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TABLE 2 Disease phenotype does not simply
Listing of family and ¢ase-control studies ongoing at GSK as of September 2004 depend on a diagnostic label
Disease No.of  Family or case-control No. of subjects Target no. of QOver the past seven years, GSK has spon-
sites collected subjects sored an extensive series of disease-spe-
Asthma 14 Family 5909 5909 _cific clinical collaborations. These net-
Alzheimer's disease 9 Case-control _1s04 X000 works eventually involved ~200 specialist
o0 N Case-controtandfamity 5121 5460 physician collaborators and currently
Schizophrenia 4 Case-control 1317 1953 comprise at least 17 diseases in several
Metabolic syndrome 6 Case-control and family 4842 4842 ethnic populations. Large groups of
Ostecartbritis & Casecontrolandfamily ~ 4137 sess  highly phenotyped patients and controls
Rheumatold arthritls  t  Case-control BRRVEY - 2600  havebeen collected for these associations:
Parkinson's disease 1 Case-control and family 3039 3039 ten ‘°f the case-control or case-control
Unipolar depression 9 Case-control and family 3781 3861 family studies CUfrently comp]EFEd
Obesity 5 casecontrol T T TTaots T 2000 ——= {asthma and type 2 diabetes were the first
T - S s s e in 2003 and 2004, respectively) or sched-
uled to be finalized are summarized in
Table 2. Productivity gains have resulted
be to use knockout and conditional knockin mice with | in an increase in genotyping capacity, thus six of the listed
genetic variants as additional target validation for genes | diseases are scheduled to be analyzed in 2005, with other
that are statistically associated with the expression of human | diseases to follow on completion of clinical enrollments.
diseases. The lag phase for HiTDIP analyses is the process of regis-
Industry-initiated partnerships, such as The SNP | tering subjects (patients and controls). After that, the
Consortium, and efforts to sequence the human genome | process is ‘industrialized’ with planned ovetlapping pri-
rapidly catalyzed SNP discovery [44]; this information was | mary, secondary and, In some cases, tertiary screening
used to identify validated SNP assays for the ~1800 tar- | blocks.
gets that constitute, for example, the GPCRs and kinases. Unlike more common retrospective patient collections,
For large-scale, disease-association analyses, the testingof | where information Is gleaned from records, the network
these variants requires two sets of reagents: (i) validated | physicians were required to agree on diagnostic criterla
SNP assays of each gene; and (i) DNA from clinically well- | in advance of subject collection. Data are often missing
phenotyped patients, appropriate controls and integra- | in retrospective collections, which can give rise to spec-
tion with extensive bioinformatic support systems. The | ulation on the implications of a ‘blank’ answer in the
standard candidate gene association experiment is to test | record of an individual. GSK created a clinical database
variations of a specific gene for association to a singlede- | that encapsulates the complete clinical and demographic
fined human disease. For HiTDIP, it is possible to extend | information about each patient and each control prospec-
this experiment to hundreds of genes {(~1800), using thou- | tively: a prospective study ensures that data on all indi-
sands of SNP variations (~7000), and to several diseases viduals are collected, and the database is as comprehen-
(17+) in independent test and secondary screens. sive as possible,
Each network of clinical experts established a core data-
The clinical data base of phenotypes with defined clinical descriptions for
The rate-limiting step in the HiTDIP program is the ex- | each disease, with the added caveat that additional sup-
amination, acquisition of consent and collection of DNA | plementary clinical information that any participating
from large collections of well-phenotyped patients and | clinical investigator wanted to collect would also be
controls. Over the past decade, the key practical problems | included in the phenotypic database. This resulted in dis-
encountered are that the majority of patient collections | ease-specific databases encompassing clinical parameters
of DNA reside in academic laboratories or small countries, | agreed by all network physicians, in addition to the
and chemical-screening libraries are located in industry. | sub-sets collected with respect to the particular research
Institutional review boards require that patient popula- | interests of an investigator.
tions have specific informed consent for the commercial This database format provides the opportunity to test
use of DNA, thus rendering many collections of patients | genetic associations with more granularity than simply
entolled in academic institutions largely unusable for | diagnosis. The data can be analyzed using the physiciang’
commercial HTS. Patient and control clinical evaluations | agreed disease diagnosis, single symptoms ot signs or
are not high throughput, because they are performed | groups of clinical findings. There can be several con-
on an individual basis. Therefore, even if the technical | tributing pathogenic processes in complex diseases, any
screening capacity were generally available, as it is now, | of which might not be expressed concurrently to produce
the essential clinical populations with available, consented | active disease, but each of which might be associated at
DNA samples are not. some level with similarly diagnosed patient populations.
182  www.drugdiscoverytaday.com
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For example, in studying type 2 diabetes mellitus, inclu-
sion of ophthalmologic examinations, renal function in-
dicators and a defined neurological physical examination
enables specific sub-type assoclation studtes. If the asso-
ciation of SNP variants in those patients with peripheral
neuropathy was required, then performing and specifi-
cally recording the presence or absence of ankle jerks on
all patients and controls is more accurate than trying to
select patients with retrospective lack of data. Similarly,
if diabetic retinopathy were an interest, few retrospective-
controlled studies would have this information.

lllustrative study example: asthma

Asthma was the first disease to be analyzed in HiTDIP
against multiple phenotypic variations. The association
of thousands of SNP variants was measured against five
separate but correlated asthma-related traits in large fam-
ily sets including: (i} physicians’ diagnosis of asthma; (ii)
atopy {positive skin prick tests); (iii) atopic asthma {physi-
cians’ diagnosis plus atopy); (iv) strict asthma {two or
more classical symptoms and a positive methacholine
challenge test or bronchodilator test); and (v) bronchial
hyper-responsiveness (positive methacholine response at
or below 10 mg/ml of methacholine) [37]). The subjects
were ascettained prospectively, but retrospectively grouped
for each set of clinical criteria. Association studies using
high-throughput genotyping of SNPs from tractable tar-
gets to define associations with various clinical definitions
have been productive.

When thinking of asthma as a complex disease and/or
syndroime, it is understandable that there might be mul-
tiple genetic and environmental susceptibilities. Certainly,
there should be no expectation that all or most of the phe-
notypic vartables would be present in all cases, as might
be expected for a specific genetic mutation in a highly
penetrant, rare inherited disease. A comprehensive approach
that improves this situation would be to test each of the
clinical forms that occur within families for genetic as-
soctation with particular genetic variants. Confirmation
of association could be performed in a subsequent set of
families as well as in series of sporadic cases.

When the initial pilot asthma-screening was petformed
in 2001 with ~2700 SNPs from 1244 genes, interesting
patterns of association were observed. Many of the asso-
ciated gene variants were related to three or more of the
selected clinical phenotype definitions. The association
of some genes with physicians’ diagnoses tended to sep-
arate to bronchial sensitivity-related signs and symptoms
and atopy-related phenotypes. These early data regarding
phenotypic criteria seemed to support the convergence
of multiple susceptibility loci for the production of symp-
tomatic complex disease.

In genetic linkage or association literature, there are
frequently tacit assumptions, for example, that the expert
physicians’ diagnoses are sacrosanct, or that inclusion
and/or exclusion criteria of any sort could often narrow
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the disease populations to be non-representative of all
patients with the djsease. Many of the conflicting reports
of assoclations in the Hterature, where independent sclen-
tists have not ‘confirmed’ published linkage or associa-
tion results with the same ‘disease’, could be the result of
variations in the selected phenotypes or even the critical
controls. With the same corps of physicians collecting the
large prospective patient and control test series, as wel] as
the subsequent confirmation series, variation between in-
dividual physician diagnostic skills can be minimized and
the phenotype definitions can be stabilized.

llustrative study example: metabolic syndrome

Metabolic syndrome is usually described as a combina-
tion of obesity, diabetes mellitus, hypertension and dys-
lipidemia - thus providing considerable opportunities for
selection of who might be included in genetic studies.
In 2002, The National Cholesterol Education Program
(NCEP) Expert Panel on Detection, Evaluation and
Treatment of High Blood Cholesterol in Adults, Adult
Treatment Panel 1II (ATP-111) published criteria f or a clin-
ical diagnosis of the metabolic syndrome*. However, the
GSK Genetics of Metabolic Syndrome (GEMS) patient
collections for target association and susceptibility gene
studies were initiated before this ATP-III report was cre-
ated. By comparing the detailed phenotypic definitions
for the collected patient information with those of the
samples, and subsequently contrasting this with the def-
initions provided by a high level, independent expert
panel, it was possible to analyze the relevance of our con-
temporary operational research definitions. In GEMS, two
simple lipid-based criteria were used to define the disease-
affected individuals: low high-density lipoprotein (HDL)-
cholesterol and a concomitant elevation of plasma trighyc-
eride concentrations. These criteria were selected because
they are primary features of atherogenic dyslipidemia, are
closely related to insulin resistance, detectable at an early
stage in the development of metabolic syndrome, highly
heritable and easy to measure, Wyszynski et al. [45] (clin-
ical investigators supporting the GEMS Network) reported
that 86% of individuals greater than 35 years of age met
both the ATP-IIT and GEMS criteria. Conclusions based
on genetic linkage, genetic assoctation of susceptibility
loci and PGx studies can thus be more accurately inter-
preted across studies. Accurate, interpretable, reproducible
phenotypic definitions, even of complex syndromes mix-
ing several complex diseases, can increase the value of
clinical collections and facilitate analysis. Metabolic syn-

*NCEP ctiteria for clinical diagnosis of metabolic syndrome requires any
three of the following: fasting plasma glucose of at least 110 mg/dl
{6.10 mmol/l}; serum triglycerides of at least 150 mg/dl (1.70 mmaol/I};
serum HDL cholesterol of less than 40 mg/dl (1.04 mmolA) and

50 mg/dl (1.30 mmol/l) for males and females, respectively; and blood
pressure of at least 130 mm Ry systolic and 85 mm Hg diastolic, or
waist circumference {a measure of central adiposity} of more than

162 cm and 88 ¢cm for males and females, respectively.
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Primary screen Secondary screen The data were statistically a{nalyzed

500 cases and 500 controls 500 cases and 500 controls using a gene-based approach (Figure 3).

