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Carcinogenicity : a Case Study of DA-8159

Byoung Ok Ahn, DVM, Ph.D.
Dong-A Pharmaceutical Research Laboratories

DA-8159 is a potent and selective phosphor-diesterase 5 (PDES) inhibitor, being developed
as a new erectile treatment. Phase 1 studies coducted in both U.K. and Korea shows
favorable pharmacokinetic and safety properties. The P2 HIEF study in Korea successfully
completed at the dose of 100 and 200mg tablets. The IND and P2 IIEF study in US and
phase 3 study in Korea are in preparation. DA-8159 has possibility to expand its
indications such as endotherial dysfunction, pulmonary hypertension, hypertension, BPH,
PE, FSAD etc. Carcinogenicity bioassays of DA-8159 are needed for successful
development in global market and expansion of indications. However, Dong-A planed to
perform carcinogenicity studies about one and half years ago, the main studies was started
right now because of no experience for FDA as well as carcinogenicity, no clear
understandings for the carcinogenicity, lack of background data of DA-8159 and other
unexpected many problems to solve. I would hike to introduce the preparation process of
DA-8159 carcinogenicity to assist to other domestic companies and CROs who are
planning to perform carcinogenicity studies.

This presentation focuses on CRO selection, test system and duration, strain selection,
animal supplier, number of Animals to use, age of the onset, route of administration,
environment, test substance, dose selection (DRF studies and CAC recommendation),

toxicokinetics, statistics, some example documents etc..
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1Brief review of DA-8159 3 o R
i
DA.8159
A wew molecale &
A potont and salactvs phosphs diesmrase 5 (PDES) mhubstor
Patent status
Materal § me 4 al wo POT 275060 3345
Prrioss TR & o OI

Devalopmental stage B
Phaeltottu U4 an, hovatusad n

T2 TFF & reezsh dv Korea) sueogssfut 7 comyp »ted
D ac SISOTR TS rprpaatiss o

by Dang-A Rewach Leb

Iseryme Fold Selectivity vs. PDES  (Cs o2DA 8158 for PDES 1 SaM

Isezyme DANIRS  Bidenait Varderafl Tadahifit
(Viagrsj  {Levitra)  (Cidlis}

PDE 1 >174 80 500 4450w

PDE 2 20200 8570 44290 >MB00 s B

PDE3 18400 4630 57140  >14800 t* Y
PDEA4 >1760 2057 47000 4000 I{! %3
PDE 6 ] 18 10 30 150 "3
PDE 11 >3 000 780 1160 5

= =

|Objective of carcinogenicity study ) M B MUK 1 CRO selection - 1 O Mo m)
Treatment of ED PO clintcal study Global Major myd-graded
Evaluation stema KIr
PIIND filing 16 FDA CROs oversea CROy
. oftnd dothersad dosty N Price (30) H(30) LG ME0)
hypertension, BPH, PE, FSAD ete. Experience (20) M@0y H50) M@0
-B— Quality (20) M (40} H(60) M (40)
[ ity ix reuired for espusiion of sdiceti ' o Communication (20) H(60) M (40) L20)
Hncudod for NOA subaoissioe, globaliy asrcpiabll ¢ sould be whazited, Reputatson (10} L) H30 M{20)
Wigh quelity enough ot to pesform sdditiotiel fewls. I
Evaluation (100) 219 220 180
H=3, M=, L=l

v

2 Dong-A selected KIT as CRO for DA-81589 Carcinogenicity

a9

} CRO selection - 2 T RT M NOR) 1 Test System and duration 3 MEERMIN
¥ H

Assuring KIT's weakness ICH

Une lone-ters rodent Carmnogenicaty study
Quutny 2mg 1T, protacat review, by CAC FDA, The 1at 18 more sensitive than mouse i carcinogenscity
step by step confirmation fom global consulting company Oue other study
- Short or meduum-term rodent study
Faperlence increase the number of ammals (=60}, - odels of imitiation promotion tn rodents
hep gen model, multi-organ car model

including unneated control group instead of listorical data
(finally not :acluded as CAC recommendation)

Reputauon Can not control by owrselves
Govemnment invest institute

b

- models of carcmogenesia using transgenic or neonatal rodeats
P33+~ deficrent model,the Tg AC model, the TgHras2 model,
the XPA deficient model, eic
- A long-term carvino genicity study in a second rodent species (mouse or gmaes pig)

