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5 (cm) ZM (cm)
185 169
180 167
178 165
178 165
178 164
171 159
170 159
167 155
165 155
164 152

http://www.disabled-world.com/artman/publish/height-chart.shtmi
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Progression-free Survival

100 X P<0.001 by stratified log-rank test
~H\'.;|I'.?Ird ratio, 0.61 [95% CI, 0.51-0.74]
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N Engl J Med 353: 123, 2005
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Clin Pharmacol Ther 86: 167, 2009
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Scenario Planning for Development

l'I"rnn'I' Inarllng know Iedg nlannlng\

 Pre-IND

— Critical disease review relative to dose-
response, efficacy & safety linked to Phase 1-
3 development plan

— Customize international plan according to
ethnic and country-regional differences in
disease, demographics, values & practices

* No disease difference. Verify & confirm with
regulators early

 Differences in disease &/or demographics, then
simulate & confirm



Scenario Planning for D velopment

l'I"rnn'I' loadina knowledae Iannlnn\
-~ | e~ A -~ )

e Phase 1

— Conduct single dose-multiple dose PK-PD
— No ethnic study until full scale development decision

— Design phase 2 a&b trials with disease modeling & trial
simulation

 Phase 2
— 2a. PK-PD driven if possible

« End of phase 2a meeting with regulators. Simulate 2b-3
designs
— 2b. Adaptive design if possible. Seamless to 37?

— Ethnicity. Conduct PK-PD driven comparative study to
set dosing in Global Phase 3 trial. Patients from target
countries (Asians from Asia)

— Simulate Phase 3 global design



Scenario Planning for Development

l'I"rnn'I' loadina knowledae & nlannina)
s 1 A uv A\~ _ 4 Plulll lllls,

e Phase 3 trial recommendation

* One trial designed to optimize finding efficacy & minimize
uncertainty (e.g., enrichment, fewer sites)

* One global trial designed to find efficacy & safety in global
population

 Phase 4 (view as continuum from 1-3 r&d driven)

— Confirm safety in passive + structured surveillance
studies

— Confirm efficacy in local patients with varying disease
severity, age and other factors that makes sense



3.

4,

A New International Drug Development Strategy

Is the disease likely to be different in the to be bridged population?
a) Government-academia.

. Conduct pathogenesis & disease progression studies including contemporary genotype-
phenotype techniques

Il. Develop and maintain key disease models
M. Develop virtual patient population based on this information
b) Company. Prepare comparative ethnic disease review pre-IND. Include likely
significant differences in Phase 2-3 & 4 global plan. Power studies and employ
inclusion-exclusion criteria based on this information
Is dose-response the same relative to efficacy and safety from one country
or ethnic group to another? Company will
a) Simulate studies based on preclinical drug-biomarker relationship for

l. Single dose or short-term PK-PD trial in bridged and primary population sample
Il. Phase 2a & b trial designs

b) Use results of each in subsequent trials

Are efficacy and safety the same in Phase 3 trial populations? Company
will

1. Simulate Phase 3 trial designs during phase 1-2 based on disease model, drug
model and clinical trial data models and desired product profile

2. Discuss simulations with regulators at End of Phase 2a type meeting. Agree
design.

3. Conduct two different phase 3 trials or one trial with subsets based on simulation
results

Post-market continue development for additional patient subgroups (e.g.,
disease severity) and potential safety signals again based on simulation
driven decisions



Tamoxifen in Breast Cancer

L4
-./"‘I{ — -
CYP2D6

(CYP2BE6, CYP2C9
CYP2C19, CYP3A)

Tamoxifen (TAM)

o
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4-hydroxyTAM
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(CYP2C9+other
CYP isoforms) CYP3A4/5
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N-desmethylTAM o
Endoxifen
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The Need

Efficacy

— Quantitatively describe efficacy in terms of patient benefits relative to patient
characteristics and dose

— Individuals. Know who is most likely to respond
Safety

— ldentify and quantitatively describe common and rare risks related to patient
characteristics and dose.

— Individuals. Know who is likely to be at risk and how to decrease it
Dosing regimen
— Justify based on a thorough understanding of benefit and risk for patient
populations and individuals

Labeling

— Capture the above information in a manner that helps clinicians and patients make
optimal therapeutic decisions

Cost

— Avoid unnecessary duplication in drug development due to high expense
Time

— Useful drugs should be available as quickly as possible for patients in need



Bridging Definition

* Definitions (ICHS):

— Bridging Study. ‘is defined as a supplemental study
performed in the new region to provide
pharmacodynamic or clinical data on efficacy, safety,
dosage and dose regimen in the new region that will
allow extrapolation of the foreign clinical data to the new
region. Such studies could include additional
pharmacokineitic information.’

— Bridging Data Package. ‘Selected information from the
Complete Clinical Data Package that is relevant to the
population of the new region, including pharmacokinetic
data, and any preliminary pharmacodynamic and dose-
response data and, if needed, supplemental data
obtained from a bridging study in the new region that will
allow extrapolation of the foreign safety and efficacy data
to the population of the new region.’



