24]. An

https://dsmg.dk/wp-content/uploads/2022/11/Uopfordret-kontakt-til-risikopersoner.pdf
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annual fee covers support services and ongoing platform development. The platform was
developed and implemented with external funding from an EU grant between 2003 and
2007 [25].

2.4. The Clinical Approach

Like the Danish legislation, the Danish healthcare system has changed during the
last three decades, and the clinical approach for provider-mediated contact and cascade
genetic testing has changed accordingly. In the first two decades, the HNPCC Register
staff included geneticists and gastroenterological surgeons, while as of today, the register is
more a source of knowledge and a coordinating center for clinical management at the local
genetics departments, mediating data sharing across geographical regions and medical
reporting systems. Now, the HNPCC Register and clinical genetics departments jointly
expand the Lynch-syndrome family pedigrees and link parents and siblings to search for
at-risk relatives via the CPR. At-risk relatives not linked in the CPR can be identified by
searching their names and/or addresses (even previous addresses) in the CPR. At-risk
relatives deceased before 1968 are searched for in census counts and church records, e.g.,
newborns and marriages, when relevant to identify living cousins and their offspring.

In the first report to the HNPCC Register, the genetic counselor identified family
members at risk. The HNPCC Register sends out unsolicited information letters to indi-
viduals who are at risk at the first report. This procedure is not automated but is based
on an assessment from an HNPCC staff member. As time passes, more genetic data may
be reported on the family members, and the HNPCC Register monitors these data and
strives to send out information letters to the new first-degree members at risk identified via
the cascade testing. Thus, the register enables equitable access to genetic counseling for
families residing in various regions across the country.

Until 2015, the HNPCC Register exclusively handled the dispatching of unsolicited
letters to at-risk family members. With the establishment of a national oncogenic society,
local genetic counselors occasionally distributed these letters. Each regional genetics
department has established its own local guidelines for conveying information, with each
department determining the allocation of time and resources for drafting and handing
out or sending out information letters intended for patients to share with their family
members. Letters dispatched from the clinical genetics departments are not systematically
documented in the HNPCC Register. However, in most cases, genetics departments do not
send unsolicited letters but rely on the HNPCC Register to send such information letters to
specific relatives in agreement with the departments.

First-degree relatives younger than the age from which surveillance is recommended
can be registered on a reminder list. This triggers a provider-mediated letter if a genetic test
is not registered in the HNPCC Register three months after their recommended surveillance
should have commenced. Second-degree at-risk relatives within the recommended surveil-
lance age are contacted if the closest relative(s) are dead or genetic testing has not been
performed. Third-degree relatives are only contacted if first- and second-degree relatives
are deceased either at a young age (<60 years) or have been affected with a known Lynch
syndrome-associated cancer.

In addition to the initial direct contact, the HNPCC Register can send out one reminder
letter to at-risk relatives if the HNPCC Register has not received a copy of their genetic test
result and at least two years have passed since they were last contacted. This reminder
procedure is not performed systematically due to limited time and resources in the HNPCC
Register. Instead, when new data, e.g., diagnosis or test results on the family, are registered,
it is a part of the daily routine to check if data on the family are missing.

2.5. Definition of Study Cohort and Statistics

The first Lynch syndrome case in Denmark was genetically tested on 12 December 1993,
defining the beginning of the study period, and the first information letter was sent from
the national Danish HNPCC Register on March 16, 1995, defining the onset of provider-
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mediated contact. The end of the study was 26 April 2023, when all Lynch syndrome
relatives at risk registered in the Danish national HNPCC Register with a valid CPR number
were identified (n = 12,017, Figure 1). “Family members at risk” was defined as blood-
related family members being either (1) carriers of a Lynch syndrome-defining pathogenic
variant, (2) first-degree relatives to such carriers, (3) genetically untested relatives affected
by a Lynch syndrome-associated cancer, or (4) genetically untested first-degree relatives to
such affected patients. A few second-degree relatives were included if their relevant parent
died younger than 60 years. Obligate non-carriers were not included.
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Figure 1. Flowchart showing in- and exclusions.

We excluded the index person, defined as the first verified Lynch syndrome case, in
each family (n = 638). Using data from the CPR, we removed relatives who were already
deceased when the first case in the family was diagnosed (n = 2759), but we did not exclude
family members who died during the 30 years of follow-up. We also excluded relatives
living abroad when the first case in the family was diagnosed (n = 187). To secure data
completeness, we excluded family members with less than two years of observation time
after either receiving a letter (provider-mediated contact, n = 59) or after their family was
diagnosed with Lynch syndrome (family-mediated contact, n = 387) or because they were
younger than 27 years at the end of follow-up (n = 1480). This corresponded to an average
of 18.8 identified, and 10.2 included family members at risk per family, covering relatives
in the extended family identified by multiple cascades of genetic testing, reaching beyond
the first- and second-degree relatives to the first carrier in the family.

