ZEHLEDSIRERWEBRICHTHEER (CKE)
BERRS

» KAEROSEFLYNAT—FREEEHEZ450FA. BREPIREFER TELINH2050F £ CRIBIORFR1 6000 ACETE
FTHLOEFEINDG, 7 LHRBEHLODEPAVNAITI-—RERELPTW (BfD2~3E). 80BEBA2LENSE50%~70%
AFLIYNAT~FERBLTWS, “

« EOPLYNART—R{BEFEFLEALTWE L, FAYNAI-FELEONEZORERIXETHED (B0%). NEERETDOANL
AERULDTEDEN, P

« 20014, PLYNAR—HI LD BUHO2EROLMHI T L. XKEIHB00A, EtE1A57E2ATHD, '

« REABORFEERZ2B0AALETBELOEREND. TOSE570%d M, REEMEBRIZADER (51%LLE) LEA, 50%LE
OFEMETERSELTWS, Hfk, CEUFRELCH I IEFEOETAS0UMUEERIERELTWS,

ER/RABRER
o 18H~50 DRIHEAS0H ABA DR < & & # | EHEOBANEBERE LTV,
o THED2T%~C0%THEAVIFTENRS NS, HEFTRFHLZEOTSU THA Y VVEEBEL, 0% TARERRT S, ©

s USEVPEAETROELHEINIABEMMALE (STD) 55, 19994, 667G, KD BEOVSIVFER
HIZEMI0FALMREhD. AHEOTERESUBEDS0%IEERL, BERTHED, ©

+ Rff. 75 XVPRRLBBNLSTDsO—DILHAShD. AEDRE, JIIVFOENERTLEVWE, SEMMEERE (PID) &
ESHRRFI0ORICETRT 2, TLT, PDERATWAHLALDEIADFEEL D, V53V FEIBRBOEERHTEASEL
Bon, L TRENGZEOS0%IREEDS SR—ERISIVPIEESIEM>TNSE, ©

s ISEVPRLBERLEEZEIFEFRETE2UCNLR (HIV) S8MULSES, HVEROBREI~BEB RS,

s IBR~44BETOREDGA%E, HSHAOBEREEHATVS, 1982FIL3E6%TH>Tt, BLERLTWSETER LG OFRET
it (18%) T, RWTEOEHE (17%) THD.*

HETRESETHFAFERNRELRZIAR20%CETEL. BEREASPTEESIZRCTRNS S D, TEGABEEREATWS
ZHECR. FERNBREOKERE25%~3BHTH D, °

o LENCIZHRHEEDAE00F A, ELRETERLUTRADSAILIAL, BEIAILARI (BEALSRIOCILZ2R) CBRLTVS,.
BEAIRAGESEIDELERLSCEoh. BEXRBETHOALTA, THTRIARIA ®

o HEEHLTRENZAXERAOS LT 1%, BEERNFREOND, BRERQ, XE2ORATYF—CERERTRLFEEDTLSEMS
HEFARI Y- I DI3%ETEHAEND,

o« BE BEF2000FASE AT (HPV) KERLTVWS, XERFERNETFHE9— (COC) OBEILELDE. HPVIE
MOBKFER., THERBHO2EMETH S, 2AMOIHOHPVICROFRBEIL17.9%., 548%, 208~2900F 7 UARXEA
TI36% EHPVIGHOFERFERNRLEL, *

« HPVIGRIR P ERDSAOSONBE LUBEAEAOERNTH 2. FEROADB0%R, 188, 3TH, ABRLHEHPVIGRIELBE
RTHD,
» HEI0FALFREELER > T3, THREEFRICHEILHONI0ORKELETE, 7 TEOSEFDS S, H20%IHBHICEAL.

3B RUMEICEET Z. 15%RBZWTHIERANSIORETELZWL, THEORRAE L THMES (18%) KLUFENME
(9%) HHBIFENd. ® THEHIY 7LO4AICEREEBREDRER, REETH>TVS, °

» B, SEF2000 ABOREME0MITEL TWH. 2000F(CA50RM EOKEALYE #942008A) OSEXRENENETICEFE
REESRLTVS, XEAMIALTIALB>TWEHETS 3. © EFHMREERRL TWIIHONTS%S. —ARREEERT
69 u

o THOWAZUNHIURERBLEES> TV, BEORBEIARMMRICRETZC LW > TWS, MILEYELRMETL, HELR
FRERMEDELRSND, ¥

-

Mecicines 1k Deverornment ron Women (570704



TUDPBEIHRBERRICEHTSER CRE)

ER/RARRER (5)

o ME, 65000 ABY RACHMBEZRAITWS, 25HEOKES (HIV/AIDS, BREE. 253U7, HPVRY) B LTHEAL
& DIEND, HE, FHEL1S00FAOSTONRET 5, *

- BEORERLCHEDI0%~40%RIERRELLFEEERENFRLAS S, *

e 1904 IEHEWVT, TELRESHRE (BES (NLAR), ERREETCILA, FEENA, BERIEXDHIVE LYY BLUTOEH
EiC & 2EHNE L FEBENGEREEERARTOERILTS 3, @

o UHEDI10%~20% M PEHEICE>TWD, TLLTHEFRORMENRET 2. P77 VARKEARMETE, AAREO2~-3BOFS
TTEHELZNEN S, *

« FHTON BT EMHEO0THOEEM IR, FERARBEITEFRICLIHOTH S, TEHRETFERHOIERTHD. &R
15F#~17R500080F A Toh TS, *

RHmEE

+ G5, MBUHEBCEZaEOR (1.2400A) BREKE (640AA) OFE2E, ZEOREE (120%) BEH (66%) 02(F. EF.
XS OMMBE IRt (6708 A) BBRE320FA0IZ2ME, ZEOCRBE (65%) BBE (3.3%) 25 °

e SOFMBEEIEROEREEFEDD. ARICIINTHULBHTRAMOIFEL>TVED, BEROFEHIEBLETEHBEO3~4EE
HoTwa, HROSEU EDZHIEEWT, BSTALI IRREFROELHOEERA (ARG E) OSE UINETELND D ¥

o BALO0R AL EMMERTME (GAD) 2B -THD, LERBHON2(E. FTREE (NZy I/ME, RBERE, JHAERIANL
AME, BAE. SRETREELRE) . EMTAI L 18E~54ROXEADIII%HIERLTNSG, £k, ThHOFHRERE
WTHEAQIOAAFTEREENATVWS, RABEL HSBGEEREINTONF IV —THERERE LR> TS, 02
2TR. BXLORERAMAINSORERNEATVS, ¥

s ANOERICEMEE LT ESFUNSBRERY (PMS) EHAIHEOREBLROI0%BIEET L. LHONTHREREE LT X
SHEPMSERITED. oEaVWOEIEIc LY TARNTHNERE, c&HEh3, °

4 bh
o HE, 750 ADFHLRBNESREL. TO55200ABFHEEELTVD. IBAREBR100AEDE2ZALFMMEICESD,
« 20014 Ti}. BEKLZREERBERIT4307TA. ZHIHTI3IAL

A -
1. 2RFER\HEY Y= (wwwedcgov/nchs) 19, B ERRA - HkBR  BERFHRBHARA (wwwniddionih.gov)
2. THEEARES (wwwwomen-health.org) 20. ¥@EHEBE (wwwlungusa.org)
3 XEFRRUSBUROLRRREO—TOY 7 N TEIRRTEORE 2. FAUD  TLUYNAIT Rl (wwwalzorg)
BEE> 57— (wwwdwomengov) 22 2y hvR%E (wwwdeptswashingtonedu)
4, *ERABEHRD (wwwhnoforg) 23, FrUF 1 T4Y (www.charitywire.com)
5 RENHMEE - HEBRBEBFER (wwwhniamsnihgov) 24 ¥ERAB (wwwheadaches.org)
6. XEJORERBHL (wwwaardaorg) 25 QU TALZFREH YD VVIAABHNA Y 74 A= vty sy -
7. SYMREAA/— b F—2 v T (fmpartnershiporg) (wwnw hivinsite.ucsf.edu)
8 FERAEME (wwwlupus.org) 26. HIXA vk« A1 K (wwwgovernmentguide.com)
9. XEEMHS (wwwpsoriasis.org) 27 XEEMEZRS (www.astmorg)
10. *EEGS (www,cancer_org} 28, UpToDate_:!E%‘lﬁﬁ (www.patients.uptodate.com)
1. ¥EERFBE (wwwdisbetesjournals.org) 20, ¥EErE{FEFA (www.nianih.gov)
12, #ERRFBES (wwwdiabetes.org) 30. I EXANZ (wwwmamashealth.com)
13. PRUAY  Ve—=F ) - A7 - A79NEQY— (wwwajo.com) 3. 2—pOy~ . Frxil (wwwurgtogychannel.com)
14, 7AUHEB TS (www.preventblindness.org) 32 BURHEERARA (wwwhimhnihgov)
15, KO@FEHS (www.americanheartorg) 33 7352z —yarX CHREMABEERSE) (wwwstayingin-
16, XERRBHPS (wwwurologyhealth.org) shape.com}
17. ¥EYHMERS (wwwnafcorg) 34, K7 #—2—7 (wwwdrkoop.com)

18 £XBRBEHS (wwwafudorg)

wr g s

MEDICINES IN DEVELOPMENT FOR Women 3!



