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Model informed drug development
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Decision 1: 
• Safety
• Tolerability
• Safe starting dose

Decision 2 & 3: 
• Dose/Schedule
• PK/PD
• Tolerability
• Single agent activity

Decision 4 & 5: 
• Efficacy (POC)
• Product decision

Decision 1b: 
• Acceptable variation 

in PK profile

Dose and dosing regimen, optimal study design, formulation, drug delivery

Decision 6: 
• Special population
• Ethnicity bridging



Model informed drug development
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Translate pharmacodynamic elements to human

Target
Engagement

• Oral absorption
• Physicochemical properties

• Clearance
• Metabolism • Distribution

• Protein binding
• Tissue binding

• Disease
• Physiology
• Tissue response

• Pharmacology

• Time dependency
• Up/down regulation
• Tolerance



Weight Based Dose vs Weight-tiered Fixed Dose
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Definition, advantage, and disadvantage

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

Definition
Dose adjusted proportionally to body 
weight

Fixed doses assigned to predefined 
weight ranges

Advantages

• Precision in dose based on individual 
weight

• Useful for narrow therapeutic index 
drugs

• Simplicity in administration
• Reduces risk of dose calculation 

errors
• Easier for clinical use in pediatrics

Disadvantages

• Complex calculations
• Higher variability due to weight 

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



• Modeling and Simulation for Phase 2 and Phase 3 

Dose Selection



AST-001
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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

L-serine

• Neuroprotective effect against oxidative-stress 

• Increased the spontaneous firing of 

dopamine neurons 

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



Phase I clinical trial
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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 

AST-001
10,15,20,30g
single-dose

PK

AST-001

15g twice daily
multiple-dose

PK

Model construction dataset

Model validation dataset



PK model
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Population PK model

• Estimated endogenous L-serine production rate: 287 mg/h

𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑝𝑒𝑑𝑖𝑎𝑡𝑟𝑖𝑐 = 𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑎𝑑𝑢𝑙𝑡 × (
𝑊𝑇𝑝𝑒𝑑𝑖𝑎𝑡𝑟𝑖𝑐

70
)𝜃

Applying allometric scaling
• θ = 0.75   : CL/F, Q/F
• θ = 1 : V1/F, V2/F

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



PK model 
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Population PK model well predicted observed concentration and exposures



Phase II trial dose selection
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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*μg/mL

target attainment percentage > 70 %

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



Phase II clinical trial

13

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

controlled, phase 2 trial

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



Phase II clinical trial
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Result of Phase II 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.

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



Phase II clinical trial to Phase III clinical trial 
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Phase II clinical trial dose (high-dose group)

Formulation: 2g (20mL)/ pouch             Drug compliance issue

2 g BID 4 g BID 7 g BID 10 g BID 14 g BID

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



Dose optimization for phase III clinical trial 
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Combining healthy adult PK data with pediatric patient PD data

• Population PK/PD model of AST-001 and K-VABS-II-ABC score.

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

Visual Predictive Check



Dose optimization for phase III clinical trial 
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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)

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



Dose optimization for phase III clinical trial 
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Weight-based dose vs weight tiered fixed dose

• Box plots for changes in K-VABS-II-ABC score at 12 weeks from baseline (ΔK-VABS-II-ABC) 

in 200 virtual pediatric patients after AST-001 treatment

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



Dose optimization for phase III clinical trial 
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We suggest weight tiered fixed dose regimen for ongoing phase III trial, which 

are expected to improve autism symptoms similar to weight based dose



• Modeling and Simulation for Weight-tiered Fixed 

Dose Regimen in Pediatrics



Granulocyte colony stimulating factor
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Use to prevent chemotherapy-induced neutropenia

Cassidy, Tyler, et al. Bulletin of Mathematical Biology, 2020

HSC, 
hematopoietic stem cell



Granulocyte colony stimulating factor
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Short acting G-CSF (ex. filgrastim)

• 50 μg/m2 once daily subcutaneous injection (10 days) 

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

• Single 6 mg subcutaneous injection per chemotherapy cycle

Tripegfilgrastim label

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



Clinical research in pediatrics 
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Conducted clinical research collaborating with pediatricians

3.6 mg group 
in adult

Dose group Age group Completed Patients

60 µg/kg 6 years ≤ age < 12 years 4

60 µg/kg 12  years ≤ age < 19 years 7

100 µg/kg 6  years ≤ age < 12 years 8

100 µg/kg 12  years ≤ age < 19 years 8

6 mg group 
in adult

Chemotherapy

(Admission) Discharge Post-study visit

PK blood samples

Tripegfilgrastim injection

-7d – -1d 1d – 3d 4d 5d 6d 8d 11d 14d (21d –
before next

chemotherapy



Clinical research in pediatrics 
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Exposure and efficacy relationship

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

efficacy
Duration of 

grade 4 neutropenia
Average concentration of 
tripegfilgrastim until nadir

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



Clinical research in pediatrics 
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Exposure and efficacy relationship

• Pharmacotherapeutic evidence for using tripegfilgrastim 100 µg/kg in pediatric patients

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



Integrated model analysis
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Healthy adults and pediatric patients

New Information

Data Integration

Age

Weight

GFR

Potential covariate



Tripegfilgrastim model
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Tripegfilgrastim model

• PK model

✓ Target mediated drug disposition

• PD model

✓ Neutrophil 

physiology

• K-PD model

✓ Chemotherapy effect



Fractional occupancy

28Soyoung Lee, et al. (2023) CPT: PSP 12:1319-1334

=
Free drug concentration

Free drug concentration + Kd
Fractional occupancy of 

G-CSF receptor with drug



Simulation: Tripegfilgrastim PK
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Weight-based dose vs weight-tiered fixed dose

100 μg/kg 1.5mg 2.5mg 4mg 6mg

10-70 kg 10-20 kg 21-30 kg 31-44 kg 45-70 kg

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



Simulation: Absolute Neutrophil Count (ANC)
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Soyoung Lee, et al. (2023) CPT: PSP 12:1319-1334



Simulation: Grade 4 neutropenia duration
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Similar efficacy compared to weight-based dose

100 μg/kg 1.5mg 2.5mg 4mg 6mg

10-70 kg 10-20 kg 21-30 kg 31-44 kg 45-70 kg

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



Translational research
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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. 



• Application of Pharmacometrics in 

New Drug Development



Model-Informed Drug Development
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