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Adverse drug reactions represent a major public health and economic global problem.
Growing evidence suggests that pharmacogenomics may potentially play a role in reducing
drug-induced adverse events. Research efforts are increasingly directed towards this goal.
However, knowledge about whether or not pharmacogenomics may be useful as a novel
approach in postmarketing surveillance programs is at present rather limited. A critical
analysis of some of the methodological design and ethical issues generated by the
potential incorporation of pharmacogenomic profiling into pharmacosurveillance

programs is presented.

Introduction

Developments in pharmacogenomic technolo-
gies, such as single nucleotide polymorphism
(SNP) analysis, automated gene sequencing and
the proliferation of databases, promise to herald
a new era in drug discovery, development and
therapeutics. The applications of pharmacoge-
nomics and how they will impact the pharma-
ceutical industry and the provision of healthcare
have been reviewed by several authors in the last
3 years [1-8].

The promise that pharmacogenomic applica-
tions might overcome the serious public health
problem of adverse drug reactions (ADRYs) is one
goal of current research efforts. However, despite
the promise of anticipated benefits, the feasibil-
ity of pharmacogenomics as a tool of pharmaco-
surveillance in the postapproval period of
therapeutics has not been well addressed.

This article focuses on the potential utility of
pharmacogenomics for postmarketing surveil-
lance, including examples, and some of the
methodological and ethical implications that
deserve more critical analysis.

Some relevant definitions

It has become increasingly customary to begin a
review of this topic by defining the distinctions
between the terms ‘pharmacogenetics’ and ‘phar-
macogenomics and many slight and not so
slight variations have been proposed [9-12]. How-
ever, it is also clear to researchers in the field that
the two terms are used interchangeably and that
there appears to be considerable overlap in what
these two terms encompass, although most
acknowledge that, in principle, pharmacoge-
nomics encompasses a broader spectrum of
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genomic technologies and applications focused
on drug research and development and potential
clinical utility. In this paper, the focus is on one
aspect of pharmacogenomics: its anticipated
usage in minimizing or eliminating ADRs.

For the purposes of this article, ADR is
defined as ‘any noxious, unintended and unde-
sired effect of a drug which occurs at doses used
in humans for prophylaxis, diagnosis or therapy,’
according to World Health Organization
(WHO) criteria [13]. Thus, adverse events due to
overdose, drug abuse or drug administration
errors are excluded.

The application of genomic technologies to
associate genetic polymorphisms with particular
phenotypes, such as specific ADRs, can be
referred to broadly as pharmacogenomic profil-
ing [1]. The discipline of pharmacoepidemiology
is concerned with applying the tools of epidemi-
ology to therapeutic drugs and their outcomes,
including adverse events as well as therapeutic
benefit. The scientific practice relating to under-
standing, detecting and preventing drug-related
adverse events and other problems is known as
pharmacovigilance or pharmacosurveillance [14].

The public health challenge of adverse

drug reactions

It is well known that ADRs are a major challenge
to the health of populations [15-21. In the United
States, several highly cited reports have high-
lighted that ADRs are among the leading causes
of serious morbidity and mortality among hospi-
talized patients [16,17). In the United Kingdom,
studies have shown that the prevalence of ADRs
is a leading cause of hospital admissions [20,22].
Studies conducted in Switzerland [23,24], France
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(25] and Australia [19] demonstrated similar find-
ings. A recent prospective cohort study con-
ducted at four primary care practices in Boston
reported that in over 600 adult out-patients
monitored, there was a one in four incidence of
an ADR p21]. This suggests that ADRs are a seri-
ous problem in the out-patient population as
well. It is evident, therefore, that ADRs are a
common global problem across a variety of
healthcare systems.

Several systems have been suggested to catego-
rize ADRs depending on the nature of the ADRs
and their mode of action or pathways [26,27]. The
current method of classification has evolved to
include six categories that can easily be remem-
bered according to an alphabetical nomenclature
with mnemonic features [26,27):

* Type A reactions, labeled ‘augmented’ under
the present classification scheme, are those
that are dose-related and depend on the phar-
macological properties of the drugs in ques-
tion. Adverse events, such as dizziness and
diplopia, are examples of type A reactions.
Adjustment of dose usually resolves type A
adverse events.

* Type B or ‘bizarre’ reactions are not usually
dose-related but tend to be idiosyncratic, rare
and frequently patient specific.

* Long-term adverse effects seen after prolonged
use of a drug are termed type C or ‘chronic.’

* ‘Delayed’ or type D ADRs are those that
occur following prolonged use of a drug, usu-
ally for a chronic condition.

* Type E or ‘end’ of treatment reactions occur as
a result of the discontinuation of a drug (e.g.
B-blocker withdrawal induced rebound
arrhythmia).

* Type F refers to the therapeutic ‘failure’ of the
drug. This is typically associated with the
introduction of another drug and concomi-
tant interactions.

