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Introduction to Pharmacokinetics
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2. Focus on predicting clearance
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Predicting Human PK
Early Discovery
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Absorption Hepatic clearance Volume of distribution

Bioavailability Half-life

PK

Target Concentration Dose

• Some view early dose 

predictions as a scoring 

system with all parameters 

correctly weighted

• Beware of logarithmically 

related parameters (eg Half-

life and dose)



Predicting Human PK
Factors that may complicate
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What parameters need to be 
predicted and measured?

In the simplest case:

Predicted

◦ Vss  - Average  the Vss,u in animal species, correct for human fu

◦ Fraction absorbed – Use animal data at a suitable dose/formulation

◦ Clearance  - more complex……

Measured

◦ Plasma protein binding in several species

◦ Microsome /hepatocyte CLint and binding (can be predicted in some cases)

◦ Blood:Plasma ratio

Other considerations:

◦ Rate of absorption – Difficult to predict – MMVSola assumes a rate of  1/h

◦ Do microsomes and/or hepatocytes enable prediction of CL in animals?
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**Important**
Just because an impressive looking human profile can be generated, does not 
mean it bears any relationship to reality!

Consider the uncertainty in the parameter estimates used

What makes a prediction credible? 

Vary the parameter estimates and look at the impact
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Prediction of drug clearance

• In vitro-in vivo extrapolation is a highly optimised method for 
predicting human clearance
◦ Use of microsomes and hepatocytes
◦ Review - Davies et al, Trends in Pharmacological Sciences, 2020, Vol. 41, No. 6 

https://doi.org/10.1016/j.tips.2020.03.004

Methods have generally superseded allometric scaling for low 
clearance compounds

• A key point – When predictions are wrong, they tend to 
under-predict clearance – we see this a lot in the animal data  
- but also in human PK

• What is the consequence?
• Over optimistic dose predictions /variability between labs

https://doi.org/10.1016/j.tips.2020.03.004


Why may in vitro systems fail to 
predict in vivo clearance?

1. Clearance mechanism not recapitulated by microsomes/hepatocytes 
(eg biliary/renal clearance) or clearance enhanced by the actions of transporter 
proteins (hepatic uptake /gut secretion). Extensive extra-hepatic metabolism 

2. Microsomes /and or hepatocytes do form the correct metabolites, but for some 
reason, the rate of turnover is too low. Possible causes include solvent 
inhibition, low Km substrates, hepatic uptake, poor cell permeability

3. Low Turnover over-optimistically assessed

4. The set up of the microsome/hepatocyte assays do not yield quantitative 
predictions of clearance. Many labs require a “correction factor” to make this 
scaling work. Poor cryopreservation/thawing/shaking of cells would be included 
here.

Is poor IVIVE (In vitro – in vivo Extrapolation) due to the assays or the compound?
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Calculating in vivo clearance

Raw 

CLint

Scaled 

CLint 

Predicted 

in vivo clearance

In vitro scaling factors,

Well stirred 

model (WSM)

fuP, B:P

Species

Million 

cells/g

or

mg protein/g

Qh

ml/min/k

g

Liver

g/kg

Mouse Hepatocytes 120 126.0 87.5

Rat Hepatocytes 120 77.0 40.0

Dog Hepatocytes 120 56.0 32.0

Human Hepatocytes 120 20.7 22.00

Mouse Microsomes 45 126.0 87.5

Rat Microsomes 45 77.0 40.0

Dog Microsomes 45 56.0 32.0

Human Microsomes 45 20.7 25.7

CLint µL/min/million cells

CLint,u µL/min/million cells CLint,u mL/min/kg CL  mL/mL/min/kg

fuinc

int

int

.

..

CLfuQ

CLfuQ
CL

b

b

+
=



Underprediction 
How has this issue been dealt with in the past?

Historically, if underprediction of clearance was observed in animal species, this 
is was either ignored or the average underprediction was applied to human 
predictions

Issues
◦ Does not account for any differences in clearance mechanisms across species              

(eg biliary CL only in rat)

◦ High Clearances in animal will often predict OK – does that really help with predicting 
low clearances in humans?

◦ Based on CL not CLint

◦ Assumes cells are performing equally efficiently in all species (freezing/thawing etc )



Underprediction 
How has this issue been dealt with in the past?

Example:

Example of an in vitro–in vivo correlation for clearance for 

ezlopitant

Di at al (2013)  Drug Metab Dispos 41:1975–1993

• Based on Clearance not CLint

• CL = ~QH in monkey  -> likely to be well 

predicted!

• Dog  - underpredicted 2-fold

• Rat  - Very good prediction

• Species differences real?

• Check other compounds in series?

• In this case all predictions were pretty 

good!



