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& Background

» Model Informed Drug Development
* Weight Based Dose vs Weight-tiered Fixed Dose



Model informed drug development
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Model informed drug development

0 Translate pharmacodynamic elements to human

* C(Clearance * Pharmacology
_ * Metabolism « pjstribution « Time dependency . Diseése
*  Oral absorption *  Protein binding «  Up/down regulation * Physiology
* Physicochemical properties «  Tissue binding e  Tolerance * Tissue response
4 - - - S S SED i SED SED SED SED SR N N N RGE S S S S S - S S S S S S S S S S, S SN S S S -
.f ‘:
Dose ! Plasma : Target Intermediate Efficacy ||
) - i Bio-phase ' : |
animal || concentration interaction steps Safety |
|
: u :
l\ Pharmacokinetics : Pharmacology ]
Dose Plasma : Target Intermediate Y Efficacy
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Weight Based Dose vs Weight-tiered Fixed Dose

o Definition, advantage, and disadvantage

Weight-Based Dose (mg/kg) Weight-Tiered Fixed Dose

" Dose adjusted proportionally to body Fixed doses assigned to predefined
Definition . .
weight weight ranges
* Precision in dose based on individual <+ Simplicity in administration
weight * Reduces risk of dose calculation
Advantages .
Useful for narrow therapeutic index errors
drugs  Easier for clinical use in pediatrics

« Complex calculations
« Higher variability due to weight
Disadvantages fluctuations
« Potential for overdosing or
underdosing

* Less individualized compared to
mg/kg dosing

* May not be optimal for all patients
within the same weight range
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@ Case Study 1: AST-001

« Modeling and Simulation for Phase 2 and Phase 3
Dose Selection



AST-001

o Autism spectrum disorder (ASD)

* Neurodevelopmental disorders

» Impaired social interaction and communication, restricted interests, repetitive behaviors

» (Genetic and nongenetic, or environmental, components that impact brain development

— dopamine dysfunction

0 L-serine
« Neuroprotective effect against oxidative-stress

* Increased the spontaneous firing of
dopamine neurons

Ye, L. et al (2021). Frontiers in Molecular Neuroscience, 14.

CNS Injury

CNS Disease
Oxidative Stress

Glial dysfunction
Neuroinflammation
Calcium Overload

Excitotoxicity

Apoptosis
Imbalance Of Brain Extracellular
Microenvironment

Glycine Agonist & L-serine

y

Restoration of Neurological disease

Activated GABA receptors; Activated SKCa and IKCa channels;
Antagonized NMDA receptors; M2 Microglia polarization

/\

Neuroprotective effect

Cellular & Molecular effect



Phase | clinical trial

© Randomized, open-label, single and multiple ascending dose study

* 24 healthy subjects, assessed baseline endogenous level during 24 h
« Single dose PK after10, 20, 30 g of AST-001 & multiple dose PK after 15 g BID

Period 1 Period 1 . H
[ 0 ) [ e ) Model validation dataset
admission discharge admission discharge
| b2 | b1 | b1 | D2 | | b2 | b1 | b1 | D2 | AST-001
— (— — ) 15g twice daily
Baseline PK sampling Baseline PK sampling
PK sampling PK sampling multiple_dose
l : PK
- AST-001 10g AST-001 20g
AST 001 administration (D1) administration (D1)
10,15,20,30g
single-dose [ Period 1 ] [ Period 2 ]
PK admission discharge admission discharge admission discharge  visit
| o2 | o1 | p1 | b2 |p3~Ds| D6 | D7 | D8 | |p9 | D10o~D14 | D15 | D16 | D17 | D18 |
Baseline PK sampling Baseline PK PK sampling
PK sampling wash-out PK sampling. samplin
MRy > L Ly
AST-001 30g AST-001 15g < AST-001 15g b.id. % AST-001 15g

dministrati D1 dministrati D8 . or ini i
administration (D1) administration (D8) out patient visit administration

administration (D15, D16)

Model construction dataset




PK model

o0 Population PK model

- Estimated endogenous L-serine production rate: 287 mg/h &
AST-001 <
Endogenous E
D1 production “
R1
Q/F
Central Peripheral
compartment compartment e f=1
CL/F

Parameteryeqiqiric = Parameterggy: X (

30+
25+
20+
15%

104

WTpediatric

Applying allometric scaling
« ©6=0.75 :CL/F Q/F

: V1/F, V2/F

0
70 )

