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SLP M&S Workshop Agenda
• 8:30 - 8:45 - CEO’s Intro and Welcome 

• 8:45 - 9:15 - The Big Picture of Integrating Simulation Methods within Drug Development

• 9:15 - 10:30 - Mechanistic PBPK Modeling – Special Populations

• 10:30 - 10:45 - Break

• 10:45 - Noon – Quantitative Systems Toxicology (QST)

• Noon - 1:00 - Lunch

• 1:00 - 2:15 - Quantitative Systems Pharmacology (QSP)

• 2:15 - 2:30 - Break

• 2:30 - 3:45 - Pharmacometrics to Support Regulatory Approval

• 3:45 - 4:00 - Q&A, Wrap-up
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PBPK Model

Fa%

Nonlinear kinetics (and DDI)

Formulation - Dose, 
dosage form, particle 

size,
release profile

Structure →
ADMET Pred.

In vitro 
Experiments

Cp-time profile (and F% with PBPK)

The Big Picture

API:
• logP/logD
• pKa(s)
• Solubility
• Permeability
• Fup
• B/P ratio
• CLint or Km & Vmax, renal 

CL
• DDI interaction constants 

(Ki & kinact, EC50 & Emax)
• …..

System/Physiology:

• Body height, weight, BMI
• Tissue sizes & blood flows
• Tissue compositions (water, 

lipid, protein, acidic 
phospholipids, etc.)

• Intestinal fluid volume and 
composition (pH, bile salts, etc.)

• Intestinal transit times
• Enzyme & transporter 

expression levels
• ....

PK in special populations
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Each compartment represents a region/section of the intestine:
- pH
- Fluid volume
- Bile salt concentration
- Absorptive surface area
- Expression levels of enzymes and transporters
- …..
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Each compartment represents a tissue:
- Specific volume(s) 
- Blood perfusion rate 
- Enzyme/transporter expression levels 
- Volume fractions of lipids & proteins
- ….. 
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Pulmonary (PCAT™)

Ocular (OCAT™) Oral Cavity (OCCAT™)

Dermal (TCAT™)

Pathways beyond oral absorption…



8

N
HO

OH

OCH3

CH3

CH3

Discovery Preclinical Clinical

Discovery PK
Combine in silico technologies to screen compound libraries 

in animals or humans
Incorporate preclinical/in vitro data to extend FIH 

simulations to full in vivo outcomes (IVIVE)
Identify toxic dose levels in preclinical species

Pharmaceutical Development
Assess various strategies during formulation development

Assist with Quality by Design (QbD) implementation
Develop mechanistic in vitro-in vivo correlations (IVIVCs)

Understand food effects

Clinical PK/Pharmacology
Simulate population behaviors (e.g., 

pediatrics, disease)
Build PBPK-PD models

Predict DDIs
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Human PK Prediction
Comparison of first-in-human prediction accuracy in a 2-

year study of 21 compounds
(Cole et al., ISSX 2008)

Using in vitro data to predict human 
absorption and gut metabolism

(Heikkinen et al., 2012)

Predicting PK 
profiles using in 
silico estimates 
from structure

(Daga et al., 
ACS 2014)

Applying QSAR & 
PBPK approaches to 
assist with human risk 

assessment

(Knaak et al., 2012)

Predicting PK from in silico properties

(Hosea et al., 2013)

FIH predictions: Industry 
standards

(Miller at al. Clin Pharm 2019)
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Pharmaceutical Development

Mitra et al., AAPS PharmSciTech
2015, 16(1):76

Yanez et al., SOT Annual Meeting 
2015, San Diego, CA

Babiskin et al., J. Pharm. 
Sci. 2015, 104(9):3170

Pepin et al., J. Mol Pharm 
2016, 13:3256

Tistaert, AAPS Annual Meeting 
2015, Orlando, FL

Tistaert et al., J. Pharm. 
Sci. 2018

Yang et al., Asian J. Pharm. 
Sci. 2016; Mar 21

Bolger et al., J. Pharm. 
Sci. 2019
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Recent Services Activities
• Our consulting team is working on 17 

projects to support internal review and 
submissions to regulatory agencies for the 
following applications:

