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Paradox of Modern Drug Development

1. Clinical trials provide evidence of efficacy
and safety at usual doses in populations

+ @ —  sofe & Effective

2. Physicians treat individual patients who can
vary widely in their response to drug therapy

/ Safe & Effective

— — No Response




Adverse Drug Reactions

1 5 leading cause of death in the USA
1 Over 100,000 fatal ADRs in hospitalized patients each year
1 Over 2,000,000 serious ADRs in hospitalized patients (6.7%)/yr

1 ADRs cause 7% of all hospital admissions (UK)

8 ADR Health care costs: $78-177 billion annually (USA)
1 Exceeds the annual cost of medications

8 ADRs cause an average 2 day increase Iin hospital stays

1 95% of all ADRs are unreported
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THE NEWSPAPER'S VIEW

Medication-related
hospital stays largely
a preventable problem

have to wait a long time to be seen
by an emergency room doctor or
to be admitted to hospital.

It's waorse if the holdup is caused, in
part, by doctors looking after people
who should never have ended up in
the hospital in the first place.

Yet as a study in the current issue of
the Canadian Medical Association
Journal has found, many emergency
room and hospital patients are being
treated for medication-related com-
plaints, and many of those complaints
would not occur if medication were
presc ribed prnp(-rly and if patients
took their meds as dlru.tu'{.

The study's authors considered a
random sample of 1,017 patients who
presented themselves at Vancouver
General Hospi smergency depart-
ment between :h and June 2006
Of the 1,017 visits, experts determined
that 122 (12 per cent) involved med-
ication-related complaints,

Of those 122 plnbfum, 83 (68 per
cent) were determined to be pre
ventable, m huy were the
result of the being preseribed
inappropriate dru
taking them as directed, |
r\mry mnm nrm].' or dispe

I t's bad enough that many people

ificant nurnhcr of emer-
nts should never

t the ER in the first
i not the worst of it: 37
with drug-related

: mitted to hm!
ared with just 21 per r.cm of
3 With non-drug b

are cluttered with people who would-
n't be there if their drugs were pre-
scribed and taken properly. That
places a significant, unnecessary bur-
den on the health care m, and on
patients and their families, who must
endure st n:v.ful CMmerge: my room vis

an onus on both

hl_l,]lth care pr()vin,l(, ; and consumers
to curtail these unnecessary visits.
The provincial government is plan-
ning an electronic record-keeping
system that will improve communica-
tion among, doctors, pharmacists and
other health care pn)vul(‘r., d pro-
vide information about the best drugs
to prescribe, drug interactions and
proper dosages

But doctors and pharmacists must
also improve communication with
patients, specifically regarding the
importance of taking medication as
pres ~ribed and the CoOnsequences of
failing to do so. The current method
of handing out a pamphlet at the
pharmacy is clearly inadec u"ﬂ.e

Further, since patients ta ; multi-
ple dru at greater rnk of devel-
oping drusv -related problems, physi-
c1ans need to consider whether med-
ication i% even necessary, or whether
an alternative to drugs might be better.

Finally, patients need to take charge
of their health by following their doc-
tors” and pharmacists’ advice and also
by alerting health care providers to
any problems they're having with
their medications.

Ihlk won't eliminate all drug-r

haanital vicite Jd 5 sl A b1

June 5, 2008




Bel 550 Canada

Health Canada

50% of newly approved therapeutic health
products have serious ADRSs, discovered

only after the product is on the market

(Health Canada, 2007)




ADRs In Children




Increased Risk of Severe
ADRs In Children

1 11-15% of hospitalized children have an ADR?3

28 ADRs cause 22% of admissions in pediatric cancer
patients*

1 30% of ADRs in hospitalized children are severe causing
long-term disability or death#

1 26,000 children die each year from ADRs in USA®

% Gross lack of knowledge about ADRs in children

1. Gonzalez-Martin et al. Int J Clin Pharmacol Ther 1998 4. Mitchell et al., Pediatrics, 1988
2. Martinez-Mir et al., Br J Clin Pharmacol, 1999 5. Lazarou et al, JAMA, 1998
3. Takata et al, Pediatrics, 2008




We Can't Treat Children Like Adults

Increased Risk of Severe
ADRSsS In Children

1 >75% of approved drugs used
In children are untested In
pediatric populations

1 Young children cannot
evaluate or express their own
response to medications

1 Pediatric dosage forms not
available

1 Children metabolize drugs
differently than adults




Factors Contributing to
Variability in Drug Response

Gender Weight

Ethnicity
Compliance AE——

Concomitant Disease .