To investigate the initial transmission of information and its subsequent passage to the
next generation, we categorized the remaining 6507 eligible family members at risk into
two groups: (1) individuals who were old enough to commence surveillance when Lynch
syndrome was first diagnosed in the family (25 years or more), and (2) individuals who
were either unborn or below the age of 25 years at the first diagnosis.

From the HNPCC Register, we extracted data on sex and dates of birth, death, the first
diagnosis of Lynch syndrome in the family, dispatching of information letters, and genetic
tests. We also collected data on results of genetic tests and country of residency.

In this paper, “provider-mediated contact” refers to the transmission of an information
letter from the HNPCC Register to a Lynch syndrome family member. “Family-mediated
contact” was defined here as all other methods of conveying information within the family,
including intermediated contact by an information letter handed over from family members
to their relatives.

The uptake of genetic testing was calculated as numbers and percentages of tested
family members at risk, not including obligate carriers. The distribution of sex and age in
each group was calculated as numbers and percentages. For family members receiving
provider-mediated contact, “age at contact” was defined as their age when receiving
the information letter, and “time to contact” was defined as the time to dispatching of
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the letter since the first diagnosis of Lynch syndrome in the family. For individuals not
receiving a provider-mediated letter (family-mediated contact), data on the dissemination
of information in the family were not available, so “age at first diagnosis” was defined as
age at the time when the first member of the family was diagnosed with Lynch syndrome
and “time to test” was defined as time to genetic testing since the first diagnosis of Lynch
syndrome in the family. As the letters were sent in a dynamic manner, with some family
members responding faster than others, we have no data on when the first round of cascade
genetic testing ended and the next round began.

The effect of provider-mediated contact on cascade genetic testing was estimated as
odds ratios (ORs) using multivariate logistic regression modeling comparing the uptake of
genetic testing after provider- and family-mediated contact. The analyses were adjusted for
sex and age, which were considered confounding factors for the uptake of genetic testing.

Statistical analyses were performed in SAS [26], and p values < 0.05 were considered
significant. Multivariate logistic regressions were computed using the logistic procedure.

3. The Danish Experience from 30 Years of Cascade Genetic Testing

In total, 5491 family members at risk were 25 years or older at the time of the first Lynch
syndrome diagnosis in the family, thus fulfilling the criteria for genetic testing (Figure 1).
Hereof, 1873 (34.1%) had been informed via unsolicited letters from the HNPCC Register
(provider-mediated contact) throughout the study period (Supplementary Figure S2), and
3618 (65.9%) were not informed directly by letter but were alleged to have received oral
or written information about their risk from family members (family-mediated contact).
An additional 1016 family members at risk reached the age of 25 during the study period
and were subsequently included. Hereof, 224 (22.0%) were informed by a letter from the
HNPCC Register.

The combined family- and provider-mediated contact in the total cohort resulted in
7.3 subsequent genetic tests per family on average. Considering the cohort >25 years,
1967 (35.8%) of the individuals informed via the family were genetically tested, while
the combined effect of information via letters and family reached an uptake of genetic
testing of 57.9%. For the family members turning 25 years old during the study period,
564 (55.5%) were tested following family-mediated contact, while the combined effect of
family- and provider-mediated contact resulted in 709 (69.8%) genetically tested family
members. As mentioned above, letters were not sent to everybody, and to evaluate the
effect and confounding factors of the letters, we divided the cohort into two subsets: one
receiving an unsolicited letter and one relying solely on information from family members.

3.1. Uptake of Genetic Testing in Individuals ≥25 Years at First Lynch Syndrome Diagnosis in
the Family

After family-mediated contact, 1967 (54.4%) family members at risk were genetically
tested, and after provider-mediated contact, 1215 (64.9%) family members at risk were
genetically tested, corresponding to an OR of 1.8 (95% CI 1.6–2.1, p < 0.001) when adjusting
for sex and age.

We observed a significant influence on the uptake of genetic testing from sex, age,
and time—and the associations were similar in both the family-mediated and the provider-
mediated contact groups (Figure 2A–F). Notably, provider-mediated contact within the
first year resulted in 72.5% (95% CI 69.6–75.5%) of the relevant family members being
genetically tested, corresponding to an OR of 2.6 (95% CI 2.2–3.0)
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Figure 2. Uptake of genetic testing among at-risk family members aged 25 years or older at the time
of the first Lynch syndrome diagnosis in the family stratified by family-mediated contact (upper
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3.2. Uptake of Genetic Testing among Individuals below 25 Years at First Diagnosis of Lynch
Syndrome in the Family

At the genetic counseling, carriers of a pathogenic germline variant were encouraged
to secure genetic testing of their children before the age of 25 years to ensure surveillance
commencing at the recommended age according to guidelines. We found that 379 (37.3%)
were genetically tested before the age of 25 years. Among the remaining 637 family
members, 185 (47.7%) were genetically tested after family-mediated contact and 145 (58.2%)
after provider-mediated contact, corresponding to an OR of 1.5 (95% CI 1.1–2.1, p = 0.009).

