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Animal PK-PD Models : drila : :
Table 2.  Current, PK-PD-based, PK-PD-based-population distribution adjusted breakpoints
AMENDED ABSTRACT o Neutro!oenic.murine—thigh infection. modelg were .used to study PK-PD indices that Corrglated RESULTS for antimicrobial agents in NCCLS M1F())OE)S1 4 Table 2A. : >
_ _ _ _ _ _ best with efficacy for Enterobacteriaceae, including both EBSL- and non-ESBL producing
Background: As cephem-resistant Enterobacteriaceae, including ESBL-producing strains, strains. Druas & Grounings Current NCCLS ~ Usual Dose PK-PD PK-PD Usual Dose
have continued to emerge, the appropriateness of current NCCLS susceptibility breakpoints e  Potential susceptibility breakpoints could be stratified into one of five groups e  Table 2 shows current cephem NCCLS susceptibility breakpoints, PK-PD based . R “in o oA ”Breakpoints Breakpoints Breikpoints
have been the focus of recent attention. In the face of limited clinical data, Pharmacokinetic- * Indices of efficacy explored include: Duration of time (T) drug concentration remain above the based upon probability of PK-PD target attainment and examination of breakpoints, and MIC population-adjusted PK-PD breakpoints. Adjusted for MIC
Pharmacodynamics (PK-PD) and Monte Carlo simulation have been increasingly used as MIC (T > MIC), ratio of the peak concentration of the agent to the MIC of the pathogen (C.:MIC contemporary MIC distributions: Population Distribution
decision support for establishing breakpoints. NCCLS susceptibility breakpoints for cephems ratio), ratio of the 24-hour area under the concentration-time curve (AUCo..) of the agent to Cotazolin 8716/ 32 274 19Q8 hrs
against Enterobacteriaceae were re-evaluated using this approach. the MIC of the pathogen (AUG,2,:MIC ratio). o _ _ _ - _ Figure 3. Fractional PK-PD target attainment of cefuroxime against Escherichia coli and SelTEleiHT 8/16/32 003/0.06/042 oo 19Q4 hrs
Methods: Using published mean PK parameter estimates and dispersion measures from Nor.li _ o Hillt ol 1o describe relationshi bet " 1. Susceptibility breakpoints did not bisect MIC distribution (Example, Figures Klebsiella pneumoniae. The probability of PK-PD target attainment is greater than Cefamandole or 8/16/32 2/4/8 e 2 9 Q6 hrs
volunteer studies and PK-PD targets derived from a murine infection model (% free-drug (f) agg\;g”gﬁt;?:ﬁ:f&:::ﬁ daresl _osr/fs)g ;gothgr;vas used o describe relationship between the 2A and 2B): Ceftazidime, Ceftriaxone, Cefotaxime, Cefepime, Cefamandole, 0.9 up to MIC values of 4 mg/L when cefuroxime is dosed 0.75 g every 8 hours Cefonicid or 8/16/32 0.004 /0.008 /0.015 --—--- 19 Q24 hrs
time > MIC ~50), Monte Carlo simulation (10,000 subjects) was used to evaluate the probability P bY: Aztreonam and 8 mg/L when dosed 1.5 g every 8 hours. Cefuroxime 8/16/32 4/8/16 8/--/16 0.75g Q8 hrs
of PK-PD target gttainment (> 90%) for stgndard Cephe_rrl dosing regimens. e Figure 1 shows the relationship between cephem exposure, as measured by %T > MIC, and 1- : 1 Cefepime :;12;22 4/8/16 1199(?;&2?
