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Three Objectives for Today’s Talk

➢ Provide a brief overview of history & current state of MIDD 

approaches and their use in drug development & regulatory 

evaluation.

➢ Provide a perspective on current barriers to routine application 

of QSP models in drug development & regulatory evaluation

➢ Provide a perspective on what we should do next

20



Genesis of Terminology, Seminal 
Initiatives & Current State

21
Marshall et al. CPT Pharmacometrics Syst Pharmacol. 2016 Mar;5(3):93-122. doi: 10.1002/psp4.12049.

1980s

1990s

early 

2000s

mid 

2000s

2016



Genesis of Terminology, Seminal 
Initiatives & Current State

22
Marshall et al. CPT Pharmacometrics Syst Pharmacol. 2016 Mar;5(3):93-122. doi: 10.1002/psp4.12049.

1980s

1990s

early 

2000s

mid 

2000s

2016

FDA Modernization Act of 1997 (FDAMA), Sec. 115a

Lesko LJ. CPT Pharmacometrics Syst Pharmacol. 2021 Oct;10(10):1127-1129. doi: 10.1002/psp4.12699. 



Genesis of Terminology, Seminal 
Initiatives & Current State

23
Marshall et al. CPT Pharmacometrics Syst Pharmacol. 2016 Mar;5(3):93-122. doi: 10.1002/psp4.12049.

1980s

1990s

early 

2000s

mid 

2000s

2016

FDA Modernization Act of 1997 (FDAMA), Sec. 115a

Lesko LJ. CPT Pharmacometrics Syst Pharmacol. 2021 Oct;10(10):1127-1129. doi: 10.1002/psp4.12699. 

Systems Pharmacology: is the quantitative analysis of the dynamic interactions 

between drug(s) and a biological system to understand the behavior of the system 

as a whole, as opposed to the behavior of its individual constituents … .

Van der Graaf and Benson Pharm Res (2011) 28:1460-1464.



Genesis of Terminology, Seminal 
Initiatives & Current State

24
Marshall et al. CPT Pharmacometrics Syst Pharmacol. 2016 Mar;5(3):93-122. doi: 10.1002/psp4.12049.

1980s

1990s

early 

2000s

mid 

2000s

2016

FDA Modernization Act of 1997 (FDAMA), Sec. 115a

Lesko LJ. CPT Pharmacometrics Syst Pharmacol. 2021 Oct;10(10):1127-1129. doi: 10.1002/psp4.12699. 

Systems Pharmacology: is the quantitative analysis of the dynamic interactions 

between drug(s) and a biological system to understand the behavior of the system 

as a whole, as opposed to the behavior of its individual constituents … .

Van der Graaf and Benson Pharm Res (2011) 28:1460-1464.



Genesis of Terminology, Seminal 
Initiatives & Current State

25
Marshall et al. CPT Pharmacometrics Syst Pharmacol. 2016 Mar;5(3):93-122. doi: 10.1002/psp4.12049.

MID3: “A quantitative framework for prediction and extrapolation, centered on

knowledge and inference generated from integrated models of compound,

mechanism and disease level data and aimed at improving the quality,

efficiency and cost effectiveness of decision making”

1980s

1990s

early 

2000s

mid 

2000s

2016

FDA Modernization Act of 1997 (FDAMA), Sec. 115a

Lesko LJ. CPT Pharmacometrics Syst Pharmacol. 2021 Oct;10(10):1127-1129. doi: 10.1002/psp4.12699. 

Systems Pharmacology: is the quantitative analysis of the dynamic interactions 

between drug(s) and a biological system to understand the behavior of the system 

as a whole, as opposed to the behavior of its individual constituents … .

Van der Graaf and Benson Pharm Res (2011) 28:1460-1464.



Value Proposition vs. Prioritization of 
MIDD Approaches: A 2023 Snapshot

26

B
e
n

e
fi

t
(I

m
p

a
c

t 
o

n
 g

o
a

l 
o

r 
q

u
e

s
ti

o
n

)

Ease of Doing
(time, resources, data, buy-in from management)

Easy Difficult

L
o

w
H

ig
h



Value Proposition vs. Prioritization of 
MIDD Approaches: A 2023 Snapshot

27

B
e
n

e
fi

t
(I

m
p

a
c

t 
o

n
 g

o
a

l 
o

r 
q

u
e

s
ti

o
n

)

Ease of Doing
(time, resources, data, buy-in from management)

Easy Difficult

L
o

w
H

ig
h Pop-PK

E/R



Value Proposition vs. Prioritization of 
MIDD Approaches: A 2023 Snapshot

28

B
e
n

e
fi

t
(I

m
p

a
c

t 
o

n
 g

o
a

l 
o

r 
q

u
e

s
ti

o
n

)

Ease of Doing
(time, resources, data, buy-in from management)

Easy Difficult

L
o

w
H

ig
h Pop-PK

E/R PBPK



Value Proposition vs. Prioritization of 
MIDD Approaches: A 2023 Snapshot

29

B
e
n

e
fi

t
(I

m
p

a
c

t 
o

n
 g

o
a

l 
o

r 
q

u
e

s
ti

o
n

)

Ease of Doing
(time, resources, data, buy-in from management)