3.3. Untested Family Members

Guidelines for sending unsolicited letters have been implemented and revised during
the study period, so some relatives at risk did not receive a letter when their family was
diagnosed with Lynch syndrome. Due to limited resources and time to systematically
revisit all the families after the continuous updates of the guidelines, not all 6507 at-risk
family members have been tested. In the study period, 2531 relatives were tested after
family-mediated contact, a letter was sent to 2097 relatives, and 344 had died. This left 1535
(23.6%) of the family members at risk, untested, and without provider-mediated contact.

3.4. The Danish Model for Cascade Genetic Testing

Based on clinical experiences and the results reported above, we recommend the
following model for conveying risk information in families with Lynch syndrome (Figure 3):

(1) Identify first-degree relatives at risk during genetic counseling with the index person;
(2) Recommend conveying information to the relatives about their risk of Lynch syn-

drome, cancer risk, the possibility of risk-reducing surveillance, and how to be referred
to genetic counseling (family-mediated contact);
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(3) Agree with the index person on a specific timeframe (e.g., two months) to convey the
information;

(4) Send a follow-up letter directly to the at-risk relatives ≥25 years and register relatives
<25 years on a reminder list for a future letter (provider-mediated contact);

(5) Repeat steps 1–4 whenever a new family member is identified with the pathogenic
germline variant.
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Figure 3. The Danish model for cascade genetic testing. When an index person is diagnosed with
Lynch syndrome, all at-risk first-degree relatives are recommended and invited to genetic counselling
by the index person and by mail from the healthcare provider. If new carriers of a pathogenic
variant are identified in the family, invitations are sent to their relevant first-degree relatives. If first-
or second-degree relatives are deceased either at a young age or have been affected with a Lynch
syndrome-related cancer, invitation letters are sent to their first-degree relatives. The cascade testing
continues as far as possible, primarily including first- and second-degree family members.

This model caters for relatives preferring to be informed by a close relative and secures
correct and timely transmission of facts, which is a known concern with patient-mediated
contact [27].

4. Discussion

This paper describes the Danish experiences from national cascade genetic testing in
families with Lynch syndrome, as well as the necessary measures regarding the healthcare
system, legal foundation, and clinical collaborations to implement such practice. We have
summarized 30 years of real-world clinical efforts to contact at-risk family members in
Lynch syndrome families, showing that the subset receiving unsolicited letters had a higher
uptake of genetic testing with the odds of being genetically tested after provider-mediated
contact at 1.8 compared to family-mediated contact.

To summarize our experiences, uptake of genetic testing was generally higher among
women, which contrasts with previous studies [28], linearly associated with younger
age, and higher within the first two years from the first Lynch syndrome diagnosis in
the family. Following this, the effect of family-mediated contact decreased fast, while
provider-mediated contact still yielded a high uptake of genetic testing. Furthermore,
provider-mediated contact improved the uptake of genetic testing among children turning
25 years after the first diagnosis.

Cascade genetic testing is a continual and time-consuming process that should persist
across generations. A simulated model from the United States has calculated the difference
in time when using the family-mediated contact versus the provider-based approach [29].
Given a family size of three generations with 2–4 children per generation and using a panel
of the 18 most common genes associated with hereditary cancer syndromes (including the
three mismatch repair genes MLH1, MSH2, and MSH6), it would take 9.9 years to detect all
carriers using the provider-mediated approach if 70% of the first-, second-, and third-degree
relatives were tested. This number increases to 59.5 years if the cascade testing is performed
via family-mediated communication and non-systematic testing [29], supporting the use of
provider-mediated contact.
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The Danish approach to cascade genetic testing resulted in an average of 7.3 additional
genetic tests per family during the study period. This is somewhat higher than previously
reported by the Finnish HNPCC Register, where 1.77 additional genetic tests were per-
formed per index person [30,31]. In the Finnish model, genetic testing was solely performed
when the relatives approached a genetic counselor based on information from a family
member (usually a parent) due to a cancer history in a close relative or personal cancer
diagnosis [27]. A systematic review from 2013, including eight studies on uptake from
cascade genetic testing among Lynch syndrome families, reports low outputs (between
0.2 and 3.6), emphasizing (in line with other studies) barriers in knowledge dissemination
and family communication [32–34]. A Dutch model from the Department of Clinical Ge-
netics of the Erasmus MC University Medical Center has encouraged newly diagnosed
Lynch syndrome individuals to share oral and written information with their relatives [35].
However, this merely family-mediated approach resulted in 3.6 additional tests per family.
The low efficacy of cascade testing is likely to be explained by a lower range of individuals
(30–52%) referred to genetic counseling, as the uptake of genetic testing is up to 95% once
referred to genetic counseling [28,30].

