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Objective
• To use computer simulation approach to solve 

gaps in regulatory guidances regarding 
bioavailability (BA) and bioequivalence 
assessment (BE). Drugs with active metabolites.

• To improve/refine/redefine the current• To improve/refine/redefine the current 
requirements/recommendations about the 
design and data analysis in the BE studiesdesign and data analysis in the BE studies, 
based on the outcomes of the simulations.
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Bioequivalence studies: comparative clinical trial 
between two drug products containing the same 

drug that use a PK endpoint as a surrogate of 
therapeutic equivalence.



BE Study design

Two Way Cross-Over Design

BE Study design

Period 1 Period 2
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Formulation
Ref

Formulation
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T t
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If the drug has metabolitesIf the drug has metabolites…..
Question: 
Which is the best analyte to compare the formulations?

G t

Drug

(3)

y p

Liver (2)

Gut

(1)
Plasma

Metabolite

(4)

Activity of the specie
Criteria to be considered

Intra-subject variability of the specie
Consumer risk and producer risk of the analytes
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Tissue
(3)

KK

• F=1 for both Test and Reference

• Linear Kinetics

Scenarios in the simulations

Gut
(1)

Ka

U i

Drug
(2)

12K21K

10K

• Kf > Ke  and Kf< Ke

• Different CV % was added to Ka, Kf and ke

Kf

(1) Urine

Ke

( )

Metabolite
(4)

Issues
• Empiric model 

• It does not take into account extent of absorption

• It does not take into account first pass effect

• It just considers 90% CI width for choosing drug or metabolite. 
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Tissue
Scenarios in the simulations

Tissue
(3)

12K21K

• F=1 for both Test and Reference

• Ka/Ks = 3   and   Ka/Ks = 1.5

Gut
(1)

Ka

Urine

Drug
(2)

1221

10K
• IntraCVKa > IntraCVKs and 

IntraCVKa < IntraCVKs

Metabolite

Kf
KeSK

Metabolite
(4)

Issuesssues
• Still too empiric

• It does not take into account extent of absorption
It j t id 90% CI idth f h i d t b lit• It just consider 90% CI width for choosing drug or metabolite.

Chen ML, Jackson AJ, Pharm Res. 1995 May;12(5):700-8.
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)1(AK

Drug

(3)HF
HR ClCl 

Liver (2)

Gut

(1)

)1(AKa  (3)

mF
Urine

Metabolite

(4)
HF1

RCl

• Frel=1 and Frel=0.75

Scenarios in the simulations

rel

• KaT/KaR=1 and KaT/KaR=0.75
• Several Intrasubject variabilities
• Fm=0 75 and Fm=0 25• Fm=0.75 and Fm=0.25

Issues

• There are overparametrizacion. ClH, FH, Clint and Fm should not be independent. 

Jackson AJ, Pharm Res. 2000 Nov;17(11):1432-6. 
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Regulatory differences between 
FDA and EMEA

According to the EMEA, if metabolites significantly cco d g to t e , etabo tes s g ca t y
contribute to the net activity of an active substance and 
the pharmacokinetic system is non-linear, it is 
necessary to measure both parent drug and active 
metabolite plasma concentrations and evaluate them 
separatelyseparately.

F th FDA If th t b lit t ib t i f llFor the FDA, If the metabolite contributes meaningfully 
to safety and/or efficacy and is formed as a result of gut 
wall or other presystemic metabolism FDAwall or other presystemic metabolism, FDA 
recommends that the metabolite and the parent drug be 
measured. That is regardless all the processes are linear. g p



Regulatory differences:FDA and EMEA
Q ti

should not we use the specie that gives more accurate

Questions
p g

results? (no matter the activity)

I it th ti ll ibl th t t d tiIs it theoretically possible that parent drug ratios are
inside the BE limits (e.g. 80-125 %) and the metabolite
ratios are outside?ratios are outside?.

Could the non-linearity in parent drug be amplified (or
atenuated) in the metabolite?

Could the metabolite be BE but not parent drug, so
metabolite not representing dosage form performance? Is
this relevant or not?
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• New proposed model
Semi physiological model:Semi-physiological model:
Plasma compartment, gut, liver, metabolite.
Intestinal lumen: solid drug, dissolved fraction,
luminal degradationluminal degradation.
The intestinal transit: considered as an
operative absorption time (OAT).

O th d i b b d it t li h it i ti ll t b li dOnce the drug is absorbed, it goes to liver, where it is partially metabolized.
This metabolism can be non-linear, depending on the drug concentration in
liver.
The drug is assumed to be distributed rapidly in 1 compartment andThe drug is assumed to be distributed rapidly in 1 compartment and
eliminated by metabolism in liver (mainly) and excreted unaltered by renal
excretion.
Metabolite is assumed to be excreted by renal excretionMetabolite is assumed to be excreted by renal excretion.

This first model has been extended to accommodate:This first model has been extended to accommodate:
 a peripheral compartment
 Intestinal first pass effect
 a second metabolic route
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Subject generation

Database of 2400*24 Subjects in Excel assigning:
 ID for each subject Period 0 Period 1 ID for each subject
 Study (1 to 2400)

Group A:
Seq 0

e od 0 e od

Ref
O 1

Test
Oc2And randomly

Seq. 0 Oc 1

T t

Oc2

 Sequence (0 or 1).