EZXERORREH

w/7ARtA

HEFXEOBEDERICHAZNIETERTHLTI0E~15E0HHSABETH D, S, BFRAHBICAS
5000BHOEENOOTHIEEOLENLETAL FHBRICED, Thob MEARETSHAVSEROSSE. AZINIDRIBRELTITH D,

AR
nEgR/ oAb 248 A1k FEvi
[i4z3:0F0 5 30 ERERHER EEERRNR EDA ERER LB
-3 655 156 2% 358 15%
20~10020 | 100~500%0 1.006~50002®
11373 HRETONRYE R TERE EHRE
R Bt g g Z0EAD BINFMS
g g BBt/ & L TFDAAY
2o, z wok B, b R, 2 32 EXSHERR
By EYENE Y BLU AR BEEMCLS = Ben
BLU 8 il %3 nEERY EREGO g RISEER
SRS OFE Mot 5 E=4-
RShE (L5915, 000 %% fLaYSEAY ARERID
et BRICAD D1
o= =3 = |
MEORRBERDAE

KEICR I BHEREHEE. B0 HRATRLBBRLLD
THL, Y7VKEHERFT ¥ — (Tufts Center for the
Study of Drug Development) K& hif, 1994&FH 5199845
[CRSEENRFEN, FRENSKEABEOFILECETIERTF
BLTIO~BEEBLTWVWE DI ETH S, AIEEARIOE
FEMRICUEBRRBICASZOR. H000WHE LSO S 554
Mt TH 2. S50, COSBEOSE1HEORCTIRDFFEM
Hioha,

FOYRKEHEETFRL Y —02001FE11ADREC L,
TMRESSEFABHFCHENZHI NI ETRIZ, WEEHB
1-hB8EZ00F FLEETREDI LT,

MRETHEawMEARE NI L. TEIROISTERATH
fEND,

BIEEERRE:  WESH THERETCOEBE LUBMRREE
ML, HRELIEREHTIEEPOEMERETTL. RE¥
DIEAMIEOWTEEHERTT D,

FREERERAE (ONDY : alRARBRORT &, MEsnT
IFHERSEXSE (FDA) £ L TIHEERRSEBRNBE (IND)
EREL. EREHRICBHETIEFNOREEMGET S, 308
BRCFDAN S TERBA I NE, INDBEMNELZ, TOINDO
BRsT. ChETOERSE. HEORBAE, MRME.
#, Flh, EEVOLERE, FATOFIONSSERREE B
MEBRTOSHOER, BLUFOLAMORERELDVWTHS
MNCT B, LTOEKRRER. BABRSERSINIMBENRELRS
82 (RB) k&b, EEETZHARBINZTNIELSAV, BEK
SR ICEATIESRARENEFDAB L UTIRBIC, 2R ELER
~EFRIFHT I LI CRHEND,

MED

-445-

BEERER. 8 CORMBOARKCRE, H20AN5T100AOH
BENREN D, COUARTRNLRERTAEELS, EROR
LHOPERERIND. T BRAORMR, 5%, R, HEHi
Hy28FERTENOREEREERT 5.

EIEEERE., Bl : COBRBTIE. BI00AS500 ADHERE
(B ETIEMCBBLTNWEEE) 2ELHRARL LD,
EHORUMERIFMT 2.

BRI, |IME : CoRBOERTIR. Aks KUVEMRMNIIC
HEWT, #BE1000ANS5000A0BEEHNRET D, RBEEY
EF L DHEFICEHEDOE=Y L Thh. BEVOHEELHEFRR
OREEVERZND.

FHRERBEMA (NDA) ERAAROBIEZTOZRBEORT
#, ETOBRF—FEMMTL. T—Ih5TEEsEPEONT
huAEEEhniE. FDARS L TNDAE BT 5. T ONDAIC
(2, TORBLHHNELLLTORENENEENRS. B@F.
NDAZ IEZRIRI0AR— VBRI, 2003EEICRIBENLIN
BaFW1EOFIENDARENEIE. 169ARATH 7,

IR NDANFDAIC L D AEEhhid, EMIC L DIFEHRH
Eh. LANTIEEE S, HERME. BHFRAICET L TOES
BLURYLGRHAEECREEHRBESTEINERETHOK
FRDAIE LA RIZASEW, BEflkL-TH. RAPRER
ST 2HICENEE (HIVIE) PFDARL > TROHSNHBIE
bH D,

RETHRALDHEEZRR - MRTI &G R<RULAERD
OhhHBETH D, PRRMASEEE T, 2003FE. HRM
BIUCIRZEFIREERE L.

1cikes In DEveLarMENT For Women



Medicines in Development for Women is presented by PhRMA in cooperation with the following organizations:

Allergy & Asthma Network Mothers of Asthmatics National Alliance for the Mentally HI
American Academy of Allergy, Asthma and Immunoclogy National Alliance of Breast Cancer Organizations
American Academy of Physician Assistants National Association for Continence
American Association for Cancer Research National Association of Anorexia Nervosa and Associated
American Autoimmune Related Diseases Association Disorders (ANAD)
American Cancer Society . National Black Nurses Association
American College of Allergy, Asthma and Immunology National Cancer Institute
American College of Obstetricians and Gynecologists National Chronic Fatigue Syndrome and Fibromyalgia
American Foundation for Urologic Disease Association
American Infertility Association National Council of Negro Women
American Menopause Foundation National Eating Disorders Association
American Nurses Association National Foundation for Depressive Iliness
American Society for Bone and Mineral Research National Foundation for Infectious Diseases
American Society for Reproductive Medicine National Headache Foundation
American Society of Clinical Psychopharmacology Nationa! Institute of Arthritis and Musculoskeletal and
Anxiety Disorders Association of America Skin Diseases
Assoctation of Community Cancer Centers Nationa! Medical Association
Association of Women’s Health, Obstetric, and National Mental Health Association
Necnatal Nurses National Multiple Sclerosis Society
Asthma and Allergy Foundation of America National Sarcoidosis Resource Center
Burger King Cancer Caring Center National Women's Health Resource Center
Cancer Action North American Menopause Society
Cancer Care Office of Research an Women's Health, National Institutes
Cancer Research and Prevention Foundation of Health
Cancer Research Institute Oncology Nursing Society
Center for Women Policy Studies Planned Parenthood Federation of America
Chemotherapy Foundation Prevent Blindness America
Depressive and Bipolar Support Alliance Scleroderma Research Foundation
Endometriosis Association SHARE: Self-help for Women with Breast Cancer or
Fertility Research Foundation Ovarian Cancer
Global Alliance for Women’s Health Simon Foundation for Continence
Infectious Diseases Society of America Sjogren’s Syndrome Foundation
Interamerican College of Physicians & Surgeons Saciety for Women'’s Health Research
MAGNUM, The National Migraine Association The V Foundation for Cancer Research
Multiple Sclerosis Foundation Y-ME National Breast Cancer Organization

National Alliance for Hispanic Health

Being listed in this report in no way implies that the above-mentioned organizations endorse or recommend the use
of any of the products in development contained in this publication. For further information, patients should consult
their physicians or health care providers.

RWA

New Medicines. New Hope.

Pharmaceutical Research and Manufacturers of America
1100 Fifteenth Street, NW
Washington, DC 20005

www.phrma.org 1/04

-446-



<BELEE 3>
b+ AR ES B EREE A A R 2 7
StnFEtE, FEHOH D HiBET 5



ZEEHH

1. Alen D.Roses:Nature Reviews,1,541-549,2002.

2. Allen D.Roses, et.al: Drug discovery today,10,3,2005

3. Allen D.Roses:Nature Reviews,5,645-656,2004

4. Lawrencsd. Lesko. et.al:Nature Reviews,1,541-549,2002.

5. Position Paper on Terminology in Pharmacogenetics”EMEA/CPMP/307/01

6. DC Anderson. et.al ; 2,284-292 2004.

7. Discover Genetics(bookmark), 7527V AI A2 51 ¢t

8. Genetics eLearning @ your computer{card), 757V AI A7 51 4

9. Studying the Genetics of Medicine Response(leaflet), /5 7V A3 X751 4t

1 0. Finding Clues to the Right Medicine for the Right Patient(brochure), %75 %/ 2
AT SA

11. 77=RAVFT A VAIDOWT UMBF) , V5DV ARIRATIA 4

1 2. S.Gretarsdottir, et.al.: Nature Genetics, 35, 2, 131-138, 2003.

1 3. H.Stefansson, et.al.:Am.J. Hum. Genet. 71, 877-892, 2002.

1 4. A. Helgadotir, et.al.: Nature Genetics, 36, 3, 233-239, 2004.

1 5. S. Jonsson, et.al.: JAMA, 292,24,2997-2983,2004.

1 6. A. Kong, et.al.: Nature Genetics, 36, 11, 1203-1206, 2004

1 7. L. T. Amundadottir, et.al.: PLoS Medicine, 1, 3, 65, 0001-0008, 2004.

I 8. A.Kong, et.al.! Nature Genetics, 31, 241-247,2002.

1 9. H. Stefansson, et.al.: Nature Genetics Advance Online Publication,16 January

20055 doi:10.1038/ng1508



REVIEWS

SINGLE-NUCLEQTIDE
POLYMORPEHISM
(SNP). A specific location ina
DNA sequence at which
different people have different
DNA bases. This can change the
protein sequence, leading o
discase {for exarnple, sickle-cell
discase), or have noknown
COnsequEnces,

Genetics Research,
GlaxoSmithKline,

Five Moore Drive,
Research Triangle Park,
North Carolina 27709,
USA

e-mail: adr69412@gsk.com
doi:10.1038/nrd840

GENOME-BASED

PHARMACOGENETICS AND THE
PHARMACEUTICAL INDUSTRY

x‘illen D. Roses

Pharmacogenetic capabilities have changed markedly since The SNP Consortium made a
dense single-nuclectide polymorphism (SNP) map freely available in 2001. For more than 40
years, pharmacokinetics and pharmacodynamics of drug-metabelizing molecules were the
focus of practical applications. Today, it is possible to use SNP-mapping technologies to create a
genetic profile of each individual that can be used to identify patterns of susceptitility genes for
common diseases as well as genetic risk/efficacy factors that are related to the effects of drugs.

Pharmacogenetics is no longer limited to providing
molecular descriptions of variants of particular genes
and how they might affect pharmacokinetics and
pharmacodynamics'®, Rapid advances in sinGLe-
NUCLEOTIBE POLYMORPHISM (SNP) mapping, high-through-
put genotyping, statistical analyses and bisinformatic
processing can now be applied to characterize the indi-
vidual patients who suffer an adverse event (AE) toa
drug, or those for whom a drug shows efficacy™. Itis
now possible not only to determine groups that share
particular phenotypes (for example, efficacy or AE), but
also to identify and classify the individuals at risk™'°, As
a result, sensitive tests te predict who would have a high
probability to develop a phenotype as a consequence of
exposure to a drug can be studied rapidly in the context
of a clinical trial, or as the follow-up surveillance of
approved medicines'.

