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An Example of Adaptive Trial Design Based upon PK-PD
Modeling

- Phase I Trial of Decitabine in Patients Undergoing Allogeneic
Stem Cell Transplantation

Dong-Seok Yim', Yoo-Jin Kim?

"Department of Clinical Pharmacology,
’Department of Hematology, Seoul St. Mary’s Hospital

Allogeneic stem cell transplantation is the only known curative therapy for myelodys-
plastic syndromes (MDS). Transplant outcome of the advanced MDS is poor due to higher
relapse rate and substantial transplant-related mortality (TRM). Myeloablative conditioning
regimen leads to lower relapse rates but its beneficial effects upon relapse is offset by high
TRM. The introduction of stem cell transplantation (SCT) with nonmyeloablative or reduced
intensity conditioning allowed extension of allogeneic SCT to a much wider patient pop-
ulation by reducing the toxicity and exploiting the graft-versus leukemia (GVL) effect. High
relapse rate, however, remains an obstacle to long-term disease control and further ap-
proaches to reduce the risk of relapse after allogeneic SCT are needed.

Decitabine has been shown to be effective for treatment of MDS and associated with
very limited extramedullary toxicity at the lower doses. Furthermore, the hypomethylating
effects of decitabine require an extended period of therapy and are likely to be more bene-
ficial in the setting of a minimal residual disease after transplantation. We hypothesized
that post-transplant maintenance therapy with decitabine may reduce relapse rate.

For the patients who finish the above transplant procedure and meet the enrollment cri-
teria, decitabine will be given at a dose of 5 mg/kg/day ~ 15 mg/kg/day iv over 1 hour
for 5 consecutive days. The drug will be repeated every 4 weeks for up to 4 cycles. Dose
escalation strategy between cohorts and between cycles in the same cohort patients will
be based upon the quantitatively measured hematological toxicity (e.g., ANC or platelet
count at nadir). In other words, a mechanism-based pharmacokinetic / phamacodynamic
model developed using sparsely sampled patients’ PK data and toxicity response will be
used to titrate next cycle doses for the patients and initial doses for new cohort patients.
The model to predict the time course of bone marrow suppression by anticancer drugs has
been published elsewhere. However, there are no reports on its application to individual
dose titration and dose-escalation between cohorts in early phase anticancer drug trials.
This study is the first case of PK/PD modeling-based adaptive clinical trial.
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‘An Example of Adaptive Trial Design
Based upon PK-PD Modeling
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Seoul St. Mary's Hospital
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The story begins at a discussion with a
hematologist (Prof. Kim).

+ Myelodysplastic syndrome (MDS)
— Fatal bone marrow disorder with inefficient production
of myeloid cells

— Chemotherapy
= Lenalidomide, Azacytidine, Decitabine ...

— Allogeneic stem cell transplantation (SCT)
= the only curative therapy
- Another person’'s bone marrow stem cells are transplanted
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= Non-myeloablative or reduced intensity conditioning
— Widening of SCT indications
— buthigherrelapse rate

Any ways to reduce relapse ?
— 7777

— Is Decitabine useful fo reduce the relapse rate after
SCT?




+ One of chemotherpy choices for MDS

— inhibit DNA methyliransferase following phosphorylation and dire:ﬁH
incorporation into DMNA. :

|
+ Dosage regimen: m
— 20 mg/mé/day iv over 1 hour for 5 consecutive days. HO o N
— repeated every 4 weeks forupto4 cycles. /
OH

4 weeks |

"3 =
™

decitabine

= Joxicity

— Thrombocytopenia, Meutropenia

Consideratio ﬁ'"ﬁi’um"
decitabine in post-SCT patients

» |fwe use the modified Fibonacci design

— Many patients may be exposed to subtherapeutic
doses for more than 4 cycles

* Mo gquantitative exposure — toxicity relationship of
decitabine is known.

— Optimal phase Il dose in Korean post-5CT patients
may be determined based upon PK-PD model




Fibonacci

Fibonacci Sequence
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Classical Dose escalation

Fibonacci Seguence
12,35 8§ 13. 219, ...

+ Modified Fibonacci dose multiples
Initial dose, 2.00, 1.67, 1.50, 1.40, 1.33, 1.33.__

« MTD (Maximum Tolerable Dose)
Dose at DLT (Dose Limiting Toxicity) in 30% of patients

» Expectto reach MTD in 3-4" dose

+ RPTD (Recommended Phase |l Dose)
The next lower dose level of MTD
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- Dose titration based upon toxic

Neutrophils and platelets are recovered within 4 weeks

-

@

Neutrophils cmm

Y
101 ; : -\ , Y

i ﬁ‘- I
s e : .

lilnpwha 55%

Is ( w%l.)

§|n

« DOSE — CONCENTRATION - TOXICITY
+ But not that simple

rnmﬁw EI

CPT-11 89%
2% ‘

8

Neutrophils (-10%L)
2 5

° =

10 5
Time (days)

10
Time (days)

J Clin Oncol 20:4713-4721. & 2002
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Semi-physiolo;

« To describe the time delay of toxicity
— NONMEM (Ver. 7.1)

Feedback = (ANC,, /ANC,)?

knr(n‘ k) ‘/’-—"f

Proliferation Circulation

s

ke (5h)

E.fnri.'

dProlldt = kypy* Prol * (1 — Epy,g) * (Cirey/Cire)” — k, * Prol
dTransitlldt = k, - Prol — k, - Transit]
dTransit2/dt = k,, * Transit] — k,, - Transit2
dTransit3ldt = k, * Transit2 — k,, - Transit3

dCireldt = k, * Transit3 — k., * Cire

Paclitaxel
8 8
4 4
0 0
a 5 10 15 20
;\ — —
db 12 Etoposide 12
b
2 8 ’ 8
= i
8’ - i -
3 \ 29,
@ wg' o T
z 0 0
0 20 40 60
121 CPT-11 12 Vinflunine
8
4
[}
0 5§ 10 15 20 o 20 40 60
Time (days)

1 clin Oncol 20:4713-4721. = 2002
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Figure 2. Observed cell count versus time for neutrophils (panel A) and platelets (panel B).
Investigational New Drugs 23: 225-234, 2005.

——— Neutrophil count

S 4
~~
..0\\\ PD // ‘9\\\ -TN
\\ obse FV\;{"D'\‘. ! //
< \
\o 7° \ .
/ s /
\ / \ /
\\ Curve ﬁt’/ V' prediction I'
\ A \ é
7 \ .
P
- "«—— Predicted nadir

Protocol dose Course 1 Adjusted dose Course 2 Time

Fig. 2. Pharmacokinetic and/or pharmacodynamic information from first course used for prediction and dose adjustment of subsequent

course,

© 2009 The Authors

Journal compilation © 2009 Nordic Pharmacological Society. Basic & Clinical Pharmacology & Tovicology, 106, 234-242
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Target level of to$ :

» Based upon NCI CTC (Grade 0~4)

« “Grade 3"
— Neutropenia : 500 -1000/mm?
— Thrombocytopenia: 10,000 - 50,000/mm?

— E.g., 95% of simulated nadirs should be higherthan
the center of Grade 3 ranges.

‘We may apply

= Dose titration between cycles and cohoris instead of giving
fixed dose pre-determined in the protocol

| dweeks |
smg
PK study ‘ Dose titration ’
ANC follow up via PK/PD model
| 4 weeks |
X mg
22 cohort (4 cycles)
PK study Dose titration ’ ’
ANC follow up via PK/PD model
| 4 weeks |
XX mg
nd
S eahatt (. ayee PK study Dose titration ’

ANC follow up via PK/PD model

13
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Subject Enroliment mas-

* 9 subjects, 3 cohorts

/ PK-PD Data

Estimated
Dose

Modeling &
Simulation
(Amount of
information)

&= Fixed Dose

' PK-PD relationship %!
Optimal dose T}et

METHODS

14




Initial study pl:ﬁg

* Observation
- PK ) )
- measure dm% concentration at 20, 40, 60 (just before
infusion end), 90, 120, 180 min
- PD
- measure platelet count (FLT) and absolute neutrophil
count (ANC) weekly
* Dose optimization
B %E%E E&CEEHFH = HAT A 242 90% CI7F NCI-CTC gradsd
odes —Eﬁﬁﬁé S e L e p AR
7| S ZHE =54 B S

I_—l_ =
= O
—ﬁ%%:%@ﬂﬁ
+ WS O|MHIS (grade d) T2 S| BWSIE OjAH2 (grade 3) 242 A
. %ﬂﬁ%%«%ﬁ ;EH_'L%S:?;%%:%GEANEH 000ML, 3% {nigu-«
£G %152 Soi0| = 0| s 20| 2 saR e NEWOR T2 27| B

Inltlalstudyplan!!g

+ Fixed dose maintenance
- IEA g 8ol FL 330f eolof =
—4%7|0| 22 N F 2HE 22O HYajlo] 1HE
2F0 2 125 2|77X] Eot

0

- 1% 8OR A= 3 47|90 B T2 20 X|H2
A7 et 2, EAIR|O] ofE-ofe 2 2l
ol (2t 25]0f 1510f 47] ‘2 Ze £0f xjeio] &
A0f 2 S22 MU + ATk X BE

EGmgfm?% gt 4= BICtH

15



Data Acquisition

* Pharmacokinetic data

: blood sampling at 20, 40, [~
60 (just before infusion o [ —on
end), 90, 120, 180 min s
after infusion initiation -

subject ID 002_KMK

n=a§ss§E§
1
|
E

* Pharmacodynamic data i i
: routine weekly - -
monitoring of platelet = i =
count (PLT) and absolute === = o
neutrophil count (ANC) R 1 o =

Individual Dose Titration - step1. Pkmoder

« PK model development based on the time-

concentration profile

Woncentration (ng/mL)

60

40

Plasma concentration
Cmax=
38.86

]l

: C —At —Al
Drug Administration Infusion: C'(r) = Ratex _(l —€ I) €
I
V
Volume of
Distribution
Estimated PK parameter
k CL: 133 L/hr, V: 816 L

|
L

TIME (Day)

16




Individual Dose Titratiomsmz.

» Link drug concentration to the drug effect shown as
decrease in cell count

Feedback = (ANC, /ANC)

Ko ) /

Proliferation Circulation

} . A
] TN
E:It':uz MTT ke )
A R Ehgueri coynutneg
[ I T T T g
0026 0.0163
ECC 0165 0.549 N
BASE* 949 225 2

[ GAMMA [N ELl 0109 £ £

R E

8" 8

Proliferation

$DES -
CE = A(1)V Eps

PE =A(2)

NE = A(7)

DADT(1) = - KE*A(1)

DADT(2) = PKT * A(2) * ((1-PSL*CE) * (PBA/A(6))"*PGAM - 1)

DADT(3) = PKT * (A(2) - A(3))

DADT(4) = PKT * (A(3) - A(4))

DADT(5) = PKT * (A(4) - A(5))

DADT(6) = PKT * (A(5) - A(6))

DADT(7) = NKT *A(7) * ((1-NSL*CE) * (NBA/A(11))**NGAM - 1)
) =

DADT(8) = NKT * (A(7) - A(8))
DADT(9) = NKT * (A(8) - A(9))
DADT(10) = NKT * (A(9) - A(10))
DADT(11) = NKT * (A(10) - A(11))

17



Individual Dose Titration - steps. simutation-

» Simulate next cycle time-effect profile using 500
simulation datasets
(Performed only for more sensitive cell type: usually

ANC)ANC ANC
35 4
mg/m2 mg/m2
g " g "
;é s g -
8 o~ __ g ao
£ ’_\_/ - =
o A B P e T A N B
708 9 10 1 1213 78 g9 101 1213
TIME (Week) TIME (Wesk)
ANC ANC
45 5
mg/m2 mg/m2
g * g *7
% o % @ -
3 . N Recommended Dose
& = 8 -4 - : 3.5 mg/m%/day (50% CI)
B e e e e I B e e e e
7 08 9 10 11 12 B 7 8 9 10 1 1213
TIME (Wask) TIVE (Wask)

Crilicons 1 ENE

L] 1 2
L

+ Select a maximum dose expected not to exert grade
IV toxicity
(PC > 25,000/mm3, ANC > 500/mm?3)
using median & 50% confidence interval

ANC ARC MHC

. § 55
ngn ngni ngni ngng

7

18




Individual Dose Titration -

« Compare the simulation result from the prior cycle to
the actual data of next cyﬂ?c

3.5
mg/m2
0 —
g 7
2 0
B o
@ ] - -
o -

7 8 9 10 11 12 13

TIME (Week)

- s Dose fl

Individual Dose Titration

* Estimate new parameter values from all of the previous data from

that individual previous
Pyt countionn JR— [ - S T
Exp. No. at next dosing= B. No! at next dosing= 0.026 0.0163
= 0.165 0.549
e | Baser TR 225
8- ; | GAMMA [ PL7] 0.109

current
PLT ANC

5 \/\U\/\/\ ] 00236 00152
AV N W SLOPE 0.140 0.389

COUN
COUNT
Il [
L

[ BASE: (RS 2,08
gl GAMMA [ Y 0113

El o s w = El

a
TIME (Wezk) TIME (Waek)

*  Perform simulation with new estimates

A _— ARE
e 2 e
iz iz i
i s} ]
. el wl
g o g o g ol
S R § oo
e S AR _Z

o - - o |

.....................

A £ 5 s

— e T )
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RESULTS

Determined Dose levels

COHORT INITIAL DOSE (mg/m2/day)
1 5
2 4
3 5
4 5.5
5 5 (planned)

20




Z 32 00229 288
3 375 0.0427 5.20
7 4 0.0143 482
B 4 0.0147 449
g 43 {.00EES 7.58
15 35 0.0430 5.08
13 3 00152 43
14 3 0.0152 434
i7 4 00119 555
12 3 0.0323 2
0 4 - -
21 3 0.0370 1.78
Wean 3505455 0017439 4503

T sateyprofiie

+ Number of Dose-limiting toxicity occurred

12 (o &) |2~ 04

Total number of cycles 15 30
Mean number of cycles per 1.25 25
patients '

Total number of cycles with DLT 6 2
Proportion of DLT cycle 40 % 6.7 %

21



Maintenance

TREATHWENT
1 PEY 3 1.3 12 Finished Alive (D643, CR)
KME § 6 4 Withdrasn [refusal) Dead (D421, BO)
KJH 3 NR 1 Withdrawn [death) Dezd {D118, Pn)
LJL 3 4 3 Withdrawsn {refusal) Alive (D306, ALY
2 KHE 4 7 11 Ongoing Alive (D482, CR)
J¥S 4 12 12 Finished Alive (D481, CR)
KJG 4 33 10 Ongoing Alive (D362, CR)
3 KJY 5 T 9 Ongoing Alive (D366, CR)
CHY 3 45 9 Ongoing Alive (D366, CR)
KYH 3 9 T Ongoing Alive (D294, CR)
4 LIB 35 NR 2 Withdrawn {refusal) Alive (D263, CR)
J5G 33 3 3 Ongoing Alive (D240, CR)
SYK 33 [ & Ongoing Alive (D33, CR)

Compared with traditional F

« |ndividualized dosage regimen for each patient was
given
— Without being exposed to subtherapeutic doses or
unnecessarnly high doses

* Longer study periods

— Phase | participants can be directly benefited by the
trial drug.

