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Design and Statistical Challenges for Personalized
Medicine and How to Meet Them
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» Gene/Biomarker Restricted Clinical Trials: Why?
* Identifying Susceptibility and Intervention Response Markers: The GWAS Paradigm
» The Efficiency of Targeted or Restricted-Entry Clinical Trials

* The Ultimate Study Design for Personalizing Medicine: The ‘N-of-1’ Clinical Trial
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Gene/Biomarker Restricted Clinical Trials: Why?

‘Predictive biomarker:” Static marker that can be used to predict therapeutic
appropriateness

‘Surrogate endpoint:’ Dynamic marker that can be used to monitor disease
progression or existence during prevention/treatment (not discussed here...)

For preventive trials: enrich the study participants for those most likely to develop
the condition for which the intervention was designed to prevent

 Treat the marker as a ‘risk factor’

* Results in more outcomes in the placebo group

* If the intervention works, then the treatment/placebo difference will be large
* Necessary sample sizes will be reduced

For treatment based-trials: enrich the study subjects for those most likely to
respond to the treatment

» Pharmacogenetic effect

* Results in more individuals in treatment group responding

« If the intervention works, then the treatment/placebo difference will be large
* Necessary sample sizes will be reduced



Ultimate Goal: Match Drugs with Marker Profiles

Ehe New Pork Times December 20, 2008
Pairing Drugs and Genes

Genetic screening can help determine which patients are best suited to certain drugs. Key: What drug’s label says about testing:
Here is a sampling of drugs for which genetic markers can help identify the suitable (1) Testing required

patients. Screening tests range in price from a few hundred dollars for tests for drugs like (2} Testing recommended

the breast cancer medicine Tamoxifen or the painkiller Celebrex to $3,800 for a test to (3) Genetic relationship only mentioned

guide breast cancer chemotherapy. Because experts do not always agree on whether the (4) Test not mentioned

genetic links are conclusive or whether the screening tests are reliable, the Food and
Drug Administration does not always require that drug labels mention such testing.

DRUG USE GENETIC MARKER SUITABILITY

IDENTIFYING SUITABLE PATIENTS

Herceptin (trastuzumab) Breast cancer Her2 in tumor Patients whose tumors have overabundance of Her2 proteln (1)

Erbllux (cetm(lmab) and Colon cancer KFIAS Ineffectl\.re for patlem.s whose tumors haue a mutanon in KFIAS gene. {4)
Vectibix n[pamtumumab}

Chemothetapy Breast cancer Activity of various Tests help determine whether patient can safely forgo

genes in tumor chemotherapy after surgery (4)
Tamoxifen Breast cancer CYP2D6 Women wﬂh cerlam va nants of CYF’2D6 gene may not beneflt from drug [4}

AVOIDING SIDE EFFECTS

Ziagen (abacavir) H.LV. and AIDS HLA-B*5701 This variant of an immune system gene may pose risk of severe allergic
reaction to drug. (2)

Camptosar (irinotecan) Colon cancer UGT1A1™28 This gene variant poses higher risk of white blood cell deficiency from

drug. (2)
Tegretol (carbamazepine) Epilepsy HLA-B*1502 This variant of immune system gene, most prevalent in Asians, poses

greater risk of life-threatening skin reactions to drug. (2)
Coumadin (warfarin) Blood clot CYP2C9 Variants of these two genes help determine safe and effective dosage. (2)
prevenhon and VKORCAH

Celebrex (celecoxib) Pa:n and arthntls CYP2 CQ Certain variants of gene might pose risk of building up unsafe levels of
drug in blood. (3)

FROSPECTIVE MARKERS OMN THE HORIZOMN

Plavix (clopidogrel) Blood clot CYP2C19 Variants of this drug-metabolizing gene may block drug’s benefits. (4)
prevention

Iressa (gefitinib) and Lung cancer EGFR in tumor Tumors with mutation in this gene may respond better to these drugs

Tarceva (erlohmb) than to standard chemotherapy 4

Buclnclolol Heart failure Alpha-2c and beta-1 Com;:-::;lnyr hopes genellc tests could predlct who would beneﬂt from

adrenergic receptors  the drug, which is not yet approved.

Prozac (fluoxetine) and Depression CYP2D8, Variations in drug-metabolizing genes might help identify

other antidepressants CYP2C19, others best antldepressant and avoid side effects. (4)
Avastin (bevacizumab) Various cancers VEGF Breast cancer research suggests varlants of thIS gene mlghi help predlct

which patients benefit from drug and which might be most at risk of side
Sources: FD.A.. various researchers effects. (4)



Improving Specificity by Designing Drugs to Overcome
Specific Protein Damage due to Mutations in Cancer

« Some FDA approved cancer drugs work (only or at least) better when used against
certain genomic profile (Gleevec, Herceptin, Iressa, Tarceva)

» However, the drugs were found to work best in certain situations serendipitously

» Most drugs are designed to work against available (i.e., often wild type/normal) targets!

Table 2 FDA approved anti-cancer drugs that target mutant genes

Drug (brand name; Mechanism of Known target Targeted mutation Diagnostic test Dizease Purpose
manufacturer) action protein
Imatinib mesylate (Gleevec; Tyrosine kinase  BCR-ABL Translocation Cytogenetics, FISH and CML Candidacy for therapy
Movartis) inhibitor PCR
BCR-ABL Miszenze mutations/ Sequencing/PCR CML Monitor response to
presence of RMA therapy; monitor drug
resistance
c-KIT, PDGFR-u  Mutations Sequencing GIST Candidacy for therapy;
monitor response; drug
resistance in GIST
Trastuzumab Antibody ERBEZ Amplification Immunohistochemistry, Breast cancer Candidacy for therapy
(Herceptin; Genentech) FISH
Cetuximab (Erbitu; Antibody EGFR Amplification Immunohistochemistry, Colorectal cancer, Candidacy for therapy
ImClone Systems) FISH head and neck cancer
Gefitinib (Iressa; Tyrosine kinaze  EGFR Activating mutations  Sequencing MSCLC Candidacy for therapy
Astra-Zeneca) inhibitor in the kinase domain
Erlatinib (Tarcewva; 05l Tyrosine kinase  EGFR Activating mutations  Sequencing MSCLC Candidacy for therapy

Pharmaceutical/Genentech)  inhibitor

in the kinase domain

BCR-ABL, Breakpoint cluster region-Abelsor; PDGFR-o, platalet-derived growth factor recaptor alpha; ERBE2, v-erb-b2 erythroblastic leukemia viral oncogane homolog 2; EGFR, epidermal
growth factor recaeptor; CML, chronic myelogenous leukemia; GIST: gastrointestinal stromal tumors; NSCLE, non-small cell lung cancer; FISH, fluorescent in situ hiybridization; qRT-PCR,
quantitative reverse transcription polymerase chain reaction.

Papadopoulos et al. Nature Biotechnology 24:985-995; 2006



Ultimate Goal: Match Drugs with Marker Profiles

Warfarin

FDA Approves Updated Warfarin (Coumadin) Prescribing Information

U.S. Food and Drug Administration
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FDA A Updated Warfarin (C din) Prescribing Information
Now Genetic Mbnmrlon M:;r Help Providers Improve titlal Dosing Estimates of the Anticoagulant for Individual Patents

The U S Food and Drug Admnistration announced 1oday the approval of updated Labeling for the widely used Biood thinfing
drug, Coumadin, 1o explan thal people's genetic makeup may infiuence how they respond Lo the driug

Manutacturers of warfarin, the generic version of Coumadin, are 10 add similar information to their producis' abeling, FOA
sl

The: Labseling change highlights the opportunity for healthcare providers bo use genelic bests b improve their initial estmate of
what s 3 reasonabie wartann dose fof indhadual patients. Testing may help optimize the use of wartann and lower the risk of
Dieang compications from the drug

These labelng upsates are based on an analysis of recent stlies that found people respond to the drug differently based. in
part. on whether they have vanations of cerain genes.