The unpredictable occurrence of adverse drug reac-
tions is a risk in the development and subsequent clini-
cal use of virtually all medicines — recent and past®,
Preclinical safety procedures, in particular toxicity test-
ing in animals, are required in drug development. Such
data are reviewed carefully by regulators of the industry.
Toxicity accounts for the largest proportion of attrition
of candidate molecules in drug discovery. However, in
addition to the failure of drug candidates, unpredictable
AEs can occur during drug development in clinical trials
and post-marketing, which also lead to product

attrition'®. Attrition can occur after product launch and
marketing of medicines, when rarer AEs that could not
be observed or appreciated during clinical develop-
ment ¢an occur, at a particularly high cost'***, The
unpredictable nature of drug reactions must always be
weighed against the need to treat the disease and to
achieve acceptable risk/benefit ratios, which is the main
activity of regulating bodies worldwide. This review
includes an example of sne maretng of common disease
genes, an examination of high-throughput casvisre.
Gene associations with AEs and efficacy, and the current
status of whole-genome SNP mapping with completed
studies and work in progress. Moreover, a standard SNP
genetic-profiling system can be foreseen for targeting
effective medicines to responsive patients, as well as pre-
dicting which individuals carry genetic risk factors for
AEs. A systematic framework for efficacy and AEs would
provide for more efficient drug regulation'é.

SNP mapping of common disease genes

In April 1999, the concept of identifying 300,000 SNPs
and mapping 150,000 of them was a challenging task.
Ten pharmaceutical companies and The Wellcome
Trust came together to form The SNP Consortium
{TSC), a not-for-profit company with a goal to contract
academic sequencing laboratories to identify and map
the SNPs'”. The aggressive private sequencing initiative
stimulated further incentive, which led to the rapid
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SNPMAFPING

A linear map of SNPs across the
genome allows genetic traits to
belocalized by statistical
association to the specific region
of the genome that is marked by
the SNP or several SNPs nearby.
Tn the cascs of complex diseases
or responses to medicine,
multiple SNP markers in several
specific regions of the genome
act as markers that are associated
with the phenotype (discase or
drug response).

CANDIDATE-GENE
ASSOCIATIONS

A candidate gene is frequently
indicated by previous
hypotheses er genetic-linkage
studics. Geae variants can cause
orenhance susceptibility toa
disease or drug-response
phenotype.

SNP-LINKAGE MAPPING PANEL
‘The collection of SN Fs that
defines the lincar map of the
genome that is being studied.
Tolocalize the APOE gene, these
SNPs would be located on
chromasome 19. For HLA-BS?,
the SNPs are located en
<hromosome 6. To find other
unknown regions, a SNP
mapping panel that covers the
whole genome can be used,

LINKAGE IHSEQUILIRRIUM
{LD}, Defines a region of allele
(or inherited-variation} sharing
along a relatively small tength of
the genome. If there is 2n
association with one marker,
then the likelihood of
association with another marker
within that region is increased.

PERETRANT GENETIC DISEASES
Describes the expression of the
phenotype thart results from the
inheritance of discase-associzted
or phenotype-associated atleles.
Some diseases have relatively
highly penereant nuwmant alicles,
such as Huntington's discase,
Penetrance of other traits, such
as eye calour or late-onset
Alzheimer's discase, might be
due 0 combinations of less-
penetrant polymorphic alleles
found at several Jocations along
the genome.

progress of the public sequencing effort. As a result, it
became possible to adjust strategy and technologies to
introduce more than 2 million mapped SNPs into the
public sector, providing accelerated opportunities for
common, standardized SNP maps to be developed and
applied for pharmacogenetic purposes. TSC was an
extraordinary success as 2 public—private consortium,
and far exceeded its objectives, both on schedule and
under budget. Other projects, such as the creation of a
SNP-LINKAGE MAPPING PANEL and quality-control experi-
ments, have continued past the March 2001 completion
of the initial mapping objectives.

With the expectation of new information from
The Human Genome Project, it became possible to
imagine a broader application of genetics to medicine'®,
It was predicted that sequentially ordered, high-density
SNP maps could be used in new ways to identify inheri-
ted profiles that were statistically associated with drug
efficacy or AEs. The high-density SNP-mapping hypo-
thesis was tested using the identification of susceptibility
genes for common diseases. The first experiment to test
the hypothesis was designed to confirm the previous
discovery of the apolipoprotein E (APOE) &4 allele
{APQE4), the susceptibility gene variant that is respon-
sible for common, late-anset Alzheimer’s disease
{AD)". The APOE4 variant of the APOE gene had been
widely confirmed in several ethnic groups to increase
the risk and lower the mean age of onset of AD™¥,

A high-density SNP map with an average SNP distance of

15 kilobases (kb} was constructed across a 4-megabase
(Mb) region that encompassed the APOE gene on chro-
mosome 19 (REF 19). A simple experimental question
was asked. Could the APOF4 polymorphism be identi-
fied as the risk factor for AD within a much larger frag-
ment of chromoesome 19 if it was not known to be there?
A small region of highly significant inkacr pisequitiprium
(LD) was clearly identified, which confirmed the
already established chromaosomal region and provided
proof of concept for the identification of susceptibility
variants using high-density SNP mapping®. The LD
region contained only two genes, APCE and APOCI.
This technique has since been used to identify suscep-
tibility genes within small regions of linkage for several
other diseases, including migraine with aura, psoriasis
and Crohn’s disease? 2,

The ability to identify and study susceptibility genes
for commion diseases has now expanded considerably®.
Using high-density SNP mapping as a tool, it is techni-
cally possible and feasible to study several genetic factors
for common diseases simultaneously, a marked
improvement on the previous historic approach of
searching for highly eeverranT, single point mutations
that ‘cause’ uncommon or rare diseases. Several inde-
pendent gene variants across the genome can each
contribute, by either increasing or decreasing the sus-
ceptibility to develop a particular disease. A similar
genetic basis might then be expected for susceptibility
to variable clinical responses to external chemical tox-
ins, including to those chemicals with uncommon AEs
that we call'drugs’ A clearly defined environmental fac-
tor and a subsequent unwanted phenotype is the ultimate

environment-genetic interaction. This, too, is a com-
mon experience. Some people react negatively to poison
ivy, whereas others do not. In fact, similar to observations
in large, common-disease susceptibility studies, mem-
bers of the same family are more likely to manifest a sim-
itar pattern of differential response toa toxic agent®?.

After the work on sickle-cell disease haemoglo-
binopathy more than 60 years ago that established gene
mutations that are associated with disease, it has been
easy to track inherited {usually rare) disease loci through
families with several affected individuals, particulacly
those inherited as auvrosomac-recessive, or highly pene-
trant AuTOsOMAL-DOMINANT o X-linked traits. With highly
penetrant genetic diseases, the polymorphisms can be
identified from tissue samples, such as blood obtained
for genetic mapping. A genetically based drug reaction is
more difficult to map as a genetic phenotype because
only selected members of families might be exposed to
the particular drug during their lifetime, Ascertainment
of family members who might be put at risk by chall-
enge with a drug that provides no therapeutic benefit is
not ethically acceptable.

Having a SNP map is a starting point. Selecting
informative SNPs that are spaced periodically along the
genome, validating primer sets, and developing tech-
nologies to measure rapidly and reliably many thou-
sands of SNPs, have followed on from the efforts of
TSC™¥. GlaxoSmithKline has initiated a collaboration
with several biotechnology companies, including
Orchid BioScivnces, Sequenom and Iflumina, to pro-
duce genome-wide SNP-scanning marker sets. The
most serious obstacle 10 rapid development is establish-
ing an economic basis for the industrialization and
increased expense of each project. Academic laborato-
ries that are searching for disease-susceptibility genes do
not provide the volume necessary to sustain commer-
cially viable SNP-map development, Applied pharmaco-
genetics provided the rationale for the creation of TSC,
and now provides the commercial promise of SNP
mapping for the development of safer and more efficient
medicines, and strategies to respoend to undesirable drug
effects by identifying patients who are most at risk of
experiencing an AE.

Pharmacogenetic profiles versus diagnostic profiles.
Diagnostic tests of highly penetrant diseases can be
extremely accurate and represent as little as one base
change {mutation) in the genome. Individua! patient
diagnosis is routinely possible. Many common diseases
are now thought to contain several susceptibility vari-
ants (polymorphisms) that are dispersed across the
genome, which together can affect the onset, severity
or susceptibility to disease. For AEs, in a similar fash-
ion, a pane! of independently assorting variant loci,
each of which contributes in some manner to the phe-
notypic reaction, could represent susceptibility or
genetic risk factors that underlie a reaction to a partic-
ular drug. If this hypothesis is accepted as correct, then
the most difficult experimental challenge would be
how to recognize a diagnostic pattern of variants in as
few patients as possible who experience the AE.
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Figurs 1| Genetic markers in the HLA-B region that are associated with hypersensitivity
to abacavir, The TNF-a —238 and the HLA-BS7 polymorphisms were both associated with
susceptibiity 1o hypersensitivity. These markers are found te be in close proximity 10 each other
on the same chromosome. Several other intervening markers had varying degrees of positive
assochation. The TNF-a ~238 and the HLA-B57 polymormiisrns are not within the same tinkage
disequilibrium {L.D) brocks, but show by overlapping patient sets that detection for
phamacogenetics can excesd the LD blocks, which indicates that fewer than 200,000 single
nuclectide potlymomptiisims (SNP's) wili ba necessary to define SNP profies. HUA, major
histocompatibility complex (MHC) locus: MICA, MHC class | chain-related gene A;

TNF-a, tumour-necrosis factor-u.