22




Remaining Questions

= Are decitabine doses causing grade 3 toxicity really
better than lower doses ?
— Fundamental guestions on the mechanism of
decitabine used forthis indication.

- Ifits effect is not by cytotoxicity, its optimal dose may be
lower...

« But before we get convincing evidences for the
optimal dosage, current “grade 3 toxicity-causing”
dosage regimen seems the best one we may give.
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 Pubmed searct

+ Keyword: NONMEM, MONOLIX or NLME
— Publication date: 2012/01/01-2012/11/25
» 147 articles
— Only 12 were from industry (publication bias)
— 8 used MONOLIX, 5 NLME, others NONMEM
+ Topics
— Methodology: 8
— PK-PD: 20/ PD: 12 / Pop PK: others
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Pharmacokinetic and Pharmacodynamic Modeling of a
Copper-Selective

Hea-Young Cho, Ph.D.

College of Pharmacy, CHA University

The population pharmacokinetics (PK) and pharmacodynamics (PD) of triethylenetetr-
amine (TETA) dihydrochloride (trientine) administered orally as 100 mg, 300 mg, 600 mg,
or 1800 mg twice-daily doses were assessed in healthy adult male and female volunteers.
This study was a randomized, double-blind, placebo-controlled, group-sequential, dose-es-
calating design. Forty participants, 10 per dose level (8 receiving TETA, 2 receiving place-
bo), received twice-daily doses for 14 consecutive days. A 2-compartment model for the
PK and a linear direct effect model for drug-induced copper excretion (PD) were employed.
The population PK/PD model was applied using the NONMEM software. Covariates tested
were glomerular filtration rate (GFR), body weight, and gender. Multiple daily doses of
TETA were safe and generally well tolerated. The linear 2-compartment model with first-or-
der absorption well characterized the serum concentration data. Although its role was
small, GFR had a statistically significant (P < 0.05) influence on systemic clearance (CL/F).
The augmentation of copper excretion was well described by a direct linear model in which
the slope was related to GFR and gender (P < 0.001). The intersubject coefficient of varia-
tion was 22.2% for slope (SL) and 82.5% for intercept (ER0). TETA has consistent sin-
gle/multiple-dose pharmacokinetics and dose-proportional and serum concentration-propor-

tional effects on enhancing copper excretion.

Key Words: Triethylenetetramine, copper, pharmacokinetics, pharmacodynamics, human

subjects



PAGK Anmnual meeting (2012.12.06)

Pharmacokinetic & Pharmacodynamic
Modeling of a Copper-Selective Chelator
(TETA)

Hea-Young Cho, Ph.D.

Lab. of Biopharmaceutics, College of Pharmacy
Division of General Research, Clinical Trial Center
CHA University

{2) CHA UNIVERSITY

Outline

< Background
- Copper homeostasis in human
- Copper chelation and diabetes
- Pharmacology of TETA
% Study Design and Data Collection
% PK and PD Modeling
“* Population PK/PD Analysis

¢ Conclusions

(@) CHA UNIVERSITY



Stages in the drug discovery & development
Preclinical studies
®
)
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Nature Reviews Drug Discovery 3. 853-862 (2004)
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Copper Homeostasis
(Uptake and distribution)

O CHA UNIVERSITY
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Cu-histidine
Cu-alburmin
Ceruloplasmin
o SLOMACH
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bl —— qall biadder Human Cu
pancreas transporter 1
Cu-histidine iy

Cu-alburmin

I:Ju { from food)

Intactinal mucosa

Triethylentetramin dihydrochloride (TETA)

2 (Mechanism of action)
) g

Cu

L
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*.{m 4
£

GTHRL

Shap Int. J. Biochem. Cell Biol. 35:288-291, 2003

Penaetal J. Nurr. 129:1251-1260, 1999

@ CHA UNIVERSITY

Copper-binding proteins

Common Name Biological Function

Consequence of Deficiency or Defect

| Cw/Zn SOD Free radical detoxification
| Cytochrame ¢ oxidase Electron transport in the
b e el PHECHOINRL oo
Lysyl oxidase Crosslinking of collagen and
elastin

Dopamine p-hydroxylase Catecholamine production

Oxidative damage of cel components
Symptoms of deficiency of ATP: myopathy, ataxia,

Connective tissue symptoms: vascular rupture and
torsion

Loose skin and joints, emphysema

Hypothalamic imbalance : hypothermia,
hypotension, dehydration, somnolence

Tyrosinase Melanin production Depigmentation
Peptidylglycine Bioactivation of Peptide hormones Probable widespread eftects through malfunction of
Monooxygenase several peptide hormones
Ceruloplasmin Ferroxidase, Cu transport Anemia |
Clofting Factor, V, VITI Blood clotting Bleeding tendancy
Angiogenin Induction of blood vessel Defective blood vessel development
formation
Metallothionein Cu-saquestration Cu toxicity
Prion protein Normal function currently Altered sleep pattems and circadian rhythm in mice,

unknown; Copper binding
properties suggests potential
role in Gu uptake
Normal function currently unknown
Iron egress from intestines

p-amyloid precursor protein
Hephaestin

Creutzfeld Jacob disease, Kuru, Gerstmann-
Straussler-Scheinker disease, Fatal familial
insomnia

Familial Alzheimer's Disease

Sex-linked anemia

Ref. Maris et al J. Nuitr, 129:1251-1260, 1999

@ CHA UNIVERSITY
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Ceruloplasmin (a-globulin protein)

%+ A copper containing protein which normally binds
80-90%o of the copper present in plasma.

++ Officially known as ferroxidase I
+* Reference Interval

- Male: 16.2-35.6 mg/dL
- Female: 17.9-53.3 mg/dL

+* Lower-than-normal ceruloplasmin levels may indicate:
- Menkes' syndrome (Kinky Hair Sndrome); very rare
- Wilson's disease
- Malnutrition
- Nephrotic syndrome

% Greater-than-normal ceruloplasmin levels may indicate:
- Pregnancy
- Lymphoma
- Acute and chronic infections
- Rheumatoid arthritis
{2) CHA UNIVERSITY

Functions of copper

%+ Copper has an essential role in several key physiological and
biochemical functions.
- compound of metalloenzymes (endogen antioxidative system)
- compound of ceruloplasmin (transport of copper)

% Tt is required for: - normal infant development

- red and white blood cell maturation
- iron transport

- bone strength

- cholesterol metabolism
- myocardial contractility
- glucose metabolism

- brain development

- immune function

- protection against oxidative stress |

(2 CHA UNIVERSITY
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Copper Chelation
and
Diabetes

£2) CHA UNIVERSITY

References for copper chelation & diabetes (cont’d)

Diabetes 53: 2501-2508 (2004)

[ Ret1 | Regeneration of the Heart in Diabetes by Selective
Copper Chelation

Garth LS. Cooper,'? Anthony R.1. Phillips,' Scon Y. Choong,' Bridget L. Leonard,'

David J. Crossman,' Tanne L. Brunton," "Etuate L. Saafi,' Ajith M. Dissanayake,” Brett R, Cowan,™'
Alistair A. Young," Christopher J. Occleshaw.® Yih-Kai Chan,! Fiena E. Leahy,' Geraldine F, Keogh,!
Gregory D. Gamble,” Grant R, Allen,” Adele J, Pope,” Peter D.W. Boyd,” Sally . Poppitt.”

Thomas K. Borg® Robert N. Doughiy,® and John It. Daker”

Diabetes 54: 14681476 (2003)

[ | Ret2 | Demonstration of a Hyperglycemia-Driven Pathogenic
Abnormality of Copper Homeostasis in Diabetes and Its
Reversibility by Selective Chelation

Quantitative Comparisons Between the Biology of Copper
and Eight Other Nutritionally Essential Elements in
Normal and Diabetic Individuals

Garth J.S. Cooper,'*#* Yih-Kai Chan,'* Ajith M. Dissanayake,” Fiona E. Leahy !4

Geraldine F. Keogh,'* Chris M. Frampton [ Gregory D. Gamble® Dianne H. Brunton,'
John R. Baker,” and Sally D. Poppitt™

(@) CHA UNIVERSITY
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Selective copper chelation & diabetes [ Reta |

A B
120+ 750 *
- 0.1 1.0 10 100 - ,, g 1
E
‘% g i i l - l | g o 5001
X : 5
z 604 - s o
m
1% ViV 5 R
38 E 304 i 2z
i 5
- & -‘.'/:.{“!‘1’& i i g o
j 30 490 150 ziu ZT:U = Conerol Diabetic

Time (min)

A: Urinary Cu after I'V trientine in control (n=7) and diabetes (n=7) rats.
B: Total urinary Cu (M ; control, [ ; diabetes).

C day 1 day 7 L
i C: Effects of oral frientine were compared
s J;[ with placebo between men with type 2
g E 124 diabetes and age-matched control subjects.
B 104
B E 10 _\
e - e - Basal Cu output was significantly greater
£ & 05 in type 2 diabetes than control (P<0.001).
5 & A
§ o - Trientine elicited more Cu from type 2
w :: diabetes than from contrel (P<0.05). j

o z L} L] L] weo i 4+ G g W
Time (hours) —_
Cooper ef al Diabetes 53:2501-2508, 2004

TETA

(Triethylentetramin dihydrochloride)

Phase I Study

C-%:—} CHA UNIVERSITY
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Triethylentetramin dihydrochloride (TETA)

%+ Physicochemical properties
- Chemical structure and metabolism pathway M
H

S S e aan %

H,N H

N-acetyltransferase
/\/E\/\\ /\/]3\“\’1/}1" & -

o

- Rapid acetylator (F/F)—Intermediate (S/F)-Slow acetylator (S/S)

<+ A potent copper-chelator

Cu?*t

H
o NS N > N
- \\)/“‘\/ H H,N :\'ﬂj
% H
i

(&) CHA UNIVERSITY
Nt J

Phase I (Study design)

H AT

Drug TETA

Genotype Acetylator phenotype
Dose 200 y's
NAT2*54/NAT2*5B | Slow (S/S)

NAT2*54/NAT2%64 | Slow (S/S)
NAT2*5B/NAT2%5B | Slow (S/S) L
5. S NAT2*54/NAT2%64 | Slow (S/S) L
0,5 NAT2%64/NAT2%64 | Slow (S/S) 60,

No. Subjects
(Genotyping)

gg’d NAT2%*4/NAT2*5B Intermediate (S/F)
Sampling Plasma | ;' NAT2*4/NAT2*64 | Intermediate (SF) 4,
16, 2. NAT2*4/NAT2*4 Rapid (E/F) and
| 40 Ul

\ |
Urine | 0-2,2-4, 4-6,6-8, 8-10, 10-12, and 12-24 hr

Plasma - TETA, N-acetyl TETA, urine — copper,
Serum — copper & ceruloplasmin (for safety)

Measurements

3 CHA UNIVERSITY




Mean concentration time profiles by dose

Group I (200 mg/day)
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Group IV (3600 mg/day)
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Plasma TETA Concentration (mg/L)

Pharmacokinetic profiles: Dose-proportionality

10

0.1

Day1

by
1N

Day 7 Day 14
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Time (hr)

6 12 186 24 30 36 42 48

Time (hr) Time (hr)
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PK parameters in relation to dose: NCA

C e V5 Dose AUC, ;5 vs. Dose Ty5 V. Dose
(n=32) (n=32) (n=32)
& o G 2 .
R 2 # .
: = a
2 -
i =0.902 -4 x
o 4 B Ty
=0.856 & ’é -
o B 2 s
t i . H
it 3w * : 2
. RS : =0.243
« f t : L_H//’f
i e - | N
> w0 om0 me  wmm owe 2 :

TETA Dose (mg)

E- = 00 1200 = 1200

TETA Dos= (mg})
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Pharmacokinetics (600 mg/12 hr):
WinNonlin Fitting

10.00 5

4
1.00 3

¢
0.10 5

Conc. (mg/L)

0.01 } } } } ; } |
0 50 100 150 200 250 300 350
Time (hr)

k, =2.77(hr) ty, =7.52(hr)

Vo/F=330.0(L) CI’'F =77.39 (L/hr)
T F=2494 (L) Clp/F=45.03 (L/hr)
Aceumulation Index (AUC Ratio) = 1.30

@ CHA UNIVERSITY
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Pharmacokinetics (1800 mg/12 hr):

WinNonlin Fitting

10.00 -

LY, i} ik

il‘i !'. %:"
— 1.00 gy &l !F.'.

db O 5!
? fl RN Pk
= ‘:I (R
a —&— Obsened
8 S —— Predicted
0.01 | ; ; ; | | |
0 50 100 150 200 250 300 350 400
Time (hr)

k. =430 ()

fy, =243 (r)

V/F=293.4 (L)

CI'F =73.42 (L/hr)

Vy/F=4528 (L)

Cly/F =16.12 (L/hr)

Accumulation Index (AUC Raiie) = 0.90

f-*.i} CHA UNIVERSITY

Summary: Pharmacokinetics

< TETA was rapidly absorbed and pharmacokinetics were
essentially linear based on doses evaluated.

*» No accumulation, consistent stationary profiles over time were
observed with multiple-dosing for 600, 1200, and 3600 mg/day

dosing for 14 days.

< While a biexponential model may be appropriate to characterize
the drug’s elimination profile, the late phase appears to be

unimportant.

< Consistent pharmacokinetic behavior was observed for all

subjects and doses.

(®) CHA UNIVERSITY
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Mean urinary copper ER- time profiles by dose

Group I (200 mg/day) Group II (600 mg/day)
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Pharmacodynamic profiles: Dose-proportionality

Day 1 Day 7 Day 14
%80 .
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Copper excretion in relation to dose

Total Urinary Excreted Amounts of Copper vs. Dose Maximum Excretion Rate of Copper vs. Dose
(0-24 hr, n=32) (©=32)
750 a0
° a
(] a
7
600 L]
- a
. 50 4
= s "
70827 o =0874 &
"8 45 *
. T ;
] - k')
. . a
. ¢ / . a % o %
L] ] + =
150 /I/’//!/ . i ,i//"
) =33 8314+0 1987 Dose 2 i/ ¥=26091+0.0250'Dose
c 0 T T T T T 1 )
2 o 300 600 900 1200 1500 1800 ; 0 300 600 900 1200 1500 1800
3
=3 3

TETA Dose (mg) TETA Dose (mg)

Summary: Pharmacodynamics

« Urinary copper excretion was nearly dose proportional over the
dose range of 200 to 3600 mg/day.