1800 genes, 7000 SNPs

Genotypic, allelic
and haplotypic lests
of association

1800 genes, 7000 SNPs

" Genotypic, allelic
and haplotyple tasis
- : ot assoclation

Does gene have any " genes with - ' tost
test with p = 0.057 p=0.05 In both Sritiepiigys
| .- sgreens o

Permutation test on;

. Does gehe heve™
-a permutation with
p= 0.057 -

Yes

‘Confirmed’ genes
Drug Discovery Today

o T e T T T e s ey
Experimental design algorithm for HITDIP analyses. The basic design of the HITDIP program was to
screen approximately 500 patients and 500 controls, all prospectively examined, with full clinical
information and commercial informed consent obtained. The current gene panel consists of approximately
1800 genes and 7000 validated SNP assays. Although highly significant p-values will be observed for some
genes in the primary screen, the probability for occurrence of false pasitives is high. A secondary study of
approximately 500 patients and 500 controls {abtained prospectively} is also tested. A gene with a p-value
of £0.05 in primary and secondary screens is assessed by permutation (Box 1). Any gene with a
permutation of p 0.05 is considered ‘confirmed: Calculations of random gene associatlon assessed by

st st it

Allelic, genotypic and haplotypic tests of
association were conducted in the pri-
mary and secondary screens. A ‘fast fish-
ers exact’ test in SAS/BASICS® software was
used for the allelic and genotypic tests
[48], whereas the ‘composite haplotype
method’ developed by Zaykin (unpub-
lished results) was used for haplotypic
tests. The use of a gene-based approach for
analysis and replication, as used in HiTDIP,
has recently been championed by Neale
and Sham {49]. Cardon and Bell {50] stress
that incorrectly adjusting for multiple
testing can either unnecessarily reduce
statistical power if too stringent a correc-
tion is applied or increase the false-positive
rate if too weak a correction is used. As a
result of the large number of tests con-
ducted, adjustments for multiple testing
were made using a gene-based permuta-
tion approach (Box 1).

The type 2 diabetes study made use
of legacy (GlaxoWellcome, Burroughs-
Wellcome, Glaxo, Smith Kline Beecham
or Beecham)} in-house collections - ~400
cases and controls were examined in the
primary screen and >1100 cases and con-

permutation were confirmed (Figure 4).

drome is an excellent example of variable clinical defini-
tions and hypotheses defining the disease.

Experimental data, analyses and statistical
significance

During the past two years, up to ~1800 tractable genes
represented by up to ~7000 SNPs were genotyped against
several large patient and unrelated control groups for
disease associations. The SNPs were identified predomi-
nantly from public databases, with focused SNP* discov-
ery performed as necessary. The SNDs selected were com-
mon, with 28% average minor allele frequency, and mapped
typically to intergenic and promoter regions. Genotyping
was performed using a multiplexed, bead-based approach
published previously (Figure 2) [46,47]. A bioinformatic
system, called SubjectLand, was designed and implemented
to contain patient data, SNP (and other genetic variation)
data, analyses programs and analytical results, with the
ability to add-on data-mining capabilities. The standard
experiment for each disease was designed to test ~500
well-phenotyped patients and ~500 matched controls in
the initial, primary screen and follow-up with a second-
ary screen using an independent set of patients and con-
trols ascertained by the same group of physicians.
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trols in the secondary screen. Among the
1405 genes examined in the primary
screen, 256 genes had a p-value of <0.05.
Of these 256 genes, 53 also had a p-value of <0.05 in the
independent secondary screen but only 21 of the 53 genes
were confirmed by passing the permutation process
(Figure 4, Box 1). As well as conducting further investi-
gations regarding the 21 confirmed genes that passed the
permutation test and the 32 genes that did not, analyses
of the probability that random genes would demonstrate
similar statistical significance were also performed. Of the
21 permutatton-confirmed genes, ten could be identified
in pathways directly related to precedented mechanisms
or metabolic pathways associated with disease-specific hy-
potheses. In the case of type 2 diabetes mellitus, four of
the 21 genes had already been chemically screened in
legacy companies and provided several leads. Statistical
analyses of each disease will be submitted for formal peer-
review in specialty journals by the appropriate network
physicians.

In some diseases, such as type 2 diabetes mellitus, there
are reasonable prior hypothesis concerning pathogenesis.
For example, it is generally agreed that glucose metabo-
lism and insulin sensitivity play a role. Among the HiTDIP
type 2 diabetes confirmed genes, several are supported
by prior published hypotheses and appear in expanded
metabolic pathways. Such coincidences resulting from
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:The permuta

i The objective of this study was to identify tractable genes associated
* with disease. Some small genes might have only one or two SNPs
_analyzed, whereas 30-40 SNPs could be assessed in the case of some
. of the larger genes, such as those encoding ion channels. The greater
.the number of SNPs and tests performed on a gene, the greater the
 probability that the gene will appear significant than by chance
alone.To account and correct for the variable number of tests

.conducted across genes,a gene-based permutation test was applied.

- Permutation testing is a standard method used to assess significance

»in the statistical analysis of genetic data [57]. Any gene significant at

"a p-value of 0.05 in the primary and secondary screens was further

. assessed by performing this permutation process on the data from
the secondary screen. For each permutation, affection status was

“ shuffled among the cases and controls. The genetic data for all SNPs
across each subject was not altered. This maintains the underlying
correlation between SNPs within a gene, All the SNPs within the gene

: were analyzed using allelic, genotypic and haplotypic association
tests via the same methods used for the observed data.The smallest
p-value across all tests was recorded for each permutation.The
permutations were repeated up to 5000 times per gene.The
empirical p-value is the proportion of minimal p-values from the

. permutations that are less than the observed minimal p-value from
the actual data.The empirical p-value is estimated using Equation i

r+1 .
el _ . fEgni)

-where ris the number of permutation p-values as small as or smaller
- than in the actual data and n is the number of permutations [58,59].
A gene with an empirical p-value of £0.05 was considered to be
‘confirmed’ with respect to statistical association with disease. For
example, if the smallest p-value of gene A in the observed data was
0.004 and among 5000 permutation (n = 5000} a p-value of <0,004
was observed 50 times {r = 50), then the permutation process would
generate an empirical p-value for gene A of 0.01, and it would be
classed as a ‘confirmed’ gene,
" For the type 2 diabetes study assessed by permutation, the
~minimat p-value from the actual secondary dataset for each of the
.53 genes analyzed and their empirical p-values from the
permutation process are shown in Figure i (observed and gene-
based permutation results). Of the 53 genes assessed, 21 genes had
empirical p-values of 0,05 and thus were considered ‘confirmed.The
observed and empirical p-values for gene 7, a confirmed gene, were
highly similar, differing by only ~0.0001.For gene 27, which was not
_confirmed, the corresponding values showed striking differences:the
- permutated p-value was approximately 0.33, whereas the observed
“p-value was <0.02,

© p-value

Genes

+ Secondary data minimal p-value
= Empirical p-value

T NP R R ] :
Gene-based results for 53 type 2 diabetes mellitus genes assessed by
permutation, The observed and gene-based permutation results for the 53
genes assessed by permutation In the type 2 diabetes data are rank ordered
according to their observed p-values before permutation.Two of the 53 genes
{genes 7 and 27) are circled to illustrate how the observed and empirical
p-value can differ. it is useful to note that the first 12 genes were confirmed by
permutation; it was expected - and quite reassuring - that the genes with
consistently the lowest p-values would be confirmed. Permutation assessments
confirmed four of the subsequent ten genes. Of the remaining 31 genes, five
were confirmed. Hirschhorn et al, [18] reported that, by meta-analyses, only six
of 166 genes replicated consistently across studies - agaln not unexpected in
single-arm experiments, which are many studies with much smaller numbess of
cases and controls and no opportunity to assess permutation (Box 2),

o

The gene-based permutation process controls for multiple
correlated SNPs and multiple tests performed for each SNP ina gene
in the secondary screen. A related question is - how many of the
1405 genes examined in the type 2 diabetes study would be
expected to confirm under the null hypothesis of no association?
That is, how many genes would have a minimal p-value of <0.05 in
the primary screen and a permutation p-value of <0.05 in the
secondary screen? To address the question of the permutation
p-value, an additional round of 1000 permutations was conducted
using the type 2 diabetes primary screen data, At each permutation,
the affection status of the cases and controls was shuffled and the
number of genes observed to have at least one p-value of <0.05 was
recorded and multiplied by 0.05, the o level already enforced by the
gene-based permutation applied to the secondary dataset. Of 1000
permutations performed on 1405 genes, the average number of
genes that was confirmed by chance was 9.8 (95% confidence
interval 8.6-11.0}.

screening so many hypothesis-independent genes are, at
the very least, interesting. This provides increased prior-
ity for screening specific targets in defined pathways and,
subsequently, for designing relevant clinical trials. In dis-
eases where there is a paucity of information to form the
basis of supposition, for example, schizophrenia, specific
genes and pathways identified in HiTDIP can provide
insights to new hypotheses. Results for four other sec-
ondaty screens {(schizophrenia, obesity, migraine and
unipolar depression} will be available in early 2005.
Additional experimental data for the association of
each gene can also be generated by testing whether the
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target gene is within a region of extended linkage dise-
quilibrium (LD) [51-53]. This is also important because
the particular SNP used in the HiTDIP analysis might not
be the variant responsible for the disease association, but
has simply evolved concomitantly with the disease-vari-
ant. SNPs that are in LD with the causal variant can pro-
vide positive association data, as is the case for susceptibil-
ity genes for Alzheimer’s disease, migraine, Crohn'’s disease
and psoriasis [32-35]. Analyzing for regions of extended
LD is also important to define whether the association
signal is driven by the tested HiTDIP gene - and not by
one of its neighboring genes [51]: documenting extended
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Primary screen i 1166 cases and 1260 controls
401 cases and 400 controls . ' 256 genes, 845 SNPa s
1405 genes, 4267 SNPs H . . K
Genotypic, |
/.| alelic and .
Genotypie, CL haployyflc o
allelic and ﬂcim";
haplotypic ; . - S
association . S3geneswithp=0.05
v Parmutation|

256 genes with p = 0.05 T

: - 21 conﬁrfned genes
Drug Discovery Today

L (i Rt S T |
Type 2 dlabetes mellitus HITDIP results, The type 2 diabetes mellitus HiTDIP
experiment was the first to be performed with two case-control screens. The prior
asthma screens used a family-based series, thus the statistical analyses were
significantly different. The primary screen consisted of 401 cases and 400 contrals and
used 4267 validated SNP assay for 1405 genes. A set of 256 genes yielded a p-value of
£0.05 {a large number illustrating the high false-positive rate that is probable with a
single screen). The secondary screen envolled 1166 patients and 1260 controls. At the
time that the secondary screen was Initiated, the genotyping capacity was limited
and thus only the 256 genes and their B45 SNPs were included. A set of 53 genes
yielded a p-value of €0.05, and were assessed by permutation, with 21 genes being
confirmed {Figure i), Estimation of the number of genes being confirmed by chance
in this study yielded a rate of approximately ten genes per 1400 tested (Box 1),

LD around a HiTDIP gene can increase (or decrease) con-
fidence in its validity.