AUTOSOMAL RECESSIVE

A mode of inheritance that
requires that the mutation of a
single gene is present on both
paternally and maternally
derived allcles for the clinical
phenotype to be expressed.

AUTOSOMAL DOMENANT

A mode of inheritance that
requircs that the mutation of 2
single gene is present on cither
of the paternally and maternally
derived alleles for the clinical
phenotype to be expressed,

SNP PRINT™

Describes the pattern of
inheriting $NP variations frome
a panel of $NPs, In the case of
SNP mapping along the whole
genome, it is analogous to the
detection of highly private sets
of traits, such as those that
determine fingerprints, which
make individuals unique. In the
casc of pharmacogenetics, it is
the specific set of measured
SNPs that define a drug
response, and which can
therefore be abstracted from
the whole map to develop a
more simple medicine-respanse
profile.

If ascertainment of hundreds of AE patients and con-
trols were necessary, practical usefulness in clinical sit-
uations would be minimized,

Once again, it is useful 1o examine routinely the
blood-typing model of individual identification in a rel-
atively accurate manner, Indeed, the polymorphic varia-
tion of each blood-type antigen is far less informative
than that available within LD blocks across the genome.
$o, in transfusion medicine with comparatively little
information, it is routinely possible to recognize indi-
vidual patient variants that put a patient at risk. It is also
anticipated that relatively few patients will be needed to
recognize and confirm a sue prixi= for an AE. For exam-
ple, the forensic identification of suspects in criminal
investigations represents an accurate identification of
individuals on the basis of a handfu! of highly polymor-
phic markers. The use of LD markers for identifying
individuals who are at risk for AEs would be similar,
except that the loci used for diagnosis would have to be
identified for each drug, rather than a standard few loci
that can distinguish one individual from another. The
existence of forensic examples provides a familiar ratio-
nale for the hypothesis that AE-susceptible individuals
can be characterized easily with great accuracy once a
standard LD diagnostic panel is agreed.

Successful post-marketing example: abacavir.'ldio-
syncratic, ‘idiopathic’ or ‘randam’ are words that are
descriptive but not explanatory. Idiosyncratic AEs to
specific drugs, or combinations of several drugs, are the
ultimate highly specific environmental-genetic interac-
tions. A patient receives a prescription for a new drug for
an appropriate clinical indication, but could react witha

stereotyped AE that might be observed in a small per-
centage of other patients who receive the same drug.
Without experiencing the drug (environment), there is
no adverse phenotype. Depending on the frequency and
severity of the AEs, drug development molecules fre-
quently fail at the clinical-trial phase. Safer molecules,
which include those with an AE rate so low that AEs do
not occur during clinical teials (frequently limited to less
than 10,000 subjects) are approved for the market, and
then might be used for the first time by hundreds of
thousands of patients. Relatively rare, although some-
times severe, AEs might be observed for the first time
when the drug is widely used. The balance between risk
and benefit is an unpredictable factor that concerns
individuals who are taking medicines, public-interest
groups, regulators and the pharmaceutical industry.
Evaluating the benefit of the drug, the severity of the ill-
ness and the nature of the AE determines whetheran
effective medicine should remain available for the vast
mujority of patients in whom no AE occurs.
Hypersensitivity reaction (HSR) to abacavir, a
reverse-transcriptase inhibitor that is used to treat
human immunodeficiency virus (HIV), occurs as
idiosyncratic AEs and is characterized by fever, rash,
gastrointestinal symptoms, malaise and respiratory
symptoms. HSR is a well-described clinical syndrome
that affects ~4% of patients who are treated™. It starts
rather consistently during the initial weeks of exposure
to abacavir, with more than 90% of patients presenting
with symptoms within six weeks, and a mean time to
onset of 11 days. The incidence of hypersensitivity
among 30,595 patients in clinical trials and expanded-
access programmes was 4.3% (REE 351 The symptoms
usually disappear promptly when the drug is stopped.
Re-initiation of abacavir in those patients who have
previously shown hypersensitivity can result in a rapid
return of severe hypersensitivity symptoms, often
within hours. The re-challenge reaction is usually more
severe than the initial reaction, and can be associated
with hypotension, renal impairment and death, It is
therefore contraindicated to re-initiate abacavir therapy
for patients who have shown hypersensitivity. Current
clinical follow-up surveillance programmes have proved
to be quite effective in recognizing HSR early as well as
avoiding re-challenge, but a sensitive predictive test for
HSR would add to the safety profile of the medicine.
Abacavir was selected for the initial pharmacogenetic
proof-of-concept experiment for whole-genome SNP
mapping for purely practical reasons. HSR has a stereo-
typical clinical phenotype, and occurs frequently enough
to allow identification of sufficient numbers of HSR
patients and matched controls for research purposes.
The goal of the experiment would be to identify a pat-
tern of chromosomal regions defined by SNPs that are
associated with the AE in a reproducible, small number
of patients {see below). To test empiricatly and confirm
those specific aims, a larger number of AE patients
needed to be identified and collected. The experimental
strategy was to collect clinical data and DNA samples
from sufficient numbers of well-characterized patients
and matched abacavir-treated controls for both test and
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MEDICINE-RESPORSE PROFILE
{MRP). A test or sct of 1ests that
indicates the likely response of a
patient to 2 medicine. In the
context of developing a test from
a SNP Print™, the test might be
the selection of SNPs from the
gename xan that are associated
with the phenotypic response;
far example, adverse event.

HYPERBELIRUBINAEMIA
Bilirubin is a metabolite of
cholesterol, and s clevation
above normal serum levels is
called hyperbilirubinaemia.
‘This state can be cansed by
several liver- and gall-bladder-
related preblems.

conformation series in a reasonable timeling, in this case
2 years. HSR seents to be an immunological reaction™,
Susceptibility factors were unknown. Unlike common
side effects from medications, HSR to abacavir seems to
be relatively dose independent. In a clinical research
study that used twice the current recommended dose of
abacavir, there was no increase in the rate of subjects who
developed this reaction””. As the risk of HSR occurs in
the first six weeks of exposure to abacavir, it does not
seem to be related to cumulative exposure to the drug, as
is the case with side effects that are associated with other
antiretroviral agents, such as mitochondrial toxicity or

lipodystrophy™.

Abacavir: HSR candidate-gene results, Before a whole-
genome SNP map was constructed from the data that
were generated by TSC and a series of validated primer
sets had been chosen and tested, a preliminary candi-
date-gene experiment was done. An arbitrary list of
potential candidate genes for an immunological reaction
was determined, The initial candidate-gene analysis
tested for more than 100 polymorphisms from candidate
genes that were identified from the literature or proposed
within GlaxoSmithKline. In addition, the SNP analyses
allowed direct comparisons of genotyping technologies
that were being developed in our laboratories, and the
evaluation of several biotechnology companies and aca-
demic laboratories for potential platform technologies.
All polymorphic markers were genotyped initially using
the 5’ nuclease assay { Taqman, Applied Biosystems} asa
standard of accuracy for alternative, faster and less
expensive methods of genotyping. In addition, major
histocompatibility complex (HLA) typing for loci A, B
and DR was performed®.

The initial association data that were derived from the
candidate genes, which were selected from the list of
genes that were thought to be associated with immuno-
logical reactions, showed an unexpected and startling
result”, Polymorphisms from two of the candidate genes
that were chosen for study before the sequenced genome
was available were found to be located very close to each
other on chromosome 6, and were both highly associ-
ated with HSR to abacavir (FiG. 1). Results were com-
pleted in a series of 85 HSR patients and 115 matched
abacavir-treated controls, The striking part of the results
indicated that the two genes that were located very close
to each other on the same chromosome were not in
complete LD, as was commenly surmised when the
sequenced genome became available. The —238 polymor-
phism of the tumour-necrosis factor-a (TNF-«) gene
and the HLA-B57 polymorphism were both highly asso-
ciated in overlapping groups of HSR pattents. FIGURE |
presents the association data. In the case of HLA-B57, the
population frequency in Caucasians is known to be
~5%, but was greater than 40% in HSR patients. Similar
data were obtained for TNF.q =238, without adding
extra patients, which indicates that approximate LD can
be detected in heterogeneous populations over much
greater distances than precise LD blocks. In fact, these
assaciation data were independently confirmed in a
smaller, more localized series of patients®, This point has

important practical consequences for LD SNP mapping.
It has been assumed in theoretical models that associ-
ated polymorphic variants needed to be within limited
regions of LD*. However, these data show that signifi-
cant associations can extend well beyond LD blocks.
This means that informative SNPs can be located much
further apart than the number estimated by calcula-
tions based on exact LD blocks, which indicates that far
less than 200,000 SNPs will be needed for whole-genome
scanning to detect chromosomal regions with multiple
phenotype-associated variations.

The clinical utility of the candidate-gene AE data
during the interim year before the whole-genome
mapping is scheduled for completion is still being
debated by clinicians who care for HIV patients.
Between the two published data sets, a diagnostic accu-
racy between 30—-70% of white males might be tested
successfully®®. All cases would still require the success-
ful clinical risk-management programme to be contin-
ued. Therefore, with the expectation that SNP-defined
MEpICINE-RESPONSE PrOFILES will Jead to much greater accu-
racy across ethnic groups, use of the current data asa
diagnostic might be premature. More clinical research
by experienced HIV physicians will be necessary to
determine whether these data are considered to be
clinically useful. At present, negative data would not
change the current risk-management procedures in
common use by clinicians. The HSR candidate-gene
experiment provided the first independently con-
firmed example that there is an LD region for an
adverse reaction that can be identified with multiple
polymorphic markess within the practical spacing lim-
itations (every 15 kb) of the SNP genome-mapping
screen. Although the arbitrary candidate-gene-variation
panel that was chosen was not expected to show any
positive associations, the data from these experiments
provide strong support for the hypothesis that other
regions of LD that contain susceptibility-gene variants
that are assoctated with HSR will be identified in a
whole-genome screen. These independently assorting
regional variants could well provide a highly sensitive
and selective prediction of patients who are susceptible
to HSR from abacavir therapy.