Here, we suggest a model (the “Danish model”) where cascade genetic testing is
facilitated through a strategy combining family- and provider-mediated contact to increase
the efficiency as previously described [11,36] (Figure 3). To our knowledge, this specific
approach has not been practiced in other countries or local registers, likely due to ethical
and legal concerns. In Denmark, the only national registers for hereditary cancer syndromes
are the HNPCC Register and the Familial Adenomatous Polyposis (FAP) Register. The
two registers were initiated and developed simultaneously at the same gastroenterological
department and were, for the first 20 years, managed by the same dedicated physicians. The
lack of similar registers for other hereditary syndromes may be explained by the absence of
political interest, devoted clinicians, and hospital resources. In addition, legal and ethical
considerations regarding genetic information are continuously getting more complex as
data sharing and personal genetic fingerprints reach media attention. Over the years,
legislation on personal information has changed significantly towards a more restricted
frame reflected by the European GDPR, which has also affected the clinical practice at the
HNPCC Register, and Danish geneticists are now more reluctant to send unsolicited letters
many years after the first Lynch syndrome diagnosis in the family.

To this end, ethical concerns have been raised regarding the acceptability of provider-
mediated contact [16,37]. Though physicians may fear approaching family members
unsolicited, evidence supports that cascade testing should move towards direct contact in
families with hereditary cancer syndromes, and it is important to notice that this approach
is supported by a growing number of studies on patient and public attitudes showing high
rates of acceptability related to direct contact [12,27,38]. We have previously investigated
the attitudes to provider-mediated contact in the form of unsolicited information letters
in the Danish population and among Danish Lynch syndrome individuals receiving such
letters [27]. In both groups, we found a high acceptance of provider-mediated contact,
with only 3% preferring not to be informed about the risk of having Lynch syndrome.
Around 40% found it very important to be informed by a close relative, and the majority
preferred to receive information through a letter from a healthcare provider rather than
from a distant relative.

The sharing of genetic test results hinges on various individual factors, encompass-
ing a sense of responsibility to share information, the nature of the relationship, emo-
tional closeness, personal emotions, and perceptions of how the information will be
received [36,39]. While interventions like phone calls to at-risk relatives, educational web-
sites, and online platforms have been tested to enhance cascade testing in relatives of
probands, their effectiveness varies [32]. A growing argument supports a shift in the care
delivery paradigm towards direct contact with relatives [12]. Individuals commonly feel
they have a “right to know” about their potential risks and opportunities for preventing
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serious diseases [11,12,27], and direct contact from healthcare professionals can secure
equal and objective distribution of risk information.

Based on experiences from Denmark, we contend that specific conditions should be
considered before healthcare professionals directly contact potential at-risk family members.
Firstly, professionals must possess the legal authority for such contact, and there should
be a supportive infrastructure in place to identify at-risk relatives and establish compre-
hensive family pedigrees. Secondly, ethical considerations, including the delicate balance
between an individual’s right to know or not to know and the benefits of surveillance
versus the potential harm from awareness, must be thoroughly deliberated. Achieving a
consensus on navigating these complex ethical issues is crucial [16,17], given that ethical
concerns are strongly influenced by culture, social values, and religion. Therefore, when
determining the approach to convey information, patient preferences must be taken into
account, considering cultural and national variations in decision-making.

This study is a result of a real-world clinical setting where provider-mediated contact
has been implemented during the study period. The study’s strengths include 30 years of
solid data with almost no loss to follow-up due to the Danish CPR and the exclusion of
the index person, minimizing the risk of overestimation. However, as the data were not
systematically collected for research purposes, we may have introduced inherent biases,
which may affect the generalizability of our findings.

As this study is based on data solely collected from the Danish HNPCC Register,
limitations include missing reports of genetic test results to the register, missing reports of
family members that declined genetic testing at genetic counseling, lack of knowledge about
provider-mediated contact from the local genetics departments, and lack of knowledge
regarding how and when the family-mediated contact was provided in the families. Infor-
mation letters sent from the local genetics departments may result in an underestimation
of the effect of the provider-mediated contact in this study. However, we do not consider
such practice to impact the results significantly, as the clinical genetics departments, due
to limited resources, heavily rely on the HNPCC Register to disseminate the information
and very rarely send out these letters themselves. Furthermore, we know from previous
studies that 44% of the family members receiving the information letter from the HNPCC
Register already know of their risk from family-mediated contact [27]. However, as this
study measures the overall impact of a combined model of information dissemination, we
do not consider this a bias.

Though we suggest a cascade genetic testing strategy combining family- and provider-
mediated contact, we acknowledge that contacting all relatives and revisiting the families
continuously is a time-consuming procedure. In clinical practice, limited time and resources
may be barriers to such a strategy, as we have also experienced in the Danish setting.
However, to accommodate such barriers in Denmark and improve our outcome, we would
need to carefully inspect each family pedigree to identify the remaining 1535 untested
at-risk members and judge if they fulfill the current guidelines for sending unsolicited
letters. Though we are currently trying to solve this problem, the inclusion of these data in
the present study will result in an underestimation of our results.

