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Executive Summary

At the end of the 1990s, genetic testing offereddliy to consumers came onto the market
as a new “business model”. Up until then, gene&tsting had been carried out by specialised
institutes in the medical sector upon referral bynadical doctor. In recent years, new
companies offering direct-to-consumer genetic ngs{iDCGT) via the internet alone are

emerging constantly.

This method of “bypassing” the medical sector witth established ethical and quality
standards has given rise to concerns regardingnaontrolled growth of the market for
genetic testing. Tests are offered whose cliniadibity and utility is doubtful and thus could
do harm to consumers who might be misled and imseffitly informed by the DCGT

companies' advertisements.

The present report provides an overview of theerurdiscussion on DCGT among experts
and public authorities and on the current statUu3@GT offers on the internet. Guided by an
analysis of the market development and the proscamnd of DCGT, the report discusses
possible options and needs for political intervamti

The increasing number of DCGT offers can be reghik being driven by the following
trends that currently characterise genetic testirggneral:

The availability of genetic tests for common dig=aand susceptibilities to common
diseases represents a promising economic optiozofapanies developing genetic
testing assays or kits as well as for companie=rioff services on a private basis
directly to customers.

Technical achievements such as the developmenkéf Dicroarrays reduce the
technical and financial barriers to a private mafkegenetic testing.

Genetic testing is on its way to becoming an optarrpreventive medicine in
general. It is discussed as a new important puigaith option, and the perspectives
of new applications such as pharmacogentics antgeabmics indicate new
business opportunities.

The central difference between DCGT and the stahdgnetic testing situation in the
context of the established system of genetic cdlimgas the way informational support is
(or rather is not) provided in internet offers @fsting. It may well be that there is no
provision for counselling at all except for the tt@n advice on the webpage. Counselling
may be offered as an additional special serviaxat costs and at the customer's request. It
may also be that a recommendation or at leastfan isfgiven for the customer to contact a
doctor or health practitioner from the company pieone for counselling. In other cases, the
customer may be recommended to consult his owrodoct the test results. It may also be
the case that the entire process follows a stars#atashon-personal web-exchange procedure.
Even the report containing the results of the disgand their interpretation as well as
recommendations to the client can be produced Iftyvae that automatically combines
information from the DNA diagnosis with informatiaead from a questionnaire on the
customer's lifestyle.

The most obvious problem of DCGT is that - as gpsuted by an assessment of 38 DCGT
websites carried out in the context of the projeitte majority of tests offered to consumers
directly are tests for susceptibilities for disedsesed on so-called SNPs (single nucleotide



polymorphisms). These tests are most interestmg ft commercial point of view since they
are related to widespread common diseases (suchnaer). Experts regard most offers of
testing based on SNPs to be meaningless from atdicigooint of view, since the clinical
validity of most of the tests has not (yet) beerffigently proven. However, since
recommendations that can be drawn (and are drawprdoyders) from positive test results
usually do not go beyond what a doctor would receminto any patient as being good for
his/her health (e.g. practise sports, avoid fattyds), some consider offering this directly to
consumers to be harmless. Others, however, opaidfits kind of testing may harm clients.
If results are negative, the client may gain tHeefampression of being safe with regard to
developing a certain disease and might not seadbd for adopting a healthy lifestyle; this
would be totally misleading, as the absence of dtieg" SNPs tested does not imply an
absence of the risk of developing e.g. high bloogsgure from bad dietary habits, other
behavioural and environmental factors or otherf§@sainknown) genetic traits (that were not
tested).

The internet survey supported the notion that,

many DCGT offers do not meet a minimum set of dquadriteria that can be
regarded to be necessary for ensuring adequatemafmn and protection of
customers against misleading interpretation ofrtbed for as well as the possible
consequences of genetic testing,

most DCGT offers fail to provide proper informati@m the scientific evidence
behind genetic testing services offered to custsr{@inical validity and utility),

many of the companies offering genetic testingisesvyvia internet do not include
genetic counselling at all in their services. Oalfew urge customers to involve an
expert before purchasing a gene test, and “coumgélin most cases only is

provided as written information via mail or via wisly.

Due to the complexity of genetic information thatitd well mislead consumers or be used to
mislead them, and due to the likely serious heaiftth psychological consequences of this,
there is a consensus that principles such as ig@rmonsent and quality standards of testing
and counselling must be ensured since DCGT offéastive internet can obviously be
associated with consumer protection problems. Thigswidely regarded to be legitimate to
regulate the market for DCGT. It is, however, a teratf discussion to what extent
governmental intervention is needed, and whethgulagions should apply in the same way
to all different types or purposes of DCGT services

At the centre of discussions on possible regulatagrventions, there are two options:

Statutory restriction of genetic testing to the mabcontext (e.g. by making the
referral by a medical doctor mandatory) could eeasuminimum standard of quality
of testing and counselling. This is for instancggasted by the Council of Europe’s
recently released “Additional Protocol on Genetisiing” which stipulates that "a
genetic test for health purposes may only be pexéarunder individualized medical
supervision”. It is, however, discussed to whateaktall types of genetic testing
should be covered by such a regulation or whethen-risk” tests should be openly
available commercially.



As companies offering DCGT so far are not obligegrovide any scientific evidence
regarding the clinical validity and utility of tesbffered and as the evidence for many
tests is regarded to be doubtful by experts, aesysif pre-marketing approval of
genetic tests is argued for. The European In-Mitiagnostics Devices Directive
which stipulates the marketing of in-vitro diagnoatdoes not cover genetic testing
so far or treats gene tests as “low-risk” deviaaswihich no pre-marketing approval
is provided.

At the European level, the following options follipg interventions are conceivable in order
to ensure high standards of genetic testing sesvacel to hinder misuse and uncontrolled
growth:

The IVD Directive is currently undergoing a proce$samendment. To provide for a
broad scope of gene tests being covered by thectidiee would allow the
establishment of a European system of pre-mark@bapl of gene tests which might
drastically restrict the leeway for DCGT.

At the national level, there are discussions dirsggtup a code of practice for DCGT
to ensure minimum quality standards. It must beswmred whether such a code
could be established on the European level, anlii dmienforced by monitoring by a
European public authority.

In order to ensure the “technical” quality of tesgtiservices, it could be envisaged to
establish a European system of control and acetestt of laboratories carrying out
molecular testing, as is demanded by guidelinesntécpublished by the OECD.
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1. Introduction

Genetic testing has been the subject of public @oidical debate for almost two decades
now. The enormous and continuous pace of scierdifit technological development in this
field of biomedical research and healthcare drivwsongoing discussions of the pros and
cons of genetic testing. Genetic testing makeessible to detect at a very early point in time
the genetic traits of an individual that cause@eyidisease or disabilities for the individual
himself or for his offspring, or to detect genelligdoased susceptibilities which indicates an
increased risk of a person for developing a serilissase such as cancer. The new diagnostic
options made available by genetic testing can witleodoubt be helpful for detecting health
risks early in order to initiate medical treatment a timely manner. With regard to
monogenetic inherited diseases, for instance, getesting can provide individuals with
certainty as to their genetic status and thus atoyincreased likelihood for them to develop
a disease or to pass a genetic predispositiondgease on to their children. Without testing,
persons at risk have to live with an uncertainta @5% or 50% risk of being a carrier.

The basic feature that genetic testing adds to ecakgractice for good (and at times for bad)
is its “predictive” character. We gain the ability know about our (or our offspring’s)
genetic status and thus should be able to betseligirour health status in the near or distant
future.

Diagnostic and predictive options made availablegbgetic testing - despite their medical
benefits - have caused debates about possibleiveggtects of genetic testing, among
which are:

a) The possible misuse of genetic information by tipiadties: Cases have been reported
about employers and insurance companies discrimgagainst individuals on the
basis of genetic testing.

b) Information about a person’s genetic status caryikipowledge about the risks of a
person’s relatives to carry the same genetic “uitdEehis together with information
about a person's future (particularly in cases e/inertherapy is at hand), which is
often sensitive and psychologically problematics leal to demands for a person's
“right not to know” about his or her own genetickaaup.

c) Testing for complex (common) diseases can onlyigeinformation about the
probability (higher than average risk) of a peragii a susceptibility gene to actually
develop the disease. The clinical usefulness tihgess therefore considered in some
cases doubtful. The only consequence of diagnogjstroe to cause psychological
damage.

d) There has been criticism that the availability afrenand more genetic testing options
in medical practice and the high-flying visions@sated with the complete
identification of the human genome in 2001 coulovate credence to a wrong view
of “genetic determinism”, suggesting that most ds&s are caused by a person's
genetic makeup (and thus neglecting detrimentalremwental factors) and possibly
leading to a decreased social acceptance of peabielisabilities or handicaps, since
the availability of genetic diagnostics might malsabilities come to be regarded as
avoidable.



When genetic testing first entered medical praddieeng the mid 1980s, it was restricted to
a few inherited diseases, such as cystic fibr@senetic testing and counselling were only
offered by experts working at university hospitatsl institutes and by a limited number of
doctors who specialised in human genetics. Thetdonhumber of persons seeking genetic
testing and counselling, the quite complex and espe technical procedure of testing as
well as the limited number of well-educated expemso can offer genetic testing and
counselling are all factors that have containedptablematic potential of genetic testing.
Many of the negative expectations connected withetie testing were based on the
assumption of an uncontrolled growth of genetidingsfor a great number of common
diseases, which might open the door for misusecéinetally non-indicated applications of
testing. Apart from the limited number of tests illde, the fact that a small group of
medical practitioners and genetic counsellors luadraolled the practice of testing has been
regarded as guaranteeing a knowledgeable, cautiodigesponsible application of genetic
testing, which contrasted with the negative scesaof its widespread and clinically doubtful
use. In recent years, however, some of the bateeasgrowth of genetic testing beyond the
“protected” realm of genetic counselling carried ouhospitals for a restricted number of
persons who might be carriers of rare inheritedegerdiseases have vanished or are losing
strength. New technological options are availabigt tmake it both technically easier and
cheaper for a genetic test to be carried out. Gadrdewith the lowering of the technical
barriers to genetic testing is a tendency for nprivéte) suppliers to enter the market. And
last but not least, genetic testing is being offemet only for some rare Mendelian diseases
but increasing for common and widespread diseaseh sas cancer, diabetes or
cardiovascular diseases. However doubtful theadinvalidity and usefulness of these tests
may be, such use has the potential of making getestiing a part of everyday health care.

A related phenomenon has been the transition t@va ‘ftousiness model” or “practical
setting” for genetic testing since the late 199@amely genetic testing and counselling
services offered directly to consumers. Some regjaisdway of by-passing the medical or
healthcare setting (with a specialised doctor éndlient) that previously controlled access to
these services as providing free access to getediing, letting consumers decide on their
own whether to make use of these testing optiotiser® consider direct-to-consumer genetic
testing (DCGT) to be a possibly dangerous markepioy that will lead to genetic testing
that is uncontrolled, scientifically unjustifiedugjitatively doubtful and often intentionally
misleading.

In contrast to the established practice, medicakbts and ethical and social problems of
genetic testing, which have been the subject ofynrsindies and numerous inquiries by
ethical committees and other non-governmental aveémmental advisory boards during the
past 10 to 15 years, the debate on DCGT has jgsinrbdCGT is a rather new phenomenon
that is apparently driven by the use of the interAkthough it is a growing market, it is still a

niche market; new companies offering genetic tgstia the internet currently are showing
up constantly. It is however too early to tell wieat they in the long and medium term will

succeed to establish themselves on the market. malses it difficult to assess the actual
relevance of DCGT, which might well develop intserious competitor to the established
forms of genetic counselling and require politicalstatutory regulation in order to protect
consumers’ rights and health.



It was the objective of the STOA project “Direct@mnsumer Genetic Testing” to explore

the current use of DCGT. Starting with a discusgibthe status and perspectives of genetic
testing in general (section 2), the present redmtusses the development of DCGT, its
possible advantages and disadvantages and the emtgiosed by different stakeholders (3 -
4) in order to explore policy options for fosteriag ethically and medically reasonable offer
of genetic testing to consumers (6). The concludsegtion (7) provides a condensed

overview of the policy options at hand and of ac$ithat could be taken into consideration at
the European level.

The discussion of the pros and cons of DCGT is dase the latest available scientific
literature and policy documents dealing with DCGTwaell as on a systematic scan of offers
of genetic testing that can be found on the intenwlich was carried out in the context of
the project during June and July 2008. The refltthe survey (see section 5) and their
possible implications for policy intervention inetHield were discussed with a group of
experts at a meeting hosted by the Flemish Institut Science and Technology Assessment
(VIWTA) in Brussels on 22 September 2008. The fweillgy experts participated in the
meeting:

Pascal Borry, University of Leuven

Stuart Hogarth, University of Loughborough
Heidi Howard, McGill University Montreal
Alastair Kent, Genetic Interest Group

UIf Kristoffersson, Lund University Hospital
Peter Pohl, GATC Biotech

Helen Wallace, Gene Watch U.K.

The authors express their gratitude to the pagidipas well as to Segoléne Ayme, INSERM,
Paris, Jean-Jacques Cassiman, University of Lewarah,J6rg Schmidtke, Hannover Medical

School, for supporting the project with valuabléormation and advice. We also would like

to thank Elfriede Swinnen, University of Leuvent, ker contribution to the assessment of the
DCGT websites and Alison Hepper, Heidelberg, fah@arough native speaker’s review of

the text.






2. Genetic Counselling and Genetic Testing

2.1 Recent Trends in Genetic Testing and Counseltyn

Genetic testing and counselling is a well-estabklisform of medical practice that belongs to
the standard provision of health care in most aeemtThe objective of genetic counselling

is to educate persons at risk for a genetic disaatbeut their genetic status and about the
possible implications and complications of theingigc condition. Genetic counselling helps

people make decisions about their future lives wébpect to diagnostic, therapeutic and
ethical and practical factors. Genetic counsellimgprovided by medical geneticists and

genetic counsellors trained to provide these sesviGenetic counselling comprises:

Counselling for individual adults about their owengtic condition mainly when
inherited diseases are known to exist in an ind&fd family history.

Genetic counselling for couples at risk of passirggenetic condition (for disease or
disability) to their children.

Prenatal counselling for pregnant women at risgiahg birth to a child with a birth
defect or genetic disease.

Up to the 1970s, information about the genetic @mrd of a person asking for genetic
counselling was primarily based on “phenotype” datech as the appearance of the client,
data from X-ray (later also ultrasound) diagnosisnformation based on the family history
and family pedigree. For some genetic conditionsds possible to gain information from
blood or urine samples, giving hints about specifietabolic anomalies. In the 1970s,
prenatal diagnosis based on microscopic analysisamihiotic fluid that permitted
examination of the number and appearance of thenubsomes of the foetus (e.g. for Down
syndrome) became an established medical standardallAof these procedures provide
information about a person's genetic status, tla@yic a wider sense be regarded as genetic
testing, yet they do not provide information at bRA level or the genes themselves but
only about the presence (or absence) of a genatiaton from the patient's phenotype
(gained from metabolic products found in blood skE®mmr from distinctive chromosomal
features).

Genetic testing at the level of DNA - which henc#fas referred to with the term “genetic
testing” - started to enter medical practice in #880s (e.g. for inherited diseases such as
Huntington’s disease or cystic fibrosis). The stepdogress in molecular genetic research
during the 1990s and the successful sequencinigeoiiman genome in 2001 have led to a
steady growth in the number of diseases or sudukes for which a specific genetic trait is
known. This in turn has led to a steady growthhie number of genetic tests used in medical
practice and genetic counselling. A report on gentdsting delivered to the German
Parliament in 1993 found that the number had gréfem around 80 tests in 1986 to more
than 700 in 1993 (Hennen et al. 1996, 57). Thelaviity of tests does not necessarily imply
that they are widely used in medical practice. Menatess, the NIH-funded genetic
information internet platform “genetests” currenibts tests for more than 1200 diseases that
are used in clinical practice and another severaldred that are applied in research
(www.genetests.or@s accessed Feb. 14, 2008).




Testing and counselling for relatively rare monagenhereditary diseases still play a major
role. This means that relatively small groups of population affected by these genetic
conditions demand for genetic counselling and nigstifhe most common hereditary disease
among the population of European origin is cysticasis, with one person in 3000 affected
in the U.S. New tests, however, led nonethelessremarkable expansion in the practice of
genetic testing and counselling during the 1990scofding to the EC-funded Eurogentest
network, 700 000 genetic tests are currently paréar in the EU every year in around 1500
laboratories\ww.eurogentest.ord-ab Times 2007).

The increased practice of genetic testing in regeats is partly due to the growing number
of tests available not only for rare, hereditargnogenetic diseases but also for diseases or
health conditions for which multiple genetic traiee deemed responsible in combination
with environmental factors, e.g. cancer, diabete®s] cardiovascular disease. Due to the
complex interaction between various genetic andrenmental factors, the interpretation of
test results is much more difficult here than ifas monogenetic diseases. Whereas in the
latter case, the diagnosis can usually definitedgliele or confirm the presence or future
onset of a disease for the patient, genetic teftingultifactorial genetic diseases only allow
verification of one of the genetic factors, andstlwan only indicate an increased (more than
average) risk of disease for a person.

Genetic testing is currently undergoing rapid aoddamental changes and is about to
become a medical service that is no longer resttitb the traditional context of genetic

counselling and prenatal diagnosis. It may welldley from a specialised branch of health
care that is mainly offered by university hospitidssmall groups of the population to a

diagnostic practice relevant to all branches ofithezare and medical treatment of common
diseases, and thus become relevant for everybduy.rédcently revived debate on genetic
testing (originating from the start of the new mrlhium) is due to some considerable new
scientific insights and technological developmehtg confront patients, doctors and society
with options (and hence problems) that were nosgmein the 1990s and thus may not been
covered by the standards, guidelines and legalaggun set up during that period.

Increasing Number of Tests for SusceptibilitiesGommon Diseases

The 2001 headline event of the total sequencinghefhuman genome not only brought
human genetics (research and practice) onto thicpard political agenda but indicated a
new push in the development of genetic testing. fbh@ sequencing of a human genome
provides a reference that makes it possible tachdar statistic associations between genetic
variants in a single nucleotide (not in an entieme) and a certain health condition. With
more and more so-called SNPs (single nucleotidgnpaiphisms, i.e. single allele mutations
that occur in people suffering from a disease) dpewlated to the occurrence of diseases,
testing for widespread diseases for which genatitofs have been unknown so far injects a
new quality into the practice of genetic testinghe identification of SNPs associated with
common diseases such as cancer or cardiovasculeasd can be regarded as the first

1 At the same time, in a survey on genetic testemgises in Europe, indicators were found that tiyepsy of
genetic testing for rare (hereditary) diseasedillsissufficient in some countries due to the cdexity of
laboratory work that is needed for proper testibgretta et al. 2004, 1231)



important step toward understanding the role ofegjerfactors involved in the development

of these diseases. For the time being, howevegtgetesting for such SNPs in most cases
can only indicate unspecific susceptibilities fodiaease, the practical meaning of which for
a person is often doubtful.