Pharmacogenetic success during a clinical trial: example.
Tranilast is a drug that was in Phase I11 clinical trials for
the treatment of restenosis after percutaneous translu-
minal coronary revascularization, The trial involved
11,500 patients, a comparatively large number for a
Phase 111 clinical trial, During the course of the double-
blind trial, ~10% of patients in the trial developed
HYPERBILIRUBINAEMIA (FIG. 2). [n these patients, bilirubin
levels were increased significantly, with only variably
mild elevations of ether liver-function enzymes. No
patients progressed to hepatic failure.

The experiment was clear: could the genetic suscepti-
bility to Tranilast that causes hyperbilirubinaemia be
identified, and a test be developed rapidly that would
predict which patients were at risk? The experiment had
to be carried out during the limited, defined time frame
of the continuing clinical trial, so that regulators could
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Figure 2 | Bilirubin levels pre- and post-treatment in 1,400
individuals from a Phase lli clinical trial of Tranilast.

Outt of the nahiduals used in the trial, 1,252 show NG evidencs
of elevated bilinubin leveis post-treatment (88.4%), whereas
148 individuals show levels greater than 2 mg o' post-
treatment (10.6%). Patients with a slighlly higher pre-treatrment
bilinubin level were more ikely to have higher post-treatment
bilirubin levels.

examine the data as part of the drug-registration pack-
age. A severe hepatic warning could prevent the success
of the medicine,

As previously stated, in 2001, a whole-genome SNP
map was not yet available, Therefore, we set out to try to
identify candidate genes for screening in those patients
who developed hyperbilirubinagmia in the clinical trial
compared with matched control patients in the trial
who did not develop hyperbilirubinaemia, As the clini-
cal trial was double blind, the choice of subjects was also
double blind with respect to whether an individual
received a drug or a placebo.

The UDG-glucuronosyltransferase 1 {UGT!) gene
had been included as one of the candidate genes that
was associated with hyperbilirubinaemia. Mutations in
the UGTIAl gene had been shown to cause
Crigler—Najjar syndrome type 1, an autosomal-recessive
disorder that is assoctated with hyperbilirubinaemia,
as well as other signs and symptoms*'*2, A polymor-
phic {TA), repeat element in the TATAA box of
UGT1A 1 was a known polymorphism that was previ-
ously reported by Bosma and co-workers®, The specific
repeat variant was simple: whether there were six or
seven repeats (6,6; 6,7 or 7,7). Homozygosity for the
(TA}, repeat had also been identified as a major suscep-
tibility factor in Gilbert's syndrome, a spontaneously
occurring benign form of hyperbilirubinaemia*. The
bilirubin level of patients with both Crigler-Najjar
syndrome and Gilbert’s syndrome increased with each
dose of the (TA), element. Was this risk factor for

hyperbilirubinaemia that was known to be associated
with defined syndromes also a risk factor for the
hyperbilirubinaemia AE of Tranilast?

Some patients in the Tranilast trial with the 7,7
genotype did not become hyperbilirubinaemic, How-
ever, the predictive experimental analyses could be
carried out only after the clinical trial was completed
and the patients who were receiving a drug or a placebo
could be identified. Approximately 50% of those
patients with the 7,7 genotype who received Tranilast,
but not those who received placebo, developed hyper-
bilirubinaemia. As the key to the double-blind data was
not available during the candidate-gene polymorphism
study, and the code was broken only after the clinical
trial, the choice of Tranilast-treated 7,7 patients and
placebo-treated 7,7 patients was also random, FIGURE 3
tepresents the proportion of Tranilast-treated patients
and their relative bilirubin levels as a function of their
genotype. As can be seen from FIG. 3, because some 6,7
heterozygous patients also show elevated bilirubin lev-
els, it indicates that the UGTIA1 homozygous 7,7 geno-
type is not the only genetic factor that contributes to the
elevated bilirubin levels as is the case in spontaneously
occurring diseases?’42,

These data provided the opporturity to predict which
patients were susceptible to Tranilast-induced hyper-
bilirubinaemia. Having such a test could possibly add
great commercial and patient value. By further determin-
ing that Tranilast could induce Gilbert’s syndrome in
identifiable susceptible patients, it was possible to define a
benign condition that was associated with hyperbilirubi-
naemia, rather than patients who were susceptible to
maore severe hepatic complications. As a result, a drug
might avoid an unwanted ‘black box’ warning on its label
in the drug-registration process, and a commercially suc-
cessful drug would be ‘safer, with few, if any, warnings of
possible unknown hepatic AEs. Attrition of drugs during
development due to safety concerns is one of the main
problems in the pharmaceutical pipeline. The cause of
concern for Tranilast was defined during the time course
of a Phase I1I trial to a genetic risk factor that was associ-
ated with a form of dlinically benign Gilbert’s syndrome.

From a pharmacogenetic perspective and under the
constrained time limits demanded, this experiment was
a great success. Unfortunately for the company,
Tranilast was not found to have efficacy in preventing
restenosis of coronary vessels, and the development
programme was terminated. However, this experiment
clearly showed the power of genetic-variance screening
1o rapidly identify susceptibility risk factors that lead to
a defined AE that arises during drug development,

In 2002, with the implementation of whole-genome
SNP mapping and new high-throughput SNP analytical
technologies, the role of genetics during the develop-
ment process has become more efficient. Standardized
whale-genome LD mapping should generate hypothe-
sis-independent association data during the course of
virtually all drug development programmes selected for
analyses in much less time, In fact, such data would be
very valuable in assessing clinical heterogeneity if there
were several AE responses to a drug candidate,
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Figure 3| Relationship between

genotype and response to Tranilast or placebo. Analysis

of the relationship Detween the LIGT7A1 genotype — (TA), — and response to Tranlast treatment
in 1,400 individuals from a Phase Il clinical trial of Tranflast. Individuals that were homozygous for
the 7.7 genctype show evidence of hyperbiliubinaemia post- Traniast treatment but not past-
placebo treatment. UGT1AT, UDP glucuronasyltransferase 1, polypeptide A1

CLUSTER ANALYSIS

A formal method of siatistical
analysis that can be used ta
determine the significance of
<lusters of data points. For
example, the clustering of
discase-associated SNP variants
in a region of LDy or the
identification of multiple
regions of nearby SNP variants
{~LI>) at partwular locations
atong the genome that defines
# high probabylity that a specific
drug respanse will accur,

Whole-genome SNP mapping

The drive 1o create safe and effective medicines, as well
as recuce asset attrition, has catalysed the industry to
lead the way to timely development of expensive and
expertmental pharmacogenetic methedologics. These
methods and concepts are in largely uncharted waters.
Many scientists have been sceptical of anticipated out-
comes. Within the pharmaceutical industry, creating a
safer product is becoming even more necessary for
products to survive and compete in a highty regulated
market, Abacavir, which was selected for the first whole-
genome AE pharmacogenetics study and was referred to
earlier in this review, is an exampie.

Standardized LD mapping. The first SNP panel that has
been constructed for use in whole-genome mapping
consists of more than 200,000 SNPs that can be arranged
and analysed in the order in which they occur across the
human genome®. This density is thought to be redun-
dant of the number of markers that might eventually
constitute a specific LD map. It is estimated that consid-
erably fewer markers would be needed if a set of com-
mon $SNPs were identified that marked the various
specific regions of LD across the genome for several
ethnic groups. 5o, in the future, the possibility of making
a standardized panel of SNPs for profiling susceptibility
loci due 1o disease or reactions to any toxin (that is, a
specific drug) would create the apportunity for a single
lifelong pattern (SNP Print*"} to be determined that
could be accessed appropriately for personal medical
care™"®, The ordered pattern of variance of LI regions
across the genome of a person becomes the standard
profile template against which any medicine with known
AE or efficacy profiles can be tested in patients in silico.

Genome profiling. The key point that forms the basis for
whole-genome SNP profiling is that SNPs are arrayed in
the same order throughout the genome for everyone. To
maximize how informative profiling is, SNPs can be
chosen for inclusion in screening panels by their allele
frequencies in various ethnic groups, There is then an
almost infinite panel of combinations. Forensic genetic
profiling is usuatly carried out with a limited number of
highly polymorphic markers (usually 10-15) that are
unlinked to each other, and are chosen from different
chromosomal locations, The odds of two samples being
identical are usually incredibly high. The statistical
model for forensic identity involves a relatively small
number of highly polymorphic variants from single
individuals, The essential problem that will need to be
determined empirically is how few patients of a defined
drug-related phenotype will be necessary to define a
confirmed pattern of regions of phenotype-associated
$NPs. By analogy to forensic testing, the complexity is
provided by the large number of independently variable
SNPs, and not simply the number of control subjects
and patients. Once the pattern is determined (analogous
to the standard polymorphisms that are used for foren-
sic testing), then the identity of SNP pattern that pre-
dicts the phenotype — for example an AE— would be
expected to result in significantly higher odds as a diag-
nostic than more typical clinical quantitative traits. The
experimental plan behind SNP profiling is quite
straightforward: detect several sets of SNPs that are suf-
ficiently close to each other and define several specific
DNA regions that include genetic risk factors that are
related to a particular phenotype. Rather than single-
marker associations, linear arrays of nearby ordered
SNPs that roughly define LD regions allow cLuster-ANALysis
algorithms to be standardized. So, SNP profiles (SNP
Prints*™) that define genetic-susceptibility responses to
medicines can be used to identify patients at risk before
the medicine is prescribed to those individuals'™,

Can these techniques actually work? There are several
examples in which high-density SNP mapping of dis-
ease linkage regions have defined susceptibility loci for
common complex diseases — despite theoretical pre-
dictions that the experiments would not succeed. The
average distances between SNP markers in successful
disease-susceptibility-gene experiments — ~15kb —
led to the density estimates that were used for whole-
genome screening (3 billion bp/200,000 SNPs = 15 Kb).
With regard to AE data, there is already an example of
LD defining a region that has significant predictive value
for AE susceptibility to abacavit®®,

Success of proteomic profiling. Despite published opin-
ions to the contrary, there are several recent examples
that use cluster analyses and genetic algorithms for diag-
nosis or prediction. A particularly clear example of clus-
ter analysis of biological data is described in a recently
published paper that studied proteomic patterns in
serum to identify early ovarian cancer', Whether pep-
tide-mass data from serum samples are used, as was
done by Petricoin et al*, or ordered, digitized SNP data
across the genome, the resulting spectra can be based on
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similar genetic algotithms (FIG. 41, AE pharmacogenetic
studies have the advantage of a large number of stan-
dardized, ordered data points to determine genetic risk
factors in diverse situations using common tools, in
contrast to the empirical experimental peptide profiles
for specific diseases. From a practical perspective, AE
pharmacogenetic studies have the disadvantage of
requiring that patterns be developed from a refativety
small number of patients to define the SNP Print*™, (If
too many AEs affect the risk/benefit ratio, then the
medicine is removed from the market, whereas cancer
diagnostic studies, unfortunately, have a larger num-
ber of subjects available.} By using a large, redundant
set of AE patients in the abacavir experiment, studies
of the minimal number of patients to define and con-
firm a risk pattern can be carried out with actual SNP
Print*" data.