5. Conclusions

Provider-mediated contact by letter to family members at risk adds value to the family-
mediated contact and increases the uptake of genetic testing. We suggest that direct contact
with family members should be included in clinical genetic caretaking of families with
Lynch syndrome when possible.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/cancers16081577/s1. Figure S1: Informed consent form; Figure S2:
Uptake of genetic testing among at-risk family members aged 25 years or older at the time of the first
Lynch syndrome diagnosis in the family stratified by year of provider-mediated contact.

https://www.mdpi.com/article/10.3390/cancers16081577/s1
https://www.mdpi.com/article/10.3390/cancers16081577/s1


Cancers 2024, 16, 1577 11 of 13

Author Contributions: Conceptualization, L.J.L., K.A.W.W., C.T. and H.V.P.; data curation, L.J.L.
and C.T.; formal analysis, L.J.L.; funding acquisition, L.J.L., K.A.W.W., C.T. and H.V.P.; investigation,
L.J.L., C.T. and H.V.P.; methodology, L.J.L., K.A.W.W., C.T. and H.V.P.; project administration, L.J.L.
and C.T.; resources, L.J.L. and C.T.; software, L.J.L.; supervision, C.T. and H.V.P.; validation, L.J.L.,
K.A.W.W., C.T. and H.V.P.; visualization, L.J.L. and C.T.; writing—original draft, L.J.L., C.T. and
H.V.P.; writing—review and editing, L.J.L., K.A.W.W., C.T. and H.V.P. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of the Capital Region (protocol code
AHH-2014-023 approved on 11 September 2014).

Informed Consent Statement: Patient consent was waived due to the nature of the study. Informed
consent from subjects involved in register studies is not mandatory by Danish law if the patients
cannot be identified. However, patient consent is collected before the families with Lynch syndrome
are registered in the Danish HNPCC Register.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy restrictions.

Acknowledgments: Thanks to the patients who have contributed their data, to all the clinical
geneticists, surgeons, laboratorians, and others who have reported data to the HNPCC Register since
1991, and all the staff at the HNPCC Register.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Dominguez-Valentin, M.; Haupt, S.; Seppälä, T.T.; Sampson, J.R.; Sunde, L.; Bernstein, I.; Jenkins, M.A.; Engel, C.; Aretz, S.; Nielsen,

M.; et al. Mortality by Age, Gene and Gender in Carriers of Pathogenic Mismatch Repair Gene Variants Receiving Surveillance
for Early Cancer Diagnosis and Treatment: A Report from the Prospective Lynch Syndrome Database. eClinicalMedicine 2023, 58,
101909. [CrossRef]

2. Järvinen, H.J.; Aarnio, M.; Mustonen, H.; Aktan-Collan, K.; Aaltonen, L.A.; Peltomäki, P.; De La Chapelle, A.; Mecklin, J.P.
Controlled 15-Year Trial on Screening for Colorectal Cancer in Families with Hereditary Nonpolyposis Colorectal Cancer.
Gastroenterology 2000, 118, 829–834. [CrossRef]

3. Lindberg, L.J.; Rasmussen, M.; Andersen, K.K.; Nilbert, M.; Therkildsen, C. Benefit from Extended Surveillance Interval on
Colorectal Cancer Risk in Lynch Syndrome. Colorectal Dis. 2020, 22, 529–536. [CrossRef] [PubMed]

4. Seppälä, T.T.; Latchford, A.; Negoi, I.; Sampaio Soares, A.; Jimenez-Rodriguez, R.; Sánchez-Guillén, L.; Evans, D.G.; Ryan, N.;
Crosbie, E.J.; Dominguez-Valentin, M.; et al. European Guidelines from the EHTG and ESCP for Lynch Syndrome: An Updated
Third Edition of the Mallorca Guidelines Based on Gene and Gender. Br. J. Surg. 2021, 108, 484–498. [CrossRef] [PubMed]

5. Menko, F.H.; Ter Stege, J.A.; van der Kolk, L.E.; Jeanson, K.N.; Schats, W.; Moha, D.A.; Bleiker, E.M.A. The Uptake of Presymp-
tomatic Genetic Testing in Hereditary Breast-Ovarian Cancer and Lynch Syndrome: A Systematic Review of the Literature and
Implications for Clinical Practice. Fam. Cancer 2019, 18, 127–135. [CrossRef] [PubMed]

6. Cascade Testing: Finding Family Members with Genetic Conditions|CDC. Available online: https://www.cdc.gov/genomics/
disease/cascade_testing/cascade_finding.htm (accessed on 13 March 2023).