FDA estimates thal 2 million persons star laking warfarn in the United Slabes every year o prevent blood clols, heart attiscks
and stroke. Wartarin s 3 aifficult dng (o use because ine opimal dose varies ana depends on many risk factors iInciuding 3
patient's diet. age, and the use of other medcations

Patents who take 3 dose larger than they can tolerate are at risk of Ife-threatening Dieeding, Those who réceive 100 Iow a
dose are al risk of equally dangerous Wood clots. Dosing is particularty important al th begnning of theragy, when problems.
in adjusting the dose can lead o complications such as bleeding.

WWArTann 15 the Second most Comman dnag - aNer INSulin -mplicated i SMErgenty ronm visits 1or adverse dnig events.

Physicians and other health care professionats who prescibe warlarin regularty check lo see if the drug is working property by
ordenng a fest called the FT or prothrombin time that evaluates, the biood's ability to ciot property. The results ane measured in
SCOONS AN COMPArG Wl I Cxpected value in Healliyy peophe, known a5 e INemational Normalized FRans or INR

“Today's approved labeling change & one S8 in our commitment to personalized medicine. By using modem science 1o get
e ngm clrug nthe ngnt aose 1or the nght panent, FOA will further enhance the safety and efectiveness of the mescines
end on," sald C of Food and Dngs Andrew C. von Eschenbach, M D

Theés FOW'S “personalized medcing” inflalive makes use of pharmacogenomics—ihe science Mat predcts a responsé t dngs

based upon a person's genetic makeup. This effort suppons the perscnalized health program speameaded by Healt and
Human Sefvices Secretany Mike Leavitt

SISON'S QENes. “encode” enzymes and differances In the sequence of a gene can cause differences in enzyme activly or
sersity. That ks why difierent peophe process Ihe same drug dierently.

One-third of patients receiving wartarin metabolize it quite diffierently than expecled. Research has shown thal some of the
unexpecied response 1o warlarin depends on 3 patient's variants of the genes CYP2CS and VIORC

“Althaugh genetic testing can curentsy identity who has hese genetic variants, more studies are nesded to explore the
precise starting dose for llm pabents,” said Lamy Lesko, PhD., ml:clul of the FDA's Office of Clinical Pharmacology. “FDA
has been working with other go agencies q 10 geveiop such studies under tne auspices, of our inree.
year-oid Cartical Path intiative, wiveh e challenges of moving p medical products rom arscovery 1o
patient usa

FOA'S Crfical Path Indiative has funded a research progect with the University of Utah and the Critical Path Institute of Tucson,
ANz to develop genstically hased Instnctions for wartann fosing. The Initisive has also faciated mestings and pl.mnq

with tne National Heart, Lung and Blood Instituie for a cinical trial that will Study wartann dosing based on genetic

InTeation and 5 helpmeg 1o pary for anciier clcal Study Deing conoucted by Harvard Panners that will gerve pn.lwn.!llzuu

Wartann dosing algonhims fof patients new 10 the drug.

The Gosage and dMINiSration of wartann must be ndiadualized for each patient acconding 10 the particular patient's PTANR
response 1o the drug. The specific dose recommendations are described in e wartarin product labeling, along with the new
Inforrmabion regandng the Impact of genetc Iformation upon the inial dose and Me responmse 1o warkanm, Cngoing wartann
merapy should be guided by continued INR monitonng.

htpe/fwww fda. gov/bbs/topics NEWS/ 2007/ NEW 01684 himl

12/27/2007

Carbamazepine Prescribing Information to Include Reconumendation of Genetic Test for Patients with A.

vt/

www.fda.zgov/bbse/topics NEWS/2007T/NEWO1755. huml

Carbamazepine
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ine Prescribing | ion to Include R dation of tic Test for
Palienh wllh Aslnn Ancestry
af genetic i st caan improve sale use of product
The U.5. Food and Drug today that the ol drugs g the sclre mgredent

carhamazepin have agreed 1 add ks the drigs’ [abeng 3 recommendatian tat, befors startng tharapy with the dnigs, patients
with Asian ancestry gel a genebe blood test thal can sbenbfy a ssgnilicantly increased nsk of developng a rare, bul semous, skin
faction,

Carbamazegine is a drug used for treatment of eplepsy, bipclar disorder. and neurcpathic pain. Itis sold under the brand names
Carbatrol, Equetro and Tegretol

“Science is now letting us individually treat patients based on how their body might react to a drug” said Janet Woodcock. M.D.,
FOA's deopuly commisssones for seanbhe and medieal prograns, chied medical oficge, and aching deector of the Center foe Drug
Evaluation and Research. “When being considered for treatment with carbamazegine, genetically high-risk patients can be given
a fest ihat woll help Bherr health care prowders make personahzed drsg treatment decsions and help avord potentally senous
KN reactons.”

The prescribing information for these drugs alveady includas 3 waming that for ll patients $1aring cambamazaping theeapy,
regandless of ethmcry, rane bui severe and sometimes Iife-threatening skon reactions can oceur, These Me-threatening skin
reactions include touic epidermal nacrolysis and Stevens-Jshnson syndrome, characterized by maltple skin lesons, blsters,
tever, tehng and other symptoms.

The risk of these reactions is estimated to be about 1 to & per 10,000 new users of the drug in countries with mainly white
populabons, However, S nsk i estmated to be about 10 brmes hgher i some Assan countnes,

The skin reaction wamings will be moved to the curent boxed waming section of the labeling. The new recommendation that
health care proveders gree patients with Assan ancestry a genete: test bitore starting reatment will also be added 1o the boned
waming section.

To sereen for this genetic marker, a patent’s blood can be drawn by a health care provider and the test adminstered at a
laboratory. I i3 estmated that about 5 percent of patients beng consadered for treatment with carbamazepne are of Asian
ancestry and would need 1 have this tast

Studies have found a strong assocration between certain sericus skn reachons and an inherited variant of a gene, HLA-B" 1502,
a0 immunG SyEtem gane, faund amast exchisrely in people with Asian ancastry. Patients tastng positie for this gene should
not be treated with carbamazeping uniess the beneM clearly outweighs the increased nsk of these senous skon reactions.

Patiants who have taken cahamazepin for mare than 3 few manths and not experienced any skin reactons are unkkely 1 aver
axperoncs theso rrachons. regardiess of ancestry of genetic fest rmsalts. Paberils curmently kikng carbamazeping who are

concerned about thase skin reactions should ot stop taking the diug without first consulting their bealth care provider.