– In silico safety/exposure screening for new 
compounds and analogs

– Preclinical development and First-in-Human 
predictions

– Formulation optimization
– Virtual bioequivalence trial simulations
– Food effect modeling
– DDI predictions
– Special population simulations and dose 

projections
– Mechanistic IVIVCs to define product specifications
– Non-oral delivery product assessment
– Parent-metabolite and prodrug PBPK modeling

• Recent approved products supported by 
GastroPlus modeling include:

– ALECENSA® (absorption/PPI DDI informing drug labeling)
– BRAFTOVI® (metabolism DDI accepted by regulatory agencies)
– CALQUENCE® (particle size distributions specifications 

accepted by regulatory agencies)
– FARYDAK® (food effect modeling predictions informing drug 

labeling)
– INLYTA® (transporter DDI accepted by regulatory agencies)
– INVOKANA® (product manufacturing changes resulting in 

waiver of BA/BE study)
– MEKINIST® (transporter DDI accepted by regulatory agencies)
– MEKTOVI® (metabolism DDI accepted by regulatory agencies)
– OPSUMIT® (particle size distributions specifications accepted 

by regulatory agencies)
– TAMIFLU® (pediatric PBPK predictions informing dose 

selection)
– ZURAMPIC® (wider product specifications accepted by 

regulatory agencies)
– … and more!
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Clinical PK/Pharmacology
Simulate population behaviors (e.g., 

pediatrics, disease)
Build PBPK-PD models

Predict DDIs

N
HO

OH

OCH3

CH3

CH3

Discovery Preclinical Clinical

Discovery PK
Combine in silico technologies to screen compound libraries 

in animals or humans
Incorporate preclinical/in vitro data to extend FIH 

simulations to full in vivo outcomes (IVIVE)
Identify toxic dose levels in preclinical species

Pharmaceutical Development
Assess various strategies during formulation development

Assist with Quality by Design (QbD) implementation
Develop mechanistic in vitro-in vivo correlations (IVIVCs)

Understand food effects
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Importance of PBPK Modeling in Special Populations
• Unwarranted studies, due to the general nature of regulatory guidelines, may be avoided.

• Alleviation of the ethical problems and recruitment issues associated with clinical studies in 
children or subjects with more severe impairment of organs.

• Modeling helps to plan and optimize study design. 

• Model simulations help to predict likely outcome in the disease population.

• Current built-in physiologies for special populations include: Pediatric, Liver Cirrhosis, Renal 
Impairment, Obesity, Pregnancy

• The flexibility of GastroPlus, and access to all physiological parameters, allows the user to create 
custom physiologies representing many conditions with an understanding of the appropriate 
changes.

• We’re pleased to help users create custom gut (.cat) and the whole body physiology (.pbk) files 
that incorporate physiological changes relevant for specific population
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Pediatric
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Virtual Population
Male infants up to 1 yo

Female infants up to 1 yo

Males 1 – 20 yo

Females 1 – 20 yo

Males 20 – 67 yo

Females 20 – 67 yo
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Children & Adults: Tissue Sizes and Blood Flows

Houtkooper, LB, J. Appl. Physiol. 72:366 (1992)
Segal, KR, Am. J. Clin. Nutrition 47(1):7 (1988)
NHANES 2003-2004
Price, P.S. Crit. Rev. Toxicol. 33(5):469 (2003)

Haddad S. - J. Tox. Envir. Health 64:453 (2001) 
for ages <= 12

Price, P.S. Crit. Rev. Toxicol. 33(5):469 (2003), Table 16
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Infants: Tissue Sizes