Most of the many reports about a “new gene” fouoddiseases are based on association
studies looking for statistical correlations betwemertain SNPs and the occurrence of a
disease in (often small) populations and are trased on insufficient data. Hence most of
these studies could not be replicated by furthéependent studies with independent general
population samples. A study carried out to checlg&e variants which had been linked to
acute coronary syndrome (ACS) in earlier reseaadbd to replicate the clinical validity of
any of the 85 variants; nevertheless, six of theanés are offered as clinical tests to assess
the risk of cardiovascular disease (Morgan et @72 acc. to Hogarth and Melzer 2007, 5).
Apart from bad science underlying some of the respon genetic associations, it has to be
noted that those associations that proved to bkcabpe are mostly responsible only for
small increases in the risk of developing a rerdpedisease. At least in the general public -
partly due to premature reports on a “new gene dbymomoted by scientists - there is a
tendency to seriously overestimate the predictmegy of genetic testing. The discovery of a
gene variant associated with obesity has been gybilyped as the discovery of the “fat
gene”, insinuating that the genetic variant fourasw if not the only - the most important
determinant for obesity. In fact, the study coutdyashow that patients carrying two copies
of the gene variant weighed about 3 kilos more thamverage population and that they only
had a 1.67-fold increased chance of obesity (Frgyt al. 2007, Hogarth and Melzer 2007,
5). Specifically, new sequencing technologies— Ddips which allow parallel identification

of 500 000 markers (see below) — have led to araqurease in the detection of SNPs. Due
to the complexity of the aetiology of common digsasuch as cancer, experts, however,
assume it will still be a long time until the retexce of SNPs is clarified.

Doubtful Clinical Validity of Susceptibility Tesgn

The detection of more SNP markers will without auloiolead to knowledge about a growing
number of risk factors for many diseases that atend in the genome of patients with
particular symptoms more often than in healthy ggas. Even a statistically significant
correlation, however, does not necessarily indictitecally relevant risk. Most of the “risk
factors” identified do not have any influence oe tisk of the same syndrome occurring in
first-degree relatives Wiederholungsrisik. The validity and usefulness of genetic testing
based on SNPs must currently be regarded to b€Rmpers, Ullmann 2007, 21, 29). With
the growing number of tests available for suscdpiés that indicate a certain risk or
increased risk for the onset of a disease in fuitegit is becoming crucial that we deal with
the general problem of probabilistic genetic testim order to ensure quality assurance of
genetic counselling.

What do risk factors mean for the patient or clReiithe problem behind testing for risk
factors can be made evident from the well-estabtisbractice of prenatal diagnosis: A 40-
year-old woman has a 30 times higher risk of giwbirth to a child with a genetically caused
disorder or disease than has a woman aged 20. fitwgever, does not mean anything
without knowing the average general risk of a gerngisorder at birth, which is around 3%:
In 3% of all children born there is a genetic dikat some of which are harmless, and some



can be easily cured. The risk for a 40-year-old womompared to that number then is 4%
(Lab Times 2007).

In expert communities the problem of evaluating ¢heical validity (accuracy of detection
or prediction of a phenotype, clinical disease mdsposition to disease) and the clinical
utility (likelihood of improved outcome from use tie test) of predictive genetic tests is
considered serious. At an EC conference on getedimg, Segoléne Ayme (previous Chair
of the Professional and Public Policy Committee tiké European Society of Human
Genetics) demanded the establishment of an indepeénBuropean agency to evaluate
technology in health care by examining and appmpgenetic tests before they are accepted
for public use. Currently, many tests for commoltygenetic diseases have no clinical value
for the patient (EC 2004, conference on May 6/Q7)0An international expert workshop,
organised by the OECD, about evaluating the clim@didity and utility of genetic tests
identified a profound “lack of evidence and data ¢tinical validity and clinical utility”
which is due to “limited information on clinical tmomes of testing” (Kroese et al. 2007, 33).
Problems include the facts that not all geneticavds are known and that the prevalence of
variants differs depending on the population tesfddo standard definitions of phenotypic
features of the diseases tested are missing, ded thfere is no information about possible
false-positive or false-negative test results. prablems are illustrated by a statement on the
clinical validity of currently widely applied BRCAesting for a predisposition to develop
mammalian cancer: “Genetic heterogeneity and g@edbhenotype correlation are key
characteristics for any genetic test, as they @wktctly influence clinical validity. There are
no studies that have been developed specificallgsgess the clinical validity of BRCA
testing and, as a result, epidemiologic qualityuremments are rarely met. For the hereditary
breast and ovarian cancer syndrome, there is neecsns on a phenotypic definition which
could serve as reference or gold-standard to asieg=al validity. Failure in study designs
to include controls means clinical specificity (i@voidance of false positive results) is
usually not measured. A range of different molecwéghniques are used for testing and
these have evolved over time. The lack of standaddiprotocols and the variability in
selection criteria and testing indications hampemarisons across studies and prevent
pooling of results into summary measures of clini@idity” (Blancquaert, in: Kroese et al.
2007, 24)

Reduced Costs and New Technical Options (DNA Chips)

Genetic testing for both research and health campgses has been a time-consuming
procedure which requires specific laboratory eq@ptrand specialised personnel. This long
functioned as a barrier to further expansion dfingspractice outside specialist laboratories

and university institutes. Genetic testing for raezeditary diseases was carried out on the
basis of “home brew tests” developed by laborasosigpplying a testing service, and only

few standardised testing kits were available.

This situation has now changed with tests becormhpper and much easier to carry out
(which often does not mean, however, that the pnétation of results has become easier
too). The technical possibilities of sequencing ¢éméire genome have developed such that
nowadays the cost of complete sequencing of thergyetitive parts (i.e. those possibly
connected to phenotypic features) of the human mens in the range of 100 000 €; in
comparison, the first genome sequence in 2000 medjua budget of 1 billion €). It is
expected that delivery of a full sequence of alsifguman genome will be possible for
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1000 € in the near future (Ropers, Ullmann 2007, @hich would make it affordable for an
average Western citizen to have his own individigalome sequenced.

It is currently difficult to assess whether therdl Wwe a considerable demand for personal
genome sequencing and whether this will have anguseimpact on the market for genetic
testing. It is, however, noticeable that genetitibg has become cheaper and technically
standardised. The costs of a genetic test varydmtv200 € and 2000 € (Cassiman 2007).
And with the so-called DNA chip, which is alreadydely used by laboratories, the cost of
testing one single genetic variation of SNP maghterr decrease.

The DNA chip (or DNA microarray) is an easy-to-hkntechnology for processing DNA
samples which may lead to “high-throughput labarasd for genetic testing (or might even
be a suitable tool for doctors to easily checkdhaetic make-up of their patients). A DNA
chip consists of a set of microscopic DNA probesyad on a solid surface by covalent
attachment to a chemical matrix. With a DNA chipisi possible to automatically check a
specimen (from blood or other cell material) fosaaies of genetic markers in one sequence
of operation. DNA chips are widely used in genomsearch and for monitoring the effects
of medical treatments and diseases on gene expmedsit are also available for use in
medical laboratories cooperating with medical doct@and medical geneticists and
counsellors. Companies such as Affymetrix offeresavsets of DNA microarrays that are
tailored to a broad scope of research as well amical testing purposes
(www.affymetrix.con). Microarray providers are focusing on the deveiept of more user-
friendly and cheaper technology for a broad rangeamplications and genes or SNPs
(Flanagan 2007).

Emerging New Fields of Application

Pharmacogenetics

One of the most important problems (in medical al s economic terms) in health care is
patients’' adverse reactions to drugs. With the gimgmew field ofpharmacogeneticst is
expected that genetic testing will become an ingmirinstrument of clinical and medical
practice for solving this problem. Since the diffier reactions shown by patients to medical
drugs are due to variations in their DNA sequemesponsible for the activity of enzymes
involved in the uptake of drugs, research on suahetic variants is expected to permit the
development of drugs tailored to the needs of $igegatient groups or may help vary the
dosage of drugs according to the patient's abtlitytake up the active pharmaceutical
component. So far only few pharmacogenetic test®aing used in medical practice, and the
clinical validity of some still is in doubt (Kollekt al. 2006, TAB 2004 Although a large
number of genes are under discussion as potensdaliyificant for the development of
medicines, their clinical importance has as yey tnden proven in a few cases. This is due to
the fact that the effects and side effects of medgare not influenced solely by genetic, but
rather by other factors.

Nevertheless, in both public and scientific disseyipharmacogenetics is currently perceived
to be one of the most promising perspectives oktieniesting, and pharmacogenetics is a
growing research field with specialised journalsl amndustry support. Should research on
genetic conditions for the uptake of medical dragsceed in the future in providing more
clinically valid pharmacogenetic testing kits sbi&for preventing a significant number of



adverse drug reactions, this would clearly opendber for a widespread use of genetic
testing in medical practice (even by family docjors

Nutrigenomics

With new insights into the genetic basis of widesgr common diseases, another field of
genetic research and genetic testing is emergihgitrigenomic% is the diagnosis of
genetically based susceptibilities for developingt-delated diseases (such as cancer, heart
diseases or obesity) and research into the developai diets and food tailored to particular
genetic dispositions. Under the umbrella of nutngaics, recent trends in food industry and
food supply converge with genetic diagnostics. Thegnosis of genetic conditions that
indicate the need for a particular diet can be eoted with the development and marketing
of so-called functional foods (Chadwick et al. 2004eyer 2003) or dietary supplements
containing particular nutrients.

The idea of nutrigenomics is sometimes connectetih whe objective of tailoring an
individual’'s diet to his or her genetic make-up.eTgrowing number of diseases associated
with SNPs (see above) can be used to associate thim particular dietary
recommendations. For instance, to date more th@ngébes and DNA regions have been
associated with human obesity. However, sciengificience for the clinical validity of tests
supplied as well as of dietary recommendationsvddrfrom these for the general population
is so far relatively weak. The use of genetic tesfior individualised nutrition or lifestyle
recommendations is generally regarded as premauace misleading (Wallace 2006;
Government Accountability Office 2006, Janssen®let2008). The complex interactions
between multiple genetic and non-genetic causesoaimon diseases often renders the
predictive value of genetic profiling for e.g. cemdascular disease insufficient for lifestyle or
nutrition recommendations. The actual differencalisease risk between those designated
high or low risk on the basis of the presence @eabe of genetic variants statistically
associated with a disease may be quite small,atdttban be expected “that both groups do
benefit fairly equally from interventions” (Janssest al. 2008, 593).

Nevertheless food manufacturers such as Nestléft Kead Unilever are investing
considerably in nutrigenomics research, and attenbptmarket tests and related dietary
products direct to consumers can be observed @ew/h Wallace (2006, 44f.) identified 15
major research projects or research networks wtdrmational partnerships currently dealing
with “diet and genes”.

Public Health Genetics

The new field of “Public Health Genetics” promotgnetic testing as a powerful tool for the
prevention of common diseases that should be adogatel supported by public health
authorities. With a growing number of genetic testailable, human genetics is expected to
develop from a specialist medical field pertainmginly to those small groups of patients
with a risk of developing an inherited (and maintypnogenetic) disease into a significant
area of mainstream medicine. Predictive testing dasceptibilities to develop common
diseases such as diabetus mellitus and cancegasdex] to have potential importance for
public health medicine. This, then, possibly wountghly the development of public screening
programmes using predictive genetic tests goingobeythe scope of currently used
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programmes for newborn screening. A discussionRublic Health Genetics” has started in
many European Countries. The expansion of the reAdiuman genetics is promoted by
some human geneticists and public health authoegpyesentatives (e.g. the Public Health
Genetics Foundationwww.phgfoundation.org also contributions in Brand et al. 2007).

Critics argue that a public, preventive programmakimg use of predictive testing for

population screening is doubtful in many cases wtjard to its effectiveness and must be
regarded as violating the guiding principle of geneounselling to date, i.e. a deliberate
individual decision to use genetic tests. For N.Hultzman, there is no need to expand
genetic screening beyond the newborn screeningmlyrused, and, according to Holtzman,
the most important role for public health is thguiation of the private genetic testing market
(Holtzman 2006, ref. also Schmidtke 2007, van derl® 2007). Promotion of public health

genetic programmes is held to be premature angdcestimate the current clinical relevance
of probabilistic testing for susceptibilities; irddition, it distracts the health authorities’

awareness away from improving bad environmentalditmms as a salient cause of most
common diseases. As such, public health genetics iwedanger of supporting deterministic

views of the relation between genetic status asdadie (Holtzman 2006, Henn 2007).

Problems of Quality Control

With the expanding market for genetic testing, ¢hisrgrowing concern about lower quality
in testing services. With new private supplierseeng the market and with expanding testing
options that open up economically promising tesfmgwidespread common diseases, the
“market” might get out of control, and the qualdf/testing and counselling might no longer
be guaranteed. In 2001, the European Parliamérgimporal Committee on Human Genetics
and Other Technologies in Modern Medicine” statedts report to the Parliament: “...
genetic testing procedures are becoming increasgsaghmon, since tests are carried out not
only in specialised hospitals, but also in testadgoratories and to some extent are offered
directly to patients. In Europe the number of labories performing genetic testing services
is rising: Although genetics specialists and preif@sal organisations have made many
moves to promote quality assessment, genetic tesemvices are provided under widely
varying conditions and systems of rules” (Tempo@oynmittee 2001, 58).

A study coordinated by the European Joint Rese@etiter (Ibaretta et al. 2004) in 2002
identified 751 laboratories providing genetic tegtiservices in 21 European countries (in
addition, 936 centres or laboratories were iderdifihat were thought to offer genetic tests,
but for these, the information was incomplete). $hely found the laboratories' participation
in any quality assurance scheme to be insufficieat. around 46% of the 151 laboratories
investigated for existing quality control systentbe study found no official quality
inspection or control in place. In 27% of labor&er genetic testing was carried out without
participation in any (deliberate) external qualdggsurance scheme (EQA) (lbaretta et al.
2004, 1231). The same study found “... that testorggenetic diseases has rapidly moved
from the laboratory to the medical practice andthis process, issues of quality require
adequate attention”. Although the study found diflabd standards and many examples of
good practice all over Europe, there was also adeatence of deficiencies in the technical
quality of testing services as well as in counsglland interpretation of results. The study
found these deficiencies to be partly due to thpaasgion of testing practice beyond
established communities of medical geneticistsgertetic counsellors. As a future challenge
to quality control, the study mentions reachingt“bayond the ‘core’ genetics community to
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related disciplines and laboratories, which areimatlved in the existing networks” (Ibaretta
et al., 1234). The current development of genetacice thus gives rise to warnings that
with new actors entering the market, the qualitytoa so far provided for by professional
and ethical standards - as stipulated in guideliokegrofessional associations or public
authorities (comp. 2.3) - are no longer guidingegentesting and counselling practice.

2.2 Ethical, Legal and Social Aspects of Genetic $&ng

What are the main subjects of discussions on getedting? In other words, what are the
main problems that are addressed when it comesaoating the pros and cons of genetic
testing? There is a broad range of literature als8l on the ethical, social and legal aspects
of human genome research and genetic testing (ESM&jst national and international
human genome research programmes are generallyjnpacged by research on the ethical
aspects and possible social consequences of gemestinog (as well as human genetics
research in general). The European Union has mddeg@ contribution to promoting such
research by reserving funding for social and ethieaearch in the Research Framework
Programmes. Starting from FP3, a standard compafetimte Framework Programmes has
been a programme dedicated to bioethical reseakoh.overview on current research
activities in the field of ESLA genomics is avaikalirom the ERASAGE consortium (20086,
the European Research Area on Societal Aspectseobi@ics), to which partners from
eleven European countries contribute.

Aside from research activities, many internatioald national bodies have initiated
deliberations and reports on the social implicatioof genome research and genetic
counselling and have developed recommendationthéoquality control of applying genetic
testing in medical practice as well as for policgasures with respect to regulation and
control. The European Parliament set up a “Temgocammittee on human genetics and
other new technologies in modern medicine” tha001, provided a “Report on the ethical,
legal, economic and social implications of humamegies”? In 2004, the report of an
independent expert group set up by the Europeann@ssion on “Ethical, Legal and Social
Aspects of Genetic Testing” was published (McNa&ltyal. 2004a, 2004b). A document that
is most likely to gain seminal attention in Eurojge the “Additional protocol to the
convention on human rights and biomedicine conogrgenetic testing for health purposes”,
recently released by the Parliamentary Assemblyhef Council of Europe (COE 2007,
2008).

The ethical, social and legal aspects of genesting have been the subject of many
technology assessment studies carried out fronedhg 1990s in many European countries.
An overview and synopsis of the issues and findings 18 technology assessment studies
was provided to the Eurogentest Network of Exceke(VIWTA/Eurogentest 2005) by the
technology assessment institute of the Flemishid?aeint (VIWTA). The Eurogentest
network can be regarded as the most outstandingitpcdf European professionals in
genetic counselling and in human genetics reseg@reparing the ground for a harmonised

2 The exchange of views on the report did, howeveread to any decision or a formal common pofntiew
of the European Parliament.

12



and high-quality supply of genetic testing in Ewgo/ork on the ethical and legal aspects is
one of the focal activities of the network (www.egentest.org).

The following pages provide an overview of a seiselties and problems that after more than
15 years of discussion in science, in politics andhe general public can be regarded as
forming the core of deliberations on social, legatl ethical aspects of genetic testing. This
summary to a great part draws on the findings @ tiichnology assessment synopsis
provided by VIWTA and the results of an internatibmorkshop that was organised in the
course of preparing the synopsis (VIWTA/Eurogene€is).

Concerns and demands for regulations on and etbiaatlards in the provision of genetic
testing in general are based on the sensitivitthefpersonal data and information conveyed
by genetic testing.

Since genetic tests make it possible to predicfuhee health status of the person
undergoing the tests (or of this person’s offspyitigeir outcome can imply a
prediction of a harmful fate to the patient or otigvithout any possibility for the
individual to obtain medical treatment or an efiieetherapeutic intervention.

Information about a person's genetic status cahtkediscrimination by excluding

the person from particular jobs (for which a paiée genetic trait might indicate a
risk) or from health insurance (because of forelsieeacreased health care costs that
might be indicated by a person’s genetic status).

As discussed above, for the genetic testing formomdiseases, the way in which a
genetic trait contributes to the onset of a diseasemplex and widely unknown.
What a positive or negative result from a test thdicates a (often only slightly)
increased risk of getting a disease means forsopes difficult to assess in terms of
clinical validity as well as clinical utility.

These factors may lead to problems for individ@ald society at large as well as to questions
regarding the need and options for ethical andlijcai principles and rules that have to be
obeyed in order to guard against the misuse omaletital practice of genetic testing.

Free Choice and Deliberate Use of Genetic Testing

In a liberal society the fundamental individualhtg can be considered to include access to
(and make one's own choice with regard to) medreatment and diagnostics that may be
helpful for improving one's health condition or tlzan help an individual make decisions
regarding life style and health. Thus, a personth@sight to make use of genetic testing just
as of any other medical treatment or procedureth@rother hand, an individual may not be
forced to seek genetic testing against his or hélr Whe principle of free choice and the
possibly problematic character of information gdiri;om genetic tests require that genetic
testing may not be carried out without a persorfdi@t consent, i.e. that nobody should
undergo a genetic test without his or her knowledgeagainst his or her explicit will.
Whereas this principle in itself appears to be mtested, it can be impeded by many factors.