Soyoung Lee, et al. (2022) Frontiers in Pharmacology 13, 891227




PK model

o0 Population PK model well predicted observed concentration and exposures

A
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Phase Il trial dose selection

o AST-001 after /7-days twice-daily doses of 1-15 g was simulated with a
weight range of 10-60 kg.
 Efficacy target: AUC range of 653-1214 h*ug/mL

2500- target attainment percentage > 70 %
~— 2000~ x ]
2
£ 1500 ! ' i ' '
8 e
0
P =
o — — — — — — — —
;B L e e
< 500

2gBID (10-14kg)  4gBID (15-24kg)  7gBID (25-37kg)  10g BID (38-51kg)  14g BID (52-60kg)
Multiple dose with twice daily regimen

Soyoung Lee, et al. (2022) Frontiers in Pharmacology 13, 891227




Phase Il clinical trial

o0 Children ages 2 to 11 years old with ASD consists of a 12-week, placebo-
controlled, phase 2 trial

Main study Primary Extension study F/U study
(4+ 12 weeks) endpoint (12 weeks) (12 weeks)
: * : :
; AST-001 High-dose »
| g |
i E { |
] E AST-001 Low-dose »
g i
[ :
* :
Placebo AST-001 High-dose >
|
V1 V2 ov3 V4 Vs V6 V7 V8 V9 V10(8) Vi1
SCR BL W2 W4 w8 wi2 W14 W16 W24 W30 W36
1 | | 1 1 1 1 1 ! ! |
I T T T T ! I ! EOT EOS
SCR Period Treatment Period/ Double blind FfE Period
(~4 weeks) (24 weeks) (12 weeks)
- Titration at low dose for 2 weeks

Journal of the American Academy of Child & Adolescent Psychiatry, 2023-10-01, Volume 62, Issue 10, Pages S320-S320
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Phase Il clinical trial

0 Result of Phase Il clinical trial

« Mean change on the Adaptive Behavior Composite (ABC) score of the Korean Vineland
Adaptive Behavior Scales, Second Edition (K-VABS-II) from baseline to week 12.

AST-001 Placebo-to-high-dose pitference in adjusted
Change at 12 weeks CfB-LSM (SE) control group LSM (90% CI)
CfB-LSM (SE)

K-VABS-II
Adaptive Behavior Composite

High-dose 3.08 (0.49) 1.66 (0.48) 1.43 (0.28 to 2.58)

Low-dose 2.82 (0.50) 173 (0.51) 1.10 (—0.00 to 2.28)
Communication

High-dose 3.85 (0.65) 1.30 (0.63) 2.56 (1.03 to 4.08)

Low-dose 1.92 (0.56) 1.32 (0.56) 0.60 (-0.72 to 1.92)
Daily living skills

High-dose 2.79(0.73) 1.65(0.71) 1.14 (—0.58 1o 2.85)

Low-dose 3.76 (0.79) 1.76 (0.80) 2.00 (0.12 to 3.88)
Socialization

High-dose 2.82 (0.66) 1.98 (0.64) 0.84 (-0.70 fo 2.38)

Low-dose 2.94 (0.63) 1.96 (0.64) 0.97 (—0.52 10 2.46)
Motor Skills

High-dose 3.30 (0.68) 1.31 (0.72) 1.08 (0.33 to 3.63)

Low-dose 2.37(0.71) 1.24 (0.75) 1.13 (-0.60 to 2.85)
K-PSI-4-SF Parental Distress

High-dose —1.85 (0.63) 0.14 (0.61) —1.99 (—3.45 to —0.52)

Low-dose 0.15 (0.58) 0.21 (0.59) —0.06 (-1.44 10 1.32)

Kim, Hyo-Won, et al. Psychiatry and Clinical Neurosciences (2024).

