The presentation draw some attention of
radio and televison, this also because in our
Message to Parliament we had given some
concrete examples of possible consequences of
predictive medicine.

Some conclusions

Looking back at the project Predictive Med-
cine from the perspective of the Rathenau In-
dtitute as a parliamentary TA institute, the fol-
lowing conclusions can be drawn:

A project that takes a different course than
is planned, is not because of that a failure;
on the contrary it proved that predictive
medicine was a subject which raised a lot
of new and other questions than the Ra-
thenau I nstitute expected;

We had a big advisory group in which al
possible antagonisms were built in: that
proved to be not a workable construction;
Conflicts should not be sought, but it is
aso not useful to avoid them at al costs;
perhaps the discusson around predictive
medicine is the forerunner of a coming
paradigm discussion in and around medi-
cine;

There is a great difference in culture te-
tween many medica and genetica spe-
ciaists and philosophers and sociologists,
but also paliticians.
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POST study on Pharmaco-
genetics

by David Cope and Peter Border, Parliamen-
tary Office of Science and Technology

Genetics is an important factor in the over-
all impact of a person’s reaction to a spe-
cific drug. With increasing knowledge about
the human genome, pharmacogenetic test-
ing will become more important, as it opens
up the prospect of personalised medicine,
where each patient receives the treatment
most appropriate to him. It poses however
also challenges to regulators and raises
questions about the nature of the informa-
tion derived by phamacogenetic profiling.

What is pharmacogenetics?

It has long been known that different people
may react differently to the same drug. Indeed,
a rule of thumb has evolved in the pharmaceu-
tica industry, that only around one in three
people given a particular drug will benefit from
it. The remaning two thirds ether will not
respond to the drug at al, or may suffer an
adverse reaction.

Pharmacogenetics is an attempt to explain
this variation in the way individuals respond to
drugs in terms of genetics. This is not to sug-
gest that genetics is the only factor involved.
An individua’s response to a drug will also be
influenced by a range of other (environmental)
factors such as what and when they last ate.
Other factors such as compliance with a drug
regime (the extent to which an individual takes
the right drug at the right time) will also con-
tribute to the overal impact of the drug. But it
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has become increasingly apparent in recent
years that genetics is also an important factor —
and the more that is known about the human
genome, the more important pharmacogenetics
may become.

Drug responses and genetic variation

While we all share the same genome, we each
have our own unique verson of it. For in-
stance, coinciding with the February 2001 pub-
lication (Nature) of the first draft of the human
genome, the Internationad SNP Map Working
Group issued a map documenting 1.42 million
sites of known individual variations within the
genome (SNPs are single nucleotide polymor-
phisms — sites at which single base differences
occur).

Some of these genetic variations will a-
cur in the genes that code for proteins that n-
teract with drugs. Such variations may be m-
portant for two main reasons. First, proteins
may themselves be drug targets. Because pro-
teins perform many essential tasks within the
body (messengers, carriers, receptors, etc.),
drugs are often designed to bind a specific
protein in order to exert their therapeutic effect.
Variations in these target proteins may thus
affect the way an individua responds to a drug.
Researchers may increasingly be able to apply
knowledge of variations in target proteins to
drug design.

Second, proteins are also responsible for
breaking down drugs in the body (Wolf et a.
2000).In particular, one family of proteins — the
so-caled cytochrome P450s — does this for
most of the drugs used in modern medicine
today. As discussed in more detail below,
variations in these proteins can affect the rate at
which a drug is broken down and the nature of
the breakdown products. Such variations have
been the focus of much recent attention be-
cause they can affect:

Drug efficacy. For instance, some indi-
viduals have multiple copies of a gene
(cyp2d6) that codes for a protein that (n-
ter alia) breaks down tricyclic antidepres-
sants such as nortriptyline. Such individu-
als break the drug down at such a high rate
that it is virtualy impossible for the drug
to achieve a therapeutic dose.
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Doserequired. The rate a which adrug is
broken down affects the dose required to
achieve a therapeutic effect. For instance,
some individuals have inactivating muta-
tions in a gene (cyp2c9) coding for an-
other member of the cytochrome P450
family that is normally involved in break-
ing down drugs such as warfarin (an anti-
coagulant). Such individuas thus need
only very low doses of the drug.

