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Fig. 1. Plasma concentrations of BIPM (66 subjects, 384

points).

Group 1: Patients with infection.

Group 2: Patients with renal dysfunction or pleural ef-
fusion and patients with obsteric and gyne-
cological infections.

Group 3: Healthy subjects.
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Table 1. Patient demographic profiles
. Group 1 Group 2 Group 3 Total
Covariates (n = 48) (n = 12) =6) = 66)
Age (year)
Mean (SD) 64 (14) 55 (24) 21 (1) 8 (20)
Min-Max 18-96 18-81 20-22 18-96
wt (kg)
Mean (SD) 52.8 (10.2) 473 (83) 67.5 (13.1) 53.1 (11.2)
Min-Max 34.5-74.0 34.0-63.5 57.0-90.0 34.0-90.0
Scr (mg/dL)
Mean (SD) 114 (1.61) 0.54 (0.14) 1.02 (0.04) 1.02 (1.39)
Min-Max 0.45-10.90 0.30-0.70 1.00-1.10 0.30-10.90
Cer * (mL/min)
Mean (SD) 68.1 (28.0) 93.4 (32.5) 109.2 (16.5) 76.4 (31.1)
Min-Max 4.4-152.9 57.3-167.8 94.2-134.1 4.4-167.8

Group 1: Patients with infection

Group 2: Patients with renal dysfunction or pleural effusion and patients with obsteric and gyne-

cological infections

Group 3: Healthy subjects

* Values calculated based on the Cockcroft-Gault equation
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Full Model Let every 0, freely change, then calculate OBJ*.
l *OBJ: Objective function
Reduced Model
Fix each 0; (i=1~6,8~11) at 0, then calculate OBJ’s.

If AOBJ** is larger than or equal to 3.84 or 6.63, then 6 is significant
(P<0.05 or 0.01).
**AOBJ=O0BJ (at 6;=0) —OBJ (at Full Model)

Final Model

Fix every non-significant ¢; at 0, then calculate OBJ.

If AOBJ ***is less than 3.84, then the Final Model is established.
***AOBJ=0B] (at Final Model) — OBJ (at Full Model)

Chart 1. Methodology for building fixed effects model.
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Fig. 2. Relationship between patient demographic data (Age or Cer) and PK parameter (CL).

Table 2. Hypothesis testing for fixed effects on BIPM pharmacokinetics

Model 0 Factor Parameter OBJ AOBJ P value?

Full 1107.623

Reduced 01 Cer CL 1150.384 42.761 p < 0.01
0 CL 1147.832 40.209 p < 0.01
0s Disease CL 1107.623 0
04 Wt V1 1119.202 11.579 P < 0.01
0s V1 1107.623 0
O Disease V1 1107.623 0
Os Disease Q 1107.623 0
0o Wt V2 1107.623 0
010 V2 1120.802 13.179 p < 0.01
61 Disease V2 1108.475 0.852

Final? 1108.475 0.852

U CL = (A1 X Cer +62) x (1 + FACX 03)
V1 = (04X Wt +05) X (1 + FAC X 06)
Q =0-x (1 + FACX0s)

V2 = (Go X Wt + f10) X (1 + FAC X 011)
FAC = 0; Healthy subjects

FAC = 1: Patients with infection, renal dysfunction, or pleural effusion and patients with

obsteric and gynecological infections
2 CL =61 XCer +0:

V1 =604XWt
Q =0,
V2 =01

Model (2 CHHSE MR Y B REFRAT L 72FED /85 X —
FHEMIEB L TO B PE2EHE L. S 512,
£I8T A — FHEMEICOWTERELIC X 2 95%
WHEEXE (CD) #HH L7,
3. T>MIC O% B X O at Zofek
flix OMEBREE RSB L% MIC 2B 5 T>MIC
%, 2. 4) THRONLHENFY ST 2 -5 % wTE
HIZXYRDI2. T DB, Cer £ LT30, 50, 70, 100
mL/min, 3 X O° Wt & LT 30, 40, 50, 60, 70 kg %%

x>-test: AOBJ = 3.84 (P < 0.05), AOBJ = 6.63 (P < 0.01)

EL, Cer & Wt DT XTOMAEHLEIK L TIHEYH
R85 A —% %8 L, BIPM ® 300 mgx 2 [dl/H % 05
F 7203 1 R AU, 600 mgx 2 \l/H % 05 7213 1 B[
FUH LR o s PG £ 24 BRI F Co e iR EEER
vIal—vavlil,