+** The rate and extent of copper excretion following TETA
dosing showed similar patterns following single-dose (Day 1)
and steady-state (Day 7 and 14) dosing.

% Copper was excreted at the highest rate in the 0-2 h interval
following TETA dosing, and the excretion rate decreased in
each subsequent 2-h interval .

+** The mean 0-4 h cumulative urine copper excretion (94.43 ng)
accounted for approximately 72% of the mean total cumulative
urine copper excretion (131.69 ng) prior to the second daily dose
(0-12 h interval)




PK-PD link profiles:
TETA Conc.-Urinary copper excretion rate

Excretion Rate of Copper vs. Drug Concentration Excretion Rate of Copper vs. Drug Concentration
(Subject 30, 600 mg) (Subject 39, 1800 mg)

—e— Day! 10
—&— Day7
m. Dayid
o
o 2 3 4 5 6 7 o 2 1 2 3 4 5 & 7
3 TETA Concentration (mg/L) 3 TETA Concentration (mg/L)

PK-PD link profiles:
TETA Conc.-Urinary copper excretion rate

Excretion Rate of Copper vs. Drug Concentration Log Excretion Rate of Copper vs. Log Drug Concentration
(n=32) (n=32)

90 - 1000

01

Day1 a " ® o1
Day7 A Dy7
Day 14 o Day14
001
o 2 4 6 8 10 12 oor 01 1 10 100
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Copper excretion in relation to AUC

Total Urinary Excreted Amounts of Copper vs. AUCy 3, Maximum Excrefion Rate of Copper vs. AUC;,
(n=32) (n=32)
750 %0
. a
. M a

600

R=0.7818

300

y=51.2272+14.5230'Dose y=1.8202+4.8321"Dose

16 4 2 @
TETA AUG,,, (mg*hriL)

o 8 16 2 2 40
TETA AUC,,, (mg*hriL}

3 Aieuun
3 winwxep
@

Summary: PK/PD

+» A preliminary examination of plasma TETA
concentrations versus urine copper excretion rate (adjusted
for baseline) by day and dose demonstrates a direct linear
relationship and consistency across days and doses.

+»» Urine cupruresis appeared to increase in a dose and drug
exposure (plasma concentration &AUC) dependent manner.
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Proposed PK and PD model for fitting

Copper
(Cu)

Excretion Rate [ER=ER (1+SL {P}

¢ ko D[ Gy =)™ )k, — ey~ )t
’ Y ViIF| (k,-a)B-a) (k,-pla-B) (a—k)B-k,)

_d(up i ,
V- - =AE—CI_K(1+SI_-CPJ-C::P

ER=CLy-Cu,

3 CHA UNIVERSITY

Population
PK/PDAnalysis
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Data

PK: 1234 plasma concentration of TETA
PD: 663 urinary copper excretion rate

TETA doses

Characteristic 200 mg/day 600 mg/day 1200 mg/day 3600 mg/day

(n=8) (n=8) (n=8) (n=8)
Age 348+ 150 26.8+ 6.5 38.1 +£10.7 28.6 £ 11.1
(vears) (18~ 57) (22~ 42) (23 ~53) (18 ~44)
Gender, MVF' 6/2 4/4 3/5 6/2
Height 174.9 £ 8.4 168.6 £ 11.3 168.9 = 10.1 171.8 + 8.7
(cm) (162.6 ~ 190.5) (154.9 ~ 185.4) (157.5 ~ 190.5) (162.6 ~ 185.4)
Body weight 783 £ 14.9 74.1 + 14.5 87.3 £ 10.6 87.3 £ 16.5

(kg)

GFR

(ml/min)
Baseline serum
copper (pg/L)

Baseline serum
ceruloplasmin
(mg/dL)

(63.5 ~ 104.8)

113.4 +19.1
(90.9 ~ 148.1)

014.4 + 158.0
(762 ~ 1250)

215+ 3.1
(18~27)

(56.2 ~ 109.3)

1443 £ 37.5
(110.4 ~ 220.1)

1026.4 + 253.0
(740 ~ 1461)

201 £ 3.7
(14 ~25)

(68.0 ~ 101.6)

139.6 + 26.8
(97.3 ~185.3)

1375.8 + 300.1
(770 ~1748)

31.8+ 4.9
(23~37)

(71.2 ~ 122.9)
144.7 + 26.1
(106.7 ~ 175.1)
058.4 + 156.7
(772 ~ 1183)

25.6 £ 4.0
(20 ~ 31)

™. male; F, female; GFR., Glomerular Filtration Rate.

{2) CHA UNIVERSITY

Model development (cont’d)

< Population PK analysis was performed using the computer software

package NONMEM (Version V, Level 1.1).

% S-plus 6.0 and SigmaPlot 8.0 for Windows were used to visually
evaluate fits and to produce graphs.

# The minimum value of the NONMEM objective function (MOF)
was used to discriminate between various models during the model-
building process.

%+ A difference in MOF of 3.84 for 1 degree of freedom (P<0.05) was
considered statistically significant during the full model building.
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Model development (cont’d)

Population PK model

++ The pharmacokinetic model employed for this analysis was a two-compartment
model with first-order absorption, and first-order elimination from central
compartment.

+* This model was employed using ADVAN4 and TRANS4 PREDPP subroutines
within NONMEM.

P.O.

CENTRAL
COMP.

Model development (cont’d)

Variability model

<+ Interindividual variability: Exponential models

¢ The residual variability: a constant coefficient of variation equation.

¥, =F(Pi’xij)'(1+gij)

¢ The first-order conditional estimation (FOCE) with interaction method was
tested for the estimation for the population pharmacokinetic parameters,
interindividual variability in these parameters, and residual variability
between observed and predicted plasma concentrations.
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Model development (cont’d)

Covariates model:

+* Assessment of additional covariate effects was then performed starting
from the ‘basic model’.

% Gender, body weight, and glomerular filtration rate (GFR) were
examined for their influence on the PK and PD.

+* Covariate selection was based on the drop in objective function value
(AMOF). Only covariates producing a decrease in MOF>3.84 (P<0.05)
on inclusion were incorporated in the model.

Model development

Covariates selection: Parameter-Covariates Correlation

pe e P PEONO ., ,PAPEDEPIR0 , , ,  P20SP4080, , , o, , 1 FFERE

B - S O [ N I Bl [P BN

L P S ¥ LS L

T T T T T T T T
100 300 500 700 0 200400600800
15 CHANUNIVERSITY|
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Model building step for the PK model

No Model Name

Model OBJ

cf. Significance

PROMWICOM
(Start Model)

TVCL=THETA(1)
TVV =THETA(2) -1042.777
TVEKA=THETA(3)

PROMW
(Base Model)

TVCL=THETA(l)
TVVI=THETA(2)
TVQ =THETA(3) -1588.515
TVV3=THETA{)
TVEKA=THETA(S)

Start M.

P<0.001

L

PROMWL

TVCL=THETA(l)
TVV2=THETA(2)
TVQ=THETA(3)
TVV3i=THETA(Y)
TVEKA = THETA(S)
ALAG1 - THETA(6)

-1691.547

Base M.
{PROMW)

P<0.001

PROMWLG-C1
4 (Final Model)

TVCL = THETA(L) x (GFR/133)=*THETA(7)
TVV2=THETA(2)

TVQ - THETA(3)

TVV3=THETA(4)

TVEA = THETA(S)

ALAG1 = THETA(6)

-1696.939

PROMWL

P<0.05

5 PROMWLGW-C1

TVCL=THETA(1) x (GFR/133)~"THETA(7)
TVV1=THETA(2)

TVQ =THETA(3) x (WGT/81)**THETA(S)
TVV3i=THETAH)

TVEA=THETA(S)

ALAG] =THETA(G)

-1700.365

PROMWLG-C1

NS

Model building step for the sequential PK/PD model

No Model Name PK & Error Model 0BJ cf. Signifi-
cance
TVBASE = THETA(1)
{] T = 2
3 PROPEPD1 TVSL=THETA(2?) S
(Start Model) ER = BASE+SLxF
Y2 =ER+EPS(2)
TVBASE = THETA(1)
* H = 2
2 S L THERLD -56.307 Start M. P<0.001
(Base Model) ER =BASE+SLxF
Y2 =ER x EXP(EPS(2))
TVBASE = THETA(])
TVSL=THETA(2) x (GFR/133)**THETA(3) " -
T o ; 63.568 3 P=0.01
CHOPKPDG-1 e CHOPKPD
Y2 =ER x EXP(EPS(2))
TVBASE = THETA(1)
CHOPKPDGS-1 TVSL=THETA(2)
4 (Final model) (GFR/133)""THETA(3)+SEX*THETA(4) -94951 CHOPKPDG-1 P<0.001
ER=BASE+SLxF
Y2 =ER x EXP(EPS(2))
TVBASE = THETA(1) x (WGT/81)*THETA(S)
g G
CHOPKPDGSW-1 1%L~ THEIAQ A 2 Z .
5 (GFR/133)**THETA(3)+SEX*THETA(4) 95010 CHOPKPDGS-1 NS

ER = BASE+SLxF
Y2 = ER x EXP(EPS(2))
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Final Model

CL/F =(6,-(GFR/133)*)-exp(11.,,7)

V,!F =6, -exp(n,, ;)

O/ F =0;-exp(n,;;)

V,/F=6,-exp(n,,;)

k, = 6;-exp(n, )
Alagl =6,
ER, = 6;-exp(7]z )

S = [99 -(GFR /133)* 4+ Gender - 911] - eXp(77;)

For this model,

ki ky; and k;, were reparameterised to more physiologically relevant parameters as follows:
kyp =01V ky =01V, by =CL/V

{&) CHA UNIVERSITY

Estimated PK/PD parameters

Parameter Definition Population mean  Interindividual variability,
(units) value (SE%0) CV% (SE%)
CL/F (L/hry? Clearance/F 69.5 (4.42) 13.4 (23.8)
V/E (L) Central Volume 393 (11.5) 48.2 (23.2)
CLy (L/hr) Distribution Clearance 21.3(45.1) 65.5 (62.0)
V,/F(L) Peripheral Volume 252 (19.6) 79.5 (119)
k, (hr) Absorption Rate Constant 3.99(22.8) 97.0 (70.4)
te (hr) Lag-time 0.0759 (1.06) =
V. (@) Steady-state Volume 645
Baseline (ER,. pg/hr) Copper Excretion 0.721 (20.3) 82.5(69.6)
SLb Slope Factor 12.6 (8.73) 12.2 (28.5)

Intraindividual residual variability, %0 (SE%)

PK sigma 42.9 (5.98)

PD sigma 49.7 (10.6)

3 CL/F=69.5'(GFR/133) 0516

® Slope = 12.6:(GFR/133) %26 _ Gender-3.62
Z) CHA UNIVERSITY
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Goodness-of-fit (cont’d)

id enpiapup
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Observed copper excretion rate (DV)
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individual predicted excretion rate (IPRED)
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Individual fitting PK profiles
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Indwidual fitting PD profiles
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Conclusions: Population PK/PD analysis

+ The weighted residuals versus predicted data as well as individual
weighted residuals versus individual predicted data were
generally distributed around zero and were relatively symmetric.

< The individual predicted time profiles of TETA from the final
model were shown good agreement between observed and
predicted concentrations.

< The PK and PD of TETA can be considered to be linear with
dose and variability is modest among this group of subjects.

Relationship between conc. of TETA and urinary copper
excretion rates predicted the final population PK/PD model

Individual Predicted Copper Excretion Rate (ug/hr)

0.001 0.01 0.1 1 10 100

Individual Predicted Concentration (mg/L)
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Thank you for your attention
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Population Modeling Tools
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Population Modeling Tools

Kyun-Seop Bae MD PhD

Dept of Clinical Pharmacology and Therapeutics
&% Asan Medical Center s
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Population Modeling Tools

$515 http.//www.iconplc.com/technology/products/nonmem/
PDx-Pop $280 5 http://www.icanple.com/technology/products/pdx-pop/
PIRANA  Free for 561 hapsmmmprana-softwarecom
Academia
Xpose Free 440 http://xpose.sourceforge.net/
PsN Free 353 http://psn.sourceforge.net/
WEFN Free 720 http://win.sourceforge.net/
>$1000 5 5] http://www.pharsight.com/products/prod_phoenix_nlme_home.php
Free 420  https/wwwlioft.com/
ADAPT II Free 5 http://bmsrs.usc.edu/Software/
R Free 2151  httpy/www.r-projectorg/

54




Test Items

Single Run: Execution & Diagnostics
Covariate Modeling: Methods & Execution
Validation: Methods & Execution

Help & Other Functionalities

— Speed, Parallelizing, Distributed Computing

— OS Supporting, Syntax Highlighting

— Template/Example Library

— History Management/Archiving

— Set-up/Installation, Data Preparation/Exploration

Phoenix NLME




Phoenix: Main Window (Workflow: Diagram)

S Window Heb
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Initial Estimates Tab

Toomet e verou ymiomme | e Vi o v T
(ST

T J
h, 7
ey

e

o’ Al
<)
i -mmw.‘ .
- = l " \ Initial Estimates Tab
:

5

Shasl | Poamstes | bl Oplons | Il Evmates | B Dofione | Made Ted | Pits | o earwgs | Sohm

Edim Gopcal >

Population
estimate

oo}

Visual Initial Estimate Finding

19. Make the following selections. Be sure to check the “BQL?" checkbox.

Sewp | Results | Verifcaton

4 Main (BQL)
Mode!

4D Desing

<P Parameters

- Parameters Mapping

EEIEES
View Source | Source
Mapped to resul of: BQL Worfiow BAL Output
Mappings
cobsBaL |

Subject (o
Nom_time C

conc 8]
PKCone c
cobssal i il i G

Mapping | Output Sort Order |

| Stucture | Parameters | input Options | Intial Estimates | RunOptions | Model Text | Piats | nowarnings

[¥ Popuiation?
Type: [P >
Parameterization: Absorption:

[Chﬂzmﬂ v[l’ahvuuh

[ Saturating?

[¥] Cosedfom?

[7] ifusions possbie?
Residual Emor.

[ tag?

Num Compartments Parameters: Statements:
,[2 v] Ka ciMiero(A1, CI /V. C12/V. Q12 / V2, first = (As = Ka))
[ m.cpt2 Y Smpia)
vz C=A1/V
a enmorfCEps = 1)
o2 observe{CObs = C + CEps. bal)

C [cobs [CEos = [Addmne  ~|¥l BOL?
Stdev: .

