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DRUG REACTIONS, ENZYMES, AND BIOCHEMICAL GENETICS

African-Americans: more anemia events with Primaquine
Arno G, Metulsky, M.D., Seattle

In discussions of idinsynoresy, carebs] dis-
tinetion should be made between toxle reactions
caused by immunologic mechanisms { drog allergy)
and abpormal reaction caused by erstion or
diminution of the vsual effect of & given dosa? Al
though some progress has been made in the study
of mechanigms of drog allergy, Bitle was known un.
til recently about the pathogenesis of hypersuscep-
tibility reactons and bhyposusceptibility reactions,
Data are available now which su L that reactions
of this type may be caused by o E-I?:zuise mnocuos
genetic traits or enzyme deficiencies.

From thi: Dapattmost of b edicis, Uolvessiny of Washingros Medegl
Schonl, Dir. Mlofoliky & a Jabm dbd Mery B Matkls Scholis in Miedical
Emmes.

Hoclowald and his co-workers * demonstrated that
approximatehy 0% of American Negroes and a very
small mumber of caucasians developed hemolytic
anemis when glven an average doss of primaguine

.ar chernically related drugs, Boautler and assoclates ®
“showed that red blood calls of susceptible individuals

E-mr!ﬂzr-&:l decreased numbers of nonprotein, sulffhy-
¥l groups, Tt has now been pointed out that prima-
quine sensitivity s related to glocose-G-phosphate
dehydrogenase activity," Investigations of the genet-
ies of this trait, neow in propgress, suggest that the
abmormality is cansed by a sex-linked gpene of inter-
mediate dominance. The red blood cell abnormality
per se has no koown deleterious effect on the indi-
vidoal or on red blood cell li#e span. Excessive doses
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A vision for the future of -
genomics research

“Develop genome-based approaches to prediction of
disease susceptibility and ”

Problem: Too much hype about “Revolution of Personalized Medicine”

... until in late 2005...
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Personalised medicines: hopes and realities

From the report Summary:

Rather, as related research identifies sub-groups of
common diseases based on different genetic or
environmental causes, and knowledge of
pharmacogenetics advances, it should become possible to
introduce genetic testing to predict people’s response to
at least some drugs. Appropriate trials and cost analyses
will first have to be performed on a case-by-case basis.
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Not decades away, If we focus first on improving drug safety
and efficacy with knowledge on drug metabollsm 00

Personalized medicine: decades away?
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The recently released Royal Society report ‘Person-
alised medicines: hopes and realities [101] has
received broad media attention. The report est-
mates that while personalized medicine is scientif-
ically feasible, its arrival to the clinic is not yet
imminent. Substandal further clinical research is
needed, including the required regulatory amend-
ments, healthcare policy adjustments, and ethical
puidance. Although it is reporting from a UK per-
spective, most of the key messages are applicable
to other countries. However, the view espoused in
the report has given rise to pessimistic headlines,
such as: the ‘Roval Society predicts that personal-
ized medicines are stll decades away [1], or
‘Royal Society puts personalized medicine in
perspective’ [2], conveying a clear negative message
about the feasibility of personalized medicine and
its pace of realization.

clinical practice, even if only in very few areas —
notably in oncology. Trastuzumab (Hercep-
tin®), used in the treatment of breast cancers
overexpressing human epidermal growth factor
receptor (HER)2, serves as an example for cou-
pling of drug prescription with specific pharma-
cogenetic testing, and is regarded as a paradigm
tor the range of problems that may arise from
such innovative therapeutic concepts [5]. How-
ever, therapies with well-established drugs can
also be optimized by putting pharmacogenetic
knowledge to use. For example, a recent study
thar
patients who had high uridine diphosphare glu-
curonosyltransterase (UGT)2B15 activity geno-

found ramoxifen-treated  breast cancer

types had increased risk of recurrence and
poorer survival, suggesting that in these patients
righer doses of tamoxifen mighr offer improve
higher d f fi ght offer improved



Personalized Medicine: A. Remove:
Improving Drug Safety and Efficacy 1. Non-responders (yellow)
- To improve drug efficacy