7. Forrest, L.E.; Delatycki, M.B.; Skene, L.; Aitken, M. Communicating Genetic Information in Families—A Review of Guidelines
and Position Papers. Eur. J. Hum. Genet. EJHG 2007, 15, 612–618. [CrossRef]

8. Giardiello, F.M.; Allen, J.I.; Axilbund, J.E.; Boland, C.R.; Burke, C.A.; Burt, R.W.; Church, J.M.; Dominitz, J.A.; Johnson, D.A.;
Kaltenbach, T.; et al. Guidelines on Genetic Evaluation and Management of Lynch Syndrome: A Consensus Statement by the US
Multi-Society Task Force on Colorectal Cancer. Gastroenterology 2014, 147, 502–526. [CrossRef]

9. Grosse, S.D.; Palomaki, G.E.; Mvundura, M.; Hampel, H. The Cost-Effectiveness of Routine Testing for Lynch Syndrome in Newly
Diagnosed Patients with Colorectal Cancer in the United States: Corrected Estimates. Genet. Med. Off. J. Am. Coll. Med. Genet.
2015, 17, 510–511. [CrossRef] [PubMed]

10. Baroutsou, V.; Underhill-Blazey, M.L.; Appenzeller-Herzog, C.; Katapodi, M.C. Interventions Facilitating Family Communication
of Genetic Testing Results and Cascade Screening in Hereditary Breast/Ovarian Cancer or Lynch Syndrome: A Systematic Review
and Meta-Analysis. Cancers 2021, 13, 925. [CrossRef]

11. Frey, M.K.; Ahsan, M.D.; Bergeron, H.; Lin, J.; Li, X.; Fowlkes, R.K.; Narayan, P.; Nitecki, R.; Rauh-Hain, J.A.; Moss, H.A.; et al.
Cascade Testing for Hereditary Cancer Syndromes: Should We Move Toward Direct Relative Contact? A Systematic Review and
Meta-Analysis. J. Clin. Oncol. 2022, 40, 4129–4143. [CrossRef]

https://doi.org/10.1016/j.eclinm.2023.101909
https://doi.org/10.1016/S0016-5085(00)70168-5
https://doi.org/10.1111/codi.14926
https://www.ncbi.nlm.nih.gov/pubmed/31860758
https://doi.org/10.1002/bjs.11902
https://www.ncbi.nlm.nih.gov/pubmed/34043773
https://doi.org/10.1007/s10689-018-0089-z
https://www.ncbi.nlm.nih.gov/pubmed/29846880
https://www.cdc.gov/genomics/disease/cascade_testing/cascade_finding.htm
https://www.cdc.gov/genomics/disease/cascade_testing/cascade_finding.htm
https://doi.org/10.1038/sj.ejhg.5201822
https://doi.org/10.1053/j.gastro.2014.04.001
https://doi.org/10.1038/gim.2015.53
https://www.ncbi.nlm.nih.gov/pubmed/26035801
https://doi.org/10.3390/cancers13040925
https://doi.org/10.1200/JCO.22.00303


Cancers 2024, 16, 1577 12 of 13

12. Andersson, A.; Hawranek, C.; Öfverholm, A.; Ehrencrona, H.; Grill, K.; Hajdarevic, S.; Melin, B.; Tham, E.; Hellquist, B.N.; Rosén,
A. Public Support for Healthcare-Mediated Disclosure of Hereditary Cancer Risk Information: Results from a Population-Based
Survey in Sweden. Hered. Cancer Clin. Pract. 2020, 18, 18. [CrossRef] [PubMed]

13. Cragun, D.L.; Hunt, P.P.; Dean, M.; Weidner, A.; Shields, A.K.; Tezak, A.; Pal, T. Applying the Framework for Developing and
Evaluating Complex Interventions to Increase Family Communication about Hereditary Cancer. PEC Innov. 2023, 2, 100133.
[CrossRef] [PubMed]

14. Menko, F.H.; Aalfs, C.M.; Henneman, L.; Stol, Y.; Wijdenes, M.; Otten, E.; Ploegmakers, M.M.; Legemaate, J.; Smets, E.M.; de Wert,
G.M.; et al. Informing Family Members of Individuals with Lynch Syndrome: A Guideline for Clinical Geneticists. Fam. Cancer
Dordr. 2013, 12, 319–324. [CrossRef] [PubMed]

15. Hampel, H.; Bennett, R.L.; Buchanan, A.; Pearlman, R.; Wiesner, G.L.; Guideline Development Group, American College of
Medical Genetics and Genomics Professional Practice and Guidelines Committee and National Society of Genetic Counselors
Practice Guidelines Committee. A Practice Guideline from the American College of Medical Genetics and Genomics and the
National Society of Genetic Counselors: Referral Indications for Cancer Predisposition Assessment. Genet. Med. Off. J. Am. Coll.
Med. Genet. 2015, 17, 70–87. [CrossRef] [PubMed]

16. Weaver, M. The Double Helix: Applying an Ethic of Care to the Duty to Warn Genetic Relatives of Genetic Information. Bioethics
2016, 30, 181–187. [CrossRef] [PubMed]

17. Rothstein, M.A. Reconsidering the Duty to Warn Genetically At-Risk Relatives. Genet. Med. Off. J. Am. Coll. Med. Genet. 2018, 20,
285–290. [CrossRef]

18. Pedersen, C.B. The Danish Civil Registration System. Scand. J. Public Health 2011, 39, 22–25. [CrossRef]
19. Thygesen, L.C.; Daasnes, C.; Thaulow, I.; Brønnum-Hansen, H. Introduction to Danish (Nationwide) Registers on Health and