Results: Simulation results support Iowerlln.g susceptlblllty breakp0|r?ts 2-16-fold for most response in neutropenic murine—thigh infection models .involving Gr.am—nega.tive bacteria. 2. Susceptibility breakpoints bisecting MIC population distributions could be 90 [ & e A\‘ L 0.9 ‘é 24Q12 hrs
agents (see table below). Except for cefoxitin and cefazolin, breakpoints do not bisect - 50% T>MIC was associated with a 0.8 to 2.4 log-unit reduction in bacterial burden. _ _ , , , , 081 M 5-70501’ oh (08 g Cefmetazole 16/32 /64 o/4/8 e 19 Q8 hrs
contemporary MIC population distributions (SENTRY Program). avoided assuming higher of labeled doses used for serious infections zo7| &0 gQ8hrs ro7 £ g
i i : ) : 3 06 1.5gQ8hrs L 06 B Cefperozone 16 /32 /64 025/05/1  —---- 1g Q12 hrs
Monte Carlo Simulation (Figure 3): Cefuroxime g . - . 16/32 /64 ora/8 19012 hrs
Selected Agents from Current Susceptibility % PK-PD Target Representative ¢ The following PK-PD structural model was used in the simulations: 5 ol o4 5 ©liondilin 8/16/32 2/4/8 8/--/16 19 Q6 hrs
M100-S14 Breakpoints Attainment at Current Dosing Regimen - T >MIC = (In Dose/(V/f) — In MIC)/(CLT/VB) where V; is the volume estimated from the o , _ o , , _ 2 (3] o3 £ Cefotaxime or 8 /16-32 / 64 1/0/4 1 9 Q8 hrs
Table 2A Susceptibility Breakpoints terminal elimination phase half-life (B) for a two-compartment model, CL- is total clearance, 3. Susceptibility breakpoints bisect MIC distribution (Example, Figure 4): 02 o2 3 o 2
and f is the fraction of unbound drug Cefoxitin. Cefazolin 0.1 Lot & Ceftizoxime or 8/16-32 /64 2/4/8 - 19Q8hrs
cefazolin 8/16/32 1 19q98h ' ’ 0- L o Ceftriaxone 8/16-32 / 64 1/2/4 - 19 Q24 hrs
cefamandole 8/16/32 88 29q6h e Pharmacokinetic parameters for each simulated patient were based on mean pharmacokinetic R . ) o Ceftazidime 8/16/32 478716 19 Q8 hrs
. . . . . MIC (mg/L)
cefuroxime IV 8/16/32 59 0.75q 8h parameter estimates and measures of dispersion. 4. Contemporary MIC populations not available: Ceftizoxime, Cefotetan, 8/16/32 - 2gQ8hrs
cefepime 8/16/ 32 91 2g9q9g1i12h N Moxalactam 8/16-32 /64 2/4/8 - 1 g Q8 hrs
77 1gq8h - Alog-normal distribution was assumed for clearance and volume terms. Cefoperazone, Cefametazole JAP— Ry P Y L 19 Q8 hrs
cefmetazole/cefoperazone 16 /32 /64 0 19q98h 10.000 patient ulated f hd _
cefotetan 16/32/ 64 8 1gq12h ¢ 1O,VUU patients were simulated Tor €ach drug regimen. : o Figure 4. Fractional PK-PD target attainment of cefoxitin against Escherichia coli and Klebsiella
efoxitin 8 /16 /30 0 199 6h - Simulations were conducted using the computer software Crystal Ball 2000.1 by 5. Consider removal from NCCLS table 2A due to lack of use and unavailability el einell gt Elnel il okl G0 /
- Decisioneering, Inc. (Denver, CO) of contemporary MIC data: Cephalothin, Cefonicid, Moxalactam pnetmoniae. The probability of PK-PD target attainment is greater than 0.9 at a CONCLUSIONS
Cef‘;?taxl'me 8; 1/6;:3 é 264 2 1 99 22 g, Inc. » ) porary - L€p ) ) MIC of 2 mg/L when cefoxitin is dosed 1 g every 6 hours and 4 mg/L when dosed
certizoxime gq 2 eve 6 hO rs.
ceftriaxone 8/16-32 /64 0 1 .gq24h Susceptibility Breakpoint Determinations - oA Fracti | PK-PD t t attai t of ceftri inst Escherichi i and 2=y .
. e s el ) 1 +  Simulation resuits suggest that susceptibilty breakpoints for
: . . 09 - A B K pneumoniae | gg
Conclusions: Simulation results suggest that susceptibility breakpoints for most cephems e The sugc;eptibility breakpoint was the highest MIC value associated with at least a 90% ;-(r)n;F/)Ltsvr'\]/lelr?C\IISLZ?:ISQO];1e\r:a%L2ngec>nuf:ﬂrlaxone B CIEEERl 1| () YR A5 Nellis el 0.8 B _: f’g‘%’% e 108 “g’ most Cephems against Enterobacteriaceae should be reduced
against Enterobacteriaceae should be reduced to insure that most patients attain PK-PD probability of PK-PD target attainment. : z 071 L 2gQ6hs  [O7 E _ , _ _
exposures associated with efficacy_ . . . . . o . . g 06 1 [ 06 g tO Insure that mOSt patlents attaln PK‘PD eXposureS aSSOCIated
e Contemporary MIC population distributions were considered (Escherichia. coli and Klebsiella ! i = K prowmoniac v 2 057 0% &8 _ _
pneumoniae), when available. gz m E coli SZ 5 o g: ' g‘; 2 with efficacy.
: W 1gQ24hrs [ ~° £ < [0 =
> 07 LA s FO07 £ 0.2 1 L 02 S
INTRODUCTION - If a major portion of the MIC distribution was bisected by a PK-PD susceptibility breakpoint, = 06 s S 06 3 0_?- ~ i o_f 2
alternative breakpoints were chosen to avoid division but ensure high probabilities of PK- % 05 c L 0.5 §’ 0 Lo . .
As cephem-resistant Enterobacteriaceae, including ESBL-producing strains, have continued to PD target attainment. In these cases, only susceptible and resistant breakpoints chosen. G 04 04 3 05 1 2 4 8 186 32 ® Adjustment of NCCLS breakpomts to lower values may negate
emerge, the appropriateness of current NCCLS susceptibility breakpoints have been the focus = 03 [0 = Mie (malb) . . i
of recent attention. 02 | 02 2 the clinical need for ESBL screening and confirmatory tests.