Edt a3 G

NOTE: If ‘BQL? is selected, a column can be mapped to the CObsBQL context in the Main Mappings

panel. This column can contain two values: nonzero numeric (BQL) or O/blank (non-BQL). If a

concentration value is marked as RQl then the cumuilative distribution function evaluated at BQL is

used to calculate the li . » the interval (0 to BQL). If
a concentration value i Ea Sy BQ I_ M Od = | N g ction is used to calculate

the likelihood in the us

o7




Extensive Diagnostic Plot

nCl, apgr

Ea

Eta

Covr

nV, apgr
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nCl, wt
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Covr
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15—
o
. o
]
5
o
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34. View the Parameters tab>Structural tab. Click the buttons (more than once if necessary) to add
interaction terms into the model (apgr and wt effects on V and CI) as shown.

Population?

| Struture | Parameters | Input Options | Initial Estimates | Fun Options | Mods| Text | Flots | nowamings |

Structural | Govar. Type

Fixed Effects | Random Effects | Secondary | Scenarios

] Edit as Graphical>> || Editas Testual>>

e |

Add Covariate
Add From Unused

U & (eeowea JL1e )1 ]

SParm Style Finef Ran VR’GML Code
v Productespleta) | bW iy V= tvy T (uT/l.3)dvdes T (ltapyrrdidapgr) T exp(nV)
o Product'espleta] || WCi [nCl [C1 = evCl * (we/1.8)7dCldwt * (l+apyr*dCldepgr) * expinCl)
Cavariate Center Pae?  Diction v o
(A rs [ Bockword ][ Yos J[ Yer

Modeling by Click

35. View the Run Options tab. Select ‘Cov. Srch Stepwise’ listed under ‘Run Mode'.

| Stucture | Parameters | Input Options | Inital Estimates | Fun Options | Model Test | Plots | nowarnings |

Use af Local?
Max ODE: | matix sxpanent ¥

Pogailation?
Method |FOCE L8 3| S Cerrdl Dl |
Lindstiom B ates: Best with L1 Sandvich?
Addiive o1 Log-additve eror e Ll
Nier  [1000 | s |
[ NorParametic [ Powres?
g
%] Use MPI?

Fun Mode
O simple

O Scenarios

@ Cov Srch. Stepwise
O Cov. Srch. Shotgun
©) Bootstrap

O Profile

O Sim /Pred. Check

o8

Edi 25 Graphical 5>
Calerion
Add Theeshold
Remave Theashold 1

Very Convenient &
Powerful
Covariate Searching




Model Comparison by Plot

Population Covariates Diag Population Covariates Nondiag
nCl, nCl ncl, nv ncl, ncl nCl, nv
846 o 0.4+
4 02
9 024 © 9
G 0 @,
.g (T3
. Eaﬂ v, ncl -0, -0nVpn\0.2 0.4 nv, ncl -0. -0nVON\D.2 0.4
Scatter 0.4 et 0.4 et
o 0.2 ? o 0.2
i . 0 o 0
-0... o -0..
-0... -0...
0-000.0 0. -0. -0. 0 0204
Era £ra

38. After the run has been completed successfully, save the project, and view the Parameters
Tab>Scenarios Tab, along with the Overall worksheet in the Results Tab. Notice that Phoenix has
created new scenarios, and determined a best model (wt effects on V and Cl), indicated by the

“Use” button.
Population? \ Structure | Parameters | InputOptions | Initial Estimates | Run Options | Model Text | Plats | o wamings ‘
| Sttuctursl | Cover. Typs | FixedEfiects | Random Effects | Secondary | Scenarios | | [EstasGutica>> [ Edias Teal>> |
Scenatio Select Use dVdwt  dCldwt  dCidapar dVdapar Annotation:
] cstepn = o @l mp lal |
(i tentT vt [ o ®m O O O |
] cotepoz Crae LJE O | (5] O L R |
cstep04 Clapgr JF O El 0 o] O |
[ csepovarg @2 0 O O O I ——— ]
[ic] estep0avm Ciont (= @ o O |
] cot2005 Vot Cl-apar (= o (] O |
] cotep03 V-t Y-apor (= © M O O ®= |
) e21p07 V-t Clt Chapar JE O ™ = O |
| catep1 Vot Claut V-apar B O (m| J
(asa ]
Select

Froperfies | Information | History

Scenarios for Model Comparison
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Seup | Resbs | Veriication
= : n Toh
ElEdln wa B3
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1 SecondanBiden 11 |cshotio clat 1 9717 955.95434. 90,9540 99125832 7 155
& SwCovariate. 12 |cshot11 Vet Cher 1 -436.54669 B73.09378 889.09378 344118 8 155
ﬁ ::c"""'"c" s | | -sdde0es 1006 9609 1020,9609 102.2649 7 155
ota
@ ThetaGovariance 1 45653906 913.07812; 929.07812 95342552 LS 155, =
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P 1 y |l >
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Praparties I Information | History
Easy Model Comparison by Numbers and Graphics
0, CObs
ObservedQuantiles
_— 05%‘_ -
..... 50%, -
o 95%, -

PredictedQuantiles
— 05%, 05%
=== 05%, 50%
- 05%, 95%
—-=- 50%, 05%
e 50%, 50%
— 50%, 95%
- 95%, 05%
-~ 95%, 50%
=== 5%, 95%
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Foght Clickfor Men

Plasma_Conc

TimeVal

test()}{
deriv(A1 =- (CI* C))
C=A1/V
dosepoint{A1, duration = (Tinf))
eror(CEps = 0.5)
observe(InCObs = log(C) + CEps)
stparm(V = (V) * exp(nV))
stparm(Cl = (tvCl) * exp(nCl))
stparm(Tinf = (tvTinf) * exp(nTinf))
fixef(tvV = (0, 90, 300))
fixef(tvCl = c(0, 5, 20))
fixef(tvTinf = c(1, 2.5, 5))
ranef(diag(nCl, nV, nTinf) = ¢(0.15, 0.15, 0.15))

}
Seamless Integration of
WinNonlin -> NLME -> Trial Simulator
By Phoenix Modeling Language

PDx-Pop
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PDx-Pop5?

» Software designed by ICON®

—Integrate with existing tools

* To iterative process of PopPK/PD modeling
« NONMEM, R, S-PLUS® MS Office®

Project and Data managment interface

Modeling interface

Chiput interface

Model evaluation interface

Tracking & audit tral

Modeling with PDx-Pop

4 Tab Paradignimm
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Establish project

ICONPDXPop

Bt | ‘ &

| sancel Edi H Remove. H Add New H Browse ‘

1 EditData |
1 Piot Data (Exe)
2|otCata (3-Plus or B)

DataFile [epDiedemExempl ETnNZ CoV
1N

Deseription [UEONATE TeTa

Data fle to Edit o7 Flod
@ FingleGpiit 0%

Split Data File | O MultipleiSubs: # of Subsets

L
T
T
T
T
1
LSS

[CIManuatSped Random Besd

Edit/Plot data:
Excel, R, S-Plus

Select data file

DV versus Time by ID: 1-12

i T T 0
sesintesasiisssuistund it i Lo i P i
LGOI LT CE 3/ Dspapafensay (£1008. 000 [ b | RS | 2R
e |
FRCSED TR 3 o) g Penmng e 2 o S
a bk S0 O O (RS ARVE IS ERACE il [ 1 .
i e E \ £
e T b 30
e ueers ta cinar - 4

[ ¥ {3 {48 [ i3} o

- / . B
Al E — J.Dwul GA] 1| D] :
» 5 :
& N 7 ‘\.:
] < ‘
g-iﬂ * + lc + i -
" PR + s : *, § = *7 2474 g i
R R e R ) oow A A )
Ty 4T e ¥ o E AN s
2 v, L L A T i T o B ‘~ % ,.‘*'
o e s # %1 ¥ iy
L] bd 4 . ¥ et b g w4t
"l 3 New drop-down menu bar item
! - + - . : - . appears in Excel: diagnostic plot,
Sl | . data checkout...

63




Perform Modeling Tasks

| il ICOH PRx-Pop 5 o1 NONMEM 7+

Logs Toois Window Library Help Exit
e

°0 ppx.Pop Cantrol

s U S A

Control Streams Available
T
TR1F.ctl

Control Sireams Selected

1B R el
102

107.ctl Motepad

Select ctl file, i e romat von Fep

iWoda] Dasc: basa modal run 1 acditive residaa] arror
iProject name: examnlel

[ belete
2 n " 2
then CIICk run Iproject Ih: GMOO-0DL e
9015t $PROB RUN# 101 (PHENOSARBITAL POPULATION PK MODEL]
. railelel $INPUT C ID TIME AMI WT APGR DV EVID MOV Move Up
wES BALTLELE $DATA CO0Z.cCSW IGNORE=C
‘samasmL.cl $SUSROUTINES ADVAIL Move Down
F —
Rum Options: el

TWCL=THETACL) ntrol
1] Ghisck R Natres: Tl =TVl YERBLETACI D)
|| Compile Oaly

0

TWW=THETAC2)
V=TWEEXPCET2(21)
K=CLAY

51=v

E‘S

- TAD-TIME ; Tor & single dose only
1 v 10=1D
20 outpus i

$ERROR
DEL—

IFCF. EQ.0) DEL=1

wWl=1

W2=)

IRES=DV-IPRE

LWRE=TRES/ (W1+W2)

V=F + WIWERR(L); + W2Z¥ERR(2)
$T

Editing ctl file in RS R
Notepad R

k)
i

FEST MAXKEVAL=9920 FRINT=20 NDADORT POSTHOC M3IF=101.MSE
FOv

]

Perform Modeling Tasks

Logs Tools Window Library Help Fxit

e
°0 pDx-Pan Control Center
| Projects jData

Usor ModolWizard
New Methods Wizard |
Dolcie

Mo s file setecten o Theee

T Recordt U OneMM L macio ABAD)

Tablo Recorde: Etimation Options: Model Type: SortList

o) Dt Todde: 10 TiE.

= PATARE 1L TME K

O W POSTHOC (/] MISFO e

- - Moye Down
[ mwove COTAB; 1D - roct CIWOADORT

| xose CATARE D

OLAPLACUN [ Covarimnce Step MO0 Setectes
. wpone SHYAR: 10 IPRF MAXCVAL e Ahoot] T
| Parameter Table: 10 iV Prar: 5 ot terations
[ Fa Vatde: 10 ETAT ETAZ 6. TS ]
_— Crose Corotstream | | bxnwamo
heta batunates: (nnaga bstunates Seaiduied Val i s batinates .
Panmeter | __Loewr | L Vet 2 (3 A
v i i) e 1 {o0e 310
v NG Jij Tng 70 a6s AlD L)

Making ctl file
with Wizard
=click and select!

| Mo P e U

Move Harametes Down |
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[T A Um0 WA o PS40 (RSO0

e, D —
e Satocnan

Perform Modeling Tasks

T {——

P st e et

Lep e ——
it [re—

[T—r———— TathsKacerds

© e v e 0T
 Prapartira [ Tamene PAIA D TIWEK S
5 [ come o
im0
PEEOTESAAT |yt e
e ks 0
Deatme  pEMEE

s ot P
s H
e

. |

A N U s Wirard Toe POx-Pops
Model

[
| s ]
Fstimation Options:
s SALM
- SAEM
NITER:
NOURN:
@ns ISAMPLE:

IACCEPT: loa

pem

Generat

PRINT: 5|
SIG, DIGHTS: ]

[ INTERACTION

[ MSFO Ml

[ NOABORT
[ES Fise

| Covariance Step

Assess Model Output

ICON PDx-Pop 5 (01 HONMEM 7+

logs Tools Window Libiary Help Exit

PO PDX.POPCOMrol COMBE © i i 5 i

| Projects /Data NModel / Run W[ Evaluation

Projest Hame Project|D
EXANPLET | [ TTI— |

RUN DATETIME DATA FILE OFV MIN  BND

OV MODEL DESCRIFTION

01l May 6 2011 14:20 002.cav 717,205 ¥ n

Format iew Hep

View output with
notepad, R, S-Plus
\

DEL=0
TFCF.EQL 0) DEL=T
Wl=1

2=

LPRE=F
LRES=0V-IPRE
WRE=1RES (Wl +u2

Select Cutoul.
] NONMEM Resulis File RES) [ Report
[¥] Output Summary (7 SUM

CUMUJULATIVE RO. OF FUNC EVALS

L 2]
T=F + WLVERR(L1)] + W2*ERR(2)

NPARAMETF. 5.0000E-03 1.50006+00 | BODDE-O1 | BIDOED! €
PARAMETER: 1.0000E-01 1.0000E-01 1.0000E-01 1LOUDEE-01 1 0}
'GRADIENT: -6.0538E+01 89612E+01-3.0182E-01 -1 0655E+01 -5

DITERATION NG 11 OBJECTIVE ¥ALUE: 717202848311825
CUMULATIVE NO OF FUNG EVALE: 70

MPARAMETR: 5.4822E-03 1,3380E+00 2.2771E-01 1.4814E01 8,
PARAMETER: 1.0200E 01 2.9512E02 Z7645E-01 54601602 24

GRADIENT! -3.7510E-03 -1.7632E-02 -1 0BD2E-02 -B.4337E-04 -2.7!
Elapsed estmalion trme in seconds. 0.74
Elapsed covanance ime 1 secands: 017

Parameter Extraction 24FEB2010 Revision
Summary Bxtraction 31MAR2011 Revision

OLITPLIT IS COMPLETE

Akaike Information Cricerion: 727.203
Schwarz Dayesian Criterion:

742,42

[ TABLES CREATSZD:
101.TAR
PATAB1O1
| corasiol
CATAB101
SDTABLOL
95% CONFIDENCE INTERVAL LESCRIFTOR/
FINAL ESTIMATE ¥RSE LBoUND UEQUND VARIABILITY
THETA
1. 0.00548 8.87% 0.00453 0.00643 o
2 1.40 5.61% 1.25 1.55 v
TNTERINDIWIDUAL
OMEGA VARLABILITY
1,1 0.228 43.0% 0.0357 0.420 cv = 4
2,2 0.146 21.7% 0.0839 0.208 <V -
RESTOUAL
STEMA VARTABTLITY
1.1 8.00 18.6% 5.08 10.9 S0 2.83
¥Indicates 99% confidence interval that includes zero
%RSE s percent relative standard error (lO00%¥ x SEFEST)

ATING FOR NEXT COMMAND
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Assess Model Output & Diagnostics

Sosgnell Fict- DY v, Tinw far R a0vitrt

[T Banat TOTes T Dansa T

Assess Model Output & Diagnostics

Logs ook Window

Liwary e o

) pi.pop Cartrol Center #

| Prejects/Data | ModelRun |
Fropciblams

[EMPLER

RUNDATEIME DATAFILE  OFY

Output

Wi BND CW
5% Rz #2009 I3 L1 EO0L.C8v R0 V

I
235 dug 3L 2009 31512 Z0L.C3W

~‘° /
e e\ = ——— 12 n/
Seluct Cutaul.