Concomitant Drugs

Patient genotype is currently an unknown
factor in the prescribing of medicines




How Can The Causes of
Variability be Unraveled?




The Canadian Pharmacogenomics
Network for Drug Safety

Hypothesis

1 Genetic polymorphisms in drug metabolism genes
underlie a significant portion of concentration-
dependent ADRs in children.

Goal

1 To develop genotype-based dosing guidelines to
predict safety and avoid severe ADRs in children.




Goal Is to predict safety and avoid potential
complications, not to make effective drugs
difficult to obtain for patients




ADR Survelllance




Over 95% of ADRs are not reported

2 studies identified patients
being treated for drug-
iInduced T.E.N. In burn units

Q: What % of these ADRSs
were reported ?

4% ADR Rep ortin 0 Mittman et al., Drug Safety 2004;27(7):477-87.

H 2.5% ADR Repo rtin 0 Rzany et al., J Clin Epidemiol 1996;49(7):769-73
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Recruitment of ADR Cases

and Drug-Matched Con

trols

Drug-Matched
Controls

69

Severe ADR
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Genomic Analyses




Association Study
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Association Study
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1 Genome Canada’s GATC Project supported the
acquisition of the lllumina 500GX platform at the

Centre for Molecular Medicine & Therapeutics
Vancouver, B.C.




¥ "N ADME/Tox Genes SNP Arrays

lllumina Sentrix™ Gene Classification Examples

Array Matrix Phase | Metabolizing Enzymes ~ CYP1A1, CYP2B6, ALDH2
Phase Il Metabolizing Enzymes UGT2B7, GSTM1, NAT1, COMT
Receptors / Drug Targets VDR, PPARG, CETP
Transporters ABCB1, ABCC1, ABCC2
Transcription factors HNF4A, STAT3, NR1I2
Immunity HLA variants
lon Channels SCN5A, KCNH2, KCNQ1
Others EPHX1, FMO1, PTGS1

( 1536 HapMap derived
| haplotype tag SNPs

\ /1536 Altered enzyme activ@

Other OptionS: common non-synonymous,

literature validated rare non-

6144 to 1.1 million SNP arrays | |synonymous, synonymous
/ \coding SNPs J

Current: 3072 SNP array




(blood,
saliva,
buccal)

SNP Genotyping
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DNA Purfication Robots

lllumina
BeadXpress
1-384 tests
per sample

2D Laser Etched
Bar-coded Samples

4

lllumina
BeadStation
384-1.2 million
test per sample

‘ Havme \
L)

1

Long er
Storage -80°C




lllumina SNP Genotyping

20 million beads on one slide




lllumina SNP Genotyping

DNA target capture probe
affixed to bead:
Complementary to SNP
region (50 bp)

/

Bead

R O ——




lllumina SNP Genotyping

Complementary DNA from
patient DNA bound to probe

AN

[C]




lllumina SNP Genotyping

Single-nucleotide extension
(biochemical reaction)

/

[C]




lllumina SNP Genotyping

[C]
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Single-nucleotide
product
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Individual
with “T”
genotype at
this site




lllumina SNP Genotyping

1.2M Chip (1.2 million SNPs)
2 Samples/Chip

[T/]




Examples of SNP Genotyping Formats

1. Custom SNP Panels
1 1 to 200,000 SNPs/assay

2. Human Genome-wide SNP panels

1 300,000 SNPs Genome-wide

1 12 samples/chip
1 Highly cost-effective

1 660,000 SNPs Genome-wide

1 1.2 Million SNPs Genome wide
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Raw SNP Data (n = 480)

rs16968477

rs41715

Momn Intensity (B}

Momn Intensity (B)

rs3820170 rs4982673

Mam Intansity (B)
Mamn Intensity (B}

L 1
1.20 140 160 20 ] ] 0.80

1 . . . ) ).20 .40 0.80 0.80 1 1.20
Maorm Intensity (A) Morm Intensity (A)




1 SNP assay conversion rates for tag SNPs: 90-96%

1 High Genotype Call Rates: >99%

1 High Reproducibility: >99.99%
— 16 miscalls out of 178,860 genotype calls (58 patient DNA
replicates)

— 0 miscalls out of 50,688 genotype calls (16 control DNA
replicates)




Oreplicate

assays for
each SNP




lllumina BeadXpress (Veracode) SNP Genotyping

» 384 samples x 384 SNPs

« SNP Conversion Rate: 95.05% (368/384)
(# of SNPs that could be assayed)