Disease diagnostics versus pharmacogenetic uses.
A frequent concern about the proposal for widespread
use of pharmacogenetic profiling often comes from
those who commonly deal with highly penetrant
genetic-disease ethics”. Abuse of any genetic data is
certainly possible, particularly if those data contain
diagnostic information that is related to disease.
Collateral information for relatives of tested individuals
might also be anticipated to be an ethical problem**,
These circumstances can be geeatly minimized by sep-
arating disease-diagnostic panels from pharmaco-
genetic-variant panels. In fact, it would be quite easy
and practical to select polymorphisms with no known
relationship to any disease diagnosis for the panel of
pharmacogenetic variants used for LD mapping of drug
reactions. With the millions of SNPs that are now well
documented across the genome, replacinga SNP in the
testing panel that was known to be related to disease
diagnosis, or one that will eventually be useful for dis-
ease diagnosis or association, isolates pharmacogenetic
profiling from disease-related information. There will
always be the chance of a particular variant being identi-
fied unintentionally, but, if the magnitude and severity
of drug-induced AEs is considered, the benefits far
exceed the hypothetical and controllable risks.

Efficacy and market segmentation
Patients, physicians, health-care providers, regulators
and pharmaceutical executives are all favourably
inclined towards making safer medicines available more
rapidly'*#**, The cancept of market segregation for
product efficacy seriously concerns the commercial
rationale that is necessary to sustain the development of
a new medicine. Therefore, determining which seg-
ments of the population might experience drug efficacy
1s sometimes viewed sceptically or dismissed outright by
many marketing executives in the pharmaceutical
industry, Conversely, the passibility of resurrecting
failed commercial compounds can be viewed quite pos-
itively, especially in a strict regulatory environment.

In fact, efficacy pharmacogenetics could consider-
ably lower the cost of Phase I11 clinical trials if random-
ization could be applied to a population of patients

who could be selected for drug efficacy in Phase II,
How to determine the efficacy genomic profile for
patients early in the development process is frequently
overlooked in most scenarios. In Phase IT trials, it
would need to be determined if a drug is effective for
an individual who carries a specific genotype in order
to achieve anticipated major economies of smaller,
faster, more focused Phase III trials. Usually, the
reported caveat to a double-blind Phase I1I protocol
that includes only patients who are enriched for effi-
cacy is that regulatory agencies require safety infor-
mation for the whale population. However, in an era
of AE pharmacogenetics, any AE profiles that were
identified during the efficacy-enriched trials could be
confirmed during a post-marketing, well-designed
surveillance protocol™, Such a surveillance population
would be less costly than much larger Phase 11 trials
— and would provide more accurate results from
larger populations*,

In general, patient efficacy enrichment would not
be as definitive as the case for AE pharmacogenetics.
AEs can generally be defined clearly, and are recog-
nized easily during clinical trials and post-marketing
surveillance research for which the purpose is the
identification of AEs. The size of a placebo effect on
AEs would be negligible, as patients usually do not
want to experience AEs, By contrast, during Phase I
clinical-efficacy trials, there is usually a finite, some-
times large and unpredictable placebo effect. This
placebo effect would add experimental noise to any
determination of genetic-efficacy profiles. Technically,
patients who experience placebo efficacy would affect
the data in a similar manner to patients with a hetero-
geneous form of genetic disease. A ‘false-positive” test
for efficacy would simply prolong current practices of
medicine: a patient could be prescribed a medicine
and not be guaranteed efficacy.

Phase [1 trials would need to be larger and have more
objectively defined clinical efficacy or surrogate end
peoints. Expensive Phase I trials for a large number of
potential drug assets would be necessary, with no guar-
antee of making it to the market. Therefore, efficacy
pharmacogenetics would be applied only to selected
assets. During Phase 11 drug development, attrition of
drug candidates is far greater than would be expected of
registered medicines. Maintaining 2 medicine in the
market with improved safety has a more immediate
appeal to all segments of medical care.

Unless there is a clear-cut benefit for some small seg-
ment of patients who are suffering from 2 major unmet
medical need, it is difficult to imagine routinely using
efficacy pharmacogenetic analyses. Special cases that are
characterized by complicated, expensive Phase ITI clini-
cal trials with potentially large commercial evaluations
would be preferred applications. An example of such a
special case might be illustrared by a hypothetical drug
candidate that clearly improves ~10% of patients with
AD, and has the potential to slow the progression of
the disease in that segment of patients. The targeted
market would still be farge, because the disease is
prevalent, severe and a major health problem. At the
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Figure 4 | Example of between-chip reproducibifity of proteomic mass spectra. Serum
from an unaffected female control was individually applied to a single balt surface region on 100
separate C18 chips and analysed by SELDI-TOF. Nine randomly obtaned spectra from the 10¢
that were used in the analysis are shown. The eight proteins with the highest consistent
amplitudes (amows) were uSed as a sumogate for reproducibility by calculation of the coefficient

of variance of the normalized peak

ampiitudes for each of the eight. This methodology was used

1o determine proteomic patterns for patients with ovarian cancer and was then testedina
confirmation series of patients with suspected ovarian cancer. Again, the specificity and pattem
of the serum peptide peaks that were associated with a defined phenotype (ovarian cancer) were
diagnostic, even without determination of the identity of each peak. Reprinted from REF. 46 ©
(2002), with penmission from Elsever Science. SELDI, surface-enhanced laser desorption and

jonization; TOF, ime of flight,

present time, trying to register a drug candidate with
only 10% efficacy would need large, lengthy and
expensive clinical trials to detect the effect. For exam-
ple, cognitive end points would need to be followed for
at least 6~ 12 months.

Should the responding 10% of AD patients be iden-
tified and enriched by SNP Prints*™, then the size of
Phase I11 trials could be decreased enormously. Should
individuals at risk be identifiable by SNP Prints*™
before they become symptomatic, then parallel pre-
ventive outcome trials would be faster and less expen-
sive as well. The outcome trials for disease prevention
could expand the number of years that an effective
medicine could be used. Unless the patients who could
benefit from the medicine that is being tested could be
identified, the rationale {and market estimates) for
developing such a medicine depends on the whole
population of AD patients being treated to experience
efficacy for 10% of the population. Although that sce-
nario might still look promising as a commercial
proposition at present, it can also be expected that the
first time that a competitor can segregate and jdentify
patients for efficacy treatment or prevention, the com-
mercial viability of a less-specific medicine will plum-
met. Payers would prefer to support highly effective

medicines for a ptemium in an identifiable proportion
of the affected population in preference to paying for a
medicine for 100% of patients that would be expected
to work in only 10%.

So, there are several pitfalls to the rapid develop-
ment of efficacy pharmacogenetics that differentiate it
with regards to the clinical and commetcial value of
AE pharmacogenetics. For the present, owing to the
enormous costs that are associated with applying
whole-genome SNP scanning, immediate commercial
benefits could be derived by keeping registered medi-
cines in the market and not focusing efforts on stages
in the development pipeline at which considerable
attrition is expected,

As time goes by, genome profiling for pharmaco-
genetics will no doubt show its scientific and economi-
cal effectiveness. Regulators have recently embraced
more specific uses of pharmacogenetics in drug-trial
consultations's. Data for predicting adverse events and
increased safety profiles will become more commen and
aid the sale of new medicines. The real question
becomes one of public health rather than single-product
acceptance. Can the practice of medicine be changed so
that safety profiles can be generated quickly, with rela-
tively few patients experiencing AEs from newly mar-
keted medicines, so that drugs with high efficacy can
remain available to the majority of patients who can be
identified as not at risk of the AE?

How much pain and suffering can be avoided by
developing a standardized genome map that can be
economically justified for all people and legally safe-
guarded for access and use in pharmacogenetics? In the
future, when standardized SNP-based LD maps are
successfully tested, and the cost of repetitive genotyping
of a large number of variants for each individual are
significantly reduced, the opportunity for public-health
safety will become more evidence based and highly
effective. We are at the initial stages of this science, with
considerable debate about the scientific and ethical
variances, but we should remember that hundreds of
thousands of lives are lost at the moment as a conse-
quence of drug complications, at a cost of tens of bill-
jons of dollars per year. Successful disease management
with safer drugs can solve uncounted quality-of-life
issues. The problem is huge, and will not be solved by
making effective medicines difficult to obtain but
rather to predict safety and efficacy using safeguarded,
private in silico information banks, to anticipate and
avoid potential complications. Although it is frequently
stated by watchdog groups that “everyone is at risk for
AEs”, everyone is not at equal risk. There is now the
opportunity to define those who are at unacceptable
risk before submitting each patient to the experiment of
medicine prescription.