It is reasonable to expect that a large screen with many
tested variables could be subject to false positives. Although
the same limitations also characterize susceptibility genes
resulting from linkage and association studies, they are
not usually tractable targets for chemical screening.
Susceptibility gene studies provide new insights that are
relevant to disease pathogenesis: we anticipate that the
HiTDIP genes will also generate new theories and provide
support for existing hypotheses. One immediate strategy
could be to provide validaticn support by concentrating
thorough phenotypic studies on knockout or otherwise
manipulated mice [16]. For the type 2 diabetes example,
this would mean knockouts and conditional knockins
for ~21 genes and their specific variants associated with
disease. Each mouse line could be examined with highly
focused and complete biochemical and physiological phe-
notyping in parallel with high-throughput chemical
screening.

There is no documented method for predicting which
HiTDIP genes will point to lead candidates for medicines,
The selection of genes with which to initiate high-through-
put assay development is empirically based on several
criteria, one of which is the relative ease of creating the
chemical screening assay. A few confirmed genes for type
2 diabetes mellitus were screened previously in GSK legacy
companies because of pre-existing literature rationales for
potential involvement in disease pathogenesis. Enlarging

188  www.drugdiscoverytoday.com
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or repeating the chemical screens with the current GSK
compound libraries is an immediate option, as is re-eval-
uating eatlier lead programs. In addition, there are several
genes that the literature indicates are involved in inter-
esting, potentially novel mechanisms. There are other
genes, particularly those for which the design of high-
throughput assays is relatively uncomplicated, that can
be prioritized. In the GSK R&D structure, scientists in the
Centers for Excellence in Drug Discovery (CEDDs), who
are most familiar with the disease, prioritize the targets.

It is particularly pertinent to mention here that GSK
is now dealing with a relatively large, staggered flow of
new target genes for which there is excellent support for
genetic association. If the leads from screened HiTDIP
genes reduce attrition, this will be evidenced in a larger
proportion of positive Phase [IA efficacy studies over the
next 3-5 years. Remember, hits and leads must be opti-
mized and undergo preclinical regulatory testing before
human testing can begin,

HiTDIP provides genetic validation for target selection
to drive the pipeline. The confirmed targets are geneti-
cally associated in some manner with specific human dis-
eases or therapeutic indications that can be encompassed
by the disease diagnostic label. Indeed, genes that are
associated with specific clinical variables could help to
define complex disease heterogeneity. A significant dif-
ference in success compared with historical target selec-
tion can be tested against benchmarks. Attrition that is
the result of a lack of relevance to a particular human dis-
ease might only be appreciated when there is an absence
of clinical efficacy many years down the pipeline, Reducing
attrition at the proof of efficacy stage (Phase I1A) will in-
crease the efficiency of the pipeline and could provide a
sustainable stream of effective medicines related to human
diseases. Furthermore, additional hypotheses might be
generated at Phase l1A by the application of efficacy phar-
macogenetics. These hypotheses can be tested reiteratively
in Phases IIB, III and V. Of course, the consented DNA
samples remain available for testing new target classes
as new chemical synthesis capabilities are developed.

HIiTDIP to discovery shunt - some matches are made
in heaven

Trying to decide what to wear for a particular occasion fre-
quently involves a quick scan of your collection of clothes.
Large pharmaceutical companies, particularly those with
legacy compound libraries resulting from long histories of
drug discovery, have a lot of unworn items in their collec-
tions, Many discovery programs are initiated and numer-
ous targets are screened only for leads to be ‘left on the shelf’
(some with the price tags still on!) when times and cir-
cumstances changed. The initial assumption for HiTDIP was
that by screening all the known tractable targets against sev-
eral well-defined diseases, new targets would be identified.
Each would then require the design of a high-throughput
screen and a new screen of the chemical compound library.
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However, once targets with highly statistically signifi-
cant associations with a particular disease were defined,
another surprisingly rich supply of existing leads, which
required no novel chemical screening, was identified im-
mediately. Indeed, several targets were already screened

'Learning of the power and statlstlcal slgniﬁcance of
-association studies

- Hirschhorn et af, {18] conducted an interesting meta-analysm of 166 initiat
associations to determine the probability of their being reliably
replicated. A particularly notable finding was that of 166 initial
associations from multiple studies, only six replicated consistently across

“investigations {i.e. had p-values <0.05 in 75% or more of the studies
identified), whereas 97 were observed to have at least one significant

‘replication. Replication rates of 16-30%, depending on the definition of
_replication, have been identified in the association literature [20,21].

. Replication of an association study has not usually been included in the
experimantal design, nor have the numbers of patients and controls been
sufficient to expect replication.

The initial gene-based HITDIP scans of type 2 diabetes mellitus, using a

» large cohort of patients and controls, identified five genes with a
statistical significance of p £0.0005,40 genes with p £0.0050 and 211 with
p 0.0500 (Table i), Although these data might comprise false negatives,
or undetected genes, the vital question is how to eliminate false positives.
Because of the large number of tests performed, the majority of the
signals identified from the initial, primary test-screen, across all levels of
significance, were expected to be false positives - it is not reasonable to
anticipate that the testing of less than 2000 genes will result in 45 genes

- with & p-value of <0.005 being real. It should be emphasized that most
published association studies are performed with much smaller patient
and control groups. Although meta-analyses of small and heterogeneic
studies might have been the best avallable secondary analysls method in
the past, it was never considered ideal.

“The factor that distinguishes the HITDIP study design is the availability
of an equally powerful set of patients and controls, all of whom have been
examined and clinically characterized by the same physicians, thereby
reducing phenotypic heterogeneity. Thus, the question can be posed -
how many of the genes identified in the initial association studies with
highly significant p-values are actually confirmed by a second
confirmation study using statistical analyses that are appropriate for
complex genome-based association studies? The answer provides a
fascinating Insight into the poor track record of association study
confirmations. A significant proportion of the genes from the large initial
association study with a p-value of <0.005 were not confirmed after the
secondary screen of similar size (Table i). However, it is extremely
important to realize that the published association literature undergoing
meta-analyses traditionally use data that are typically much less )

. significant - and the only confirmation comes from other small studies or
takes the form of the meta-analyses, .

TABLEI

Comparison of numbers of confirmed genes from primary and
secondary screens based on p-values (before the permutation
testing process)

) Prlmaryscreen Secondary screen’ Permutation
pvalue No, of genes No. of genes No. of genes

| £0.0005 . 5 i 0.

. =0.0050 - 40 - 8 3

. 00500 .. 1. . 44 18

© Total. - .. 256 . . 53 21

*Performed at a p-value of 0,05,
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against the legacy company chemical libraries, with re-
sulting leads left on the shelf because the program was
dropped, or abandoned after a molecule falled for a par-
ticular therapeutic indication. Thus, immediately after
completing confirmation analyses for the initlal HiTDIP
programs, several targets were 1dentified for which there
were lead - or better - quality molecules on the shelf. At
present, several molecules have either entered preclinical
testing for Phase [ or have already been tested in clinical
trials designed for different therapeutic indications,

The match between the molecule and disease is the key
data gained from confirmed genetic association. Using mol-
ecules for which considerable data and work already exists
will no doubt accelerate pipeline dynamics. More shots on
goal quickly -- or better shots at more defined goals - results
from being able to mine data generated from years of pre-
vious drug discovery programs. Occasionally, after con-
siderable prior hard work, serendipity plays a part —which
is indeed food for thought for those who wonder what
the advantages of corporate size could be! Although legacy
company names might disappear, contributions to capa-
bilities, such as prior screens of targets, are maintained.

Whole-genome testing and pathway analyses
Although nothing in science is unanimous, there is a
growing belief that high-density, whole-genome SNP-
screening, using newer statistical methods and powerful
computing capacities, can identify susceptibility genes for
a disease. From a practical viewpoint, and the experience
of studying almost 2000 genes selected solely because they
could be drug targets, it would seem reasonable to per-
form additional genome-wide (all genes) SNP-screening
association studies. Family linkage studies of the past
two decades have defined large regions of chromosomes
(1-10 Mb) using ‘log of the odds’ scores that successfully
identified disease and susceptibility genes. By narrowing
these large regions using candidate genes, many positive
results were reported. Much smaller regions of extended
LD (50-250 kb) containing disease susceptibility genes
were identified using large patient and control collections
for case-control association studies. The DNA is there, the
methods are increasingly more feasible economically and
there is a growing literature of statistical methods to sup-
port these large studies {56]. From an academic point of
view, whole-genome screening studies might be too ex-
pensive to be readily available, but that does not mean
they will not provide scientifically valid data and disease
insight. Therefore, after the timetable of HiTDIP confirma-
tion screening is completed, whole-genome SNP-screen-
ing will follow. Making the right choice of targets at the
beginning of the pipeline will be the first step down the
long road of creating innovative medicines.