For some parameters, the total age (gestational age + postnatal 
age) is the determining factor. Total body weight, height and 
tissue sizes for most of the tissues (except adipose) belong to 
this category. Example plots for two of the tissues, Liver and 
Kidneys, are shown below:

blue – males; red – females; green line shows term birth at 40 weeks gestation
PMA – postmenstrual age (gestational + postnatal age)

Gestational age is more important factor for % fat 
mass in infants 

Black lines – representative of term-
born infants

blue – males; red – females; yellow – gender not  defined
PMA – postmenstrual age (gestational + postnatal age)
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Age Dependent Tissue Composition
Effect of age on tissue compositions is included. Example plots for two of the 

tissues, Adipose and Brain, are shown below:

PMA – postmenstrual age (gestational + postnatal age)
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Red Blood Cell and Plasma Protein Binding
• Includes automatic scaling of Fup and Rbp to account for different hematocrit 

and plasma protein levels in children than in adults (scaling assumes that 
entered experimental values represent adult blood and plasma)

• Details of scaling can be reviewed on separate forms
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Scaling Pediatric Fup
Fup scaling is based on changes in total plasma protein (albumin and α1-acid glycoprotein) using previously 

published equation
(McNamara, AAPS PharmSci, 2002, E4)

adult

adult

adult

ped
ped

fu
fu

P
Pfu

)1(1

1
−

+
=

Pped and Padult is binding protein concentration in 
pediatric and adult subject, respectively; fuped and 

fuadult is fraction unbound in plasma in pediatric and 
adult subject, respectively.
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Pediatric fup observed and predicted from published equation using 
pediatric plasma protein level as implemented in GastroPlus. 

Reported values were for ages 1 day to ~ 4 months.
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CYP Enzyme Ontogeny
2 days old

6 months old

1 year old
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CYP Enzyme Ontogeny
5 years old adult

Intestinal 3A4
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PEAR Physiology: Method

For infants specify born at term or 
premature infant (up to 16 weeks 
premature)
(this option appears only when age is set 
to less than 1 year old)

Some physiological parameters are 
dependent on both gestational age and 
postnatal age (i.e., % body fat, 
hematocrit, GFR).

All information is already included in 
GastroPlus PEAR Physiology module … 
very easy to create the new pediatric 
physiologies!
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Pediatric CL - Midazolam

Lukacova – Workshop on Modeling in Pediatric Medicines, 2008
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Samant et al. – Poster Presentation (Poster # 111) - ASCPT 2015
also Quantitative Systems Pharmacology pre-conference Poster # QP-16

Pediatric CL – metabolism by CYPs
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Adult (5mg/kg) Adolescents (15 mg/kg) Infants (12.5 mg/kg)

Neonates (20mg/kg)

Pediatric CL – Acetaminophen

Samant et al. – Poster Presentation (Poster # 111) - ASCPT 2015
also Quantitative Systems Pharmacology pre-conference Poster # QP-16
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Non-CYP Mediated CL

Adult IV

Adult PO

oseltamivir

Oseltamivir 
carboxylate

Pediatric PO

oseltamivir

Oseltamivir 
carboxylate
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Glomerular Filtration

Kearns – New Engl J Med 2003, 349:1157

Lukacova – Workshop on Modeling in Pediatric 
Medicines, 2008

Prediction of gabapentin PK in pediatric population 
based on fitted adult model and known differences 
in adult and pediatric physiology

0
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Prediction of vancomycin PK and clearance in infants population based on fitted adult model and known 
differences in adult and pediatric physiology

20 days old, born 12 weeks premature

GA = 30wks

PNA = 2d

Blue dots – PopPK, red dots - PBPK
Lukacova – Poster presentation, AAPS 2015
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Transporter-Mediated CL: Valsartan

MRP2

MRP2

MRP2

OATP1B1/1B3
• Transporter-mediated hepatic uptake 

and biliary secretion

• Substrate for:

• OATP1B1/1B3 in liver

• MRP2 – efflux transporter 
expressed on apical kidney 
membrane and basolateral 
membranes in liver, gut and 
brain

