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Gene/Biomarker Restricted Clinical Trials: Why?

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

‘S t d i t ’ D i k th t b d t it di‘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 groupp g p
• 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 toFor 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• 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



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

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



Ultimate Goal: Match Drugs with Marker Profiles
Warfarin                                                    Carbamazepine



Identifying Susceptibility and Intervention Response 
M k Th GWA St d P diMarkers: The GWA Study Paradigm



Mapping for Gene Discovery via Linkage Disequilibrium



Linkage Disequilibrium Mapping and Haplotype ‘Blocks’

Weak LD

Haplotype (LD) Block

…ACTAGATCGATCAGTTAGCTCTTAGACATCAGCTACCAGCTACGATAGCTAACAACCTATCATTTTCAGGGCGAATGCAGATA…
…ACTAGATCGATCAGTTAGCTCTTAGACATCAGCTACCAGCTACGATAGCTAACAACCTATCATTTTCAGGGCGAATGCAGATA…
…ACTAGATCGATCAGTTAGCGCTTAGACATCAGCTACCTGCTACGATAGCTAACAACCTCTCATTTTCAGGGCGAATGCAGATA…

ACTAGATCGATCAGTTAGCGCTTAGACATCAGCTACCAGCTACGATAGCTAACAACCTATCATTTTCAGGGCGAATGCAGATA
Disease
(‘Cases’)

Strong LD

…ACTAGATCGATCAGTTAGCGCTTAGACATCAGCTACCAGCTACGATAGCTAACAACCTATCATTTTCAGGGCGAATGCAGATA…
…ACTAGATCGATCAGTTAGCTCTTAGACATCAGCTACCAGCTACGATAGCTAACAACCTATCATTTTCAGGGCGAATGCAGATA…

…
…ACTAGATCGATCAGTTAGCTCTTAGACATCAGCTACCAGCTACGATAGCTAACAACCTCTCATTTTCAGGGCGAATGCAGATA…

ACTAGGTCGATCAGCTAGCTCTTAGACATCAGCTACCAGCTACGATAGCTAACAACCTATCATTTTCAGGGCGAATGCAGATA

(‘Cases’)

…ACTAGGTCGATCAGCTAGCTCTTAGACATCAGCTACCAGCTACGATAGCTAACAACCTATCATTTTCAGGGCGAATGCAGATA…
…ACTAGGTCGATCAGCTAGCGCTTAGACATCAGCTACCAGCTACGATAGCTAACAACCTATCATTTTCAGGGCGAATGCAGATA…
…ACTAGGTCGATCAGCTAGCGCTTAGACATCAGCTACCAGCTACGATAGCTAACAACCTATCATTTTCAGGGCGAATGCAGATA…
…ACTAGGTCGATCAGCTAGCTCTTAGACATCAGCTACCAGCTACGATAGCTAACAACCTATCATTTTCAGGGCGAATGCAGATA…
…ACTAGGTCGATCAGCTAGCGCTTACACATCAGCTACCAGCTACGATAGCTAACAACCTATCATTTTCAGGGCGAAGGCAGATA…

…
…ACTAGGTCGATCAGCTAGCGCTTACACATCAGCTACCAGCTACGATAGCTAACAACCTATCATTTTCAGGGCGAATGCAGATA…

Normals
(‘Controls’)

Common Variations Rare Variations



The International HapMap and Genetic Mapping Panels



Efficient Genotyping Technologies and GWAS Initiatives

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





Important Issue:

Do the variations identified for any oneDo the variations identified for any one
disease explain much of the disease
burden in the population at large?



The Recognition of Genetic Variation as Fundamental to
All of Biology and Biomedical Science in ParticularAll of Biology and Biomedical Science in Particular



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• 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,study paradigms: rare variants, structural variations,
subtle epistatic interactions, gene x environment
interaction effects, epigenetic factors, etc.

• Is there a way to identify the effects of, e.g.,
rare variations gene and GE interactionsrare variations, gene and GE interactions,
epigenomic factors, etc. contributing to
disease? HUGELY IMPORTANT issue



Genetic Studies Investigating Drug Response 
U i R t ti D t f Cli i l T i lUsing Retrospective Data from Clinical Trials



The Efficiency of Targeted or Restricted-Entry Trials

http://linus.nci.nih.gov/brb/samplesize/td.html

• Do not consider sampling burden associated with recruiting subjects with genetic profiles
• Do not consider specific genetic variations and their utility for design of a clinical trial
• Do not consider relevance to current, historical, or future clinical trials of new therapies



The Efficiency of Targeted or Restricted-Entry Trials



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

Schork and Topol, JBS (in press)



Hypothetical Restricted-Entry Preventive Trials

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

Schork and Topol, JBS (in press)



A Genotype-Restricted Pharmacogenetic Trial

Only V30M TTR Mutationy
Carriers are Eligible



The Ultimate Study Design for Personalizing 
M di i Th ‘N f 1’ Cli i l T i lMedicine: The ‘N-of-1’ Clinical Trial

• A single patient is the object of the trial (e.g., natural in clinical practice; anesthesia)

T t th ti t ith diff t d i bj ti d i d• 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)

• Not appropriate for all diseases/conditions (e.g., acute, life-threatening)

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



Design of ‘N-of-1’ Clinical Trials
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Example ‘N-of-1’ Clinical Trials



Conclusions

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

D t t d i i di id l ti ll tibl l d t t ffi i• Drugs tested in individuals genetically susceptible leads to greater efficiency

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