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. Introduction

Recent developments in genome research include a better
nderstanding of genetic diseases, advances in testing methods
nd growing attention for the cost-effectiveness of genetic tests
1]. The underlying objective of health economic evaluations is to
nalyze potential health gains and effects on health expenditures to
nform health policy decisions and allow for an efficient allocation
f resources in health care [2]. In the case of genetic testing, health
ains are often measured in terms of the extent to which genetic
elatives of the initially tested, so-called index patients, profit from

est results. This is due to the fact that for genetically determined
iseases, patients’ relatives may  have an increased risk of disease
hemselves [3]. Provided effective concepts of prevention exist – as

∗ Corresponding author at: Grazer Str. 2a, 28359 Bremen, Germany.
E-mail address: gansen@ipp.uni-bremen.de (F. Gansen).
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is the case for hereditary nonpolyposis colorectal cancer (HNPCC) or
Lynch syndrome – it therefore may  be beneficial to extend tests to
them. In genetic diagnostics, testing relatives for family mutations
with the goal of targeted prevention is known as cascade screening
[4].

According to Juth and Munthe [5], justification of screening
programs must be based on an assessment of their contribution
to certain values. In their opinion, three basic values or goals are
relevant for determining whether or not certain (cascade) screen-
ings are justified: improvement of a) physiological health and b)
psychological well-being as well as c) adequate consideration of
(patient) autonomy. The authors discuss several conflicts that may
arise within and between these goals when deciding about imple-
menting screening programs.
In the present context, it is, in our opinion, vital that, while
cascade screening may  be beneficial with regard to physiological
health, it implies transferring personal health-related informa-
tion of the index patient to relatives and possibly medical service
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roviders. There are circumstances, however, under which (for
arious reasons) unsolicited disclosure of information seems
ecessary. This, in turn, may  violate the principle of adequate con-
ideration of patient autonomy, either with regard to the index
atients’ informational self-determination or with regard to the rel-
tives’ right not to know. Such conflicts of patient autonomy on the
ne hand, and possible health benefits, especially for third parties,
n the other, have been debated intensely in the ethical literature
5,6]. Less attention, however, has been paid to the fact that achiev-
ng efficient use of health care resources may  also conflict with the
ight to informational self-determination as well as the right not to
now – and how to deal with the resulting trade-offs.

In the following, this area of tension will be examined in the
ontext of genetic testing for Lynch syndrome (LS). HNPCC or Lynch
yndrome is a genetic disease of autosomal dominant inheritance
riginating from a mutation in a mismatch repair (MMR) gene. It
s connected to an increased risk for several types of cancer and
s estimated to cause between 2 and 3% of colorectal cancer cases
7]. As a consequence, universal LS testing of all colorectal cancer
atients is recommended by several US and European guidelines on
ynch syndrome [8–10] but not practiced in Germany [11]. For the
urpose of this analysis, a previously published health economic
odel of Lynch syndrome screening [12] illustrating current and

otential screening practices from the perspective of the German
tatutory health insurance system was updated. Within this model,
ifferent strategies of test uptake and informing relatives about
heir potential risk are investigated and discussed using scenario
nalysis.

The research objective of this study is to analyze the ramifica-
ions of increased test uptakes by index patients and their relatives
ithin the German setting. It does so by quantifying the economic

mpact of intensified cascade screening and using these results as
 starting point to examine the ethical implications. In this way,
he analysis provides insights into the question of whether or not

 possibly more efficient use of health care resources could justify
onstraints of patient autonomy.

. Materials and methods

.1. Health economic model

The effects and implications of different screening strategies for
ynch syndrome were analyzed on the basis of a health economic
odel by Severin et al. published in 2015 [12]. The screening pro-

edure investigated in the model is illustrated in Fig. 1. While the
asic structure and specifics of the original model were maintained,

t was updated by means of a literature search with a focus on
ost parameters. An overview of the model parameters and updates
nderlying the analysis can be found in the Appendix (see Appendix
able 1 and Appendix Table 2). The decision-analytic model esti-
ates the cost-effectiveness of screening for Lynch syndrome from

he perspective of the German statutory health insurance. The
ffects of the different testing strategies are measured in life years
ained through increased prevention. Costs are reported in 2016
uros (D ). Costs are based on 2016 data, where available, or trans-
erred to 2016 using consumer price indices and purchasing power
arities (see Appendix Table 2).

