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Table 1. Isolated organisms
Organisms blood | sputum urine bile pharynx | abscess other Total
Gram-positive bacteria 2 7 4 1 1 0 1 15
Staphylococcus aureus (MRSA) 3 1 1 5
Staphylococcus aureus (MSSA) 1 1
Staphylococcus warneri 1 1
Enterococcus faecalis 2 1 3
Streptococcus pneumoniae 2 1% 2
Streptococcus intermedius 1 1
Streptococcus agalactiae 1 1 2
Gram-negative bacteria 10 5 15 3 2 1 0 36
Escherichia coli 6 7 1 14
Klebsiella pneumoniae 2 2 2 1 1 8
Klebsiella ozaenae 1 1
Serratia marcescens 1 3 4
Enterobacter cloacae 1 1
Citrobacter freundii 1 1
Pseudomonas aeruginosa 1 3 1 5
Bacteroides fragilis 1 1
Moraxella catarrhalis 1 1
Total 12 12 19 4 3 1 1 51
IStreptococcus pneumoniae antigen was detected in the urine.
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Table 2. Subject characteristic and blood sampling data
X PIPC TAZ
Age  BWY Time Cr Cer Type of
No. Gender (y7) (ke) (h) (mg/dL) (mL/min) concn. concn. Efficacy infecti
m, mL/min infection
v 8 ¢ (ug/mL)  (ug/mL)
1 F 83 36 26 0.9 27 3.408 0 excellent Pyelonephritis
98 0.7 35 3.849 0.201
2 M 64 59 12 0.6 104 4.003 0.401 excellent Liver abscess
90 0.6 104 1.918 0
3 M 78 45 15 1 39 3.589 0.368 excellent Cholangitis
111 0.9 43 7.903 0.871
4 F 92 33 41 0.5 37 15.914 2.022 poor Pneumonia
113 0.5 37 8.517 1.338
5 M 87 39 9 2.7 11 25.591 2.387 not Pneumonia
81 2.7 11 30.549 421 evaluated
6 F 89 35 20 0.9 23 14.765 1.307 good Cholecystitis
68 0.4 53 1.906 0
7 M 72 40 17 0.6 63 3.041 0 excellent Diverticulitis
65 0.7 54 6.93 0.845
8 M 89 55 17 3.3 12 15911 4.2 excellent Pyelonephritis
65 1.3 30 17.467 5.451
9 M 72 53 15.67 2 25 24.135 1.644 excellent Cholangitis
90.67 1 50 3.974 0.434
10 F 85 36.7 16 0.5 48 7.338 0.813 not evaluated Pneumonia
11 F 89 48 10 0.7 41 16.474 1.749 good Cholecystitis
106 0.8 36 22.715 3.107
12 M 17 57.4 18.17 0.7 140 4.893 0.888 excellent Appendicitis
89.5 0.8 123 4.694 0.929
13 M 36 97 12 1 140 5.056 0.802 excellent Pancreatitis
60 1 140 5.036 0.949
14 F 88 449 13.5 0.5 55 18.020 3.453 excellent Pneumonia
85.5 0.4 69 18.478 3.670

YBody weight

PSampling time after first intravenous infusion
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a) Continuous infusion 100+ b) Single drip infusion
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Fig. 1. Plasma piperacillin concentration versus time profile.
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Table 3. Subject characteristics in the population PK analysis
All subjects Continuous infusion® Single drip infusion®
Mean+SD Range Mean+SD Range Mean+SD Range
Gender (Males/Females) 21/6 8/6 13/0
Age (yr) 61.3+25.9 (17-92) 74.4+22.2 (17-92) | 4724225 (21-74)
Weight (kg) 54.6+13.6 (33-97) 48.5+16.4 (33—-97) 61.3+4.2 (53.5-67)
Cer (mL/min) 719£384  (11-144) | 54.6£432  (11-140) | 90.5+21.3 (66— 144)
¥This study
b Kouya Shiba. Jpn. J. chemother. 2003; 52 (2): 76-86
Table 4. Correlation coefficient with subject characteristics
PIPC Gender® Age Weight Cr Ccr.
(ug/mL) (1) (k) (mg/dL) | (mL/min)
PIPC Pearson correlation 1 - 0.099 0.449 - 0.209 0.579 - 0.550
(ug/mL) Sig, (2-taled) . 0.625 0.019 0.297 0.002 0.003
Pearson correlation = 0.099 1 — 0.534 0.509 0.456 0.323
Gender
Sig. (2-taled) 0.625 . 0.004 0.007 0.017 0.101
Pearson correlation 0.449 - 0.534 1 — 0.687 0.135 - 0.878
Age (yr) .
Sig. (2-taled) 0.019 0.004 . 0.000 0.503 0.000
Weight Pearson correlation — 0.209 0.509 — 0.687 1 0.070 0.736
(kg) Sig. (2-taled) 0.297 0.007 0.000 . 0.729 0.000
Pearson correlation 0.579 0.456 0.135 0.070 1 — 0423
Cr (mg/dL)
Sig. (2-taled) 0.002 0.017 0.503 0.729 . 0.028
Cer Pearson correlation — 0.550 0.323 — 0.878 0.736 - 0.423 1
(mL/min) Sig. (2-taled) 0.003 0.101 0.000 0.000 0.028
YGender; 1 =Male, 0 = Female
@ model 221 D/8F XA =% L 7= ATy 7RICL RIMFRICKELLHFH 525, ZhS5OBHFRVTR

