





Odenholt — In vitro models
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Emergence of resistant S. pneumoniae exposed to moxifloxacin
inside and outside the MSW

Zinner et al JAC 2003:52




Odenholt — In vitro models

Selection of ciprofloxacin
resistance in E. coli

Olofsson et al. JAC;57:1116-21,
2006.

Methods

2 quinolone susceptible strains (ATCC

an

d Nu 14) and one gyr A mutant (nu

118)
* The MPC was 16xMIC for the
susceptible strains and 4 x MIC for NU
118.
A
1000
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18] time points.
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Odenholt — In vitro models

[us)

Concentration x MIC

A Cmax of 64xMIC was needed to prevent growth of resistant
1000 bacteria for both susceptible strains
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Time (h)

Selection of resistant mutants from Nu 14 (MI1C=0.008 mg/l) asa
function of Cmax

Viable counts (logy, cfu/10 ml)
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13 axmc
9
5| ™ BxMIC
| B 16xmiC

Inoculum® 2 4 8 16 327 64

Crrax X MIC

Results

» T>MPC of 18 h was sufficient to prevent

» A Cmax of 64xMIC was needen to prevent

selection of resistance

selection for the susceptible organisms (8
x MIC for Nu 118).

The parameter best predicitve of
emergence of resistance was AUC/MPC
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Odenholt — In vitro models

Synergy of colistin with rifampin
and trim/sulpha against multi-
resistant
S. maltophilia

Giamarellos et al.
Diag Microb Inf Dis 44:259-63,
2002

— Control
——1xMIC colistin
—+—4xMIC colistin
---- Rifampin

= 1XMIC col+Rif
4xMIC col+Rif

» Regrowth was noted at 24 h when the
strain was exposed to colistin alone at 1
and 4 x MIC

» Even though the strain of S. maltophilia
was resistant to rifampin, regrowth was
prevented at 24 h.
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Odenholt — In vitro models

Minocycline + colistin against
imipenem-resistant
A. baumannii

Yen Tan et al. JAC July, 2007

In vitro effect of minocycline
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 Neither minocycline or colistin alone
demonstrated bactericidal activity.
Regrowth appeared at 6 hs.

» However, the combination was synergistic
and bactericidal
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Odenholt — In vitro models

Meropenem + low dose of colistin against
meropenem susceptible and resistant
strains of P. aeruginosa and A.
baumannii in an in vitro kinetic model

M. Karvanen et al.
ICAAC 2006, abstract no. A-9

In vitro kinetic model

Cmax of meropenem= 50 mg/l;T 2= 1 h

Colistin= 0.5 mg/l; T%=4 h

Meropenem susceptible A. baumanni;
Meropenem MIC= 1mg/l; Colistin MIC=1 mg/I

—a— Meropenem

N
\\L\\l\ —A— Colisti.n .
\\\:\‘\\.\- ] —e— Combination

\\/I/
T
0 2 4 6 8
Time (h)
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Odenholt — In vitro models

Meropenem resistant A. baumanni;
Meropenem MIC= 64mg/l; Colistin MIC=1 mg/|
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Meropenem susceptible P. aeruginosa;
Meropenem MIC= 1mg/l; Colistin MIC=1 mg/I
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Meropenem resistant P. aeruginosa;
Meropenem MIC= 32mg/l; Colistin MIC=1 mg/|
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Craig — Animal models

From Animal Models
to the Patient

William A. Craig, M.D.
University of Wisconsin
USA

Models to Study PK/PD
Animals versus In Vitro Models
Looks at infections in specific body sites
Organisms grow more slowly in-vivo than in-vitro

Some in-vitro phenomena are not observed in vivo
(e.g. PAE with penicillins against pneumococci)
Half-lives of drugs are shorter in small animals
than in human-PK simulated in-vitro models

Total inocula are smaller in animal models which
makes study of the emergence of resistance more
difficult than in in-vitro models

Animal Models for PK/PD Studies

e Murine thigh-infection model

* Pneumonia models in mice, rats and
guinea pigs

* Peritonitis models in mice

» Septicemia models in mice

» Endocarditis in rats and rabbits

» Meningitis in rabbits
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Craig — Animal models

Neutropenic Mouse Thigh-Infection Model

el

.
1. Neutropeniainduced by 2 2. Bacterieﬁnjected into
injections of cyclophosphamide thighs on day 0 (1067
on days -4 and -1

°§§g§g§ {‘fg
e

4. Thighs removed,
homogenized, serially
diluted and plated for
CFU determinations

&

¢

=
3. Treatment (usually given SQ)
started 2 hr after infection and
continued for 1-5 days