Social Issues: Structure, Access, Legislation, and Archiving. Scand. J. Public Health 2011, 39, 12–16. [CrossRef]
20. Danish Society for Medical Genetics. Unsolicited Contact with Persons at Risk in Families with Genetic Disease. 2022. Available

online: https://dsmg.dk/wp-content/uploads/2022/11/Uopfordret-kontakt-til-risikopersoner.pdf (accessed on 5 March 2024).
21. Myrhøj, T.; Bernstein, I.; Bisgaard, M.L.; Svendsen, L.B.; Sondergaard, J.O.; Mohr, J.; Dahl, S.; Bülow, S. The Establishment of an

HNPCC Register. Anticancer Res. 1994, 14, 1647–1650.
22. Bernstein, I.T.; Lindorff-Larsen, K.; Timshel, S.; Brandt, C.A.; Dinesen, B.; Fenger, M.; Gerdes, A.-M.; Iversen, L.H.; Madsen, M.R.;

Okkels, H.; et al. Biomedical Informatics as Support to Individual Healthcare in Hereditary Colon Cancer: The Danish HNPCC
System. Hum. Mutat. 2011, 32, 551–556. [CrossRef]

23. Myrhøj, T.; Bisgaard, M.L.; Bernstein, I.; Svendsen, L.B.; Søndergaard, J.O.; Bülow, S. Hereditary Non-Polyposis Colorectal Cancer:
Clinical Features and Survival. Results from the Danish HNPCC Register. Scand. J. Gastroenterol. 1997, 32, 572–576. [CrossRef]
[PubMed]

24. HD-Support Aps. WINHNPCC. Available online: https://hd-support.dk (accessed on 5 March 2024).
25. Eich, H.-P.; de la Calle, G.; Diaz, C.; Boyer, S.; Peña, A.S.; Loos, B.G.; Ghazal, P.; Bernstein, I. Practical Approaches to the

Development of Biomedical Informatics: The INFOBIOMED Network of Excellence. Stud. Health Technol. Inform. 2005, 116, 39–44.
26. SAS Studio 3.8, Region Hovedstaden SAS Grid 9.4M6 Linux; SAS Institute Inc.: Cary, NC, USA, © 2012–2018.
27. Petersen, H.V.; Frederiksen, B.L.; Lautrup, C.K.; Lindberg, L.J.; Ladelund, S.; Nilbert, M. Unsolicited Information Letters to

Increase Awareness of Lynch Syndrome and Familial Colorectal Cancer: Reactions and Attitudes. Fam. Cancer 2019, 18, 43–51.
[CrossRef]

28. Palomaki, G.E.; McClain, M.R.; Melillo, S.; Hampel, H.L.; Thibodeau, S.N. EGAPP Supplementary Evidence Review: DNA
Testing Strategies Aimed at Reducing Morbidity and Mortality from Lynch Syndrome. Genet. Med. 2009, 11, 42–65. [CrossRef]
[PubMed]

29. Offit, K.; Tkachuk, K.A.; Stadler, Z.K.; Walsh, M.F.; Diaz-Zabala, H.; Levin, J.D.; Steinsnyder, Z.; Ravichandran, V.; Sharaf, R.N.;
Frey, M.K.; et al. Cascading After Peridiagnostic Cancer Genetic Testing: An Alternative to Population-Based Screening. J. Clin.
Oncol. Off. J. Am. Soc. Clin. Oncol. 2020, 38, 1398–1408. [CrossRef] [PubMed]

30. Pujol, P.; Lyonnet, D.S.; Frebourg, T.; Blin, J.; Picot, M.C.; Lasset, C.; Dugast, C.; Berthet, P.; de Paillerets, B.B.; Sobol, H.; et al.
Lack of Referral for Genetic Counseling and Testing in BRCA1/2 and Lynch Syndromes: A Nationwide Study Based on 240,134
Consultations and 134,652 Genetic Tests. Breast Cancer Res. Treat. 2013, 141, 135–144. [CrossRef] [PubMed]

31. Seppälä, T.T.; Pylvänäinen, K.; Mecklin, J.-P. Uptake of Genetic Testing by the Children of Lynch Syndrome Variant Carriers
across Three Generations. Eur. J. Hum. Genet. 2017, 25, 1237–1245. [CrossRef] [PubMed]

32. Schwiter, R.; Rahm, A.K.; Williams, J.L.; Sturm, A.C. How Can We Reach At-Risk Relatives? Efforts to Enhance Communication
and Cascade Testing Uptake: A Mini-Review. Curr. Genet. Med. Rep. 2018, 6, 21–27. [CrossRef]

33. Sharaf, R.N.; Myer, P.; Stave, C.D.; Diamond, L.C.; Ladabaum, U. Uptake of Genetic Testing by Relatives of Lynch Syndrome
Probands: A Systematic Review. Clin. Gastroenterol. Hepatol. Off. Clin. Pract. J. Am. Gastroenterol. Assoc. 2013, 11, 1093–1100.
[CrossRef]