Within three years
The first practical metric that will provide an estimate of
the success of HiTDIP will be comparing Phase II attrition

www.drugdiscoverytoday.com 187

=
w
-
w
-4
B
[=}
=
-
[
=
"
=
&
]
[+




REVIEWS

DDT « Volume 10, Number 3 » February 2005

g
=,
1]
£
%
=
m
-
&
-
m
]
m
5
m
=

with historical benchmarks. If the target genes selected
result in more frequent early-phase efficacy successes,
then the ‘quantal step-up in discovery” described by
Weisberg will be apparent [32]. There will be other par-
allel strategies for selecting targets. However, comparisons
of the success and attrition rates of drug candidates re-
sulting from screens of genetically associated targets can
be compared with benchmarks for other historical or cur-
rent strategies. A retrospective view will be of interest but,
for the present, the first indications will come from de-
creased attrition at Phase [I. Along the way, there will be
a stream of lead molecules with which to prime a high-
throughput pipeline. Combining the choice of the right
target and the application of efficacy pharmacogenetics
at proof of concept, when necessary, should result in bet-
ter defined medicines for patients with complex diseases
[3]. The objective of the process is to reduce attrition, cycle
times and expense, as well as provide safe and effective
medicines.
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Executive Summary

The remarkable development and application of new genetic technologies over the past 25 years
has been accompanied by profound changes in the way in which research is commercialised in
the life sciences. Many thousands of patents which assert rights over DNA sequences have been
granted to researchers across the public and private sector. In general, we acknowledge the
benefits that have accrued to society from the patent system, but we ask whether the application
of the patent system to DNA sequences is achieving its goals, namely the stimulation of
innovation for the public good, and the rewarding of people for useful new inventions.

We note that many patents that assert rights over DNA sequences have already been
granted but are of doubtful validity. The effects of many of these patents are extensive, because
inventors who assert rights over DNA sequences obtain protection on all uses of the sequences.

We conclude that in the future, the granting of patents that assert rights over DNA
sequences should become the exception rather than the norm. The patent system
currently regards DNA sequences as eligible for patenting. However, as computational
technigues replace cloning as the main route to identifying genes, we consider that the issue
of the eligibility for patenting of DNA sequences needs to be reopened. Even if DNA sequences
are considered eligible for patenting, they must then satisfy the criteria of being novel,
inventive and useful. We consider that the application of these criteria to DNA sequences has
not been sufficiently stringent. We note, further, that the fact that DNA sequences are
essentially just genetic information distinguishes them from other chemical compounds, with
regard to the patent system.

We distinguish four different uses to which DNA seguences ¢an be put: in diagnostic tests based
on genes, as research tools, in gene therapy and for the production of therapeutic proteins. We
conclude that patents that assert rights over DNA sequences and their uses are, in some cases,
supportable, but in others, should be treated with great caution.

Diagnostic tests

m We recommend that the criteria already in place within existing patent systems
for the granting of patents, particularly the criterion of inventiveness, be
stringently applied to applications for product patents which assert, inter alia,
rights over DNA sequences for use in diagnosis. We recommend that the
European Patent Office (EPO), the United States Patent and Trademark Office
(USPTO) and the Japan Patent Office {JPO)} together examine ways in which this
may be achieved. If this recommendation is implemented, we expect that the granting
of product patents which assert rights over DNA sequences for use in diagnosis will become
the rare exception, rather than the norm.

m We consider the grant of use patents for diagnostic tests and conclude that the
protection by use patents of specific diagnostic tests which are based on DNA
sequences could provide an effective means of rewarding the inventor while
providing an incentive for others to develop alternative tests.

® We consider that, in the case of patents that have been granted for diagnostic tests based
on genes, compulsory licensing may be required to ensure reasonable licensing terms are
available to enable alternative tests to be developed.
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Research tools
= We consider, that in general, the granting of patents which assert rights over
DNA sequences as research tools should be discouraged. We have taken the view
that that the best way to discourage the award of such patents is by stringent application
of the criteria for patenting, particularly utility.

Gene therapy

a We consider that once a gene which is associated with a disease is identified, the
use of the relevant DNA sequences in gene replacement therapy, to alleviate the
effects of mutations in that gene, is obvious (particularly when such use is
claimed on a purely speculative basis). Therefore, we recommend that protection
by product patents should seldom be permissible. We believe that patent protection
should be concentrated on developing safe and effective methods of appropriate gene
delivery. This is where the real inventiveness and investment will be required, rather than
in simply defining the sequence of the genes to be used in treatment.

Therapeutic proteins
m We take the view that while rights asserted over DNA sequences which are used
to make new medicines that are therapeutic proteins are generally acceptable,
they should be narrowly defined. By this we mean that the rights to the DNA
sequence should extend only to the protein described.

We consider that the adoption of the recommendations that we put forward here will serve to
guide patent offices and the courts to a more rational use of the system which reserves patent
protection for those patents that assert rights over DNA sequences that reflect a significant
contribution by the researcher.
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PHARMACOGENETICS AND DRUG
DEVELOPMENT: THE PATH TO SAFER
AND MORE EFFECTIVE DRUGS

Allen D. Roses

genomic mapping tools is also reviewed.

As a consequence of the sequencing and mapping of the
human genome, pharmacogenetics (PGx) — the use of
genetic analysis to predict drug response, efficacy and
toxicity — is becoming the first drug-discovery pipeline
technology to affect the structure and economics of the
pharmaceutical industry. In particular, high-throughput
SNT mapping is allowing human disease-associated
drug targets to be identified and is reducing attrition in
early-phase clinical trials'-*. The recent history and
background of PGx has been reviewed elsewhere, so
here I focus on current experimental applications of
PGx technologies. The application of genome-wide
mapping and screening methods to clinical medicine is
accelerating®*, However, there have been few pub-
lished examples of genome-wide applications of SNP
mapping to drug development or to the drug safety
of licensed medicines. Nonetheless, many proof-of-
concept projects are progressing within the pharma-
ceutical industry, which has direct access to clinical trial
patients and the capabilities to apply genome-wide
technologies. What was predicted a few years ago is
applicable now?® ",

Understanding the structure of the pharmacentical
pipeline (Box 1), including the decisions for selecting
drug candidates and progressing drug development, is

Abstract | Pharmacogenetics provides cpportunities for informed decision-making along the
pharmaceutical pipeline. There is a growing literature of retrospective studies of marketed
medicines that describe efficacy or safety on the basis of patient genctypes. These studies
emphasize the potential prospective use of genome information to enhance success in finding
new medicines. An example of a prospactive efficacy pharmacogenetic Phase-llA proof-of-
concept study is described. Inserting a rapidly performed efficacy pharmacogenetic step after
initial clinical data are obtained can provide confidence for a commitment to full drug
develcpment. The rapid identification of adverse events during and after drug development using

not a core capability of many acadernic scientists.
Although segments of the process for producing a mar-
keted drug might be pursued in academic laboratories
and biotechnology companies, the entire pharmaceuti-
cal pipeline — from target selection to full development
and launch -~ is fully represented only in the pharma-
ceutical industry. Companies that take drugs through
the pipeline range from the very large (for example,
Pfizer and GlaxoSmithKline) to much smaller, younger
companies {for example, Amgen and Elan). Much of
this industry-based research never reaches the academic
literature because, for the most part, it is about the
repeated serial failures of scientific projects. It might
take many years after launching new chemical entities
with proven therapeutic advantages to recognize the
rare successes.

Tt was hoped that the Human Genome Project would
provide a flood of new targets for drug discovery''-'%.
However, at that time, most scientists and business com-
mentators did not realize the difficulties that are inherent
in moving from a gerlome sequence to the identification
of disease-relevant targets for drug discovery. In general,
most genes are not drug targets that can be chemically
screened with current technologies. Disease-related tar-
gets for drug discovery are usually chosen on the basis of
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Box 1| Pharmacogenetics and the pharmaceutical pipeline

From having the sequence of a gene
that encodes a potential target for
drugs to actually having a medicine
that interacts with that target involves
a lengthy, expensive and complicated
pharmaceutical pipeline that usually
requires several years of basic science
for target validation before chemnical
screening (see figure parta). Once
thereis a positive decision to progress
atarget, an effective screening assay
that can allow the high throughput of
many thousands of known chemical
entities must be designed and
implemented. Molecules that affect
the target (hits) must then be
evaluated for chemical properties and
potency before those that are worth
pursuing (leads) can be identified,
synthesized, evaluated and modified
for drug qualities (lead optimization).
When a lead is identified, considerable
pre-clinical development must also
occur, particularly in the fields of
toxicology, drug kinetics and drug
metabolism. Al of these processes
must occur before the first dose of any
new molecule can be tested in hunans
(partb).

Following initial clinical testing for
safety in humans (pHase1), the
molecule enters the most crucial
phase, PAsE 1A, during which the
desired clinical effect (that is, efficacy)
is addressed in 2 relatively small, but
still expensive, clinical trizl, For
exarnple, if 100 patients participate in
a Phase-I1A study at a minimum eost
of US $10,000 per patient, the study
would cost US $1 million. Even aftera
molecule demonstrates efficacy, more
extensive dose-ranging PHASE-IIB
studies, as well as PHASE-1 studies, cost
several hundreds of millions of
dollars. With costs as high as this, only
meolecules for which there is good
evidence of efficacy and a reasonable
biological rationale for its mechanism
of action are selected for full
development. Prospective efficacy
pharmacogenetics early in clinical
development can be used
to select patients who would be
predicted to be potential responders
{green figures in parts b and ¢) and
hyper-responders (blue figures). By
selecting out patients in Phase-I1and -
III clinical trials who would be
predicted to be non-responders (red
figures in parts b and ¢), subsequent
clinical trials can be made smaller,
faster and less expensive (partc).
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PHASET

Initial clinical studics usually
involve small numbers of
normal human volunteers and
small doses to assess safety,
maetabolism and excretion of a
drug or drug combination.

PHASE TTA

After the initial Phase-T studies,
these randomized and
comtrolled clinical studies are
used to assess efficacy (proof of
concept) and to continue to
assess a drugor drug
vombination in a relatively simall
number of patients (tens of
patients). These carly studies can
be non-comparative or double-
blind comparisons.