: T | | o 0 T | 0 ' o - Re-evaluation of susceptibility breakpoints for MIC and
Information from animal infection models, as well as limited clinical data, suggest that ESBL- it Ll T.>MIC el GIEMET 1) S S| G 1T thlghs_ O i(eE 1 <025 05 12 481632 Table 1. Pharmacokinetic parameters utilized for simulations. P y P
, _ _ _ _ , 24 hours. Each data point represents data for one mouse. The dotted line reflects MIC (mgiL) . ) ) )
proQucmg §tra|ns with lower MIC values may be effectively treated using appropriate cephem the number of bacteria at the beginning of therapy. The T>MIC required for efficacy - | Correspondmg disk zone diameters to better pred|ct
dosing regimens. is not affected by ESBL-production status. Pharmacokinetic Parameter Estimates (mean (SD or range)) esence Of ESBLS Whlle Otentia” eliminatin senarate
Given ih i data o et ; s (PK-PD) and Mont Figure 2B. Fractional PK-PD target attainment of cefepime against Escherichia coli and Agent T, hours L, 1/h va L F%) P P y g Sep
lven the paucity of clinical data, pharmacokinetics-pharmacodynamics (FK-FLU) ana Monte Klebsiella pneumoniae. The probability of PK-PD target attainment is greater than Aztreonam 1.7.(0.2) 11.2(1.4) 0.44 (0.34 to 0.54) i -
Carlo simulation have been increasingly used as decision support for establishing breakpoints. ‘e _ 0.9 for MIC values of 4 mg/L irrespective of the three regimens considered. When Cefamandole 0.7 (0.04) 12.5 (2.3) 0.26 (0.2 to 0.3) sel==ning tests has been Completed (See Poster D 303’
o cefepime is dosed 2 g every 12 hours or 1 g every eight hours, the probability of Cefazolin 1.8 (0.38) 0.4 (0.095) 13.01 (4.4) 0.15(0.1t0 0.2) ICAAC 2004)_
In view of the above limitations, susceptibility breakpoints for cephems against Enterobacteriaceae < g 1 PK-PD target attainment is 0.9 and 0.77 for a MIC of 8 mg/L, respectively. Cefepime 2.2(0.4) 18.2 (3.0) 0.84 (0.79 to 0.89)
were re-evaluated using this approach. N2 2EEL Cefmetazole 1.31 (0.54) 11.6 (1.75) 0.35(0.15 t0 0.35) - Current NCCLS Enterobacteriaceae susceptibility
e === Starting CFU . S 1 Cefonicid 4.4 (0.8) 10.4 (1.2) 0.02 (0.02 to 0.05)
= 09 - 09 g Cefoperazone 2.1(0.3) 17.3 (3.3) 0.1 (0.08 to 0.15) breakpoints remain acceptable based on error rate analysis
= o e e e e e e — . [
MATERIALS AND METHODS £ o 1 oo Il = & peunonie b 028012 5525 01501 10 0.2) P P Y
5 5.2 o z B = 1eQn2ns - Cefotaxime 1.1(0.3) 16.6 (2.2) 0.64 (0.6 to 0.68) for contemporary isolates. Lower breakpoints could eliminate
Pharmacokinetic Parameter Estimates S 2 Ky’ Co - f fggflfhhrs s B Cefoxitin 0.84 (0.06) 10.05 (0.73) 0.5 (0.25 to 0.55) _ _
= g rs ~ idi —
e Pharmacokinetic data from healthy volunteers were extracted from the medical literature g . ' @ | S 04 o & Ceftazidime 1.8(0.2) 16.6 (3.5) 0.84 (0.76 to 0.92) the routine need for separate ESBL screening tests and
< . . o ) ) = 03 Lo3 £ Ceftizoxime 1.9 (0.1) --- 27.9 (0.7) 0.69 (0.59 to0 0.79) . i ) L
(Table 1). 4 02 02§ Ceftriaxone 62(0.8) 9.0 (1.1) 0.07 (0.05 t0 0.10) disk diffusion zone correlates can be selected to maximize
0.1 0.1 &~ .
Time Above MIC (% of Dosing Interval) o . o Cefuroxime 1.3 (0.5) --- 12.0 (3.0) 0.67 (0.57 t0 0.77) . . .
- inter-method accuracy pending final approval by the NCCLS.
Microbiological Susceptibility Data P Cephalothin 0.56 (0.38) 1.56 (0.66) 22.2 (10.4) 0.35 (0.25 to 0.45) yp g PP y
MIC (mg/L) Moxalactam 2.5 (0.4) 0.18 (0.02) 0.35 (0.25 to 0.5)
e (Obtained from the SENTRY Antimicrobial Surveillance Program (2001-2003).