With regard to its structure, the model consists of two  parts:
irst, different strategies for testing index patients with colorectal
ancer (CRC) for Lynch syndrome are modeled by decision trees.
ubsequent Markov models estimate the life expectancy and life

ears gained by different screening strategies for index patients’
rst-degree relatives (FDRs). The model has a cohort size of 61,000

ndex patients which corresponds to the CRC incidence projected
or Germany in 2016 [13]. With regard to the number of FDRs

2

per index patient, every index patient is assumed to have approx-
imately 4 relatives [14]. Including the strategy of no screening,
the analysis takes a total number of 22 screening strategies into
account. The strategies consist of a combination of several steps
of tumor sample examination and genetic sequencing with and
without preceding family-history assessment. Family assessment is
conducted by application of either the revised Bethesda or Amster-
dam II criteria. In comparison to the model by Severin et al. [12], the
testing strategies included in the cost-effectiveness analysis were
maintained.

Regarding the basic testing strategies, index patients with CRC
are offered genetic counselling and testing for LS. For the strate-
gies with family assessment, testing is only offered to those index
patients who  fulfill the revised Bethesda or Amsterdam II criteria.
If (the identified) index patients agree to be tested, strategies 1
through 6 comprise testing of tumor material with a combination
of microsatellite instability (MSI) testing, immunohistochemistry
(IHC) analysis and tests for the BRAF V600E mutation. Positive
tumor testing results in genetic sequencing using blood samples
to identify which MMR  gene – MSH2, MLH1, MSH6, or PMS2 –
is affected by the mutation. Strategy 7 involves direct sequencing
without prior tests on tumor material. If a mutation is detected in
an index patient, his or her first-degree relatives are offered tar-
geted screening for the family mutation. Details on the structure
of the screening strategies can be found in Appendix Fig. 1. The
two strategies representing the current screening recommenda-
tions in Germany are strategies B-4 and B-6 [11,12]. The German
guidelines for CRC prevention and treatment recommend testing
of index patients who meet the revised Bethesda criteria. Strategy
B-4 then involves IHC analysis of tumor material. If IHC results are
positive, genetic sequencing follows. In case of negative IHC results,
DNA sequencing is only conducted if MSI  results are positive. Strat-
egy B-6 involves MSI  testing of tumor material and DNA sequencing
if these results indicate LS [11].

According to the model described by Severin et al. [12], rela-
tives tested positive for LS are offered intensified surveillance by
means of annual colonoscopies and aspirin prophylaxis starting at
the age of 25. Relatives tested negative are assumed to be offered
a colonoscopy every 10 years between the age of 55 and 75. The
structure of the Markov models used to estimate CRC related mor-
tality and costs can be found in the Appendix (see Appendix Fig.
2). Each Markov model consists of the main states well, initial CRC,
metachronous CRC, well after cancer and death. The states initial
and metachronous CRC are further divided into cancer stages I to
IV according to the Union Internationale Contre le Cancer (UICC).
Intensified surveillance is assumed to have a favorable effect on the
stage distribution and cancer detection at an early stage [15]. With
a 1-year cycle length, the model has a time frame of 120 years. Dis-
count rates of 3% and half-cycle correction were applied to costs
and effects [12].

Based on the model presented, the economic analysis of genetic
screening for Lynch syndrome is divided into two steps. First, a base
case analysis is conducted to determine the non-dominated strate-
gies and their cost-effectiveness. For the identified non-dominated
and German strategies, a scenario analysis then examines the effect
of different test uptake rates in index patients and their relatives in
a second step.

2.2. Base case analysis

In the base case analysis, it is assumed that 10% of index patients
with CRC decide to be tested for LS according to expert opinion.