[CIMONMEN Results File (RES)  [7] Report Grapns (S-FsiR) [T Bxeal Plotier .748)
[ W 1] Laumeh %

DESCRIFTION

(] Baywsian Parametar Historie s(s-F wisiR)
| Ets Plols (5-FusiR)

# Compare Run Plots (S-Fius/R)
i 4
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1ef = A1

Evaluate the Model

e DA e e tn S G S it B0 i
TR #\1‘1" i B @
o e =
OFV
Profilling

Leverage
Analysis

Evaluate the Model

Logs Tools Window Liwary Help bet

{22 PoveBop Conteol Comtes. i ciiiiaiiniii- e i il s b il
 Proiects Da | Model Run | Ouiput I

Models Available:
‘sampSm.ctl

Multiple MCMC
Chains
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Evaluate the Model

Loge Toole Wancew Library Hewp Bxk
1 Pu-rop Contral Corter TR A T i
Brojects (Data | Madel/Run | Oupun T

DATR FILE OV MK BND COV
908101 Sep ¥ 2000 14229 Boototsap.cov 833,102 T w tesidual ez
0ot-10L Sep 33009 14:23 bootstap.cav 657394 T ® tesidusl exees
jeot-101 Sep 3 2009 14:24 boototoop.caw 744579 T ] residual ercer
wot-101 Sep 3 2009 13:24  boocstoap.caw 723.091 T L e tesidunl erces
o101 dep 3 2009 14534 bootscep.ca TICOT T K tesigue erzor
00t-101 Swp 3 1009 12:28 bootstcapess W27 T X trxidusd mrcox
00L-101 Swp 3 008 13:34 Bootstoap.cw TISOL T X teaidss sreoz
00T-101 Sep § 2009 14:24 BOTSLCAR.CED VSZLEGA T K reamAl ereex
o0t-101 Sep 3 2008 14:24 bootstcep.cac TS T K cesidnal ermer
Sep 3 2000 10520 boocstcap.css UIB.CES T W cessgual arees

10 2009 L6127 samos.cav nN

st [ Excel Ploter #7481
[ EtsPicts -Pus®) [

HIHE S o oo et T
g M e ey o vewount | Prmi s Loy
Do e
o wncios

e

|
|

i Bayesian Parameter
Histories Plots

i W‘MWMM‘\WMN“"WW""
T R m m = o= =
new

Projects (Data | Model /R [ Output [ Fvaksation | |
Matels Awilable:
e
‘agviusct Complerea rapa: 12345 6 2
e T baeetes
Thets L1 sad Lover PUA Coaladesce Levels N
Weihocs Available; L e ¢ LB .
111 453 il n
| 1 Thcta 2 | Oopar ol Lover 55\ Centidance Levels | " s
1] 2.3835:770 — = e
s nses L A [T
Theta 3 1 Upper and Lower DSv Sonfidencw Levels L ] L.
11 10,5366
L1} 3089468
Laver %k Canrigeres Covels A
£l &
o &
Lover 961 Coatadesce Levels A
1 2 3 4 L) ] 1 z 1 k] s €
sz et

Lok [y

Data CImocasss
prars Clmocasss
processo [ e 333
process1 ) ipt

process2 [ ipt_advir 1R
process3 [} mt_averr i
procosss

FloNune: [ advina R
Flles of Tyve: [PDx Pop R Scriot Fles
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1ef = A1

Evaluate the Model

Logs Toss Widew Ldwsry fep fat

A PiixPop Control Center 3 =
Projects (Data |

Model Il |

i i, for. Covarinten Becived Hoctts
i s ML MSEC MBANE
Mofrads brasls: : 6 82,0145 3.487BIIOIM -20.50%64
- 3 ~24.28960 0.4501557427 22 .231%2
i ~24.02613 3 ap
H Zsisies s sensed
b Zasaowz 8980z
H L9742 3480780
. o4 Concordance Plot of Top 15 Models - Approx. & Actual SBC Statistic
I 20613
z Giamir 0001904
E) " bl o
i
13 A
13 e y|
. 34 & 1
2ace -0 300314 & P .
T ~
TRIUIEIINANR and Teou LLoSRRANK & g
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alserrassn hypetiesia: teue recralation ia nes sgas o N
88 peroent contisanca istervais
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car / B
PR
. ol =
5 Py
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Methad Analys o z
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<

o
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_ Projects/Data ModelfRm | Outout T
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101F 5t
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e
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Dok
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7] CheskFun Nomsg W CPUT:
7] Comple oy

[ cemzna ony

(¥l CheckRun tamoz  Me, CPUS:
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Features of PDx-Pop5

Strengths Weaknesses

Cannot read files without valid
filename/format for PDx-Pop5

Difficult to edit plots to taste by
Easy for beginners: Just click! using R or 5-Plus: All results are
automatically controlled

Compatibility and Flexibility

Automated creation, error Meed background knowledge for
proofing of control files R, 5-Plus, Excel to use
Efficiently utilize Cost
outputs, perform analyses (license renewal every 1 year)

Summary of PDx-Pop 5

* Single Run
— DataPrep 7|5 21
— MS-Excel2 g7 Data Exploration
— Basic control fileg clickBt2 2 BHE 4= Q!
— Initial Parameter Variation 7|5 %1&
— User supplied post-processing script 2 &g 4= 9}
- Zi/plot POF X EXE 7|5 &5
— 7| Diagnostics®f] CWRESg! S
— OFV profiling0| E&% &
» Covariate Modeling
— BE7HH| D formal test g
- WAM X
+ Validation
— Bootstrapping, Leverage Analysis(CDD) x|
+ Help & Others
- Q¥ EditorAl8E = AF
— Parallel/Distributed Computation X|2/(CtE SWOHMZ 7| 2)
— History Management X| &, Archiving2 [ 2 ¢!
— Set-upA| CtE SW(O|E S0, PharsightAl SW)Q} path & F2|
- Q27 Zo| &ME Control file restriction0| EOt O WICHE 2

ojo

0o

70




PIRANA

“What's with the name?”

Pirana

Is a
Resourceful
Assistant in
NONMEM
Analyses

PIRANA

* NONMEMI} PsNE 2|2t B3 28 AlS
— K& &&= 08 Mac OSX (Mountain Lion 10.8,
Snow Leopard 10.6), Windows, Linux (32-bit
Ubuntu)
— Z== QJAAFEE NONMEM
— HE Atz R, PsN, Xpose
— K| & Apgh: Clusters, WFN, NMQual
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=
Ex1

« NONMEM At&
- 44X E 2= NONMEM 22| 7ts
—nmfeE A3 D3 XY
— PsN-toolkit 25 X| &
— X| & &|&= Cluster infrastructure: SGE (Sun
Grid Engine), MOSIX and PCluster

=
— LHEEl 22 M3 sl= O C|E{(Emacs [http://ess.r-project.org/,

http://esnm.sourceforge.com/], PSPad [www.pspad.com], ConTEXT

[http://www.contexteditor.org/], Acroedit [http://www.acrosoft.pe.kr])S

A&3tY control file2 0 AIREA HE 7ts
- 29 M7t +S01F 2nE Ars22 2145ty

B I o] BB E REOR 2 THs)

OHL

20 E + A2n,

ta

n

- ABRMEE HZ AU HotE = 2n, FSHOM R B2 excel 2
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(0], goodness of fit plots 2 VPCs §). X2 2%t R 7L F0|
LiEEO RS-

- WEE R FZLZ Xposel| BE 7|5 AL 7ts

— NONMEM Z 1t T2 M HTML- 22 LaTeX-22E2 2 =& 7}

L

o
— Data Inspector 7| 5 AI25l0] A2 M EE =051 AHLE 2 4

o ANE £83 7S

Screenshots

* Main screen (overview of models)
— Model descriptions, results, notes
— Datasets, output tables, Xpose datasets, R

‘Fﬂe Models Resulis Scrils Tools View Help

p,oim-g 9 'ada [Runconsle command I [Fe BROAE .

Folder: homeicoenvExarmples ) PR - MRl Nofoicers  —

5|7 |mew Dosensten |uoted  [omser [orv wrv [s s o _ Fies| Estmates | Reports |
<DIR> 1 il 1@ i
<DIR> [Examples1 Theta
<DIR> [Examples2 1CL 884 (5%
<DIR> fimcd 2V 279 (5%)
1001 Twe compariment Model, Using ~ FOCE+|  examplet esv 3 Proper 0.205 (5%)
w02 Tero Dompariment modl with FOOCY!  enamploZoov 0772140 s o 4 addiive 0.01°
100% 1001 TwocomparimentModel, Using  FOCE+|  examplst esv
‘1003 Poputation Mixture Problem in 1 FOCE4|  exampled.csv -2951.746 § c Omega
o4 RUN# exampled (from ad1trim2t)  FOGE+|  exampled csv 3961055 ) c 1 ivCL 0,084 (21.8%)
5005 Poguiation Mirturs Problen in 1 FOCE+l  cxamplsbesv -3939.498 5 B 2 vV 0071 (14:2%)
1007 Interoccasion Variabily FOCE+|  example7cov -19599.635 s ¢
g | Wo companment Model. Using BAYESH oxampies.cev -Z2udABl 9 St
110 Derma F_FLAG aption fest FOCE+|  exampleil.cey 5942 55 ¢ # Propr) 8
11 Demo F_FLAG oplion 2 FOCE:!  example10lcsy 10035.088 M 2 Addiive 1
[ 20 T Toomoi. aineim aidata | FOGE N Tomt 00Tt 914825 | 5 G
© 02t 2-comp i, linear efim LAPL:|  iv_2cmt_001.e5 -1026.205 s ¢t
021d 1021 2-comp v, lnear elim modiicalion  LAPLs|  Iv. 2emt_001.c¢
W21s 1021 2-comp v, incar elim SIM iv_2emt_001.ce
1022 1-comp oral, linear efim, LAPL:|  oral font 001
W23 1021 2.comp v, incar elm try 2. LAPLl  v_2omt_D0T.6¢ =
I I D=
Staws: ide
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* Running NONMEM

— Extensive running models, with support for
clusters and parallelization

Run model using nmfe

Modet file(s): r001

Run diractory:

| Run in'separate folder(s)

Parallelization: = =

Show command line parameters Hide start script

Start script: pirana_start EnNV.sh
Command: ./pirana_start_EnNV.sh
echo Starting NONMEM runs

|
cd 'home/coen/Examples’ i
gsub -owd -y -V -N Exa_r001 foptnm7_gi_big/utiinmie? r001.mod

echo Run for model r001 submitted.
echo All runs finished / submitted.
echo Done

= =

W Close this dialog window after starting run

* PsN toolkit
—VpPC, NpC, sse, scm, etc.

— Basic information/help in the PsN dialog
window emmm

N i ]

Flun in background: _| (console window can be cosed)

Hioe amuments Show heip nformation History.

vpe

Visual Pradiciive Check.

[h|-2]~help]
[ -n_array="string' |
[--on_by_count="integer’ ]
[ —boxcor_lambea="number |
[ -cansor="siring'|
[ --confidence._interval='integer’ |
[ --dv="slring' |
[ flip_comments! ]
[ --idv="sfring| |
[--keep_ssfimation! |

Command pratix- xrar

‘pc -samples=200 -no_of_kins=8 -bin_by_count-1 -nm_version-default

v
PsN command \mc_rmz_mq

Command sutfix:

W Cose this dislog window after starling run
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* Results
—Viewing of parameter estimates
— Comparing of other models’ estimates

r020.1st (#1 First Order Conditional Estimation with In

Parameter Description RSE ”” HHH‘ A
OFV Objective function value
TH1 CL 9.94 (5.3%)
TH2 V 279 (5.1%)
TH 3 Prop error 0.205 (5.1%)
TH 4 additive error 0.01"
OM 1 iivCL 28.9% (21.9%)
OM2 ivV 0% 26.6% (14.2%)
Si1 Proportional error 1
Sl2 Additive error 0% 1

CSV LaTeX HTML CV: sqri(OM*2) (=4 | exp(THET2

 Visual Run Record of NONMEM Results

— Hierarchical fashion model development
history

Visual Run Rgcord

Orame
L

L RS
oz

L =
e
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» Model archive
— Comprehensive archiving/backup tool

Model & results archive

B r002b " Model: |r020 \
-2012-04-20 19:21:24 Backporeated: 20120220 195225
= 'Of’ Started: \
2012-02-20 19:52:25 T
Elapsed:
L2012-04-20 19:18:12 i ‘,
& r021 Dataset: }chmt;om_csv
L2012-04-20 19:18:12 Description: {1-comp iv, alin elim, all data
® runi OFV: |-914625 |
Modeling results: =l L0
View model file View resulfs file
Restore Diff with current
Close Clear archive
|/
=
| Status: idle

« Xpose

— Multiple Xpose commands are provided
— Plots or R code are provided

Run Xpose commands

Run.no: 1020
Commands: xpose.VPC :]
Include: Gommand ‘Paramm N
dv.vs.ipred object=xpdbr020, type="p" &
{absvaliwresvs pred object-xpdbro20, type="p" T
absval.cwres.vs.pred object=xpdbr020, type="p" i
xpose.VPC wvpc.info="../npc_diri/vpc_resuits.csv", vpciab="../

Arguments: ‘object=xpdbr020, type="p"

Plots: Combine in one PDF —

Output folder: /home/coen/Examples/pirana_reports

Cancel =~ R/Xpose seftings
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» Data inspector
— Quick plots for datasets

Pirana Data inspector (fhome/coen/Examples/sdtabro20)

DV vs TIME

5
"I||
.

D
Vieor LR

1e-02- .

