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Bad Bugs, No Drugs

® Tetracyclines

® Lipopeptides

B Macrolides/Lincosamides/
Streptogramins

Quinolones

® Other

Number of approved Antibiotics

I I Oxazolidinones

B Aminoglycosides



Bad Bugs, No drugs

# of new systemic antibiotic

approved by the US FDA
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A disk diffusion test with an isolate of Escherichia coli from a urine culture.

Rutin Antibiyotik duyarlilik meodu rak en sik kullanilan disk difiizyon

L. Barth Reller et al. Clin Infect Dis. 2009;49:1749-1755



Minimum inhibitér konsantrasyon (MiK) testleri




MiK Sonuclari
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MIK Sonuclarini Nasil Kullanalim

Tedavide MIK degeri dusiik olan antibiyotiklerin secilmesi gerekir



in vitro Antibiyotik Duyarlilik Testlerinin Klinik Prediktif Degeri Nedir

?



Correlation of Disease Outcome with the Results of MIC determination in Patients with inferction
who were treated with cefotaxime

Cefotaxime Category Number of % Cured or % Eradication
MIC (ug/ml) patients improved
<4 S 1003 94 91
3 S 273 90 86
16 I 151 77 75
32 I 70 84 51
64 R 19 64 50

Doz: 2gr cefotaxime per 8 hrs

Murray P.R, Antimicrobial. Agents. Chem, 1993



days

Comparisons of Lengths of Stay and Treatment Outcomes for Surviving
Patients with Bloodstream Infections Caused by Gram-negative Organisms
in The Low-, Intermediate-, and High-MIC Groups

N=404
Kinolonlar

motality length of stay Length of Duration of infection
levofloxacin
treatment

i Low MIC [iIntermediate MIC 1 High MIC
0.25 0.5 1

Defife R,Antimicrob. Agents Chemother, 2009



1) MIK degerleri antibiyotik seciminde yararl1 olabilir

2) Doz araliklarinda antibiyotigin dokuda MIK diizeyi
lizerinde olmasi klinik yanit izerinde ¢ok etkilidir

Antibiyotik seciminde MIK sonucundan fazlasina ihtiyac

vardir




BAAC

Evaluation of Clinical Qutcomes in Patients with Bloodstream
Infections Due to Gram-Negative Bacteria According to Carbapenem
MIC Stratification

John S. Esterly,™” Jamie Wagner,© Milena M. McLaughlin,»® Michael J. Postelnick,® Chao Qi,® and Marc H. Scheetz®?

Department of Pharmacy, Northwestern Memorial Hosoital, Chicago, Illinois, USA® Department of Pharmacy Practice, Chicago State University, Chicago, llinais, USA®;

Midwestern University, Chicago College of Pharmacy, Downers Grove, Illinais, USA; Department of Pharmacy Practice, Midwestern University, Chicaga College of
Pharmacy, Downers Grove, lllinais, USA™; and Depariment of Pathology, Clinical Microbiclogy Division, Northwestern Memorial Hospital, Chicago, llinois, USA®

Nodeo v

All Patients
% n
suvived  (725) 50
Died 275 19
Total | 100 69
Imipenem MIC
Node 1 Node 2
MIC1, 2 mcg/mL MIC4, 8, 16 mcg/mL
% n L%
Survived (83.9) 47 Survived @
Died 161 | 9 p<0.01 Died | 769 | 10
Total | 100 @ 56 Total | 100 | 13

Adjusted probability of death and actual mortality rates according
to imipenem MIC. As shown, the probability of death was adjusted
for the factors hepatic dysfunction, urinary source of infection,

and ICU residence at the onset of infection.