IVIVE – Regression analysis

Back in mid-2000’s Pharma started to characterise how well their assays predicted 
clearance

Literature PK data was used, fu and fuinc binding and CLint measurements  were 
made  for human and the animal species

AIM - CLint data could be corrected for any assay related underprediction

Separate assay related factors and compound related factors

Compounds with underpredictions beyond that expected could be investigated (other 
clearance mechanisms /low Km substrates/ solvent effects etc)

Issues
◦ Based on the average underprediction in a group of unrelated compounds
◦ Assumes compound related errors in animal species apply to human

◦ Does give “worst case”



Even in the simplest case (highly permeable compounds, eliminated 
by metabolism) hepatocytes may not directly predict hepatic clearance

This is commonly seen, many labs are now adopting this approach

Raw 

CLint

Scaled 

CLint 
Predicted 

In vivo CLint

Lab specific 

correction

Predicted 

in vivo clearance

In vitro scaling factors,

fuP, Rb, fuinc

Well stirred 

model (WSM)

Log(CLint*SF*fub/fuinc)

L
o

g
(Q

h
*C

L
b
)/

(Q
h

-C
L

b
)

• A regression approach adjusts for systematic under-

predictions observed when scaling in vitro CLint directly using 

the well stirred model, unbound fractions in blood and the in 

vitro matrix, and physiological scaling factors.

Riley, McGinnity and Austin (2005)



IVIVE – Regression analysis Example

TCGLS hepatocyte assay regression training data

Human    Y =1.05x + 0.034     Slope ~1 and intercept = 0 , No underprediction

Rat           Y = 0.645x + 0.713   Slope ≠ 1 and intercept = 0.7, Prediction error varies with CLint

Other Species?  Microsomes?

Rat Hepatocytes



IVIVE – Regression analysis

Underprediction 

at low CLint

Overprediction 

at high CLint



Project example  - IVIVE correlations

• Project learning?  - Compounds in general scaled well in rats if LogD was kept below 3

• Guess what – Project chose a compound of LogD >3..and it failed

Clarity of message - ”IVIVE rules” all can understand
Allows focus on compound – not scaling method

RAT DOG

PK studies in Drug Discovery



Pharmacokinetics
Allometric scaling: The Study of Biological Scaling

Allometry, in its broadest sense, describes how the characteristics 
of living creatures change with size.

Scaling is often considered to be one of the few laws in biology.

Allometric equations take the general form Y = aMb, where Y is 
some biological variable, M is a measure of body size, and b is 
some scaling exponent.

A perfectly isometrically scaling organism would see all volume-
based properties change proportionally to the body mass (b=1), 
all surface area-based properties change with mass to the power 
2/3, and all length-based properties change with mass to the 1/3 
power.

Examples:  Basal metabolic rate, liver size, blood flows to organs

But does this work for predicting the PK of drugs?
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Pharmacokinetics
Allometric scaling

In plotting an animal's basal metabolic rate (BMR) against the 
animal's own body mass, a logarithmic straight line is obtained, 
indicating a power-law dependence. 

Overall metabolic rate in animals is generally accepted to show 
negative allometry, scaling to mass to a power ≈ 0.75, known as 
Kleiber's law, 1932.
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Allometric scaling of clearance
Looks quite convincing….but

This is not a Prediction. The line is a fit that includes the human data

Note: The Y-axis is always on a log scale

The “Pivot”effect

Predicting human parameters by allometry is always an extrapolation

20



Pharmacokinetics
Allometric scaling: The Study of Biological Scaling

Allometry: Can be used to predict volume of distribution and clearance

Volume of Distribution - Well predicted if unbound volume is scaled with an 
exponent of ~1

(You get the same answer if you average the unbound volumes across species)

Hepatic Clearance – Should be well predicted if clearance is blood flow limited 
(Exponent 0.75)…..but oral drugs do not have clearance this high…therefore it 
is less useful for low clearance compounds

Many attempts to fix this, further correction factors applied – “maximum lifespan 
potential (MLP)”, “brain weight”, + others…..

……..No logical reason why it should work for low clearance compounds….but 
sometimes it’s all you can do!   

Assuming the same hepatic extraction is allometric scaling
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Case Study: Methodology

PK profile

Bioavailability Absorption rateHalf-life

Vss Clearance

Hepatic

Extraction

Fraction 

absorbed Assumed 

rapid unless 

clearly slow

Animal data

Solubility / 

permeability

Hepatic CLint

Animal Vss

data

Hepatic CL

1 compartment model, unless 

animal data indicates otherwise

If high in animals, 

little risk, if not, 

needs scrutiny

fu, fuinc, liver model

Fu 

corrected 

animal 

data

All clearance 

mechanisms

1 compartment 

model or PBPK

Consider 

allometry

Gut metabolism ?