Post-marketing surveillance to detect and
monitor ADRs: current state-of-the-art
Pharmacovigilance programs in many countries
rely on the use of postmarketing surveillance
studies. Several methods are used in postmarket-
ing surveillance to investigate the occurrence of

ADREs in large patient populations, including:

* spontaneous reporting systems [28]

* prospective cohort or case control studies [29]

* analyses of regional or national health insur-
ance data

* record linkage databases and registries [30,31)

Spontaneous reporting to regulatory agencies,
such as the US Food & Drug Administration’s
(FDA) Adverse Event Reporting System, which
includes the Medical Products Reporting Pro-
gram, MedWatch 321, and the UK’s yellow card
scheme operated by the Committee on Safety of
Medicines [33] are typically the most common
pharmacovigilance methods used to identify new
or rare ADRs once drugs have been approved
and are on the market.

Examples of some drugs that were withdrawn
from the market due to reporting of serious
adverse events are highlighted in Table 1.

However, spontaneous reporting systems have
several limitations. Spontaneous reporting is lim-
ited by under-reporting. The true extent of
under-reporting is not known although esti-
mates range between 2-4% to 8-13% [2034].
Another limitation of using spontaneous report-
ing to identify ADREs is the inconsistency inher-
ent in the development of a specific ADR. In
some cases, certain ADRs are sufficiently rare in
the general population and develop rapidly after
drug use, thus permitting the association of the
ADR with the specific drug. In other cases, how-
ever, such as the well-known example of the
development of valvular heart disease in young
women who were taking appetite suppressants
with phenteramine and fenfluramine 353¢], the
ADR takes considerably longer to develop. If the
ADR tends to be relatively common in the gen-
eral population, this makes it more difficult to
associate the ADR with the use of a new drug.

Other limitations of the use of spontaneous
reporting include poor documentation and the
apparent lack of association between the rates
of spontaneous reporting and prescribing pat-
terns [28].

Although record linkage databases have been
in use in North America for a number of years, it
is only in recent years that two databases have
been developed in the UK: the General Practice
Research Database (GPRD) [37] and the Medi-
cines Monitoring Unit database [38].

Of the various methods of postmarketing
drug surveillance, pharmacogenomics resembles
therapeutic drug monitoring (TDM) most simi-
larly (39]. Therefore, it is appropriate to briefly
review the fundamental features of TDM.

Therapeutic drug monitoring

TDM is an established system of monitoring
certain classes of drugs in patients based on the
notion that plasma concentrations of a drug
more accurately reflect toxicity or therapeutic
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Table 1. Selected examples of drugs withdrawn from market due to serious ADRs.

Drug Indication

Baycol® Cholesterol lowering
(cerivastatin)

Propulsid® GERD

(cisapride)

Rezulin® Diabetes

(troglitazone)

Lotronex® Irritable bowel
(alosetron syndrome
hydrochloride)

Seldane® Antihistamine
(terfenadine)

Redux® Appetite suppressant
(dexfenfluramine

hydrochloride)

ADRs Year withdrawn
Rhabdomyolysis 2001
Torsades de Pointes 2000
Liver failure 2000
Ischemic colitis 2000
Torsades de Pointes 1998
Valvular heart disease 1997

ADR: Adverse drug reaction; GERD: Gastroesophageal reflux disease.

effects (401. TDM is generally indicated for drugs
with a narrow therapeutic margin, such as lith-
ium, or drugs that appear to have an unpredicta-
ble
difficule to establish clinical efficacy, such as

dose—response  relationship making it
some tricyclic antidepressants (e.g., impramine).
TDM is also indicated in patients where under-
lying disease symptoms may mask possible drug-
related toxicity, such as the administration of
theophylline in chronic obstructive pulmonary
disease (COPD), and in patients with impaired
clearance mechanisms, such as patients with
renal failure. Collection of TDM data is usually
done by blood draws that are assayed for particu-
lar metabolites.

TDM has limitations, including patient non-
compliance, incomplete adherence and variabil-
ity of TDM between different laboratories, and
cannot realistically be reliably employed for
widespread clinical use [39,401. More recently, sev-
eral authors have proposed that pharmacoge-
nomic profiling can be used as an adjunct to
conventional TDM (39,41]. The next section will
explore these proposals and evaluate the antici-
pated benefits and challenges that might emerge.

Prospects for pharmacogenomics
approaches for pharmacosurveillance
Current research in pharmacogenomics s
directed towards two primary goals:

* The identification of novel genetic targets
associated with various diseases for the devel-
opment of new therapeutic agents.

* The identification of specific genetic poly-

morphisms that are associated with respon-
siveness and/or adverse events to currently
available drugs [42).

Pharmacogenomic-based research and develop-
ment can be focused to identify genetic poly-
morphisms that are associated with either the
ability to respond (efficacy) or with specific
adverse events (i.e., safety). Although these two
objectives frequently overlap, increasingly indus-
try leaders and certain authors are focusing on
the purported potential of pharmacogenomics to
minimize or eliminate drug associated adverse
events [18,43-45).