Carbatrol s manutactured by Shire Pharmaceuticals, Wayne, Penn | Equetro s manufactured by Vabdus Pharmacoubcals Inc |
Parsippany, N.J.; and Tegrewl is manufactured by Novanis, East Hanover, N.J. Generic versions of carbamazepine are
avanlable
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ldentifying Susceptibility and Intervention Response
Markers: The GWA Study Paradigm

Meiotic Mapping with DNA Markers
(Linkage Disequilibrium Analysis; Linkage Analysis)

Marker Loci

Rl Hh ' 1

Gene Exon Intron

Functional
Mutation

Observed: Variants at "landmark" spots along the genome
Unobserved: Variants at "functional” sites

Goal: Correlate variants at landmark sites with functional
sites by assessing the "co-segregation" of marker
alleles with putative or hypothetical trait alleles
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Fig. 1. Steps in postonal cloning. Postioning of deease locl 1o chromasomal regions with genatic
markars has becoma increasingty straghtionvand, pantic qhien this recent rease of tha Géandthon
Qenitic map contamning 5264 markees (17). Howaver, identification and avaluation of the genes within
tha impicaled region Meming & Magr Stumbling block,







Linkage Disequilibrium Mapping and Haplotype ‘Blocks’

Haplotype (LD) Block
Weak LD

Strong LD

.ACTAGATICGATCAGTTAG
.ACTAGATICGATCAGTTAG
.ACTAGATICGATCAGTTAG
.ACTAGATICGATCAGTTAG
..ACTAGATICGATCAGTTAG

(&)

TTAGACATCAGCTACCAGCTACGATAGCTAACAACCTATCATTTTCAGGGCGAATGCAGATA...
TTAGACATCAGCTACCAGCTACGATAGCTAACAACCTATCATTTTCAGGGCGAATGCAGATA... )
TTAGACATCAGCTACCTGCTACGATAGCTAACAACCTCTCATTTTCAGGGCGAATGCAGATA... Disease
TTAGACATCAGCTACCARCTACGATAGCTAACAACCTATCATTTTCAGGGCGAATGCAGATA.. (‘Cases’)
JTTAGACATCAGCTACCAGETACGATAGCTAACAACCTATCATTTTCAGGGCGAATGCAGATA..
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TTAGACATCAGCTACCAGCTACCRTAGCTAACAACCTATCATTTTCAGGGCGAATGCAGATA..
TTAGACATCAGCTACCAGCTACGAJAGCTAACAACCTIATCATTTTCAGGGCGAATGCAGATA.. Normals
TTAGACATCAGCTACCAGCTACGATNAGCTAACAACCTATCATTTTCAGGGCGAATGCAGATA.. . ,
TTAGACATCAGCTACCAGCTACGATAGCTAACAACCTATCATTTTCAGGGCGAATGCAGATA.. ((30r1tr0|s )
TTACACATCAGCTACCAGCTACGATAGCTAACAACCTATCATTTTCAGGGCGAAGGCAGATA..
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The International HapMap and Genetic Mapping Panels

MATURE[Vol 437|27 October 2005

Vol 43727 October 2005/doi:10.1038/nature04226 nature

ARTICLES

A haplotype map of the human genome

The International HapMap Consortium*

Inherited genetic variation has a critical but as yet largely uncharacterized role in human disease. Here we report a
public database of common variation in the human genome: more than one million single nucleotide polymorphisms
(SNPs) for which accurate and complete genotypes have been obtained in 269 DNA samples from four populations,
including ten 500-kilobase regions in which essentially all information about common DNA variation has been extracted.
These data document the generality of recombination hotspots, a block-like structure of linkage disequilibrium and low
haplotype diversity, leading to substantial correlations of SNPs with many of their neighbours. We show how the
HapMap resource can guide the design and analysis of genetic association studies, shed light on structural variation and
recombination, and identify loci that may have been subject to natural selection during human evolution.

Table 7 | Number of selected tag SNPs to capture all observed common
SNPs in the Phase | HapMap

r? threshold® YRl CEV CHB + JFT
rf =05 324865 178,501 159,029
r- =08 474,409 293,835 259,779
=10 04,886 447579 434476

Tag SMPs were picked to capture common SNPs in HapMap release 16c1 using the software
program Haploview.
* Pairwise tagging at different r* thresholds.

MATURE[Vol 00|00 Month 2007

Vol 000} 00 Month 2007 |doi:10.1038/nature06258 nature

ARTICLES

A second generation human haplotype
map of over 3.1 million SNPs

The International HapMap Consortium*

We describe the Phase Il HapMap, which characterizes over 3.1 million human single nucleotide polymorphisms (SNPs)
genotyped in 270 individuals from four geographically diverse populations and includes 25-35% of common SNP variation in
the populations surveyed. The map is estimated to capture untyped common variation with an average maximum 7 of
between 0.9 and 0.96 depending on population. We demonstrate that the current generation of commercial genome-wide
genotyping products captures common Phase Il SNPs with an average maximum r? of up to 0.8 in African and up to 0.95 in
non-African populations, and that potential gains in power in association studies can be obtained through imputation. These
data also reveal novel aspects of the structure of linkage disequilibrium. We show that 10-30% of pairs of individuals within
a population share at least one region of extended genetic identity arising from recent ancestry and that up to 1% of all
common variants are untaggable, primarily because they lie within recombination hotspots. We show that recombination
rates vary systematically around genes and between genes of different function. Finally, we demonstrate increased
differentiation at non-synonymous, compared to synonymous, SNPs, resulting from systematic differences in the strength or
efficacy of natural selection between populations.

Table 3 | Number of tag SNPs required to capture common (MAF = 0.05)
Phase |l SHPs

Trreshold YR CEJ CHE+IFT

r =05 627,458 290,969 277831
r=0.8 1,093,422 552353 520111

r=1 1,616,739 1,024,665 1,078,959




Efficient Genotyping Technologies and GWAS Initiatives

 Single SNP genotyping costs have dropped ~1000 fold in the last 5 years
 Affymetrix, lllumina, Sequenom, outsourcing, etc. make large-scale studies feasible
* Recent initiatives emphasize Genome Wide Association (GWA) Studies
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GENETIC ASSOCIATION INFORMATION NETWORK (GAIN)

Tmpariant: Updated GAIN Data Access Policy: Click Here==>

The Genetic Association Information Metwark (GAIN) is a public-private partnership of the
Foundation for the MNational Institutes of Health, Inc., which will include comporations, private
foundations, advocacy groups, concerned individuals, and the National Institutes of Health
Qwerview). This initiative will take the next step in the search to understand the genetic factors
influencing risk for complex diseases. Through a series of whole genome association studies,
using samples from existing case-control studies of patients with common diseases, the project
will contribute to the identification of genetic pathways that make us more susceptible to these
diseases and thus facilitate discovery of new molecular targets for prevention, diagnosis, and
treatment.