An obvious problem exists in case of a person wimtd intellectual impairment is unable to
make an informed decision as well as in the caseniobrs. It can also be argued that
individual choice is always affected by the soeiaVironment or culturally shared values and
preferences. In the case of genetic testing, thialsenvironment (family, friends) might, for

example, influence a pregnant woman'’s decisiorawodir or against a prenatal test to avoid
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giving birth to a child with a genetic disorder. time case of prenatal genetic testing, it has
often been stated by women’s organisations thavittlely established practice of testing has
now created a social expectation which compels wotaaindergo prenatal testing (as their
“duty as a mother”, so to speak). Organised grafpdisabled people argue that the choice
for or against genetic testing is guided by cultynaejudice regarding views on what is
regarded as normal and abnormal. The possibilityaaking the genetic (biological) cause of
disabilities might increase the tendency for ditas not to be regarded as a variant of the
human condition but as a disease that “should beided”, particularly when the
socioeconomic costs are taken into account.

The Right to Know and the Right Not to Know

Knowledge about one's own genetic condition mustdgarded as an essential individual
right, since this knowledge (in the case of predécgenetic testing) can inform important
choices with regard to a person's future life. @a other hand, the character of genetic
information may in some cases motivate a persodetmde not to know about his own
genetic condition, in order not to encumber hispn life with the burden of the knowledge
of the inevitable onset of a severe disease irfuthee. A right “not to know” is even more
important since an individual's knowledge aboutdvisy genetic condition (and the possible
future state of his health) in many cases impliesvkedge about his relatives to be carriers
of the very same genetic trait. It is thereforeeasial for the rights of relatives to be protected
against unwilling disclosure of genetic informatidm practice this may confront patients and
doctors with a dilemma since they know about theegje condition of relatives, yet do not
have the possibility to decide whether these aéticthird persons want to know about the
result or, on the contrary, would reject this oppoity to know about their own genetic
status.

Informed Consent

Due both to the often complex nature of genetiormiation and to the serious consequences
this might have for a patient, it is decisive fopatient to be able to provide their informed
consent. To be able to give this, they need congm&kie and scientifically based
information about the meaning and possible consempse of testing results. In order to
empower a person to make a deliberate and freeelioi or against genetic testing as well
as to allow for an informed decision on the conseges to be drawn from the result, the
person needs information and possibly psychologiopport. Consequences may have to be
drawn with regard to the client's own life plannimgth regard to third parties for which the
result might be meaningful as well (right not toolnfor relatives) or in case of prenatal
testing with regard to the continuation or intetrop of pregnancy.

The principle of free choice and the frequentlyicglly sensitive character of the decisions to
be made (e.g. in the case of abortion) necessitiaé¢the client make his own decision and
not be overruled by his doctor or genetic counselds a result, professional associations
have established the principle of non-directivernsalling in their guidelines for counselling
and genetic testing, which means that the counsepart is to provide the best available
information about the usefulness and possible apreseces of a gene test to his patient, but
not to lead him to a decision for or against the,teeaving this decision totally up to the
patient himself (Council of Europe 2007, Eurogeng&97). While there are no doubts about
this principle, the question has been raised whethis practicable in the patient-doctor
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setting where the patient asks for advice) It idl Weown and often criticised by human
geneticists and genetic counsellors that in everyatactice neither proper information that
would allow for informed consent nor non-directigeunselling is provided for. Whereas
most actors consider informed consent and non4tregecunbiased counselling to be a
prerequisite for testing, most professionals théwese- as noted at an expert workshop and
confirmed in a review of a set of recent technolaggessment studies on genetic testing -
“consider that even though the regulatory frameworkpre-test counselling is available, the
concrete implementation of counselling is still ronted with practical difficulties ... in
many cases, resources are lacking to offer systeraatl comprehensive pre-counselling
services” (VIWTA/Eurogentest 2005, 22). Expertsress their concern about the fact that a
growing number of the tests are being carried oithomt any counselling at all. For
Germany, statistics show that around 40% of sudistevere done without genetic
counselling at the end of the 1990s (Hennen &0dl1, 53f.).

Genetic Data and Privacy

Genetic testing produces information and data an dhrrent or future health or (more
generally) physical status of a person. This infaion, like any other medical information,
must be protected and not disclosed to other psrdbhas, however, been debated whether
genetic data are particularly sensitive (since t#eypredictive) and therefore require special
privacy and data protection regulations or whettiex principle of confidentiality that
currently rules the medical sector is sufficienptevent the misuse of genetic data.

There is a broad consensus that genetic informatiag not be revealed to third parties
without the explicit consent of the patient. Thiexehowever, constant debate about the use of
genetic data for research purposes. Recently,ngeing construction of biobanks has caused
debate on whether these biobanks provide suffigieatection to anonymise the personal
data used. Also discussed is whether researche the explicit consent of clients or
patients to store their data and specimen, or vehdtie principle of explicit denial by the
client would be sufficient with regard to data pmaton and confidentiality
(Revermann/Sauter 2006). Also with respect to theerging field of testing for genetic
variants that are associated with drug metabol@mar@macogenetics), it has been discussed
whether testing can be used to gain knowledge alitbet genetic traits carried by the patient
and whether strict privacy rules should therefarghovided for (Kollek et al. 2006).

Discrimination Against Individuals and Groups

A permanent thread in the debate about the paaticsgnsitivity of genetic data is the
particular interest that insurance companies angl@rars might have in obtaining predictive
genetic information about employees or about apptg for health or life insurance.
Employers — whether to avoid the costs arising frantikely disease or to protect an
employee’s health - might be interested in knowalgput the genetic status and any
genetically induced susceptibilities to developindisease in the future or susceptibilities to
react to certain toxicants that the worker mightento deal with in the workplace. There are
concerns that employers might use genetic teststheh clinically valid or not, to select the
“best” employees and discriminate against allegg@lyetically less fit ones.

Insurance companies are suspected of being inderéstgenetic data about applicants for
insurance in order to exclude so-called “bad risk€. to exclude carriers of certain genetic
variants that imply a higher than average risk efadoping a disease, or only to provide
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insurance at increased rates. Insurance companmsmy countries have declared that they
are not particularly interested in using these ,data in Europe up to now only a few cases
have been documented of insurance companies' aplbyars' attempts to ask for a genetic
profile. Concerns nonetheless remain that, withegertesting becoming a part of standard
health care, employers and insurance companiesnvéke use of genetic data. Insurance
companies have also stated that they might nea@dkdor a genetic profile of applicants in

order to protect themselves against countersetecti@. customers asking for a high

insurance sum because they know about their gemstic

The prohibition of the use of genetic data by iasige companies and employers is thus a
major issue in debates about legal regulationsgkmetic testing. The UNESCO (2003)
declaration on the protection of genetic data stateArticle 14 that data which can be
connected to an individual person should not beakad to employers, insurance companies
and educational institutions (or to families) witihdhe explicit consent of the patient. The
Austrian law on genetic testing explicitly proh#ihe use of genetic data by employers and
insurance companies. A similar stipulation can tenfl in the Council of Europe’s draft
additional protocol to the Convention on Human Rsgind Biomedicine concerning genetic
testing for health purposes (COE 2007). In Germamgyrance companies have declared -
for the time being — that they will abstain fronkiag) for genetic testing results. In the U.K.
the government and the Association of British lessirhave agreed on a moratorium on
insurers’ right to use genetic data for contractsl 2011 (Mittra 2006).

Social Stigmatisation

Genetic testing has also been the subject of Itengdeng debate about the stigmatisation of
and discrimination against social groups that dijenetically from the culturally fixed
“normal” genetic make-up. Groups of handicapped afidabled people (or their
representatives and spokespersons, parents ofatisainldren) often complain that they feel
stigmatised by the fact that genetic testing islusgrenatal diagnosis for the condition they
have. The issue of genetic stigmatisation alludeshe concept of eugenics that was
widespread in many Western countries at the enthefmineteenth century and up to the
middle of the twentieth century, influencing pulttiealth institutions and being used in Nazi
Germany to legitimise programmes to systematicatliyihilate persons with “abnormal”
genetic traits. Today, experts in human genetio$ genetic counsellors do not regard
themselves as pursuing a “public health” progranohénproving the genetic pool of the
population, as had been claimed by the eugenic mere The aim of genetic counsellors is
to support individuals when making decisions abibwt state of their own health. In this
sense, the principle on non-directive counsellmgegarded to be an essential feature that
distinguishes current genetic counselling radictityn any eugenic programme. It has been
argued by some critical observers of current gertesting practice, however, that a shift in
what is now considered to be “normal” and “abnofnmalght occur as more and more
genetic tests enter medical practice. A “backdamretigenics” may be opened by an
undercurrent consensus of rejection and stigmatdisaf people with certain genetic variants,
which for instance would make it culturally unactadye for parents to decide to give birth to
a child that is genetically handicapped followingasitive prenatal diagnosis (Duster 1990,
Nelkin/Tankredi 1991, Waldschmitt 1996).
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2.3 Guidelines for Testing and Counselling

At the European level, there are no binding legajutations that specifically apply for
genetic testing. Nor, as confirmed by a survey cectetl by Eurogentest among human
genetic societies in 38 European countries, isthary legislation directly related to genetic
counselling in the great majority of European coest Only Austria and Switzerland have a
specific genetic testing law dealing with and regjalg some of the above-mentioned ethical
and legal questions associated with genetic teskingiost countries, however, professional
guidelines for genetic testing and counselling Biste Eurogentest found only six countries
with neither legislation nor professional guidengurogentest 2006; for an overview of
guidelines for genetic testing in Europe: Borrgket2007).

In the following, we roughly summarize the stipidas found in the most recent documents
on legal regulation for genetic testing and sewi@ch as the protocol of the COE (2007).

Principle of Non-Discrimination

Discrimination against a person, either as an iddal or as a member of a group on grounds
of his or her genetic heritage is prohibited, andasures to prevent discrimination or
stigmatisation should be ensured. The principlenaif-discrimination may be fostered by
more concrete measures as e.g. in the Austrian ti@eDegnostic Act which explicitly
prohibits the use of genetic testing by insurararemganies and employers.

Quality Assurance of Genetic Testing Services

The quality of genetic testing must be assured uglified personnel carrying out testing in
laboratories. This can be promoted by requiringotatories to take part in a quality
assurance programme or by obligatory accreditatidicensing of laboratories.

Principle of Clinical Validity and Utility of Genet Testing

The clinical validity and utility of tests is reghked to be a self-evident prerequisite of good
practice in genetic testing. How this can be pub ipractice is subject to discussion.
Measures range from laboratories and clinics re@pptheir data on the clinical validity of
tests to obligatory approval of new tests by a udlithority before they are marketed.

Health Purposes

With regard to genetic testing carried out for Heglurposes and tests that have important
implications for the person concerned or family rbens, it is required that the test be
performed under individualised medical supervidigra doctor.

This may also include the performance of genettirig being generally only permissible
after referral from and under supervision of a roaddoctor. In the Austrian and Swiss
Genetic Diagnostic laws, genetic testing is nadvadld for any other purposes than medical
ones.

Genetic Counselling (Informed Consent)

Genetic counselling by a qualified person is regdrtb be obligatory before and after a
genetic test is carried out, in particular for pecéde testing for a monogenetic disease. It can
- as in the Council of Europe’s draft protocol smlbe regarded as obligatory for tests
serving to detect a genetic predisposition or @ejtibility to a disease as well as for carrier
testing.
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Genetic counselling must be performed in a nonetire manner, providing the best
information and knowledge to the client withoutediting him towards a particular decision.

Informed Consent

A genetic test may only be carried out after anviddal has given his or her free and
informed consent. The consent has to be documented.

Specific criteria have to be met before a test lbancarried out on a person not able to
consent, specifically when the test is for his er tirect benefit or (in exceptional situations)
when family members might benefit from it. The apm of minors is given more or less

consideration depending on their age.

Privacy and the Right to Information

A person undergoing a genetic test is entitledniovk any information collected about his or

her health derived from a test. Any data obtaineninf such a genetic test may not be
forwarded to third parties without the explicitallance of the person concerned. These
principles are most frequently relevant with regarthe submission of human DNA samples
to Biobanks for research purposes.

Right Not to Know and Information of Relatives

When the result of a genetic test can be relevatite health of relatives of the person tested,
the person tested has to be informed. The rigiammily members not to know has to be

protected. More detailed professional guidelineguire in-depth counselling of the person

tested on whether and under which conditions t@rinf relatives about the possible

implications of the test for their health (e.g. &gentest 2007).

18



3. Direct-to-Consumer Genetic Testing

The current testing practice is still dominated dBnetic counselling centres situated at
universities and a few doctors in private pracspecialised in human genetics. No one
institute or doctor can offer genetic testing atalaoratory service for all known genetic
disorders. Genetic counsellors draw on severalrédboes specialised in particular tests to
which they send specimen from patients for analyli® sequencing techniques necessary
for tests require certain equipment and, above exdperienced and well qualified staff.
Besides professional codes of ethics, the fact texetic testing requires particular
equipment, a trained staff and is time consumirg Uil now restricted the availability of
genetic testing. As has been noted above, somdogenents indicate that this situation is
changing. The classical model of genetic counggllivas (and still is) meant to be a
particular service for a particular segment of plogulation to whom diagnostics and advice
was supplied with regard to a single genetic camdlifor which the patient has (due to family
history or symptoms) reason to believe he is aerafue to new technical developments it
is today at least conceivable that a family doctould offer routine testing for a series of
genetic disorders that are associated with comnemasges such as cancer, diabetes and heart
disease.

An indication of a change that is probably even enproblematic is that start-up firms,

doctors and laboratories enter the market offegagetic testing directly to consumers and
thus circumventing the established institutionatiisg of genetic testing. DCGT can be

regarded as a phenomenon whose emergence is fgpgrseveral of the above-mentioned
trends in genetic testing.

The availability of genetic tests for common dig=aand susceptibilities to common
diseases opens an economic option for companiedapeng genetic testing assays or
kits as well as for companies offering servicea@rivate basis directly to customers.
The market for Mendelian inherited diseases hadeen attractive for private
companies because of their low prevalence. ltistplossible to doubt that there is
much money to be earned from DCGT. Yet the perspesctor DCGT at least appear
to be attractive enough as a consequence of sustigptesting for more and more
companies to position themselves on the markeeapbbre their economic potential,
particularly since more and more gene tests formomdiseases are expected to
become available in the near future.

Technical achievements such as the developmenaf icroarrays reduce the
technical and financial barriers to a private mafke genetic testing. Tests can be
carried out with little investment in equipment aralning of personnel, at a price
that makes it attractive for private customers.

Genetic testing is on its way to becoming an optarpreventive medicine in
general. It is discussed as a new important pinglaith option, and the perspectives
of pharmacogentics and nutrigenomics make newcéitteamarkets become visible.
These perspectives meet with a general trend (hdtte public's perception as well
as in health care policy making) to give emphasisdividual prevention of disease
by living up to certain lifestyle recommendatiorssveell as by making use of
diagnostic monitoring of one's health status. it taus be expected that a bigger part
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of the general population will be inclined to malse of genetic testing services (even
if the costs are not covered by the public headtirise or by health insurance).

From the first appearance of offers for genetitingsvia the internet (in the U.S. and U.K.)
some six years ago, DCGT has become the subjedisotission (so far among expert
communities and advisory bodies merely) since jteaps that with DCGT genetic testing as
a health care service may get out of control. I é¢Risting setting of university institutes,
public insurance systems, specialised genetic &lons etc., it appears to be feasible to
restrict the application of testing to the “usefui® sort out what is sufficiently clinically
valid to be used in medical practice and to provide a high standard of support and
counselling for clients according to establishedtlglines for good practice (see above). This
guality of genetic testing is thought to be endaedevhen the system is circumvented by
DCGT. Concerns are expressed mainly by doctorseapdrts in human genetics as well as
by professional medical bodies and health autlesritlaus Bartram, Director of the Institute
for Human Genetics at the University of Heidelbargd former president of the German
Human Genetic Society, said with regard to a grgwand uncontrolled market for genetic
testing: “We have to prevent the formation of a ke&of thousands of tests that do not come
along with proper interpretation” (Lab-times, 1-Z20Q. 16). Bartram: “The market for
useless tests is steadily growing and operategdiogoto the mantra: send us some saliva
but don't forget the cheque” (p. 15). Whereas cleaticism of the misinformation of
customers, and bad quality of testing is utteredyganies offering genetic testing directly to
consumers claim to support the consumers’ righfre¢ access to new developments in
health care as a means of deliberate and selfrdigted prevention of disease.

The U.K. Human Genetics Commission (2003, 7) dsfiB€GT as “...any test to detect
differences in DNA, genes or a chromosome thatads provided as part of a medical
consultation.” This includes any genetic test aldé to the public outside the usual medical
control system. The Belgian Advisory Committee #io-Ethics uses the term "home-
sampling test". A sample of the material to beeies$ taken at home and sent to a laboratory
for analysis. The results from the laboratory tesescommunicated to the user by telephone,
mail, e-mail or secured internet access. The dafmiincludes a broad spectrum of tests,
from ancestry testing, paternity determination @menatal sex determination to heritable
breast cancer testing (Kaiser 2005; Barash 2006).

In the present report as well as in most of theudwnts dealing with DCGT, the term
"direct-to-consumer genetic testing" is used fastitg) services offered for health-related
genetic variants and polymorphisms. This includéere for so-called lifestyle-related
genetic testing that provides recommendations deggurdiet or everyday life (sports etc.).
Consumers are the target of a growing number @refbn the internet for paternity testing
and for ancestry testing. Paternity testing is eissed with serious problems for privacy and
data protection. In most European countries, seskstare not legal without the explicit
consent of the child and the mother concerned @etplicit request of a court. Paternal and
ancestry testing do, however, not address hedhlerke questions or involve problems of
interpreting results and consulting (since the ‘&enfingerprinting” process applied for
paternity testing is based on non-coding traitthef genome, which do not — at least to our
current knowledge — imply information about theltieatatus of a person). Paternity testing
thus has to be regarded as a special field of getesting and is usually not explicitly dealt
with in debates about DCGT (e.g. HGC 2003, 51).
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It is in fact the health-related purpose of the sewl the fact the test is supplied outside of the
established system of health services (withoutscheing covered by a public health service
or by health insurance, the referral by a doctorthe consultation of a medical genetics

expert) that give reason to discuss DCGT in thaecdrof the probable detrimental effects on

consumers and of a possible need for new or additi@gulatory arrangements.

With regard to health-related DCGT, there are nyaiwlo ways of providing genetic testing
to customers which are conceivable or can be faongractice and are thus discussed in
literature: advertising gene tests to the publit dinect sale to consumers.

3.1 Advertising Genetic Testing Directly to the Pulic

The standard means to forward genetic testing $toauers is for customers to purchase them
at their own initiative. Furthermore, advertisingedted at customers is a means to gain the
attention and interest of a potential customer thiid to increase the rate at which a test is
purchased. It is common practice for new diagnegscch as genetic tests) to be advertised
in medical journals by companies producing suctstes by laboratories offering diagnostic
services to medical doctors. It is, however, newgenetic testing that can be accessed via
medical practitioners to be advertised directlytite public. A case in point here is an
advertising campaign started by the American geosrmompany Myriad Genetics in 2002.
Myriad launched a pilot campaign in two cities ftsr BRCA test predicting predispositions
for hereditary breast and ovarian cancer. The ditheocampaign (via printed media, TV and
radio) was to make women aware of this new opt@npfeventing cancer and to motivate
them to ask their doctors for referral for a testudies carried out on the effect of this
campaign indicate that it led to an increased amem® of the test among doctors as well as
patients. An increased referral rate for genetinselling and testing services among women
with relatively low risk (no family history of breacancer) was reported (Mouchawar 2005,
Williams-Jones 2006). A second advertising campaigis launched by Myriad in 2007,
which announced a toll-free number that women c@alll in order to obtain information
about whether or not they should have a breastecapecedisposition test (personal
information from Stuart Hogarth).