Although the science of pharmacogenomic
profiling for the purposes of predicting ADR
susceptibility is still in its infancy, several com-
monly cited examples of genetic polymorphisms
known to be associated with drug ADRs are
illustrated in Table 2. The best known example is
the cytochrome P450 (CYP450) enzyme super-
family [46]. A significant number of therapeutic
drugs are metabolized by the CYP450 system
and the CYP2D6 and 2C polymorphisms have
been a particular focus of interest [46]. This infor-
mation has fueled the pharmaceutical industry’s
enthusiasm in performing prospective genotyp-
ing and phenotyping screening in clinical trials
for compounds that are metabolized by these
CYP isoforms [47-50]. Thus, the incentive to
employ pharmacogenomic profiling towards
identifying ADREs is strong. However, to date the
evidence for the utility of this application of
pharmacogenomics in clinical settings and how
pharmacogenomic profiling can be used as a
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Table 2. Selected examples of specific genetic polymorphisms known to be

associated with certain ADRs.

Genetic Drug class Examples of Reported adverse Ref.
polymorphism drug(s) drug reaction
TPMT Antimetabolite Mercaptopurine  Myelotoxicity, leukopenia,  [52]
chemotherapeutics Azathiopurine death
NAT2 Antimycobacterial Isoniazid Peripheral neuropathy [61,83]
Vasodilator Hydralazine Drug-induced lupus,
(antihypertensive) hypotension
CYP2D6 Opioids Codeine Severe abdominal pain or  [57-60,84]
no pain relief (depending
on whether poor or ultra-
rapid metabolizer)
Tricyclic Desipramine Cardiotoxicity, sudden
antidepressant death
CYP2C9 Anticoagulant Warfarin Risk of bleeding (53,54]

ADR: Adverse drug reaction; CYP: Cytochrome P450; NAT: N-acetyltransferase; TPMT: Thiopurine S-

methyltransferase.

novel form of TDM is limited. A review of the
pharmacogenomics literature suggests that many
authors are optimistic about the potental for
pharmacogenomic profiling for ADR suscepti-
bility, yet actual proof of concept data are pres-
ently rather limited. One well known example is
the use of genotyping or functional enzyme anal-
ysis of thiopurine methyltransferase (TPMT) in
order to adjust the dose of chemotherapeutic
agents, such as 6-mercaptopurine, in patients for
whom the standard dose presents with severe
hematologic and hepatic toxicity [51].

Other drugs that are considered potential can-
didates for pharmacogenomic testing for associa-
tion with specific ADRs but are not yet in
routine clinical use, include warfarin [52,53],
phenytoin (54,55, codeine [5657] and tricyclic
antidepressants [58,59]. Interestingly, the criteria
for their candidacy appear to be similar to those
for conventional TDM, including the fact that
these drugs show a narrow therapeutic margin
(60]. Thus, the use of pharmacogenomic profiling
for the identification of ADR susceptibility in
pharmacovigilance has a number of methodolog-
ical limitations at the present time.

Methodological, regulatory and

ethical considerations

Several key methodological, regulatory and ethi-
cal issues remain to be resolved before the prom-
ise of pharmacogenomic profiling as a novel
method of pharmacosurveillance for the preven-

tion of ADRs can be realized. A review of the lit-

erature evaluating the potential of using

genotyping as a new form of TDM or as an
adjunct to conventional TDM suggests that
pharmacogenomic-based TDM has a number of
shortcomings.

One consideration is the practical clinical rele-
vance of pharmacogenomic screening. It is a well
accepted tenet among pharmacologists and phy-
sicians that other factors, such as age, gender,
underlying disease and drug—drug interactions
all play important roles in understanding the
variability of drug metabolism and therefore
drug response and possible adverse events, in
addition to genetic variation [61]. Pharmacoge-
nomics conducted as TDM would provide some
information but this would be of limited value.
Another methodological concern centers on
clinical validity and reliability of the molecular
diagnostic tests that are developed. Other scien-
tific challenges to the clinical use of pharmacoge-
nomics that remain to be resolved include
genotype—phenotype correlations, development
of appropriate haplotype technology (which is
still in its infancy), SNP profiling technology
and the development of more economically fea-
sible genotyping strategies.

The use of pharmacogenomics profiling to
associate a specific ADR, hypersensitivity reaction
(HSR) with exposure to the anti-HIV retroviral
abacavir, has been proposed as a model example
of using pharmacogenomics in the postapproval
period [62]. Two studies demonstrated an associa-
tion between the HLA B5701 polymorphism and
HSR due to abacavir [63.64]. Sensitivity ranged
from 72 to 78% in the prospective study by Mal-
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lal eral (631 and was 46% in the retrospective
case-control study [64]. Both Mallal ez 4/. [63] and
Hetherington ez al. [64] acknowledge the difficul-
ties inherent in HLA testing with rather limited
sensitivity. Indeed, the clinical udility of genotyp-
ing for this HLA association with abacavir-related
HSR remains debatable [65].