Use of Animal Models in PK/PD Evaluation
of Anti-Infective Agents

« Describing the time-course of antimicrobial activity
at sites of infection

Identifying PK/PD indices correlating with efficacy
(Cmax/MIC, AUC/MIC, Time>MIC)

Determining magnitudes of the PK/PD indice
required for efficacy and identifying factors that
affect the magnitude

Time Course of Antibacterial Activity of
Tobramycin and Ticarcillin Against
Pseudomonas aeruginosa

8.0 1
= | Tobramycin Ticarcillin 1
5 75
Eroflg ! | 1
@
D 65 g
D 6.0 | l 4
L
O 55t | ]
=)
Qsof | 1
45 L . n . . . L
0 2 4 6 0 2 4
Time (hours)
—O— 4 mglkg —O— 300 mg/kg
—@— 12 mg/kg —@— 800 mg/kg
—O— 20 mg/kg —@— 2400 mg/kg

Craig and Gudmundsson 1996
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Craig — Animal models

Log,, CFU/Thigh at 24 Hrs

Relationship Between PK/PD Indices and
Efficacy for Ceftazidime against Klebsiella
pneumoniae in a Murine Pneumonia Model
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24-Hr AUC/MIC Cmax/MIC Time Above MIC

Predictors of Bacterial Efficacy:
Pharmacokinetic/Pharmacodynamic Profiles

Time >MIC

25.50%

« Penicillins
« Cephalosporins
« Carbapenems

25% staphylococci
40-50% streptococci + GNR

Cmax / MIC + AUC (.,,/ MIC

25-125

Quinolones (Cmax)
Aminoglycosides (Cmax)
Macrolides + Clindamycin
Tetracyclines

25-35 (gram-positive)
100-125 (gram-negative)

Craig W. Clin Infect Dis. 1998; 26:1-12.

PK/PD Magn

Animal

Antibiotic Class
Protein binding
Organism/strain
Presence of resistance
Immune status (normal
Infection site

Inoculum

itude Variables

mechanism(s)
VS neutropenic)

Location of organisms (intracellular vs extracellular)
Kinetics and shape of concentration-time curve

Duration of therapy

Time survival is determined
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Craig — Animal models

24-Hr AUC/MIC with Total and Free Drug for
the Static Dose of Different Fluoroquinolones
with S. pneumoniae ATCC 10813

160

120

O Total
OFree

80

"R

Gati Sita Moxi Gemi Garen Levo Cipro

24-Hr AUC/MIC

Andes & Craig 40th and 41st ICAAC, 2000 and 2001

Free Drug Time Above MIC Required for
a Static Effect with 4 Cephalosporins

Time Above MIC (% of Dosing Interval)
Drug GNB S. pneumoniae  S.aureus

Ceftazidime 36 (27-42) 39(35-42) 22 (19-24)
Cefpirome 35(29-40) 37(33-39) 22 (20-25)
Cefotaxime 38 (36-40) 38(36-40) 24 (20-28)
Ceftriaxone 38 (34-42) 39 (37-41) 24 (21-27)

Craig Diagn Microbiol Infect Dis 22:89, 1995

Relationship Between T>MIC and Bacterial
Eradication for B-Lactams in Acute Otitis Media

O pPsspP T
O PISP-PRSP
@ H.flu 1
Best Fit

0 20 40 60 80 100

Time Above MIC (%)
Craig Infect Dis Clin NAmer 2003

Bacterial Eradication (%)




Craig — Animal models

Monte Carlo
Simulation
PK Variation Simulate PK Variation in
In Normal

10,000 Patients
Volunteers

or Patients /

Determine Percentage of Patients
that would meet the PK/PD Target
required for efficacy

Drusano et al Antimicrob Agents Chemother 45:13, 2001

Monte Carlo Simulation: Ceftriaxone
Percent of 10,000 Patients Attaining
Indicated PK/PD Exposure Target

T>MIC with 1g every 24 hr
MIC 30% 40% 50% 60% 70%
0.5 100 100 100 100 99 EucasT
1

2 98 87 3 25 6

4 8 1 0 0 cLsi
8 3 0 0 0 0 s
16 0 0 0 0 0 |

Ambrose & Dudley, ICAAC 2002

Activity of 4 Cephalosporins against Various
Enterobacteriaceae with and without ESBLs in
Murine Thigh-Infection Model

Non-ESBLs |

Change in Log,, CFU/Thigh
over 24 Hours

0 20 40 60 80 100 0 20 40 60 80 100

Time Above MIC (percent)
Craig & Andes ICAAC 2005
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Craig — Animal models

Clinical Outcome in 42 Patients with
ESBL-Producing Klebsiella/E. coli
Bacteremia and Treated with
Cephalosporin Monotherapy

MIC MIC MIC MIC
Outcome | <1 mg/L | 2mg/L 4 mg/L 8 mg/L

Success |13 (81%) | 4 (67%) | 3(27%) | 1 (11%)

