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Drug interactions?

Combination therapy is prevalent in many therapeutic areas
— Anti-infectives
— Chemotherapy
— Antiepileptics

— Anaesthesia

What are our current modelling options and their limitations
for characterization of pharmacodynamic (PD) drug
interactions (DDI)?




PD DDI modelling
i current options

Mechanistic approaches
* Receptor theor C
pordeery gy
— Competitive interaction models R
— Noncompetitive/uncompetitive models R [> no E
S : Cy
* Systems biology/pharmacology
Additivity-based empirical models
* Loewe Additivity
- G
reco model, _ 3’)
— Combination indices 1-\-1— .
* Bliss Independence

— Empiric Bliss model(s)



Challenges with current
i modelling options

Mechanistic approaches

* Lack of knowledge to parameterize mechanistic interaction models

Additivity-based empirical models




Greco model
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Loewe Additivity
C C
1= . i, T : 1/H
EC50, x (L) * ECS0, x (L) ’
A \Emax — E B *\Emax — E
a X CA X CB
+ T 1 ] Interaction

E E) (erm term

EC50, x EC505 X (W

alpha = 0 > Loewe Additivity
alpha > 0 = Synergy
alpha < 0 = Antagonism

W.R. Greco et al. Cancer Res., 50: 5318-27 (1990).



Challenges with current
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Mechanistic approaches

* Lack of knowledge to parameterize mechanistic interaction models

Additivity-based empirical models
* Interaction parameters are not quantitatively interpretable
* Single underlying additivity concept

* Mono-dimensional (‘symmetric’) interactions

* Limitation to two drugs / Greco model \
1= Ca + Cs
EC50, X (L)WA EC50, X (L)l/HB
A7 \Emax — E B \Emax — E
a X CA X CB
' E
WR. Greco et al. Cancer Res., 50: 5318-27 (1990). \ EC50, X EC50p X (m) /




Towards a general PD
e interaction model

* Receptor-based mechanistic approaches Mechanistic elements

— Competitive interaction models

— Noncompetitive/uncompetitive models

General PD interaction

* Additivity-based empirical models model

— Loewe Additivity
* Greco model

— Bliss Independence

* Empiric Bliss model(s)
Basis: additivity criterion




The Emax model for

A quantification of drug effects
X o
s
w 9.
o O
E o _ Emaxxct
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w © EC50" + cH
0O
E o I I I I I I
QO o 1 2 3 4 5

Drug concentration C [fraction of EC50]




& GPDI model
implementation on EC50

<~
|
—_ O '
H X = :
E EmaxaxC," A g |
° = 5 o |
! I c Ha g I |
nt, _x

<ECSOA ><<1+EC an—b )) +Ca7 A S o |
50,vra5TCB g o |
H = x| |
E EmaxgXC,"'B w o |

[ J — )
F Hg g g |
Int_ xXC o |
(ECSOB x(1+EC S )) +Cp"'B 00 |
50,vrpatCA 5 g_ :
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0 I 2 3 4 5

. . D tration C [fracti f EC50
* 4 parameter interaction model rug concentration C [fraction o ]

Int,g, Intgs (-1 < Int < Inf) (0: Additivity, <O: Synergy, >0: Antagonism)
— ECS0ra8s ECSONTRA
* Simplifications:
Int,g = Intg,s (joint INT parameter)
— EC50,, s = EC505and EC50,, gp = EC50,



GPDI model
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implementation on Emax
—_ O
Int, XCp H é B | _
. F = EmaxAx(1+EC5012iAB+CB)xCA A L"fo @
AT ECs0TAc,T o
&
_ EmaxBx<1+ECSOIz‘T‘BA+CA>xCB B w 3
e = EC5057B +CpHB .
B B £ S
£ o
O ol i : . . j
0 I 2 3 4 5

* 4 parameter interaction model Drug concentration C [fraction of EC50]

— Int,g, Intga
— ECS0,\r a5 ECS0NTRA
* Simplifications:
— Int,g = Intg, (joint INT parameter)
— EC50,,. pg = EC505and EC50,, g4 = EC50,