OFCD prefer rits (24-30 months) and mace (18 —24months)
FDA. would Iike to review the 11 saonth niowe and rat study from consulting.

wr 24-month rat and mouse Carcinogenicity studies
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1Rat strain selection -1 T Mo m k)

4 T3 ES)

1Rat strain selection - 2

Species | Advantages Dhsadvantages Conslderations
BiT experience FDA 5D ra are ucceptuble until now
Fiaa High survival rate ( 2 60%) High incsdence of leakema
LowB W gan (smalt TSB) Abnormal Bone marrow change 1980 ~ late 1990 ususlly used SD rat ~» rassed tongevity problem
Many background data Dop OfHealthmn England only 3/18 tests using SD rat are showed > 50%
Single, 1 & 6 month tox Ho experience of survival rate et 24 month ~3 nof acceptable
PX/PD/ADME/TK, Luw srvival rate (40%%)
SD Many background dada HighB W gan After late 1990 T344{Fisher) or Wister rat are genernlly esnpiny ed world wide
Satdenafil Prugtary, marrary tumor Three tests performed KIT was all F344 rats vsed,
Vardenafil, tadalafil No KIT expersence ‘We concluded that F344 is the best strain for rat carcinogenicity siudy
Wister High survival rate(2 70%)
LowB W gun Less Background data ‘We bad to perform sdditional tests such ut 2 and 13 week study with TK.
¥ F344 rat was selected
e s
1 Mouse strain selection O mommm) WAnimal Supplier sefection O mommR
1 i
suppher Advantages Disadvantages
species | Advantages Disudvantsges Limited Sopply
Simgle & lw tox. High :‘lm ‘3:&‘:&1 CRY Close distance Dpp-4 gene deletion 1n F344
ICR PK/ADME tadalafil ' g {Japan & German)
Sildenafil, Vardenafil, tadalafil (30 ~2 80%) CRL Abundant supply Long distance
Many case ;s NTP, EPA data Check the animal sopply cupacity
BSC3FL for FDA registration Mo toxicofogy data Use ame supplier with DRF and mamn study
High survival rate Discussion | Other global player can be accepted
Juorean suppher also acceptable wath background data and capacity
« BEC3IF1 mice was selected ~ Jess slappung st ess, sunglar suviconments

We had also few ICR date for carclnogeniclty stady

229

w CRJ animal were used (no deep cansideration)
cupeity problem - Urficulkt te supply on time

10729 ]

WL E L

{0 mommon

| Number of animals

Target > 135 animals o planed sacrifice (2 years)
No mtenm sacrifice, additronal 20 rats/group/sex for 24-menth TK

OCECD 2 50 amumulw/srouprsex
sufficient number for statistics at the end of the study
study terminated «f the survival rate < 25% in the LD or Control

USEPA survival rate should be Rat = 50% (18 months), 25% (24 months)
Mice 2 50% (13 months), 25% (18 monthe)

WHO study termunated «f the survival rate < 20° 10 HD
KIT*s hustorscal survival rate  F344 > 70%, B6C3F1 - no lustonca! daia
Tew axperiences for Carcinogemcity

Capacity problems

o 60 animals/grouplsex for main + 20 ratsi/group/sex for TK

1%

1 Age of the onset

OECD
Use weanling or pos-wenafing ammals
The neonate usually 15 more sensitrve than the adult.
Doting of the rodents shauld began as acon as possible
sfier weanng and scclimatisanon, and prefersbly £ 6 weeks old,

= Ammals will be acquired at 4 weeks and dosing started at S-week old

.92.
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| Route of administration ) mommin 1Environments T3 3 M DEGER)
¥ &
Route Advantage Disadvantage KIT environment »r Checked by qualfied consultant
« KIT poised to meet the US GLP regulations
Large existing data Dufficuit to dosing +« some minas recommendations
Oral Exact dosing Low survival rate
8 Simular fo human dosing | Dosing siress Cages
Easy to TSB control Required many TK ammals ware cage low costs, casy 10 exp , high stress to ammals, FDA recommend
polycarbonate(PC} cage high costs, difficult to exp , low stress to animale
Low costx Stabslity
Mmingm food | Easy to perform No emsting data Housing
or waler High survival rete Test substance loss "'d”'d;: homn':; bigh costs, l“]”s""y' l(;)v‘v]soc(d VZ”:'
One point TK Impotsible exact dosing group housmg fow costs, strugging, canmibaltsm, social contract
s N , = mdividuatly {mouse) or 2 arumals/cage {rat} i1 wire cages
- We oralg o int ly at ORF stage ndividually housed in PC cages when indicated by health dit
Should candder many fuctors with sdvantage und disndvantage to seiect Route
v W -
1 Test substance (TSB) L LT ] Dose selection ~ 1 O MMM