Favors Favors
Placebo-to-high-dose AST-001
control group

Difference in adjusted LSM (90% CI)

P-value

0.042*
0.128

0.007*
0.450

0.273
0.081*

0.369
0.281

0.049*
0.280

0.027*
0.940

14
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Phase Il clinical trial to Phase Il clinical trial
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o Phase Il clinical trial dose (high-dose group) SN

10-14 kg 15-24 kg 25-37 kg 38-51 kg 52-60 kg

o Formulation: 2g (20mL)/ pouch = Drug compliance issue
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Dose optimization for phase lll clinical trial

© Combining healthy adult PK data with pediatric patient PD data
 Population PK/PD model of AST-001 and K-VABS-II-ABC score.
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Dose optimization for phase lll clinical trial

© Histogram plots for changes in K-VABS-II-ABC score at 12 weeks from
baseline in 200 virtual pediatric patients (Placebo vs weight tiered fixed dose)

A Weight: 10~13kg

Treatment
AK-VABS-II-ABC score at 12 weeks

§ Placebo
C Weight: 21~34kg © 209 : [} ] asT001 14g
1 T I —’_’_V_v—r—i—\
. | n i

401 _:_ Treatment 0 5 10 15
|
|

‘5 301 Placebo AK-YABS-II-ABC score at 12 weeks
O 201
AST-001 6
o] el :
0 i : | |

0 5 10 15
AK-VABS-1I-ABC score at 12 weeks

601 !
Treatment
€ 401
§ | Placebo
O 501 I m AST-001 2g D Weight: 35~49kg
0 I o— 50 I
0 5 10 15 404 I Treatment
AK-VABS-II-ABC score at 12 weeks € 39 1
8 0 Placebo
B  Weight: 14~20kg ° : L] AsT 001 10g
: 04 i L1
_ 401 Treatment 0 5 10 15
§ : Placebo AK-VABS-II-ABC score at 12 weeks
O 20+ PR
: m AST-001 4g E Weight: 50kg~I
0_ = | s |
0 5 10 15 404 I
1

Soyoung Lee, et al. (2024) Accepted in Frontiers in pharmacology 17



Dose optimization for phase lll clinical trial

o Weight-based dose vs weight tiered fixed dose

» Box plots for changes in K-VABS-II-ABC score at 12 weeks from baseline (AK-VABS-II-ABC)
in 200 virtual pediatric patients after AST-001 treatment

A Weight: 10~13kg B Weight: 14~20kg € Weight: 21~34kg D Weight: 35~49kg E Weight: 50kg~

151 151 15 1 151 151
o © o © o
Q [o] o o] [o]
2 104 S 104 2 104 3 10- & 101
$) ) 8] O O
m o m [na] [an]
< < < < <
) ) n W 0
2 2 2 S 2
> 5 > 5 > 54 > 5- = 54
< A x X x ~
g ‘ g g g g
0 | 0 | 0 | 0- | 0
200mgfkg BID 2g BID 200mgikg BID 4g BID 200mgrkg BID 6g BID 200mgikg BID 10g BID 200mgrkg BID 14g BID

Soyoung Lee, et al. (2024) Accepted in Frontiers in pharmacology 18



Dose optimization for phase lll clinical trial

0 We suggest weight tiered fixed dose regimen for ongoing phase lll trial, which
are expected to improve autism symptoms similar to weight based dose

)7
Recriting
A Study to Evaluate the Efficacy and Safety of AST-001 in ASD Children
ClinicalTrials.gov ID @ NCT06333964 |
Sponsor @ Astrogen, Inc.

Information provided by @ Astrogen, Inc. (Responsible Party) ‘
Last Update Posted @ 2024-07-31
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@ Case Study 2: Tripegfilgrastim

* Modeling and Simulation for Weight-tiered Fixed
Dose Regimen in Pediatrics



Granulocyte colony stimulating factor
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Granulocyte colony stimulating factor

o Short acting G-CSF (ex. filgrastim)

« 50 pg/m? once daily subcutaneous injection (10 days)

735 EFTa At BARlel 8YdFHE AR, Y

AAAY SFAE e TFFFAEF(ANC 500V]7H o]
SFFAE AR

* Bmeg/kg/¥E FAY = A

7}, filgrastim(FE: 12H1F 5), lenograstim(FE: FEZAF)

2) Rk 194 v]qke] Aojt@ztolAl o] 1)& e 8 (LAY EFT

2% 84 20% 23 8W) S Alds=
[e)

[s)
2)&2 8Y(LAY EF AT YA

10-20%% 8H)& A= 734 G-CSF A3 FHE 3R ¥U4Q o]A F7]|dA LAY TFF ZaFol

JUNY A TFTF FX9 FAIRlo)