• in vivo data available in rat and 
human (adult and pediatric 1-16 
years old)
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Valsartan : Calibrate Adult PBPK Model

Lukacova – 17th North American ISSX meeting 2011, Atlanta, GA

(Poirier – J Pharmacokinet Pharmacodyn 2009, 36:585)

1. Predicted rat IV using in vitro data measured 
in rat hepatocytes

2. Predicted human IV using 
in vitro data measured in human hepatocytes

3. Refined adult PBPK model

4. Used refined adult PBPK model to predict the 
PK in children

Refine adult model:
- fitted passive diffusion through tissue 
membranes and intestinal permeability
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Valsartan: Predict Pediatric Disposition
Dosing 2 mg/kg, experimental profiles are averages of 6-7 individuals

Need to account for 
lower villi density in 
very young children? 

(initial assumption – the same transporter density as in adults)

Decreased absorptive 
surface area
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• Eliminated by renal secretion 
(glomerular filtration and active 
secretion)

• Substrate for:

• PepT1/PepT2 – expressed in 
kidney, liver, brain, gut

• MRP4 – efflux transporter 
expressed on apical kidney 
membrane and basolateral 
membranes in liver, gut and 
brain

• in vivo data available in human 
(adult and pediatric for infants up to 
3 years)

Transporter-Mediated CL: Amoxicillin

Akanuma et al. DMD 2011

PepT1/2

PepT1/2 PepT1/2

MRP4

MRP4

MRP4

MRP4

PepT1/2
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Adult Model Development and Validation

Lukacova – AAPS Annual Meeting 2012, Chicago, IL
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Adult PBPK model was calibrated against in vivo PK data after IV and PO administration in adults

Adult PBPK model was validated by predicting PK in adults with different degrees of renal impairment 
(manual modifications of GFR and transporter activities based on each groups CrCL)
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Predict Pediatric Disposition

Estimating kidney transporter expression from PAH data
Rubin et al. J Clin Invest 1949

~ 50% ~ 66%

adult

Rubin et al. J Clin Invest 1949 Fawer et al. Helv Paed Acta 1979

3 days, 29 wks GA, 
25 mg/kg

1-3 days, 29 wks GA, 
50 mg/kg
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PK data after IV administration in animals was used to 
determine the systemic disposition mechanisms

Prodrug Administration : Valcyte
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Fit Adult Model and Predict Pediatric PK

36

13y, F, 44.9kg

0
2
4
6
8

10
12
14

0 50 100
Time [hrs]

C
p 

[u
g/

m
L]

16y, M, 70.2kg

0
2
4
6
8

10
12

0 50 100
Time [hrs]

C
p 

[u
g/

m
L]

9y, M, 28.8kg

0

5

10

15

20

0 50 100
Time [hrs]

C
p 

[u
g/

m
L]

12y, F, 45kg

0
2
4
6
8

10
12
14

0 50 100
Time [hrs]

C
p 

[u
g/

m
L]

5y, M, 19.2kg

0

5

10

15

20

0 50 100
Time [hrs]

C
p 

[u
g/

m
L]

8y, M, 20.4kg

0

2

4

6

8

10

0 50 100
Time [hrs]

C
p 

[u
g/

m
L]

1y, F, 10.6kg

0

5

10

15

0 50 100
Time [hrs]

C
p 

[u
g/

m
L]

3y, M, 11.8kg

0
2
4
6
8

10
12
14

0 50 100
Time [hrs]

C
p 

[u
g/

m
L]

59d, F, 3.6kg

0

5

10

15

0 50 100
Time [hrs]

C
p 

[u
g/

m
L]

92d, M, 4.5kg

0
5

10
15
20

0 20 40 60 80
Time [hrs]

C
p 

[u
g/

m
L]

123d, M, 6.7kg

0
2
4
6
8

0 20 40 60 80
Time [hrs]