Probability of Death

Death

O Predicted Death, Frequency Weighted
x Death=1, Survival=0

Mean Predicted Death
------- 95% ClI

Sensitivity for a cutpoint

Specificity for a cutpoint

MIC Unadjusted Actual Values
(mg/L) Died (n,%) equal to or greater than equal to or greater than
% e the MIC the MIC
1 9/54,16.7% 100% 0%
2 0/2, 0% 52.6% 90%
4 1/1, 100% 52.6% 94%
8 1/1, 100% 47.4% 94%
16 8/11,72.7% 42.1% 94%

John S. Esterly et al. Antimicrob. Agents Chemother.
2012;56:4885-4890



Clinical outcomes stratified by carbapenem MIC

Outcome MICof<l MiICof2-8 P

No. of patients with 30-day mortality/

total number of patients (%) 1/18 (5.6) 7/18 (38.9) 0.04
Mean total hospital length of stay + SD, in days 344+255 7.6145 0.06
Mean ICU length of stay = SD, in days 21.7 £ 19 56.6 +44 <0.01

No. of patients with 30-day hospital readmission/
total number of patients (%) 3/17 (17.6) 3/11(27.3) 0.65



Clinical Outcomes of Enterobacteriaceae Infections Stratified by
Carbapenem Minimum 2 Inhibitory Concentrations

Cum Survival

Kaplan-Meier cumulative survival analysis: MICs of <1 mg/liter compared to MICs of 2

to 8 mgl/liter.
P, QU SIS P S ——— . 36 hasta
MIC =1 mg/L :
0.8
[ Mortalite/30 giin
0.6+ MIC 2-8 mg/L L %5.6
VS
P=0.01
%38.4
0.4+
0.2+
0.07
1 1 1 | 1 1
0 5 10 15 20 25 30

Time (days)

Twisha S. Patel, and Jerod L. Nagel J. Clin. Microbiol. 2015;53:201-205



MIK Testleri ile Yasanan Problemler

* Testler in vitro kosullarda yapihyor
* Invivo ila¢ ve mikroorganizma etkilesimi hakkinda bilgi vermez
* Sinir Degerler degisiyor

Ihtiyac

SN antibiyotik ile ne oranda -

Patojenin enfeksiyon alaninda

Doz
Sure

karsilasir




Duyarhilik

Mikroorganizma
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Farmakodinamik



Fharmacokinetics | Pharmacodynamics
conc. vs time conc. vs effect

What body does to the drug

What drug dfes to the body &

bacteria

Conc.
Effect

Time _ Conc (log)

PK/PD

effect vs time

Effect

Time
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Zaman bagimli Ab
Aminoglikozidler

Daptomisin
Kinolonlar

Ketolid grubu ab.ler

Konsantrasyon bagimli Ab
Beta-laktam grubu

Penisilin
Karbapenem
Sefalosporin
Azitromisin
Vankomisin

Tetrasiklin



PK/PD & MIK EtkKisi

1. C max/ MIC>10
2. AUC/MIC>100

32

16 3. t>MIC> %40 doz aralig

Serum
Kons

(ug/ml%

0.5

0.25
0.12 Time > MIK

0.06




Relationship between pharmacokinetics of an antibiotic and
susceptibility

Bacteria A

- bacteriaC.

Cmax
'—g CmaX/MIC
o ratio
o
L
R \
c C/MIC ratio ] A
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\ 4 h 4 ) 4
time that serum 5 10 15 20

concentrations exceed the
MIC

Time (hours)

Prof.Dr.Hakan Orer
Ko¢ U.Tip Fak.



Steady-state plasma concentration

p.o. drugs reach steady-state plasma levels following 4-5
administration

5 + 25 + 12,5 + 6,25 + 3,12i=96,87 (+¥100)

CMax
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Plasma Concentration

1t,, 2t,, 3t,, 4t,, 5t,, 6t,, 7t,, 8t,,

Time Prof.Dr.Hakan Orer
Ko¢ U.Tip Fak.