The literature cites other examples for propagatmgl advertising DCGT. The British
Human Genetics Commission reports that Great SradBiagnostic Laboratories in the U.S
offered training courses in genetic testing forltiepractitioners and used these courses to
market their genetic testing products to suppaeirtadvertising of genetic testing to patients
via the internet (HGC 2003, 17). Sciona Ltd. an@abrSmokies Laboratories launched an
advertisement campaign for a variety of nutritioaald health-related genetic tests. In the
UK, University Diagnostics Ltd. launched a commaf@ampaign for a cystic fibrosis test
(Williams-Jones 2006).

The problems associated with advertising medicadipets directly to the general public have
been discussed for many years. Direct advertisesnfentprescription pharmaceuticals are
not allowed in Europe, while they are in the US.vAdising for prescription drugs is
critically discussed by consumer organisationsabse it may push the demand for drugs
from lay people.

Most lay people do not have the knowledge requicednderstand the clinical validity and
utility of pharmaceuticals offered. Advertising fgenetic testing directed to consumers can
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be regarded as a new (and in some respects) speaifiant of the general problem of
advertising for pharmaceuticals\dvertising for genetic testing on TV, in printy the radio

or via the internet is criticized for providing guistic explanations of genetics and exploiting
existing anxieties and widespread misinformationutlgenetic determinism that can make
lay people demand genetic testing from their phgsg In the case of Myriad Genetics’
campaign, it was shown that the information giverednsumers was seriously biased by - on
the one hand - overestimating the risk of gettirgabt cancer and - on the other hand - giving
incomplete information about the meaning of testilts: “Myriads advertising acknowledges
that only 5-10% of breast cancers will be heregitaut what is not mentioned is that the
BRCA test will, ..., detect positive mutations in pil7-25% of patients with a strong family
history (i.e., early age of onset, multiple affectamily members, multiple cancers, etc.).
Despite being an accurate test, it will still nobyade any useful information for 75-83% of
women with strong family histories — the heritabtamponent of their cancer risk remains
unknown and they continue to be at high risk. Fenmtlyiven Myriads less stringent access
criteria — one affected relative, which does nonstibute a strong family history — most
people purchasing testing will be found not to gaar mutation, which would have been
predicted by the person’s lack of significant fantilstory.” (Williams-Jones 2006, 95)

3.1 Direct-to-Consumer Sales of Genetic Testing

A laboratory developing and selling genetic testilegices normally uses several channels to
market its products. The test provider Sciona ntarkis test kits via direct sales agents,

health care practitioners, pharmacies and thenatdStatement of Sciona, US Senate 2006).
The possibility of directly contacting consumersened up by the internet has obviously

given a particular impetus to DCGT.

Marketing genetic testing directly to consumers lbarorganised by over-the-counter sales in
pharmacies or drugstores. In fact, one of the ficctlumented cases of DCGT was the case of
Sciona Ltd contacting the Genetic Services Subgrotighe British Human Genetics
Commission (HGC) because the company intended tkanha service called “You and your
Genes” via internet and via the cosmetics ret4Bedy Shop™. The genetic testing offered
was for natural variations in genes that are linkedhe way vitamins are absorbed and
harmful components of diet processed in the bodyspile the fact that the genes for which
testing was offered have long been known and thvaea consensus among experts that the
genes play an important role in the metabolism Sthiegroup of the HGC concluded “... that
there was not yet sufficient understanding of thteractions between genetic, diet and
lifestyle factors in determining future health”. &tsubgroup stated that testing for these
genes was not appropriate to be offered directlgaimsumers (HGC 2003, 18). Sciona has
now abandoned business in the U.K. and moved toUul® (US Senate 2006). The

% Since genetic testing is not a prescription dagyertising direct to consumers is not legally lehn

* “The Body Shop International plc. is a global mimoturer and retailer of naturally inspired, etliica
produced beauty and cosmetics products. FoundéeitUK in 1976 by Dame Anita Roddick, we now have
over 2,100 stores in 55 countries, with a rangewefr 1,200 products, all animal cruelty free, arghynwith
fairly traded natural ingredients.” (drawn from tlhebpage: www.bodyshop.com)
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possibility of purchasing tests over the countgsharmacies has been discussed as a possible
option of DCGT that should be taken into accountftother observation by the Human
Genetics Commission. The fact that in a countrg kike United Kingdom about 6 million
customers visit a pharmacy every day indicatesitleaiuld be an interesting business model
for commercial offers of genetic testing.

The main channel for DCGT - and obviously the oegarded as most promising by
providers of gene tests and related services hadrtternet. One way of providing genetic
testing via the internet is sketched in the follogvdescription of an offer for direct genetic
testing of predisposition to breast cancer (BRCAHl 8RCA2 gene mutation) from the
company DNA-Direct:

“At www.dnadirect.contonsumers interested in BRCA testing complet®d shline
guestionnaire that elicits their personal and famiedical history and information
about their ethnic background; the sites algorithses this information to recommend
a specific test. After paying with a credit card\R direct does not accept health
insurance) and speaking with a counsellor on thepteone, customers receive a
requisition signed by the company’s medical direettd a test kit to take to a
phlebotomist, who will draw their blood and sentbitvyriad Genetics, the only U.S.
company currently performing commercial BRCA testResults are provided to DNA
Direct, which makes them available to the custotinerugh a secure log-in on the Web
site.” (Wolfberg 2006)

In the example given above, the testing procedurelves some form of counselling and the
service of a specialist for obtaining the blood pEmIn many other cases, the procedure
often totally excludes direct intervention by a@pbst or medical doctor. In such cases, a kit
is sent to the consumer who collects a specimersdifnfnormally via cheek swab). The

specimen is sent back to the supplier, who usualhg laboratory facilities or cooperates

with specialised laboratories where the swabs an¢ for analysis. The test result then is
conveyed to the customer via a log-in at the welbmitdirectly via mail.

The central difference to the standard geneticingssituation in the context of the
established system of genetic counselling is thg mf@rmational support is (or rather is not)
provided in offers of testing via the internet.miay well be that there is no provision for
counselling at all except the written advice onwebpage. Counselling may be offered as an
additional special service at extra costs and atctistomer's request. It may be - as in the
example above - that a recommendation or at leasffar is given that the customer contact
a doctor or health practitioner from the comparg phone for counselling. In other cases,
the customer may be recommended to consult hisdmetor on the test results. In the case
of an internet offer on nutrigenomic testing witletdry recommendations that was offered
by Sciona Ltd. in the US the entire process applgréoilows a standardised non-personal
web-exchange procedure. Even the report contaitiiagresults of the diagnosis and their
interpretation as well as recommendations to tlentis produced by a software system (a
so-called “rules engine”) that automatically comgsininformation from the DNA diagnosis
with information read from a questionnaire on thetomers lifestyle (US Senate 2006).

One form of supplying DCGT that is under discussasrbeing particularly problematic is the
supply of complete self-testing kits that allow thestomer to directly read the positive or
negative result of the test from the kit at honmnparable to a common pregnancy testing

23



kit. As the U.K. Human Genetics Commission repdhis kind of consumer “do-it-yourself”
genetic testing is at least being discussed by sasna viable and appropriate option for
lifestyle and other less serious conditions orsimme pharmacogenetic tests. It is argued that
it might be sufficient in these cases to providétem advice or offer contact via a telephone
hotline (HGC 2003, 43).
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4. The Market for DCGT

The possibility of commercialising genetic testamgd counselling as an increasing number of
tests become available for common diseases waadglthe object of discussion and concern
in the 1990s. It was probably in 1997 that DCGTdmee the object of a public advisory body

for the first time. In 1997 in the U.K., a “Code Bfactice and Guidance on Human Genetic
Testing Services Supplied Directly to the Publicsapublished by the Advisory Committee

on Genetic Testing (ACGT 1997), a public non-goweental advisory board, whose tasks
were later taken over by the current Human Gen&asmission. The Code of Practice was
induced by services offered for cystic fibrosisrartesting direct to consumers.

During the following years, only individual casels@CGT were reported from the U.S. In
Europe, only a few activities on the part of lalhori@s and biomedical companies to explore
the market opportunities of commercially offeringngtic testing had been observed (Hennen
et. al 2001, 60) when in 2001/2002 the (above-maptl) testing offer for diet and lifestyle
related genetic traits by Sciona Ltd. promptedHluenan Genetics Commission in the U.K.
to set up a working group on the issue and pulaisbport in 2003 (HGC 2003). It appears
that in the following years, there has been rapa@wh in DCGT offers via the internet. In
the U.S., the growing number of DCGT offers andoswns about their doubtful clinical
validity and about the quality of counselling sees urged the Senate Special Committee on
Aging to hold a hearing on “At Home DNA tests: Matikg Scam or medical Breakthrough”
(US Senate 2006). In 2007, in the context of theparation of an additional protocol on
genetic testing for the Bioethics Convention, theu@ril of Europe supported an expert
seminar on DCGT held in Paris (COE 2007a, 2007he AGC continuously observed the
development of the market for DCGT and publishéollaw-up report on DCGT in 2007. In
the foreword of this report, the HGC states:

“Almost every time the HGC meets, we hear abowa test becoming available and,
simultaneously, about concerns regarding the tefisacy, utility or its implications
for individuals and their families. It is not yebssible to say whether we are on the
verge of an explosion in direct-to-public geneéisting or whether we should expect
merely a steady increase. [...] In particular, we aev seeing a burgeoning cottage
industry in so-called ‘lifestyle’ tests togetheithvihe regimens, dietary supplements
and self-administered medications that they arenwdal to indicate.” (HGC 2007, 3)

4.1 Supply - DCGT Offers via the Internet

It is obviously difficult to provide a complete aveew of genetic testing offers currently
available on the internet. In a systematic scarEnglish-language DCGT sites on the
internet, we identified 38 companies active in offg DCGT (see section 5 and Annex 1).
This is more or less in line with the findings betUK Human Genetics Commission (HGC
2007, 31f.) and a list recently published by Holgat al. (2007).

Some of the web pages offering genetic testingoameed by large, established laboratories
or pharmaceutical companies that provide genesitng as one of their services (as far as
this can be deduced from the web pages). Theralsmeeompanies obviously founded for the
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purpose of selling one or a set of genetic testienyices to consumers. These either market
their own test kits or cooperate with laboratofmsthe technical part of testing. Many of the
companies offering DCGT present evidence on theip wage of a professional background
and expertise in genetic testing. Some recommendutiation of a doctor before testing,
others provide ample written information about swentific and medical background of
particular testing offers.

Overviews of offers of DCGT on the internet (HGQ3Y have shown that the range almost
covers the entire set of currently available gersst A few (often those from established
laboratories) focus on well-known genetic disordersesting for predispositions towards

hereditary diseases such as carrier tests forccyitiosis, BRCA hereditary breast and

ovarian cancer predisposition, haemochromatosajcgima and others (e.g. Medi-checks).
Some offer pharmacogenetic testing, such as astimmg response (Consumer Genetics,
Mygenome.com), or an entire test system for sev@N#Ps associated with metabolism of
drugs (“drug response panel’, DNA-Direct). The mjoof the offers comprises testing for

susceptibilities to common diseases (cancer, degbétlzheimer) and for so-called lifestyle

or diet-related (nutrigenomic) purposes.

DCGT for so-called “lifestyle”-related genetic tisuare based on SNPs for which a statistical
correlation is associated with a more than avereeof developing common diseases such
as high blood pressure, diabetes, or obesity. Dikpgron the test result, the company gives
recommendations on how the client may reduce higibke by changes in lifestyle, such as
dietary habits or sports. Companies offering thmgllof testing usually (rightly) state on their
websites, that their products would not test feedse or predisposition towards disease. The
scope of offers includes athletic performance (@ggeDirect), alcohol and caffeine
metabolism (Consumer Genetics), lipid and glucostabolism (Genetic Health) and others.
Tests for nutrigenomic or lifestyle testing is ofteonnected with offers for purchasing
particular dietary supplements that are recommended (allegedly) tailored to the
individual needs of the customer depending onresstlts (Salugen, Sciona, Holistic Heal).

A new trend is marked by recently founded companftgeCodeMe, “23andMe”,
Navigenics, SeqWright) offering a general checlkfindividual’s genome for all SNP gene
variants that have been associated with any phprotigatures including increased or
decreased risk of disease. A further step wouldheetotal sequencing of an individual
human genome, which would then convey informatioraay known genetic trait. Such an
offer is made byGATC and Knome,but because of the high price (of 300.000 US$)ehes
offers are directed towards scientific instituti@ighe moment. How this information would
be forwarded to an individual customer and with wkiad of counselling is unclear. At
present, apart from a set of specific suscepthiiéists, the aforementioned suppliers offer an
all-inclusive test for known genetic variants asataxl with susceptibilities for disease or
behavioural traits and abilities (sports, inteliige). 23andMe and DeCodeMe offer regular
updates of this information as research on the Inugemome proceeds. DeCodeMe offers to
“scan over one million variants in your genome thwiegular updates for new gene variants
discovered, a “calculation of the risk for 26 dses and traits” plus ancestor testing. The
entire service costs $985. In September 2008, 28aneduced its price for the genome-
wide SNP scan from 1.000 US$ to 400 US$. Due tptiee evidence for the clinical validity
of testing for most SNPs and owing to the complexl shus meaningless information
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forwarded to the customer, experts regard thisicer@s useless for lay people. Nothing is
known about the acceptance of this service soafad, it remains an open question whether
this kind of offer will really be able to create aoonomically interesting market.

It is not impossible that we will be confronted lwid completely new concept of genetic
testing in general in the future, which is promoteih special emphasis by 23andMe.
Genetic testing has been offered by 23andMe asa@ & “lifestyle” activity for people
sharing and comparing their genetic make-up onbneeven at gene-test parties (“spit
parties”) in order to build communities according their genetic particularities (Salkin
2008). If this kind of service is accepted by aevaiht number of persons, including the
voluntary posting of their genetic data in "genomearial network rooms" on the internet,
then the hitherto ethical and legal consideratiais be completely overrun. Taking into
account the kind of personal information peoplerayeadays willing to present publicly on
the web, the vision of every one's genome in atgiatabase still seems futuristic, but no
longer phantasmagoric.

4.2 Demand - Public Attitude Towards DCGT

Little is known about the public demand for genétisting. In some general surveys (Hennen
et al. 1996, Eurobarometer 2006) it appeared thatgeneral public's knowledge about
genetics in general and genetic testing in padicid quite limited, but despite (or perhaps
due to) that lack of knowledge there is a tendetocgasily accept genetic testing services
since they appear to offer medical help for seridisgases. In an opinion poll and focus
groups on genetic testing, the British Human GeseCCommission (HGC) found little
awareness or interest in DCGT. Sixty percent gpaadents in the UK-wide representative
survey said they were “unlikely” or “very unlikelytb use “home genetic testing” whereas
81% were open to testing if it is offered by théactor. The HGC took into consideration
that this widespread reluctance toward using haaekits could dramatically decrease once
tests were freely available on the market, as wascase with pregnancy home-test-kits
(HGC 2003, p 19).

A study published by Goddard et al. in 2007 on oames' and physicians' awareness of
testing available for detecting genetic variantssoamted with physical digestion
(nutrigenomics) in the U.S. found that 14% of thg people answered that they had heard of
such testing possibilities. Awareness of nutrigerom@sting among physicians (according to
their answers) was 44%, and 11% of the physicisagpanded that they have been
approached by patients asking about nutrigenonstintg This might be remarkable as
testing is a rather new option at the market. Hsellts, however, do not give the impression
that new forms of genetic testing (mainly offeradanlvertised by private companies) are
already a major success. People still do not appelae very aware of genetic testing for the
average population (i.e., are not aware of carrgngarticular genetic risk on the basis of
family history). On the other hand, even takingpiatcount that a large portion of the 14%
claiming awareness of nutrigenomics may have giatse answers (not willing to show their
“lack of knowledge”), the fact that Goddard et fdund more young, well-educated and
affluent persons among the 14% indicates that geromics might be attractive at least to a
lifestyle oriented segment of the population. Thecess of the advertising campaign
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initiated by Myriad Genetics also shows that adsirg might well easily lead to a shift in
attitudes by appealing to widely shared anxietimsudcommon diseases (like cancer).

There is no information available about sales rafesxisting DCGT suppliers. According to
the U.S. Government Accounting Office, a companthmU.S. in 2006 estimated that it has
sold over 35 000 nutrigenomic tests to consumees afarting business in 2003 (GAO 2006,
2). Experts and practitioners in genetic testing eounselling, however, support the notion
that DCGT is still a niche market. Some nevertreleport about patients asking for their
advice concerning offers of genetic testing theyehseen on the internet. The development
of the market will depend on the general publigis@ness of genetic testing available for
common diseases. This awareness might increasecfvatmuing media reports on new tests
becoming available. These reports, just as aduggtsampaigns, normally do not care much
about the details of the scientific discussion lé fclinical validity and usefulness of
particular testing options. Together with the iasieg salience of “prevention” in public
health systems this might push the demand for DCGT.

The decrease in costs for genetic testing couldrbadditional factor accounting for rising
demand. Costs for genetic testing vary greatly dejpg on the gene variant tested. A study
on nutrigenomic testing offered by four suppliers the internet in the U.S. found that costs
for testing range between $89 and $395 (GAO 2006, 2

Some experts also see the future development oDMET market as dependent on the
ability of policy makers and the public health caystems to convince the public that they
will get what they need (in terms of genetic coulivsge and tests) from the publicly funded
health care systems, and that options not coveyeldebpublic health care system are lacking
in clinical usefulness.

A particular motivation to purchase DCGT — one tisabften also portrayed by suppliers of
DCGT, e.g. in the U.S. Senate hearing on DCGT (&fa& 2006) - is circumvention of the
public health care system. Customers might feamigathe results of testing on their personal
health records, which might open up the optionthiard parties (insurances, employers) to
get access to these data. This is supported bghlibkervation of the U.K. Human Genetics
Commission “ ... that one important reason why peapbelld access direct genetic testing
services was to ensure that the results were esept on their GP records and therefore not
likely to be disclosed by the GP in preparing altheeeport for insurers and employers”
(HGC 2003, 35)
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5. Assessment of Websites of Companies Offering DAG

A systematic scan of the internet was carried oubrder to gain a deeper insight into the
scope and quality of DCGT offers that are easilyeasible for consumers. The focus was on
companies offering DCGT for health purposes andpfmposes linked to diet and lifestyle.
Companies exclusively performing paternity and atrgetesting were not included, since the
related issues and concerns are different.