The problems associated with achieving both
the appropriate sensitivity and specificity in
pharmacogenomic profiling diagnostics are not
entirely insurmountable. Not only are there con-
with
genome SNP mapping techniques but analytical
validation standards exist in industry [101,102).

However, other issues, both methodological
and ethical, may be more difficult to resolve. Of
note, limited functional and prevalence data
exist regarding drug transporters and therapeutic

tinuous  technological improvements

targets. Realistically, in order for pharmacoge-
nomics to be used for pharmacosurveillance,
such as a TDM approach, it is necessary to inte-
grate information related to drug-metabolizing
enzymes, drug transporters and therapeutic tar-
gets, because these contribute to a drug’s phar-
macokinetics and pharmacodynamics.

There are also important considerations
related to the multifactorial and polygenic nature
of ADR susceptibility [66]. It is interesting that
the genetic polymorphisms associated with spe-
cific ADRs that have been characterized the best
tend to be those related to type A ADRs, such as
the case of TPMT [66]. It has been shown to be
much more difficult to use pharmacogenomic
profiling approaches to identify and predict
other categories of ADRs, such as type B, C and
D reactions [66].

An important scientific challenge, at least ini-
tially, with a concomitant regulatory and ethical
concern arises from the statistical requirement of
sufficient power needed to associate a genotype
definitively with a particular adverse event. At the
present time, association studies require a large
number of patients in order to achieve adequate
statistical power [67-70]. Generally, the purpose of
surveillance during the postapproval period is to
determine serious ADRs from newly approved
drugs that result in the withdrawal of the drug
from the market. However, a genotyping diag-
nostic test cannot meet the validation clinical
specificity and sensitivity standards without the
sufficient sample size. This may entail exposing a
large number of patients to a given therapeutic
agent and potentially to a serious ADR.

Some authors have suggested that pharmacog-
enomic profiling raises less ethical concerns than

POLICY PERSPECTIVE

other areas of genetic testing because, with SNP
mapping technology, it is possible to identify the
polymorphism of interest for drug-responsive-
ness or an ADR only and avoid relating it to dis-
ease [9,44,62,71]. However, realistically there is and
will be significant overlap between polymor-
phism—ADR associations and disease susceptibil-
ity-related polymorphisms (73.74]. For example,
the association of the apolipoprotein E (ApoE)
polymorphism with response to lipid-lowering
drugs is well known [75-78]. At the same time,
ApoE is predictive of increased risk of Alzhe-
imer’s disease [3,76]. Thus, it is quite possible that
pharmacogenomic-based diagnostic testing may
inadvertently result in information regarding dis-
ease susceptibility. This, in turn, would lead to a
number of ethical problems, such as those
related to privacy and confidentiality, insurabil-
ity, consent etc., usually associated with other
forms of genetic testing.

Recently, the development of databases of
genetic profiles associated with ADRs has been
proposed [44.79]. The growing interest in the
development of databases associating ADRs
and/or drug-responsiveness with genetic poly-
morphisms presents with ethical concerns that
are particularly cogent for the subject of this arti-
cle. If pharmacogenomics is to be useful as an
approach to surveillance in the postapproval
period, genome banks of samples for retrospec-
tive analysis and databases linking polymor-
phisms with suspected ADRs and other
pertinent information will become increasingly
necessary. Several genomic repositories and data-
bases are already in operation including Gen-
bank®, dbSNP and PharmGKB [s0-82).

A number of ethicists and other commentators
argue that a possible solution to the problems
associated with potential misuse of information,
breach of confidentiality and stigmatization
related to repositories and databases is to ano-
nymize samples that are collected by removing all
patient identification information or to restrict
the data to a select number of healthcare profes-
sionals [83,84. However, such an approach would
likely defeat the purpose of pharmacogenomic
databases for postmarketing TDM purposes.
Thus, there is an urgent need at local, national
and international levels for the regulatory and
legislative adoption of standards to ensure the
legitimate use of pharmacogenomic data.

Another issue that presents with ethical quan-
daries is the potential use of pharmacogenomics
to ‘rescue’ drugs that have previously been with-
drawn from the market. Although the use of
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pharmacogenomic profiling to determine geneti-
cally-based ADRs associated with a particular
drug may, in some cases, provide sufficient
safety-related information, the difficulties with
test validity, sensitivity and specificity mentioned
earlier especially if these are combined with eco-
nomic considerations by industry, might lead to
the reintroduction of certain drugs with disas-
trous results.

In light of these ethical and social concerns, an
important consideration is whether pharmacoge-
nomics will have a truly significant impact on
reduction of ADRs as some believe. As previ-
ously mentioned, pharmacogenomics might not
significantly impact all classes of ADRs. Indeed,
one author estimates that in ~ 50% of cases,
pharmacogenomics-based approaches to thera-
peutics will not be of any important conse-
quence, because those cases where successful
outcomes are achieved are due mainly to high
penetrance and these account for a considerably
smaller number of cases [85].