GAIN aims to release data as broadly and rapidly as possible, with equal opportunity for access

by all potential users. To promote the responsible use of the GAIN Project Datasets, B
investigators, and their institutions, seeking access to genotypic or phenotypic data will submit

3 Data Usze Certification specifying their intended use of the data and acknowledging their

agreement with GAIN policies and procedures (Policies and Procedures). All investigators,

including Contributing Study Investigators, GAIN Partners, and others, will access the GAIN

Project Datasets through the same mechanism

FhIH is actively seeking additional partners to participate in GAIM [Partnerships
Application for Genotyping Services

Applications from existing studies wishing to submit material for genotyping will be subjected to
review by technical experts from academia, government, and industry (Review and Selection
Process). Mote that GAIN will not support the collection of new samples, data, or consent
Applications will be submitted through the FNIH's anline application site (nstructions far
Applicants). Applicants and their institutions must submit a Submitting Applicant Policy
Agreerment certifying their agreement with GAIN policies for data access, intellectual property,
and publication (Policies and Procedures ). Applicants will be required to provide a copy of the
entire set of phenotype and exposure data proposed for use far the whole-genome association
study, with a copy of the data documentation, for evaluation purposes only, at the time the
application is submitted (Dataset Submission). All data will be destroyed after the application
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The Genes and Environment Initiative (GEI) was announced in February 2006 to support research that W

will lead to the understanding of genetic contributions and gene-environment interactions in commaon Press Release
disease. GEIis being developed and planned by an NIH-wide Coordinating Committes, administratively
led by the National Human Genome Research Institute (MHGRI) and the MNational Institute of
Environmental Health Sciences (NIEHS)

Febrazy 8, 2006

On Other Sites

The Genes and Environment
Initistive =
©n the NIH Web site

Implementation of GEI will begin with a Genome-Wide Association Study {GWAS) component that
will comprise three elements:

1. Genotyping facilities to perform high-throughput genotyping for GYWwa studies over four years.

2. A Coordinating Center (CC) to provide analytic support, data quality assessment and quality
contral, and logistical management of the GWA program.

3. Investigative groups ta submit samples fram well-characterized subjects for GWwa genatyping
and/or replication studies, and to analyze the resulting data,

The GWA component of GEI will be administratively led by NHGRI on behalf of the National
Institutes of Health (MIH). Curated data will be made available through a controlled-access process
in a central database established by the Mational Center for Biotechnology Information (NCBI) for
research use,

Plans for the GEI are under development, but one of the initial decisions of the NIH-wide Coordinating
Committee was that that the genetic component should not be limited only to the collection of Gwa,
genotype data. In this way, the GEI genetics component will differ from the Genetic Association
Information Metwork (GAIN). Support for data analysis, replication and fine mapping studies, sequencing,
functional studies, database development and clinical translation are all included within GEL.

The Committee recognizes, however, that the latter activities are all dependent on the data from high-
throughput Gwa genotyping and that acguisition and analysis of those data should be the focus of the
early years of the GEI genetics program.

GEI Funding

Funding for GEI is included in the President's budget proposal for fiscal year 2007 (FY 2007) and is
anticipated ta last four years, Roughly two-thirds of the allocation is devoted to identifying major genetic
susceptibility factors for diseases of substantial public health impact, while the other one-third is devated
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Closing the Net on
Common Disease Genes

Huge data sets and lower cost analytical methods are speeding up the
search for DNA variations that confer an increased risk for diabetes,
heart disease, cancer, and other common ailments

AFTER YEARS OF CHASING FALSE LEADS,
gene hunters feel that they have finally cor-
nered their prey. They are experiencing a
rush this spring as they find, time after time,
that a new strategy is enabling them to iden-
tify genetic variations that likely lie behind
common diseases, By scanning the genomes
of thousands of people and comparing the
sick with the healthy, biologists are uncover-
ing markers for DNA sequences they believe
clearly mcrease the risk of type 2 diabetes,
cancer, heart disease, inflammatory bowel
disease, and other debilitating ailments.
Their new twol, known as the genome-
wide association (GWA) study, derives its
power from the Human Genome Project and
the more recent Haplotype Map that catalogs
human genetic variation. The hunt has been
sped along as well by the phummeting cost of
gene scanning and by efficient gene<chip
technol ogies available onty inthe past 2 years.
What sets these studies apart from earlier
gene discoveries claimed for the same dis-
eases is that the new associations are statis
cally far more powerful and highly unlikely
to be due to chance. Researchers are also
confident about a flurry of new results
because they've been recorded again and
again in populations studied by independent
teams. Fueling the excitement is a sense of
surprise: “Most of these ger
anybody s candidate gene li

Cox, chief scientific officer of Perlegen Sci-
ences in Mountain View, California, which
uses whole-genome scanning to identify
drug targets. Cox recently co-authored a
paper identifying a new genetic variant that
raises heart disease risk and has another in
the pipeline on breast cancer. He and many
others expect the discoveries to point toward
novel biology worth exploring.

Atthe same time, this wave of GWA stud-
ies is studded with caveats. Although many
agree that the findings are real, few scientists
believe that they should be quickly put to
clinical use—for example, to evaluate a per-
son’s risk of having a heart atack. Scientists
haven't sorted out how these genes might
interact with the environment, or how
lifestyle changes might modulate the risk
they confer. “There’s going to be some
scrambling to catch up on the clinical side.”
says Nancy Cox, a human geneticist at the
University of Chicago i Illinois.

Furthermore, these first studies may
have identified only the strongest associa-
tions, with many more genes still to be dug
up. Finding them will likely require an
unusual degree of cooperation in this
intensely competitive field.

Uncommon beginnings
The new discoveries mark a major break with
the past in part because their sweep is so

5

broad. Traditionally, geneticists focused on
single genes with potent effects, typically
looking at large families riddled with rare dis-
eases, such as cystic fibrosis or Huntington's
disease or inherited forms of cancer. By
tracking a small number of genetic marl
that were linked 1o disease in such families,
researchers successfully homed in on the
culpable gene that causes disease

These family “linkage” stdies lacked
the power to pick up genetic variants that
have a modest effect or that may interact
with environmental exposures, however.
And vet it is these variants, which may raise
risk by 50% or less, that could play a key
role in common, complex diseases. (The
exception is work by deCODE Genetics in
Reykjavik, which has used linkage methods
and a proprietary database containing infor-
mation on much of Ieeland’s adult popula-
tion to find some common disease genes.)

As an alternative to traditional linkage
studies, researchers have tried searching for
“candidate genes” known to play a role in
some biologic process, such as insulin pro-
duction. They looked for associations
between mutations in these candidates and
common diseases. Hundreds of studies have
reported such associations. But few have
been reproduced more than once or twice.

The new strategy that’s blossomed this
spring has fundamentally altered the gene-
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2 Rising to the top. In a genome-wide assocation study for type 2 diabetes, 386,731 genetic markers,
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DISIASE PUBLICATION SAMPE S GENES OR

MTE VARIANTS FOUND

Macular 2005 1700 1 newigene

dheigeimealion

Infammatary 2006 4500 1 newgene

hawel disease

Prostate cancer 2007 17,500 2variantsin same

ragion (1 rew)

Obesity 2007 38,700 1 newi gene

Type 2 diabetes 2007 32,500 9variants (3 new

Heart dseas2 2007 41.600 1 new variant

* Cases and controls including replicates.