Selection of Websites

The scan started from available listings of DCGbweages (Hogarth et al 2007) which were
used as reference to check comprehensiveness. glé&search was conducted using the key
words “home test” + “genetic”, “nutrigenetics”, “getic test” + “diet”, “personalized
nutrition” + “genetic”, “genetic test” + “cancerAn initial list of 49 firms resulted, which
was reduced to 38 (Table 1) according to our gaitéor exclusion. As we were mainly
interested in what kind of offers the end-consunsar access directly on the internet, we also
ruled out firms which just advertised but did netl slirectly to the consumer (which is the

business model used e.g. by Myriad; see sectign 3.1

We assume these 38 websites to be a represensativgle of websites that the consumer
would find on the internet when he/she is searclgegetic tests for health- or diet-related
purposes that can be ordered without contactingraedical personnel.

Carrying Out the Survey

The 38 websites were checked in the period betvi®#6/08 and 15/07/08, following the
assessment form documented as Annex 1. The golaé cgiurvey was to collect some general
company data, to check the type of offers andébkerg procedure, and to assess the quality
of information available on the websites. The rissulere discussed at an experts' workshop
on September 22, 2008.

5.1 Companies and Tests Offered
Company Characteristics

Of the 38 firms, 32 are located in the USA, thne¢he UK and one each in Germany, in
Iceland, and in the United Arab Emirates (Table The dominance of US-based firms
probably reflects the actual situation, but dugh® restriction on English-language offers,
websites offered solely in other languages wereanoéssed in any case. So the results of the
survey cannot be regarded as being comprehensiaggtobal scale, but since the companies
often have international markets and due to thén@ogical leadership and the specific
openness of the US scientific and economic systersug novel biomedical applications and
enterprises, one can assume that the results shdeast relevant trends and thus give
important hints at recent developments.
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Table 1:DCGT companies evaluatéad the period 15/06/08 until 15/07/08 (if basedsods
the USA, country given in parentheses)

Company

23and Me

Acu-Gen Biolab Inc (BabyGenderMentor)

Carolyn Katzin's The DNA Diet

Consumer Genetics

Cygene Direct

deCODE (Island)

DNADirect

DNAPrint genomics

Eastern Biotech and Lifesciences (UAE)

GATC (Germany)

Genelex

Genova Diagnostics

G-nostics

GenelLink Biosciences/ Dermagenetics

Genetic Health UK (UK)

Graceful Earth

HairDX

HealthCheckUSA

Health Tests Direct

HIVGene

Holistic Health

Interleukin Genetics /Alticor /Quixtar

Kimball Genetics

Knome

Molecular Diagnostics Laboratories

Medi-Checks (UK)

Mygenome

Navigenics

NeuroMark

Proactive Genomics

Psynomics

Salugen

Sciona/Mycellf

SegWright

HIVMirror/ Smart Genetics

Smart Genetics /ALZ Mirror

Suracell

SureGene
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For 14 of the companies, offering DCGT is the ofigld of activity. For the other 24
companies, offering DCGT is just one of severafetddnt services. Their other activities
cover research in the field of human genetics,pddormance of non-genetic tests, or the
offer of dietary supplements. Further activitiesrowly connected with DCGT) are the
offering of genome-related social networking, didvice, different services for industry and
academia. In some cases, there is a link to haatlhwellness institutions.

Nearly half of the companies (17 of 38) carry dg laboratory work themselves, while one-
third of them explicitly outsource the laboratorgnk. The remaining 20% of companies do
not offer unambiguous information on this topic.

Type of Genetic Tests Offered

According to the categories of the assessment tmad, the number of companies offering
the different kind of tests are shown in Figuresée( Annex 2 for a complete list). Half of the
firms offer testing for genetic variants (SNPs) susceptibilities for multifactorial diseases
(cancer, cardiovascular disease, diabetes, neuraladjsorders and others), while only 20%
(8 companies) test for monogenetic Mendelian desegfor example cystic fibrosis), and
only one company tests for the fatal late-onsetdatie Chorea HuntingtoMédi-Checks

Twelve companies each explicitly offer pharmacogiengesting (specific response to
medical treatment) and "nutrigenetic” testing (SMBting on "risk factors" for genetic
factors related to personal diet).

A "complete” check of all currently known SNPs vadfered by four companig@3andMe,
deCODE, Navigenicsand SeqWright) while a total sequencing of the genome can be
performed byGATC and Knome Because of the high price (see below), theserofiee
aimed towards scientific institutions at the moméhtit this is expected to change as soon as
the announced $1.000 or at least the $5.000 gefidaalen 2008) shows up.

Several companies offer genetic testing for otkatures, some of them only related in very
general sense to medical aspects, such as geaeticd related to addictio@3andMeand
G-nostics) athletic performance 28andMe CygeneDirect and Sciong, or cosmetics
(Genelink Bioscienceslair DX, Suracel).

Non-health-related paternity and ancestry testmgffered by six and seven companies,
respectively, in three cases in the broader comk}amily inheritance” 23andMe, Eastern
Biotech and Lifesciences, SeqWrigh which aims to discover inheritance patterns and
relations between relatives without a specific ¢joesor goal.

Other individual types of offers are tests for desting of foetusesAcu-Gen Biolah)
infertility testing ONA Direc), premarital screeninge@stern BiotechandLifesciencef or
tests for mutations influencing HIV resistane#\{(GeneandHIV Mirror).
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Figure 1:Types of Tests Offered
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Testing Procedure and Role of Health Care Profesd®

Most of the companies (34 or 86%) offer a testfdithome use with the DNA probe (cheek
swab or saliva/blood) to be sent to the providerafmalysis. A total of 33% of the companies
offer test kits to be used under the supervisioa dbctor. Of these twelve companies, seven
advise the patient to consult his/her doctor, awvé fdvise the patient to contact the
company's doctor.
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Patients’ doctor Company’s doctor
Consumer Genetics DNADirect

Genova Diagnostics Genetic Health UK
Kimball Genetics Health Test Direct
Molecular Diagnostics Laboratories Knome

NeuroMark Suracell

Psynomics

SureGene

Results are never obtained directly at home. Theyabmitted to the client by letter (33%),
on line/by e-mail (76%), by telephone (12%) andéothe doctor stated (19%).

There is a wide variation in the mandatory or sstgg consultation of health care
professionals:

In most cases, the results are submitted to teataithout any option of consulting
an expen (41%). Some companies, suchHemlth Check USAurge the consumer to
discuss the result with his/her physician.

27% of the companies submit the results to thetleath the option of consulting an
expert.

19% of the companies submit the results to thecheth consultation as a
mandatory part of the process. For the comgsynomicdor example, which is
specialised in testing for neurological and relatessbrders, the consumer needs to
provide the licensing number of his/her psychigtgsice the result must be
interpreted by a psychiatrist. For the compEmyball Geneticsyou need to provide
your physician's details, NY residents need a signghorisation form”.

For the other 14 % of the companies, the websitesgno clear information on
whether the submission of results is connected @atisultation of an expert.

Some companies have different procedures, depermdirtbe residence of the consumer (in
relation to state-specific regulations) or depegdam the type of test (in relation to the
gravity of the disease to be tested for). The cam@nsumer Genetider example submits
the results to the client without the option of solting an expert, except for NY and CA
residents, who need a prescription from a mediceiat.

On the UK website of the comparyenova Diagnosticsthe following information is
provided: "The majority of our test kits can be dise your own home, but some Kkits
requiring a blood sample will need the assistarig@or GP/practice nurse, or could be taken

® An expert is interpreted as a health care prafessiand not necessarily as a genetic counsellor.
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from one of our Phlebotomy centres. Please noteithaccordance with UK Laboratory
regulations, results will be released to your méfgrpractitioner where applicable. If you are
not currently under the guidance of a practitiomes, are able to release the results to you;
however these should be taken to a practitionerirfarpretation and support." The US
website makes clear that consulting an expert maadatory part of the process ("only
available through licensed health care professipnal

At the companyDNA Direct all tests are first authorised by a medical dootothe basis of

a pre-test questionnaire and consultation. For tgemnests for breast and ovarian cancer,
infertility and recurrent pregnancy loss, a prd-teensultation is a mandatory part of the
process. If the genetic testing is performed YA Directs clinical servicespost-test
consultation is included in the service fees.

5.2 Scope and Kind of Information Available on theNebsites
Information on Qualification of Institute and Perstl

Apart from a general assurance of good quality kif tompany’s service (which was
highlighted by 71% of the websites), more detaitddrmation about the qualification (CVs)
of the management team and the scientific staff prvasented on 63% of the websites. Only
two of the 38 companies’ websites mention a menhijeref professional bodiesS(nart
Genetics/ALZ MirrorandHealth Check USPand only three mention that they are subject to
control by public authoritie2@andMe, SaluGeandSeqWright

Two-thirds (26/38) of the companies highlight theaientific advisory board, while only
seven (less than a fifth) mention an ethical adyidmard as well on their website. A total of
39% of the companies mention privacy guidelinesa(gaotection), 29% refer to the topic
informed consefif and 18% indicate other ethical guidelines.

Information on the Accuracy of Test Data

Overall, 63% of the companies mention that they casified by the US Food and Drug
Administration (FDA) according to CLIA (Clinical leoratory Improvement Amendments)
which defines quality standards for all laborattegting to ensure the accuracy, reliability
and timeliness of patient test results (see httpw.fda.gov/CDRH/clia/).

Thirty-seven percent of the companies’ website® gpecific information on the analytical
validity of the genetic tests offered (accuracyhs test identifying the biomarker), 24% give
information on the clinical validity (relationshipetween the biomarker and the clinical
status), and 16% give information on the cliniddlity (likelihood that the test will lead to an
improved outcome). In 47% of the scanned websitfgrence is made to expert knowledge
and/or scientific evidence.

Information on Genetic Testing in General and T&sécific Information

® Within the scope of this study, it was not exaedirto what exactly the consumer gives his/her méat
consent.
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On 61% of the assessed websites, information fopéeple is given on the scientific basis of
the genetic tests offered, whereas only 29% offearmation on genetic testing in general.
Thirty-two percent of the companies’ websites contaformation on the subgroups of
population suitable for testing or information dre tquestion of when a genetic test can be
useful and when not. Fifty percent of the compame&e reference to one or more scientific
publications.

Of the 12 companies offering pharmacogenetic tésis, present general information on the
topic of pharmacogenetics, the other eight do mptatn what pharmacogenetics is. Of the
twelve companies offering nutrigenetic tests, sewabsites give general information on
nutrigenetics.

A total of 53% of the websites give information which SNPs are tested. Three of the four
companies, which offer genome-wide SNP testing 1{d8&e, deCODE, Navigenics), deliver
information on the algorithms used to predict risk.

Information on the Necessity and Possible Methdd3oainselling

Ten of the 38 companies mention on their websibtes they offer counsellingCarolyn
Katzin’'s The DNA Diet, DNA Direct, Eastern Biotddfesciences, Genelex, Genetic Health
UK, Health Check USA, Kimball Genetics, Navigenisiart Genetics HIV Mirror, Smart
Genetics ALZ Mirroy, but in completely different wayKimball Genetics,for example,
delivers information on consequences in the form aofdetailed report with genetic
interpretation, recommendations and education, hwiscprepared by a board of certified
genetic counsellors and geneticists. @¢nelex counselling is offered for physicians and
patients DNA Directoffers separate counselling for customer23dndMe before and after
a genome-wide SNP scan, which is normally accongghanly by written information via
internet access.

Of the ten companies that offer counselling, sesrgianise the genetic counselling within the
company, and one explicitly outsources the coummggllto another DCGT firm
(HealthCheckUSAo Kimball Genetick Two websites are not clear on how they orgathiee
counselling Eastern Biotech LifesciencasdGenetic Health UK

Six of the ten companies offer counselling befagstihg, and eight after testing. The
counselling is performed via telephone in nine sasad two companies offer it in an
internet-based form.

Seven companies give information on the qualifaabf the counselling staff. Often it is not
clear what is understood by the term "counsellifiggtms as “board certified counsellor”,
“genetic representative” and “genetic consultagapert” are used.

Two companies make reference to a professional cdderactice $mart Genetics/ALZ
Mirror andDNA Direc). DNADirectandSmart Genetics/ALZ Mirromake reference to the
US National Society of Genetic Counselors’ Direzi@tonsumer Guidelines (which include
informed consent, privacy guidelines, laboratorytiieation, etc.), andDNADirect also to
the American College of Medical Genetics staten@nDirect-to-consumer-genetics (with
information on the scientific evidence).

Nineteen companies explicitly do not offer couriagll five websites give no information on
this topic, and four websites are not clear. Thengany Mygenomefor example says:
“Mygenome information services will provide a siraphterpretation of the test results and

35



guidance on how to use these results. We can afso you to doctors who can provide
appropriate care”.

Information on Consequencasd Actions to Be Taken

Forty-seven percent of the companies’ websiteseptesmiformation on consequences and
actions to be taken if the test result is positieed 37% give information on the
consequences and the actions to be taken if égative.

Some firms offer "specific" products related to thest results, especially dietary
supplementsSuracellfor example promotes an "age-management programchwconsists
of taking one or more of their proprietary nutritieals and follow-up urine testing.

Information on the Price of Genetic Testing

Seventy-one percent of the websites (27/38) gigardhformation on the price of the genetic
tests, but the heterogeneity in price levels ifidadilt to interpret. Prices for a genetic test for
monogenetic diseases range from US $70 to $42@faurmultifactorial diseases from US
$199 to $3456. General SNP risk factor testing scdsttween US $199 and $3456,
pharmacogenetic tests from US $175 to $630, andgeabmic tests from US $99 to $625.
The prige for a total sequencing of the genome W&s$156 900Knome or US $350 000
(GATQ'.

Other companies are not very clear on the totakpoiff the service. The compaBpluGen
for example asks customers to agree to a contoach inonthly supply oGenoTrim(US
$99), with a fee for early termination. Consumetowlo not read this carefully will have to
pay US $99 every month.

5.3 Quality Assessment of the Information Availablen the Websites

An in-depth quality assessment of the 38 DCGT effeith respect to their scientific
foundation, their clinical or other utility for th@donsumer and the ethical and legal status was
beyond the scope of the project. In order to gaitaited and comprehensive data, one would
have to perform real tests — an approach whichntgckas been chosen by some journalists
(Fleming 2008; Harmon 2007) and in the year 2006GHe area of nutrigenomic testing by
the US Government Accountability Office (GAO 2008).all these cases, results were more
or less shattering (the GAO titled: "Tests purchasem four web sites mislead consumers”;
GAO 2006) (see section 6.1). Analysing the conteinthe specific information or the
usefulness for the consumer would have requiredtien one hand a comprehensive
assessment of the possible medical value of the D@fers and on the other hand a detailed
analysis of how the information on these websgdaterpreted by consumers.

Quiality Criteria

Thus, the quality assessment of the 38 DCGT weds sibuld only be performed in a
guantitative (and thereby more "superficial" wayr this purpose, the presence or absence

" During the experts' workshop, a representativé&sATC doubted thakKnomereally can perform the total
sequencing at that price (or that the company @an money by doing this), because the chemicalermtag
needed alone cost more than the offered price.
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of the topic as such was counted on the websiteis. dpproach has recently been used for
assessing the quality of information accompanyingime marketing of home diagnostic
tests in general (e.g. for allergies, hepatitisHD/ or prostate cancer; no genetic testing)
(Datta et al. 2008). To our knowledge, our analyste first of this kind for DCGT.

As a basis for the comparison of the 38 websit2s}irfformation topics" were defined, the
presence of which was counted as a quality itenritarion (see Figure 2):

- Information on the qualifications of managementiésientific staff
- The company mentions guidelines on privacy and pliatgection

- The company mentions informed consent

- Certification

- Reference to scientific publication

- Information on analytical validity

- Information on clinical validity

- Information on clinical utility

- General information on genetic testing

- Information on consequences and actions to be takehe case of a positive test
result

- Information on consequences and actions to be takeéne case of a negative test
result

- The company offers counselling

The comparison (see Table 2) revealed that notleeofvebsites complied with all of the 12

quality criteria, and only one, that BNADirect, presented information on 11 items (only the
information on analytical validity was missing).xSivebsites (18%) complied with eight

criteria, and two with seven. Thus, only a quaf®88) complied with seven and more of the
12 quality criteria.

In turn, this means that three-quarters of the webgresent information only on six items or
fewer (see Figure 3). More than half of the welss{{21/38, 55%) complied with four or
fewer of the 12 quality criteria, and still onetfifof the websites (8/38, 21%) complied with
only two or fewer of the 12 quality criteria.

These numbers obviously should not be overratedinBuhe experts' workshop, it was
emphasised that irrespective of the quality of rimfation on single topics, an DCGT offer
can be senseless or even harmful if only one or ielevant points are missing (e.g. on
clinical validity and clinical utility). Thus, thpresence of information on six, seven or eight
topics is hard to interpret in "positive" terms ut lthe absence of seven, nine or even 11
"quality criteria" must certainly be interpreteceatively".
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Figure 2:Number of companies meeting quality criteria

providing ®information /™ no information on ...

Qualification staff 14
Privacy 23
Informed consent 27
Certification 14
Reference scientific publication 19
Analytical validity 24
Clinical validity 29
Clinical utility 32
Genetic testing info 27
Positive test result 20
Negative test result 24

Counselling 28

Thus in general, the quality assessment showshikatajority of websites checked display
fundamental information deficits. In the light dfet possibly far-reaching consequences for
consumers purchasing genetic tests via internet,sems to be a serious problem, which
should be analysed and probably continuously moedtan the future. To be able to
understand how the information on these websitemtespreted by consumers, research
could be conducted using focus groups with lay fEeop

Conclusions and Future Research Needs

The results presented are based on a scan of eandam sample of websites of companies
offering DCGT for health, diet and lifestyle purpss This approach was based on the
assumption that the website is an important inféienasource for consumers and often the
basis on which the consumer decides to order atesit. From the results, we can conclude
that the quality of the information posted on wedssis unsatisfactory for consumers to make
a well-based decision to make use of the servitdseocompany. The transparency of the
websites is usually very low, especially for inf@ton on analytical validity, clinical validity
and clinical utility. The lack of information ondhwebsite is not compensated for by the offer
of counselling. For the majority of the companieghis assessment, no genetic counselling
was offered at all.