Expert opinion

Pharmacogenomic profiling appears promising
as an approach to drug surveillance in the
postapproval period. However, current pharma-
cogenomic studies are hampered by methodo-
logical and study design constraints. In addition,
a number of ethical and regulatory issues remain
to be resolved. In order for pharmacogenomics
to be applied appropriately towards the goal of
reducing ADRYs, there is a dire need to advance

Highlights

¢ ADRs are a major worldwide problem for the pharmaceutical industry and
the provision of healthcare.

e Increasingly, a substantial subset of pharmacogenomics research is
directed towards the potential reduction in ADRs.

o Several authors and industry leaders are advocating the use of
pharmacogenomic profiling as a form of surveillance during the
postapproval period as well as during the phases of pre-approval clinical
drug trials.

¢ However, the question of whether pharmacogenomics might be feasible
as a pharmacovigilance tool in postmarketing surveillance has not been
well addressed.

e The application of pharmacogenomic profiling presents with several
methodological and ethical challenges that are critically analyzed.

the science of pharmacogenomics simultane-
ously on several fronts.

To date, the advances in pharmacogenomics
have come primarily from studies of monogenic
polymorphisms. More attention to polygenic
expressed traits is needed in order for this field to
make a contribution that is consistent with the
complexity of clinical reality.

More emphasis needs to be placed on refining
association studies and developing new clinical
trial design strategies as well as technologies.
Future studies should also include appropriate
pharmacoepidemiological criteria and methods
to evaluate the utlity of pharmacogenomic
applications in postmarketing surveillance.

At the same time, the ethical and regulatory
issues, especially those pertinent to the use of
databases, need to be resolved.

Outlook

The potential applications of pharmacogenom-
ics as a tool in the drug postapproval process to
confront the problem of ADRs appear promis-
ing, provided that the methodological, study
design and ethical considerations are dealt with
and resolved. Within the next 5-10 years, the
necessary technology for the determination of
true haplotypes is expected to advance. This
should resolve some of the problems associated
with the inherent limitations of current SNP
analysis technology.

A priority for future research will, as a neces-
sity, include the development of better epidemio-
logical and study design criteria and standards to
improve the quality of pharmacogenomic studies.
However, a number of scientific, regulatory and
ethical challenges to the implementation of phar-
macogenomic profiling into pharmacoepidemiol-
ogy remain. These challenges need to be resolved
before the opportunities for pharmacogenomics
at all levels of healthcare, including research and
development and postmarketing surveillance, can
be fully realized.

Acknowledgement

Dr Issa gratefully acknowledges the support of
the Agency for Healthcare Research and Quality
(AHRQ); grant T32 HS00046).

Pharmacogenomics (2003) 4(5)



Bibliography

Papers of special note have been highlighted as

either of interest (¢) or of considerable interest (*®)

to readers.

1. Issa AM: Ethical considerations in clinical
pharmacogenomics research. Zrends
Pharmacol. Sci. 21, 247-249 (2000).

2. Issa AM: Ethical perspectives on
pharmacogenomic profiling in the drug
development process. Naz. Rev. Drug Discov.
1, 300-308 (2002).

3. Issa AM, Keyserlingk EW: Apolipoprotein E
genotyping for pharmacogenetic purposes in
Alzheimer’s disease: emerging ethical issues.
Can. ]. Psychiatry 45, 917-922 (2000).

4. Robertson JA: Consent and privacy in
pharmacogenetic testing. Naz. Gener. 28,
207-209 (2001).

5. Rothstein MA, Epps PG: Ethical and legal
implications of pharmacogenomics. Nat.
Rev. Genet. 2,228-231 (2001).

6. Thomas S: Pharmacogenetics: the ethical
context. Pharmacogenomics J. 1, 239-242
(2001).

7. Vaszar LT, Cho MK, Raffin TA: Privacy
issues in personalized medicine
Pharmacogenomics 4, 107-112 (2003).

8. Lipton P: Pharmacogenetics: the ethical

issues. Pharmacogenomics J. 3, 14-16 (2003).

9. Housman D, Ledley F: Why
pharmacogenomics? Why now? Nat.
Biotech. 16, 492-493 (1998).

10. Hess P, Cooper D: Impact of
pharmacogenomics on the clinical
laboratory. Mol. Diag. 4, 289-298 (1999).

11.  Regalado A: Inventing the
pharmacogenomics business. Am. J. Health
System Pharmacy 56, 40-50 (1999).

12.  Lindpaintner K: Pharmacogenetics and the
future of medical practice. Br. /. Clin.
Pharmacol. 54, 221-230 (2002).

13.  World Health Organization: International
drug monitoring: The role of national
centres. Tech. Rep. Series 498 (1972).

14.  Meyboom RH, Lindquist M, Egberts AC,
Edwards IR: Signal selection and follow-up
in pharmacovigilance. Drug Saf’ 25, 459-
465 (2002).