@ 2 4 6 @ 10 12 14 16 18 20 22 24
TIME

Additional plot specifications:
| LOg XIS _| Show unity line
[~ Log Y-axis _| Show y=0

R code: R plot libi 5
Fokars |

setwd (' /home/coen/Examples/ ||

dat <- read.table (File=‘sdtabr020t, skip=l, headsr=T)

plot {x=dacyrmE, y=dat§rv, type='p'. pek=15, col='darkbluat,
x1ab='TTME', ylab='DV', main='sdtabr020’ , log='y')

» Settings

— Settings and preferences easily adapted to
the preferences of the user

General| NONMLM  Software miegration  FaN | fiXpose | Clusters | Joo schoduling | Environment veriabise | Miscolisnecus
Local NONMEM installations:
Name | Location [Version | || e
nm? Joptnm7_gi_big 7 g
nm7_reg Joptnm7_gi_req 7 i
= =]
Rematez NONMEM installations
Cluster  [Name | Location |version g ]
Doris nm7 [opYNONMEM/nm 712 i reg 7 i f
Amazen  nm7ec2 foptnm7gt 7 -
sz ninTifort foplinonmerm/rm7_ifort_reg 7
= =
Geniral paraliefzation files location (local): i
Save
Clos=

(o




* Job schedulers

— Can run and manage jobs on the Sun Grid
Engine and Torque.

— Easily view cluster load, intermediate results,
or stop job

Runntr\g‘ Scheduled | Finished Nades‘ Usage
D |Priority Name |User|State|Submit/Start

204494 0.00000 E73_run704 coen  qw (§/20/2012 10:48:44
294495 0.00000 E73 run704 coen qw 05/20/2012 10:51:18
294496 0.00000 E73 _run730 coen qw 05/20/2012 10:55:59
295172 0.00000 sim671.mod coen qw 052012012 19:02:21
295174 0.00000 sim673.mod coen qw 05/20/2012 19:02:21
295175 0.00000 sim674.mod coen qw 05/20/2012 19:02:21
295178 0.00000 sim677.mod coen qw 05/20/2012 19:02:22
295181 0.00000 sim680.mod coen qw 05/20/2012 19:02:22
295182 0.00000 sim681.mod coen qw 05/20/2012 19:03:52
295183 0.00000 sim682.mod coen qw 05/20/2012 19:03:52
295184 0.00000 simB683.mod coen qw 05/20/2012 19:03:52
295185 0.00000 simB84.mod coen qw 05/20/2012 19:03:52
295186 0.00000 sim685.mod coen qw 05/20/2012 19:03:52
295187 0.00000 sim686.mod coen qw 05/20/2012 19:03:52
295188 0.00000 sim687.mod coen qw 05/20/2012 19:03:52

|GuevelcPusiiz |

G U Y

Bl
IEEE m sstimode | Alusers  Refresh Kill il jobs Close

License

* Academic license
— Academic researchers, students, clinicians, etc

— Free of charge for academic license

» Commercial license

— Industry, consultancy firms, etc.

— 1 year for 1 copy: €500 (5 copy: €2,000; 10
copies: €3,500; 20 copies: €6,000; unlimited:
£€12,500)
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PDx-Popl1t2| Xt0|

T2 AZEQOEA M AFE Al)

LH&E R A2 AFER =73 7t5(PsNIt Xpoself| M AL
St= R 72 £E)

Cluster 7|5 X222 HERYIE ST L5 29 /ts

O 7hAl OS Al H(Bredet 280 M AR 71s)

PsN2| 225t 24 7| =(covariate searching[scm], code
generating[update code], bootstrapping, VPC, random

permutation test) 3! Xpose?| plotting 7| = 2t5 X &

Summary of PIRANA

+ Single Run
— Data Exploration 7|5 £&
— Initial Value Perturbation 7}
— E 53R script A& — post-processing, diagnostics
— Clickgt@ 2 Znt/plotS PDF/HTML/Latex S22 A E
— ClickBte 2 bhasic control file ZHd 7t
* Covariate Modeling & Validation
— PsN, Xpose 7|&(bootstrap, cdd, scm, vpc/npc, sse, lasso, . )& €A B5F £ 5+ US
-Zt&st validation
— Covariate search7| 52 scmAl& - NLMEECH 23
* Help & Others
— L+t distributed computing(cluster) XS
— CIYsH OS Ml&, H| 2 H X} update — Uppsala groupOflAf BHE 10 AL
- R¥7HRIS E8
— Template/Library 3
— History 22|, Archiving 7|5 £8
— QIZ Editor Z7Hs(Syntax highlighting Z7Hs)
— B2 Ch2 SWetintegration 2
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Summary

Pirana+

"h—A-r \

\@ PsN+Xpose+ '-"i-r."b,, A, "r"v Validation
NONMEM < —~ =
A A
L = ~_A =
E%XNI;;?E)&I L) OFV Profiling
\@f Phoenix NLME "vAv,. A, "*,7 . Covariate
b ~ =X S
-8 Ry, K
Monolix 2 A
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Introduction

*Tacrolimus

* Tacrolimus is a competent immunosuppressant used for the
prevention of rejection after organ transplantation usually
with mycophenolate and steroids (1).

* It is known that trough levels of tacrolimus, especially of
the first 3 months, are significantly associated with clinical

outcome.

* Tacrolimus has a rather narrow therapeutic range, but it is
still hard to predict tacrolimus level precisely due to high
individual variability of tacrolimus clearance (2-3).

1) Plosker GL, et a/, Drugs, 2000; 59: 323-389
2) Staatz CE & Tett SE, Clin Pharmacokinet, 2004; 43: 623-653
3) Kershner RP, et a/, Transplantation, 1196; 62: 920-926

Introduction

*Factors affecting tacrolimus concentrations

* Several clinical factors are known to be related with
tacrolimus pharmacokinetics (1-2).
- Age, Sex, Body weight, Ethnicity, Hematocrit, Albumin, Scr level,
Post-operative days (POD)

- Concomitant immunosuppressants and other drugs (3)

* Some genotypes are also considered as responsible for
tacrolimus level.
- CYP3A5 metabolites tacrolimus in the liver and small intestine (4)

- ABCBE1

1) Staatz CE, et a/, Clin Pharmacokinet, 2007; 43(10): 623-653

2) Kim IW, et &/, Eur J Clin Pharmacol, 2012; 68: 657-669

3) Venkataramanan R, et a/, Clin Pharmacokinet, 1995; 29: 404-430
4) Iwasaki K, et a/ Drug Metab Pharmacokinet, 2007; 22: 328-335
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Introduction

*Tacrolimus population pharmacokinetic studies in
kidney transplants

Han, etal.  KTPL, Adults CL: POD, CYP3A5, Hematocrit k, 4.5 h't fixed
(2012) N=80, Korean V,: Body weight
(first 400 days)
Woillard, et KTPL, Adults CL: CYP3A5, Hematocrit Week 1, 2, 4,
al. (2010) N=32 (first 6 mo) Vy, k;: no significant covariates 12, and 24 for
N=41 (after 12 mo) 32 pts
Zhao, etal. KTPL, Pediatrics CL: CYP3A5, Hematocrit, Body weight Lag time,
(2009) N=50, French V,, k: no significant covariates k, estimated
(first 2 mo) Dose proposed
Antignac, et KTPL, Adults CL: increased with POD and the dose FOCE
al. (2007) N=83 (first 2 mo) of prednisone (>25 mg) k, 4.5 h! fixed
V,, F: no significant covariates
Musuamba, KTPL candidates, CL: CYP3A5, ABCB1 genotype 1 day dense
etal. (2009) Adults N=19 k,: time of drug administration

(before operation)

*To establish a population pharmacokinetic (PK) model
of tacrolimus and evaluate the influence of clinical
covariates, including the genetic polymorphisms of the
cytochrome P450 3A5 (CYP3A5) and gene encoding
ABCB1, on the PK parameters in adult Korean kidney

transplant recipients.

“Objectives
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*Methods

Methods

*Ppatients

* Inclusion criteria

- Received kidney transplantation at Seoul National University
Hospital

- Between March 2007 to July 2010
- Administered with Prograf® (Astellas Pharma US, Inc.)

* Exclusion criteria
- Younger than 18 years old
- Multi-organ transplantation
- More than 2 transplantation
- Administered with Tacrobell® (CKD Pharmaceutical Corp.)
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Methods

“Sampling of tacrolimus concentrations

* Dense sampling

- Just before and 0.5, 1, 2, 4, 6, 8, and 12 hr after administration
of tacrolimus during 10 to 15 days after post-operation

* Trough level sampling

- Collected all tacrolimus trough levels till around 14 days after
transplantation

* Tacrolimus concentrations were determined by LC-MS/MS

Methods

“Genotyping
* DNA was extracted from the whole blood samples (5 mL)

* Genotype
- CYP3A5 6986A>G (intron 3, rs776746)
- ABCBI 1236C>T (exon 12, rs1128503), 3435C>T (exon 26, rs1045642)

* TagMan allelic assay

* Hardy-Weinberg equilibrium test using Chi-squared test
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Methods

*Data collection

* Demographic data

- Age, Sex, Dialysis duration, Type of dialysis before
transplantation, Type of kidney disease, Donor type, Graft
weight, post-operative days

- Concomitant immunosuppressants and other drugs dosage

* Clinical/Laboratory data

- Hemoglobin, Hematocrit, Body weight, Serum creatinine,
AST/ALT, Total bilirubin, Cholesterol, Albumin, Total protein

Methods

*Modeling method
* Program: NONMEM® version 6.1

* Model building

- ADVAN2 TRANS2 (One-compartment pharmacokinetic model with
linear absorption and elimination)

- First-Order Conditional Estimation with Interaction
- Inter-individual variability: Exponential relationship

- Residual variability: Proportional relationship

* Covariates Selection
- Forward selection (p<0.05, OFV decrease > 3.84)
- Backward elimination (p<0.001, OFV increase > 10.83)
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Methods

*Model validation

* Bootstrap: 2000 times
- Program: Perl-speaks NONMEM (PsN® ver. 3.1.0)

* Visual Prediction Check: 200 times
- Program: Perl-speaks NONMEM (PsN® ver. 3.1.0)

*Covariates evaluation

* Program: IBM SPSS statistics ver. 19

*Results
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Results

*Ppatients and data collection

* 122 patients received first kidney transplantation were
enrolled to the study

* Total numbers of collected tacrolimus level: 3356 points
- Dense sampled points: 481 points from 61 patients

Results

*Demographic data (n=122)

Patient characteristics Patient characteristics

Age (years) 409 (19-69) Graft Weight (g) 160.2 + 35.6
Sex, n(%) Type of kidney disease, n(%)
Female 55 (45.1) Diabetes 9 (7.4)
Body Weight (kg) 583 + 106 Hypertension 5 (4.1)
Donor type, n(%) Glomerular nephropathy 44 (36.1)
Living donor 80 (65.6) Unknown 43 (35.2)
Deceased donor 42 (344) Others 21 (17.2)
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Results

*Allelic frequencies (n=122)

cC cT 1T
1236C>T
36 (29.5) 63 (51.6) 23 (18.9)
ABCB1
cC CcT 1T
3435C>T
23 (18.9) 71 (58.2) 28 (22.9)
AA (*1/*1) AG (*1/*3) GG (*3/*3)*
CYP3A5 6986A>G
12 (9.8) 40 (32.8) 70 (57.4)

* Poor metabolizer

Results

*Tacrolimus concentration profiles (n=122)

- DV vs TIME

<0

0 50 100 150 200 250 300 350 400 450 500 550
TIME
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Results
*Modeling - forward selection

(Covariate ____[Model _______________[OW __[aoFv |

Base model 7857.528 -

CL/F POD CL=01*(1+POD*Q2) 7789.933 -67.595
Hematocrit CL=01*(1+HCT*O2) 7833.216 -24.312
Albumin CL=O1*(ALB+0.0001)9?) 7850.894 -6.634
Weight CL=01*(1+WTKG*G2) 7847482 -10.046
Total protein ~ CL=@1%(PRT"e2) 7849.848 -7.68
CYP3A5 Cl=@ 1 elErICrRaET 7831.934 -25.594

V/F POD V=01%*elPOD*02) 784794 -9.588
Hematocrit V=01%(Hcre2 7846.292 -11.236
Weight V=O1%WTKe2) 7843.15 -14.378
Albumin V=01*(ALB+0.0001)°2) 7853.508 -4.02
Total protein V=01*(1+TPRT*©2) 7853.126 -4.402
Age V=01%*AGE®2) 7847.492 -10.036

Ka Hematocrit Ka=01*(1+HCT*G2) 7849.549 -7.979

' CYP1=CYP3A5 *1, CYP2=CVYP3A5 *3/*3

Results

*Modeling — backward elimination

| Covariate _[Model _______________|OFV__|AOFV |

—@1* *y * * *, Ody%
Full model e U e TR
V:@9ire(PO0'91m*e:HCT'@m*e(WTKG*alz)*(ALB+o_0001)913}*(1 %

TPRT*@14)*elAGE"015)
Ka=016*(1+HCT*017)

CL/F Albumin  Gl501(3POD*O2) 1 +HCT'O3) L+ WIKGOI)'eTeote™ 7681 462  +0.095

V=00*e(POD'OL0j*gHCT'EL1a(WTKE*O12%(AL B+0.0001)923)%(1+TPRT
*Q14)*elice 015
Ka=@16*(1+HCT*©17)

Total CL=01*(1+POD*@2)(1+HCT*@3)*(1 + WTKG*@5)*e(CYPro7-Crez 7686.862 +54
Protein V=09*aPODB10xgHCT"OLgWTKG'®12i(A| B4+ 0.0001)923)*(1+TPRT

*©14)*elAcE0LS)

Ka=016*(1+HCT*©17)
Weight CL=01%(1+POD*©2)*(1+HCT*@3)*elCYPO7+CYP2'08) 7693.894 +7.032

V:ngewobﬂemznemc‘l'011)*E(WTKG!912)*(ALB+ 0-0001)913)'(1+TPRT
“©14)*elAGE'BLS)
Ka=@16*(1+HCT*@17)

- CL291*(1+ponﬁ@z)‘*e(mrehcwztem
Hetmato vgeg*effﬂﬂ'elﬂ)ielHCr'GJ.l)*e(WTICG’EH)*(ALB+QDQUlJEHJ"(l.’.TPRT 7702‘812 + 8'9 18
cri “@14)*eiAGE01S)

Ka=016*(1+HCT*017)
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Results

“Modeling - backward elimination

| Covariate_[Model ______________JOFV___|AOFV |

V/F  Albumin  CL=BI(14POD'@2)"elcrren.cvezen V30203

V=00 *e(POD"O10)* a(HCT'OLUaWTKG©12)%(1 + TPRT*@14) *elhGE01S)
Ka=016*(1+HCT*017)
CL=01*(1+POD*@2)*ealCrP1*a7-CYP2'08)
POD T e 7709.254 +6.142
Ka=016*(1+HCT*@17)
CL=01*(1+POD*G2)*elCYP1:@7+CYP208)
TOt?t[ = v=99*EEHCI“BI!.]&E(WTJKG‘BIZJteiAGE'aﬁ) 7710'97 5 2 1'72 1
Rratei Ka=016*(1+HCT017)
o CL=01*(1+POD*Q2)*elCYP1'a7+C¥r2'EE)
H'etmato vzeg*esmkﬁveu)fem)G:GllS] 7712 " 184 + 1209
& Ka=016*(1+HCT*@17)
—O1* i *alCYP1*O7+CYP2'O8)
Age cL-or1-poDG2)e 7722186 +10.002
Ka=016*(1+HCT*017)

Ka e | Lol 772507 +2.884
crit Ka=016
Final Model ~ CL-0L'@+poptopecres-crsen 712507 |-
Ka=07

Results

*Final Model

CL/F(L/h) =162 X (14 (POD —844) x 0.018) x o (CYP1X0437 +CYP2X0.037 )
V/F(L) = 184 x ¢ (W TK§/57.50)x0.409

k,(h™1) = 447

Lag tin e (h) = 0.25 (Fiead )

* CYP1= CYP3A5*1, CYP2= CYP3AS5*3/*3

93




Results

“Population pharmacokinetic parameters

%SEM

Inter-individual variability (%)

CL/F 16.2 bl
POD 0.018 213 -
CYP3AS5*1 0.436 171 -
CYP3A5*3/*3 0.0365 119 -
V/F 184 9.9 68.6
WTKG 0.409 229 -
k, 447 10.7 65.8
Lag time 0.25 (fixed) - -
wCL/F 339 8.1 -
WAV/F 62.1 105 =
w?k, 60.0 24.9 -
o? 4.07 = =
Random residual variability (%) 4.7 - -
Results
Observations vs.