HEIINT X —7 OHEEME Table 6 1R L7ze K85
A —FHEEEOFIIFIT-HLTBY, EFVORY
MWEDHER SN2 £ 5T, model 221 #IMEETFTIE L
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TR 2 R 5 1206w, T>MIC% I B L, ki
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Table 3, Fig.1la i2BWT, No6, 9DHEEZT, 2EOD
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JHE KL F =Y ORATICE VIRER S D2 ) T 5 ¥ AN
YL LIk BELTHHTE 22, MBMHETE
non renal CL 2K T3 A WHEEDSH 1), EENLETDH
HrEbhi, 72, PIPC MR, EMIL Y KE
RSO E %0/, Table4 T/RL72 L 9H I, PIPC
IfiLHp R E VR AR, Cor (S B R M % 7830, #5435 B
HE BT CILE PR DL B MR BE AV < 7 2 W REVEDS D
D, Z0 X9 HEATERGROMMBLETH S LA
bhrze A, TAZ 2D\ TIdREE Y B REFRAT 2 1T
bhad oo, R OZEEH 5D oo, PIPC MiH R
EEFROFH B BIFRASTRD 7z,

RAET N0 SR L7 BHER ST 2 — & R flig,
CL#A%170L/h, Vss (V,+V,) 7251625L T& - 72, Li
5, JERENEGSE B E BT, TAZ/PIPC #fiii:
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Table 5. Summary of analysis of the population pharmacokinetic parameters of piperacillin

Model® Cer? CLY | V(V1)9 Q Va Cer wcL? wvi wq* wv2? o? OBJ

110  1-COM NM 18.3 10.9 — — — 0.284 | 0.0084 — — 8.44 431
111 Proportional Power | 183 | 110 | — | — | oaso | o108 |oott6 | — | — | 723 | 402
B Proportional | 175 | 1.1 | — | — | 0157 | o114 |oo128 | — | — | 716 | 403

120 1-COM NM 16.4 20.7 - — — 0.158 NA - - 0.188 416
121 Additive  Power | 68 | 24 | — | — [oms2 | oos2r| Na | — | — [ o219 | 405
B Proportional | 162 | 213 | — | — | 00236| 0104 | NA | — | — | o197 | 413

210  2-COM NM 16.7 9.11 8.67 4.03 — 0.263 | 0.0156 NA NA 5.79 403

211  Proportional Power 16.2 14.6 13.1 5.27 1.36 0.322 | 0.788 NA 0.0296 | 1.51 377
I Proportional | 183 | 101 | 270 | 793 | 0233 | 0177 | 00222 | NA | 127 | 130 | 363

220 2-COM NM 19.2 10.8 3.14 4.28 — 0.389 NA 0.0004 NA 0.0897 | 291
221 Additive  Power | 170 | 117 | 325 | 455 | 0449 | 0128 | NA | NA | 00313 | 00405| 240
N Proportional | 158 | 116 | 336 | 470 | 0115 | 0130 | NA | NA | 00363 | 00388| 252

¥Structural model: 1-COM; 1-compartment model, 2-COM; 2- compartment model,

Intra-individual (residual) variability: Proportional; Proportional error model, Additive; Additive error model

YCovariate model. Power and proportional function forms were used for covariate (Ccr) analyses.
9Population pharmacokinetic parameter estimates and their variance

CL: clearance (L/h)
V: volume of distribution (L)
Vi: volume of distribution in the central compartment (L)
Q: inter-compartmental clearance (L/h)
Va: volume of distribution in the peripheral compartment (L)
w™ variance of inter-individual variability
o % variance of intra-individual (residual) variability
91-COM; V, 2-COM; Vi
OBJ = objective function, NM = not modeled, NA = not applicable
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Fig. 3. Diagnostic plots of the final population PK model (model221).
Abbreviations: DV; Observed Data, PRED; Predicted Data based on population parameter estimates, IPRED; Individual
Predicted Data based on individual empirical Bayes parameter estimates, RES; Residual, WRES; Weighted Residual

a) Relationship between the observed PIPC plasma concentrations and predicted concentrations based on the final

population PK model

b) Relationship between the observed PIPC plasma concentrations and individual predicted concentrations after

