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How do we alleviate the threat of antibiotic resistance?

Antibiotic Resistance of £scherichia coli
i i i . in United States
¢ Increasmg resistance Is threatlng
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treatment efficacy. :

» There is a lack of new antibiotics. : *
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Antibiotic resistance and collateral effects

.. Collateral resistance (CR)

Antibiotic A Antibiotic B
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Resistance, no collateral effect
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Assessing collateral effects in vitro
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The concept of CS-based treatments

(/ A Sensitive

& B Resistant

AntibioticA (,
(? Antibiotic B ‘bh C9
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Resistance to A

Treatment
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How can CS be translated to clinical treatments?

In vitro Clinical
iy .p o
3 . '
Collateral effects CS-based treatment
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Designing CS-based treatment strategies

Pathogen-specific Treatment-specific
[ [‘\J’Vh\w\\j\f \\ J}'\J\j\\Jh\\ﬁ\\j\\\ (/&
Rate of resistance Antibiotic type
Directionality of CS Dosing sequence
Magnitude of CS Dose amount
Fitness effects Dosing interval

4

Optimized CS-based dosing strategy
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Moving towards CS-based treatments

How can we utilize CS for improving

antibiotic treatments?

Part 1 Part 2

Applied to
experimental data

Systematic PKPD modelling and simulation
theoretical analysis framework of CS

Assessing
fluoroquinolone
resistance and CS in
Streptococcus
pneumoniae.

Identifying factors
impacting the potential
of CS-based treatments.
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PKPD modelling and simulation framework

. WT+Rp+Rp+RAB
kG,Z - kaax,z X (1 -

Bmax

Subpop. | MICAB, | MIC ABg
MICq MICq
MICy MICxCS
MICCS | MICg
MICg MICy

Bacterial subpopulations

KGmax z:Max growth rate of subpopulation z @Antibiotic sensitive wild type Rs Resistant to ABg

p: mutation rate Rs) Resistant to AB, (R Resistant to AB, and AB,

B(z,4): stochastic mutation
MICs=1 mg/L MIC; = 10 mg/L
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PKPD modelling and simulation framework

WT+Rs+Rp+R
C/ & kG,Z = kaax,z X (1 - ;ma: AB)
AB, . |ABg '

ke ke
) ’\
% L
Drug mediated killing | =~ J
E =1- (Eng, + Engg) | =

ke: elimination rate Bacterial subpopulations
Kemaxz:Max growth rate of subpopulation z @Antibiotic sensitive wild type Rs Resistant to ABg

M: mutation rate Rs) Resistant to AB, (R Resistant to AB, and AB,
B(z,4): stochastic mutation
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Antibiotic mediated Killing Eag;,

Pharmacodynamic model of antibiotic mediated
killing

C HillABi
AB,1
3 Type of effect (1- Gmin,ABi/ kaax,z) X (MICAB-2>
U
— Bactericidal EABi,z = Hillp,
- Bacteriostatic CDi ' Gmin,ABl-
MI CABl-,z kaax,z

N

| Driver of effect

= Concentration
= Time
E,=1 - (EABA,Z + EABB,Z)

—
i

knet,z — KG,Z X E,

D_

MIC/100  MIC/10 MIC 10xMIC  100xMIC
Antibitic concentration

Regoes et al. Antimicrob Agents Chemother (2004)
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Simulated treatments

* Two week treatments

* Combination treatment using hypothetical antibiotics
* Twice daily i.v. bolus dosing

* Four simulated dosing regimens:

_ 7 days 7 days
Sequential ( x2 w— <9x2 ==l End of treatment

3 days 3 days 3 days

3 day cycling (/ X2 &XZ — (/ X 2 — &xz

1 day 1 day 1 day

1 day cycling (Fx2 &xz — (X2 — &xz

_ ( x2 days
Simultaneous <9 ——) Fnd of treatment
X 2

and ABg

End of treatment

End of treatment
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Simulated bacterial dynamics

Evaluation metric: probability of resistance (PoR)

EoT evaluation: EoT evaluation: —_— Subjects with resistant infections (ng)
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Simulated pharmacokinetics and bacterial dynamics

Model input

AB ..« = Bacteriostatic
AB,r = Concentration-

X 500

dependent
CS = 0%
Universiteit

Nedd) Leiden
\,‘—'3 The Netherlands

Bacteria (CFU/mL)  Drug concentartion (mg/L)

Probability of resistance (%)
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Can CS be used clinically to suppress resistance?