From Heps or mics

Cmax can be difficult to predict, so if 

critical needs particular attention

ka has little effect on 

Cmin, and no effect on 

AUC



Compound A: Pharmacokinetics in the rat

Weak base pKa ~8, LogD~2
 Dose 1 mg/kg

Unit Mean SD

mL/min/kg 39 2.7

h 0.9 0.1

ng/mL 770 142

h*ng/mL 424 28

h*ng/mL 430 31

h 0.9 0.2

L/kg 2.2 0.6

 Dose 3 mg/kg

Unit Mean SD

h 1.6 0.1

h 1.2 0.8

ng/mL 204 34

h*ng/mL 779 53

h*ng/mL 795 40

% 61 4 

Cmax

AUClast

AUCInf

F

MRTInf_obs

Vss_obs

PK parameters

T1/2

Tmax

PK parameters

Cl_obs

T1/2

C0

AUClast

AUCInf

Species Qh

(mL/min/kg)

Blood to 

Plasma 

ratio

Plasma

clearance

(mL/min/kg)

Extrahapetic 

plasma 

clearance

(mL/min/kg)

Hepatic 

plasma 

clearance

(mL/min/kg)

Bioavailability

(%)

Hepatic 

extraction

(%)

Fraction 

absorbed

(%)

Rat 77 1.8 39 0 39 61% 28% 85%



Compound A: Pharmacokinetics in the dog

IV Dose 1 mg/kg

Unit Mean SD

mL/min/kg 45 7

h 1.5 0.5

ng/mL 752 44

h*ng/mL 370 52

h*ng/mL 373 53

h 1.1 0.2

L/kg 3.0 0.3

PO Dose 3 mg/kg

Unit Mean SD

h 2.9 1.8 

h 0.7 0.3 

ng/mL 362 93 

h*ng/mL 991 313 

h*ng/mL 1000 315 

h 2.6 0.2 

% 88 17 

PK parameters

PK parameters

Cl_obs

T1/2

T1/2

Tmax

C0

Cmax

AUClast

AUClast

AUCInf

AUCInf

MRTInf_obs

MRTInf_obs

Vss_obs

F

Species Qh

(mL/min/kg)

Blood to 

Plasma 

ratio

Plasma

clearance

(mL/min/kg)

Extrahapetic 

plasma 

clearance

(mL/min/kg)

Hepatic 

plasma 

clearance

(mL/min/kg)

Bioavailability

(%)

Hepatic 

extraction

(%)

Fraction 

absorbed

(%)

Dog 56 1.3 45 0 45 88% 62% 230%



1. Hepatic metabolism  is >95% of clearance (based on dog data)

2. Non-specific binding in in vitro incubations – estimated from lipophilicity using standard 
equations (Austin et al, 2005)

3. One compartment model was used. This is reasonable, based on animal data.

4. Fraction absorbed is likely to be high, based on animal PK data and good permeability 
and solubility. High bioavailability and high clearance in dog is strange 

5. The rate of absorption likely to be moderately fast. This has been assumed to be 1 h-1 as 
a default, with a modified release formulation assumed to reduce the first order 
absorption rate by a factor of 4, also modelled 

ASSUMPTIONS – This project



• Clearance has been predicted from in vitro hepatocyte  data

• Demonstrating predictivity of these systems for the animal species is important in this 
approach

• The well-stirred liver model was used to convert the intrinsic clearance to Plasma 
clearance

• Allometric scaling was deemed not appropriate, as the slope based on clearance in the 
rat  and dog was >1

Prediction of clearance

int

int

.

..

CLfuQ

CLfuQ
CL

b

b

+
=



Human PK Prediction – Clearance

Comments

Significant underprediction of clearance in the rat and dog

Later characterisation of the rat assay indicated an underprediction of ~5X at this CLint

Binding calculations

Austin et al 2002

Hallifax and Houston  2006

Winiwarter et al 2019 (review)

Species

Plasma

%free

Cells per 

ml

or

mg/ml

CLint 

(ul/min/10
6 

cells)

or

(ul/min/mg)

Blood to 

plasma 

ratio

logD(acids or 

neutrals) / 

logP(bases)

Predicted 

fraction 

unbound in 

hepatocyte 

incubation

 scaled

Clint in vitro 

(ml/min/kg)

Correction

factor

Corrected

 scaled

Clint in vitro 

(ml/min/kg)

Predicted

plasma Cl 

(ml/min/kg)

Obs

Plasma

CL

(ml/min/kg)