PHASE 1B

After Phase-J1A studies, these
randomized and controlled
clinica) studies are used to assess
the efficacy and dose-ranging of
a drug or drug combination in
larger groups of patients
{hundreds of patients), In some
designs, there is a positive
interim end point so that Phase
IIB ean be extended into Phase-
I registration trials, Safety
continues to be assessed.

PHASEII

Randomized and controlled
clinical studies in patients
(thousands of patients} designed
1o evaluate the comparative
safety and efficacy of a drugor
drug combination. Also includes
the principal data used by
regulatory agencies to approve
or reject a product-licensing
application.

EFFLCACY PHARMACOGENETICS
The study of genetic variation
that underlies variability in the
efficacy of drugs for treating
discase.

the pathogenesis of the disease and/or the relevant biol-
ogy of the target, and not because they are simply a
newly sequenced gene'', To study the genetics of human
disease or even to confirm targets in patients from those
identified in animal models, large resources of well-phe-
notyped patients and controls are necessary'™'8, Despite
this seemingly obvious need for well-phenotyped
patients, the support of clinical research has not kept
pace in academic institutions'®, Conversely, the pharma-
ceutical industry, as a whole, does not have sufficient
clinical expertise or the patience to invest in long-term
strategic research of this type™.

My aim here is to examine the current uses of PGx in
drug discovery and development, particularly through
high-throughput, genome-wide screening applications.
With respect to early drug discovery, the disclosure of
early targets and leads in the pipeline is limited by regu-
latory and comnmercial concerns. Nonetheless, here I
atternpt to illustrate, with examples, how high-through-
put genotyping, PGx and pharmacogenomics can be
applied across the pharmaceutical pipeline (Box 13.

Target discovery

Target discovery is important in supplying the drug-
development pipeline with disease-relevant molecules.
Although there might be approximately 30,000 human
genes, few currently have the capacity to be screened
against large chemical libraries to identify specific
interactions. Those that can be screened form groups
of s0-called ‘tractable’ or ‘drug-able’ targets. Widely
appreciated target classes, such as nuclear receptors,
kinases and 7-transmembrane repeats (7-TMs}, consti-
tute approxirnately 1,800 genes, but there are additional
custom screens for many enzymes. The availability of
advanced drafts of the human and mouse genome
sequences means that genes can now be rapidly
analysed in silico for characteristic coding regions that
are similar in tractable gene classes? . Before this capa-
bility, the pharmaceutical industry knew of perhaps 500
targets*s, There might be up to 5,000 additional
tractable targets, of which perhaps a few hundred might
be relevant to the treatment of human disease??S.

The standard genetic association experiment is to test
variations of specific candidate target genes for associa-
tion to a defined human disease. Using high-throughput
genotyping, bioinformatic support and robotics, it is
now possible to do such experiments on hundreds of
genes, using thousands of SNP variations”, Two sets of
reagents are required for large-scale, disease-association
analyses: validated SNP assays and DNA from clinically
well-phenotyped patients and approptiate controls™>!,
The practical problems over the past decade have centred
on patient collections of DNA, which mainly reside in
academnic laboratories, whereas chemical screening, opti-
mization and regulatory compliance capabilities mostly
reside in industry.

For a major pharmaceutical company that is
attempting to screen thousands of SNPs from potential
target-class genes against thousands of patients, obtain-
ing the DNA reagents from well-characterized patients
was recognized as a functional bottleneck®2, Patient

Box 2 iTIle iniﬁhrﬁﬁce of pheﬁéfypé

The acc‘ixr'?ncir and the amount of detailed phenotypic
data that can be compared in discase-association
experiments is crucial to the i mterpretauon of the data,
‘In general, the phenotypic data that clinicians collect .
: detzrmme what questions can be addréssed withsuch
_ expenments. Detailed specific phenotyplc data provide
‘ many more opportunities for phenotype- “specific
questions compared with simple diagnostic
designations, Complex-disease diagnoses are expected
to be heterogeneous, For example, depending on the
clinical data obtained, up to 30% of patients designated
a3 having possible Alzheimer disease might actually
have other forms of dementia®™, it woild therefore be’ f
helpful to callect mare detailed data, ifichuding - -
Kpat}mlogxcal mformatmn and follow- up data on the
_patient’s clinical course.
Similar to disease dxagnoscs. the clr.mml measurement :
of drug efficacy is variable. Graded clinical response.s as
" well as placebo effects can complicate such measurements.
Standardization of clinical protocols for the comparison
of drug responses would therefore be both usefal and
 more accurate, Generally, an adverse event from a drug
-can be assessed more objectively. Such events usually
occur a short time after the patient experiences the drug,
so the precise phenotypic response to the drug canbe
specifically, sensitively and accuratcly documented.
Pharmacogenetic analyses can be used to differentiate
phenotypic heterogeneity, to segment populations that
seem to be responsive or unresponsive to a medicine, or
to accurdtely define individuals who mlght be at h1gher
persanal nsk ofan adverse event,

and control individuals must be evaluated one at a time,
and cannot be evaluated clinically in a high-throughput
model. Although technical genotyping capacity is now
generally available, the essential patient and control
populations with DNA, detailed prospective clinical
evaluations and adequate informed consent are rare (see
BOX 2), Nonetheless, strategies for high-throughput
experiments to identify disease-associated tractable
drug targets are now available®.

Prospective application of efficacy PGx

Usually, PGx has been applied retrospectively to develop
molecular diagnostics to optimize drug selection and
dosing™%, However, here I focus on the prospective
application of erricacy pex to reduce attrition of effective
drugs in early drug development. In this context, effi-
cacy PGx is not being used to define diagnostic markers
to select or predict individual patients who will respond
to therapies. Rather, these prospective strategies can be
used to increase confidence in a molecule at a crucial
stage in its development. Phase 1TA is the first time that a
molecule is tested for its desired clinical effect in
humans. Phase-I1A trials are not exact, nor are they usu-
ally large enough for convincing statistical significance.
Rather, they provide confidence that a molecule would
be effective in subsequent clinical trials. In practice,
most candidate drugs that reach human testing fail in
Phase IIA. The clinical measurement of efficacy is also
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INTENT TG TREAT

Analysis of clinical-trial results
that includes all data from
patients in the groups to which
they were randomized (that is,
assigned through random
distribution) even if they never
received the treatrnent.

LINKAGE DISEQUTLIBRIUM
The condition in which the
frequency of a particular
haplotype for twolociis
significantly different from that

expected under random mating,

‘The expected frequency is the
product of ohserved allelic
frequencies at each locus.

not exact, as placebo effects can cloud the assessment
of phenotypes®*. Typically, there are apparent
responders and non-responders: the goal of prospec-
tive efficacy PGx in this context is to differentiate these
groups and select responders for subsequent clinical
trials. For ‘NTenT-To-TREAT” decisions in subsequent clin-
ical trials, differentiated patient-responding groups
can provide confidence in the next (expensive) clinical
trial investments.

The cutput of pharmaceutical pipelines over the past
decade has been disappointing!'#2. Prospective efficacy
PGx offers the possibility of reducing the size and
expense of clinical trials by differentiating the patient
groups who are more likely to respond (80X 1). There are
essentially three types of result for candidate therapies in
Phase-11A clinical trials: first, the compatison of drug
versus placebo demnonstrates clear clinical efficacy; sec-
ond, thete is no appreciable efficacy; or, third, there is
some efficacy but it seems to be in a treated subgroup.
The first two results are easy to interpret: the drug-
development programme either continues or stops. The
third is problematic: more supportive data are usually
required before a major financial commitment to
Phases TIB and III (full development) is made. However,
owing to the huge costs of development, those pro-
grammes with ‘borderline’ efficacy present an increased
risk for development and are generally stopped**,
However, the cost of additional clinical trials might be
reduced if the population of responders and non-
responders could be segmented on the basis of their
genetic profiles early in Phases IIA and 1IB. Removing
apparent non-responders could enrich the remaining
patient population for subsequent clinical trials. Tt can
then become feasible to consider further testing of a
molecule with subgroup efficacy rather than cancelling
the programme.

There are no published clinical examples of prospec-
tive applications of efficacy PGx to the early Phase-11
pipeline: all of the published, peer-reviewed literature of
efficacy PGx has been retrospective®*, For the purpose
of guiding efficient drug development, a PGx strategy
that can be applied prospectively at the early stages of

clinical development is necessary. However, one of the
most relevant examples of a retrospective study that
subsequently allowed the prospective application of a
diagnostic test to progress a drug at the later clinical
stages is the case of trastuzumab (Herceptin; Genetech).
This drug was developed in late Phase 11l on the basis of
the differentiation of patients whose tumours would be
mere responsive to therapy*™ (80x 3).

The essential feature of any drug-efficacy analysis
is the definition of phenotypic response. Although all
phenotypes are recorded during the double-blind trials,
efficacy can be assessed only after the double-blind cod-
ing is broken. In early Phase-IIA studies, with a {imited
number of participating patients and controls, any suc-
cessful evidence-based methods to increase confidence
in a decision to continue development are always help-
ful. Whether or not the SNPs identified in Phase ITA as
being associated with efficacy are really useful in subse-
quent clinical studies can be confirmed in reiterative
studies. In fact, follow-up trials also provide the oppor-
tunity for reiterative screening for additional regions of
phenotypic associations mapped across the genome in
regions of extended unkace pisequierium {LD).

Proof-of concept study. Molecules entering Phase ILA are
generally not the subject of publications because the
information at that stage is proprietary and the studies
are not meant to be diagnostic. However, it is impor-
tant to Hlustrate for this review that prospective efficacy
PGx in early development is currently a pipeline strategy.
FIGUREI fllustrates the results of a recent Phase-11A trial
of amolecule to treat obesity, with 40 drug-treated and
41 placebo-treated obese patients. These results are
unpublished but have previously been presented publicly
in several forums (see, for example, the Food and Druyg
Administration (FDA) Science Board presentation in the
Online links box). The two curves plot weight change in
the treated and placebo patients during the double-blind
clinical trial. This clinical trial was performed overa
2-month period with a defined therapeutic target of
weight loss on the basis of current regulatory guidance
for the approval of obesity medicines.