Far highes: nsk variant.
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400% to 600%
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1230%
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A HapMap harvest of insights into the genetics
of common disease
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GWA studies in cardiovaseular corditions znd lipid metabolism

Diszase/rait

QT interval
prolongat on
(118)

Myocardial
infarct on (116)

Coronary diseese
(3£)

Goranary disrese
(75)

Atriz! tibrillation/
atral futter (77)

LOL-cholesterol
(117}

LDL-cholesteral
(118)

HOL-cholester|
(118)

Trighcerides
(118}

Trighcarides
(119)

HODL-cholesteral
120y

Trighrerides
(120}

Sample size
Initial Replication
100 >445ms 200 »85th pct®

100 <386 ms

1,607 cases
6723 son
1,026 cases
2,933 con
1,92 fAses
2,033 con

8500 cases
4,476 con
1,955
hyaerencive
indvid
2,758
sludied

2,758
studied
2,758
studiad

RAR4
studied

200 < 5tt pct®

2080 ouses
6,04 con
Seeref. 73

I75 nases
1,644 con

3363 cases
17,616 ton
2,032 individ
in 519 families;
146" twinsf
18,554
sludied

18554
studied
18554
studied

129707
studied

Fegion

<k

1133

133

13p1a.1
194213

7qi-.23

6024.13
1q42.13
REIERL
1pH.3

wnl.2s

1202414

1aptant
Gp2- .32
nAa
£q24.1%
7011.2%
1p.2
199733

Gene

NOSTAP

COKNEAE

COKNZAE

COKNZAR
MTHFDIL
Psaudogena

Intergenic
(nea- PITXZ)
CELSR2,
P3RCT

CELSAE, PSACT,
SORTI,
CILFZ, FBX4
GALNTZ

BCLAB, TBL2,
MLYIPL
TRIET
GALATZ
CILE, POXS
ANGPTLS,
DOCKT, ATG4C

MUXIPL

MVEMMAZ

NCANGILF2
B3GALTS
GOKR
TRIET
MLYIEL
ANGPTLZ
NCANCILF2

Strongest
SHP-risk
allele

15104943657

sl 7E7278 G

+5133204¢8-C

513330480
rsB02 296 -4
520435340
52200731
1510033464-T
rs509839-G

rsC4GTTET

rs1E996145-G
s484631 4-G

13171457237

rs1732° 616 A
4631 40
rs1E996140-C
rs12130323-C

'53812316-C

£2328 04-G

rs16996148-G
s2254287-G
57800847
re17327 5154
re17145733-C
s1T4HOEC
51006142 G

National Human Genome Research Institute, Bethesda, Manyland, USA.

Fiisk allele
frequency
in controls

0.35

045

I8 R
1.08%
0.24

090
0.4

.87
042
040

090
073

0.95

P

140

R bl

14

A 1170
2108
23107
dx 1
T ilM
12117

3x{1m

3170
21

T il

4117

=118

4110

2-1048

T 100

OF per copy or
forheterezyjote
(95% CI}

4878 (ARJ°

1.2801.22 1.28)

147 (1.27-1.70)

1361 971 46)
1.22{1.45-1.39)
124 {1 42-1.30)
1,72 [1.58-1.86)
1.391.26-1.53)
0.35 (0.88-L.97)¢

046 (0.14-L1 81

040 (0.06-L.14)"
007 0.05-0.08)"

044 (0AC-LAGH

0.28(0.08 CAQM
028 {0.0e—CAOM
010 {0.08—CA 4
041 (0.07—CASH

10553177

042 INR)E

3.32iNR)*
1.31 INR)K
850 (NR)E
6.42 INR)E
8.21 INR)E
7.21 INRYE
540 iNR)

Plaiform
manufaciurzr
and SNPst
Affymetrix:
86,500

Illurmiina:
305,953
Affymetrix:
460,557
Affymarix:
77,7

lLrmina:

35515
Affymetrix:

400.4%

Affymelix.
389,878

Affymetrix:
383,878
Affymn e rix:
380878

Perlegen
180,410
10 216,774
lurrinaand
Affymedrixd

"
i

Aftymeiridt

Iurrina and
Affymefrixt

Studies, statistics, and platforms ae reported as dascribad n Table 2. indivd, ndividials: pet, perentile; 7, risk alle & rot indicated. ANumher that passec
quality control. BAls> siuded were 7,817 cohort members. “Diflerence (in ms) between homozygotes. ®n European population; allele frequency was C.62
in Hong Kong popuation. Eln European population; alele frequancy was 0.22 in Hong Kong population. FOne twin selected randomly. Gncrease in mmol.
Hincrease in SD. 'Decrease in SD. Increase in perzentage. “Increase in mgydl. LAzout 2 261,000 imputed.

Table 7
GWA studies in neuropsychiatric conditions

Disease/trait Sample size

Initial Replication
Sporadic amyatrophic 276 cases NR
lateral sclerosis 271 con
(121)
Amyotrophic lateral 7aTcases 1030 cases
sclerosis (122) 721 con 1,195 con
Multiple sclerosis 031 trioe 603 trins
(97) 2,431 con 2,322 cases
2,987 con
Restless legs 306 cases 311 cases
syndrome {123) 15,664 con 1,295 con
Restless legs 401cases 1158 cases
syndrome (124) 1,644 con 1,178 con
APOE"e4 carriers MBcases 415 cases
with late-onset 290 con 260 con
Alzheimer disease
(125)
Schizophrenia 178 cases NR
(128) 144 con
Bipolar disorder 461 cases 772 cases
127) 563 con 876 con
Bipolar disorder 1,868 cases NR
(35) 2,938 con

Region

1002613

Tq36.2

10p15.4
5p13.2

6p21.2

2p14
6p21.2
15023

11141

Xpea.zanpita

13g14.1

16p12.1

Gene

Intergenic

DOPPE

1L2RA
IL7RA

BTBDY

Meis1
BTB0Y
MAP2KS,
LBXCORT

GAB2

CSF2RA

D3KH

PALBZ,
NDUFAB1, DCTNS

Strongest
SNP-risk
allele

rs4363506-?
rs10260404-C

rs12722489-C
1s6897882-C

rs3923809-4

152300478-G
r39296249-T
rs12593813-6

152373115-G

rs4129148-C
rs1012053-A

rs420258-A

Riskallele
frequency
in conirols

NR

0.38

0.6E

0.2z
07E
067

07z

NR
0.82

07e

P

T 107

5107

3104
3107

1 A07

310
45 10-18
11078

1 10710

4107

2107

B 10+

OR per copy or
for heterozygote
(95% Cl)
1.90 (1.50-2.40)

1.30(1.18-1.43)

1.25 (1.11-1.36)
1.18 (1.11-1.26)

1.90 {1.50-2.20)

174 (1.67-192)
167 (1.49-1.89)
1,50 {1.36-1.66)

406 {2 8114 69)

8.23(2.04-515)°
1.59 (1.25-1.87)

2.08 (160-2.71)

Platform
manufacturer
and SNPs*
IHlumina:
549,062

lllumina:

311,946
Affymetrix:

334,923

Mllumina:
308,937
Affymetrix:
236,758

Aftymetrix:
312,316

Affymetrix:
439,511
Mlumina:
555,2350

Affymetri:
469,557

Studies, statistics, and platforms are reported as described in Table 2. 7, risk allele not indicated. #urmber that passed quality control. BHomozygote

“Pooled genotyping.

Important Issue:

Do the variations identified for any one
disease explain much of the disease
burden in the population at large?
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The Limitations of Standard GWA Study Paradigms

* Human GWA studies have resulted in unequivocal
statistical associations between DNA sequence
variations and diseases/disease traits of all sorts

* Many loci identified are not obvious genes
previously implicated in disease pathogenesis
(many are not even in genes!)

» Associated genes have, on average, very small
effects on disease (Odds Ratios of ~1.2-1.4)

* Collectively, the variations identified for any one
disease typically explain a very small fraction of the
disease burden in the population (e.g., 4-10%)

* Other genetic factors that might influence a
disease that can't be detected via current GWA
study paradigms: rare variants, structural variations,
subtle epistatic interactions, gene X environment
interaction effects, epigenetic factors, etc.

*|s there a way to identify the effects of, e.qg.,
rare variations, gene and GE interactions,
epigenomic factors, etc. contributing to
disease? HUGELY IMPORTANT issue

NEWS FEATURE PERSONAL GENOMES

The case of the missing heritability '.