EHII, BonmBERREHER I LT, MIC
025, 05, 1, 2, 4, 8 16BXU32ug/mLOEAED
T>MIC 8 L7z, &3, b ML I2x 9 % BIPM
DY VN7 FEAFIZ 3T7~102% LARWP Z L Hh 5, M
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Table 3. Final estimates for the population pharma-
cokinetic parameters of BIPM (Final Model)

Population mean parameters

CL =6:XCcr +6, (L/h)

V1 =604 X Wt (L)

Q =6 (L/h)

V2 =6 <L>

Estimates

01 0.0720

0, 3.04

04 0.0990

7 13.5

610 7.00
Interindividual variability

weL 33.9 (%)

wvi 1187 (%)

wa 79.2 (%)

wvs 33.0 (%)

Intraindividual residual variability

(ug/mL)

o 1.46
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WETH 720 SO LN, EYBHEETFT IV E LT 2-
T X— b AV MEEEHEETVEER L, B, 2-
28— X Vb BEIEREE TV E W 2o Basic
Model 1281} 2 #4485 * — 13 CL=813 (L/
h), V1=538 (L), Q=143 (L/h), V2=728 (L), W
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FEFEMEE ST 2 — 5 OHH
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vz 0 OB METT A EL KRR L, FEE
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CL=0.0720x Ccr+3.04 (L/h)

V1=0.0990 x Wt (L)
Q=135 (L/h)
V2=7.00 (L)

WYEE T A —F OFEAEHZEE T 0a=339%,
on=1187%, ®.=792%, wvw.=330% TH VY, IMi4EH
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Hot: (Fig.3 (A), (B))o

@MU RE D FERAE & BHERTFI/8 T 2 — #1245 <
THUEDOEA DT EE, HEFTH T X — 5125
2 AR EE O F N E F 721 BIPM 3 B G o
BRI LCT By h L7z, 2O8E, I EA
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(Fig.3 (C), (D))o

®@Bootstrap FlZ L B EF AN F—3 9 VOFER %
Table 4 I1Z7R L7z, Bootstrap =A% 200 [a{/ERK L CTHE
BB MR 21T o729 b, FHENEFIKRTL
7-EUE 156 |BITH ), BHEIL 780% TH - 72
2. T>MIC OH B L O 535t EROTER
fili 2 OFERHET B L 0% MIC @514 F T BIPM

%300 mgx2mE/H, 053 X071 KRR 50, 2 5 0N 600

mgx2m/H, 05 BX 1 EHEMELZE &0 T>MIC
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Fig. 3. Goodness-of-Fit Plots for the Final Model.

(A) Relationship between the observed BIPM plasma concentrations and predicted concentrations based on the

population mean parameters using the Final Model.
(B) Relationship between the observed BIPM plasma concentrations and individual predicted concentrations after

Bayesian fitting using the Final

Model.

(C) Weighted residuals between the observed BIPM plasma concentrations and predicted concentrations based on
the population mean parameters using the Final Model vs predicted concentrations.

(D) Weighted residuals between the observed BIPM plasma concentrations and predicted concentrations based

on the population mean parameters using the Final Model vs time after BIPM administration.

BB L7 FORERKRIZESX TSMICHOY — 47y n. = =

Mz, ZhZn20%, 30% BX40% ERE L7285 BIPM O IEfi % X HI2HEIRT 572012, bhvbh
HFBC HAOMEREERBLOS MIC OFMAT IR ARYUERF S X OB A IC BIPM 285 L
TT>MICH Y =% v MEZBZ 572005842, 2B O MR iRE 2 v CREE B S BB AT 2 17 -

T—EEEER L7 (Tables5~7),

720 EYEIREE T, AIC Z48EEI22-a /38— h X
b EIEEHEE TV & EIR L7, BIPM IR A2 B W
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Table 4. Bootstrap validation of the population pharmacokinetic parameters

Final estimates * SE —oottap
of the model parameters Mean * SE Median Standard bootstrap
95% CI (lower, upper)

01 0.0720 £0.0134 0.0745+0.00113 0.0737 (0.0723, 0.0767)
6. | soaxosis | 301£00747 | 298 | (286,3.16)
|« 00990%00138 | 008904000314 | 00914 |  (00828,00052)
B 135£193 | w2l | 12| (170,214)
6w | 700%o0ess | 740+0123 | 716 | (716,764)
S wa | 0115400413 | 0116%00037 | o011l | (0109,0123)
S e | 1aizioe | 106331 | a0 | (12170

wq | 0.627 £0.429 0.783 = 0.0490 0.674 (0.687, 0.879)