Drug

Enzymes &

Cinnifinra
\lel 1HHIIvVa

Metabolism

Mutant alleles (large N)

nt Cthnire Niffaranfcrnc
1HIL LLITTIIU LJITNICICTIIVLCO

Allele Number

Asian relative Caucasian

Drug example

Phase 1
CYP1lAl >15 ? R-warfarin
CYP2B6 11 ? Buproprion
CYP2C8 20 Differences Paclitaxel
CYP2C9 38 t PM Warfarin, rosuvastatin
CYP2C19 8 t PM Mephenytoin, diazepam
CYP2D6 75 t PM Codeine, tamoxifen
CYP3A4 >40 ? Irinotecan, gefitinib
CYP3A5 26 ? Nifedipine, tacrolimus
DPD 39 Differences 5-fluorouracil
TPMT 29 Small differences 6-mercaptopurine

Phase 2
GST 13 Differences Adriamycin, BCNU
UGT (5 subtypes) | multiple alleles Differences Irinotecan, morphine

Importance depends on fractional clearance & therapeutic index

Expert Opin Drug Metab Toxicol 5: 243, 2009




Transporters in Drug Absorption and Distribution
» 19 Known & growing

» Genetically controlled and ethnic differences

a Intestinal epithelia b Hepatocytes OAT2 OATPIBl OATP2BI
OCTI OAT7 | CATPIB3 | WNTCP

?

Blood Intestine Blood

OATP
PEPTI MRP3

OCTl

OSTa
= st
gg‘é =4 MCT] MRPS
MRP2
BCRP

MRP3 =

”"I’Tf&B“
R

P-gp

MRP2 MATE]

¢ Kidney proximal tubules d Blood-brain barrier
Blood Urine Brain Basolateral
OAT4 a
QATP4CI URATI Brain capillary endothelial cells
OCT2 PEPTI, PEPT2 BCRP MRPS
P- MRP4
OAT MRP2, MRP4 &P
OAT2 MATEL MATEZK Bim% + Apical/luminal
P-gp
QAR OATPEiTP}N
OCTNI, OCTN2

Nature Reviews Drug Disc 9:215: 2010



Selected Transporter Drug-Drug Interactions

Implicated
transporter®

Organic anion
transporting
polypeptides

Organic anion
transporters

Organic cation
transporters

P-glycoprotein

Breast cancer
resistance protein

Interacting drug

Cyclosporine
Cyclosporine
Cyclosporine
Rifampicin (single dose)
Rifampicin (single dose)
Lopinavir/ritonavir
Lopinavir/ritonavir
Probenecid
Probenecid
Probenecid
Cimetidine
Cimetidine
Cimetidine
Cimetidine
Cetirizine
Cimetidine
Quinidine
Ritonavir
Dronedarone
Ranolazine
GF120918

Affected drug

Pravastatin
Rosuvastatin
Pitavastatin
Glyburide
Bosentan
Bosentan
Rosuvastatin
Cidofovir
Furosemide
Acyclovir
Metformin
Pindolol
Varenicline
Pilsicainide
Pilsicainide
Dofetilide
Digoxin
Digoxin
Digoxin
Digoxin

Topotecan

Clinical pharmacokinetic impact on
affected drug*

AUC T890% and C__ T678%:20220¢

AUC T610%?05

AUC T360% and C__ T560%¢

AUC T125%7

C,.... T 500%

Day4:C,__, T 4,700%; day 10: C ! 1 400%2®
AUC T107% and C__ T365%2°

CL, {32902

CL 166%°

CL 432% and AUC T409%0:2

AUC T50% and CL, 4 27%22+
CL, {~34%

AUC T29%26

AUC 133%, CL {28%7

CL J41%2e

CL 33%2¢

CL, {34-48%u0m

AUC T86%222

AUC T157% and CmT 75%:23
AUC T60% and C__ T46%2*
AUC T143%25

Nature Reviews Drug Disc 9:215

: 2010



Evidence for Differences

Pharmacokinetics

Few differences

Studies often not designed to find a difference in
terms of patient selection criteria or number
linked to a critical clearance difference relative to
theraputic index (e.g., 25%)

Studies often not in the decision chain for trial
design information (e.g., conducted late)

A PK difference may not translate to a dosing
recommendation, but rather the potential need
for dosing data and recommendations

PD differences (e.g., receptor prevalence, EGFR)
may be opportunities for enrichment



Development Phase for Global Clinical Trials in

A
FPhase |
2.4%
f Phase lI
26.2%
&
Phaze !!I.\\ \“‘-
71.4% '

Clin Pharmacol Ther 87: 362-366, 2010



Ethnicity Global Strategy
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a various global development strategies

Final dose in
. . ion 11 is
- 4 Cption B Option D region Global postmarket
FK study in all different from
regions other regions gﬁsssgt”r;g:g?ﬁ =d
(simultaneously udi
or separately in sludles
same protocol) Final dose is !{Sému”agmﬁﬁl? or
Option A Option C same in all btz ez ezl L
- regions region C)
T T T T = Development stage
b Possible options in dose-finding and confirmatory stages
Region | ; Region Il : Region Il
(). Option in a dose-finding stage
Option A A. Simultaneous global dose-finding study in all regions

B-2. Independent regional dose-
finding study in regicn 11

B-1. Simultaneous global dose-finding | -— —

Option B study in regions | and Il Comjpare

(ii). Option in a confirmatory stage
Option C C. Simultanecus global confirmatory study in all regions

D-1. Simultanecus global confirmatory
study in regions | and I

-—.—-—i D-2. Independent confirmatory
Conjpare study in region |1l

Option D

Clin Pharmacol Ther 87: 362-366, 2010