Allowance of medical care for short-acting
G-CSF in pediatric patients

0 Long acting G-CSF (ex. pegfilgrastim, tripegfilgrastim)

* Single 6 mg subcutaneous injection per chemotherapy cycle

9. 200 chst £ -

4-0F 2HxH0| U0 o] 2f2| QM 3l Red2 2heix|0f K] g5t

Tripegfilgrastim label
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Clinical research in pediatrics

o0 Conducted clinical research collaborating with pediatricians

Chemotherapy
(Admission) Discharge Post-study visit

-7d--1d 1d-3d 4d 5d 6d &d 11d 14d  (21d -
—
T PK blood samples

before next
chemotherapy

Tripegfilgrastim injection

Dose group Age group Completed Patients
group 60 pg/kg 6 years < age < 12 years 4
in adult 60 ug/kg 12 years < age <19 years 7
group 100 pg/kg 6 years < age < 12 years 8
in adult 100 ug/kg 12 years < age < 19 years 8

23



Clinical research in pediatrics

© Exposure and efficacy relationship

* Average drug concentration during the initial neutrophil recovery process is important for

efficacy

Average concentration of
tripegfilgrastim until nadir

Duration of
grade 4 neutropenia

200+ 14+
: -
) 12+
= - 1 —.—
g 150- > 10- —y
7 O
L]

E § 8- . ]
[=7] 1 .
—_ 4 e Q
& 100 | Zz 6
= ! 4+ < | +
2 . 2
= * 5 44
= . . ] Y _:_ e
%5 50- + . 1 . : 3

3 + L 2] . +

> 2 : H 7 .
3 1 { 0 ——

0 Ll T T T T T T T
Weight<45 kg Weight>45kg Weight<45kg Weight 245 kg Weight<45kg Weight=45kg Weight<45kg Weight 2 45 kg
Tripegfilgrastim Tripegfilgrastim Tripegfilgrastim Tripegfilgrastim Tripegfilgrastim Tripegfilgrastim Tripegfilgrastim Tripegfilgrastim
60 gk 60 .g/kg 100 polkg 100 ug/kg 60 ug/kg 60 ng/kg 100 pglkg 100 pg/kg
(N=5) (N=6) (N=9) (N=7) (N=5) (N=6) (N=9) (N=T7)

Soyoung Lee, et al. (2022) Clinical Pharmacology & Therapeutics
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Clinical research in pediatrics

© Exposure and efficacy relationship

» Pharmacotherapeutic evidence for using tripegfilgrastim 100 ug/kg in pediatric patients

144 R = 0.1204
| P-value = 0.1339

12

Thelow ANC500 (day)
(@]

0 50 100 150
C,yg of tripedfilgrastim (ug/lL)

Soyoung Lee, et al. (2022) Clinical Pharmacology & Therapeutics

b<age<12
Tripedfilgrastim 60 ug/kg
12<age<19
Tripedfilgrastim 60 ng/kg
6<age<12
Tripegfilgrastim 100 pg/kg
12<age<19
Tripegfilgrastim 100 ug/kg

25
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Integrated model analysis

0 Healthy adults and pediatric patients

Disco.ve.ry Phase 2a Phase 2b Drug
Pre-Clinical Approval
New Information
( ‘ Age
./ Weight

Data Integration

' Potentiallff I&ovariate

26



Tripegfilgrastim model

o Tripegfilgrastim model
* PK model

Blood flow

G-CSF
receptor

Tripeg-
filgrastim

v’ Target mediated drug disposition Kint G-CSF
«——— Receptor-drug (RD) Free-drug (D) _I_ receptor
Pediatric Kd
Parameter . Circulating
patlents 5 receptor (R)
Kd (ug/L) 42.2 16.2 J
Proliferation Maturation effect Kt
effect ’ r
¢ PD m0d6| Kv | KV Kv Post- K‘I' Post-
Parameter ‘ Value pro Stem cell i Mitosis cell . mitosis cell . mitosis cell
v Neutrophil receptor receptor receptor receptor
physiology Proliferation effect| 14.4 I I
Maturation effect | 13.8 Bone marrow
<- _C_hf"\n;;g::rapy Chemotherapy
~-___| Chemotherapy Lag
* K“PD mOdel CHMslope { compartment
v’ Chemotherapy effect J chhemo
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Fractional occupancy