PK/PD MIK

« Etkin dozda ilag kullanimi
« Toksisiteden korunma
« Direnc gelisimini onleme



Enterobacteriaceae EUCAST Clinical Breakpoint Table v. 5.0, valid from 2015-01-01
Cephalc—sporins1 MIC breakpoint Disk Zone diameter |Notes
{mg/L) content breakpoint Numbers for comments on MIC breakpoints
{ng) {mm)} Letters for comments on disk diffusion
S¢< R= §$=z R<
Cefaclor - - - 1. The cephalosporin breakpoints for Enterobacteriaceas will detect all clinically important resistance mechanisms (including ESBL
Cefadroxil (uncomplicated UTI only) 16 16 30 12 12 and plasmid mediated AmpC). Some isolates that produce beta-lactamases are susceptible or intermediate to 3rd or 4th
. - 15 16 14 14 generation cephalosporing with these breakpeints and should be reported as tested, ie. the presence or absence of an ESBL
Celalex!n {uncomplicated UTI only) 30 does not in itself influence the categorisation of susceptibility. In many areas, ESBL detection and charactensation is
Celazn_)l n - - - - recommended or mandatory for infection conirol purposes.
Cefepime 1 4 30 24 21 2. The cefoxitin ECOFF (& mgiL) has a high sensifivity but poor specificity for identification of AmpC-producing Enterobacteriaceae
Cefixime (uncomplicated UTI only) 1 1 5 17 17 as this agent is also affected by permeahbility alterations and some carbapenemases. Classical non-AmpC producers are wild type,

Cefolaxime 1 = 5 70 17 whersas plasmid AmpC producers or chromosomal AmpC hyperproducers are non-wild type.
cetontin s A 1HE Dreakpoint relates to a dosage of 1.5 g x 3 and to E. coll, Klebsiella spp. and P. mirabilis onl
Cefpodoxim
Ceftaroline E 0.5 5 23 23
Ceftazidime 1 4 10 22 13
Ceftibuten (UTI only) 1 1 30 23 23
Ceftobiprole 025 0.25 P IP P
Ceftriaxone 1 2 30 23 20
Cefuroxime iv & 8 30 18" 16
Cefuroxime oral (uncomplicated UTI only) 8 8 30 18 18
Carbapenemsl MIC breakpoint Disk Zone diameter |Notes
{maglL) content breakpoint  |[Numbers for comments an MIC breakpoints
(ra) (mmy} Letters for comments on disk diffusion
S R> Sz R <
Daripenem 1 2 10 24 21 1. The carbapenem breakpoints for Enterobacteriaceas will detect all clinically important resistance mechanisms (including the
Ertapenem 05 ] 10 25 22 majority of carbapenemases). Some isclates that produce carbapenemase are categorised as susceptible with these breakpoints
Imipenen 3 E 10 72 T and shoultll be reported as tested, ie. the presence or §b5enoe ofa carb.apelnemam does not in itself influence 1h§ ca.tegorisa:ion
f suscepiibility. In many areas, carbapenemase detection and characterisation is recommended or mandatory for infection contrel
Meropenem 2 8 10 2 8 |purposes.
2. Low-evel resistance is common in Morganella spp., Profeus spp. and Providencia spp.

V.



The role of pharmacokinetics/pharmacodynamics in setting clinical MIC breakpoints: the EUCAST

approach
Preclinical PK/PD studies Clinical PK/PD studies
Correlation Correlation
exposure—effect exposure - effect
’]l | Qualitative relationship (PK/PD index) ] VI!
PD target B —— PD target

| Quantitative relationship (value PK/PD index) |

v

Clinical dosing regimen

v

Monte Carlo simulations

v

Initial PK/PD breakpoint

—_— ,], <———— | MIC distributions

MCS robustness
target population

dose adjustments PK/PD breakpoint

Clinical Microbiology and Infection
Volume 18, Issue 3, pages E37-E45, 20 JAN 2012 DOI: 10.1111/j.1469-0691.2011.03752.x
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-0691.2011.03752.x/full#f7



http://onlinelibrary.wiley.com/doi/10.1111/clm.2012.18.issue-3/issuetoc
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-0691.2011.03752.x/full#f7
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-0691.2011.03752.x/full#f7
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-0691.2011.03752.x/full#f7
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-0691.2011.03752.x/full#f7

ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, July 2011, p. 3406-3412 Vol. 55, No. 7
0066-4804/11/$12.00 doi:10.1128/AAC.01559-10
Copyright © 2011, American Society for Microbiclogy. All Rights Reserved.