» Average Call Rate: 99.32% (min. 93%, max. 99.7%)




lllumina BeadXpress (Veracode) SNP Genotyping

Morm Intensity (B)

» 384 samples x 384 SNPs

« SNP Conversion Rate: 95.05% (368/384)
(# of SNPs that could be assayed)

» Average Call Rate: 99.32% (min. 93%, max. 99.7%)

Average SNP: GenCall Score = 0.86
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lllumina BeadXpress (Veracode) SNP Genotyping

» 384 samples x 384 SNPs

« SNP Conversion Rate: 95.05% (368/384)
(# of SNPs that could be assayed)

» Average Call Rate: 99.32% (min. 93%, max. 99.7%)

Best SNP: GenCall Score = 0.969

Cartesian View Polar View
rs4516954 rs4516954

Naorm Intensity (EB)

125
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lllumina BeadXpress (Veracode) SNP Genotyping

Morm Intensity (E)

» 384 samples x 384 SNPs

« SNP Conversion Rate: 95.05% (368/384)
(# of SNPs that could be assayed)

» Average Call Rate: 99.32% (min. 93%, max. 99.7%)

Worst SNP: GenCall Score =< 0.30

Cartesian View
rs 1800460

Polar View
rs 1800460

1

| ' ' d
2 3 0.20 040 0.60
Norm Intensity (A) ﬁcrm Theta



CPNDS Priority ADR Targets

In Progress:
1 Codeine-induced infant mortality
1 Cisplatin-induced deafness
1 Anthracycline-induced cardiotoxicity

1 Life-threatening skin reactions

1 Vincristine-induced neuropathy

1 Statin-induced muscle damage

1 Interferon-f3 toxicity

1 Warfarin-induced bleeding/thrombosis







The American Academy of Pediatrics
and major authoritative texts list codeine
as compatible with breastfeeding

— Briggs et al., 2005; Pediatrics, 2001




Codeine-Induced Adverse Reaction

Case Report

# A new mother was given Tylenol #3 for obstetric pain relief
1 Given a standard dose (60 mg every 12 hours)

1 Mother complained of significant drowsiness
1 Codeine dose cut in half (30 mg every 12 hours)

1 Infant showed poor feeding

1 Infant died on day 13 due to respiratory failure

Follow-up Analysis:

1 Maternal milk from last day of the baby’s life contained
morphine at 10-20x higher levels than expected (87 ng/ml)

1 Infant’s blood contained lethal levels of morphine (70 ng/ml)




ldentified genetic variants associated with a lethal adverse
reaction to codeine in newborns

Mother’s Genotype:

CYP2D6 gene duplication
UGT2B7*2/*2

Outcome:

» Accumulation of morphine in
breast milk (10-20x more than normal)

= Breast milk fed to infant
= Infant died at 13 days of age

= |_ethal levels of morphine
accumulated in the infant
causing CNS depression,
respiratory failure, and death

““Morphine

6-glucuronide

_—

Morphine

UGT1A1 /
[UGT2B7 |

Codeine _"\‘ /
o gluc Morphln'p =

Norcodeine 3-gluct
6-glucoronide 4




Completed Codeine Case-Control Validation Study

nature publishing group ARTICLES

Pharmacogenetics of Neonatal Opioid Toxicity
Following Maternal Use of Codeine During
Breastfeeding: A Case-Control Study

P Madadi"2 CJD Ross®, MR Hayden?, BC Carleton®, A Gaedigk®,JS Leeder”and G Koren 3¢

A large number of women receive codeine for obstetric pain while breastfeeding. Following a case of fatal opioid
poisoning in a breastfed neonate whose codeine prescribed mother was a CYP2D6 ultrarapid metabolizer (UM), we
examined characteristics of mothers and infants with or without signs of central nervous system (CNS) depression
following codeine exposure while breastfeeding in a case—control study. Mothers of symptomaticinfants (n=17)
consumed a mean 59% higher codeine dose than mothers of asymptomatic infants (n=55) (1.62 (0.79) mg/kg/day vs.
1.02 (0.54) mg/kg/day; P = 0.004). There was 71% concordance between maternal and neonatal CNS depression. Two
mothers whose infants exhibited severe neonatal toxicity were CYP2D6 UMs and of the UGT2B7%2/*2 genctype.There
may be a dose-response relationship between maternal codeine use and neonatal toxicity, and strong concordance
between maternal-infant CNS depressive symptoms. Breastfedinfants of mothers who are CYP2D6é UMs combined with
the UGT2B7%2/*2 are at increased risk of potentially life-threatening CNS depression.