Failure | 3(19%) | 2 (33%) | 8 (73%) | 8 (89%)

Paterson et al J Clin Micro 39:2206, 2001; Kim et al AAC 46:1481,
2002; Wong-Beringeret al Clin Infect Dis 34:135, 2002; Kang et al
AAC 49:760, 2005; Bhavani et al 44@ ICAAC, Abstract K-1588, 2004

Monte Carlo Simulation: Effects of
Prolonged Piperacillin-Tazobactam Infusion
on Probability (%) of Target Attainment

T>MIC of 50% with doses of:

3.375g q6h 3.375g q8h
MIC (0.5h infusion) (4h infusion)
2 100 100
4 94 100
8 75 100
16 27 100
32 0 38
64 0 0

Lodise et al Clin Inf Dis 2007; 44:357

Evaluation of Extended Infusion Dosing of
Piperacillin-Tazobactam in Critically lll Patients

« Retrospective cohort study over 4.5 yrs: regular
infusion 1%t half — extended infusion 2" half
« All patients had Pseudomonas infections; no difference in
demographic or clinical characteristics

APACHE Il <17
Regular Dosing 2/54 (3.7%) P=0.5
Extended Dosing 4/61 (6.6%)

APACHE Il 217
Regular Dosing 12/38 (31.6%) P=0.04
Extended Dosing 5/41 (12.2%)

Lodise et al Clin Infect Dis 2007; 44:357
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Craig — Animal models

Activity of Vancomycin and Linezolid against
S. pneumoniae in Lungs and Thighs of
Neutropenic Mice

2
A Lung
i A Thigh

o

-O— Thich
0- Ling
|-~ Sirirg U

°

&

Change in Log,, CFU/Thigh or Lung
after 24 Hrs of Therapy
IS

Change in Log,, CFU/Thigh or Lung
at 24 Hours

0B om 15 5 6 1 .
Dose (ng/kg/12 Irs) Dose (mg/kg/12 hrs)
Vancomycin Linezolid

Craiget al ICAAC

Clinical Cure Rates for
Linezolid and Vancomycin
in Patients with Gram-Positive VAP

p=0.001
70 =0.06
p
pmoor) (P2
601 |———
50
40
M Linezolid
30 O Vancomycin
20
10
0+
VAP S.aureus VAP MRSA VAP
n=434 n=179 n=70

Kollef et al Intensive Care Med 2004; 30:388-394

Relationships Between PKP Indices and
Efficacy of Amikacin against P. aeruginosa
in Thighs of Renal-Impaired Mice
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Cmax/MIC 24-Hr AUC/MIC % T>MIC

Reddinaton and Craia J Antimicrob Chemather 1995
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Craig — Animal models

Relationship Between Peak/MIC Ratio and
Efficacy of Aminoglycosides in Patients
with Gram-Negative Bacillary Infections

100 4
90
80 1

70 4

Per cent Efficacy

0-20 2040 4060 6.080 80-100 >10
Peak/MIC Ratio
Moore etal. J Infect Dis 155:93, 1987

EXPOSQURE & RESPONSE IN MAN
Tobramycin in Cystic FibrosisPatients

- 04 ] ° °
2 ° ° °
o 4

w03 = o 92 o
=09 of ° ° °
e 1, b o o ©
:.g 0.1 o 1 0o [:] [
T 00 o R2=65% © R2=60% °
3 o
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fAUC, ,MIC Ratio  fC__:MICRatio % Time>MIC

Mouton JW, Jacobs N, Tiddens H, and Horrevorts AM. Pharmaco-
dynamics of tobramycin in patients with cystic fibrosis. Diagn Microbiol
Infect Dis. 2005;52:123-7.

“PK-PD of antimicrobial therapy:
It's not just for mice anymore”

Disease Drug Human Value Mice Value
HAP Quinolones  AUC/MIC 62-75 AUC/MIC 70-90
CAP Quinolones  AUC/MIC 34 AUC/MIC 25-34
B-Lactams T>MIC 40% T>MIC 30-40%
SSTI Linezolid AUC/MIC 110 AUC/MIC 83
Tigecycline  AUC/MIC 18 AUC/MIC 15-20

Ambrose et al Clin Infect Dis 2007; 44:79
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Craig — Animal models

Conclusions

« Animal model studies have been very useful for
determining the in-vivo PK/PD targets for efficacy
(PK/PD indice and appropriate magnitude required
for bacteriologic cure and survival

« Additional studies are identifying the PK/PD targets
that enhance and suppress the emergence of
resistance

« Despite the variety of techniques and models, there
is marked consistency in the PK/PD data from
animal model studies, and they have a direct
application to infected patients
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