Box 3 | ERBB2 and Herceptin fr;r breast cancen: an example of phai'méeogenomics

ERBB2 is a 185-kDa (mw) tyrosine kinase receptor that mightbe overexpressed in 25-30% of human breast cancers.
; Ovcrexprcssmn of ERBB2 is assoc:ated with ¢nhanced tumour aggresswencss and a high nskof rclapsc and dcath“ f‘ .

developied in the 1990s as a means of blaclang the ERBB2 moeptnr, and therefore the aggmmve spread of the cancer, and H
of sclectively tagging cancer cells for the bady’s immune system to attack, Retrospective re-examination of the ongmal
clinical trials of Herceptin showed that a therapeutic rcspnnse was more likely in patients with mmou.rs that overexpmss
ERBB2 protein**. So, the measurement of ERBB2 overexpression is useful for assessing whether treatment with '
Hetceptin can help specific patients, The availability of a diagnostic test for 2 subgroup with a better chance of
responding to treatment with Herceptin allowed this drug to progress through the pipeline to approval, and now it is’

. helping many patients with cancer. However, even in tumours that gverexpress ERBB2, the therapeunc responseto’

- Herceptifi therapy is only approximiately 45%, with a mcdxan time to observable tumour progression of 7-8 momhs

S0, ERBB2 is now a target for other potenttal therapeutic agents. The Herceptin example highlights how usefula e

P

pharmacogenetic test can be for progressing drugs through the plpelme Moreover, as dlscusscd in the text, the earlier ==+
the stratification of patients can be used, the more efficient the design of subsequent clmu:al mals and the greater the L

number of partially effective molecules that can be progressed, |
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Figure 1 | Efficacy pharmaccgenetics for an obesity drug. The graph illustrates the results of a small double-blind Phase-IA
efficacy clinical trial of a mofecule infended for the treatment of olesity. Weight change in the 40 drug-treated patients (purple line)
is compared with 41 placebo-treated patients (blue line} during the 2-menth double-blind trial. Thera is an obvious hyper-
responder subgroup in the treated patients, with patients losing as much as 8% weight during the trial. Two SNPs from two
candidate genes that are related to the proposed mechanism of action of this molecule, and ong SNP frorn another candidate
gens that Is thought to ba Implicated In theotles of chestty, segregated with the hyper-responders. Each hyper-responder was
homozygous tor a single allele fabelled 2-2; ight shaded section of the graph) with patients on the left side of the curves being
mora likely to be 1-1 homozygous (dark green section), Heterozygous patients (1-2; light green section} clustered in the middle. In
this experiment, treated patients with the 2-2 genotype for any of the three SNPs on average lost ~3.3 Kg, whereas treated
patients with the 1-1 genotype gained an average of ~1.3 Kg. This pattern reassures us that the molecule has efficacy and that
subsequent Phase-IIB trials might be enriched by using only patlents who are 1-2 heterozygous and 2-2 homozygous, with the
exclusion of 1-1 homozygous patients. in addition, atthough the 1-1 subgroup might be less responsive to this specific treatment,
this subgroup could be used in clinical trials of ather chesity-drug candidates, which might subsequently allow a drug to be

developed that s complemertary to the first. n, total number of patierds in study group.

It is obvious that there is a large group of hyper-
responders who represent approximately 20% of the
treated patients. There is no similar delineation of a
hyper-responder group with placebo treatment.
Perhaps of even greater medical significance is the shift
of the treated curve towards weight loss. This broader
distribution of weight loss provides additional
confidence in progressing to full drug development
using a population of potential responders as well as
hyper-responders.

Proof of concept: candidate-gene approach. The funda-
mental question concerns whether it is possible to dif-
ferentiate the hyper-responding population, the patients
with potentially smaller responses and those with the
greatest risk of gaining weight. Can this be accom-
plished using simple, rapid and inexpensive analysis that
is applicable to a typical Phase-TIA trial in which the
decision of whether or not to move developiment ahead
needs to be made rapidly? One approach to these ques-
tions is to try to identify SNPs that segregate with drug
efficacy in candidate genes that relate to the mechanism
of the molecule or that might be involved in the disease
being studied. A retrospective analysis of 42 variants
that have been associated with a drug response at least
twice supports the use of receptors as candidate genes
for prospective efficacy PGx: 21 of these variants were
the target or were in a known pathway of the target**,
For the example illustrated in FI1G. 1,21 candidate genes
and 112 SNPs that represent potential polymorphic

sites in the mechanism of action were tested. A relatively
simple analysis of allele segregation of the 21 candidate
genes across the drug-treated and placebo populations
identified 3 SNPs that segregated with the variation in
drug responses. One allele of each SNP associated with
the hyper-responsive group (2-2) and the other allele
associated with the least responsive group (1-1). By con-
trast, heterozygous patients segregated in the middle
where the treated subject curve shifted towards higher
weight loss compared with the placebo. So, in this case,
our unpublished observations indicate that it is possible
to segment the group using SNP variants in candidate
genes related to the molecular receptor of metabolism

of the moleaule.

Proof of concept: genome-wide screening. Another con-
sideration is whether whole-genome analyses can be
used to identify markers of efficacy. For example, had
the initial candidate-gene screens failed in this case, a
whole-genome scan for homozygous polymorphic
SNPs that differentiate the hyper-responder group
could have been another option.

To assess this option, local extended SNP maps —
similar to those made for susceptibility genes for
apolipoprotein E4 (APOE4} and Alzheimer disease,
migraine and psoriasis'®¥* — were created to deter-
mine whether the candidate-gene SNPs resided in
regions of extended LD that were detectable by whole-
genome screening. These unpublished observations
indicate that each genetic susceptibility effect resided in

NATURE REVIEWS | GENETICS
©®2004 NaturePublishing Group

-481-

VOLUME 5 | SEPTEMBER 2004 | 6489



a detectable region of extended LD, So, in this case, it
would have been possible for high-density whole-
genome SNP mapping (100,000-200,000 SNP-mapping
density) to be used to define regions of extended LD
that select the hyper-responders (2-2; FiG. 1) and the
non-responders (1-1). The false-positive LD regions
that might be expected when testing 160,000-200,000
SNPs could be validated in subsequent clinical studies.

So, a few SNPs identified from candidate genes or
whole-genome scans of Phase-ITA-tested patients could
allow non-responders to be excluded from subsequent
clinical trial studies, therefore allowing enriched,
smaller, faster, less expensive clinical studies on patients
with a better chance of responding favourably. A larger
Phase-1IB study (~25% larger) is currently in progress
in which patients who would have been selected on the
basis of the SNP variants (that is, excluding the 1-1 geno-
types) will be compared with the larger, all-inclusive
population. This experiment is designed to confirm the
strategy of applying efficacy PGx prospectively at an
early stage of the pipeline and to provide an estimate of
cost savings for subsequent trials. However, already this
proof-of-concept study shows that with prospective effi-
cacy PGx it might be possible for medicines with vari-
able efficacy to continue through the pipeline, when in
the past their development would have been too expen-
sive. Identification of non-responders early in the devel-
opment process might also mean that other potential
drugs can be targeted for development for this segment
of the patient population. Of course, the general applic-
ability of a prospective PGx strategy to reduce the size
and to enrich responders in subsequent clinical trials is
still the subject of debate. It is certainly not likely that in
every case the genetic basis of lack of efficacy will be as
clear-cut as that discussed here. As in all PGx studies, the
results with a specific drug and a selected patient popu-
lation will be context-dependent. However, the unpub-
lished observations discussed here do at least show that
this strategy is possible.

To apply this strategy more broadly, GlaxoSmith-
Kline now store patient DNA in every new Phase-11A
study so that when trials indicate that a molecule is effica-
cious for part of the patient population, we can proceed
with efficacy PGx analyses. There arc indications that
other companies are also applying efficacy PGx®*. For
these companies, the application of prospective efficacy
PGx with SNP genotyping does not demand a new
model for clinical trial designs: currently accepted clinical
chemistry or imaging studies can also be used to select
patients for trial inclusion or exclusion. However, this
strategy might provide a more precise and more generally
applicable decision tool.

Clinical and commercial implications. The purpose of
the prospective efficacy strategies discussed above is not
to design ‘personalized medicines), but to enrich subse-
quent clinical trials with patients who are more likely to
respond®'=*. This application of prospective efficacy
PGx can be viewed as an early version of the same-
patient selection process that is exemplified by the
selection for treatment with Herceptin of patients who

overexpress ERBB2 and who are more susceptible to
breast cancer (0% 3). The proof-of-concept study dis-
cussed here illustrates that this use of prospective PGx
does not necessarily limit the available market for a
drug. In this case, heterozygotes still have the capacity to
respond to the medicine, so, by excluding predicted
homozygous non-responders from subsequent clinical
trials, it is more likely that a drug with broad applicability
is eventually registered.

Medicines — particularly those that are relatively
safe — are currently prescribed for segments of the
population even when no efficacy is expected®. For
example, montelukast (Singulair; Merck Sharpe and
Dohme), a leukotriene-receptor antagonist that is used
as a treatment for asthina, is not therapeutic for 14%
of the population that lack the specific leukotriene-
receptor activity’**', Regulators have not required
leukotriene-receptor testing to identify this group of
non-responsive patients as the medicine is relatively
safe. So, efficacy PGx analyses for drug development
do not, de facto, present new challenges for prescrib-
ing medicines. Moreover, although the trial results
will be disease- and treatment-specific, in general
there is a greater chance of predicting effective
responses and reducing the time and expense of drug
development",

Few currently available medicines actually treat all
patients effectively: some medicines are licensed on the
basis of only 30% efficacy in clinical trials®, The lower
the percentage of responders that can be detected, the
larger and more expensive the registration clinical trials.
Ata cost of approximately US $1 billion to bring adrug
to the market, clinical trials must be of a manageable
size*?, As medicines are generally not effective in all peo-
ple, patients and physicians accept that in practice many
medicines are prescribed by trial and error, testing first
one medicine, then another, then another. Unfortunately,
the adverse risks that are associated with each medicine
can be additive, So, there is an important medical advan-
tage in determining whether a patient islikely to respond,
and in determining an individual’s personal risk of
adverse events (AEs)". Prospective efficacy PGx studies
on specific molecules can also provide data that can feed-
back into subsequent research efforts such that additional
lead-candidate molecules can be targeted for patients
with continued unimet need — that is, non-responders to
the Grst molecule tested.