CLINICAL PHARMAC { & THERAPEUTICS




" THE GLOBE AND MAIL

Codeine
__ can lurn
loxic in
nursing
mothers

FDA drug

U.S. Food and Drug Administration

FDA Warning on Codeine Use by Nursing Mothers

May Increase Chance of Serious Side Effects in Infants

Media Inauiries:

Health  Santé
Canada Canada

11+l

May 10, 2006

Home

Horne = About Health Canada = Media Room = Advisories, Warnings & Recalls

About Health Canada

Use of Codeine Products by Nursing Mothers
ledia Room

& Recalls

| media Contacts
Media Notices
Mews Releases
Photo Gallery

| | Subscribe to News

OTTAWA - Health Canada is advising the public, especiall
wery rare but serious health risk to breastfed babies pose
Once ingested, codeine is converted by the body into mal
codeine into morphine more rapidly and completely than o
mothers who rapidly metabolize codeine may be at increa
due to higher-than-expected marphine lewels in breast mil

Aug 17, 2007

Other Subjects
A-L Index

8ite Map

Just For You

It's Your Health
Advanced Search

treat coughs, Despite the common use of codeine produc
reports of adverse events in infants are rare. However, 3|
information is important because in severe cases, infant d

Health Canada recommends nursing mothers take the follg

THE GLOBE AND MAIL

Codeine is found in prescription and non-prescription prod =

the risk of maorphine exposure in breastfed babies:

Estimated 1846 newborn infants
are at risk for this codeine ADR
each year in Canada

label change and

public health advisories

Health Canada
Public Advisory

Canads

Aug. 21, 2008

HEALTH ¥ “YOU CANNOT CONTINUE TO GIVE [T LIKE CANDIES'
Codeine
can prove
toxic for
breastfed
babies

Study highlights ris

R Juieson, yb, was bkt b ks codain afe foe. bt of b 00, Tk, In Apel, 2005 Theugh
' o o

Thi drog was kllng him, M. Jasance, caid, And we dhi . Enew I’ AR G/ Aot A AL

(340,000 births, 73% breastfed, 52% mothers receive codeine

post-childbirth,1.4% risk genotype)



Additional Cases of Infant Toxicity from
Codeine from Literature

1 35 reports of breastfeeding infants with
ADRSs to codeine, including:

1 Unexplained severe drowsiness

1 Apnea
1 Bradycardia
1 Cyanosis




Currently Performing Randomized Controlled Trial

1 Prospective study to test the assess the benefit of a
diagnostic test to prevent codeine ADRs in infants

Study Design:

+ Test

Prospective
Screening for
CYP2D6-UM
Predictive
Variants

b

N=12
(est.)

Receive
Ibuprofen or
Naproxen
post-partum

600 women

booked for |

electi\_/e
C-section

N =300

\ - Test

[

N = 288
(est.)

Standard Care:
Receive
codeine &
monitoring for
CNS depr. ADR

Control Group

| (standard care)

N =300

Standard Care:
Receive codeine &
monitoring for CNS

depression ADR

Compare
Qutcomes
Adverse events
® Adequate pain
relief?
Cost of ADRs
Hospitalization
Cost of care

Cost of
Screening

Outcome of
therapy/survival

Treatment
Compliance
Validity of
Diagnostic Test

Retrospective
genetic screening
for CYP2D6-UM




ADRs in Chemotherapy




Cancer Survival has Improved, but Survivors often
Left with Lifelong Consequences of Severe ADRsS

| vancouver  [RERREIELD Business

Local News \Weather

82% of children beat
cancer

Survivors are often left with lifelong
health consequences

By KRISTEM THOMFPSON

&pril 10, !

Mare children aic zui viving cancer than
ever before, according to statistics
released yesterday by the Canadian
Cancer Society. But experts are finding
that survival often carries lifelong health
consequences.

Seven-year-old Casey Wright, from
Maple Ridge, is among the 82 per cent of
children diagnosed with cancer whao
survive thanks to progress in treatments
— an 11 per cent increase in the past 13
YEArS.

But he alzo represents the twa-thirds of
survivors who have to live with chronic or
late-occurring health effects.

RAFE ARNOTT/METRO WANCOUWER

Casey Wright, 7, hugs his sister Jemma, 9, during lunch hour
yvesterday at Maple Ridge elementary as their mother, Kim,
discusszes his recovery from a malignant brain tumour.