When scientists opened up the human genome, they expected to find the genetic components of
common traits and diseases. But they were nowhere to be seen. Brendan Maher shines a light on
six places where the missing loot could be stashed away.

f you want to predict
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Genetic Studies Investigating Drug Response
Using Retrospective Data from Clinical Trial

The NEW ENGLAND

JOUR

SLCO1B1 Vai

BACHCROuND
Lowering Jow-densiy lipoprossin
1] redections in candiovasalar
prodace larger benefims. in mme c
theragy. especialiywhen the saring
omer medicazions.

wETHODS
‘W Carried our 2 genamew ke ass
dadditional Fme-mappmg)
and 90 concrols, 21 af wham wey
tial imvalving 12000 parcicipamc
simvasmin daily imvalving 20,000

e

BE5uTs
The genomewide scan yielded 3
TSSE3657 singk-nad eocide pys
Moo 13 (P 0], SLODT
pepride GATTIEL, wh ich has bess
‘The nancoding rs&63657 SNPws
The nonsynony mows 154149056 55
mbalism. The prevakence of she
‘Dids: rario for myopathy was 45 [
of the C allele, and 169 BB CL
s, oee than 0% ofthess oy
The association of re4149056 with
simvasmin dally, which also sh
chlesteriowering efficrs of sm
associaned with myoparky.

COwCiuSidns
We hizve idenzifisd common varia
an imcreased risk of sariandeced
benefits of s@om o

Comwrrtszin s KELW W
Copyrightd

nawmre
genetics

HLA-B*5701 genc
drug-induced live
Ann K Daly', Peter T Donaldson',
David B Goldstein?, Sally John®, N
William Bernal®, Heather | Cordel
¢ the DILIGEN study'? and Inte

Druginduced liver injury (DILI
serious liver disease. The antimi

common cause of DILI, but the genetic i
remains unclear. We conducted a genon
(GWA) study markers in 3
ilucloxacillin DIL and 262 controls mat
ancestry. The GWA showed an associatic

histocompatibility contplex (MHC) regio
association (P = 87 = 10 ) seen for r
in complete inkage diseqil D)

LETTERS

Association of
Genotype With
and Clinical Eff

R. Shuldiner, MID

Further MHC genotyping, which include
talerant controls, confirmed the associat
(OR = 80.6, P= 9.0 x 10°"%. The asso
in a second cohor of 23 cases. In HLA-L
1510937275 in ST6GALT on chromasemc
genome-wide significance (OR = 4.1, P
These findings provide new insights
of fludavacillin DILI and have the poten
improve diagnasis of this serious discase.

Hepatotosicity remains the most comma
termination of new therapeutic agents (~ 3

stmarketing withdrawals'. The standan
symptomatic hepatic adverse drug reaction
inhabitants, according tn a French study’. 4
accounts for 13% of acute liver failure cases

40l10.1038 /nature08309 nature

LETTERS

ARTICLES
Genetic variation .
treatment-induce
Dongliang Ge', Ja\:wesre\lay Alexi

Erin L. Heinzen', Pi ng Qiu’, Arthur H.
& David B. Goldstein'

mecme

A GRKS5 polymorphism that inhibits -adrenergic
receptor signaling is protective in heart failure

Chronic infection with hepatitis C virus (HC
people worldwide and is the caus

hough the recommended 1
on inwlves a 48weck course ol
2b) or -u-2a (Pegl a) com
is well known that many p

g

Reagan | Kelly™, Faisal M Syed!, Scot | Matkovich®, Harvey § Hahn!,
Li Sparks!, Bohan R Parekh!, fohn A Sperius’, Walter | Koch®,
rdia® & Gerald W Darn 1112

Stephen B Liggett'*7, Sharon Cresci
Abhinay Diwan!, lefirey § Martini®,
Sharon 1. &

ecause of side effects that preven

12 rectphor (RAR) Blockade i 4 slandand Sherapy bor candiae falue and ischemia. G proten-coupled recepber kinsses.
completing nmp. these reasons, |
h

adrenope
{GRKS) desensition BARs, suggestio thit genetic GRK arants maght modiy utcames n thess sndromes. R sequencing of GRE2
i which leseine i subitituted e
tamane ot position 41, GRICSLewd] uncouphed iupraercel-stimaated respomes more elfectively Bun df GRES-GInd L in
Araabictid colf and bavigenic mice. and, liko pharmacelogical AR b kade, GRIS-Loud | pmsbocted againt
catocholumine induced cardompopathy. Human asseciation shudies showed 3 Ierac tion L
aned prblocher treatment. o which e greserce of the GRIS-Leud | polymarpiam mas

veport tha agenedic y:\l»mm‘phmu wear the
interferon-i.-3 (IEN-A-3), is associated wil
twofold change in response to treatment, bo
European ancestry (P= 106 x 10™) anc

Faraday, MD

dindividuals either die or reqr

Fndasacillin is widely used in many
Australia for treatment of staphylococeal in
associated with a characteristic cholestati
commaon in females* and the elderly and v
courses™, In the UK, the incidence of flucla

Uintiute of Cellfar Medic e and Insttute of Hur
. Massachusetts, |

UAL ANTIPLATELET THERAPY,
including clopidogrel and
aspirin, inhibits platelet
Tunction, preventing ische-

‘mic eventsand improving outcomes fol-

(P=206% 10, P
is in substantially greater frequency in Eu
populations, this genetic polymorphism al
difference in respomse

Americans and patients of European ancesir
To identify human genetic contributions t
response, we have performed 8 genome-wido
more than 1,600 individuals who were part
and we included a further 67 patients from ana
ment study’. Briefly, the IDEAL study compar
three treatment regimens involving Pq:HN
combined with RBV. It

Mo ez skl howt e ar ol bckomnl, 1375 prspatiny elomed Aliom e bty wht iy
GRNS-Loud] protected against death o cardiac signading
by GRS Lot | provides & ‘genetic B bl kade” at improves. surval in Alfican Amercans .un heart Fashure, suppesting & resson
Nor comflicting siults of P-biocker cliscal sl in this population

mately half of

ving fooen smbiple cones  (RICH-inhibiting prptids can impons candia R

e el and v gk sl T tandion o

“Glascbmitnflne, Researen Trarge Park Nomn G |owing acute coronary syndromes and  IFN preparations and a significantly lower n the ph bk of camiac on. GRS (ret. 13,
he Lo yeieing ] us coronary s compared with Americans bt . o 35wl sl rmstc sl of GRS i
(o.h dayBnct ac.ukh (puj 12To exert an antiplatelet effect, (European-Americans). All paticnis incluccd

Lo Americans who were chronically infected w
Recshed 28 10 requires toan

NATURE GENETICS ADVANCE ONLINE FUBE

’\LU\E thiol metabolite (SR 26334) by
hepatic cytochrome P450 (CYF) iso-
enzymes, which inhibit adenosine di-
phasphate (ADP)-stimulated platelet

For editorial comment see p 896.