With regard to the test uptake of first-degree relatives, approx-
imately 30% of relatives of LS positive index patients decide in
favor of testing for a family mutation [14]. To identify the non-
dominated strategies, a deterministic analysis was  performed to



Fig. 1. Screening procedure for colorectal cancer patients and relatives of mutation carriers. Screening strategies 1–7 are without family-history assessment. Strategies
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ith  preliminary evaluation of the Amsterdam II criteria are abbreviated with A1–
rst-degree relative; LS: Lynch syndrome.

stimate cost-effectiveness in the base case. The strategies cur-
ently recommended in Germany were also included in the further
nalysis. Besides their cost-effectiveness, testing costs, total costs
for testing, prevention and cancer treatment), number of muta-
ion carriers detected and (undiscounted) life-years in FDRs in
016 were estimated for the non-dominated and German strate-
ies. The latter are included independently of their status of being
on-dominated, dominated, or subject to extended dominance
ccording to the deterministic analysis. Dominated strategies
re more cost-intensive and less effective than alternatives and
trategies subject to extended dominance are dominated by a com-
ination of other strategies considered [12]. The parameter values
pplied in the model can be found in Appendix Table 1. All analyses
f costs and effects were performed using TreeAge Pro 2017, R.2.1
TreeAge Software, Williamstown, MA).

.3. Scenario analysis

To estimate the effect and implications of different test uptake
ates in index patients and relatives of LS patients, a scenario anal-
sis was conducted. Within the model illustrated in Fig. 1, the two
arameters for test uptake were varied. An overview of the four
cenarios including the base case is shown in Table 1.

Research on CRC patients suggests that uptake of genetic test-
ng for LS is relatively low in clinical practice [16–18]. Possible
easons for this reservation are missing information about test-
ng options or doubts about the added value of testing for LS for
ndex patients with regard to prevention. Compared to the low test
ptake of 10% according to expert opinion in the base case sce-
ario, Scenario 2 investigates the effects of routine testing in index
atients assuming a test uptake of 100%. If relatives of positively
ested index patients are not informed of their family member’s
iagnosis, they cannot profit from testing and intensified screen-

ng in the case of LS. For this reason, standardized contacting
f first-degree relatives is investigated in Scenario 3. Contact-
ng relatives could be implemented through attending physicians
pon consultation with index patients using standardized letters
ecommending genetic counseling. Similar strategies have been
ntroduced in Europe for hereditary diseases such as familial hyper-
holesterolaemia. In the UK, informing relatives by health care
rofessionals led to an improvement in screening participation
o 73% [19] as not all relatives contacted decided to get tested.
his uptake rate as well as additional costs of contacting mea-
ures in the amount of approximately D 187 [20] are assumed

n Scenario 3. To evaluate the implications of the combination of
outine testing and contacting relatives, increased uptake rates
f both index patients and relatives are investigated in Scenario
.

3

 those with revised Bethesda criteria are titled B1–7. CRC: colorectal cancer; FDR:

3. Results

3.1. Base case analysis

In the base case, all screening strategies yield more life-years
and higher costs than no screening for LS. Out  of the 22 strate-
gies considered, four strategies were not dominated according to
the deterministic cost-effectiveness analysis of the base case. These
strategies include Strategy 0 (no screening), Strategy B2, Strategy
2 and Strategy 7 (see Table 2). In Strategy B-2, IHC analysis fol-
lows assessment of the revised Bethesda criteria. If IHC analysis
shows the MLH1 protein is absent, BRAF testing is conducted to rule
out sporadic CRC cases. Negative findings for the BRAF mutation as
well as other positive IHC results are followed by DNA sequencing.
Strategy 2 entails respective testing without the revised Bethesda
criteria. Strategy 7 involves direct genetic sequencing of the MMR
genes.