Regulators consider the risk/benefit ratio in medi-
cine approvals, but their first and most important con-
cern is individual safety'®". In clinical development,
efficacy PGx should be viewed as distinct from safety
PGx: the former is useful for patient segmentation
whereas the latter is highly specific for each individual,

. However, in some specific cases, such as cancer thera-

pies, efficacy PGx might be used more specifically to
select patients to avoid adverse treatment effects in those
in whom there is little chance of efficacy. Early efficacy
PGx (in Phases [ and IT) can also lay the foundations for
identifying patients who require a different dosage
regime — either higher to achieve efficacy or lower due
to early safety signals,
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TRANILAST

The name that was used fora
specific anti-restenosis drug
while it was being investigated by
GlaxoSinithKline.

HYPERBILIRUBINAEMIA

A high level of bilirubin in the
blood. This can cause yellowing
of the skin {jaundice),

PERIPITERAL NEUROPATHY

A prablem in peripheral nerve
function (any part of the
nervous system except the brain
and spinal cord) that might
cause pain, mmmbhess, tingling,
swelling and muscle weakness in
various parts of the body.
Neuropathies might be caused
by physical injury, infection,
toxic substances, disease (for
example, cancer, diabetes, kidney
failure or malnutrition) or drugs
such as anti-cancer drugs,

CHARCOT-MARIE-TOOTH
NEURCPATHY

A genetic disease that is
characterized by progressive
peripheral neuropathy and
debilitating muscular weakness,
particularly of the imbs, There
are multiple inherited mutations
of several genes that result in
similar phenotypes.
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Figure 2 | Blirubin levels in patients treated with tranilast during a Phase-lil elinical trial, This figure Mustrates an example of a
mild adverse evert with a ¢lear genetic component that can be used as a mode for the use of safety pharmacogenstics. Patients in a
triaf for TRANILAST Who developed bilinicin levels of >2 mgdt! are considered to be HYPERBILIRUBINAEMIC. The scale of the figura is
adusted to show 147 patiens who developed hyperhilirubinasmia {to the right of the dotted line), and 1,054 subjects who did not
develop bilirubinaernia after tranilast treatmert (to the left of the dotted line). The dark green peak on the lett represents the ‘controls’
(that is, those who did not develop hyperbilirubinaemia after tranilast treatment) before they were administered the drug, and the light
areen peak represents the same patient group after treatment with tranilast. The red peak represents pre-treatment patients who
became hyperbilirubinaemic and the orange peak reprasents their post-treatment data. High levels of bilirubin were most commaon in
the 7-repeat homozygotes and low levels wers most common in tha B-repeat homozygotes, whareas patients with 6-6 and 6-7
genotypes more frequently had intermediate levels of biirubin (see text). Approximately 96% of the tranilast-treated patients who were
hyperbilirubinaemic camed the 7-7 genotype at the UGT1AT gene, whereas amost all the treated subjects who did not develop

hyperbilitubinaemia camed the 6-6 or 6-7 genotypes.

Safety PGx

Once a molecule is in clinical development, patient
safety is the main concern. There are two important
places in the development pipeline where PGx studies
can contribute to safety, The first occurs during early
clinical trials in which indications of a potential future
AE can occur. Observations of AEs can present consid-
erable risks to a development programme, However,
these risks can be effectively managed during clinical
trials to allow ‘Go/No Go' development decisions to be
made in a timely manner, cutting the dead time
between the steps in the progression of 2 drug through
the pipeline. The second application of safety PGx
occurs post-launch when AEs begin to be observed
only after tens of thousands of patients experience the
drug. This is the most dangerous time for patients for
new safety concerns to arise, and the most expensive
time for drug developers after full development and
launch costs. Serious AEs might lead to product with-
drawal. Tt is at this stage that the accurate identification
of individuals at risk for uncommon AEs would be
invaluable. This implies an improved system for post-
marketing surveillance in which DNA (or PGx panel
data in the future) from AE patients is available,

enabling the rapid clarification of a diagnostic profile
(or test) of extremely high sensitivity and high speci-
ficity that can be identified rapidly. Itis in this context
that the use of whole-genome PGx is particularly rele-
vant, As an aside, safety PGx would also be applicable at
this stage for generic, over-the-counter drugs and other
remedies (such as dietary supplements).

How many AE patients? One of the key questions for
safety PGx is how few patients will be required to create
auseful predictive profile of AE susceptibility on the
basis of whole-genome SNP mapping. Subsequent con-
siderations would include how to relate these data to
clinical practice and drug surveillance.

Specific AEs can be associated with carriers of rare
disease genes. An old example is the acceleration of
PERTPHERAL NEGROPATHY in patients with hereditary diseases
(for example, CHARCOT-MARIE-TOOTH NEUROPATHY) that use
anti-cancer medicines™, In this case, testing for the dis-
ease gene provides a diagnostic surrogate marker for
those cancer patients who might be at increased risk of
accelerated neuropathy. There are many other cases in
which inherited disease-gene variants, or those from
multiple susceptibility genes, can increase susceptibility
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Figure 3 | Association mapping of adverse-event susceptibility: tranilast and
hyperbilirubinaemia. a | A diagrammatic representation of pairwise linkage disequiiibrium (LD)
between 75 SINPs across a 2.7-Mb region that contalns the UGT1AT gens, representing a mean
SNP dersity of approximately 1 SNP per 35 Kb. SNPs wera typed in a group of 1,054 patients who
recaived tranilast but who did not experiencs clinical hyperbilirubinaemia and in a group of 147
patients with hyperbilirubinaemia who received traniast. SNPs are ordered using the NCBI map
build 30. Red squares indicate strong LD (arsOLUTE Iy »>0.8); clear squares indicate D' <0.8. The
bracketted regions along the top of the figure indicate LD blocks, The arrow polnts to the location of
UGT1A1. The long diagonal black line along the figure indicates the physical length of the region,
with short Black lines showing the position of SNPs. Note that the large region of LD at this density is
apparently adjacent to UGT1AT (REE 10). b | Higher-denstty (~5-Kib) SNP map around the UGT1AT
gena. As a follow-up, a higher-density scan with more SNPs acress a smaller region was performed
around the region identified in a typlcal whole-genome screen. A diagrammatic representation of
pairwise LD [ between the 99 SNPs across a 459-Kb region, with a rean SNP density of
approximatety 1 SNP per 5 Kb. This density is approximatety that which is tha target of the
Intermational Haphap Project®. This region cortains several LD biocks over which a region of
exterded LD was indicated in part a. This type of selective, sequential higher-clensity screening
confirns the regions indicated by less dense scans',

to an AE. However, even healthy individuals can have a
genetic predisposition that places them at risk of AEs
associated with a specific medicine. Given this possibil-
ity, it is natural to consider how few AE patients would
need to provide DNA samples to identify a predictive
SNP profile and whether such an approach to AE risk-

management is a practical way of preventing useful
drugs from having to be withdrawn from the market.

SNP profiling of AEs: the tranilast example. The anti-
RESTENGSIs drug known as tranilast, which for efficacy
reasons is no longer in development, provides a proof of
concept for successfully addressing safety concerns dur-
ing dinical trials*'? (F15. 2). During a Phase-17I Tranilast
clinical trial of 11,500 patients, approximately 4%
developed hyperbilirubinaemia. Obviously, this caused
considerable concern and created potential labelling
restrictions for the drug. In an attempt to identify the
genetic factors that underlie this mild AE, candidate
genes were screened for variants that associated with it.
One of these variants, a DNA repeat polymorphism in
the UDP-glucuronosyl transferase 1A1 (UGT1AI) gene
— a published aetiological factor for GILBERT'S DISEASE —
was highly associated with the patients who were hyper-
bilirubinaemic®. UGT1AT alleles with 6 or 7 repeats are
the most common forms in human populations: the
7-repeat form was highly associated with the AE. This
association was identified during the course of the clini-
cal trial. Subsequently, breaking the placebo- versus
drug-treated codes at the conclusion of the trial showed
that all 7-7 patients who developed hyperbilirubinaemia
received the drug, whereas none of the 7-7 patients
treated with the placebo developed the AE. Several
drug-treated patients with the 6-7 genotype also devel-
oped mildly elevated levels of bilirubin, but no treated
or placebo patients with the 6-6 genotype became
hyperbilirubinaemic (FIG. 2). All treated patientshad a
clinically insignificant increase in bilirubin while taking
tranilast, but hyperbilirubinaemia occurred primarily in
those patients with 2 7-repeat alleles.

Although hyperbilirubinaemia is only a mild AE, the
large amount of data generated from this trial is useful for
addressing the question of how few patients must be
observed to develop a highly sensitive, highly selective
SNP profile for AEs in general. To model a typical
genome scan of 100,000-200,000 SNPs covering the
genome, we constructed an extended SNP map around
the UGTIAI gene, with validated SNPs located at
approximately 36-Kb intervals'. The SNPs were selected
from public SNP maps and were located in a 2.7-Mb
region that encompasses the UGTIA! gene (FIG. 3a).
Initially, 76 validated SNPs were typed in a group of 1,054
patients who received tranilast but who did not experi-
ence clinical hyperbilirubinaemia and in a group of 147
patients with hyperbilirubinaemia who received tranilast,
The data are analogous to those obtained for the suscepti-
bility genes for Alzheimer Disease, migraine and
psoriasis'®*$¥ A region of extended LD that was limited
to approximately 150 Kb was identified'®, An important
point to consider, with respect to whole-genome SNP
mapping, is that this small region of LD that contains
the UGT'1AI gene would have been found by an initial
100-Kb-density whole-genome SNP scan.

A second follow-up SNP screen of higher density
that involved 99 validated SNPs spanning a 459-Kb
region (average SNP interval of 5 Kb — the current
International HapMap Project®) surrounding the LD
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Table 1 | Probabllities of assoclatlons between four SNPs near the UGT1AT gene and an adverse response to tranllast

Number of cases Numbet of controls

10 3,000
20, [ 3,000
30 3,000
50 : 3,000

SNP poly 1D 4082379 SNP poly 1D 3720885  SNP poly ID 3730348 SNP poly ID 3737550
0.10392 0.01542 0.04623 0.00644

0.00143 437x10% 0.00014 . 9.96x10° .