Adverse reactions and toxicity. Variations
in genes coding for the cytochrome P450
family of proteins also affect the meta-
bolic route by which drugs are broken
down. Some individuals may thus break
down drugs into harmful metabolites that
can cause adverse reactions, whereas oth-
erswill not.

Drug activation. Some drugs are given as
inactive pro-drugs, relying on enzyme a-
tion to convert them to the active form.
One such example is codeine, which is
converted to its active form (morphine) by
cyp2d6; people with inactivating muta-
tions in this gene derive no therapeutic
benefit from the drug.

Pharmacogenetic testing to predict drug
responses

Researchers are currently aware of at least 30
genes coding for proteins involved in drug
metabolism. As discussed previoudy, varia-
tions in these gene sequences can lead to con-
siderable differences in the rate and manner in
which people break down drugs. The expecta-
tion is that more such variations will be
mapped and characterised in the near future. As
knowledge of which genetic variations are
linked to which drug responses improves, then
doctors may increasingly be able to devise
(pharmacogenetic) tests to predict how a par-
ticular patient will respond to a particular type
of drug. Many within the pharmaceutical in-
dustry see such developments as having great
potential for personaising medicine, where the
“right drug” is matched with the “right pa-
tient”. If they are right, then pharmacogenetics
will raise a number of issues that policy makers
will need to consider. These are discussed in
more detail below. It is worth pointing out,
however, that some are more sceptical about
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the potential for pharmacogenetics, arguing
that it is by no means clear what proportion of
individual variation is accounted for by genet-
ics.

Implications for policy makers

Ethical considerations concerning pharmaco-
genetic testing

Ethical issues concerning genetic tests have
been the subject of much debate in recent
years. To date this has been concerned with
genetic tests for genes involved with disease.
These have largely been tests for relatively rare
single gene disorders such as cystic fibrosis,
but may increasingly include tests for genes
implicated in common complex disorders such
as cancer, diabetes, etc. (see Fig. 1). Issues
raised by “disease genetic testing” and consid-
ered by regulatory bodies throughout Europe
include:

informed consent (e.g. the need to provide
counselling before and after atest);
whether or not tests should be conducted if
no appropriate treatment is available;

test vaidation (particularly for predictive
tests for common complex disorders);
whether third parties such as employers or
insurers should have access to genetic n-
formation;

and, if so, under what circumstances.

Fig. 1: Pharmacogenetics and other types
of genetic testing

GENETIC TESTING

[ DISEASE GENETICS } {PHARMACOGENETICS

Tests for disease Tests to optimise drug
diagnosis / prognosis treatments

RARE INHERITED COMMON COMPLEX
DISORDERS DISORDERS
pre-implantation susceptibility tests
diagnosis diagnostic tests
pre-natal diagnosis
post-natal screening

TESTS FOR DRUG
METABOLISM / ACTION
ests to detect drug
metabolism genes

NP profiles predicting
drug metabolism/action.
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To what extent do smilar considerations apply
to pharmacogenetic tests? Some have argued
that al genetic tests raise similar issues by
virtue of the fact that they revea genetic in-
formation about the person taking the test. Oth-
ers, including many in the pharmaceutica in-
dustry, fedl that it is the nature of the informa-
tion that is important, not the nature of the test
by which it was derived (Roses 2000).They see
a clear distinction between information relating
to genetic disease and information concerning
likely response to a drug (see Fig. 1). The for-
mer may be used to the patient’s medical al-
vantage but may aso be of interest to third
parties such as insurers and employers, who
might seek to use it in away that discriminates
againgt the patient. They argue that pharmaco-
genetic data can only be used to the patient’s
medical benefit; it is of no interest to third par-
ties and is thus unlikely to be used in a dis-
criminatory way. This may mean that some of
the ethical considerations that apply to disease
genetics may be avoided by pharmacogenetics.