Meropenem Penetration into Epithelial Lining Fluid in Mice and
Humans and Delineation of Exposure Targets’

G. L. Drusano,'* T. P. Lodise,'? D. Melnick,” W. Liu,' A. Oliver,* A. Mena,*
B. VanScoy,' and A. Louie’

Ordway Research Institute, Albany, New York'; Albany College of Pharmacy and Health Sciences, Albany,
New York?; AstraZeneca Pharmaceuticals, Wilmington, Delaware®; and Servicio de Microbiologia,
Hospital Son Dureta, Palma de Mallorca, Spain®

Received 10 November 2010/Returned for modification 25 April 2011/Accepted 28 April 2011

Pseudomonas aeruginosa pneumonia remains a most-difficult-to-treat nosocomial bacterial infection. We used
mathematical modeling to identify drug exposure targets for meropenem in the epithelial lining fluid (ELF) of
mice with Pseudomonas pneumonia driving substantial [2 to 3 log,, (CFU/g)] killing and which suppressed

r a . L. B LT . - EET. W L e | " W aW. .



Pseudomonas aeruginosa enfeksiyonunda direncli mutantlarin

baskilanmasi

Concentration (mg/L)

40

Meropenem Plasma ®
Concentrations

Time (Hours)

AUCpL AUCELF

(mg*h/L) (mg*h/L)

Mean
Median
5" pctle
10™ Pctle
25" Pctle
75" Pctle
90" Pctle

95" pctle

150.8 823

1309 35.0

516 275

639 4.76

90.1 125

189.3 921

262.1 204.7

315.7 3153

Meropenem ELF
Concentrations

PENETRATION

Fraction

0.816

0.254

0.021

0.037

0.090

0.701

1.779

3.153

Observed-Predicted Regressions After the
Bayesian Step

Plasma
Observed = 0.998 * Predicted +0.919
r’ =0.962; p << 0.001

ELF
Observed = 1.0014 * Predicted — 0.0024
r’ =0.999; p << 0.001

Penetration of meropenem into epithelial lining fluid
(ELF) in 39 patients with ventilator-associated
pneumonia.

Drusano G L et al. Antimicrob. Agents Chemother. 2011;55:3406-3412



Pseudomonas aeruginosa

5 enfeksiyonunda direncli mutantlarin

2 baskilanmasi

5 1.00

Qo s 2,000-mg meropenem dose

é 0.90 administered as a 3-hour infusion
E 0.80 —— 2 Log10 (CFU/g) Kill

.0 30% ELF T > MIC

g 0.70 [

L 060 - —&— 3 Log10 (CFU/g) Kill

L’cz ' ELF 50% T > MIC

= 050 [

L —H#— Resistance Suppression
§ 040 - 50% ELF T > MIC

)

€ 030 - —o—  Mero MIC Distr

'g for 6500 Isolates

< 020

23

= 010

— Target Attainment Expectation Over MIC Distribution
(—c“ 0.00 e el et 2Log,, (CFU/g) Cell Kill 76.2%

'% 01 1 10 40 Resistance Suppression Endpoint 64.5%

E Meropenem MlC (mg/l-) Drusano G L et al. Antimicrob. Agents Chemother. 2011;55:3406-3412



MIK Sonuclarini Nasil Kullanalim

Minimal inhibitor Konsantrasyon,

* Tedavide maksimum etkinligin elde edilmesi icin gerekli kritik
bilgi

« MiK verileri kullanilarak antibiyotigin doz ve stre (PK/PD)
hesaplamalari yapilmali



PK/PD MIK Sorunu C6zdii mii

* PK/PD saghkh bireylerde calisiliyor.
Patolojik durumlarda antibiyotigin
dagilimi ve eliminasyonu farkl

* Hesaplamalar serum kinetikleri ile ilgili,
diger dokularda dagilim farkl

e Bolgesel farkhliklar
- Patojen direnc oranlari
- Genetik farklihklar




Klinikte

Tedaviye baslamadan her hastanin AUC

1.2 T

0.0

1.0

0.8
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0.2

20

60 80 100

AUC

degerini bilmiyoruz



Ne Yapilabilir

* PK/PD degerleri bozulmus agir hastalarda

« MIK degeri smir degere yakin izolatlar ile
enfeksiyonlar



Review

Individualised antibiotic dosing for patients who are
critically ill: challenges and potential solutions