In the light of these results, it is not surprisitngit in our judgement only one-fifth of the
websites give the impression of providing a pratess health care service, while 50% of
the websites show a distinctive advertising style.
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Table 2:Number of criteria met by company

How many quality By how many Which ones?
criteria are reached? | websites/companies?
12
11 DNADirect
10
9
23andMe, Navigenics, Psynomics, Sciona/Mycellf, Bmal
8 Genetics (ALZMirror), Suracell
7 CygeneDirect, Salugen
Eastern Biotech and Lifesciences, GeneLink Bioscience
(Dermagenetics), HairDX, HIVMirror (Smart Genetics)
Interleukin Genetics /Alticor /Quixtar, Kimball Getics,
6 Molecular Diagnostics Laboratories
5 Genelex
Carolyn Katzin's The DNA Diet, Consumer Genetics,
deCODE, DNAPrint genomics, HealthCheckUSA,
4 SeqWright
Acu-Gen Biolab Inc (BabyGenderMentor), GATC, Genetic
3 Health UK, G-nostics, HIVGene, Mygenome, SureGene
Genova Diagnostics, Health Tests Direct, Proactive
2 Genomics
1 Graceful Earth, Knome,Medi-Checks, NeuroMark
0 Holistic Health
5 Genelex
Carolyn Katzin's The DNA Diet, Consumer Genetics,
deCODE, DNAPrint genomics, HealthCheckUSA,
4 SeqWright
Acu-Gen Biolab Inc (BabyGenderMentor), GATC, Genetic
3 Health UK, G-nostics, HIVGene, Mygenome, SureGene
Genova Diagnostics, Health Tests Direct, Proactive
2 Genomics
1 Graceful Earth, Knome,Medi-Checks, NeuroMark
0 Holistic Health
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Figure 3:Percentage of websites complying with X or lesslitpicriteria

—&— % of websites complying with X or less quality criteria

97% 97% 97% 100% 100%

58%

0 lor 2or 3or 4or 5o0or 6or 7o0or 8or 9or 10o0r 11or 12
less less less less less less less less less less less
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6. Regulation of DCGT

6.1 Problems and Concerns Regarding DCGT

The debate about DCGT has until now been restrictegtoups of experts and some health
care policy authorities. There is, however, no dahlat the increasing number of DCGT
offers showing up on the internet cause concernexperts, medical authorities and
governmental bodies in Europe and in the U.S.hénU.S. the American College of Medical
Genetics (2004) has advised the public to avoidm®&oDNA tests” as they could be
potentially harmful because of inappropriate tdgisation, misinterpretation of results and
the absence of follow-up counselling. The Federald&® Commission (FTC 2006) together
with the Food and Drug Administration and the Cesmtof Disease Control in July 2006
released a consumer alert because of the lackesftsic validity in some gene tests offered.
Among U.S. authorities there seems to be seriongera that DCGT may escape from
proper quality control and oversight (Smith 200&yitt/Hudson 2006; NHGRI 2004). In
Europe, DCGT has so far been constantly observédiesmeussed avidly in the U.K., due to
the initiative taken by the Human Genetics CommnisgHGC 2003, 2007). DCGT is closely
watched by the community of medical genetics andnsellors, and the EU funded
Eurogentest Network of Excellence (www.eurogenbeg). In 2008, the German Society of
Human Genetics (GfH) in an official opinion judg&CGT offers for SNP testing as
scientifically unsound and highlighted that geneli@gnostics in each case should be based
on a profound medical consultation (GfH 2008). TQwuncil of Europe has also taken up the
issue (COE 2008a and 2008b, see 35.4).

As for instance has been shown by statements akseptatives of companies offering
DCGT (Sciona, Suracell, Genox, Genelex) at the Sehate Hearing on DCGT in 2006, the
suppliers of DCGT understand their offers as a méamive consumers access to the newest
achievements of human genome research, by thig daem to support progress in health
care supply and to foster consumer autonomy by idgelphem make the long-term
behavioural changes required for optimizing heedtte (U.S. Senate 2006).

However, as the internet survey reveals (sectipordy the minority of DCGT offers meet a
minimum set of quality criteria that can be regardes necessary for ensuring adequate
information and protection of customers againsteni$ing interpretation of the need for and
possible consequences of genetic testing. The nyagrobservers do not necessarily doubt
that DCGT can be a useful service for consumead, &hey are, however, concerned about:

a) the often poor scientific evidence of the clinigalidity and usefulness of the testing
offered (particularly for common diseases and tifiespurposes),

b) the doubtful quality or usefulness of DCGT testiegvices,
c) the problems of providing proper genetic counsg]lin

d) the possible negative effects on the public hegtdtem.

8 Other official bodies which have discussed theidssf DCGT are the American Medical Associatiore th
European Group on Ethics, the Belgian National Qtatve Committee on Bioethics and the French ol
Consultative Committee on Bioethics.
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Poor Scientific Evidence for the Clinical Validiay Tests

As is supported by our internet survey (3.3) thgomity of DCGT offers appear to be for

susceptibilities to common diseases (based mene\5MPs). This is plausible from an

economic perspective, since the market potentiacéonmon diseases and lifestyle testing
massively exceeds that for rare hereditary disemsgarrier testing.

As discussed above (see Sects. 2.1.1 and 2.1@rtexegard most offers of testing based on
SNPs to be pointless from a scientific point ofisince the clinical validity of most of the
tests has not (yet) been sufficiently proven. Hosvewince recommendations that can be
drawn (and are drawn by providers) from positiv& tesults usually do not go beyond what
a doctor would recommend to any patient as beingdgor his/her health (e.g. practise
sports, avoid fatty foods), some consider offettimg directly to consumers to be harmless.
Others, however, opine that even this kind of bgsthay harm clients. If results are negative,
the client may gain the false impression of beiafg svith regard to developing a certain
disease and might not see the need for adoptinga#hly lifestyle; this would be totally
misleading, as the absence of "negative” SNPsdektes not imply an absence of the risk of
developing e.g. high blood pressure from bad dyethabits, other behavioural and
environmental factors or other (so far unknown)adiertraits (that were not tested).

There is obviously a problem with interpreting tlesults of susceptibility tests correctly. It
has been argued that problems with handling therpngtation of results are also reported
from medical tests that are already offered fovaie (home) use, such as a test for
osteoporosis. Also, in such cases the use of tagtst lead to false-positive or false-negative
results, with negative effects on the consumer’altheor psychological condition (e.g.
causing serious concerns without reason). On ther dtand, it can be argued that there are
reasons to treat genetic testing with particulansaderation and caution. The relationship
between a detected genetic trait and the onseiseésk is complex (due to the interrelation
of several genes and the environment), and thusaheection between the result of the test
and the consequences for the person tested idragghgforward. In addition, the results of
genetic testing may be relevant and have an impztabnly on the individual tested but also
on other family members (HGC 2003, p. 23).

Doubtful Quality of Testing Services

Independent of the question of clinical validithet quality of testing and information

forwarded to consumers (also in case of “lifestyiesting) is unanimously regarded to be
highly relevant to avoid false-positive or falsegagve results or any other misleading or
meaningless information.

In the US, a quality check of four selected webgsagffering diet-related genetic testing
conducted by the Government Accountability OffiGAQ) provided strong evidence that a
lack of quality control by professional or govermtsd bodies led to serious cases of
misleading information or false results being fomed to consumers (GAO 2006). The
GAO submitted 14 DNA samples to the four DCGT sigopl For all 14 samples, the GAO
filled in a questionnaire regarding age, gender lgedtyle information as requested by the
suppliers. The GAO thus simulated 14 different dige, gender and lifestyle) “fictitious

42



consumers” asking for a test, whereas in fact 1th@fl4 DNA samples were taken by cheek
swab from a 9-month old girl (with the consent ef parents) and the other two from a 48-
year-old man. For the 14 tests, the GAO receiveslilt® predicting that the fictitious
consumers were at risk for a number of diseasegeopsrosis, cancer, reduced ability to
clear toxins, high blood pressure, heart diseasebaain aging. Experts consulted by the
GAO declared that the predictions given by thessilte cannot be medically proven.
Moreover, if there were really an individual geonepirofile prepared as was promised, the
nine fictitious consumers “created” from the fem&BlIA should have received the same
results and recommendations. They did, howeverreagkive a number of common sense
health recommendations that varied only accordmghe fictitious lifestyle information
given in the questionnaire: where the 'customet’'dlaimed to be a smoker, 'he' received the
recommendation to stop smoking. One of the sugpliembined the report on the results of
the test with a suggestion to purchase “persordilizéietary supplements costing
approximately $ 1200 per year. A check of the satggkingredients showed that they were
substantially the same as vitamins and antioxiddrats can be purchased for about $35 per
year in grocery stores.

The results of the internet survey provide the spion that most DCGT offers fail to
provide proper information on the scientific eviderbehind genetic testing services offered
to customers (clinical validity and utility). A reotly published study on the scientific
evidence available for offers of predictive testilog health risks and personalized health
interventions from seven companies (Genelex, Gdmang Genosolutions, Integrative
Genomics, Salugen, Sciona and Suracell) suppores nbtion of doubtful or even
intentionally misleading information being forwaddéo consumers on the basis of genetic
testing of susceptibilities to common diseasesdietiry related health problems (Janssens et
al. 2008). In examining scientific meta studiestiog markers used by the seven companies,
the study found no or only poor evidence for theical validity of tests. The study found the
companies' practice of combining tests for a largmber of genetic variants into so-called
“profiles” to be “... worrisome given the limited mtetive value of results from testing
single susceptibility genes with small effects”ngsens et al. 2008, 597). The study also
found the companies' practice of using these m®filo tailor individualized nutrition
supplement and lifestyle recommendations to be tfarointriguing puzzle”, since trials to
test gene-diet interactions had thus far only wdldnainly inconclusive results. Moreover,
for several genes tested it is known that theyeiase the risk for some diseases and decrease
it for others, thus the health effects of prevemntiinterventions on the basis of a related test
may not be entirely beneficial (Janssens et al 2598).

Problems of Providing Proper Genetic Counselling

The salience ofnedical consultation and genetic counsellinghe context of genetic testing
and the sensitive nature of genetic testing froemgrspective of the general public can be
gleaned from the fact that 2/3 of respondents tomnion poll carried out on behalf of HGC
in 2002 would also prefer to consult a doctor fengtic testing that is not related to possible
severe diseases but only to lifestyle aspects atetmpty (HGC 2003, 24). The main concern
regarding DCGT is obviously that the services @ftk(via internet or over the counter in
pharmacies) cannot live up to the high professiostahdards of medical and genetic
consultation required (by statutory regulationgpmfessional guidelines) for normal genetic
testing in the context of genetic counselling (&8). It can of course be argued that DCGT
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offers support free access and free choice forwmoess by broadening the scope of options
for genetic testing. However, at the core of “fid®ice” is good information to provide
informed consent from the customer. This is famfrbeing guaranteed when there is an
economic interest in “convincing” a customer tha or she will benefit from testing.
According to our internet survey, most companieferofg genetic testing services via
internet do not include genetic counselling airatheir services. Only a few urge customers
to involve an expert before purchasing a gene &st, “counselling” in most cases only is
provided as written information via mail or via widgy.

When communication and “counselling” are only pded via mail or web-exchange, it is
almost impossible to make sure that the informagmen has been properly understood by
the customer. In testing for complex and seriogsabes, personal communication is needed
about the individual’s situation, relatives thatynreave to be informed about the test result,
and information on possible treatment or preventweasures. The confidentiality and
empathy required would probably not be possiblemigten information and communication
(HGC 2003, 28f.). This, according to HGC, does metessarily imply that the involvement
of a doctor is crucial. What is important, howevsrthe extent to which the setting in which
the service is offered and applied allows (or $wtnsideration of high-level professional
standards. Offers over the counter or via the m&iecan thus be criticised for not taking
place in a context defined by medical consultatiothe best interests of the patient/client,
but according to a commercial principle, “where tealth care professional was simply
facilitating a transaction for a kit or self-tegiimail order service” (HGC 2003, 25). The
standard case of selling genetic testing via thermet is where a laboratory or a private
company offers a kit for sampling tissue matenmr(nally from saliva) which is sent to the
consumer; the sample is then tested by a laboraton/ the results are sent to the consumer.
This must be regarded as not meeting the criteriamedical consultation”, even if the
company is run by a medical doctor, since consataits only offered in the form written
advice or personal consultation (e.g. via telephooe indeed is only offered if explicitly
requested by the consumer.

Particular concerns regarding the principle of infed consent have been raised with regard
to testing children and in terms of the possibibffered by mail-order testing of sending a
specimen from third parties against their will ath@ut their knowledge. The British Human
Genetics Commision regards this as such a serimidegon that it suggested defining a new
criminal offence to deter individuals from takingnsples from others without consent (HGC
2003, 30).

Possible Negative Effects on the Public Healthe3yst

Apart from the false, misleading, non-substantraéwen dangerous recommendations given
or drawn from tests offered via the internet, om@eagal danger is, that with low-quality
DCGT offers dominating the market, customers migs¢ confidence in the future in genetic
testing overall.

Another more direct effect could be that customére use DCGT and are left with complex,
diffuse or meaningless information will increasyédok for counselling at a publicly funded
centre for medical genetics or with their familycttr (HGC 2003, 29). The supply of an
entire set of all known SNPs and their associatith disease or other features (as offered
by 23andMe) may rightly be regarded as being usdt@scustomers. There might, however,
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be a rebound effect on public genetic services when‘worried well”, using this kind of
service, go to their doctors to check out the opagpsults and recommendations obtained.
Thus an expanding market for DCGT could signifibaitcrease the burden on public health
services.

Before exploring the options for legal regulation ather authoritative intervention with

regard to the use of genetic testing, one mustddeavhether government has any
fundamental right to regulate access to genetingesAs is the case for genetic testing in
general, any consideration of regulatory or stayutotervention by the state must proceed
from the question of whether it is legitimate tdemvene or to what extent the individual's
right to obtain information about himself (regamglihis current or possible future state of
health) as a natural extension of his autonomy penmtervention. In a liberal society and
market economy, it can well be argued that acoesantl provision of information on an

individual's genetic make-up is a right which shibulot be restricted by the state. An
intervention can only be justified when preventairphysical or psychological harm to those
requesting genetic information or to third persmnsecessary (HGC 2003, 48).

Due to the complexity of genetic information thatitd well mislead consumers or be used to
mislead them, and due to the likely serious heaiftth psychological consequences of this,
there is a consensus that principles such as ig@rmonsent and quality standards of testing
and counselling have to be ensured since DCGT ffex the internet can obviously be
associated with consumer protection problems wetiard to the prevention of misleading
information and bad quality of testing and counsgll Thus it is widely regarded to be
legitimate to regulate the market for DCGT. It imwever, a matter of discussion to what
extent governmental intervention is needed, andheneegulations should apply in the same
way to all different types or purposes of DCGT ss.

6.2 Restriction of Genetic Testing to Referral by éMedical Doctor

Most regulations and guidelines on genetic testugsge set up in the 1990s and did not
envisage that genetic testing would be offeredctliyeto consumers. In most European
countries, there are no legal or other binding lsguns that explicitly prohibit or otherwise
restrict DCGT. Discussions on the need and optfonsegulating DCGT mainly pertain to
restricting the use of genetic testing to the madiontext: Testing should be possible only
after referral by a medical doctor to ensure thalitu of the diagnostic procedure and
technique as well as proper genetic counsellingrieednd after testing. If this principle were
applied strictly, genetic testing services would he permitted over the counter or via the
internet at all.

It appears that in those European countries whadided to permit genetic testing in general
only after referral by a doctor (as stipulated &), DCGT should be prohibited. This is - as
was stated at the European meeting on “Over thent@oenetic Testing” organised by the
Council of Europe in 2007 (COE 2007) — currentlg tbase at least in Switzerland and
Austria, and possibly also in France where the Bios law of 24 July 1994 stipulates that a
genetic study of the characteristics of an indigidcean only be carried out for medical and
scientific reasons. In the case of France there lraveever, some uncertainties remaining,
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since offers via the internet may be made by a ca¢dioctor. Then it could be argued that
the diagnosis is in principle offered for medicatposes since a doctor is involved.

In the US, the principle of restricting genetictiieg to the medical context and demanding
referral by a doctor as obligatory has been guidaugnt action taken by public authorities to
restrict the activities of DCGT companies. The foatiia Department of Public Health in
June 2008 sent out letters to 13 companies off@@GT (among them deCODE, 23andMe
and Navigenics). The letter states that the consgsaare in violation of California law
because they fail to have a clinical laboratorgrice in the state, and they offer genetic
testing to consumers resident in the state “with@ythysician's order” (Nature, 26 June
2008). Similar letters were sent by the New Yorkp@@ment of Public Health to 26
companies. In the case of California, the compamiese urged to correct this situation
within a certain period of time or “face civil amd/criminal sanctions”. It is reported that, as
regards the laboratory licenses, companies re&gtgaoviding evidence of cooperation with
a laboratory certified in the respective stateaAgaction to the complaint, the Iceland-based
company deCODE has now included California in @ 6§ states - published at the
company’s website - for which the company’'s “Gemefcan” “may omit certain
information” because of state law. With regard he tomplaint about carrying out genetic
testing without referral by a doctor, some of tleenpanies questioned the rationale and/or
necessity of this demand, since a gene test ditholide any medical intervention (but only
measures a risk). Others such as 23andMe argued R@w state in a respective disclaimer
on their webpage - that they are providing genieficrmation for research and educational
use only but not medical advice ("not intended éoued for any diagnostic purpose and is
not a substitute for professional medical advieeyv.23andMe.cm, "terms of service" as of
03-11-2008).

Among experts in Europe there is some debate omhwhéhe rule for restricting the right to

refer or carry out genetic testing to medical doctr otherwise qualified medical personnel
should apply for all genetic tests or whether oheutd distinguish between tests that are
only accessible on referral from a doctor and thibs¢ might be amenable to commercial
offers direct to consumers. At the above-mentioseahinar of the Council of Europe, the
experts (representing several European countripparantly agreed that the same high
standards of quality of testing and counselling trhes adhered to in any offer of genetic
testing. In the synthesis document, it is statatt th

“The participants all agreed,

that the test results must be interpreted by arxpearing in mind: the
technical limitations of genetic tests; the fadtthn the case of predictive
tests, the results were expressed in terms of jpibtias, not certainties; the
importance of the medical context and in particulae effect of non-genetic
factors on the onset and severity of the diseasgi@stion.

that it was desirable or even vital that patientgldheir families receive
support from multidisciplinary teams, given thdtetresults might concern
other family members; might reveal something irad& and have a
substantial impact on a persons life.
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that individual and family tragedies were likelyanse out of
misunderstandings if this practice of free accemsegic tests were to develop
with no genetic counselling or suppor{Council of Europe 2007, p. 11)

When expressing their concerns with regard to megaffects on consumers, the experts did
not, of course, differentiate between types of tjertesting and argue for restriction of the
use of any gene test to the medical context. Thegaan Group on Ethics in Science and
New Technologies (an advisory body set up by theojggan Commission) also seems to
support a ban on DCGT. The Group (according to HXBG3, 34) regards advertising for
genetic testing directly to the public to be likébtybe misleading and expresses concerns that
advertising tends to convert genetic testing intmoamodity, thus giving rise to a demand
that may result in personal and social conflict.

A position held by experts from Eurogentest and igresentatives of some consumer
organisations, such as the Genetic Interest Graul,, suggests making a distinction
between types of genetic testing that might or gt be acceptable for offering directly to
consumers, depending on the consequences for tiseimer and the complexity of the test.
Single-gene (inherited) disorders should be onlferetl in a professional context by
specialists. The broad scope of genetic testingdisceptibilities and particularly for lifestyle
purposes are regarded as clinically invalid. Batfhese tests are meaningless, neither could
they cause any severe harm. It thus must be letib tipe consumer to decide whether to take
up these offers or not. Whereas in for lifestylgiteg and the like only general quality criteria
should apply, for other predictive testing, moracstrules and quality criteria should be
ensured, which could be done by allowing tests ¢ochrried out only by accredited
laboratories with staff qualified in genetic couliag. The central criterion then would not
be whether the supplier is a trained doctor, bet ¢juality of testing and information
supplied. Even if it were true that predictive itegtfor slightly increased risks to develop a
common disease may do harm, since a negative d@ssit may send the wrong signal of
security to the patient (whereas in reality theguatmay have another SNP which he has not
been tested for), it could (at least for lifestyksting) be regarded as the consumer’s
responsibility to search for proper information whgurchasing this kind of test.