C
p 

[u
g/

m
L]

25d, F, 3.5kg

0

5

10

15

0 20 40 60 80
Time [hrs]

C
p 

[u
g/

m
L]

11d, F, 3.4kg

0
2
4
6
8

10
12

70 90 110 130 150
Time [hrs]

C
p 

[u
g/

m
L]

34d, F, 2.7kg

0

2

4

6

8

10

70 90 110 130 150
Time [hrs]

C
p 

[u
g/

m
L]

8d, M, 2.5kg

0

2

4

6

8

0 10 20 30
Time [hrs]

C
p 

[u
g/

m
L]

29d, M, 3.3kg

0
1
2
3
4
5
6
7

0 10 20 30
Time [hrs]

C
p 

[u
g/

m
L]

Adult PK data after IV and PO administration of 
ganciclovir and valganciclovir was used to calibrate 
human PBPK model Human PBPK model was then used to predict PK in children
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Disease States
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Liver Cirrhosis 
• Replacement of normal liver tissue with non-functional scar tissue caused by chronic 

conditions

• Child-Pugh (CP) score is used to classify the degree of disease severity: CP-A (well 
compensated disease), CP-B (significant functional compromise) & CP-C 
(decompensated disease)



39

Physiological Changes In Liver Cirrhosis

Johnson – Clin Pharmacokinet 2010, 49:189-206

Edginton – Clin Pharmacokinet 2008, 47:743-752

Li – CPT Pharmacometrics Syst. Pharmacol. 2015, 4:338-349
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Chronic Kidney Disease (CKD)
Chronic kidney disease (CKD) is a condition 
characterized by a gradual loss of kidney 
function over time

CKD Classification:
Stage Description GFR 

[ml/min/1.73m2]

1 Kidney damage with 
normal or ↑ GFR

≥ 90

2 Kidney damage with 
mild ↓ GFR

60-89

3a
Moderate ↓ GFR

45-59

3b 30-44

4 Severe ↓ GFR 15-29

5 Kidney failure < 15

Physiological changes apart from a decrease in GFR:

Decrease in hepatic and renal uptake transporter activity (e.g. OATP, OAT)
Yeo et al., Expert Rev. Clin. Pharmacol. 2010, 4(2):261-274

Zhao et al., J Clin Pharmacol 2012, 52:91S-108S; Hsu et al., Clin Pharmacokinet 2014, 53:283-293
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Obesity

GastroPlus follows WHO (adults) and CDC (children) classifications of 
obesity

Physiological changes in:
• Body and tissue composition
• Cardiac output and tissue blood 

flows
• GFR
• Hepatic CYP450 expressions
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PEAR – Disease Conditions
For hepatic and renal impairment, user has an 
option to select a group of patients depending 
on severity of the disease

Based on combination of Height, Weight and BMI, 
algorithms account for normal, overweight and 
obese subjects when creating physiologies

All information is already included in 
GastroPlus PEAR Physiology module … very 
easy to create the new disease physiologies!
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Example: Buspirone
Absorption:
• Rapidly and almost complete absorption 
• Mean absolute oral bioavailability is approximately 4%, 

ranging from 1.5-13%.
• Cmax of 1-6 ng/mL and Tmax of 0.13-1.5

Distribution:
• Mean volume of distribution of 5.3 L/kg 
• 95% bound to plasma proteins

Metabolism:
• Extensive first pass metabolism
• Mainly metabolized by CYP3A4

Elimination:
• Less than 1% of an administered dose 

was recovered as unchanged drug in urine
• Mean elimination half-life = 2-3 hrs

Ref: Mahmood et al., Clin Pharmacokinet 1999 Apr; 36 (4): 277-287

Ref: Zhu et al., DMD 33; 500–507, 2005
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Available in vivo Data: Healthy Subjects
Baseline model for healthy subjects was built using in silico, in vitro and fitted 

(where in silico and in vitro estimates were not available) parameter values to 
describe PK of buspirone and two major metabolites after different PO doses