©2009 American Medical Association. All righ

Patients received 48 weeks of treatment and
A toal of L7l indivduss wers gentypo
11610-qusd Bead Chip, arud we then sear
eatment response 35 a primary endpoint,
treatment response and non-response accordi
tions', concentrating on sustainal viralogieal r
the absence of detectable virus at the end of
(Supplementary Information 1). We include
satisfied stringent compliance criteria (Supplen
i the analyses of treatment response, and 1,47
analysis of baselne viral kond.
We found that a palymorphism on chrame
v associated with SVR in all patient ge

[——
it e k. s

e, wrcoupiy. s
-

vl thar

oo Scares ey
vorany School of M

. Benee Wk




The Efficiency of Targeted or Restricted-Entry Trials
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Chapter 11
Predictive Biomarker Classifiers in the Design
of Pivotal Clinical Trials

Richard Simon
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Abstract In this chapter we distinguish the use of predictive biomarkers from
surrogate endpoint biomarkers. We also distinguish the use of predictive biomarkers
for selecting patients for pivotal clinical trials of a new drug from the use of predic-
tive biomarkers for optimizing the utilization of an existing drug. We summarize the
key steps in the development of predictive biomarker classifiers for use in new drug
development. We discuss the design of targeted clinical trials in which a predictive
biomarker classifier is used to restrict entry, and present results comparing the effi-
ciency of targeted trials relative 1o standard randomized pivotal trials, We also discuss
alternative designs in which the predictive biomarker classifier is not used to restrict
entry of patients but is used to prospectively define an analysis plan for evaluating the
new drug in classifier negative and positive patients. The development of predictive
biomarker classifiers can be subjective, but pivotal trials should test hypotheses about
the effectiveness of a new drug in subsets defined in a completely prespecified manner
by a predictive classifier, and should not contain any subjective components. The data
used to develop the predictive classifier should be distinct from the data used to evalu-
ate a new drug in subsets determined by the classifier. The purpose of the pivotal trial
is to evaluate the new drug in patient groups defined prospectively by the predictive
classifier, not to refine or reevaluate the classifier or its components. New drug devel-
opment should move from a correlative science mode to a predictive medicine mode.

Richard Simon
Biometric Research Branch, National Cancer Institute Bethesda, MD
rsimon@nih.gov

N. Cohen (ed.) Pharmacog ics and Per: lized Medicine, 229
© Humana Press 2008

The Efficiency of Targeted or Restricted-Entry Trials
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Table 11,1 Efficiency of targeted design
8/8=0 8/6=.5

Randomized for Randomized for Randomized for Randomized for
Proportion  standard design /  standard design / standard design / standard design /
classifier Randomized for screened for Randomized for tar- screened for
positive targeted design targeted design geted design targeted design
5 4 2 1.8 0.89
4 6.25 2.5 2.0 0.82
3 1.1 3 2.4 0.71
2 25 5 2.8 0.56
.1 100 10 33 0.33

screen than are required for randomization with the standard design. Hence, this
targeted design is most appropriate when the treatment benefit is expected to be
quite specific for classifier positive patients. When the proportion of patients who
are classifier positive exceeds 50%, the efficiency advantages of the targeted
trial are reduced.



Hypothetical Restricted-Entry Preventive Trials

 Leverage results of existing trials; constrain event rates to observed rates
« Assume genotype frequency and effect sizes from actual GWA studies
« Compute sample size for a trial restricted to individuals with a specific genotype

Table 2. Example Clinical Trials Investigating the Ability of Certain Compounds for Disease Prevention

Qutcome Intervention Ref |Rate C Rate Red NI NC PowN R Pow/Act
Myocardial Infarction (MI) Atorvastatin 1 0.049 0.062 20.968 4995 5006 3830 0.766
Prostate Cancer Finasteride 2 0.184 0.244 24.590 4368 4692 577 0.127
Obesity™ Behavioral 3 0.055 0.080 31.250 237 249 1243 5.110
Type |l Diabetes (T2D) Metformin 4 0.210 0.290 27.568 1556 1563 361 0.231
Alzheimers™ Antioxidants 5 0.234 0.244 4.098 10241 10228 22462 2.195

Key: Rate = incidence rate of the outcome among individuals on the active compound or the control compound for the
study referenced; N= sample size for the group receiving the drug (*I") and not receiving the drug (“C"). *Red" is the
percentage reduction in disease due to the intervention. “Pow N" gives the sample sizes necessary for both the
Intervention and Control groups in order to detect the observed effect assuming a power level of 0.8 and a type | error rate
of 0.05. "R Pow/Act” provides the ratio of the computed sample size necessary to detect the observed effect (*Pow N”) to
the actual total sample sized used in the studies. The asterisk denotes studies that did not observe a significant difference
in outcome rates between the intervention and control groups. References used in the Table are: 1: LaRosa et al. (2005);
2: Thompson et al. (2003); 3: Gortmaker et al. (1999); 4: Salpeter et al. (2008); 5: Heart Protection Study Collaborative
Group (2002).

Schork and Topol, JBS (in press)



Hypothetical Restricted-Entry Preventive Trials

Table 3. Projected Sample Sizes for Genotype-based Trials that Test Compounds Listed in Table 1.

Outcome Intervention SNP Ref Locus Freq OR GenN Screen RAct RPow
Ml Atorvastatin = rs10757278 1 9p21 0.22r 1.72 2693 24485+ 294 0.539 0.703
Prostate Finasteride rs16901979 2 8g24 0.07d  1.53 471 13463 +422 0.104 0.817
Obesity Behavioral rs1421085 3 FTO 041a 1.56 10086 4910+ 84 4142  0.809
T2D Metformin rs10811661 4 CDKN2A 0.83a 1.20 355 85713 0.228 0.984
Alzheimers  Antioxidants rs4420638 5 APOE4 0.17a 4.01 14238 167508+904 1.391 0.634

Key: SNP = Single Nucleotide Polymorphism or locus identified in the study listed under the Ref column associated with
the Outcome:; Freq is the frequency of the risk genotype(s) with r=recessive, d=dominant, and a=additive allelic effects;
“OR” is the effect of the allele on the outcome; “Gen N" denotes the Intervention and Control group sample sizes
necessary for detecting a one sided test effect of the intervention at a power level 0.8 and type | error rate of 0.05
assuming that the intervention works just as well among the targeted subjects as the original study group referenced in
Table 1. “Screen” gives the total number of individuals (and standard error) that must be screened (i.e., genotyped) in
order to identify the requisite number with the appropriate genotype based on the mean negative binomial distribution. “R
Act” and “R Pow” denote the ratio of the actual trial sample size and the projected sample size for the actual effect
observed to the genotype-based sampling sample size, respectively relative to the original study listed in Table 2. Mode
indicates the assumed genotypic or allelic effect: Rec=recessive; Dom=dominant; Add= additive (allelic); References in
the Table are 1: Helgodottir et al. (2007); 2. Zheng et al. (2008); 3: Dina et al. (2007); 4: Diabetes Genetics Initiative

(2007); 5: Coon et al. (2007).
Schork and Topol, JBS (in press)

Note: It has been shown that genetic variations associated with a disease are largely
independent of traditional risk factors, so genetic sampling adds to risk-based sampling



Hypothetical Restricted-Entry Preventive Trials

Table 5. Projected Sample Sizes for Multilocus Genotype-based Trials that Test Some Compounds Listed in Table 1.