Bayesian fitting using the Final Model

c) Residuals between the observed PIPC plasma concentrations and predicted concentrations based on the final

population PK model vs. time after PIPC administration

d) Weighted residuals between the observed PIPC plasma concentrations and predicted concentrations based on

the final population PK model vs. time after PIPC administration
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Table 6. Bootstrap validation of the estimated population pharmacokinetic parameters in the final

model
Final model estimate Bootstrap
Parameter?
Estimate+SE Mean® +SD Median 95%CI (lower, upper)
CL 17.0£1.1 19.1+2.1 18.6 (18.8, 19.4)
Vi 11.7+0.4 11.3+0.6 11.2 (11.3,11.4)
Q 3.25+0.26 3.18+0.49 3.16 (3.11, 3.25)
Vo 4.55+0.38 3.98+0.39 3.99 (3.93, 4.04)
Cer 0.450+0.087 0.425+0.229 0.444 (0.393, 0.457)
wecr? 0.128+0.032 0.176+0.088 0.161 (0.164, 0.188)
wv2? 0.0313+0.0157 0.0042+0.0091 0.0003 (0.0029, 0.0054)
o? 0.0404+0.0142 0.0409+0.0146 0.0376 (0.0389, 0.0430)

“Parameter, population mean parameters
bMean of 200 bootstrap repetitions
995%CI, 95% confidence interval
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Fig. 4. Estimated mean plasma concentration (+SD) of piperacillin vs. time profile during con-

tinuous infusion (piperacillin 4 g/day).

Table 7. Comparison of the calculated percentages of the time
above MIC for tazobactam/piperacillin with the infu-

sion time
MIC Infusion time (h)?
(4 g/mL) 05 1 2 3 6 24
16 15% 17% 22% 27% 38% 0%
8 21% 23% 28% 33% 53% 94%
4 28% 31% 36% 41% 60% 99%
1 48% 50% 55% 60% 78% 100%
0.25 69% 71% 76% 81% 98% 100%
0.125 79% 82% 87% 92% 100% 100%

40.5 ~ 6 h: Intermitent administration (piperacillin 2 g, every 12
h) 24 h: Continuous infusion (piperacillin 4 g/day)
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Population pharmacokinetics and efficacy of tazobactam/piperacillin during continuous
infusion in patients with community acquired and nosocomial infection

Shigeki Saito"”, Yoshihisa Morishita**, Hiroki Mizuno** and Kenji Nozawa®’

Y Department of Hematology and Oncology, Nagoya University Graduate School of Medicine, 65 Tsurumai, Showa-ku,
Nagoya, Aichi, Japan

? Department of Hematology and Oncology, JA Aichi Showa Hospital

¥ Development Management Biostatistics Group, Toyama Chemical Co., Ltd

Y Department of Hematology and Oncology, JA Aichi Konan Kosei Hospital

[Purpose] The population pharmacokinetics of piperacillin was investigated to verify the usefulness of
continuous infusion of tazobactam/piperacillin (TAZ/PIPC) in patients with bacterial infection. Clinical effi-
cacy was evaluated as a secondary endpoint.

[Patients and method] This study was conducted from October 2005 to October 2006 in JA Aichi Showa
Hospital. Hospitalized patients who were clinically or bacteriologically diagnosed as having bacterial infec-
tion were eligible. Patients received continuous infusion of TAZ/PIPC (5 g) over 24 h. Blood samples were
obtained on the following day and 3-5 days later from patients who consented to the examination of the se-
rum level of piperacillin. The population pharmacokinetics of piperacillin was generated by a nonlinear
mixed effects model using the NONMEM program.

[Results] A total of 47 patients were enrolled in the study (hepatobiliary infection, 19; urinary tract infec-
tion, 14; respiratory tract infection, 11; others, 3). Clinical response was excellent in 39 patients, good in 2,
poor in 3, and not evaluated in 3 patients.The efficacy rate was 93.2% (41/44). Measurement of the blood lev-
els was carried out in 14 patients. Population pharmacokinetic analysis was performed using a total of 107
points, including 14 patients (27 points) who received continuous infusion and 13 healthy volunteers (80
points) who received 30-minutes infusion of TAZ/PIPC. The 2-compartment model fitted best for the analy-
sis of PK. The final formulae used for the mean population parameters were: CL (L/h) =17.0 X [Ccr (mL/
min)/70]"*, V, (L) =11.7, Q (L/h) = 3.25 and V. (L) = 4.55. The steady-state concentration of piperacillin calcu-
lated from these pharmacokinetic parameters was 9.69 1 g/mL, on average.

[Conclusion] The estimated PIPC concentration at steady-state during continuous infusion of TAZ/PIPC
in this study was high enough to overcome the main pathogens causing infections of urinary tract, biliary
tract and respiratory tract, which supports the clinical usefulness of this dosing method.