Dockens et al., J Clin Pharm 46; 1308-1312, 2006
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PO IR Tablet 7.5 and 20 mg BID on Day 5 
Healthy Subjects

Predicted (lines) and observed (points) Cp-time profiles of buspirone (red), 1-pyrimidinylpiperazine 
metabolite (blue) and 6-hydroxybuspirone metabolite (pink) in healthy adult volunteers after 9 doses 
of 7.5 mg and 20 mg  buspirone hydrochloride administered once a day. 
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Observed data from Barbhaiya et al., Eur J Clin Pharmacol (1994) 46-41-47

PO IR Tablet 10 mg BID: Healthy & Hepatic Impairment

Prediction is not perfect, but 
gives a good insight into how the 
exposure may change in patients 
with severe hepatic impairment
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Liver Cirrhosis - Midazolam

orange – healthy
green – Cirrhosis CP = A
blue – Cirrhosis CP = B
red – Cirrhosis CP = C

Top: 1mg IV bolus
Bottom: 7.5 mg IV bolus and 15 mg PO
(assumed degree of hepatic impairment for second 
study)
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Pregnancy
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Pregnancy Model

Relevant mechanisms: 
1. Intramembranous pathway (between amniotic fluid and fetal blood within the placenta and membranes) 
2. Transmembranous pathway (between amniotic fluid and uterus)
3. Fetal pathway (swallowing, secretion, urination etc.)
4. Trans-placenta pathway
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Regulation of Amniotic Fluid Volume

• Poorly understood:
– Complex mechanisms: multiple pathways 

and exchange occurs simultaneously
– Mechanisms for volume regulatory vary 

with gestational age
– Most data are derived from sheep 

experiment

• 3 principals mechanisms:
– Intramembranous pathway
– Transmembranous pathway
– Fetal pathway 

Adapted from R. Brace - 1995
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Regulation of Amniotic Fluid Volume

Intramembranous pathway
– rapid movement of water and solute that occurs between 

amniotic fluid and fetal blood within the placenta and 
membranes. 

– Transcutaneous exchange between fetal blood and 
amniotic fluid disappears after skin keratinization

• Keratinization begins between 19 to 20 weeks of gestation
• Usually, keratinization is completed at 25 weeks of gestation

– Intramembranous pathway could be split into 2 
components(Brace et al – 2014):

• Passive pathway where rate depends on the osmolality
• Active pathway(presumed to be a vesicular transcytotic

pathway) that moves amniotic fluid in bulk together with 
dissolved solutes from the amniotic fluid outward across the 
amnion into fetal blood

Adapted from R. Brace - 1995
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Regulation of Amniotic Fluid Volume

Transmembranous pathway
– Movement of water and solute between amniotic 

fluid and maternal blood within the wall of the uterus
– Appears to make little if any contribution to net 

amniotic fluid volume or the concentration of the 
major solutes during the second half of gestation

– In early gestation, this pathway should be important 
(as other main pathway are not mature)

Adapted from R. Brace - 1995
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Regulation of Amniotic Fluid Volume

Fetal pathway
– Movement of water and solute between amniotic 

fluid and fetal organs
– Represents the major flux of amniotic fluid during 

the second half of pregnancy
– The formation of urine by the fetal kidney begins 

with the appearance of the definitive kidney, 
between 9th and 12th week of gestation.

– The human fetus begins to swallow at the same 
time that fetal urine begins to enter the amniotic 
cavity.

– Around the 25th weeks of gestation, a substantial 
portion of the amniotic fluid is produced by the 
pulmonary epithelium.

Adapted from R. Brace - 1995
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Fetal Physiology

Fetal weight and height prediction in GastroPlus vs. observed data. Solid line 
represents the current GP predicted value for fetal weights and the green circles are 
the observed values from multiple publications (refer to the Infant PBPK section). 