Population predictions / Individual predictions (Run 346)

1] 10 20 30 40
1 E_i

1 1 L 1 1 L
Population predictions Individual predictions

40

Observations

Predictions
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Ohservations/Predictions

Results

Observations [ Individual predictions / Population predictions
vs. Time (Run 346)

0 100 200 300 400 500

1 L I 1 1 1 L 1 L

! 1
Population predictions

I ! ! I
QObservations Individual predictions

Results

“Individual plots :

DVeee IPRE—  PRED =
0 200400 0 200400

| IE S T |

1 11 | B M |
D1 | D2 | ID3 | D4
40 7 = =
o o T [emd |l Vi -
S ID5 | ID6 | ID7 | ID:8
% :o b4 n -
D - 220
£ :g}ﬂg Sossy Mgw =k
e D9 | ID:10 [ID:11 [ ID:12
S 40 7 % . =
2 7 It ook (A g |foad
2 ID:13 | ID:14 | ID:15 | ID:16
2, - 40
—°&& o8 |, % - 20
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Results

*Bootstrap (n=2000)

5% percentile 95" percentile
cLF

16.2 13.40 19.04
POD 0.018 0.011 0.024
CYP3A5*1 carrier (0437 0.286 0.632
CYP3A5*3/*3 0.0365 -0.129 0.238
V/F 184 159 217
WTKG 0.409 0.270 0.564
k, 447 374 438
Lag time 0.25 (fixed) - -
w2CL/F 339 28.3 38.6
w?Vy/F 62.1 495 723
wk, 60.0 299 81.2

Results

*Visual predictive check (n=200)

Visual Predictive Check
Observations vs. Time (Run 0)
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CL (L/hn)

Results

*Covariate evaluation

o P < 0.001 50
: 0| e’
F 1 1° ggE
: i — =y
@ 1
Q 20 l_'
< | -
: =
gl = 5 P iigaanges
0_.
[¢]
CYP3A5%1 CYP3A5%3/%3

10 15 20

Post-operative days

P < 0.001

25

Results

*Covariate evaluation

1200
1000
800 |

600 |

vd (L)

400 -
200

0 - :
0 20 40 60 80

Body weight (kg)

P < 0.001

100 120




Discussion

*The population estimated values of CL/F, V/F, and k, were
closed to those reported in other studies which also carried
out population PK analyses on kidney transplant recipients.

*Numerous studies have shown that patients with CYP3A45*3/%3
enotype have higher blood tacrolimus concentrations than
those with the CYP3A5*1. However, ABCBI genotypes were
found to have no effect on the PK parameters of tacrolimus.

%Many studies have demonstrated that CL/F increased with
increasing number of post-operative days for the early days
after transplantation.

*Other concomitant drugs, such as MMF and corticosteroids
did not seem to have an influence on the PK of tacrolimus in
this study.

Conclusion

*This study is to investigate the population PK of
tacrolimus in Korean kidney transplants while both clinical
and genetic factors as covariates.

*The CYP3A5 genotype and post-operation days were
identified as the main covariates that influence CL/F and
body weight was found to have a significant effect on /£

*This tacrolimus population PK model will be a valuable
tool in developing rational guidelines and provides a basis
for individualized therapy after kidney transplantation.
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Pharmacometrics research and application in the hospital
setting

Jae Yong Chung, MD, PhD.

Department of Clinical Pharmacology and Therapeutics, Seoul National University College of
Medicine
Clinical Trial Center, Seoul National University Bundang Hospital

The concept of modeling and simulation is not only useful in the drug development proc-
ess but in the patient care and academic research. A range of pharmacometric approaches
and tools to the care of patients in a wide variety of clinical settings including pediatrics,
a population perhaps most in need of a careful approach to therapeutic drug use are now
being applied. Core Function of Pharmacometrician in university hospital is mainly focusing
on developing translational research methodology and teaching new students. There are
several pharmacometrics cores in the hospital setting. For example, Kinetic Modeling and
Simulation in Univ. Penn is at the forefront of bringing pharmacometrics to the bedside,
with web-based “Dashboard” interface between clinicians, the electronic medical record,
and sophisticated modeling. Some cases and experiences of academic research in the
hospital setting using pharmacometrics approach will be shared. Multidisciplinary approach
is necessary to achieve model based individual therapy in the patient care, dose opti-

mization, personalized medicine and “therapeutic drug management”.



PAGK Annual Meeting, 6 Dec 2012

Pharmacometrics
Research & Application
In Hospital Setting

Jae Yong Chung

Seoul National University Bundang Hospital

Multidisciplinary influence on the field of PMx
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Medicine
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Ethics
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J Clin Pharmacol 2008;48:632-649

102




Multi-professional Area

Regulatory

Hqspit_al Agency

Core Function of
Pharmacometrician in Academia

Collaborations

» Support/consult * New = Pmxian across
industry applications biomarkers/endpoint institutions

+ Translational « Disease » Grant team members
research process/progression -+« Statisticians,

+  Methodology/IT + New tools programmers

+ Developmental + More trained * Neonatologists,
population PK/PD Pmxians * Pharmacologists

+ Teaching new
students

J Clin Pharmacol 2008;48:632-649
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- O
Strengths Weaknesses Opportunities Threats
Foundation in math. Little Math electives easily Competition for
chemistry, physics, experimentation accommaodated as students by
hiology No programming TeCesSaTy high-paying
Principles of drug action, Only basic Statistics, study pharmacy johs
pharmacology, and statistics design, Often sparse funding
hiochemistry understanding programming, and opportunities
Anatemy and physiology simulation courses
Applied PK and PK/PD, would fit well
and therapeutics into existing
Appreciation for drug curriculum
delivery and input in
veneral

1 Clin Pharmacol 2008;48:632-649

Hospital Setting Afgj

» Pediatric hospitals: a setting and patient
population perhaps most in need of a
careful approach to therapeutic drug use.
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18 &l

Pharmacometrics Infrastructure Core

i 2>

KINETIC MODELING AND SIMULATION

Kinetic Modeling and Simulation ( KMAS )

Crucial infrastructure and Partnering with Univ. Penn. and Children's
Hospital of Philadelphia Clinical & Translational Science Award (CTSA).
Director: Jeffrey S. Barrett, PhD is at the forefront of bringing
pharmacometrics to the bedside, with his web-based "Dashboard”
interface between clinicians, the electronic medical record, and
sophisticated modeling.

(a) Aid in the development of drug assays

(b) Promote and assist in the performance of tracer kinetic studies

(c) Develop novel approaches to kinetic data analysis

(d) Provide pharmacokinetic (PK), PK- pharmacodynamic (PD), and tracer kinetic modeling

(e) Develop educational modules in pharmacokinetics and tracer kinetics to populate the
educational initiatives pursued within the CTSA.

Staff: 11 MD, 14 PhD (5 PharmD, PhD), 3 MS

O\ Cincinnati _ -
Children’s Home Patients & Families Healthcare Professionals  Researchers

Research At Cincinnati Children's Institutes, Divisions & Centers Research Cores Educatio

Clinical Pharmacology

HOME »RESFARCHERS » INSTITUTES, DIVISIONS& CENTERS »C » CLINICAL PHARMACOLOGY > LABDRATORY OF APPLIER PHARMACOKINETH
TOM)

Clinical Pharmacology H
e, Laboratory of Applied

L R s Pharmacokinetics and Therapeutic

Druy Management {LAP-TDM)

e o—— Drug Management (LAP-TDM)
Accomplishments, 2010-11 Mast drug development programs require pharmacology axpertise. Tho Laboratory
Faculty Resaarch of Applied Pharmacokinetics and Therapeulic Drug Managemen! is a center of
Clinical Phamacolony Grants, 201011 excailence for population P/ PD modsling and Monle Carlo simulation through
Glinical Pharmacology Publications, Pharsight Corp.'s as:ademtc Flcensmg program and senves as @ Pharmacomeings
2040-11 Caore for the NIl Padiatnic Pharmacoioay Resaarch Natwork (PPRU)

Sander Vinks, PharmD, PhD
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Laboratory of Applied

Pharmacokinetics W s ool
Optimizing drug therapy for populations and individual
patients

Thank you for your interest in LAPK software, We currently distribute two software packages that are avallable for download. Please complete

our License Agreement if you download the

RightDose" dL.IllJLI

Pmetrics’

Roger Jeliffe, MD: Founder of LAPK, USC*PACK

Michael Neely, MD: Pediatric physician and clinical pharmacologist
(pharmacometrician)
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Example of Research

POPPK of Clinical Data

« Pharmacogenetics
— Phenobarbital and CYP2C19
— Theophylline and CYP1A2

 Aprotinin during cardiopulmonary bypass
« Vancomycin and Cystatin C

Phenobarbital PK in Neonates

* PB metabolism was affected by CYP2C19
polymorphisms in adults requiring dose
adjustment.

» Objective: To evaluate the effect of CYP2C19
genetic polymorphisms on PB PK in neonates
and infants with seizures.

* Patients: 52 neonates and infants (TDM data)

» Covariates: BWT, AGE, PB daily dose, CYP2C19
genotypes, laboratory findings

Lee and Chung et al. Arch Dis Child 2012:97:569-572




Phenobarbital PK in Neonates

(A) ®) n
- EM Hetero PM | Ef? Hetero PM
£.] = - i 3 t b

Final model
One Compartment IV bolus Model
No significant effect of Genotypes

Vd (ml)=3590x (BWT/4)0766x (AGE/2)0283 (CV=31.1%);

CL (ml/h)=32.6x(BWT/4)12t (CV=27.0%).

Lee and Chung et al. Arch Dis Child 2012:97.569-572

Theophylline PK & CYP1A2

+ Patients
— 100 premature infants in NICU
— <37 weeks in gestational age
+ Covariates

— oxygen support, sex, delivery mode,
CYP1A2 genotypes, GA, postnatal

CAbIVS 38€0C>V

4 - e
o ew

age (PNA), postconceptional age
(GA+PNA), weight (BW), height,
BUN, creatinine, AST, and ALT

* Final Model

— One-compartment model with
rapid absorption and first-order
elimination ws] §

- No effect of CYP1A2 genotypes =

o700

1

cic
o ow

<3 <% <=2 <=e >e

CAbIVS “lezc>v

— CL (L*h™Y) = 0.00492 * (BW)3.53 -
+ 0.00646 * (PNA)
- Vd (L) = 1.53 * (BW)

<=5 <=3 <=t <=2 <=£¢ =€

Lasaaral ane (meavsl

Slide Courtesy of Bo-Hyung Kim,

Ther Drug Monitor in 2" Revision
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Aprotinin Pop PK Study

Bolus C.inf Pump C.Inf
Administration of R g
somlin I: iniection  start prime stop
-
CFE CPB
Cardiopulmonary . off
bypass (CPB)
Cadicoulmonary byoass
Heparin Waming | Transfer
Infusion stan o IcU
IR N
Time (h): 0. 008, 017, 067, 077, 0.90. 1.30, 1.60, 292 357 485 7.00, 7.77. 343
Sampling
e L1 feeetne o0 1
A i,
Pre- Post- Post- Post-  Post-
dose bolus CPBon C. Inf. stop CPB off
\ S min 5, 30, 60 min 1h 6h

Slide Courtesy of Bo-Hyung Kim,
Tae et al. J Clin Pharmacol. 2011;51(8):1163-76

Aprotinin Pop PK Study

— LoH
E g
= o £
= = =0 S
i 1*
-Bm B 200
]
- I-
a"™ 8
Eﬂ §
: !
o 2z a s 10 2 14 o “ IE 1] ] A 4
Time {houn) Time i)

Visual predictive check for the final model
with a full data set of the 27 patients

Final Model
+ Two compartment model + CPB effect on
CL/Vc + inter-occasion variability on CL/Vc
* Pre- & post-CPB; CL (mL/h) =
350xexp(mlIV+lOV)
» During CPB; CL (mL/h) = 687x<exp(/llV)

Slide Courtesy of Bo-Hyung Kim,
Tae et al. J Clin Pharmacol. 2011;51(8):1163-76
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Vancomycin and Cystatin C

* 678 patients with normal serum Cr (<1.2
mg/dL): 1,373 concentrations (Peak & Trough)

* Final POP PK Model

— One Compartment
— CL=4.9 *(1 + Bcie(age — S57N*(L + Bciraw*(TBW —60.8))*(1 +
B..<c,*(SCr — 0.8))*(Cystatin C/0.91)078, (if female, apply 0.85)

— V=46.2*1 + By,4.*(age — 57))*(1+ By (TBW — 60.8)), (if female,
apply 0.88)

Chung JY and Song YG, JKMS Accepted

Predicted Vancomycin Concentrations

(A) (8)

—&— Cystatin C = 0.4 ma/L
-—-#—- Cystatin C = 0.9 mgiL
—8— Cysiatin C = 2.0 mgiL

—&— Low CL
—a— HighCL

(=]
(=]

o —o— Cystatin C = 3.0 ma/L g‘

o 50 £

3 = 90F, 40 kg, Cys=3.0 mg/L
k] £ 80 SCr =12 mg/dL
e B

5 :

§ 40 S 601

g §

5 é 40

c 5

= =

Bk
=]