Easy Difficult

L
o

w
H

ig
h Pop-PK

E/R PBPK

Systems 

Pharmacology



Value Proposition vs. Prioritization of 
MIDD Approaches: A 2023 Snapshot

30

B
e
n

e
fi

t
(I

m
p

a
c

t 
o

n
 g

o
a

l 
o

r 
q

u
e

s
ti

o
n

)

Ease of Doing
(time, resources, data, buy-in from management)

Easy Difficult

L
o

w
H

ig
h Pop-PK

E/R PBPK

Systems 

Pharmacology



Current Barriers to Routine Application of QSP 
Models in Drug Development & Regulatory 

Evaluation: A Personal Perspective

➢ Perception matters

✓ PBPK models are:

• User-friendly black boxes

• Click here, click there, click everywhere

✓ QSP are:

• Structurally complex

• Require a lot of data

• Have challenges with scaling to long-term endpoints/outcomes

• Everyone has their own favorite model

➢ Modelers cannot seem to agree on tools, standards, and terminology so how 
are other stakeholders supposed to buy in? 
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Three key questions that define the 

context of modeling and simulation:

1) What do we want to know?

2) How certain do we need to be?

3) What are we willing to assume? 

Sheiner LB. Clin Pharmacol Ther. 1997 Mar;61(3):275-91. doi: 10.1016/S0009-9236(97)90160-0
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It’s a modeling continuum, not a modeling competition!
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Impact of Variability in Exposure-Response
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• Drug receptor or enzyme 
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• Gender, Race, Body size

• Renal/hepatic function

• Gastric pH

• Drug-drug interactions

• Environmental factors

• Concomitant diseases

• Drug metabolism polymorphisms
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• Drug-drug interactions
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• Gender, Race, Body size

• Renal/hepatic function

• Gastric pH
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• Drug metabolism polymorphisms

• Adherence

Additional factors to consider:

• Uncertainty in disease pathways

• Monogenic vs. polygenic diseases

• Endogenous (e.g., receptor, 

protein) vs. exogenous (e.g., 

pathogens) targets

→ Opportunity for QSP models:

• Preclinical-clinical translation (e.g., 

mapping complex physiological pathways, 

identifying targets for drug prioritization)

• Identification of optimal combination 

(chemo)therapy

• Establish virtual twins for rare diseases

• Understand biomarker dynamics → inform 

clinical trial design
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➢ Reduces the risk of major adverse cardiovascular 

events (MACE):
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• Stroke

• Cardiovascular death

• Stent thrombosis

➢ Large between-patient variability in response to 

clopidogrel treatment (Boxed warning from FDA)
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Impact of Time Scale on Model Granularity:
Translating Short-Term Behaviour Into Long-Term Outcome

Jauslin-Stetina et al., J Clin Pharmacol (2011) 51:153-164
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Here Is What I Think We Should Do Next

➢ Focus on building consensus rather than silos. It’s a modeling  
continuum, not a modeling competition.

➢ Consider model reusability (e.g., develop accessible modeling platforms 
that are qualified in the context of use (may require the use of competitor 
drugs))

➢ Foster transdisciplinary approaches
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https://www.pradaxapro.com/dosing-administration

➢ Dabigatran:
✓ Factor IIa inhibitor

✓ G-pg substrate

✓ Low oral bioavailability

✓ Primarily cleared via the kidneys

➢ Dose reduction is recommended 

only in subjects with impaired renal 

function

Dabigatran dose reduction may have to be considered in 

subjects with normal renal function receiving P-gp inhibitors

RWE Results: Impact of P-gp Inhibitors in Subjects With 

Normal Renal Function

Pham et al. JAMA Netw Open. 2020 Apr 1;3(4):e203593. doi: 10.1001/jamanetworkopen.2020.3593. 



What About Subjects With Renal Impairment 
Receiving P-gp Inhibitors?

Dabigatran + Ritonavir Dabigatran + Cobicistat

77
Lingineni et al. Clin Pharmacol Ther. 2021 Jan; 109(1):193-200. doi:10.1002/cpt.2087. Epub 2020 Dec 10.
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✓ Dabigatran should be avoided in subjects with severe renal impairment when co-administered with RTV/COBI.

✓ In subjects with moderate renal impairment and receiving RTV, dose separation or dabigatran dose reduction to 110 mg b.i.d.

may be necessary. 

✓ In subjects with moderate renal impairment and receiving COBI, dabigatran dose should be reduced to 75 mg b.i.d.

✓ No dabigatran dose adjustments are needed in subjects with normal renal function receiving RTV.

✓ Dabigatran dose should be reduced to 110 mg b.i.d. in subjects with normal renal function receiving COBI.

Lingineni et al. Clin Pharmacol Ther. 2021 Jan; 109(1):193-200. doi:10.1002/cpt.2087. Epub 2020 Dec 10.
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✓ Dabigatran should be avoided in subjects with severe renal impairment when co-administered with RTV/COBI.
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✓ Dabigatran should be avoided in subjects with severe renal impairment when co-administered with RTV/COBI.
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Lingineni et al. Clin Pharmacol Ther. 2021 Jan; 109(1):193-200. doi:10.1002/cpt.2087. Epub 2020 Dec 10.
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Office: 407-313-7012

Cell: 352-408-2833
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