The GPDI model is compatible with
several additivity criteria

@ Loewe Additivity
s Emax, X C, 14
A =
Hy
Int,; X C Hp
EC50, X (1+ AB — -8 )) t Ca .
< E];C;,?'NQ%B + o Bliss Independence
B B

EB S

Hp
(500 x (1+ ref )+ L

& Highest single agent

Effect summation




GPDI Model on EC50
Two Drugs

Bliss Independence I Bidirectional Antagonism
| Jointincrease in EC50

DRUG B

0 0125 025 05 1 2 4 g 16 32 0 0125 025 05 1 2 4 g 16 32
DRUG A DRUG A

Bidirectional Synergy | Asymmetric interaction
Joint decrease in EC50 (=2t - A increases EC50 of B ([

™. R
m o7 a7
2 0.e 0.g
2 o2 o2
a 0.2 0.2
.gﬁ o3

{II {I.1I25 {I.IEE {I.IE '; FI_' 4:' BI '1I5 3:2 i;I {I.'1I25 {I.IEE {I.IE 'II .':I_' 4:' BI '1I5 3:2

DRUG A DRUG A



GPDI Model

Ny

o Three Drugs

Bidirectional interactions between three drugs A, B and C:

H
EmaxAxCAA

H

INT s pxC INT 4~%C A H

EC504 x( 1+ AB*CB )y (1+ AC™=C +Cq74
ECSOINT,AB+CB ECSOINT,AC+CC

° EA:

Drug C modulates interaction between A and B:

° EA —
H
EmaxAxCAA
H
INT spX| 1+ INTAB|C><CC xC 4
EC50,4 x| 14—\ CSCINT.ABICHCC)” TP . INTAc*Cc +CaM4
A ECSOINT,AB+CB TECSOINT,AC+CC
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Dataset:

Cokol et al. Mol Syst Biol, 7: 544 (201 1).

Target organism:
S. cerevisiae BY474 1

200 combinations of anti-fungal and
non-antifungal drugs.

Inhibition of growth model
GPDI model

— Loewe additivity

— Bliss Independence

Comparison to Greco model

Fungal load (OD)

Application of the GPDI Model
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Ind. Prediction of Loewe Additivity

Bro.Sta (= Ax.Bx) exp. additivity (LA)
UPFSALA Int_AB = 0 and Int_BA = 0 at EC50
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Bro.Sta (= Ax.Bx) Greco
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INT values at EC50 of
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sham combinations
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INT values at EC50 of

s sham combinations
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188/200 PD DDI supported
estimation of full GPDI model*

ANT + SYN

ANT
90 o
A0
Beo @0 OQCS; 28 o o
. 1980
A o o ° ANT + SYN

6 8

|10

* i.e. significant separate INT
value for each drug vs.
joint INT parameter
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PD DDI are often misclassified

s by conventional analyses!
=
Z
(>/—)o
© 7+
<= E Result of Greco analysis:
O 1< g * Antagonism
L o  Additivity
cd;g g ANT * Synergy
I_
Z

21



INT,, at EC50,

UPPSALA
UNIVERSITET

The choice of additivity criterion
affects the determined interaction

GPDI — Loewe Additivity

GPDI — Bliss Independence

27

27

58

|0 0

INT, at EC50,

6 8 10
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Conclusions
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e The GPDI model combined elements from mechanism-based
interaction models with empirical additivity concepts.

* Advantages of the GPDI model over conventional
approaches are:

— interpretable parameters

— Applicability for > 2 interacting drugs

— Compatibility with multiple additivity criteria
— More-dimensional interactions

— Scalability to adapt to complexity of the data

— Applicability in both concentration-effect and longitudinal
modelling

23
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GPDI model application studies

at PAGE 2016

In vitro and in vivo (acute mouse infection model) drug effects of
rifampicin, isoniazid, ethambutol and pyrazinamide against

M. tuberculosis

11-50

Pre-clinical Susceptibility Characterization and Pharmacodynamic Interaction
Assessment Using the Multistate Tuberculosis Pharmacometric Model

Abstract [|1-50

PPSALA
UNIVERSITET

Oskar Clewe', Sebastian G. Wicha', Corné de VogeP, Jurriaan E. M. de Steenwinkel?, Ulrika S. H. Simonsson’

1. Department of Pharmaceutical Biosciences, Uppsala University, Uppsala, Sweden. 2. Department of Medical Microbiology and Infectious

iseases, Erasmus Medical Center, Rotterdam, The Netherlands.