As illustrated in Table 2, incremental cost-effectiveness ratios
(ICERs) compared to the next most cost-effective strategy are D
46,494 per life-year gained (LYG) in Strategy B-2, D 154,431 per
LYG in Strategy 2 and D 2,213,028 per LYG in Strategy 7. Regard-
ing the overall testing costs for index patients and relatives and
the number of mutation carriers identified in first-degree relatives,
deterministic analysis results in the same non-dominated strate-
gies. For the non-dominated and German strategies, testing costs
range from D 1,422,747 (Strategy B-2) to D 14,358,255 (Strategy 7)
while the number of mutation carriers detected is between approx-
imately 73 (Strategy B-6) and 96 (Strategy 7) in the base case. The
results for testing costs and number of mutation carriers detected
are illustrated in the Appendix (see Appendix Fig. 3). Average test-
ing costs per mutation detected are between D 19,369 for Strategy
B-2 and D 148,973 for Strategy 7.

3.2. Scenario analysis

As demonstrated in Table 3, higher test uptake rates in index
patients and their relatives increase the number of mutation car-
riers detected and undiscounted life years gained by FDRs in the
reference year 2016. Direct comparison of Scenario 4 with the
base case shows that routine testing of index patients and stan-
dardized contacting of FDRs could yield up to 2500 undiscounted
LYG in Strategy 7. With regard to the additional mutation carriers
detected in Scenario 4 – routine testing and contacting relatives
– compared to the base case, numbers for the non-dominated
and German strategies range from approximately 1723 (Strategy
B-6) and 2290 (Strategy 7). Routine testing and contacting rela-

tives also yield savings between D 11,098 (Strategy B-2) and D
88,278 (Strategy 7) in average testing costs per mutation carrier
detected. Strategy B-6 results in saved testing costs of D 14,396
and Strategy B-4 of D 17,230 on average. Table 3 also indicates that



Table  1
Scenarios included in scenario analysis and their adjustments in test uptakes and costs.

Scenario 1 Scenario 2 Scenario 3 Scenario 4

Description Base case Routine testing of index patients Contacting first-degree relatives Routine testing and contacting relatives
Test  uptake in index patients 10% 100% 10% 100%
Test  uptake in relatives 29% 29% 73% 73%
Additional costs – – D 187 for contacting relatives D 187 for contacting relatives

Table 2
Results of cost-effectiveness analysis for non-dominated strategies. Incremental costs, life-years gained and ICERs are given in comparison to the next most cost-effective
strategy. BRAF: BRAF V600E mutation testing; ICER: incremental cost-effectiveness ratio; IHC: immunohistochemistry; LYG: life-years gained.

Total Cost Total life years Incremental
Costs

Incremental
LYs

ICER

Strategy 0 No screening D 116,510,159 5,023,554 – – –
Strategy B-2 Counseling including Bethesda, IHC, BRAF, sequencing D 117,972,159 5,023,586 D 1,462,000 31.45 D 46,494 per LYG
Strategy 2 Counseling, IHC, BRAF, sequencing D 118,630,232 5,023,590 D 658,073 4.26 D 154,431 per LYG
Strategy 7 Counseling, direct sequencing D 130,919,918 5,023,595 D 12,289,686 5.55 D 2,213,028 per LYG

Table 3
Results of the scenario analysis for the non-dominated and German strategies. The results include the undiscounted life years gained compared to the base case, the number of
mutation carriers detected, the testing costs per mutation carrier detected and incremental cost-effectiveness ratios. BRAF: BRAF V600E mutation testing; FDRs: first-degree
relatives; ICER: incremental cost-effectiveness ratio; IHC: immunohistochemistry; LYG: life-years gained; MSI: microsatellite instability analysis.