CrossMark

Jason A Roberts, Mohd H Abdul-Aziz, Jeffrey Lipman, Johan W Mouton, Alexander A Vinks, Timothy W Felton, William W Hope, Andras Farkas,
Michael N Neely, Jerome | Schentag, George Drusano, Otto R Frey, Ursula Theuretzbacher, Joseph L Kuti, on behalf of The International Society of
Anti-Infective Pharmacology and the Pharmacokinetics and Pharmacodynamics Study Group of the European Society of Clinical Microbiology
and Infectious Diseases

Lancet Infect Dis2014;  Infections in critically ill patients are associated with persistently poor clinical outcomes. These patients have severely
14:498-509  altered and variable antibiotic pharmacokinetics and are infected by less susceptible pathogens. Antibiotic dosing that

Published Online ~ does not account for these features is likely to result in suboptimum outcomes. In this Review, we explore the challenges
http;ﬁdx.do:\oprzlfiér.’fo{:)llej rela-ted-tc-o patifants anc! p-atl-logens that con-tribute to inadequate antibiol-ic dosing al'-ld fliscuss how to -ir-nplen-lent a process
$1473-3099(14)70036-2 for individualised antibiotic therapy that increases the accuracy of dosing and optimises care for critically ill patients. To
improve antibiotic dosing, any physiological changes in patients that could alter antibiotic concentrations should first be

urns, Trauma and Critical . . . . . . .
“are Research Centre, The  €Stablished; such changes include altered fluid status, changes in serum albumin concentrations and renal and hepatic



BestDose v1-0 ID-0DS MWPharm DoseMe TCWorks First-dose WinAUIC CADDy
Programv4.e
Method of Bayesian non- Bayesian parametric Bayesian parametric  Bayesian Bayesian Population Non-linear Non-linear
pharmacokinetic parametricapproach  approach approach parametric parametric parametric regression regression
assessment approach approach approach
Adaptive feedback?  Yes Yes Yes Yes Yes No No Nao
Web, server, or Terminal Terminal and server Terminal and server  Terminal Terminal and server Web Terminal Web or server
terminal based? and server
Compatibility Windows Mac, Windows, Linux, Windows Mac, Windows, Mac, Windows Mac, Windows, Windows Mac, Windows,
Android, i0S Linux, Android, Linux, Linux, Android,
105 Android, i05 105
Smart phone No Yes No Yes No Yes No No
application?
Patient covariates Yes Yes Yes Yes Yes Yes Yes Yes
in dose predictions?
Output from Doses and Daosing regimens, Doses and Doses and Doses and Doses Pharmacokinetic Doses
program? pharmacokinetic pharmacokinetic pharmacokinetic pharmacckinetic  pharmacokinetic parameter estimates
parameter estimates  parameter estimates, parameter estimates parameter parameter
and PTAs estimates estimates
IT support available  Yes Yes No Yes Yes No MNo Yes
within 24 h?*
Capacity for ICU Yes Yes Yes Yes Yes No No No
and non-|CU dosing?
Furtherinformation  http://www.lapk.org http://www.optimum-  hitp://www. www.doseme. www.tciworks.info  http:/fwww. Contact the WWW.
dosing-strategies.org ~ mediware.z/index_  com.au firstdose.org/  developers jipreisenberger.
en.html (Dr Jerome Schentag:  de
schentag@buffalo.
edu)
Cost Current versionis free.  Free €1250 per license Dependent on Free Free Free Free
requirements

ICU=intensive care unit. [T=information technology. PTA=probability of target attainment. ID-0DS=Individually Designed Optimum Dosing Strategies. WinAUIC=Windows Antibiotic Utilisation Information and
Consultation. *Response time often depends on the severity of the problem for the user (for non-urgent issues, responses might exceed 24 h).

Table 2: Characteristics of various antibiotic dosing programs




Antibiyotik Duyarlilik Testlerinde Laboratuvar

Antibiyotik Duyarlilik Test sonuclari
petri/cihazdan degil hastanin bizzat kendisinden
elde edilmeli

Laboratuvar MIK sonuclarini iireten birim degil

Antibiyotik yonetim ekibinin aktif tiyesi
olmalidir