15.  Juurlink DN, Mamdani M, Kopp A,
Laupacis A, Redelmeier DA: Drug—drug
interactions among elderly patients
hospitalized for drug toxicity. JAMA 289,
1652-1658 (2003).

16.  Lazarou J, Pomeranz BH, Corey PN:
Incidence of adverse drug reactions in
hospitalized patients: a meta-analysis of
prospective studies. JAMA 279, 1200-1205
(1998).

17.  Classen DC, Pestotnik SL, Evans RS, Lloyd
JF: Adverse drug events in hospitalized

www.pharmaco-genomics.com

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

patients. Excess length of stay, extra costs,
and attributable mortality. JAMA 277, 301-
306 (1997).

Primohamed M, Park BK: Genetic
susceptibility to adverse drug reactions.
Trends Pharmacol. Sci. 22, 298-305 (2001).
Roughead EE, Gilbert AL, Primrose JG,
Sansom LN: Drug-related hospital
admissions. Med. ]. Aust. 168, 405-408
(1998).

Smith CC, Bennett PM, Pearce HM et al.:
Adverse drug reactions in a hospital general
medical unit meriting notification to the
Committee on Safety of Medicines. Br. /.
Clin. Pharmacol. 42, 423-429 (1996).
Gandhi TK, Weingart SN, Borus J ez al.:
Patient safety: adverse drug events in
ambulatory care. N. Engl. J. Med. 348,
1556-1564. (2003).

Green CE Mottram DR, Howe PH,
Piromohamed M: Adverse drug reactions as
a cause of admission to an acute medical
assessment unit: a pilot study. /. Clin.
Pharm. 25, 35-61 (2000).

Wasserfallen J, Livio E Buclin T, Tillet L,
Yersin B, Biolaz J: Rate, type and cost of
adverse drug reactions in emergency
department admissions. Eur. J. Int. Med.12,
442-447 (2001).

Fattinger K, Roos M, Vergeres P ez al.:
Epidemiology of drug exposure and adverse
reactions in two Swiss departments of
internal medicine. Br. J. Clin. Pharmacol.
49, 158-167 (2000).

Pouyanne P, Haramburu E Imbs JL, Begaud
B: Admissions to hospital caused by adverse
drug reactions: cross sectional incidence
study. Br. Med. J. 320, 1036 (2000).
Khong TK, Singer DRJ: Adverse drug
reactions: current issues and strategies for
prevention and management. Expert Opin.
Pharmacother. 3, 1289-1300 (2002).

The authors provide a good overview of the
magnitude of the problem of adverse drug
reactions.

Edwards IR, Aronson JK: Adverse drug
reactions: definitions, diagnosis, and
management. Lancer 356, 1255-1259
(2000).

Brewer T, Colditz GA: Postmarketing
surveillance and adverse drug reactions:
current perspectives and future needs. JAMA
281, 824-829 (1999).

Rossi AC, Knapp DE, Anello C ez al.:
Discovery of adverse drug reactions: a
comparison of selected Phase IV studies
with spontaneous reporting methods. JAMA
249, 2226-2228 (1983).

The West of Scotland Prevention Study

Group: Computerized record linkage:

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

POLICY PERSPECTIVE

compared with traditional patient follow-up
methods in clinical trials and illustrated in a
prospective epidemiological study. /. Clin
Epidemiol. 48, 1441-1452 (1995).

Herings RMC, Bakker A, Stricker BHC,
Nap G: Pharmaco-morbidity linkage: a
feasibility study comparing morbidity in
two pharmacy based exposure cohorts. /.
Epid. Comm. Health 46, 136-140 (1992).
Kessler DA Introducing MEDWatch: A new
approach to reporting medication and
device adverse effects and product problems.
JAMA 269, 2765-2768 (1993).
Pirmohamed M, Breckenridge AM,
Kitteringham NR, Park BK: Fortnightly
review: adverse drug reactions. Br. Med. J.
316, 1295-1298 (1998).

Rawlins MD: Pharmacovigilance: paradise
lost, regained or postponed? J. R. Coll.
Physicians Lond. 29, 41-49 (1995).

Graham D], Green L: Further cases of
valvular heart disease associated with
fenfluramine-phentermine. N. Engl. ]. Med.
337, 635 (1997).

Connolly HM, Crary IL, McGoon MD

et al.: Valvular heart disease associated with
fenfluramine-phentermine N. Engl. J. Med.
337, 581-588 (1997).

Jick H, Jick SS, Derby LE: Validation of
information recorded on general
practitioner based computerized data
resource in the United Kingdom. Br. Med. J.
302, 766-768 (1991).

McDonald TM, McDevitt DG: The
Taysides Medicines Monitoring Unit
(MEMO) In: Pharmacoepidemiology (2nd
edition). Strom BL (Ed.), John Wiley,
Chichester, 245-255 (1994).

Ensom M, Chang T, Patel P:
Pharmacogenetics: the therapeutic drug
monitoring of the future. Clin.
Pharmacokinet. 40, 783-802 (2001).