Model input

AB_¢.« = Bacteriostatic
AB...r = COncentration-

dependent
Cs =0]50|90%

X 500

CS ability to suppress resistance
depends on the dosing regimen.

Probability of resistance (%)

100
75
50
25

0

| Sequential 3 day cycling 1 day cycling Simultaneous
Resistant
subpopulation
L] Any
I RA
B
1 i ! R
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n o e B <) n o n o
Magnitude of CS MIC reduction
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How does treatment de5|gn affect the ut|I|ty of CS?

Model input

AB .. = Bacteriostatic| Bactericidal

X 500

Treatment schedule

AB,..r = Concentration-
dependent |
Time-dependent

CS  =0/50|90%

Both drug type and treatment
schedule influence the PoR.
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Is reciprocal CS needed for resistance suppression?

Model input
AB ot = Bactericidal X 500
AB 4 iver = Concentration- >
dependent

CS toAB, =0|50%
CS toAB, =0]|50%

CS to AB, (first drug)

0% | 50%
?100‘)& B
32
~ 75 0
8 50 s
E o X ; Resistant
% N @| subpopulation
© 0 — ———— m Any
« 1001 o R
o Q R
> 75 2| m R
— Ol AB
% 50 0 E
‘§ 25- I 2
(a 0 —mm

Reciprocal CS is not necessary for cycling trea

Directionality of CS effects influence the PoR.
CS towards the second AB has larger impact.

Simultaneogi; :

1 day cycling
Simultaneous-
1 day cycling-L—

Dosing schedule
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Can administration order impact resistance ?

1 day cycling
Antibiotic type of AB, (first drug)
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How does the utility of CS relate to therapeutic
window?

| Treatment schedule
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Key design principles for CS-based treatments

Using our framework to simulate theoretical scenarios we show that:
simultaneous or one-day cycling treatment were most effective.

the efficacy of CS-based cycling therapies depends the drug sequence.
reciprocal CS is not essential to suppress resistance.
CS based treatments are most relevant for antibiotics with a narrow therapeutic

window

Can our general framework can be applied
and adapted to specific pathogens and
antibiotics?
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Fluoroquinolone resistance in Streptococcus pneumoniae

> — gyrAu parCy —
> gyrAy —parCy, —
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Sanger sequencing
based confirmation

MIC determination

gS81YH
gS81F-
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How does these differences impact
cd the resistance FQ development
during treatments?

gS81YpS79F-
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Framework application

Constructing mutational trajectories (MT"")
including gyrA, parC and gyrA:parC mutants.

MT WT parC gyrA:parC
- (py) (gxpy)
1 BwtPwt | 8ss1FPwt | 8wtPps3n 8s81FPp83N
2 BwtPwt | 8ss1FPwt | 8BwtPps3y 8s81FPp83y
3 BwtPwt | 8esscPwt | 8BwtPs7or 8E85GPs79F
4 BwiPwt | 8ss1FPwt | 8wtPs7or 8s81FPs79F
5 BwtPwt | 8ss1yPwt | 8wtPs7or 8s81YPs79F
6 BwitPwt | 8esskPwt | 8BwtPs7oy BEsskPs79y
7 BwiPwt | 8ss1FPwt | 8wtPs7oy 8ss1FPs79y
3 BwtPwt | 8ss1yPwt | 8wtPs7oy 8ss1YPs79y

Published human pharmacokinetic (PK) models:
* Ciprofloxacin (CIP)
* Erythromycin (ERY)
* Penicillin (PEN)
* Linezolid (LNZ)

Mutant-specific
MICs and fitness

Drug specific PK

X Epy

net,py

knet,WT X EWT

k,.; = natural net growth rate
E = antibiotic mediated killing

u = mutation rate

@, Knet,gxpy X Egxpy
)a-)

l(e,AB
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Combination treatments could suppress resistance
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Summary

In this analysis we:

* use modelling and simulation to systematically unravel drug- and
pathogen-specific factors driving AMR.

* identify key design principles to optimal design of CS-based
treatment strategies to suppress AMR.

* illustrate how our framework can be applied to specific pathogens
and antibiotics.
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Thank you for your attention!
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