Qualily GMPorGLP?
pot-clmical stody  GLP guabty
What 13 GLP quabty? GLP means QAU approved
How can QAU i KIT approve? o Apalysis i Dong-A and KIT

Supply lerge senount of TSB
Shoutd have production plen
Can be sopply separately but quality guaranteed

1V

a4

General consideration for DRF study protocol

ICH gwidehne
the same conchiions as main study
mode of sdmmstration, diet, rodent stran elc

Maode of ndnnmistration oral gavage/ TSB o feed or water
o Oral gavage

Diet PMI-5002
low protesn(18%) dret - NIH-07, PMI-3002 etc
o Used PMISG02 fab diet

Same rodent struns need for 2. and 13- week DRF study
or Used F344 rat & BECIF mice

1 Dose selection—2 O mommpn)

] Pose selection-3 3 MMM

Rat DRF studles
2- week repesnted dose toxicity study in rat
Dose 500,250, 125, 62 S mg/kg
Results 500 mg/kg — Death (M 2/3, F 1/5), salivation, body weight 4,
food Consumption {, T of ALT, AST & liver weight
250 mg/kg - Salivaton, liver weight T
125 mykg - NOALL

13- week repeated dose toxicity study Im rat
Dose 240, 120, 60 mg/kg, HD 15 73-fold greater than MRHD (W/W)
Results . HD - T of Salivation, BUN, T-Chol, liver, spleea & adrenal gland

1 1 orolif Hular b 3

on, Fiep L Phy

Y
MD « T of Sahvation, BUN, T-Chol, hiver & spleen

Yy
1D - NOAEL

5 fe Sutar b h

9,

1.

Rat dose selection for maln study - Dong-A

120 mg/kg MTD 1 13-week DRF sindy

60 mg/kg relevance to human systerme exposure (AL C}

20 mg/kg MRHD comparable dose adjusted for bodv surface area (BSA}

Rat dose selection - CAC recommendation
Recommended dose 480 80, 163 sgrkg day
Critenia based on MTD
- morsahitv and Decreased bodv Weight gamn af 500 mg/kg 1o Z-weck study

189 -

.93 .
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i Dose selection — 4 0 T3 OR)

| Dose selection - 5 0 WO mEw)

¥

Mouse DRF studies
2- week repeated dose toxicity study In mice
Dose 1008, 308, 250, 125 mg/kg
Results 1006 mg/kg - Death (M 3/3, F 0/5), sahivation, loss of fir,
T of motor activity, AST, ALP & hiver weight
560 mg/kg - T of ALT, TCHO & liver weght
250 mgA g - NOAFL

13- week repested dose toxicity study In mice
Dose 240, 89, 3¢ mg/kg, HD s 73-fold greater than MRHD (W/W)
Results 240mehg — No toxicological findings — N0 AFL,

Mouse dose selectlon for main study (Dong-A)
500 mg/kg ALID in Zoweek study

350 mg/kg 10 fold higher than the MRHD adjusted to body surface
80 mg/kg refevance to human ATC

35 mg/kg MRHD comparable dose adjusted for BSA

Mouse dose selection - CAC recommendation
recommended dose £0, 136 208 mg/kg/day for fermle
30 100, 306 mg/kg/day for male
Critenna based on MTD - mormaliny {M 3°5), decreased motor activity,
liver/general toxscuty at 1000mg/kg/day 1n a T-week studs
Based on AUC - hugh dose 1 temaleq (300mg kg) gives
an epproximately 25-told AUC 1o human plasma exposurs ratto

0029

1Toxicakinetics (rat only) 0 M MR

| Statistics 0 TN MOR)

Number of animals
expected mortality rate  less then 5%Pe
samphing times 6, 12 & 24 month (reuse the animals)
sampling poiats 6 pomts (03, 1 5,3, 5, 8, 24hr, same as DRF study)
Na of ammalsipoint 3 heads
No of Bleeding/ammal  twice/anmal
= mmmuta 18 anmals/group sy 28 rats/group + 6 rats for control TK