@@@ 2. Toxic responders (orange)
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to drug metabolism




Lifetime drug consumption:
Prescription ~ 14,000
OTC ~ 30,000

Annual sales (US): ~$250B
Global sales: ~$600B

“Cradle to Grave” 2004 exhibition at The British Museum @’g
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* 6.5% of hospital admissions to internal medicine wards

are directly related to ADRs!
(1,225 admissions out of 18,820 during six months)

* 4% of bed occupancy - directly due to ADRs

e More common in women

Pirmohamed et al (2004)
Adverse drug reactions as cause of admission to hospital: prospective

analysis of 18 820 patients. BMJ. 329:15-19.
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« 6./% of emergency department visits leading to
hospitalization were directly related to ADRs

« >65 y and below 4 y were more likely to sustain ADRs

« Women 8.1% vs. men 5.4%

 Leading drugs causing ADRs: Warfarin; Acetaminophen;
Aspirin; Ibuproen; Clopidogrel; Phenytoin.

Budnitz et al (2006) National surveillance of emergency department
visits for outpatient adverse drug events. JAMA. 296:1858-1866.
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* Metabolizes ~25% of current drugs
e One of the most studied human genes
(>3750 PubMed entries — May 2009)

e Relatively common “poor metabolizers™
- Europeans 5% -10%

- Africans 2% — 19%

- East Asians ~1 - 2%

Relatively common “ultra metabolizers” (>2 gene copies):
- Europeans 1% - 4%
- Ethiopians ~17%
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Debrisoquine Antiarrhythmics Antipsychotics
Amphetamine Encainide Perphenazine
Dexfenfluramine Flecainide Thioridazine
Ouanoxan S-mexillitene Haloperidol
Ondansetron Lidocaine Risperidone
Beta Blockers | Antidepressants el
Propafenone Fluoxetine
S-metoprolol Fluvoxamine _
Propranolol Paroxetine Analgesics

Timolol Venlafaxine Codeine
Alprenolol Imipramine Tramadol
Bufuralol Desipramine
Carvedilol Clomipramine
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Low CYP2D6 two-fold more breast cancer relapse at 5
Goetzet al (2007)Breast Cancer Res Tredt01:113-121
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Zhu and Markowitz, Drug Metabolism and Disposition 2009

Carboxyesterase-1
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Carboxyesterase-1 Gly143Glu only 25% activation
of the pro-drug to the active drug




Glucuronidation (~60%) Sulfation (~35%)

_n-COCH s

OH

Very little knowledge on
CYP2E1, UGTs, STs
polymorphism

and their relations with
Acetaminophen toxicity




Pharmacogenomics (2007)
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~6% of Europeans (only ~1% In Japan)
~Half choline uptake vs. wild-type

Does 189V affect treatment efficacy for Alzheimer’s?
Depression?



Over 50 years of PGx research
6 years of post-HGP research

>7,700 PubMed entries and 48 books on PGx

— But are we ready?
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Key barrier: lack of evidence from prospective

clinical trials on genotype / drug-response
phenotype correlations

Lack of earmarked EU funding for PGx research
and validation studies
(USA: NIH PGRN annual funding of $25M)

Lack of funding for cost-effectiveness studies

Lack of incentives for the private sector to develop
PGx-Dx — with a focus on generic drugs
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Requlatory, Reimbursement and ELSI

Regulations allowing co-development of drugs and Dx
(FDA model in place — in Europe EMEA has to follow)

Reimbursement for PGx-Dx

Harmonized ethical guidelines in member states —
essential for consortium multi-center studies
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Professional & Community Education

Education in PGx for healthcare professionals:
Medicine, pharmacy, nursing; CME programs

Education for the public through the media:
Internet; public TV programs; science museum exhibits
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Teaching slides: http://pgeni.unc.edu







- Knowledge and validation of utility (public funding)

- Education for health professionals (academy)

- Incentives for developing PGx Dx for generics (government)

- Regulation for PGx Dx (government)

- Reimbursement and EHR (healthcare providers)
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