The same could also apply to testing for an emsgteof known SNPs associated with health
problems as offered by “23andMe”. Such offers agarded by many experts to be clinically
useless and meaningless for a lay person. Thusgesould also probably not do any harm,
and one might well leave it to the consumer to dieeihether to spend money on it or hot.
The case would be different for a total sequenanahdividual’s genome — which has so far
only been envisaged as a possible future serviceuppliers. An individual’s total genome
sequence would carry information about any gertedit, including predictive monogenetic
testing and testing of risks for hereditary multigediseases: The principle of referral by a
doctor should apply, and testing and counselliraukhbe reserved to accredited counselling
centres or specialised medical geneticists.

° There is one single case, the testing for a SIgBred to be related to Parkinson's disease, ichwABandMe
demands an opting-in of the customer before viewihg test result (www. 23andMe.com/health/Parkinson
accessed on 03-11-2008).
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Differentiation on the regulation of tests accoglio their “informational impact” and the
gravity of consequences of results for the cliemyrbe appropriate. It must, however, be
taken into account that widespread marketing oheeatively “harmless” genetic testing
for, e.g. a disposition to develop obesity may dgive wrong signal to a public that is often
badly informed. DCGT offers (of bad quality) maypport the notion of a deterministic
connection between genetic traits and disease, embefrom an expert perspective, the
connection between genetics and disease for mosinon diseases (such as cancer and or
cardiovascular disease) is complex, and thusdifigult to draw conclusions with regard to
treatment. As has been shown above, some compafiegstests which might not cause
serious harm when misinterpreted, but whose clinkadidity and utility is doubtful and
could be used to mislead consumers. Companies isaytake advantage of the public's
erroneous deterministic understanding by offeringbidus testing (e.g. nutrigenetics)
combined with the recommendation to buy expensiegad, drugs or food (HGC 2003, 60)

6.3 The Approval of Tests and Offers — Pre-marketwaluation

As early as 1997, the former U.K. Advisory Comnettior Genetic Testing published a
“Code of Practice and Guidance for Genetic TesBogplied Directly to the Public” (ACGT
1997). This code of practice was meant to give @mnmittee a basis for evaluating
emerging offers of DCGT. Since its recommendatidigsnot have any formal legal status,
by releasing the code the committee intended tdersuppliers planning to offer DCGT to
present their proposal to the ACGT for evaluatiathwegard to the compliance of the offer
with the stipulations of the Code of Practice. T®@mmission found that because of the
complex nature of genetic diseases and the unectesmioften associated with tests - “about
when, if ever, the diseases will strike, how sevemight be, and whether current symptoms
... are in any way linked to the disease in questiasting should be best carried out on the
referral of a patient's medical doctor (ACGT 198Y., However, if offers over the counter
could not be prevented, quality control should bgsueed by applying the Code of Practice as
a means of (non-binding) approval of offers. Foprapal it was requested that information
should be provided about the laboratory particigatin an accreditation scheme, about
procedures to assure confidentiality of customea,dabout genetic consulting procedures,
and, last but not least, the supplier was askegréwide peer-reviewed evidence of the
clinical validity and usefulness of the proposestitey, including population data and copies
of referenced papers.

The regulatory approach - as suggested by the A@dtelltaken up again by the HGC (2003,
2007) - on the one hand implies the establishmérmstupervision of companies supplying
genetic testing as well as a kind of pre-marketuateon of new tests with regard to their
clinical validity and utility before they are all@d to be offered directly to consumers.

In the US, two bills — the Laboratory Test ImprowwmAct and the Genomics and
Personalized Medicine Act — were introduced in Qeng in 2007 that deal with
improved supervision of genetic testing, includid@GT. According to the enhanced
system of oversight envisaged, the task of pre-ataapproval would be given to
either the Food and Drug Administration or the @amnbf Disease Control.
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In Europe, there is currently no specific systenambroval for new gene tests before
marketing (see Sect. 3.5.3 below). National systeim®ntrol are only established for

public health care supply, i.e. for services whossts are covered by public health
insurance or public health services. Usually -ra&ermany, for instance - insurance
companies decide together with professional medasalociations which medical

service will be covered by health insurance. Inggeh and in the Netherlands, the
right to offer genetic testing in the context ofbpa health service is restricted to

licensed institutes. The institutes decide whiclv ests they regard as sufficiently
clinically valid and useful to become part of thearvice. In the Netherlands, these
institutes convene to come to an agreement on wdeclices should be standard and
which should be excluded. In the U.K., a Genetistifhg Network was set up by the

public authorities to ensure high-quality genetésting and to decide what is

appropriate for inclusion in the National Healtm&ee (HGC 2003, 44f.).

6.4 Quality Control and Evaluation

Behind the discussions about quality control of egentesting services and a pre-market
evaluation of genetic testing lies the questioguitling principles and criteria for control and
evaluation. Discussions on the control and supenvief genetic testing focus in general on
four quality criteria for evaluating genetic testiservices and testing arrays that are referred
to by the term ACCE framework (Hogarth et al 200008, see also Centers for Disease
Control and Prevention 2007):

Analytical validity of a genetic test defines the accuracy of a wsntifying the
biomarker, i.e. to reliably measure or identify thenotype of interest. This aspect of
evaluation focuses on the quality of laboratorykvor

Clinical validity of a genetic test defines its ability to detecpoedict the associated
disorder (phenotype), i.e. whether the test noty adentifies a certain genotype
correctly but also correctly measures the relatignbetween the biomarker and the
clinical status of the patient or the patient'k n§developing a disease in the future.

Clinical utility not only defines the relationship between a certgenetic
modification and the (risk of developing a) relatBskease, but also the likelihood that
use of the test will lead to an improved outcometli@ patient. Clinical validity thus
implies an evaluation of the benefits and the risks patient if the test is introduced
in routine clinical practice. This would includemong other things - considering the
availability and effectiveness of interventions adnat avoiding adverse clinical
consequences.

Ethical, legal, and social implicatiordenote the wider social effects of introducing a
test into practice, such as stigmatization, disecration, and the
privacy/confidentiality of genetic knowledge andtalaas well as guidelines for
genetic counselling such as the principle of infedmconsent or non-directive
counselling.

Ethical, legal and social implications of genetsting are regulated in some countries by
statute. In most countries, they are covered biepsional codes of practice.

Regulatory frameworks and authorities for approaatl oversight of genetic testing and
quality control up to now focus mainly on analytigalidity, i.e. whether the test correctly
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identifies the genetic marker the service providiims to identify. With regard to the
approval of genetic tests (before marketing), & baen argued that evaluation of clinical
validity and moreover clinical utility is not appéible, since sufficient information can only
be obtained by monitoring the performance of testdinical practice. Evaluation of clinical
utility - thus it is argued by some - involve judgents which have to take into account the
individual situation of the patient, e.g. whetherolwledge of his or her genetic status will
provide peace of mind despite a lack of treatmgtibas. Thus clinical utility could only be
assessed case by case (Hogarth et al. 2008). Wate and more susceptibility testing
entering the market and with respect particulaol\stisceptibility testing offered directly to
consumers, it is argued that at least clinicaldigli— if not also clinical utility — must be
taken into account for pre-market assessment oétgetresting in order to avoid negative
effects for consumers. Both negative and positesults of tests whose clinical validity is
doubtful could lead to consumers drawing the wroagclusions about their state of health
with psychologically or physically harmful conseques. It is thus doubtful that it can be left
to the market (i.e. the consumer) to decide whethernnformation provided by the DCGT
company is sufficient, insufficient or even mislead According to Hogarth et al. (2007,
835f.) the U.S. system of oversight emphasisesniportance of pre-market evaluation of
clinical validity data which must be provided bynsee providers, whereas the European
system still focuses on analytical validity (see thscussion of the European IVD Directive
below).

The recently published OEC@uidelines for Quality Assurance in Molecular Genet
Testing (OECD 2007) also underline the importance of assgsthe clinical validity and
utility of genetic testing offers and the requirethen laboratories carrying out molecular
genetic testing to “make available information ba ainalytical and clinical validity of tests”
(OECD 2007, 14). The focus of the guidelines iswéner, the analytical validity and the
guality of laboratory work. In this respect toontl and monitoring seem to be insufficient,
as there is a lack of efficacy in the quality cohof laboratories carrying out genetic testing.
The guidelines urge governments of OECD countiesstablish a system of accreditation
for laboratories that are licensed to carry outeuolar genetic testing and to define standards
of best practice in terms of the quality controllaboratory work and qualification of staff.
The development of the guidelines was urged onelylts of a survey carried out in 2002
among eighteen OECD member states. The survey leevehe steady growth and
availability of molecular genetic testing offers@ECD countries, together with insufficient
regulation and supervision of laboratory qualitysmme countries, since “regulations with
which laboratories must comply are not specificalésigned for molecular genetic testing”
(OECD 2007, 6). The OECD working group found coasatble differences “in the use of
licensing, certification, and accreditation procesd, which “poses a number of challenges
for molecular testing, particularly with respect toe standards under which test are
performed and results are reported for clinicalliappon, and the training and qualifications
required by laboratory personnel” (OECD 2007, 6).

In Europe, so far no common requirements for laieoyaquality assurance exist and only a
few laboratories have a formal accreditation, wilany laboratories do not undergo any
official inspection (see section 2.1.6). For DC®&hjch is carried out outside the framework
of public health services (for which quality asswm of laboratory work is taken care of by
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national public or professional self control), thmsplies that even the technical quality of
testing (analytical validity) cannot be effectivegntrolled.

6.5 Regulation at the European Level - IVD Directie and Council of Europe

Regulation of DCGT has to face the problem thatéaeh and value of any regulation on the
national level is restricted if the internet is dises the main channel of forwarding testing
directly to consumers. Reaching international agesgs on regulating genetic testing thus
appears to be decisive.

On the European level, the Eurogentest Network xafeBence has taken the initiative to

further develop and harmonize professional starsdéwd genetic testing by, for instance,
developing guidelines for quality management arttingeup a database on quality criteria
for laboratories, which allow testing services ® $earched for in order to get a quality
ranking of the laboratories offering services. Q@tfields of activities include guidelines for

genetic counselling (Eurogentest 2007), informatfon patients, and assessment of the
clinical validity and utility of tests (Schmidtké@5).

IVD - Directive

With regard to test utility, there seems to be emssis among experts that a European system
of assessment and approval of genetic testingadetkeprior to marketing, and that for this
purpose existing European regulations should bendete(Hogarth/Melzer 2007). At the EU
level, diagnostic devices or kits are regulatecthmy In Vitro Diagnostic Devices Directive
(98/79/EC). Subject of the Directive is (Article)id

“any medical device which is a reagent, reagentduat, calibrator, control material, Kit,
instrument, apparatus, equipment or system, whetbed alone or in combination,
intended by the manufacturer to be used in vitraHe examination of specimens,
including blood and tissue donations, derived fittve human body, solely or principally
for the purpose of providing information:

- concerning a physiological or pathological stabe,

- concerning a congenital abnormality, or

- to determine the safety and compatibility withemdial recipients, or

- to monitor therapeutic measures.”

The stipulations of the directive only require thia¢ diagnostic device or kit “performs as
stated and does not harm”; wider aspects of thditguaf the services offered such as
gualifications of personnel are not covered bydinective. It obviously is unclear or subject
of debate to what extend the Directive takes ictmant the clinical validity or usefulness of
a medical device. Whereas some experts holdshbd¥D Directive’s regulations concern a
test's safety and accuracy only, others argueahadppraisal of a medical device — if its
application implies possible harm for consumersarnot be evaluated disregarding their
clinical validity or usefulness (Melzer/Hogarth 200

Whereas the definition of a “diagnostic device’s @ted above - at a first glance should
leave no doubt that genetic testing is coveredhbyDirective, regulatory practice shows that
it is obviously not sufficiently clear to what ertevhich type of genetic testing is covered by
the Directive. Thus a working pre-marketing evatluaisystem for genetic testing is missing
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in Europe at the moment. Whether genetic testingcde or kits will be subject of pre-
market review in the future - in case an amendmeakes clear that they are covered by the
directive - will be dependent on the risk categbgy are attributed to.

According to the Directive, only for those diagnostregarded to carry either “moderate” or
“high risk” - and which are thus included in thespective list (list B: moderate; list A: high
risk) — are manufacturers obliged to submit infalioraabout the test to a notified body for
approval. The main reason for excluding gene fesis the pre-market evaluation system is
that they are considered to be “low risk” and tfanee the directive does not require them to
be reviewed before they are marketed. The onlyftest inherited disorder adopted in these
lists so far is PKU testing (Phenylketonuria), whis widely applied for neo-natal screening.
So far gene tests are treated as being “low risiéy are not regarded as meeting the criteria
for being entered into list B. The central criterifor being classified as bearing “moderate
risk” according to the Directive is whether actitaken on the basis of an incorrect result
obtained using a given device could prove to bettsus to the patient, to a third party or to
the public, in particular as a consequence of fptsgtive or false-negative results.

It is not clear why predictive genetic testing €lswas for Huntington’s disease or a BRCA
test - that have a serious psychological and plogical impact on patients are not included
in the list. Whether or not predictive genetic itegis covered by the directive seems to be an
open question since predictive testing, as it dugsallow for information on the current
health status of a person, may not be regardeeriing a medical purpose in the strict sense
(Hogarth/Melzer 2007).

Apart from demanding the inclusion of tests for mgenetic inherited diseases, it also is
argued that — given the rapid development of newetie testing, the complexity of
information provided by tests and the problems wdppr interpretation of results — new
genetic test kits generally should be subject efrparketing evaluation, independent of the
seriousness of the disease tested. Hogarth anceM@@07, p. 10) argue that the novelty of
tests should be introduced as an additional caitfer classifying tests that otherwise could be
regarded as being of low risk since the clinicalidity of a test can only be proven in
practice and novel tests are thus inherently mé&etylto lead to incorrect results. The HGC
in the UK concluded that the risk classificationtié IVD Directive should be reviewed in
order to provide for coverage of genetic testinge TCommission also argued that even
apparently harmless “lifestyle” tests that mighil die classified as low risk should be
covered, if not by the IVD Directive, then by sowther regulatory mechanisms established
to ensure the appropriate oversight (HGC 2007, Z4e IVD Directive is currently
undergoing a procedure of amendment, and a pulditsudtation has been started by
European Commission (DG Enterprise) asking amohgrstfor hints at additional medical
devices that so far are not but should be coveyatdDirective in the Future.

Recently a new model of risk assessment for irevitiagnostics has been drafted by the
Global Harmonization Task Force (GHTF). The GHTR ipartnership of public authorities
and industry with the aim of achieving greater aniiity among national medical device
regulatory systems. Besides the US, Canada, Aissttatl Japan, the European Union is a
founding member of the partnership. If the recomadeehsystem were adopted by European
regulatory bodies, it would most likely imply thgre-market review would become
compulsory for many genetic tests (GHTF 2007, Hulgmizer 2007). The draft explicitly
mentions that genetic testing should be classdtclass C” (high individual risk/moderate

52



public health risk) where it comprises IVD devidkat are intended for use “... in predictive
genetic screening, when the outcome of the testldvoudinarily result in a substantial

impact on the life of the individual. Examples: lgug test for phenylketonuria, Huntington’s
disease, cystic fibrosis” (GHTF 2007, 13). It apgea be likely that SNP-based testing for
an increased risk for cancer would also fall irs tbategory. It is doubtful, however, whether
so-called “lifestyle” tests would be covered byegairy C. The draft suggests classifying all
IVD devices for self-testing as “class C”, excepbge “from which the result is not

determining a medically critical status”. The latege classified as B (moderate individual
risk) but according to the draft may also undergsamewhat less strict pre-market
assessment.

Amending the IVD Directive in a way that does ndibw for uncertainties about the
classification of genetic testing devices would@ety improve the system of supervision at
the European level. However, even an amendmertieofMD Directive with regard to risk
classification of genetic testing would probablyve some questions open regarding the
approval and evaluation of DCGT :

It is not clear to what extent “lifestyle” testikgs can be included in the Directive in
a way that they undergo pre-market evaluation.

It remains unclear to which extent laboratory depel tests (home brew tests) that
are only applied by the laboratory itself and ao¢ offered to other suppliers as a
“device” or test kit are covered by the directitofjarth/Melzer 2007).

It has to be discussed how a system of pre-mavadtiaion of clinical validity of
gene tests should and could be established onap&am level. Such a system could
oblige suppliers of genetic testing to give scimgvidence on the clinical validity of
tests to a European authority such as the Eurojgealicine Agency (EMEA), which
is responsible for the scientific evaluation of neatiproducts for European
marketing authorisation.

The Council of Europe’s Additional Protocol on Gend esting

With regard to the regulation of DCGT, recent atigg by the Council of Europe (COE) can
be regarded as preparing the ground for a harmobritseopean solution. In May 2008, the
Committee of Ministers of the COE authorised thelation of an “Additional protocol to
the Convention on Human Rights and Biomedicine,ceamng genetic testing for health
Purposes” (COE 2008). Since the Council is awareafcerns that exist regarding possible
improper use of genetic testing”, the intentiortlo$ document is to provide general rules for
the use of genetic testing in Europe. The subjéth® protocol is thus genetic testing in
general, and it proposes rules and principles éalidg with a broad range of problems such
as proper genetic counselling, informed conseng deotection and others, as they have been
discussed by many advisory and political bodiethatnational level in Europe (Section 2.3
of this report). It is, however, obvious that whanawing up the protocol, the Council also
took account of recent developments in DCGT. In“Beplanatory Report” to the protocol,

it is stated that one motivation for drawing up tReotocol (by the COE'’s Steering
Committee on Bioethics) was the observation, tlggnétic tests are to become more and
more an integral part of medical practice, butha $ame time a direct commercial offer of
genetic tests outside any health system is deveddgCOE 2008b, Introduction, paragraph
3).
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It is obviously with an eye on DCGT that Articlel of the protocol states that “a genetic test
for health purposes may only be performed undewiedalized medical supervision” (COE
2008a). By using the term “individualized” - as taeplanatory Report reveals - the Council
wanted to stress the need for personal genetic setlimg in order to ensure proper
preliminary information of any person concerned amdcenable an informed decision: “A
precise evaluation of the situation of the persmmcerned, involving direct contact with him
or her, is a determining element in that respectmére telephone conversation with a
medical doctor, for example, does not allow forhsewaluation.” (COE 2008b, Article 7,
paragraph 64). This clearly excludes the practfaedirect or remote counselling conducted
by many DCGT companies. If the rules of the Proteare enacted in the various European
member states, this clearly would affect DCGT commgesl business and would probably
result in the prohibition of DCGT (Borry 2008).