Scenario 1: Base
case

Scenario 2: Routine
testing

Scenario 3:
Contacting FDRs

Scenario 4: Routine testing &
contacting FDRs

Undiscounted life years saved compared to the base case
Strategy 0 No screening – 0 0 0
Strategy B-6 Counseling including Bethesda, MSI,

sequencing
– 713 117 1881

Strategy B-2 Counseling including Bethesda, IHC,
BRAF, sequencing

– 722 118 1905

Strategy B-4 Counseling including Bethesda, IHC,
MSI  (if IHC-), sequencing

– 732 120 1932

Strategy 2 Counseling, IHC, BRAF, sequencing – 820 134 2164
Strategy 7 Counseling, direct sequencing – 947 155 2500
Number of mutation carriers detected
Strategy 0 No screening 0 0 0 0
Strategy B-6 Counseling including Bethesda, MSI,

sequencing
73 725 180 1795

Strategy B-2 Counseling including Bethesda, IHC,
BRAF, sequencing

73 735 182 1818

Strategy B-4 Counseling including Bethesda, IHC,
MSI  (if IHC-), sequencing

75 745 184 1844

Strategy 2 Counseling, IHC, BRAF, sequencing 83 834 206 2065
Strategy 7 Counseling, direct sequencing 96 964 239 2386
Testing costs per mutation carrier detected
Strategy 0 No screening 0 0 0 0
Strategy B-2 Counseling including Bethesda, IHC,

BRAF, sequencing
D 19,369 D 18,693 D 8544 D 8271

Strategy B-6 Counseling including Bethesda, MSI,
sequencing

D 24,896 D 24,212 D 10,777 D 10,501

Strategy 2 Counseling, IHC, BRAF, sequencing D 24,883 D 24,288 D 10,772 D 10,532
Strategy B-4 Counseling including Bethesda, IHC,

MSI  (if IHC-), sequencing
D 29,665 D 28,998 D 12,703 D 12,434

Strategy 7 Counseling, direct sequencing D 148,973 D 148,458 D 60,903 D 60,695
Incremental cost-effectiveness ratios of non-dominated strategies
Strategy 0 No screening – – – –
Strategy B-2 Counseling including Bethesda, IHC,

BRAF, sequencing
D 46,494/LYG D 44,915/LYG D 21,207/LYG D 20,570/LYG

Strategy 2 Counseling, IHC, BRAF, sequencing D 154,431/LYG D 154,431/LYG D 64,811/LYG D 64,811/LYG
/LYG 

i
i
t
b
o
b
t

Our analysis of screening scenarios shows ways to redeem one of
Strategy 7 Counseling, direct sequencing D 2,213,028

ncremental cost-effectiveness ratios are improved in the case of
ncreased test uptake in both index patients and first-degree rela-
ives for all non-dominated strategies. The main improvement can
e seen for Scenario 3, which represents standardized contacting
f relatives and higher test uptake of LS patients’ family mem-

ers. For Strategy 2 and 7, there is no change in ICERs for routine
esting.

4

D 2,213,028/LYG D 896,469/LYG D 896,469/LYG

4. Discussion

4.1. Efficient use of resources
the key promises of personalized medicine: to generate additional
health benefits at low costs or even reduce health expenditures. In
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he case of LS screening, increased test uptakes of index patients
nd their relatives substantially improve both health gains and
ost-effectiveness. While routine testing has a large impact on life
ears saved and the number of mutation carriers detected, con-
acting relatives entails lower testing costs and therefore makes a
arge difference in cost-effectiveness. From a health economic per-
pective, routine testing and contacting first-degree relatives – and
specially the combination of the two – are therefore preferable.
owever, the evaluated scenarios have several ethical implications

n need of further evaluation.
In principle, the implementation of cost-effective interventions

llows for an efficient use of health care resources. This is an impor-
ant criterion for ethically justified prioritization of health care
ervices [21,22]: from a socio-ethical point of view, it is morally
mperative to finance cost-effective health services. However, in the
cenarios analyzed, cost-effectiveness is improved by routine test-
ng and unsolicited disclosure of information. This may  jeopardize
roper consideration of patient autonomy.