Mouse Hepatocytes 31 0.5 9.8 1.8 3.30 0.70 148

Rat Hepatocytes 33 0.5 5.7 1.8 3.30 0.70 39 1 39 11.9 39

Dog Hepatocytes 39 0.5 8.3 1.3 3.30 0.70 45 1 45 14.3 45

Human Hepatocytes 44 0.5 2.7 1.6 3.30 0.70 10 1 10 3.96



Human PK Prediction – Clearance

Comments

The Human clearance prediction was increased 4-fold (CLint)

Mouse Hepatocytes 31 0.5 9.8 1.8 3.30 0.70 148

Rat Hepatocytes 33 0.5 5.7 1.8 3.30 0.70 39 4 157 38 39

Dog Hepatocytes 39 0.5 8.3 1.3 3.30 0.70 45 4 182 36 45

Human Hepatocytes 44 0.5 2.7 1.6 3.30 0.70 10 4 41 11.7

Species

Plasma

%free

Cells per 

ml

or

mg/ml

CLint 

(ul/min/10
6 

cells)

or

(ul/min/mg)

Blood to 

plasma 

ratio

logD(acids or 

neutrals) / 

logP(bases)

Predicted 

fraction 

unbound in 

hepatocyte 

incubation

 scaled

Clint in vitro 

(ml/min/kg)

Correction

factor

Corrected

 scaled

Clint in vitro 

(ml/min/kg)

Predicted

plasma Cl 

(ml/min/kg)

Obs

Plasma

CL

(ml/min/kg)

Mouse Hepatocytes 31 0.5 9.8 1.8 3.30 0.70 148

Rat Hepatocytes 33 0.5 5.7 1.8 3.30 0.70 39 1 39 11.9 39

Dog Hepatocytes 39 0.5 8.3 1.3 3.30 0.70 45 1 45 14.3 45

Human Hepatocytes 44 0.5 2.7 1.6 3.30 0.70 10 1 10 3.96



Human PK Prediction  - Volume of 
distribution

Comments

The Vss,u in the rat and dog are very similar, giving high confidence in the human Vss prediction

• The human Vss was predicted from the rat and dog Vss, on the assumption that Vss,unbound is constant across 

species

• This is equivalent to allometric scaling of unbound volume with a fixed slope of 1

Vss (L/kg) Vssu (L/kg)

Observed Rat 2.2 6.7

Observed Dog 3.0 7.7

Predicted Human 3.2 7.2

Fu

0.33

0.39

0.44



Simulated Human PLASMA profile Compound A 
100mg dose BID   Absorption rate = 1 h-1



Simulated Human PLASMA profile Compound A 
100mg dose BID   Absorption rate = 0.25 h-1



The Pharmacokinetic parameters were predicted using the methods described. Other parameters from a 
simulated 200mg dose (2 x 100mg)   to a 70kg person are also presented

Predicted parameters

ka CL Vss F Cmax,ss Cmax,u Cmax/Cmin T1/2 AUC AUCu

h-1            mL/min/kg L/kg % ng/mL ng/mL ratio h ng h/mL     ngh/mL

1.0 11 3.2 67 218 96 6.2 3.3 2646 1164

0.25 11 3.2 67 155 68 2.3 3.3

How did I feel about this prediction?
Vss – Confident, similar picture throughout LO, Fits with Phys chem
CL – Not a low prediction, unlikely to be more than a factor of 2 out!  4X increase might be 
conservative
Absorption – likely to be high
In this project Cmax related tox was the issue – Some uncertainty about Cmax…Formulations?

Human PK Prediction  - Parameters



MMVSola predicts the human 
efficacious dose and  plasma 
concentration-time profile, based on:

- A one-compartment model

- in-vitro to in-vivo extrapolation (IVIVE) from hepatocyte and/or microsome Clint

data 

- The well-stirred liver model with full in vitro and in vivo binding correction

- Volume of distribution (Vss,u) and fraction absorbed estimated from animal data

- Any known underprediction of clearance observed in the animal species

- Single or multiple doses

- Predefined PD endpoints

- https://mmvsola.org/

Author | 00 Month Year SET AREA DESCRIPTOR | SUB LEVEL 1 33

https://mmvsola.org/


**Important**
Just because an impressive looking human profile can be generated, does not 
mean it bears any relationship to reality!

Consider the uncertainty in the parameter estimates used

What makes a prediction credible? 

Vary the parameter estimates and look at the impact
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Summary
▪Only 3 parameters need to be predicted to get a basic PK prediction

▪Be aware of potential complexities

▪Think  - does this all make sense?

▪IVIVE is a well established methodology
▪ Allometric scaling may have to be used in some circumstances

▪The ability to predict the PK in animal species adds real confidence

▪Consider the uncertainty in all the parameter estimates and the model 
assumptions

▪Early PK and dose prediction will allow you to focus on the key parameters 
you need to improve to improve PK profile and reduce the clinical dose