However, as Borry argues, the practical effecthef Protocol on regulatory practice is not
guaranteed and remains to a certain extent undeaurope-wide, harmonised regulation on
the basis of the Protocol requires the Protocdlegasigned by the member states. So far the
basic document, the Bioethics Convention, has telgn signed by 34 out of 46 member
states of the Council and has been ratified by @dlyApart from this, it remains unclear to
what extent the protocol will cover the practice REGT. The protocol applies to “tests,
which are carried out for health purposes”. Somé&DCompanies, however, claim that their
offers do not involve information directly related health purposes. Companies like
23andMe, offering a scan of SNPs, include a dis@aion their website stating that the
information provided about potential health coris should not be used to estimate an
overall health risk and is “not intended to be nsatladvice” (Borry 2008).
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7. Conclusions - Policy Options

Offering genetic testing services direct to conswamie a new form of supplying genetic
testing to the public that is associated on thelaral with well-known problems which have
been discussed in relation to genetic testing inegd. This applies for instance to the
qguestion of the clinical utility of susceptibilitgsting for common diseases, whose pros and
cons can be discussed independently of the frankegpoivate or public) within which the
services are offered. On the other hand, ther® idaubt that, given the private character of
the offers, barriers and control mechanisms reggrthie quality of services and restriction of
the use of genetic testing to medically definedesas/hich exist in the public health services
or medical context (either statutory or self-re¢ig), do not apply to DCGT. As the above
discussion on DCGT as well as the results of thermet scan show, many DCGT offers fail
to meet quality standards of services — as regardsgenetic counselling — which determine
the practice of genetic testing in the medical@geétt least in the form of guiding principles.
It is also obvious that some gene tests offeredtivainternet are of a doubtful or even
misleading character in terms of clinical validéyd utility. There are also (albeit few)
examples of DCGT companies that do a lot to meibéshed quality standards, and there
are indications that companies react to criticisyn reconsidering and improving their
services. There is, however, also evidence thabuserconcerns remain about whether
offering genetic testing direct to consumers vigrnnet can in any way provide the
transparency and reliability of information and thdividual quality of counselling that is
necessary due to the complex nature of genetitgest

Regulation of DCGT is a complex matter becauseéhefheterogeneity of tests offered and
the different models of promoting and deliveringngeests and the associated services to the
public. The challenge (and at the same time thdiggiprinciple) for any intervention by
policy makers, as formulated by Hogarth et al. @0078), is “to create standards that
adequately protect consumers from harms assoaciatbdinsafe tests, while ensuring access
to tests that are analytically and clinically vaiida manner that provides appropriate context
and counselling. Regulatory requirements must lo@gtionate to the risks posed by the
tests, and must recognize that some tests carayegnesks than others”.

Taking this as a basic rule for policy interventitimere is still a conceivably broad range of
measures to be taken. Depending on how one asstesessks or possible negative
outcomes associated with tests offered to consyntieesdegree of intervention and the
model of regulation will differ. It can well be argd that due to the complexity of the subject
matter and the possibly misleading signals givenaimsumers, all genetic testing should be
restricted to a medical setting and to referraaldoctor. This would most probably imply the
general prohibition of DCGT. There is also the optbf leaving the decision to purchase
certain “non-risk” gene tests up to consumers, evhélstricting the use of genetic testing to
the medical context for those tests (e.g. predictasts) that are defined as associated with
risks and/or involve complex information that omgn be supplied by qualified individual
genetic counselling.
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The work on DCGT that has been done by the Bridsiman Genetics Commission can be
regarded as the most profound exploration of tiedlpms connected with DCGT that has so
far been mad® available and the HGC's conclusions on policy @msi therefore are
presented here as a general orientation for desisim political intervention. There is no
other document at hand that gives a comparablevieverof policy options to be considered
with regard to DCGT.

The HGC concludes that it would be inappropriatdaidid DCGT altogether due to the
individual's right to know. On the other hand, hoem® most tests available are regarded as
lacking sufficient evidence to be clinical valid lmeing too complex in nature to be offered to
people without a medical consultation.

The following summary of the HGC'’s policy recommatidns provides a kind of check list
for further discussions on options for policy imentions also on the European level (HGC
2003 pp. 47 ff.; HGC 2007 pp. 23 ff.; HGC 2008):

Develop public supply for genetic testing

Since the commission feels that it is not posdiblestrict DCGT completely and
open access of consumers to genetic testing Hasdasured, it is recommended the
public supply be supported by the public healthesys(NHS) as much as possible. A
good public supply is, so to speak, a means togmtesonsumers from making use of
(low-quality) private offers.

Restrict predictive testing to prescription by adical doctor

The Commission does not support statutory prolebiaf DCGT. It sees, however,
the need to restrict access to most predictiventebly requesting a prescription by a
doctor and by stipulating that certain geneticstaesiould only be offered by
particularly qualified health professionals. OtHéwy risk” genetic testing may be
offered directly to consumers via pharmacies ortlh@internet.

Approval of gene tests and direct offers to conssme

The Commission supports initiatives to create aypgirprocedures for new gene tests
before they are allowed to enter the market. I tlointext it is recommended that
private companies offering genetic testing diretdlgonsumers have to convince an
authority of the clinical validity and appropriatss of the offer. It also should be
ensured that laboratories carrying out genetigngsindergo a licensing process.

Quiality of services

A code of practice related to genetic testing sewvishould be developed to support
the quality of services. It should be ensured byusbry regulation or by professional
self-regulation that personnel carrying out genetsting and genetic counselling are
appropriately qualified and trained. The developntdra code of practice was widely

19 Due to further development of new predictive gienests and new reports about offering of “lifésty
genetic testing direct to consumers, the HGC heldneeting in 2007 to review the findings and
recommendations laid down in an extensive repaitttiad been provided in 2003. The policy recommiimas
from 2003 were consolidated in a report on theawuineeting published in December 2007. In June 2068
HGC organised a seminar with experts and repretsessgaof DCGT companies to follow up on the issud a
discuss options for regulation.
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supported at a meeting on DCGT with experts ancesgmtatives of DCGT
companies which was held by the HGC in June 20@3G2008).

Control of the quality of DCGT services and adwsatnent

DCGT offers should be subject to control as regatdsdards of fair trading.
Advertisements for genetic testing should be cdietidoy advertising standard
authorities which so far are lacking knowledge addice to apply control to genetic
testing offers. Advertising directly to the publitose genetic tests which are
“prescription only” should be prohibited.

Informing and educating the public

Thegovernment should ensure that consumers are pyap&tmed on the pros and
cons of genetic testing. For this purpose it i appropriate to set up public web-
based information offers or support existing indefent information web pages of
high quality.

International/European regulation

The Commission is aware that DCGT offers madehearternet and from foreign
sources cannot easily be controlled. Efforts tortwanize regulation internationally
are needed. The European IVD Directive should bera®d in a way that genetic
tests should require an independent pre-marketwg\and complementary
mechanisms should be established for “lifestylstse

Most of the options explored and suggested by B€dre intended for adoption by national
authorities. Development, regulation and controlhealth care are mainly the tasks of
national governments and authorities in the EU nendiates. There is, however, an
increased demand by experts as well as stakehotderBurope-wide harmonisation of
guidelines and rules for genetic testing practicgeéneral. As shown in the present report,
DCGT in particular seems to require internationalEmropean efforts of regulation and
quality control, since the internet offers are rmgpiple accessible to citizens across national
boundaries. When setting up the Additional Protooonl Genetic Testing, the European
Council obviously felt the need for a Europe-widarhonisation of standards for genetic
testing. The ramifications of the Council’s Addited Protocol (6.5) will become apparent in
the future. It might well be that the protocol willove to impose major restrictions on DGCT
offers when ratified by the member states. Apastnfrthe Protocol, at present three areas
appear to be most prominent with respect to pofitgrvention at the European level.

IVD Directive

As outlined above, the IVD Directive which is curtly undergoing a process of
amendment, is addressed as the European regulatorgwork for pre-market
approval of genetic testing (6.5). In the courséhefamendment, decisions will have
to be taken as to what extent genetic testing ndrshould be covered by the rules of
the Directive and how different types of gene tesésassigned to the different risk
categories; this in turn will determine whether-prarket approval is mandatory. It
seems crucial in this respect to include clinicldity (and utility) as criteria for the
evaluating gene tests. The role of monitoring dbIMedical devices that is attributed
to the European Medicines Agency (EMEA) in the fatwill also be important for
the control of DCGT. So far, applications for presiket approval of devices have to
be submitted by providers to national notifying lesd which, however, might not
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have the expertise to assess the clinical valahty utility of gene tests. The time
schedule for amending the Directive is not setyietd DG Enterprise intends to
publish a summary of the answers received fronctineently running public
consultation on its website in November 2008.

European Code of Practice

Even if a European framework for the approval afej& testing is established via
the IVD Directive, there still might be a need @mantrolling DCGT offers for those
tests for which no marketing restrictions have b&tgulated. It might be appropriate
to consider establishing a European code of pedbicDCGT, which would imply
commitment of service providers to standards adrgdic evidence for the clinical
validity of tests offered, of advertising and prdgenforming consumers, and of
genetic counselling. A European initiative in trespect (probably under the
guidance of the Eurogentest Network) would be heliaf enforce national activities
to establish a code of practice (as currently uadten by the British HGC). A code
of practice would be of a voluntary nature. Theesdtbwever, could be enforced by
an independent regulatory body equipped to dedl eagtmplaints and entitled to
intervene if companies are found not to be compglyuith the code. It must be
considered whether this supervisory function cdxddssigned to a European
authority.

Quality Control and Accreditation of Laboratories

As outlined above, the current system of qualitytoal for laboratories carrying out
molecular genetic testing in Europe is inconsistémot insufficient (6.4). It might
be appropriate to try to set up a European systegnadity control and accreditation
of laboratories, or at least to explore appropnmaéans of supporting and enforcing
national efforts to improve quality control and ptithe OECD guidelines
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Annex

1. Assessment form for the evaluation of website$fering DCGT

General information about company:

Name of the company:

Website:

Q0 Founded/launched

Q A Home country of provider:

Q B Information about in which countries the comypaffers test:

Q C Information about in which countries the compdaes not offer tests:

Q D Is there an explicit link to other compani&gRich ones?

Q1 Offering direct-to-consumer genetic testing is

(1) The only field of activity of the company: Singbewpose company offering DCGT
services

(2) Only one of the company's activities/services:
Q1.2. (Yes 1/No 2) Research company active in the field of human gene
Q1.3. (Yes 1/No 2) The company offers non-genetic tests as well
Q1.4. (Yes 1/No 2) The company offers dietary supplements
Q1.5 Others:

Q2 The company offering the test
(1) also carries out the laboratory work
(2) outsources the laboratory work
(3) No information
(4) Not clear
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Characterisation of DCGT services offered

Which types of genetic testing are offered?

Q3 Indicate the diseases, susceptibilities for tvigienetic testing is offered by name

Type of offers
Q 3.1 (Yes 1/No 2)
Q 3.2 (Yes 1/No 2)
Q 3.3 (Yes 1/No 2)

Q 3.4 (Yes 1/No 2)
Q 3.5(Yes 1/No 2)
Q 3.6 (Yes 1/No 2)
Q 3.7 (Yes 1/No 2)
Q 3.8 (Yes 1/No 2)

Q 3.9 (Yes 1/No 2)
Q 3.10 (Yes 1/No 2)

Q 3.11 (Yes 1/No 2)
Q 3.12 (Yes 1/No 2)

Q 3.13 (Yes 1/No 2)
Q 3.14 (Yes 1/No 2)
Q 3.15 (Yes 1/No 2)

Q 3.16 (Yes 1/No 2)
Q 3.17 (Yes 1/No 2)
Q 3.18 (Yes 1/No 2)
Q 3.19 (Yes 1/No 2)

Monogenetic Mendelian diseases
Monogenetic Mendelian diseases with late onsenhfidgton)

Testing for  genetic variants  for multifactorial
disease/susceptibilities

Risk factors (SNPs) for cancer

Risk factors for cardiovascular disease

Risk factors for diabetes

Risk factors for mental /neurological diseasesidisrs

Risk factors for other diseases

Response to medical treatment (pharmacogenstiodgg

Risk factors for nutrition genetic factors relatedoersonal diet
(nutrigenomics), personalised nutrition

Offer of a general check of the genome (SNPs)

Total sequence of genome

Genetic factors related to athletic performance
Genetic factors related to addiction

Genetic factors related to cosmetics

Paternity testing
Ancestry testing
Family inheritance
Others
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Q4 Type of testing procedure

Q 4.1 (Yes 1/No 2) Test kit for home use with the result providecdedily at home
Q 4.2 (Yes 1/No 2) Test kit for home use with DNA probe (cheeck swalsaliva /

blood) to be sent to the provider for analysis

Q 4.3 (Yes 1/No 2) Test kit to be used under supervision of a doctor

Q4.3.1 (1) patients doctor, (2) company doctob@h are possible

Q5 How are the results submitted
Q5.1 (Yes 1/No 2) Results are obtained directly at home
Q 5.2 (Yes 1/No 2) Results are submitted to the client by letter
Q 5.3(Yes 1/No 2) Results can be accessed by the client on linee-bnail
Q 5.4 (Yes 1/No 2) Results can be accessed by the client by telephone
Q 5.5 (Yes 1/No 2) Results are submitted to the doctor given

Q6 Connection of result submission to consultation

(1)
(2)
)
(4)
(5)

Results are submitted to the client without theaspof consulting an expert
Results are submitted to the client with the aptbconsulting an expert

Results are submitted to client with consultaisra mandatory part of the process
No information

Not clear

Comments on testing procedure:

Assessment of information available on website

Is any

information available on the following issue

Q 7 Qualification of institute and personnel

Q 7.1 (Yes 1/ No 2) More general assurance of good quality

Q 7.2 (Yes 1 / No 2) More detailed information about qualification ofamagement

team/scientific staff

Q 7.3 (Yes 1/ No 2) Membership of professional bodies
Q 7.5(Yes 1/ No 2) Subject to control public authorities/

FDA regulation?

Q 7.6.1 (Yes 1/ No 2) The company highlights their advisory board:  scientific
Q7.6.2 (Yes1/No?2) ethical
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Q 7.7(Yes 1/ No 2) The company mentions privacy guidelines (data protection)
Q7.8(Yes1/No?2) informed consent
Q7.9(Yes1/No2) other ethical guidelines

Q 7.10(Yes 1/ No 2) Certification / If yes, which one?

Q 7.11 (Yes 1/ No 2) Accreditation of company

Q8

Information on genetic testing

Q 8.1 (Yes 1/No 2) General information on genetic testing

Q 8.2 (Yes 1/No 2) General information on risk factors related to SNP
Q 8.3 (Yes 1/No 2) General information on pharmacogenetics

Q 8.4 (Yes 1/ No 2) General information on nutrigenetics

Q9 Test-specific information

Q10

Q11

Q9.1 (Yes 1/No 2) Information on science behind test for lay people

Q 9.2 (Yes 1/ No 2) Information on subgroup of population suitable festing
(when is genetic testing useful and when not)

Q 9.3 (Yes 1/ No 2) Reference to scientific publication
Q 9.4 (Yes 1/ No 2) Information on which SNPs are tested

Q 9.5(Yes 1/No 2) Information on algorithm used to predict risk

Accuracy of test data

Q 10.1 (Yes 1 / No 2) Information on analytical validity (accuracy ofste
identifying the biomarker)

Q 10.2 (Yes 1/ No 2) Information on clinical validity (relationship be¢en the
biomarker and the clinical status)

Q 10.3 (Yes 1/ No 2) Information on clinical utility (likelihood thaest will lead to
an improved outcome)

Q 10.4 (Yes 1/ No 2) Reference to expert knowledge /scientific evidence
Informations on consequencasd actions to be taken

Q 11.1 (Yes 1/ No 2) If a positive test result is obtained
Q 11.2 (Yes 1/ No 2) If a negative test result is obtained
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Q12.1 Necessity and quality of counselling

Is counselling offered?

(1) Yes Q12.1.1 (Yes 1/ No 2) Via telephone
Q12.1.2 (Yes 1/ No 2) Via internet
Q12.1.3 (Yes 1/ No 2) Before testing
Q12.1.4 (Yes 1/ No 2) After testing
Q12.1.5 The company offering the genetic test
(1) does the genetic counselling itself
(2) outsources the genetic counselling

Q 12.1.6 (Yes 1/ No 2) Reference to a professional
code of practice

Q 12.1.7 (Yes 1/ No 2) Staff qualified for counselling
(2) No
(3) No information

(4) Not clear

Price of laboratory and counselling services

Q 13 Is there information on price?

(1) Yes

Q13.1 What is the price (EURO) of genetic testid§D)?

Q13.1.1 Test for monogenetic disease
Q13.1.2 Test for multifactorial disease
Q13.1.3 Risk factors SNPs test
Q13.1.4 Pharmacogenetic test
Q13.1.5 Nutrigenomic test
Q13.1.6 Other

Q13.2 Is counselling included in the price? (Mes
(2) No, the counselling costs extra

Q13.2.1 How muchySD)?
(2) No
(3) Not clear
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2. Overview of testing services offered via interrie

Firm Men- | Late onset | Multi- | Cancer | Cardio- |Diabetes | Neurological/ | Pharmaco- | Nutri- |Genome | Sequence | Athletic | Addiction Cosmetics Paternity Ancestry nhertitance Other
delian| Mendelian |factorial | SNPs |vascular Mental genetic  |genetics | Check | of genome

23and Me 1 1 1 1 1 1 1 1 1 1 Chron's disease

\Acu-Gen Biolab Sex testing foetus

C. Katzin's The 1

DNA Diet

Consumer Genetics| 1 1 1

Cygene Direct 1 1 1 1 (Osteoporosis

decode 1 1 1 1 1 1

DNADirect 1 1 1 1 1 1 1 1 Infertility

DNAPrint genomics 1 1

Eastern Biotech 1 1 1 1 future 1 1 1 1 premarital screening, prenatal DNA

and Lifesciences test

GATC 1

Genelex 1 1 1 1 1 1

Genova 1 1 1

Diagnostics

G-nostics 1 1

GeneLink 1

Biosciences

Dermagenetics

Genetic Health UK 1 1 1 1 1 1

Graceful Earth 1

HairDX 1

HealthCheckUSA 1 1 1 Hereditary hemochromatosis,
thrombosis, celiac disease

Health Tests Direct| 1 1 1 1 MTHFR test, associated with
cardiovascular disaese, pregnancy
loss, schizofrenia, herpes virus 6
detection

HIVGene HIV resistance

Holistic Health 1

Interleukin Genetics 1 1 1 Genetic susceptibility test for

Alticor /Quixtar periodontal disease

Kimball Genetics 1 1 1 1 1

Knome 1

Molecular 1 1 1 1

Diagnostics

Laboratories

Medi-Checks 1 1 1 1 1 Many tests for prenatal or
chromosomal analysis, also sex
testing unborn child and testing for
(developmental) disorders of unborn
child.

Mygenome 1 1 1 1 (Osteoporosis

Navigenics 1 1 1 1 1 1 1

NeuroMark 1

Proactive 1 1

Genomics
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Firm Men- | Late onset | Multi- | Cancer | Cardio- |Diabetes | Neurological/ |Pharmaco- | Nutri- |Genome | Sequence | Athletic | Addiction Cosmetics Paternity | Ancestry |nhertitance  |Other
delian| Mendelian |factorial | SNPs |vascular Mental genetic  |genetics | Check | of genome

Psynomics 1 1

Salugen 1

Sciona/Mycellf 1 1

SeqWright 1 1 1 1 1 1 1 1 1 MS, restless legs syndrome,
rheumatoid arthritis, macular
degeneration, Crohn's disease

HIVMirror (Smart HIV resistance

Genetics)

Smart Genetics 1

ALZ Mirror

Suracell 1 1

SureGene 1 1 1
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