This is one of the first articles to suggest
the use of pharmacogenomics for the
purposes of therapeutic drug monitoring
and is a good resource for readers desiring
to learn more about the possibilities of
pharmacogenomics as TDM.

Gross AS: Best practice in therapeutic drug
monitoring. Br. J. Clin. Pharmacol. 46, 95-
99 (2001).

Dahl ML, Sjoqvist E.: Pharmacogenetic
methods as a complement to therapeutic
monitoring of antidepressants and
neuroleptics. 7her. Drug Monit. 22, 114-
117 (2000).

Wolf CR, Smith G, Smith R:
Pharmacogenetics. Br. Med. J. 320, 987-990
(2000).



POLICY PERSPECTIVE

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Kurth JH: Pharmacogenomics: future
promise of a tool for identifying patients at
risk. Drug Info. J. 34, 223-227 (2000).
Roses AD: Pharmacogenetics and the
practice of medicine. Nature 405, 857-865
(2000).

Giizey C, Spigset O: Genotyping of drug
targets: a method to predict adverse drug
reactions? Drug Saf- 25, 553-560 (2002).
The authors present a balanced discussion
of the evidence regarding the promise and
limitations of using pharrnacogenomics to
predict ADRs.

Rodrigues AD, Rushmore TH: Cytochrome
P450 pharmacogenetics in drug
development: 7z vitro studies and clinical
consequences. Curr. Drug Metab. 3, 289-
309 (2002).

Shi MM, Bleavins MR, de la Iglesia FA:
Pharmacogenetic application in drug
development and clinical trials. Drug Metab.
Disposition 29, 591-595 (2001).

Cronin MT, Pho M, Dutta D, Frueh F,
Schwarcz L, Brennan T: Utilization of new
technologies in drug trials and discovery.
Drug Metab. Disposition 29, 586-590
(2001).

Ingelman-Sundberg M, Evans WE:
Unravelling the functional genomics of the
human CYP2DG6 gene locus.
Pharmacogenetics 11, 553-554 (2001).
Rogers JE Nafziger AN, Bertino JS Jr:
Pharmacogenetics affects dosing, efficacy,
and toxicity of cytochrome P450-
metabolized drugs. Am. J. Med. 113, 746-
750 (2002).

McLeod HL, Siva C: The thiopurine S-
methyltransferase gene locus — implications
for clinical pharmacogenomics.
Pharmacogenomics 3, 89-98 (2002).

Aithal GP, Day CP, Kestevan PJL, Daly AK:
Association of polymorphisms in the
cytochrome P450 CYP2C9 with warfarin
dose requirement and risk of bleeding

complications. Lancet 353, 717-719 (1999).

Loebstein R, Yonath H, Peleg D ez al.:
Interindividual variability in sensitivity to
warfarin — nature or nurture? Clin.
Pharmacol. Ther. 70,159-64 (2001).
Brandolese R, Scordo MG, Spina E, Gusella
M, Padrini R: Severe phenytoin in-
toxication in a subject homozygous for
CYP2C93. Clin. Pharmacol. Ther. 70, 391-
394 (2001).

van der Weide ], Steijns LSW, van Weelden
MJM, de Haan K: The effect of genetic
polymorphism of cytochrome P450
CYP2C9 on phenytoin dose requirement.
Pharmacogenetics 11, 287-291 (2001).

56.

57.

58.

59.

60.

6l.

62.

63.

64.

65.

66.

67.

68.

Fagerlund TH, Braaten O: No pain relief
from codeine? An introduction to
pharmacogenomics. Acta Anaesthesiol.
Scand. 45, 140-149 (2001).

Williams DG, Patel A, Howard RF:
Pharmacogenetics of codeine metabolism in
an urban population of children and its
implications for analgesic reliability. Br. /.
Anaesthesia 89, 839-845 (2002).
Kirchheiner J, Brosen K, Dahl ML ez a/.:
CYP2D6 and CYP2C19 genotype-based
dose recommendations for antidepressants: a
first step towards subpopulation-specific
dosages. Acta Psychiatr. Scand. 104, 173-192
(2001).

Steimer W, Muller B, Leucht S, Kissling W
Pharmacogenetics: a new diagnostic tool in
the management of antidepressive drug
therapy. Clin. Chim. Acta. 308, 33-41
(2001).

Meyer UA: Pharmacogenetics and adverse
drug reactions. Lancer 356, 1667-1671
(2000).

Ajayi FO, Sun H, Perry J: Adverse drug
reactions: a review of relevant factors. /.
Clin. Pharmacol. 40, 1093-1101 (2000).
Roses AD: Genome-based
pharmacogenetics and the pharmaceutical
industry. Nat. Rev. Drug Discov. 1, 541-549
(2002).

Mallal S, Nolan D, Witt C ez al.:
Association between presence of HLA-
B*5701, HLA-DR7 and HLA-DQ3 and
hypersensitivity to HIV-1 reverse
transcriptase inhibitor abacavir. Lancet 359,
727-732 (2002).