3.93x 107 2.1 x 107 414% 10 5.59 %107

B.E9x 10 ° 7.39% 10 CLRAT XA 1,32 x 10ric

Tha statistical significance data obtained fram 4 SNPs that surround the UGTTAT gene {not the 6-7 repeat polymorphism #self) are flustrated. Each row indicates the
association data with sets of adverse-event patients of increasing size, The first row compares 10 Caucasian patients with tranilast-induced hyperbilirubinaemia with 3,000
Caucasian controls. The second, third and fourth rows compare different sets of 20, 30 and 50 patients with tranilast-induced hyperbifirubinaemia, respectively, with the same
3,000 controls. SNP poly ID, SNP polymorphism identification number,

ARSOLLTT Y

For specified alleles at two
distinct lodi, DY is the absolute
difference berween the observed
and expected haplotype
frequencies, divided by the
maxirum value that the
difference could possibly attain.

RESTENOSIS

A re-narrowing or blockage of
an artery at the same site at
which treatment, such asan
angioplasty of stent procedure,
has already taken place.

GILBERT'S DISEASE

Abenign syndrome of increased
sensitivity to external drugs that
causes hypetbilirubinaemia but

does not propress to severe liver

impairment.

BAYES FACTOR
The ratio of the posteriar odds
to the prior odds.

region that was identified in the primary screen demon-
strated that the SNPs in LD around UGTIAI were
located across several LD blocks (FIG, 3b). The associated
SNPs were mapped to several adjacent LD blocks
(extended LD}, but still in a region that allowed LD with
the UGT1A! gene to be demonstrated.

This study shows the practicality of a two-phase
SNP-mapping strategy for identifying AE-susceptibility
loct, An initial whole-genome scan with a SNP density
of 36-Kb might be practical for routine initial screens,
followed by a higher-density map that is limited to LD
regions indicated by the initial scan. Of course, the size
of the LD blocks associated with other AEloci will also
influence whether they could be detected using this
approach,

The practicality of PGx surveillance: the tranilast
example. The SNPs identified as being in LD with the
6-7 repeat polymorphism were tested to determine how
few patients would have been required to identify the
region'®. The statistical significance of associations
between 4 SNPs that surround the UGT1A gene (but
not the 6-7 repeat polymorphism itself) and hyper-
bilirubinaemia was calculated for different numbers of
cases compared with many controls (TABLE 1). These data
show, in this case at least, that with a large control popu-
lation, relatively few patients with AEs are required, and
can involve as few as 10 patients. With 20 patients, the
association is highly statistically significant to the extent
that it would still be significant after correction for the
100,000 SNP-association tests required in a whole-
genome screen. With 30 patients, the association data
are overwhelming.

In cases in which a second or third locus is necessary
to manifest the clinical AE, the number of patients
required for a highly sensitive and specific identification
of the SNP LD association profile might be evenless.
The relevance of these data for other drugs will depend
on relative gene—environment reactions. For example,
variants with stronger, more penetrant phenotypic
effects might be easier to detect, whereas other AEs
might be mare difficult to recognize clinically and might
need more patients'?, Similarly, it should be noted that
in cases in which the effect of a given variant is different
in different genetic backgrounds, more patients might
be required. Moreover, for cases in which the inheri-
tance of a variable drug response is more complex {that
is, influenced by many genes of much smaller effect than
UGTAI), more patients would be needed.

The theory and practice of PGx surveillance. Recently,
a simple statistical framework, based on likelihood
ratic and empirical paves eacToR analyses, has been
developed for PGx surveillance®?, This method esti-
mates the average objective positive evidence that a
reported individual gives in classifying AE cases as
genetically different from controls. This theoretical
analysis indicates that it would not be until the fourth
or fifth AE that these events would be recognized as
being linked to a drug. Unfortunately, in the real
world, all patients who take a new medicine are not
under direct observation, nor are sufficiently rapid
and reliable reporting surveillance procedures avail-
able. In fact, the reporting process for AEs is based on
selective self-reported, physician-reported or attor-
ney-reported cases. If the rate of such an AE is actually
very low — in the range of 1 out of every 10,000
patients — then a very large cohort of treated patients
would need to be observed.

A potential solution to improve surveillance might
be sampling and privacy-protected DNA banking from
the first 250,000 patients whao are prescribed a newly
marketed medicine, or a similar risk-management sys-
tem coordinated with regulatory agencies’. Once
patients with an AE are diagnosed, their banked DNA
(anonymous to the pharmaceutical company) would be
immediately available for SNP screening for associated
regions of L. Of course, this strategy would be enly an
interim measure in anticipation of a day when individu-
als would carry their standardized SNP profiles on the
magnetic information strip of 2n identification card for
use with each new prescription®. In this situation, an
updated databank with PGx information could be
made immediately accessible from a physician’s office as
any new medication is being considered. The patient’s
SNP profile could then be compared with known drug-
response SNP LD profiles, or could be used to identify
new AE profiles®,

An important consideration in any association
study is the definition of controls. In practice, the asso-
ciation of a disease gene or a drug-specific clinical
event requires that the control population represents
the at-risk population. The more representative the
control population, the fewer patients with AEs are
necessary to define deviation or differences. The num-
ber of AE cases required also decreases as the genetic
influence of the variant increases (FIG.4). An analogous
example is the medical diagnosis of a rare hereditary
disease. In this situation, control groups are generally
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Figure 4 | Association as a function of the genetic load of the polymorphism, Tha
tranilast case data provide a comparative estimate of the number of controls that would be
required if 41 hyperbilirubinaemia adverse-event {AE) patients were tested (see also TABLE 1}
comparad with a morg penetrant trait. The minus log of P-value is plotted against the ratio of
controls to cases for two genes: CYPZ06 {a metabolizing enzyme polymorphism that is
expressed as a dominan variant) and UGTTA {(with a varlant that is expressed as a recessive
allele; ses FIG.2)'*57, At a ratio of five controls to each case, these data demonstrate that the
association of these variants to the respective AEs was highly significant, although the
difference was =log 7 for tranilast with 50% GENETIC LoaD, and ~log 22 for CYP2D6 with >80%
genetic lvad. Note that for the diagnosis of dominant expressed traits, such as CYP2D6,
controls are not generally necessary.

GENETIC LOAD

The degree to which a given trajt
can be attributed to genetic
variation by the proportion of
cases that carry the allele.

no longer necessary for diagnosis because the sensitiv-
ity and specificity of the measurement of the disease
allele is so high. Consider the 147 tranilast hyperbiliru-
binaernic patients illustrated in F1G. 2 who were com-
pared with 1,054 people who did not receive tranilast.
If population controls were used, rather than treated
controls from a large trial, a few control individuals
would be predicted to carry the 7-7 genotype. The fact
that virtually all of the 147 patients with AEs carried at
least one 7-repeat allele, and that a much larger propor-
tion of the controls did not, would make the associa-
tion highly statistically significant'®, This is analogous
to the situation that currently defines clinical diagnos-
tics. It is applicable to rare diseases or to multi-locus
diseases, for which the practical diagnostic utility is
based on prior diagnostic sensitivity and specificity
data, and controls are not repeated for each new
patient, If a standardized PGx panel is implemented,
the data from several anonymous ethnic or regional
control groups could be made available for standardized
testing and regulatory validation.

Concluslon, or the beginning
Prospective efficacy PGx and safety PGx are frequently
viewed in the scientific and lay literature as future tech-
nologies. Howevery, efficacy PGx has already entered into
drug development. A rapid transition from proof-of-
concept investigations to regularly applied pipeline
technology is in progress. The ability to segment
patients by therapeutic efficacy quickly and in real time
during early-phase development provides the opportu-
nity to progress multiple compounds that can treat
overlapping groups of patients with the same disorder.
So, there might be three or four molecules developed to
cover most patients specifically, rather than the present
hit-or-miss approach of recurrent treatment with a
series of medicines. “The right medicine for the right
patient at the right dose’ does not translate to a person-
ally designed medicine for each patient, but to an indi-
vidualized guide to proper therapeutic options among
predictable segments of the patient population. The
initial applications are already in use for segmenting
cancers for therapy options (p0X 3). The application of
candidate-gene screening, or whole-genome screening
when necessary, for segmenting patients with a greater
or lesser chance of therapeutic effect is currently a
pipeline strategy. Nevertheless, there are still sceptics
who will not acknowledge that this new strategy has
been successful until there are marketed products. It is
useful to remember that the period between positive
proof of concept for efficacy to marketed drug includes
approximately 3—7 years of clinical trials, depending on
thelength of time to measure clinical end points and
regulatory review. The effect of efficacy PGx will first be
widely appreciated by the size and breadth of the full-
development pipelines, and the decrease in attrition at
the proof-of-concept stage in early drug development?2.
Safety PGx carries with it some of the more popular
myths. One of these myths is that molecules that were
withdrawn from the market place for safety reasons will
be resurrected with accompanying tests for the AE. This
prospect is unlikely, at least for commercially-driven
pharmaceutical companies, as most of these molecules
will no longer be patent-protected. Even if other sources
of funding become available for resurrecting such
drugs, to develop the AE PGx tests required, DNA
would need to have been collected from patients with
AEs before the drug’s withdrawal. Unless a specific drug
mechanism constitutes a unique treatment for some
serious ailment and can qualify for a risk-management
programme, obtaining samples and identifying associ-
ated SNP LD panels for AEs would not be possible
unless a prospective surveillance programme was initi-
ated®, Rarely discussed, but of a much broader concern,
is the possibility that off-patent, generic drugs can be
made safer — which would require greater accountability
from companies that market generic and over-the-
counter medications, Home remedies and herbal sup-
plements could also be more closely evaluated for safety.
One ethical concern with respect to prospective sur-
veillance that uses genome-wide SNP-testing panels to
recognize LD-associated regions is that these screens
might also be used to diagnose susceptibility to complex
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