# § M8
0 . 0 M 20M, 100 kg, Cys=0.4 mg/L

5Cr =0.6 mg/dL

10 30 50 70 0 50 100 150
Time {hr) Time {hr}

Chung JY and Song YG, JKMS Accepted
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Prospectively Designed Clinical Study

Modeling of LDL-C lowering
effect of atorvastatin in
Korean dyslipidemic patients
and non-patients

LDL-C Profiles after Atorvastatin Tx in Korean
dyslipidemic patients and non-patients

=} Observed_P
Mean_Observed_P
| A ——=Mean Predicted_P
200 A Observed_NP
a Mean Observed _NP
g ——- Mean Predicted_NP
8
5 1501 4 2
3 B,
> S
2 g
. | &
0O 1007
=
50 7
D T
0 10 20 30 40 50 60
Time (Day)

Oh ES et al. UCPT. 2012,50(9).647-56
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Model for Statin action

[ HMG-CoA reductase | 4 ¥ LDL recaptor

| mhibiticn UP-regulation
4 |

b

[l Inwaceluar
chaotestrol
A synthesis

K, (2/L/day) 0.15
L | K, (day™h) 0.105
r_ INH 0.09
| Hepatocyls SD30 patient (mg) 11.9
SD50 non-pat.(mg) 2
Pracursar compartment ISV (K,) 0.016
ISV (SD30) 0.98

@ \\ _J_/.r"}

(nhibition)

Fundamental & Clinical Pharmacology 20 (2006) 321-330

Simulation for LDL response: 6-week treatment

140

120 1

100

80 1 Non-Patient

60

140 7

120

LDL Cholesterol (mg/dL)

100

80 7 Patient

69 T T T T
1] 20 40 60

Time (Day)

Oh ES et al. DCPT. 2012,50(9).647-56

112




PK Modeling for the Exploration of
Drug Interaction Mechanism

Metformin and Rifampin

Rifampin Enhanced Glucose Lowering of Metformin

Glucose (ma/d)  <Bageline> Glucose (mg/d)  <Rifampin Induced>
180 1§ 180
160 4 H
1 L . == Before 160 1 T E. E w=pum Before
140 4 )_. : \1\ Metformin 140 ’L.;‘L _ Metformm
1201 1/ «--‘l\_ ST 120 I "-.L
100 1 5?1 l\*- i T 100 - ,'._/ j_l_l -~ )
pant _I_. ':["b.,r-_-_d i ‘Vl lm
60 60 4
40 40

0 @3E b 90 1200 180 asg 0 30 6 9 120 150 180
Time (min) Time {min)
2000

il i? —e— Before rifampin
1500 i

=== After rifampin

1000

500 Clin Pharmacol Ther. 2011;89:416-21




Compartmental Modeling Analysis

2500 Baseline 25001 g Rifampin Induced
(#]
i)
TVCL = THETA(1)*P1 + THETA(BFP2 @°
2000 éb TW2 =THETAQ2)'P1 + THETAZ)'P2Z 2000 %O o Observed
B Tva =THETA®) of Predicted
é TVW3 = THETA{4)
o TVKA =THETA(S;P1+ THETA(B}*P2
o F1  =1+THETA@IP2
1500 1500 1
1000 1000 1
500 500 1
0 01
10 15 20 25 30 35 275 280 285 200 295 300
TIME TIME

Compartmental PK Modeling Analysis

Metformin Dosing

Relative Bioavailability : F = 15% Increased

Absorption ﬂ Ka=0.63 (h")=> 1.2 (h")

Q=36.6 L/h

Distribution ;
(—

Elimination Clearance=94.1 L/h
= 96.1 (L/h)

Baseline
Rifampin Induced
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Metformin

Absarption

Intestinal o y Brush border 1 ',
epithelium A ] ' i »  epithelium

Basolateral

. Absorption =}
Vd 7t
CL =017

Canalicular

Hepatocyte
Pharmacogenomics (2008) 9: 415

Supplementary

Effect of OATP1B1 (SLCO1BI) variant alleles on
the pharmacokinetics of pitavastatin

100
-

40
= -
E
E 80 E
E E
£ =)
o L3
Q E
z 80 &
- °
] H
H £ 20
2 - g
S 40 p
o a2
8 - 8 10

20
o
Hb*b Harta *farth a3 b5 HbMb “atfa *fatb *1a*15 ‘M5

Chung et al. Clin Pharmacol Ther 2005:78:342-50,
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Supplementary

PK Parameter modeling

o PKPAR = Q1.THETA.,, + Q2 THETA.,, + Q3-THETA.;

m Sum of two partial THETA(CL) of the three alleles
(THETA*1a, THETA*1b, and THETA*15)

= Calculated the quantitative proportional contribution to
pharmacokinetic parameter by each alleles using

NONMEM

Supplementary

Estimated allele specific pharmacokinetic
parameter

Allele specific Clearance Mean CL/F estimate SE+ of

(ml/hr) estimation
THETA.,, 125 1.3
THETA.,. 93 14
THETA. 5 43 15

Genotype specific Clearance

OATP-C"1b/*1b 25.0
OATP-C*1a/*1b 218
OATP-C*1a/*1a 186
OATP-C*1b/*15 16.8
OATP-C*1a/*15 136
OATP-C*15/'15 8.6
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Research Area

* Clinical
Patients
ial Population

*Omics
Genomics
Metabolomics

Opportunity

Phenobarbital CYP2C19
Theophylline CYP1A2

Atorvastatin
Vancomycin
Apratinin
Pitavastatin
Metiormin-Rifampin

Perspectives

© AURIE DHYBAIZ 0N P XIS

2y

-

« Multidisciplinary Approach

— Pharmacometrics Core Network with Clinical
Departments

* Model based Individual Therapy :
Therapeutic Drug Management
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Dr. Joseph (Yong Ho) Kim is a director of Clinical Pharmacology Modeling Simulation
Group in Quantitative Sciences at GlaxoSmithKline Research & Development Center in
Research Triangle Park, NC from 2002 by joining Clinical Pharmacokinetic Modeling and
Simulations Group. Before joining the company, he was a consulting scientist and support
specialist at Pharsight Inc. in Cary, North Carolina. He got his PhD in Pharmaceutical
Science from the University of the Pacific in Stockton, California on Population PK of HIV
drugs in children and adolescents with advanced HIV disease. He holds a B.S. degree in
Pharmacy from Kyung Hee University and an M.S. degree in Clinical Pharmacy from the

same university.

Dr. Kim holds pharmacist licenses from Korea and California and had practiced as a clinical phar-
macist in both countries. He is a contributor of two chapters of a book titled Pharmacometrics: the
Science of Quantitative Pharmacology, E. Ette and P. Williams (eds.), John Wiley & Sons, 2007.
The book explains the science of pharmacometrics and its application to drug development, evalua-
tion, and patient pharmacotherapy, providing a comprehensive set of tools for the training and de-
velopment of pharmacometricians. Since 2006, Dr. Kim has served as an adjunct professor at the
School of Pharmacy, University of North Carolina at Chapel Hill and advised a PhD student and
taught advanced pharmacokinetics. He is a frequently invited speaker for many international
meetings. Currently, he is residing in Shanghai, China as a global assignee to establish a Clinical
Pharmacology Modeling Simulation Group in GSK China R&D and will return to USA in February
2013.



Working as a Pharmacometrician in US/UK/EU — what are
they looking for? Hiring manager’s perspective

Joseph Kim, PhD, RPh

Director, Clinical Pharmacology Modeling and Simulation, R&D GlaxoSmithKline,
Research Triangle Park, USA

Pharmacometrics can be defined as the study of mathematical models of biology, phar-
macology, disease and physiology used to describe and quantify interactions between
xenobiotics and patients including beneficial effects and side-effects resultant from such in-
terfaces1. Since the publication of FDA Guidance of Population PK in 1999, the demand
for pharmacometrician has increased dramatically. This semina will first overview the cur-
rent status of pharmacometrician in academia, industry and regulatory environments. The
focus will be on industry pharmacometrician in US/UK/EU for their roles/functions, qual-
ifications, salaries and experiences. In addition, the recruiting processes of drug industry
for pharmacometrian will be discussed in detail so that the audience can understand the
interview processes and prepare job interview if they need one. In additon, the prospects

of the field will also be discussed.

1. http://www.med.upenn.edu/kmas/




Working as a Pharmacometrician in
US/UK/EU — what are they looking
for? Hiring manager’s perspective

Joseph Kim, PhD,RPh
Director
Clinical Pharmcology Modeling & Simulation
R&D China

Agenda

* Current situation
* Future
* What do | need do/know?
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Current Situation

Distribution of Pharmacometrician

Response Response

Percent Count
Small PhRMA [ 63% 13
MediumPhRMA [ ] 16.9% 35
BigPhRMA [ ] 31.4% 65
Generics 0.0% 0
Regulatory Agency | 1.0% 2
crRo [ 9.2% 19
Consultant [ ] 7.3% 15
Academic Institution [ 23.7% 49
Research Hospital [] 4.4% 9
Name of Company / Institution 78
answered question 207
skipped question 2

Based on survey completed in 2007 from NMUsers listserve
(http://mww.med.upenn.edu/kmas/). Also found in Barrett et.al. J Clin Pharmacol 2008 48: 632
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Role of Pharmacometrician

Response
Percent

Pharmacometrics |

58.2%

Drug Metabolism & I:I

Pharmacokinetics

Clinical Pharmacology |:|

Biostatistics [

Based on survey completed in 2007 from NMUsers listserve

13.3%

255%

31%

Other (please specify)
answered question

skipped question

(http://www.med.upenn.edu/kmas/). Also found in Barrett et.al. J Clin Pharmacol 2008 48: 632

Response
Count

114

26

50
6
20

196

Background of Pharmacometrician

Pharmaceutics [
tatistics / Bi isti
[

Pharmacy

Engineering [ ]
Medicine |:]
Pharmacology [

Business (Marketing/Operations) l

Response Response
Percent Count
41.8% 84
21.4% 43
42.8% 86
11.4% 23
6.0% 12
31.8% 64
05% il
Other (please specify) 20
answered question 201
skipped question 8

Based on survey completed in 2007 from NMUsers listserve

(http://www.med.upenn.edu/kmas/). Also found in Barrett et.al. J Clin Pharmacol 2008 48: 632
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Highest Degree of
Pharmacometrician

Response Response
Percent Count

Bs | 1.0% 2

Ms [ 17.2% 36

MD [ 3.8% 8

mBa | 0.5% 1

PharmD [ ] 91% 19

PhD | 68.4% 143

answered question 209

skipped question 0

Based on survey completed in 2007 from NMUsers listserve
(http://mww.med.upenn.edu/kmas/). Also found in Barrett et.al. J Clin Pharmacol 2008 48: 632
.
Source of Pharmacometrics
T L] L]
raining
Response Response
Percent Count
Selttaught [ ] 28.0% 58
On the job experience [ 43.5% 920
Some level of relevant trainl.ng in I 56.0% 118
school plus experience

Trained at insti::trh:.::ri:ar::::lri;r; :‘ 32.4% 67
answered question 207

Based on survey completed in 2007 from NMUsers listserve
(http://www.med.upenn.edu/kmas/). Also found in Barrett et.al. J Clin Pharmacol 2008 48: 632

skipped question
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Hiring trends for CPMS candidates placed between 1997 and 2007

--@--- PK (Pharmacokinetics)

6 -®@-- PK-MS (Pharmacokinetics with modeling and simulation skills)
-H-- CP (Clinical Pharmacology)

-#-- CP-MS (Glinical Pharmacology with modelfing and simulation skills)
5 4 —¥— PM (Pharmacometrics)

o 4
o
E
3 34 o
X
. \
2 4 ®
1_
0 T T T T T

{’?:'\ -999 ,‘gP\ fﬁ'& ‘159‘) 'l5§\

Year
Based on 61 new hires from a recruiting company. Barrett et.al. J Clin Pharmacol 2008 48: 632

Starting salary versus years of experience for CPMS candidates
placed between 1997 and 2007

PMaetrics
200000 ., . .
° o o o° .
1000001 o & ¢ **
5 PK PR with MES
@
2 . R - 200000
= FCH " °
© L]
& g o0 ' . H - 100000
°
Clin Pharm Clin arm wi
L]
200000 .
100000 - °
T T T
0 10 20

Experience (year)

Based on 61 new hires from a recruiting company. Barrett et.al. J Clin Pharmacol 2008 48: 632
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Future

Markets

* Demand will be high

* Supply of pharmacometrician is increasing

* Employers are expecting more from
candidates

— Skills
— experience
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www.fda.gov

7. s S b
FDA Pharmacometrics 2020 Strategic Goals

| echnicalirk -Share expertise between global

sDiseass rack regulatory bodies
-Drug development track 9 o

Implement 15 Standard Templates [ Integrated Quantitative CP Summary

-Develop disease specific data, -All NDAs should have exposure-

analysis standards
response analyses
-Expect industry to follow P ¥

Develop 5 Disease Models Design by Simulation: 100% Pediatric trials

L . -Leverage prior knowledge to design
SRiss = publicdissase s Sl ibne iy Pediatr]gs \I;)\Iritten Reque?_-;t trials °

http://www.fda.qgov/iAboutFDA/CentersOffices/CDER/ucm167032.htm

Slide from a FDA staff at 5" Annual Chapel Hill Drug Conference, May 13-14, 201013

What do | need to do/know?
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I@A Est ?Od agdp Druf_Ad?LT_iszratll;ﬁn www.fda.gov
Success of Pharmacometrics Banks
on Multi-disciplinary Teamwork

- PKIPD

Knowledge,
Skills

A

‘ Slide from a FDA staff at 5 Annual Chapel Hill Drug Conference, May 13-14, 2010

Ilyﬁ U.S. Food and Drug Administration www.fda.gov
. r ==Y Protacting and Promoting Public Health

Modeling and Simulation Tool Box

- NONMEM (UCSF, ICON)

* WinNonLin/Phoenix NLME (Pharsight)

« Trial Simulator (Pharsight)

« WinBUGS (MRC Biostatistics, Free)

« ADAPT Il (USC, Free)

« SAS (SAS Institute Inc.)

« Splus (Insightful Corporation) or R (Free)
« And more...

Slide from a FDA staff at 5 Annual Chapel Hill Drug Conference, May 13-14, 2010 16
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Recruiting processes

* Job posting (internal)

* External Announcement

* Phone interview (selected candidates)
* Reference check

* Face to face interview

* Decision to offer

* Offer acceptance

Summary

* Korean Pharma and Regulatory agency need
(more) pharmacometricians to be successful
in drug R&D

* Academia trained pharmacometricians need
industry experience

* Need to go out and get experience from
outside of country or create an environment
within country to have collaborative effort on
gaining experience
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