Conslderations
- TK sampling time

JCH 534 No exstntial fo rontmue bevond 6 motiths

Cunsilrant e TDA 6 12 £ 24 monh TH

confirming that the TK profile has not changed wolder mumals

- Control TK  Te confirm no contamnahon to comol samples (EMEA 2003}
= Magor mrtabokues > 25% of parent compound — ~fould he analvied
- FDA recommended that M0 TX 12 ateded m mouse study

2

Numencal data
Multsple companson tests for different dose groups
Bartlett test no sig ~» ANOVA multiple comparison test & Dunnett’s test
$ig. ~> non-parametric Kruskal-Walliss(H) Test & Dunn's Rank Test

Frequency data
Chi-square Test & Fisher”s Exact Probability Test

Survival analysis
Intercurrent mortality data  Kaplan-Muser produs t-Jund method
Each group compared wath the controf group Jog-rauk test

Tumor incidence data
The unadjusted test € outunn-Arnutage treod teof & Fisher’s exact test
The survival sdjusted test  the prevalence/mortality methods (Peto analysis)

**Refer to the FDA CDER deaft guidance Stanstical aspects of the desiga analyss and wterpretahion
of chrone rodent carcinogenicity studics of pharmaceuticals (May 2601

p

Changes of proposed study designs  {; mSM%iR)

]
! i -
o [ Facsimio Transrertal gy
Fitpropossd | FDA submisston | 8 o S N - e
e Fldtnt/ Fad4rat P44 rat TR ;
B6CIF1 mouse B6C3F1 mcuse BSCIF1 mouze Toukrmy e *
Cage Polycarbonste cage | Stamless stect cage | Stamless sieel eage e :
Man study 6070 6ofso 6060 P S N
Number of anerads | * untreated control . . e :
26, 52,108 week, | 26, 32, 104 week S B e : .
Tomcokumete study |26 week r &mouse | 20277 tody PIERE L VT SR e
Hematology Yy Y Y e — -
Climeal Chepustry Y Yy ™ o m— b rvess W Ny
Cancer macker Yy NN NN o T T
Urmalysis Xy NN NN el T R e S e e
Gryan weight Y YA YN
Interm sacrifice YN NN NN
i)

1 TOC & submission for CAC review {7} muNmuR

.94 .
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| Response & recommendation of CAC {Jj snmmum) " | General considerations - 1 T MO MR

e v The time for considenng carcinogenicity

o Pt ;
FD R Carcinogenicity mam study tahes 2 5 to 3 years
o —

! If DRF stady and FDA review sre needed, 4 or mos¢ ve ir needed

Carcinogeaicsty data are needed before NDA submission

US FDA recommends protocel review at the meeting before end of P11

CRO selection
Price,

quality, P e

» &P

I
‘ Test System & duration
.'.'.::::."-:.‘“_":;‘._':T."‘ l SD, F344 or Wister rat (24 or 30 months) and

i it o o 4 N O 4.

ICR or BSC2F1 mice (18 or 24 mooths) or
Short term mice mode] (imisatson promotion mode, ransgentc or neoaatal model)

26028 -

| General considerations - 2 WLEL LY | General considerations -3 OF MTRMOR).
Number of ammals ' Interpretation of DRF study |
mimmum target number of survival at the end of study, 1ntenm sacrifice, TK | 2w & 13w 2w alsamportant for dose selection !

MTD body weight gain {10% 4} ) mortality ) general condition ) others ‘
AUC  expected AUC by regression analysis

ammal supplier Capacily to supply on hme

CAC review period 30 days notice, 45 days review

age of onset o 4 to 6 week old
All data prepared, 30 dns notice perroduan be remos ed

i
I
|
Route of admimistration gavage or mixing with diet oc waer i
Cause of late on set ]

Environment  genersl environment, housing, cage, diet ¢te avestigation period |
CAC review }
avmal supply I
stand-by period efc |
|

I

TSB  check quality & mupply

Dose selection by DRF study  refer to the ICH gudeline
FOA response on mmor change less than 43 days review d
TK samphng times and ponts, control TK, mayor metabalites ad d 7 pene
methods of review by FDA  raw data fust

Close contact with consultant and FDA

— e

|
I
I
!
Statistics  Cochran-Armitage trend test, Peto analys:s l
i
|
|

__um 27

Thank you !

2/
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