Heatherington S, Hughes AR, Losteller M
et al.: Genetic variations in HLA-B region
and hypersensitivity reactions to abacavir.
Lancet 359, 1121-1122 (2002).
Lindpaintner K: The importance of being
modest — reflections on the
pharmacogenetics of abacavir.
Pharmacogenomics 3, 835-838 (2002).

Park BK, Pirmohamed M: Toxiocogenetics
in drug development. Toxicol. Lesz. 120,
281-291 (2001).

McCarthy J, Hilfiker R: The use of single-
nucleotide polymorphism maps in
pharmacogenomics. Naz. Biotechnol. 18,
505-508 (2000).

Kirk KM, Cardon LR: The impact of
genotyping error on haplotype
reconstruction and frequency estimation.
Eur. ]. Human Gen. 10, 616-22 (2002).
Cardon LR, Palmer LJ: Population
stratification and spurious allelic association

Lancet 361, 598-604 (2003).

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Cardon LR, Bell JI: Association study
designs for complex diseases. Naz. Rev. Gen.
2, 91-99 (2001).

McCarthy A: Pharmacogenetics:
implications for drug development, patients
and society. New Genetics Soc. 19,135-143
(2000).

Ameen M, Smith CH, Barker JN:
Pharmacogenetics in clinical dermatology.
Br. J. Derm. 146, 2-6 (2002).

Lindpaintner K, Foot E, Caulfield M, Hall
I: Pharmacogenetics: focus on
pharmacodynamics. ntl. J. Pharm. Med. 15,
74-82 (2001).

One of the few papers that focuses on the
importance of pharmacodynamics.
Chamberlain J, Joubert P: Opportunities
and strategies for introducing
pharmacogenetics into early drug
development. Drug Dev. Today 6, 569-574.
(2001).

Mahley RW/, Rall SC Jr: Apolipoprotein E:
far more than a lipid transport protein. Ann.
Rev. Genomics Hum. Genet. 1, 507-537
(2000).

Evans WE, McLeod HL: Pharmacogen-
omics — drug disposition, drug targets and
side effects. V. Engl. J. Med. 348, 538-549
(2003).

Ballantyne CM, Herd JA, Stein EA et al.:
Apoliprotein E genotypes and response of
plasma lipids and progression-regression of
coronary atherosclerosis to lipid-lowering
drug therapy. J. Am. Coll. Cardiol. 36, 1572-
1578 (2000).

Pedro-Botet ], Schaefer EJ, Bakker-Arkema
RG ez al.: Apoliprotein E genotype affects
plasma lipid response to atorvastatin in a
gender specific manner. Azherosclerosis 158,
183-193 (2001).

Brazell C, Freeman A, Mosteller M:
Maximizing the value of medicines by
including pharmacogenetic research in drug
development and surveillance. Br. /. Clin.
Pharmacol. 53, 224-231 (2002).

A good perspective on the potential for
pharmacogenomics in different phases of
drug research and development.

Sherry S, Ward M, Kholodov M ez al.:
dbSNP: the NCBI database of genetic
variation. Nucleic Acids Res. 29, 308-311
(2001).

Hewett M, Oliver D, Rubin D ez al.:
PharmGKB: the pharmacogenetics
knowledge base. Nucleic Acids Res. 30, 163-
165 (2002).

Nadkarni P, Sun K, Wiepert M: Designing
and implementing special-purpose

databases: lessons from the pharmacogenetic

Pharmacogenomics (2003) 4(5)



POLICY PERSPECTIVE

network. Pharmacogenomics 3, 687-696 (2002).

83. Deschenes M, Cardinal G, Knoppers BM, Glass KC:
Human genetic research, DNA banking and consent: a
question of ‘form’? Clin. Gen. 59, 221-239 (2001).

84. Clayton EW, Steinberg KK, Khoury M]J ez al.:
Informed consent for genetic research on stored tissue
samples. JAMA 274, 1786-1792 (1995).

85. Ingelman-Sundberg M: Pharmacogenetics: an
opportunity for a safer and more efficient

pharmacotherapy. /. Int. Med. 250, 186-200 (2001).

Websites

101. heep://www.nccls.org
NCCLS: MMI-A molecular diagnostic methods for
genetic diseases; approved guideline (2000). Accessed
May 23, 2003.

102. htep://www.nccls.org
NCCLS: EP21-P Estimation of total analytical error
for clinical laboratory methods; proposed guideline
(2002). Accessed May 23, 2003.

www.pharmaco-genomics.com 9



	Introduction
	Some relevant definitions
	The public health challenge of adverse drug reactions
	Post-marketing surveillance to detect and monitor ADRs: current state-of-the-art
	Therapeutic drug monitoring
	Prospects for pharmacogenomics approaches for pharmacosurveillance
	Methodological, regulatory and ethical considerations
	Expert opinion
	Outlook
	Acknowledgement
	Bibliography
	Websites

