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Reality of Special 

Populations in Clinic

100 Years Old 

Problem
Known within Modern Medicine.

Sir William Osler (1849-1919)

Professor of Medicine Oxford, 

England

“Variability is the law of life, and as no two faces are 

the same,  so no two bodies are alike, and no individuals 

react alike and behave alike under the abnormal 

conditions which we know as disease”

Issues with Current 

Drug Development

- Regulators,

- Professional Associations, and

- Patient Advocacy Groups

Are asking for more 

diversity in the clinical 

drug trials.

FDA Guidance for Industry 

Center for Drug Evaluation and Research (CDER) 

Center for Biologics Evaluation and Research (CBER) 

Clinical/Medical

November 2020 

April 2022
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Book Chapter:

A Rostami-Hodjegan and B Achour, in “Advances in Pharmacokinetics and Pharmacodynamics” by 

P Macheras, Springer 2023

On the Verge of Impossibility:

Caring for All Permutations of Comorbidities Influencing the 

Fate of Drugs

Time 

to 

Change 

Philosophy

Jadhav et al., 2015 AL-Qassabi J, Unpublished Survey
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Clin Pharm Ther 2012 - 92 (1): 50-61

Simulated postsurgical/presurgical AUC ratio over a 
range of selected drugs at LOW, MED, and HIGH 
therapeutic doses: Simvastatin Immediate Release 
(IR), Omeprazole Enteric Coated (EC), Diclofenac EC, 
Fluconazole IR, and Ciprofloxacin IR for :

(a) Roux-en-Y gastric bypass surgery (RY)
(b) Biliopancreatic Diversion with Duodenal

Switch (BDDS)
(c) Jejunoileal Bypass (JI-B)
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A Potential Solution to 

Address the Problem

Focusing 

on 

SYSTEMS 

rather than 

DRUG

Special/Disease Populations Is the Fastest 

Growing Area of PBPK-IVIVE Applications!

El-Khateeb et al. (2021) Physiological-based pharmacokinetic modeling 

trends in pharmaceutical drug development over the last 20-years; In-

depth analysis of applications, organizations, and platforms. Biopharm. 

Drug Dispos. 42:107–117.

Clin Pharm Ther 2018 - 103 (2): 224-232

Clarifying 

Common 

Philosophical 

Misconceptions

Br J Clin Pharmacol 2014 -79 (1): 48-55
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Biopharm Drug Dispos 2021 42: 107-117

Science   3   Fold

PKPD   4   Fold
PBPK  > 43 Fold
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Another

Philosophical 

Change

Biopharm Drug Dispos 2023 – UNDER REVIEW

In-Depth Analysis of Patterns in Selection of Different
Physiologically-Based Pharmacokinetic Modeling Tools: 

Part I - Applications and Rationale Behind the Use of Open Source-Code Software

Part II - Assessment of Model Reusability and Comparison Between Open and Non-
Open Source-Code Software

Reusability Concept for Models

A  computational model is considered entirely 
reusable if it may be utilised as a simulation 
component within other mathematical models, 
with its physical scope being the sole constraint

Rodrigues Matos T, et al. (2013) On a 
reusable and multilevel methodology 
for modeling and simulation of 
pharmacokinetic-physiological 
systems: a preliminary study. Comput 
Biol Med. 43(10):1512-22.

Definitions - Current Analysis by the University of Manchester for PBPK Models Reusability 

Term Definition

Reusability
The reutilisation of (I) the model in its entirety, (II) the systems components, (III) the drug-

dependent components, (IV) the modelling strategy, or (V) Leveraging the aforementioned

Partial Reusability (II), (III), (IV) or (V)  above

Full Reusability (I) above

External Reusability
Reusability by researchers outside the organisations affiliated to original model 

development

Internal Reusability
Reusability of involving researchers from the same institution involved in the development 

of original model
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Regulatory Picture: A Dynamic Scene

DDI still 
dominates the 

submissions

Adapted from: 

Wagner et al., CPT:PSP, 2015 & Joe Grillo’s 

Slide at PKUK (2018)

Virtual Patients to Conduct In Silico Trials

Biosimulation to predict how the attributes of body affect the drug fate in each population:

Reusability for 25 Virtual Patient Populations & >100 Compound Files

Bone

Kidney

Heart

Muscle

Brain

Liver

Lung

Skin

Adipose

Gut

Possible Applications: 

First-in-Human 

Dosing

Clinical Study 

Design

Bioequivalence

Reduced Cardiac 

Output

Drug-Drug 

Interactions

Renal Impairment

Food Effect

Pediatric Dosing

Formulation

Hepatic 

Impairment
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Clinical Trial Waivers Extrapolation to Special Populations Reduction in Study Patients

Areas of Significant Impact: PBPK-IVIVE Approach

(1) Integration of

Existing Data;

(2) Creation Non-

Existent Data
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Model Verification/Credibility Requires Multiple Drugs & Formulations

Same Changes in Physiology: Varying Impact on Different Drugs 

(Midazolam [MDZ] vs Budesonide [BDS])