.2. Consideration of patient autonomy

The principle of appropriate consideration of patient auton-
my  is an essential prerequisite as well as starting point of
umerous debates in modern medical ethics. It has been debated
t different levels of justification and within the framework of
arious ethical approaches. Respect for patient autonomy as a
rima facie valid principle, which is to be specified and, if nec-
ssary, weighed against other principles to justify decisions in
orally relevant contexts [23] is probably the best-known vari-

nt. Alternatively – and more comprehensively –, an individuals’
utonomy has been understood as an intrinsic value based on
hich corresponding obligations of its appropriate consideration
ere established [24]. A further possibility consists in charac-

erizing individuals’ autonomy – particularly expressed through
utonomous decisions – as a necessary (and possibly sufficient)
eans for establishing and ensuring individual well-being and to

erive a duty to appropriately consider autonomy as a secondary
alue [25].

Regardless of the theoretical provenance, there is broad agree-
ent that the appropriate consideration of patient autonomy

ncludes a right to informational self-determination. This right
mplies that patients are entitled to make their own decisions
bout which medical information they want to know and which
ersonal health information they allow to be passed on to third
arties (e.g. relatives or medical professionals). This entitlement,
owever, is obviously undermined in the case of routine test-

ng and unsolicited disclosure of information to third parties.
n addition, it is often argued that adequate consideration of
atient autonomy must satisfy the right not to know, accord-

ng to which a patient may  determine which information he
oes not wish to receive. This right may  also be violated in
ase of unsolicited disclosure of information to mutation car-
iers’ relatives. The presented case therefore demonstrates the
otential for a twofold conflict between the socio-ethically
otivated demand for efficient use of health care resources

nd the norm of appropriate consideration of (patient) auton-
my.

.3. Dealing with resulting trade-offs

These conflicting commitments result in a trade-off between
wo poles: One the one hand, one could grant absolute priority to

atient autonomy and disregard any demand for efficient use of
esources. This corresponds to ethical positions giving absolute pri-
rity to the right to informational self-determination (or the right
ot to know) over any other (e.g. social-ethical) claims. As regards

5

the scenarios, this would mean choosing the base case i.e. Scenario
1. On the other hand, one could grant absolute priority to the socio-
ethical demand for optimal resource use and disregard the right to
informational self-determination as well as the right not to know.
This corresponds to ethical positions giving absolute priority to
societal benefits or social justice. In the analyzed setting, this would
require implementing the most cost-effective scenario which cor-
responds to Scenario 4 – routine testing and contacting relatives. A
somewhat weaker position would be to grant prima facie priority
to the right to informational self-determination or the right not to
know over the demand for efficient use of resources (or vice versa).
This would mean allowing for exceptions under certain conditions
of overriding societal (or individual, vice versa) entitlements. The
conditions of such exceptions as well as their implementation –
possibly in the form of only routine testing (Scenario 2) or only con-
tacting relatives (Scenario 3) – would require specifying. Finally, the
two conflicting commitments could be weighed against each other
by assigning respective weights.

For the process of weighing individual and socio-ethical
considerations, different approaches exist. While prioritization
criteria themselves can be derived in an analytically ethical man-
ner, it is more plausible to base their weights on fair political
decision-making processes or empirical preference elicitation
[22]. Depending on the relative weights of the conflicting ethi-
cal obligations, different screening scenarios would be morally
acceptable and preferable from an ethical perspective. Scenario 2,
in which index patients are routinely tested for LS, only gradually
improves cost-effectiveness but fully disregards the index patients’
right to informational self-determination. Unsolicited disclosure
of mutation carriers’ health data in Scenario 3 limits the index
patients’ right to informational self-determination and their rela-
tives’ right not to know. In turn, Scenario 3 substantially improves
cost-effectiveness. Despite its most favorable cost-effectiveness
results, Scenario 4 seems particularly problematic due to its major
infringement on the individual rights of index patients and their
relatives. However, these rights could be given lower priority under
certain conditions. Such conditions could include cases of identi-
fiable and preventable health risks such as those associated with
LS. Here, drawing the line between acceptable and unacceptable
restrictions to patient autonomy would include assessing whether
health benefits for relatives and improved cost-effectiveness
could sufficiently justify limiting the above mentioned
rights.