Plot of hematocrit vs post-menstrual age (PMA) for 
infants up to 1 year old or gestational age for fetus. 
The yellow triangles were calculated by the equation 
provided in Dallmann (Dallmann 2017). The final 
hematocrit equation for fetus was fitted with the 
Dallmann equation and rest of the observed data (black 
line). 

Fetal growth is consistent with infant physiology
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Weight Gain During Pregnancy

Weight gain during pregnancy. Red solid line represents 
the calculation in GastroPlus, the color coded diamonds 
are the observed weight gain for obese, overweight, 
normal weight and underweight subjects (Carmichael 
1997) 

Pre-pregnancy weight is important: will be used 
for calculation of all the tissue weights. 
Gestation age (in weeks) and pregnant weight 
will be used for calculating certain tissues’ 
change during pregnancy such as uterus, kidney, 
fetal, adipose etc.  
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Pregnancy Model
For early pregnancy: 0-6 gestation weeks For pregnancy: 7-43 gestation weeks

Defines the weight before pregnancy and 
used for tissue calculation

Consistent with infant 
physiology
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Population Simulator: Pregnancy

Variability in both maternal and fetal physiologies will be included

Gestational age needs to fall within 
one of the two groups: less than 6 
weeks or more than 6 weeks.
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Population Simulator: Pregnancy

Body weight is calculated from body weight and weight gain, the final BMI and 
weight range are posted here

Variability in both maternal and fetal physiologies will be included
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• Widely used for antibacterial prophylaxis during several 
surgical procedures in pregnant women

• Urinary recovery of unchanged cefazolin constitutes 
100% of the administered dose

• Renal elimination of cefazolin involves glomerular 
filtration and tubular secretion mediated by influx OATs 
1/3 and efflux transporter MRP 4 (Km and Vmax values 
were fitted for healthy subjects). For Kidney filtration, 
the default fup*GFR is used. 

Example: Cefazolin
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Example: Cefazolin

Observed Data: Philipson 1987 0.5 g IV; Rattie 1974 1 g IV; Smyth 1979 2; 3; 4 g IV

Baseline model was calibrated/validated against in vivo data from literature (healthy males) 
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Example: Cefazolin

Observed Data: Young 2015; Elkomy 2014

Validated model was then used to predict maternal and fetal PK

Maternal plasma Maternal (left) and neonatal (right) plasma

Cefazolin was administered to pregnant women before undergoing cesarean delivery
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Example: Cefazolin

• Validated model was 
then used to predict 
maternal and fetal PK

• Cefazolin was 
administered to pregnant 
women (IV or IM) before 
undergoing elective 
cesarean delivery or 
hysterectomy

Maternal plasma (left), neonatal plasma (middle), amniotic fluid (right)

Observed Data: Fiore Mitchell 2001; Bernard 1977
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Summary
PBPK models are here to stay
• PBPK modeling is already being used routinely for first-in-human predictions, 

pharmaceutical development and drug-drug interaction evaluations

• PBPK models also provide a platform for predictions of exposure in special 
populations and have a potential to go beyond the major groups in focus today 
(pediatric, hepatic and renal impairment)

• PBPK can be used as complimentary approach to PopPK modeling, especially for 
groups where it is difficult to obtain PK data in large cohort

• With predictions of individual tissue concentrations, the simulated profiles can be 
linked with QSP/QST models to simulate the local effects of administered drug.

PBPK models play well with others
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>1000 members on the LinkedIn group page – membership is free!
http://www.linkedin.com/groups/GastroPlus-User-Group-5025927/about

Mission & Goals:
Discuss best practices, Q&A and FAQs 

Share knowledge of software functionality and applications
Publish journal articles to show validation for different applications

Present and advance M&S science via social media, webinars and face-to-face meetings 
Feedback on improvements and software functionality requests to Simulations Plus 

Understand and influence regulatory expectations for M&S submissions

http://www.linkedin.com/groups/GastroPlus-User-Group-5025927/about
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