Not al agree with this view. Some have
suggested that a person’s pharmacogenetic
profile may itself be of interest to third parties,
for example, if it showed that the individua
was particularly difficult to “match up” to cur-
rently available treatments. Others have ques-
tioned the distinction between disease genetics
and pharmacogenetics, pointing out that it de-
pends on the assumption that the latter will
yield information only on likely responses to
drugs. Suppose it subsequently turned out that
the same variations that affect drug metabolism
(and thus predict drug responses) could also be
used to deduce something about an individual’s
future susceptibility to genetic disease. Under
these circumstances, the information might be
of interest to third parties and consideration
may have to be given to issues such as coun-
selling, confidentiality, etc. It must be stressed
that there is no evidence to suggest that this
will be the case; it is more a matter of specu-
lating that it is not entirely implausible that
genetic variations in metabolic enzymes might
have more far-reaching biological conse-
guences. One issue for policy makers hereis to
consider mechanisms by which the “usefu-
ness’ of the information yielded by pharmaco-
genetic tests can be monitored.
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Clinical trials and adverse drug reactions

The key feature of pharmacogenetics is that it
alows drugs to be targeted at sub-groups of the
population whose genetic profile predicts that
they will respond to them best. Indeed many
pharmaceutical companies have aready started
collecting genetic information in the early
stages of clinical trials. By the time a new drug
is ready to be tested in thousands of patients in
Phase 11 trids, researchers may aready have a
pretty good idea of which patients are likely to
benefit most from it. If the drug can be tested
on patients with the appropriate genetic profile
in the final phase clinica trial, then fewer @
tients may be needed to establish efficacy. This
is good news for pharmaceutical companies
since it raises the prospect of smaller, faster
and cheaper clinical trials.

One concern about clinical trids in gen-
erd is that they may miss very rare adverse
drug reactions that become apparent only after
the drug has been given to tens of thousands of
patients. Current trials may aready involve too
few patients to detect some such adverse reac-
tions; any reduction in the number of patients
involved in clinica trials (eg. because of
pharmacogenetic profiling) might therefore
further reduce the likelihood of detection.
However, pharmacogenetics also offers the
potential for improved surveillance for adverse
drug reactions. Keeping blood samples from all
patients receiving a new drug in the first few
years it is on the market would allow pharma-
cogenetic profiling of any adverse reactions
detected in this larger group of people. Infor-
mation linking specific genetic variations with
very rare adverse reactions to a drug could thus
be “fed back” into the marketing approval. In
this way, the pharmacogenetic profile of the
sub-group of patients for which the drug was
approved could be continualy “fine tuned”.

Seite 50

Overview

Pharmacogenetics is just one part of a much
wider trend that is putting genetics at the heart
of modern medicine. Notwithstanding recent
suggestions that we possess fewer genes than
anticipated, the coming years will see great
advances in our understanding of the role our
genes play in many common diseases. All of
this points towards a bigger emphasis on gene-
based tests, whether for pharmacogenetic, d
agnostic or other purposes.

Healthcare providers such as the UK’s
National Health Service (NHS) will thus have
to consider the potentia financia and organ-
isational issues raised by such trends. For in-
stance, NHS genetic testing in the UK has
evolved to meet the needs of patients suffering
from relatively rare genetic disorders: it is cur-
rently centred on 50 or so regiona laboratories.
Basing drug prescriptions on pharmacogenetic
profiles or involving other types of genetic
testing in diagnosis/classification of more
common disorders implies a more accessible,
local, organisation of services.

It also implies that doctors, nurses, and
medica technicians will require more knowI-
edge of recent developments in clinical genet-
ics than is currently the case. This can be al-
dressed through changing curricula and by
continued professional training, athough such
initiatives require time and money to set up and
to take effect. Greater numbers of genetic
counsellors may aso be needed for some types
of genetic tests (although as discussed above
not necessarily for pharmacogenetic profiling),
and consideration may need to be given to
novel ways of delivering counsdlling.