Objectives

For diseases such as tuberculosis, where a combination of drugs are
needed to effectively combat the bacterial infestation, the possibility of
both positive and negative pharmacodynamic drug interactions exist.
This information could be provided from a pre-clinical setting in which
cost and ethical \mpl\cat\ons are mlnor Tms work a\med at
characterizing the ibil of M.
!Ubercu'ﬂas) to rifampicin (RIF), isoniazid (INH) and ethambutol (ETH)
and the pt fynamic ir of duo combinations
of the three drugs using in vitro time kill data.

Methods

losis genotype stra
RIF, INH

In vitro time kill experiments were performed with M. tub
Beijing 1585 using both single L

For the effect on the F bacteria; RIF was found to act synergistic on both
INH and ETH, INH was found to exert agonistic effect on RIF and showed
no significant deviation from an additive effect when combined with ETH,
ETH was found to act synergistic on RIF but showed no deviation from a
additive effect when combined with INH. For the effect on the S state
bacteria all three drugs was found to act antagonistic on one another

when studied in duo combinations.

ik

11-44

Assessment of Pharmacodynamic Interactions in the Mouse using the
Multistate Tuberculosis Pharmacometric Model and the General
Pharmacodynamic Interaction Model

Chunli Chen', Sebastian G.Wicha', Gerjo ). de Knegt?, Fatima Ortega-Muro?®, Laura Alameda®,
Veronica Sousa’?, Jurriaan E.M. de Steenwinkel?, Ulrika SH Simonsson'

Objectives

The aim of this study was to gain insight into possible
pharmacodynamic (PD) interactions between drugs when given to
treat drug susceptible tuberculosis in an chronic tuberculosis mouse
model using the Multistate Tu Phar ic (MTP)
model [1] and the General Pharmacodynamic Interaction (GPDI)
model [2] based on the Bliss Independence criterion

Methods

Pharmacokinetic (PK) models for rifampicin (RIF), isoniazid (INH),
pyrazinamide (PZA) and ethambutol (EMB) were developed using
sparse PK data from separate infected BALB/c mice, combined with A2

rich PK data from healthy BALB/c mice [3]. Infected BALB/c mice : . o . T 7
randomized to monotherapy received either 4 s of RIF (5, 10 or

24
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Implementation of Combined
S Effects on Inhibition of Growth

GPDI within Bliss Independence:

E=E,+Ez;—E, xEj Kgrowtn (1-E)
. L, = EmaxxC,HA
=
Hy
Int, xCpg +cHA
EC50 X(1+ AR )) A
< A EC50,; 45+CB
. E. — EmaxBxCBHB
v Int, xCpy HB+C Hp [I]
<ECSOB X(1+EC5OIZ;BA+CA)> B

GPDI within Loewe additivity:

C C *_ Int, X Cp

1= * A . + - B . EC50, = EC50, X (1 + FC50y0r 12 + Cs
EC50,4 X ( Y/Ha  EC50p X ( )1/Hg * Intg, X Cy

Emax, — E Emaxg — E EC50, = EC50,5 x| 1+ ECS0,7 1 + G,

[11W.. Jusko,]. Pharm. Sci. 60 (1971). 27



The full GPDI Model is identifiable
e on standard checkerboard designs

EC50_Int € {0.1, I}

8x8 checkerboard 2000 g 8
* |000 scenarios assessed |00:0 4 i j
* n=3 replicates per scenario 2 500 i C
- max.growth: 10 logo CFU/mL @ . | :
* 0,44 = 0.3 log,, CFU/mL T 100 - i i i | 1 &

9 § ’ T

3 20 - R o=
Emax € {0.5,1} 1o 1 5 | R
EC50 € {0.5,2} 05 _ 5 —
:'l € {|,4} |< |< |< Im |m
nt € {-0.9,-0.2} U {2,20} X o T X

£ U 5

EC50;
H

Int,g

Intg,

EC50,,: a8 |
EC50,,.pa
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