When assessing the trade-offs involved in LS screening, how-
ever, it has to be kept in mind that cost-effectiveness is not the
sole criterion for ethically justified prioritization. Additional prior-
itization criteria include the added benefit of an intervention, its
urgency and the expected health damage due to non-intervention
[22]. In the present case, the health benefit for LS patients gained
through increased prevention appears particularly relevant for
consideration. The more a LS patient benefits from regular colono-
scopies, the stronger the ethical argument to work toward high
participation rates of index patients and relatives. Other factors
relevant to the benefits of LS screening include the validity of
the involved genetic tests and the risks associated to the above
mentioned preventative measures. Following Juth and Munthe [5],
the ethical evaluation of screening programs should also consider
effects on psychological well-being. In the case of LS, this entails
potential psychological burdens of the diagnosis LS which is con-
nected to a higher lifetime risk of CRC and other types of cancer.
These considerations are particularly relevant for female muta-
tion carriers who  are at risk of cancers which are less accessible
to preventive measures [26]. To what extent other types of can-
cer reduce the health benefit gained through LS screening was

beyond the scope of this study and constitutes an area of future
research.
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et  al. Efficacy of annual colonoscopic surveillance in individuals with heredi-
tary nonpolyposis colorectal cancer. Clinical Gastroenterology and Hepatology
.4. Implications

In this article, we have derived two main arguments. First, we
ave quantified the health gains and cost-effectiveness associated
ith increased screening by routine testing and informing first-
egree relatives of their LS risk. As is routine for health economic
valuations, this result can be taken as a starting point to guide
ealth policy decisions on appropriate screening programs for LS

n Germany. However, the arguments made in this article go beyond
he economic considerations and additionally assess the ethical
mplications and trade-offs associated to the analyzed screening
cenarios. We  suggest that the numerical results be taken as a basis
or a weighing processes of informational self-determination on the
ne hand and efficient use of resources on the other. In any case, this
nalysis highlights the impact increased test uptake on a voluntary
evel – e.g. through intensified education and greater awareness –
ould have in the case of Lynch syndrome.

While the performed analysis included the economic and ethical
mplications of routine testing and contacting relatives, the inves-
igated scenarios also affect legal rights of index patients and their
elatives. Particularly in light of current developments in Germany
ue to the European General Data Protection Regulation (GDPR),
he legal framework is highly relevant for the feasibility of routine
esting and contacting relatives. According to the Genetic Diagno-
is Act “Gendiagnostikgesetz” (GenDG), which is applicable for the
utation analysis of MMR  genes performed in genetic sequencing

27], index patients are entitled to counseling before genetic testing
s performed. The GenDG also stipulates index patients’ right not
o know and the need for their written consent before physicians

ay  inform third parties about test results. The precise legal impli-
ations and challenging implementation of increasing test uptake
ates for Lynch syndrome screening are to be investigated in future
esearch.

. Conclusions

The health economic analysis performed illustrates that both
osts and effectiveness of LS screening substantially depend on the
articipation rates of index patients and their relatives. Routine
esting and contacting FDRs by default could achieve health gains
f up to 2500 undiscounted life years by FDRs and 2290 additional
utation carriers detected in the year 2016. Testing costs could be

educed by up to D 88,000 per mutation carrier detected. Further-
ore, cost-effectiveness of the non-dominated testing strategies

ould be improved by approximately D 26,000, D 90,000 and D
,317,000 per LYG respectively.

From an ethical point of view, the analysis illustrates a conflict
etween the efficient use of resources and appropriate consid-
ration of patient autonomy. Notwithstanding the importance of
he individual rights affected, it should be put up for discussion
hether the right of informational self-determination should be
aived in cases of clearly recognizable and preventable health risks

or third parties. The dependence of informing genetic relatives on
he consent of the patient should also be investigated further. If this
nformation is of high medical value, as is the case for LS, the health
rotection of the relatives could have a greater weight than the right
o informational self-determination of the index patient. There are,
owever, practical challenges to informing relatives such as gain-
ng access to their contact information. Notwithstanding ethical
nd practical challenges as well as pending legal considerations,
his analysis points out the importance of working towards a high
oluntary test uptake in index patients and their relatives.
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