34. Chivers Seymour, K.; Addington-Hall, J.; Lucassen, A.M.; Foster, C.L. What Facilitates or Impedes Family Communication
Following Genetic Testing for Cancer Risk? A Systematic Review and Meta-Synthesis of Primary Qualitative Research. J. Genet.
Couns. 2010, 19, 330–342. [CrossRef]

https://doi.org/10.1186/s13053-020-00151-0
https://www.ncbi.nlm.nih.gov/pubmed/32944097
https://doi.org/10.1016/j.pecinn.2023.100133
https://www.ncbi.nlm.nih.gov/pubmed/37214492
https://doi.org/10.1007/s10689-013-9636-9
https://www.ncbi.nlm.nih.gov/pubmed/23535968
https://doi.org/10.1038/gim.2014.147
https://www.ncbi.nlm.nih.gov/pubmed/25394175
https://doi.org/10.1111/bioe.12176
https://www.ncbi.nlm.nih.gov/pubmed/26194147
https://doi.org/10.1038/gim.2017.257
https://doi.org/10.1177/1403494810387965
https://doi.org/10.1177/1403494811399956
https://dsmg.dk/wp-content/uploads/2022/11/Uopfordret-kontakt-til-risikopersoner.pdf
https://doi.org/10.1002/humu.21435
https://doi.org/10.3109/00365529709025102
https://www.ncbi.nlm.nih.gov/pubmed/9200290
https://hd-support.dk
https://doi.org/10.1007/s10689-018-0083-5
https://doi.org/10.1097/GIM.0b013e31818fa2db
https://www.ncbi.nlm.nih.gov/pubmed/19125127
https://doi.org/10.1200/JCO.19.02010
https://www.ncbi.nlm.nih.gov/pubmed/31922925
https://doi.org/10.1007/s10549-013-2669-9
https://www.ncbi.nlm.nih.gov/pubmed/23974829
https://doi.org/10.1038/ejhg.2017.132
https://www.ncbi.nlm.nih.gov/pubmed/28832568
https://doi.org/10.1007/s40142-018-0134-0
https://doi.org/10.1016/j.cgh.2013.04.044
https://doi.org/10.1007/s10897-010-9296-y


Cancers 2024, 16, 1577 13 of 13

35. Ramsoekh, D.; van Leerdam, M.; Tops, C.; Dooijes, D.; Steyerberg, E.; Kuipers, E.; Wagner, A. The Use of Genetic Testing in
Hereditary Colorectal Cancer Syndromes: Genetic Testing in HNPCC, (A)FAP and MAP. Clin. Genet. 2007, 72, 562–567. [CrossRef]
[PubMed]

36. Leonardi-Bee, J.; Boateng, C.; Faria, R.; Eliman, K.; Young, B.; Qureshi, N. Effectiveness of Cascade Testing Strategies in Relatives
for Familial Hypercholesterolemia: A Systematic Review and Meta-Analysis. Atherosclerosis 2021, 338, 7–14. [CrossRef] [PubMed]

37. Hallowell, N.; Foster, C.; Eeles, R.; Ardern-Jones, A.; Murday, V.; Watson, M.; Clarke, A.; Hallowell, N.; Watson, M. Balancing
Autonomy and Responsibility: The Ethics of Generating and Disclosing Genetic Information. J. Med. Ethics 2003, 29, 74–79.
[CrossRef] [PubMed]

38. Öfverholm, A.; Karlsson, P.; Rosén, A. The Experience of Receiving a Letter from a Cancer Genetics Clinic about Risk for
Hereditary Cancer. Eur. J. Hum. Genet. EJHG. Epub ahead of print 14 February 2024. [CrossRef]

39. Srinivasan, S.; Won, N.Y.; Dotson, W.D.; Wright, S.T.; Roberts, M.C. Barriers and Facilitators for Cascade Testing in Genetic
Conditions: A Systematic Review. Eur. J. Hum. Genet. EJHG 2020, 28, 1631–1644. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/j.1399-0004.2007.00912.x
https://www.ncbi.nlm.nih.gov/pubmed/17922849
https://doi.org/10.1016/j.atherosclerosis.2021.09.014
https://www.ncbi.nlm.nih.gov/pubmed/34753031
https://doi.org/10.1136/jme.29.2.74
https://www.ncbi.nlm.nih.gov/pubmed/12672886
https://doi.org/10.1038/s41431-024-01551-9
https://doi.org/10.1038/s41431-020-00725-5

	Introduction 
	Materials and Methods 
	The Danish Healthcare System 
	The Danish Legislation 
	The Danish HNPCC Register 
	The Clinical Approach 
	Definition of Study Cohort and Statistics 

	The Danish Experience from 30 Years of Cascade Genetic Testing 
	Uptake of Genetic Testing in Individuals 25 Years at First Lynch Syndrome Diagnosis in the Family 
	Uptake of Genetic Testing among Individuals below 25 Years at First Diagnosis of Lynch Syndrome in the Family 
	Untested Family Members 
	The Danish Model for Cascade Genetic Testing 

	Discussion 
	Conclusions 
	References