Overal then, pharmacogenetics creates
both opportunities and chalenges for policy
makers. It opens up the prospect of personal-
ised medicine, with each patient receiving the
treatment most appropriate to them. It aso
promises to speed up the clinical trias process
and reduce the numbers of patients suffering
adverse reactions to new drugs. However, this
poses challenges for regulators and may aso
raise questions about the nature of the informa-
tion derived by pharmacogenetic profiling.
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Die systematische Evaluation
medizinischer Interventionen
am Beispiel Erythropoietin bei
Tumoranamie

von Claudia Wild, Institut fir Technikfolgen-
Abschatzung, Wien

Die Diskussion um Rationierung vs. Ratio-
nalisierung von Leistungen im Gesund-
heitswesen ist vor allem fiir die Ausrichtung
der Gesundheitspolitik von Bedeutung.
Konkrete Evaluationen haben dabei zumeist
medizinische Interventionen in der Grauzo-
ne zwischen Rationierung, d. h. dem Vor-
enthalten wirksamer Gesundheitsleistun-
gen, und Rationalisierung, d. h. der Elimi-
nierung eindeutig unwirksamer Interventio-
nen, zum Inhalt. Als Exempel dient ein As-
sessment zu Erythropoietin bei Tumorana-
mien.

Die Ergebnisse der Behandlung Tumor-
induzierter Andmien mit Erythropoietin sind
teilweise unbefriedigend: Nur 50 - 60 % aré-
mischer Tumorpatienten sprechen auf EPO an.
Gleichzeitig werden in Krankenanstalten und
Soziaversicherungen fur onkologische Indika-
tionen zweistellige EPO-Verbrauchszuwéchse
verzeichnet. Ein Assessment legt nun die wis-
senschaftliche Basis flr einen ,, angemessenen”
Einsatz von Erythropoietin bel Tumorandmien:
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Es macht Aussagen zu gesichertem und fragli-
chem Nutzen fir Tumorpatienten.

Die Ergebnisse der Behandlung renaler
Andmien mit r-HUEPO (gentechnologisch her-
gestelltes Erythropoietin) |6sten — aufgrund der
guten Ergebnisse mit 80 bis 95 %-iger Respon-
denz — die Erwartung aus, dass die Ergebnisse
der Behandlung anderer chronischer Andmien
mit Erythropoietin dhnlich erfolgreich wéren.
Waéhrend dlerdings Anamien bei chronischen
Nierenerkrankungen durch einen Mangde an
Erythropoietin, d. h. monokausal, bedingt sind,
sind die Ursachen fir Anamien be Krebs
erkrankungen vidféltiger Natur. Dementspre-
chend sprechen nur 50 bis 60 % der Patienten
mit chronischer Andamie bel Krebserkrankung
auf r-HuUEpo an.

Nachdem es sich bei r-HUEPO um ein sehr
kostspieliges Préparat handelt, und in Oster-
reich wie auch in den USA r-HUEPO nicht nur
in einem weitaus breiteren Indikationsrahmen
as in anderen westlichen Landern zugelassen
ist, sondern auch wesentlich haufiger ange-
wendet wird, stellen die Kostentréger zuneh-
mend den Bedarf nach Richtlinien zum Einsatz
von EPO und zur Friherkennung jener 40 -
50% der Patienten fest, die nicht auf die
r-HUEPO Gabe ansprechen.

R-HUEPO wurde in Osterreich in einer lo-
kalen Registrierung — damals noch nicht EU-
Mitglied — Anfang der 90er Jahre, als einem
der ersten Lander weltweit, fir Tumorandmien
zugelassen. Entsprechend den Vorschriften fur
gentechnologisch hergestellte Pharmaprodukte
ist eine zentrale Registrierung bel der 1994 ins
L eben gerufenen EMEA (European Agency for
the Evauation of Medicinal Products) notwen-
dig. Die EMEA schréankte bisang die weitge-
fasste Indikation der Tumoranamien auf Ang-
mien be platin-hdltiger Chemotherapie ein,
liefd aber im Juni 2000 EPO auch fir den brei-
teren  Indikationsbereich ~ Chemotherapie-
induzierter Anamie zu. Dieser Schritt ist durch
die higtorische Entwicklung, nicht durch die
klinischen Ergebnisse zu erklaren.

Anamieabklarung

Erythropoietin, ein beim gesunden Erwachse-
nen vor alem in den Nieren gebildetes Hor-
mon, greift an Vorlauferzellen der Erythrozy-
ten im Knochenmark an und fordert so die
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