Group B:
Seq. 1

Test
Oc 1

Ref
Oc2

 Sequence (0 or 1).  
 Period, occasion and formulation:
A. in seq =0. Period = 0 Reference. Period = 1 Test 
B. in seq= 1. Period = 0 Test. Period = 1 Reference
C. Occasion (OC1 y OC2). 
 Period = 0 OC1 = 1 OC2 = 0
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 Period = 0. OC1 = 1. OC2 = 0
 Period = 1. OC1 = 0. OC2 = 1



Fi d d R d ff tFixed and Random effects

seq period form
RPt=P ·Eseq ·Eperiod ·Eform

(EtaIID+EtaOC1·OC1+EtaOC2·OC2)Pi=Pt·e

Cpi=f(Pi Doses time)·(1+eps)Cpi=f(Pi,Doses,time) (1+eps)

R: Reference
i: subject
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Study designsStudy designs
Time (min) C(mg/mL)

5 0.39 0.20 0.10
10 0.72 0.38 0.19
15 1.01 0.55 0.28

plasma levels
10.00

Single dose
•24 subjects/study
•96 scenarios

30 1.65 0.98 0.52
45 2.03 1.30 0.72
60 2.24 1.54 0.89
90 2.35 1.83 1.15

120 2.26 1.94 1.32
150 2.08 1.94 1.42
180 1.89 1.87 1.47
210 1 69 1 76 1 48

1.00

co
nc

 m
g/

m
L

A
t/A

in
f

•96 scenarios
•2400 studies/scenario

210 1.69 1.76 1.48
240 1.51 1.63 1.46
270 1.34 1.50 1.42
300 1.19 1.36 1.36
330 1.06 1.23 1.29
360 0.94 1.11 1.22
390 0.83 0.99 1.14
420 0.74 0.89 1.06

0.10
0 100 200 300 400time (min)

c
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Multiple dose
•24 subjects/study 6

8

10

•96 scenarios
•1000 studies/scenario 0

2

4

0.0 20.0 40.0 60.0 80.0

19
19



• Average Parameters for simulationsAverage Parameters for simulations

Parameter Value
OAT (h) 4
Degradation rate in lumen (h-1) 0
Dissolution rate for reference form (h-1) 8Dissolution rate for reference form (h 1) 8
Renal clearance of  PD (L/h) 0.05
Hepatic blood flow (QH) (L/h) 90
Clearance of metabolite (L/h) 20
Hepatic Volume (L) 1
Central compartment volume (L) 40
Metabolite compartment volume (L) 40
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• Drug types and Cl 10L/h

lO Var=10%
Low VariabilityDrug types and

Scenarios
Ka=2h-1

Cl=10L/h
Low intrinsic
clearance lO Var=30%

High variability
Reference
High dissolution rate

High
solubility

Drug

High permeability
Class I and II 
(BCS) Cl=300L/h

High intrinsic
Kd=8h-1

Kd=4h-1

lO Var=10%
Low Variability

O %Drug

&

High intrinsic
clearance

Kd=4h-1

Kd=2h-1

Kd=1h-1

Kd=0 5h-1

lO Var=30%
High variability

lO Var=10%
L V i bilit Kd=0.5h 1

Kd=0.25h-1

K 0 2h 1

Cl=10L/h
Low intrinsic
clearance

Low Variability

lO Var=30%
Hi h i bilit 6 scenarios

Low
solubility

Drug
Ka=0.2h-1

Low permeability
Class III and iV 
(BCS) Cl=300L/h

High variability

lO Var=10%
Low Variability

6 scenarios
(test forms)

2 conditions:
Li liCl=300L/h

High intrinsic
clearance lO Var=30%

High variability Km=10000
Km=12 * 2 * 2 * 2= drug types

Linear; non-linear

2116 drug types

2              2                2                   2=      drug types



Simulations

• Interindividual variability 20% all parameters.
• Interocassion variability 10% in all 

parameters( but Clint)
• Interocassion variability of Parent Drug 

Intrinsic Clearance (Clint) modelled as High ( ) g
30% or Low 10%.

• Variabilities added with exponential modelVariabilities added with exponential model.
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Figure 2: Plasma concentrations of reference and test at single dose (left) and 
multiple dose (SS) (right) in scenario Ka=0.2 h-1, Cl=10 L/h, Km=1 mg/L, Kd=2 h-1.

23



AUC or Cmax ratios

• Diss rate of test and Fabs rel
24

Diss rate of test and Fabs rel



Class 1 and 3 Linear
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Class 1 and 3 non linear
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Class 2 and 4 linear
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Class 2 and 4 non linear
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Evolución de los modelos:Evolución de los modelos:
1) Monocompartimental dosis única: 1 

metabolitometabolito
2)Bicompartimental dosis única y multiple: 1 

metabolitometabolito

Extensiones del modeloExtensiones del modelo
3) Bicompartimental dosis única: 2 metabolitos

condiciones de no saturacióncondiciones de no saturación
condiciones de saturacion (1 ó 2 vías 

metabólicas)metabólicas)
4) Bicomp. 2 metabolitos ¿dósis múltiples?
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Conclusions 
• Parent drug  in single dose is the best moiety 

and design for bioequivalence trials in almost all 
the studied scenarios.

• But this general rule has exceptions in a few• But this general rule has exceptions in a few 
particular cases. (i.e request PD in SS).

f fThe complexity of the PK model could be further 
increased (protein plasma binding, new 
compartments) to simulate particular drugs withcompartments) to simulate particular drugs with 
known PK parameters. 

M d lli d Si l i i f l l f hModelling and Simulation is a powerful tool for the 
regulatory agencies in order to make science-
based recommendations about the analytes in BE

31

based recommendations about the analytes in BE 
scenarios.
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