Fractional occupancy of
G-CSF receptor with drug

Free drug concentration

~ Free drug concentration + Kd

Healthy adult Pediatric patient

1.00 4
0.751
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o

o

O 0.50+

]

c
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0.00 A1
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Soyoung Lee, et al. (2023) CPT: PSP 12:1319-1334

Time (Days)

Treatment

28



Simulation: Tripegfilgrastim PK

o Weight-based dose vs weight-tiered fixed dose

45-70 kg

10-70 kg 10-20 kg

Tripegfilgrastim 100 pg/kg Tripegfilgrastim 1.5 mg

200-

150 -

100 -

50-

Tripegfilgrastim concentration (ug/L)

0 7 14 210 7 14

Soyoung Lee, et al. (2023) CPT: PSP 12:1319-1334

210

21-30 kg

Tripegfilgrastim 2.5 mg

7 14
Time (Days)

210

31-44 kg

Tripegfilgrastim 4 mg

Tripegfilgrastim 6 mg

21

Treatment

|E| Tripegfilgrastim 100 pg/kg
|E| Tripegfilgrastim 1.5 mg
Tripegfilgrastim 2.5 mg
IE' Tripegfilgrastim 4 mg
|E| Tripegfilgrastim 6 mg
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Simulation: Absolute Neutrophil Count

B 10kg < Weight < 20kg

Treatment

No treatment
IE‘ Tripegfilgrastim 100 pg/kg
IE' Tripegfilgrastim 1.5 mg

Absolute neutrophil count (/pl)

Time (Days)
D 30kg < Weight < 45kg

Treatment

No treatment
|E| Tripegfilgrastim 100 pgfkg
|E| Tripegfilgrastim 4 mg

Absolute neutrophil count (/pl)

7 14 21
Time (Days)

Soyoung Lee, et al. (2023) CPT: PSP 12:1319-1334

Cc

Absolute neutrophil count (/ul)

Absolute neutrophil count (/ul)

20kg < Weight < 30kg

45kg = Weight

7
Time (Days)

14

21

Treatment
No treatment

IE‘ Tripegfilgrastim 100 pg/kg
IE' Tripegfilgrastim 2.5 mg

Treatment

No treatment

|E| Tripegfilgrastim 6 mg
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Simulation: Grade 4 neutropenia duration

o Similar efficacy compared to weight-based dose

10-70 kg 10-20 kg 21-30 kg 31-44 kg 45-70 kg
601 IR =) 601 T S
T e ) 0 z
40 1 ¥ | § 40+ it g
[l 1 % ] : 7y
20- T I 8| 207 — | &
1 1 & ’: : &
01 an o 01 w
60 rre b | 8| 6o o Ei
— | | __|'|' Iy | | — a
: ] < — &
40 HE o] & 40+ —] : - 2
= 1 T @
: :: A L | =
: 1 a i
04 : :: 04 1 : L 11 1 1
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Duration of grade 4 neutropedia (day) Duration of grade 4 neutropedia (day)

Soyoung Lee, et al. (2023) CPT: PSP 12:1319-1334 31



Translational research

o0 Convenient dose regimen for long acting G-CSF treatment for pediatrics

* Modeling and simulation can inform optimal weight-tiered fixed-dose regimens in
pediatric patients to reduce the duration of grade 4 neutropenia with similar effects in
weight-based dose regimens.

Modeling and
simulation based
pharmacotherapy

@
for pediatric /ﬁ '
patients L, /f* 'i\
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@) Take Home Message

» Application of Pharmacometrics in
New Drug Development



Model-Informed Drug Development

Confidence level on clinical performance

API: Active pharmaceutical ingredient
E-R: Exposure-response model Post

FIH: First in human

IVIVC: In vitro-in vivo correlation m ata axis
PBPK: Physiologically based PK model Clinical v gwal Worl \/

PKPD: Pharmacokinetics-Pharmacodynamics o

PMC: Post-marketing commitment responses Surveiitance

PMR: Post-marketing requirement Phase I1/I/

QSP: Quantitative systems pharmacology P Real World B‘g data

Q5AR: Quantitative structure-activity relationship tools

Drug  PKPD
exposure E-R
FiH/Phase|  QSP

~ce
. o\\c' a4
\ Q\l\('\ g P
,(ate’ ’ " pBPK
\\I\Ode 4o* release  IVIVC

‘ ‘
a® n® y 'n v‘m
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» Comp chem  model

QSAR/QSP

Time
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