Pediatric Oncology:

1 1in /750 young adults are survivors of childhood
cancer

1 75% of cancer survivors suffered at least 1 ADR

1 40% of cancer survivors have had a severe ADR
(life-threatening, or disabling)

1 25% of cancer survivors suffer 5 or more ADRS

Geenan et al, JAMA, 2007




Cisplatin-Induced Deafness




Cisplatin

1 A highly effective anti-tumor agent

2 Treatment of solid tumours including ovarian, lung,
bladder, head and neck

1 In children: treatment of CNS tumors,
hepatoblastoma, neuroblastoma, osteosarcoma

1 >1,000,000 patients receive each year (N. America
& Europe)




Case Studies

Case 1 Case 2
1 14 yrs old % 12 yrs old

1 Osteosarcoma of 1 Osteosarcoma of
Right proximal tibia Right Proximal tibia

1 Diagnosed Nov 2000 = Diagnosed Oct 1998

1 Chemotherapy: 1 Chemotherapy:
— Cisplatin — Cisplatin
— Doxorubicin — Doxorubicin
— Methotrexate — Methotrexate

1 Alive and Well 1 Alive and Waell

OVERALL: Cases sound similar
Same tumor, treatment, and cure outcomes
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Cisplatin-Induced Deafness

1 Causes permanent
hearing loss

— Bilateral, hair cell
degeneration in cochlea

— Initially high freq. loss
(cells with higher
metabolic activity)

1 10-38% of adult patients affected

1 Increased frequency and severity in children

128-61% of children 5-14 develop severe hearing loss
138-62% of children <5 yrs old develop severe hearing loss




Cisplatin-ADR Patient Recruitment

1 162 pediatric patients with hepatoblastoma, brain tumor,
germ cell tumours, neuroblastoma, osteosarcoma

Classification of Cisplatin ADR Cases and Controls

Controls —| a Grade 0: Normal Hearing

Hearing threshold of 20 dB or less (within normal range) at all n =56
frequencies

1 Grade 1 Hearing Loss: Mild High Freq. Loss
Minimum hearing threshold of 20-25 dB (4000 Hz and above)

(2 Grade 2 Hearing Loss: Moderate High Freq. Loss )
May require speech therapy or intervention with hearing aid
/ Minimum hearing threshold of 25-39 dB (4000 Hz and above)

1 Grade 3 Hearing Loss: Severe Hearing Loss

Requires intervention with hearing aid
Minimum hearing threshold of 25-39 dB (2000 Hz and above)

\ 1 Grade 4 Hearing Loss: Deafness

Requires intervention with cochlear implant
\_ Minimum hearing threshold of 40dB or more (1000Hz and above)/




Multistage Approach

Stage 1: Discovery Stage 2: Replication

Atiiddt tttt/kttktgtt

N =55 Vancouver

N = 107 Canada-wide

Genotype full set Screen second,
of SNPs in relatively larger population
small population at at more stringent
iberal p value p value

Joel Hirschhorn & Mark Daly, Nature Reviews, 2006




What Next?

Patient Predicted to be at High Risk for
Cisplatin-Induced Ototoxicity

What is done now without a predictive test:

Protocol Treatment Ototoxicity Intervention
Osteosarcoma Doxorubicin & cisplatin Grade 2 Reduce cisplatin 50%

Grade 3+ Discontinue cisplatin

Brain tumor Cisplatin, Etoposide, Grade 2 Reduce cisplatin 50%

+ Vincristine Grade 3+ Discontinue cisplatin

Osteosarcoma Doxorubicin + cisplatin Grade 3+ Discontinue cisplatin




What Next?

Patient Predicted to be at High Risk for
Cisplatin-Induced Ototoxicity

Predictive testing:

1 Alternative drug

1 Increase monitoring in high risk patients
e.g. patients in rural centres

1 Experimental Protective Strategies to
prevent cisplatin-ototoxicity

e Sodium Thiosulfate
* N-acetylcysteine D-methionine
 Glutathione ethyl ester




In the Future

NS Pharmacogenomics could have profound
Impact in medicine

1 Advances in technology opening the
doors to understanding the genetic factors
of ADRs

1 Whole Genome Sequencing
1 Routine genotyping of millions of SNP variants

i Lower health care costs:

1 ADRs now exceed the cost of medications in
USA/Canada

1 Improved safety
1 Safer and More Effective Treatments
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