There are always reasons for not pursuing new sci-
ence. Debates about new ideas or processes are healthy
for creating information from data, and knowledge
from information. As you take your new prescription
into the pharmacy, and you worry about a possible
unwanted side effect, the relevance of applied pharmaco-
genetics will take on a whole new meaning.
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Making the right choice of targets at the begmnmg of the
pipeline will be the first step down the long road of
' creating mnovatwe medicines

Keynote review:
Disease-specific target

selection: a critical flrst step

down therightroad

Allen D.Roses, Daniel K. Burns, Stephanie Chissoe,
Lefkos Middleton and Pamela St.Jean

Relevance of a drug target for a disease is often
inferred with strong belief but fragile evidence. Here, a
program for early identification of human disease-
specific drug targets using high-throughput genetic
associations is described. Large numbers of well-
characterized patients (>1000) and matched controls
are screened for genetic associations using several
thousand (>7000) single nucleotide polymorphisms
from more than 1500 genes. The genes were selected
because they are members of target classes for which
there are precedents for high-throughput chemical
screening technology. This review summarizes the
methods and intensive data analyses leading to target
gene identification for type 2 diabetes mellitus,
including the statistical permutation methodology
used to correct for many variables.

P Discussions of target identification for drug discovery have become
technically otiented and complicated over the past decade [1,2], a pe-
riod of time that coincides with decreases in productivity across the
pharmaceutical industry [3-6]. The latest technologies for selecting
targets can be fascinating and imaginative, but are these targets rele-
vant to treating human diseases [7,8]? Although methods for high-
throughput chemical screening and for optimizing lead molecules
have undoubtedly made major advances, target selection remains a
crucial step [?]. Currently, there is no strategy of equally high-through-
put for the selection of targets that are directly associated with human
diseases. This need becomes even clearer when animal models are con-
sidered the ultimate target validation [7,10).

The drug discovery process should be clear-cut — identify the best
molecule, for the most effective treatment, as fast and efficiently as
possible. Although high-throughput molecular methods have pro-
gressed, matching the molecule to the appropriate clinical indication
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for development is still an arduous task: disease-relevant
target identification can now be an important criterion
for determining the correlation between molecule and
indication. The foundation of the successful reputation
of the 1980s and early 1990s, when newly discovered bi-
ological pathways and receptors were selected as targets,
was a rich biological literature identifying the 'low-hang-
ing fruit’ {11]. Biology has continued to direct targets to
a small extent, which is probably best illustrated by bio-
pharmaceuticals [12]. For small-molecule screening over
the past decade, the selection of targets using animal mod-
els, simple organism genomics and genetically manipu-
lated animals has a less than successful track record
[13,14] — why not return to patients to select targets for
their diseases?

If the speed and efficiency of identifying targets that
are relevant to human diseases were improved, then the
technical advances for lead validation, high-throughput
chemical screening and lead optimization could be ap-
plied to molecules with a greater probability of success.
For example, polymorphic variants of target genes might
have different interactions with lead molecules. Studies
of mechanism, chemical lead validation and on- or off-
target effects can be conducted in directed mouse mod-
els [15]. Although leads from mouse model targets are
frequently ineffective in human clinical trials (this is
particularly true in cancer and CNS diseases [2]), for most
discovery research, animal models set a gold standard for
target selection [7,16,17]. A complimentary approach
would be to identify first those targets that are genetically
associated with human diseases and then create appro-
priate knockout and conditional knockin models with
target gene variants. This suggestion differs significantly
in the scope and depth of human phenotyping from pro-
posals to phenotype a broad catalogue of knockout mice
to suggest targets {10].

Here, early (but not preliminary) data are presented from
the application of a high-throughput human disease-specific

target program (called HiTDIP within GlaxoSmithKline)
that focuses on the association of tractable targets with
specific patient groups. The principles of complex gene
association studies and disease susceptibility will be ad-
dressed, particularly with respect to matching targets with
clinical indications. Several reviews have recently been
published that cover genetic association studies [18-26],
and these broad, complex, and sometimes esoteric, disci-
plines are not discussed here. Rather, the focus of this
article is the strategy and process of genetic association
studies to match pharmaceutical targets with clinical
indications related to several human diseases.

The pharmaceutical industry and its business analysts
track attrition at various stages in the drug discovery and
development pipeline. For example, 95% of candidate
quality leads fail to produce a medicine, Of the molecules
that enter Phase I clinical trials after surviving preclinical
testing, only 21.5% reach the market [27]. Furthermore,
the number of new molecular entities (NMEs) - drugs
with a novel chemical structure — submitted to the FDA
over the past decade has decreased (Figure 1) [13].

Candidate leads evaluated at Phase IIA for efficacy rep-
resent products of target selection generated during the
past ten years, generally before the possible contributive
effects of the completion of the human genome sequence
could be realized. The major sources of attrition after en-
tering Phase 1 trials are toxicity and lack of efficacy. One
method of decreasing attrition at an early clinical stage is
to apply prospective efficacy pharmacogenetics (PGx) at
Phase HA [3]. Another strategy is to select the right target
initially.

The pharmaceutical applications of HiTDIP method-
ologies were adopted as a response to the apparent in-
creased failure rate of clinical development that has
plagued the industry over the past decade. A basic hy-
pothesis for this attrition might be stated simply as:
‘A reason that many molecules are ineffective in clinical
trials is that the selection of the criginally screened tar-

get was based on data and rationale that

are actually irrelevant to the etiology or

Gene> Protelr> Scresr> Lead> Candidate} Phase >Phase l> Phase Ilf} fo..

pathogenesis of the human disease’. Fora
drug to be successful in treating a disease,

£28% 3

%
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two variables must be matched - the tar-
get and the right therapeutic indications.
The success rate of discovery of molecules
from screens is therefore directly related
to target choice, and targets identified
using animal models and sophisticated
genomic analyses have so far provided
fewer molecules for NME submission than

%5

S T f

esmerees  anticipated [28,29].

NCE succes:

3

ratios: probability of progressing through each phase. Only one in 25 NCE candidate
compounds is approved by the regulators {Table 1). Note that only 25% of those molecules that survive
Phase Il successfully pass into Phase Ill. Molecules derived from genetically-associated targets could
increase the success rate. A small increase would have a significant effect on approvals. The addition of
safety pharmacogenetics can also contribute to decreased attrition during development [60;

http://csdd.tufts.edu/NewsEvents/RecentNews.asp?hewsid=4),
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A critical view of genomic applications
for target identification

Analysis of the human genome sequence
promised to bring a flood of new targets,
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TABLE 1

The pharmaceutical pipeline: definition by milestone

R&D stage (milestone passed) Description

From target Identified to screening hit
and/or lead compound

Success’ in identifying a compound with the desired pharmacalogical activity at the desired
molecular, cellular or mechanistic target: this compound might not have alf the characteristics
required to be a viable drug

From lead compound to drug candidate

Success in identifying a viable drug candidate by optimizing the characteristics of the Initial

screening hit and/or lead; typically, this requires appropriate potency, selectivity and efficacy but can
also involve other criteria such as bioavailability, metabolic stability and preliminary safety screening

From drug candidate to FTIH and/or Phase |  Success In progressing a drug candidate inta initial studies in humnans, usually {Phase I) in healthy

volunteers

From Phase i to entry into Phase ||

... to proof of concept

Usually considered tobe the point atwhich a dr.u-g candidate has &;r;r;o;a-s-t-r_a-igc-i.éfﬁcacy inits

Success in progressing a clinical development candidate Into small-scale exploratory studies in
patients that have the targeted disease

intended patlent population, typically within Phase II: therefore, project attrition can be measured
for progression to or from this milestone, as well as to or from the more traditional clinical
development milestones {Phases [-II1)

From Phase Il to entry into Phase Il
registration

From Phase lll to regulatory filing

Success in progressing a data

Success In progressing a medicinal candidate into large-scale [pivotal) clinical trials suitable for

package into a regulatory submission

From regulatory review to approval

Success In gaining regulatory approval

From requlatory approval to launch

Success in faunching an approved product, added indication and/or label-change

*Project progression can be quoted as attrition (failure) or success, Abbreviation: FTIH, first time in human,

and therefore increase the potential throughput of the
pharmaceutical pipeline [28-31]. This scenario has also
proved disappointing in not reaching the projected goals.
What factors have limited target selection and drug dis-
covery productivity? Although HTS technologies were
successfully implemented and spectacular advances in
mining chemical space have been made, the universe for
selecting targets expanded, and in turn almost exploded
with an inundation of information. Perhaps the best ex-
planation for the initial modest success observed was the
dramatic increase in the ‘noise-to-signal’ ratio, which led
to a rise in the rate of attrition at considerable expense.
The difficulty in making the translation from the identi-
fication of all genes to selecting specific disease-relevant
targets for drug discovery was not realistically appreci-
ated. There was certainly a large pharmaceutical industry
investment in the intellectual property speculation sur-
rounding the sequencing of all possible genes, with the
hope that a stream of new targets for drug discovery
would result, Senior R&D scientists recently recognized
the need for a ‘quantal step-up in discovery’ [32]. To feed
a high-throughput pipeline, a high volume flow of spe-
cific, disease-relevant targets Is necessary, Whether or not
individual researchers believe in a particular disease hy-
pothesis, in the specific relevance of a target class to some
aspect of human disease pathogenesis or in particular
animal models of human disease, the evidence that ‘val-
idates’ (substitute believe in, consensus view or champion,
among others) the choice of a target molecule for a po-
tential therapeutic strategy in humans is crucial to starting
down the right road.