Qutcome Drug #of Fctrs FH Freq OR Gen N Screen RAct R Pow
Prostate Cancer  Finasteride =1 - 0.899 1.87 533 1234+ 11 0.123  0.962
Prostate Cancer  Finasteride 22 - 0.531 2.13 468 1766+ 39 0.104 0.813
Prostate Cancer  Finasteride =3 - 0.171 2.50 398 4661+ 150 0.088 0.691
Prostate Cancer  Finasteride =4 - 0.022 447 377 34314+ 1235 0.083 0.654
Prostate Cancer  Finasteride =1 + 0.850 2.25 535 1260+ 14 0.118  0.929
Prostate Cancer  Finasteride 22 + 0.514 2.66 436 1700+ 40 0.096 0.757
Prostate Cancer  Finasteride =3 + 0.214 2.91 380 3552+ 114 0.084 0.659
Prostate Cancer  Finasteride z4 + 0.038 4.52 369 19448 + 701 0.082 0.640
Prostate Cancer  Finasteride 25 + 0.003 9.46 471 314099+ 10216 0.104 0.816

Key: Column titles are the same as in Table 3. The “# of Fctrs” column refers to the number of genetic factors (SNPs) with

frequency and a cumulative effect given in the “Freq” and “Odds Ratio” columns as reported in the relevant reference.

‘FH" denotes that whether or not a positive Family History is included as one of the risk factors along with the SNPs. Data

were taken from Zheng et al. (2008).

Schork and Topol, JBS (in press)



A Genotype-Restricted Pharmacogenetic Trial

ClinicalTrials.gov
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Safety and Efficacy Study of Fx-1006A in Patients With Familial Amyloidosis

This study has been completed.
Information provided by MoldRx Pharmaceuticals

This Tabular View shows the required WHO registration data elements as marked by t

Descriptive Information Fields

Brief Title

Official Title T

Brief Summary

Detailed
Description

Safety and Ffficacy Study of Fx-1006A in Patients With Familal Amyloidosis

Safety and Efficacy of Orally Administered Fx-1006A in Patients With Familial Amyloid Palynauropathy
(FAP): A Randomized, Double-Blind, Placcbo-Controlled Study

This study wil examine whethar Fx-100€A is effective in halting the progression of Familial Amyloid
Palynzuropathy (FAP).

Depositian of TTR amyloid is associated with a variety of human diseases. Deposition of amyloid fibrils of
variant TTR (primarly V30M) in peripheral nerve tissue produces the condition called FAP

The preventinn of the formation of amyloid by siabilization of the TTR native state should canstfitute an
effective therapy for amyloid diseases. Therapeutic intervention with a TTR staoilizer drug, such as Fx-
1006A, is hypothesized to stop progression of the disease in FAP patients. FAP is a uniformly fatal disease
and Mx-1006A is intended ‘o halt the relentless neurclcgical deterioration TADP patients experience.

This Phase 2/3 study will enroll early to mid-stage FAP patients in order to interrupt ard stabilize the
disease at a point in time where progression of motor and autonomic dysfunction can be maximally
elfecled. Male and female palienls with FAP wilh docurnenled V30M TTR mulation will receive Fx-100€A ur
placebo once dzily for a period of eighteen (18) months.

Recruitment Information Fields

Recruitment
Status T

Enrollment
Start Date T

Completion
Date
Eligibility
Criteria T

Completed

127

Only V30M TTR Mutation
Carriers are Eligible

December 2006

December 2007

Inclusion Criteria:

1.

;oW

Amyloid documented by biopsy.

Documented V30M TTR mutation:

Peripheral and/or autonomic neuropathy with a Karnofsky Performance Status 250
Patient is 18-75 years old

If female, patient is post-menopausal, surgically sterilized, or willing to use an acceptable method of
birth control. If male with a female partner of childbearing potential, willing to use an acceptable
methad of birth control for the duration of the study. For both females and males, birth contral must
be used for at least 3 months after the last dose of study medication

Patient is, in the opinian of the investigator, willing and able to camply with the study medication
regimen and all other study requirements.

Exclusion Criteria:

1

@ s W N

~

10.
11

Chronic use of non-steroidal anti-inflammatory drugs (NSAIDs).

Primary amyloidosis

If female, patient is pregnant or breast feeding

Prior liver transplantation.

No recordable sensory threshold for vibration perception in both feet, as measured by CASE IV

Positive results for hepatitis B surface antigen (HBsAg), anti-hepatitis C virus (HCV), and/or human
immunodeficiency virus (HIV).

Renal insufficiency or liver function test abnormalities
New York Heart Association (NYHA) Functional Classification zlII.

Other causes of sensorimotor neuropathy (B12 deficiency, Diabetes Mellitus, HIV treated with
retroviral medications, thyroid disorders, alcohol abuse, and chronic inflammatory diseases)

Co-morbidity anticipated to limit survival to less than 18 months.

Patient received an investigational drug/device and/or participated in another clinical investigational
study within 60 days before Baseline.



The Ultimate Study Design for Personalizing
Medicine: The ‘N-of-1’ Clinical Trial

A single patient is the object of the trial (e.g., natural in clinical practice; anesthesia)
 Treat the patient with different drugs in an objective, designed manner

» Consider randomizing the treatments, blinding, washout periods, etc.

 Patient monitoring via continuous time data collection (e.g., wireless devices)

e Statistical issues: number of data collections, correlations between observations

» Not appropriate for all diseases/conditions (e.g., acute, life-threatening)
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Design of ‘N-of-1’" Clinical Trials
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Example ‘N-of-1’ Clinical Trials

Table 1. Individual and Combined N-of-1 Studies Investigating the Utility of an Intervention

Disease Reference # Trials Intervention (Dx) Results

COPD Nonoyama et al. (2008) 26 Ambulatory Oxygen Reported use of oxygen is biased
QOCTD Hackett et al. (2008) 1 L-arginine diet L-arginine improved health

Brain injury Martin & Whyte (2007) NR Methylphenidate No benefit of Methylphenidate
Childhood arthritic pain | Huber et al. (2007) 6 Amitriptyline No benefit of Amitriptyline

Oral mucositis Sung et al. (2007) 16 Topical vitamin E No benefit of Topic vitamin E

Chronic fatigue Baicus & Baicus (2007) 4 Spirulina No effect of spirulina

Osteoarthitis Yelland et al. (2007) 56 Paracetamol/Celecoxib | Paracetamol more effective

Nausea from Chemo Nathan et al. (20086) 12 Metopimazine Metopimazine use is beneficial
Anticoagulation Pereira et al. (2005) 7 Generic/Brand Warfarin | No difference between Generic/Brand
Skeletal cramping Woodfield e al. (2005) 13 Qunine Heterogeneity in Qunine response
Sleep disturbances Wegman et al. (2005) 15 Temazepam Temazepam is beneficial

Cystic fibrosis Suri et al. (2003) 48 Recombinant DNase | Marginal improvements with Dx
Migraine Haas & Sheehe (2004) 32 Dextroamphetamine Improvements with Dextroamphetamine
Sleep disturbances Coxeter et al. (2004) 42 Valerian Valerian did not improve sleep

COPD Smith et al. (2004) 27 Eformoteral No effect of Eformoterol
Osteocarthritis Wegman et al. (2003) 13 NSAIDs Heterogeneity in response to NSAIDs
Depression Janssen et al. (2001) 5 Methylphenidate Two patients improvement with Dx
Cystic Fibrosis Bollert et al. (1999) 52 Recombinant DNase Marked Improvements after Dx
ADHD Kent et al. (1999) 43 Methylphenidate Improvement with Methylphenidate
Chronic pain Haines & Gaines (1999) 21 Ketamine Small subgroup responded to Dx




Conclusions

» Markers of disease risk and treatment response are, in fact, being identified

 Drugs tested in individuals genetically susceptible leads to greater efficiency

* Drugs can be designed to target specific genomic ‘lesions’ (i.e., targeted therapies)

 ‘N-of-1’ trials can be conducted on each individual to determine optimal therapy
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