BDS

What Does Validation Mean in This Context? e.g. DDI & RI

CLIN PHARM THER 2012

INT J CLIN PHARM THER 2005

Drug Label Case 

(DDI in Renal Impairment

Biopharm Drug Dispos 2012

Renal Impairment
(Clinical Study)

Renal Impairment
(IVIVE/PBPK)
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Ten Years Later and with the Help of RWDA (Real World Data Analysis)

(ASMBS 2012; finance.yahoo.com 2012; Picot et al. 2009)

Clin Pharmacokinet 

2011; 50 (12): 809-822
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Obesity: Key ‘Known’ Physiological Changes Then
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Solids 

Liquids

GI Physiological 

Differences in Obesity 

Known Since Then

Small Intestine in Obese:

- Higher Contractility

- Shorter Transit Time

- Lower Median pH

Gastric Emptying:
T1/2 Is Shorter in 

Obese
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Trends: Bariatric Surgery

Dose

Stform

ktst

Stundis

ktst

Stdiss

ktst

Qgut,du

o

Jej1formDuoform

ktdu

o

ktj

1

Jej1undisDuoundis

ktdu

o

ktj

1

Jej1dissDuodiss

ktdu

o

ktj

1

Jej1entDuoent

Qgut,jej

1

CLBile

Arterial blood

Venous blood

CLBile

Liver

Il1form Il2form Il3form Il4form ColonformJej2form

ktj2 ktil1 ktil2 ktil3 ktil4
ktco

Il1undis Il2undis Il3undis Il4undis ColonundisJej2undis

ktj2 ktil1 ktil2 ktil3 ktil4 ktco

Il1diss Il2diss Il3diss Il4diss ColondissJej2diss

ktj2 ktil1 ktil2 ktil3 ktil4
ktco

Release rate

Dissolution/Precipitation rate

Absorption/Transport rate

1 - FG

Il1ent Il2ent Il3ent Il4entJej2ent

Qgut,jej

2

Qgut,il4Qgut,il1 Qgut,il2 Qgut,il3

Portal vein

Arterial blood

PBPK
distribution

model

Conduct 

of in 
Silico
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Surgery

Not Just 

Anatomy:
Bariatric Surgery 

induces

villi elongation in rats

(Mendieta, et al. 2012)
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Exposure/Dose Ratio  after JI-Bypass: Cyclosporine

(Chenhsu et al 2006)

 PBPK Predictions

 Actual Observations

Predicted  AUC for MDZ but … De-Supression of CL Post-Surgery?

27

28



09/11/2022

15

Estimates MDZ CL of 19 Obese Adolescents (red 
triangles represent orthopedic surgery patients, 
green triangles represent bariatric/laparoscopic 
surgery patients, black triangles represent other 
patients, i.e. tonsillectomy) vs BW. CL MDZ CL 
are reported for 20 morbidly obese patients 
(black dots) and 18 of these 1 year after bariatric 
surgery (grey dots, with dotted lines for 
corresponding values and healthy volunteer 
studies (grey squares). Black lines represent 
population mean estimates. 

Suppression of CYP3Aactivity as a Result of Prolonged Inflammation 
and Prolonged Obesity in Adults (as opposed to Adolescents) 

2018

2013

2016

2022
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2020. 60:477–502
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MR = metabolic ratio; 
LB = liquid biopsy; 
RPM = reads per million
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• In addition to several other enzymes, 
transporters and PD targets.

‘Liquid Biopsy’ for ADME: Abundance & Activity
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Liquid Biopsy: Quantitative Grade for Virtual Twins

Medium expression

High expression

Low expressionYes

No

G
ra

d
e
d

Proposed liquid 

biopsy use

Traditional cancer 
diagnostic tests

Is the disease marker expressed? 

‘Liquid Biopsy’ 

A Game 

Changer for 

Handling 

Variability

❑ Can we address PD variability using liquid biopsy?

❑ 362 PD targets in plasma (23 as protein in liver),

enzymes/receptors involved in inflammation, cancer,

immune response and cirrhosis

❑ Established correlations for several PD targets:

biomarkers of change in response to drugs &

disease progression

Going Forward: PD Variability using Liquid Biopsy 

versus PD Variability PK Variability 
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Correlations with Tissue Expression

PD/Disease Targets

❑362 PD targets in plasma:

• 81 FDA-approved drug targets

• 202 with established link with

disease

• Examples: EGFR (drug target

of anti-cancer TKIs and mABs);

DPP4 (target of the anti-

diabetics gliptins); GPT (marker

of liver function); LGALS4

(cancer prognosis marker)

Hepatic & Renal FcRn Expression in  Overweight/Obese Donors > Donors with Normal BMI

Under Review for Publication in 2023
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Conclusion:

➢ Systems Approach Can Help with (a

priori) Dose Adjustment in Obesity.

➢ However, Systems Data Are

Required to Build Robust

Population Models and Apply to

Large Sets of Verification Cases.

Thanks for Listening

Questions?
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