Target validation is one of those terms that scientists
use in multiple ways. With respect to target identiftcation
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and selection in the pharmaceutical industry, validation
is interpreted as providing increased confidence to initi-
ate expensive chemical screens and subsequent discovery
programs. On occasion, support of possible relevance
comes from the sheer weight of ‘potentially’ (substitute
believed in, validated, rational or accepted, among others)
relevant information. For example, a target gene could be
determined to be expressed in the tissue that is affected
pathologically by a particular disease, differentially ex-
pressed in disease-relevant tissues or have a visible effect
in animal models when manipulated [33]. These data
might provide modest human disease-specific support
as the starting point for a drug development program to
treat a particular disease. A putative target located on neu-
ronal surfaces could be relevant to a human neurological
or psychiatric disease - but which one? Proof of concept
in humans can only occur on completion of preclinical
testing and Phase I safety studies of an optimized lead can-
didate. A Phase II clinical trial is an extremely costly hur-
dle with which to justify the target choice after many
years of confidence-building research. The situation could
be compounded when a molecule with exceptional drug
qualities, but an unclear clinical indication, is tested in
several clinical trials involving multiple clinical endpoints,

The success of a target is judged after many years - usu-
ally in hindsight by counting marketed products. The suc-
cess rate of efficacy (proof of concept) studies is probably
a much earlier indicator of pipeline health. If the right
target was selected more often and this led to the selection
of effective lead candidates more frequently, then attrition
would be reduced. Shots on goal are good, but center for-
wards who miss 99% of the time (and take all the shots)
are not hired by professional teams. The pharmaceutical
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industry must move away from the numbers game and
strive for specificity and speed at the earliest stages of the
pipeline. Targets for specific diseases that are chosen based
on strongly held beliefs have a significant probability of
being the totally wrong target. Current ‘knowledge’ (sub-
stitute accepted beliefs, strongly held views or reasonably
good ideas, among others) might not define disease-
relevant hypotheses accurately. It is the result - an effec-
tive and safe medicine - that is of importance to the pa-
tients, physicians and industry. [ndeed, the mechanisms
of action of many successful medications are still unknown.

Can target molecules be directly associated with human
diseases that have highly statistically significant data? Yes.
Can chemical leads be produced from screening these tar-
gets that can enter the pharmaceutical pipeline? Yes. Will
lead candidates produce a higher rate of future success in
demonstrating efficacy compared with current metrics?
A decision on this aspect has yet to be reached — more
time is needed to study the flow through the pipeline into
human testing. However, when a genetically associated
target gene has already been screened chemically, there
can be a rapid progression from identification of the tar-
get to the entry of lead molecules into clinical development.

Gene-specific target association study design

With the human genome sequenced, it is possible to de-
fine virtually all genes belonging to the known target
classes using analogous sequence regions that define spe-
cific structures or functions. However, there are few real
indications as to which gene might be specifically asso-
ciated with a particular disease. It is possible to test each
gene individually for disease relevance using genetic as-
sociation studies, but only if sufficiently large and well-
characterized patient and control groups are available,
What of high-throughput association studies of many se-
quence variations within all genes of each target class? As
an example hypothesis, assume there is a G-protein-cou-
pled receptor (GPCR, sometimes referred to as a 7-trans-
membrane repeat) target class gene variant that is asso-
ciated pathologically with Alzheimer’s disease. Which
GPCR is it? If there are almost 500 known GPCR genes,
then is the Alzheimer’s disease-specific GPCR the third on
the list? Is it number 222, or maybe number 4077 High-
throughput, gene-based single nucleotide polymorphism
{SNP) genotyping technologies provide the opportunity
for the rapid testing of each of the GPCR variants for
disease association. Genetic association studies provide
an evidence-based opportunity to inform target choice
rapidly and more specifically.

There is an implied crucial assumption when using a
gene-disease association strategy: disease-specific associ-
ations might be identified for genes that are selected sim-
ply because it is known how to screen them against large
chemical libraries, Seven years ago, the scientific com-
munity was reluctant to take such a risk, However, more
recently, retrospective data were published that support
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this assumption. Goldstein et al. [34] examined 42 sequence
variants of genes that had been associated with a drug re-
sponse at least twice, These investigators found that 21 of
the 42 variants were in the target or in a known path-
way of the target. It is therefore reasonable to propose that
the probability of identifying a disease-relevant target
would be increased by screening all potential targets for
genetic association with well-defined diseases. That is to
say, there are now data available to support the hypoth-
esis that candidate leads derived from genetically associ-
ated targets can increase the probability of success {(de-
crease attrition) at Phase H or Phase Il of clinical trials.

Another important scientific contribution to gene-
disease association studies has come from advancements
in the fields of genetic epidemiology and statistical
genetics. These are specialized disciplines to most of
the pharmaceutical industry, but the ability to analyze
rapidly many clinical traits simultaneously in a high-
throughput fashion, and with appropriate methods to de-
fine statistical significance, is probably the most useful
contribution to such studies other than the sequenced
genome template. By 2002, this advancement made it
possible to test therapeutic class genome-wide variants for
statistical associations with particular human diseases.
Additional support for a disease gene-association strategy
can be found in the plethorz of recent studies linking spe-
cific gene variants to particular diseases [35—40]. When
the effect of the variant results in expressed clinical dis-
ease, it is generally viewed as a disease mutation. Where
multiple variants of several genes contribute to the ex-
pression of a disease, they ate now commonly referred to
as susceptibility genes. The practical problem of solely
studying disease genetics to generate targets is that most
susceptibility genes are not drug targets, and therefore
the high-throughput methodologies currently available
cannot be used to screen for the formation of chemical
interactions [41].

Would the initial identification of high-throughput tar-
gets with human disease-specific associations result in a
more efficient pipeline with less attrition? Because there
was great confidence that the human genome projects
{both public and private) would eventually provide gene
sequencing, and some variant, information, it was an-
ticipated that a large, low-throughput resource would be
needed; that is, prospective, well-phenotyped patient col-
lections and appropriate controls, each of which would
have consent for commercial applications.

The patients define the refevance

To study the association of gene variants with the clini-
cal expression of human diseases, a large number of con-
senting patients and controls must be carefully examined
and the data placed into accessible databases; in addition,
DNA must be collected and stored. Because the clinical
examination of patients is performed one patient at a
time, the generation of large patient collections that are
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HITDIP: genetic associations between ‘tractable’ targets and major diseases.
High-throughput analysis of approximately 7000 polymorphisms in 1800 candidate
genes (numbers of validated SNPs and candidate target genes have increased over
time] are screened for association in common diseases, such as asthma,
schizophrenia, depression, osteoarthritis, Alzheimer’s disease, metabolic syndrome,
hypertension, acute coronary syndrome and others. The approximate numbers of
genes in various target-classes used in these experiments are alsa indicated.
Genes of marketed products and other target genes such as enzymes and protein
ligands are also included in the target classes. As more target groups become
tractable, they are added to the screen. Between 2002 and 2004, the gene list has
expanded from approximately 1450 genes ta >1800. For the NHR and cofactor
column, the yellow color represents the number of NHR cofactor gene targets.
Abbreviations: COPD, chronic obstructive pulmonary disorder; NHR, nuclear
hormone receptor.

suitable for disease association studies using multiple
markers is time- and resource-intensive, and consequently
is not high throughput. Anticipatory clinical research of
this type requires sustained access to clinical expertise,
extensive supporting resources and commitment over a
period of years. Few such prospective collections exist
and, in those academic environments that possess such
databases, informed consent for commercial uses is usu-
ally absent.

In 2003, the genome is sequenced, target class gene
variants are known, rapid genotyping technologies are
available and interactive databases with analytical capa-
bilities have been built. Since 1997, GSK has organized
external clinical specialists, who are expert in more than
a dozen important diseases, and has accumulated more
than 80,000 patients and controls, each examined with a
prospectively standardized protocol, informed consent
and stored DNA samples. Several association experiments
were completed that provided exciting new putative tar-
gets for pipeline consideration. The leading edge of chem-
ical leads has begun to enter the pipeline.

As molecules resulting from insights of HiTDIP reach
the published portfolio of GSK over the next few years,
there will be a relatively straightforward method for
the comparison of attrition with historical metrics. With
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respect to the gene variants identified for early drug
discovery, specific disclosure of early targets and leads in
the pipeline could be limited by regulatory and com-
mercial concerns. However, the best and most rapid bio-
logical and genetic validation of gene variants associated
with disease can occur where the data are available for
confirmation by academia and industry. It is therefore
planned that these large association experiments will be
published in scientifically reviewed journals to enable the
full weight of academic and industry disease-specific tar-
get validation to be focused in this area. Furthermore,
pharmaceutical companies principally share many of the
same targets — why not compete on the screening and lead
chemistry of disease-relevant targets and well-designed
drug development?

High-throughput disease-specific target discovery —
the experiment

To perform this experiment for the identification of the
targets associated with human discase, three major com-
ponents are required: (i) selection of the gene targets to
be screened; (ii} well-characterized clinical data; and (iii}
genetic data generation and statistical analyses.

The targets

Before the sequencing of the human genome, the phar-
maceutical industry knew of perhaps 500 targets [42].
Widely appreciated target classes, for example, nuclear
receptors, kinases and GPCRs (Figure 2) now constitute
~1200 genes, and there are many additional enzymatic
screens that bring one estimate of the total druggable
genome to over 3000 genes [43]. One method of dealing
with screenable targets is to create knockout or other mod-
ified mice and search for phenotypes. This undoubtedly
provides some additional support, but the phenotypic
correlation: between mouse and man can be difficult to
interpret {17]. It would seem that direct associations with
human disease phenotypes would be a2 promising and
efficient point to search for knockout and conditional
knockin models. Kola and Landis [2] listed five places
along the pharmaceutical pipeline where attrition might
be managed. Their first point was that ‘building the need
to get very strong evidence for proof of mechanism into
the discovery paradigm is critical’. In the past, this was
possible because an extensive literature had developed as
scientists concentrated on biochemistry, physiology, phar-
macology and other disciplines before suggesting targets.
If the 100 best-selling drugs are examined retrospectively,
the targets were initially selected because of strong and
confirmed (in the literature) biology, including studies in
man [17]. The prediction that knockout models will have
the same efficiency prospectively as that provided by ret-
rospective analyses will only be possible with extensive
and specific phenotyping of each knockout. Screening the
phenotypes of many knockouts might be much more su-
perficial [16]. Perhaps, the most efficient approach would
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