WA | 0.109 £ 0.0482 0.121 £0.00921 0.106 (0.103, 0.139)

a? | 2.13+1.09 1.93 £0.0848 2.06 (1.76, 2.10)

Successful ratio = 78.0% (156/200)

Table 5. Dosages of BIPM recommended to achieve target time above MIC of 20% for various cases of demographic profiles and MIC's

WT Cor MIC (ug/mL)
(kg) (mL/min) 0.25 0.5 1 2 4 8 16 32

100

30

40

50

60

70

[_]0.5 hours drip infusion of BIPM at a dose of 300 mg every 12 hours
[11.0 hours drip infusion of BIPM at a dose of 300 mg every 12 hours
B 0.5 hours drip infusion of BIPM at a dose of 600 mg every 12 hours
I 1.0 hours drip infusion of BIPM at a dose of 600 mg every 12 hours

TH 2T %= P AV PAEGHFHEE T VOMSERRE R 2-3 85— X Y PRHBEE T VIZR Y TH
WRERTDL, /2, TS T— %270y MLz HEEZ BN,

Fig. 1 I2BW T3, BIPM ZiHEMHICB W T 2 I Basic Model (281 5 HEFEYEE T 2 —F B X
BRREHRZRL TV IR, AREICBWTE KEZFOMBEPRELZ VTS V7 VEICX D HEE
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Table 6. Dosages of BIPM recommended to achieve target time above MIC of 30% for various cases of demographic profiles and MICs

WT Cer

MIC (ug/mL)

(kg) (mL/min) 0.25 05 1

100

30

40

50

60

70

[_]0.5 hours drip infusion of BIPM at a dose of 300 mg every 12 hours
[11.0 hours drip infusion of BIPM at a dose of 300 mg every 12 hours
[ 0.5 hours drip infusion of BIPM at a dose of 600 mg every 12 hours
Il 1.0 hours drip infusion of BIPM at a dose of 600 mg every 12 hours

LB BEOEYEHE/NF X —% (CL, VIB IV
V2) &3 L OB E G L2AER, CL & Age DR,
BLUCL & Cer DHINZHTh R AHBIN D b 7278,
VIBIUOV2EAEROBICITHMZMHEIZRO 51
holz. CL & Age DENZHT R AMHBIXEED b7
2%, Cer Z 8§ % B2 H v 72 Cockeroft-Gault D 12
Age NEINTWB I ENS, HEREET VO Full
Model T®» CL 121X Cer DA ZHBROIT LI & & LT
o Z ki, BIPM O EISEICB T 2 R ERIKE 8
THAZEPHREEN TR L LEZEDETHH
MThbEELT T, VIBIO V2 LHEROMIC
WX AR R S h o 7225, BIPM Ofat e A
BHWOSAEFREDR 02 L/kg &%, KEDH 72 1) OIS
i & ZIZFEBROM (F20%) THDHEH 5", Ful
Model TO V1 B L O V2IIEEIZHH T2 & &EL
720 51T, FPYBRE/ S5 X — F 10 BB ORI
DWTIRENT 5720, ZDOF % Full Model (ZHAAA
73

PLEo & 9 12#% L 72 Full Model % Final Model ™~
LRl & CTRHEEMSE M BB AT 2 1T o 728G R, CL
W Cer O—RBEETERD SN, V1 25 Wt IZILBId % BE4E

AW BTE T A — 5 2 RDDH Z LN TE, ZOBE,
FRROAEICL 2EYEHE~NOFBEIRAB SN 207
25, ZFOREE LTL, BHIRRE LTHWZERERA
DI 1B Ve olzl EDE 2 SNz, BREZ
BTHD ond’1187% EREDPS72Z LITDVTI,
2-3 28— b A Y b RGEEHEE T VIS BWT VLIS
B3 2 e i MR EE (Cow) DIXHD E DS, S RIORENT
WRE L7HERICBWT, REPoLIENERNTH S
LEZ LNz,

KB OB EE O FEHME & BHERITI 8T XA — %
2D FIMEL & ISR REOERE L XA DT v
B DHEE L2 NS 2= L EM LTI
fliix, B<—HLTBY, RHERFEHN T A—FITHkD
CTHME & FEREDEADIFHRAEICO MWD ITRD LNk
o7z (Fig.3(A), (B), (C), (D))o F72, Bootstrap
FEIZBWTYH, %85 A—FHEEMD Mean B & U Me-
dian %, w* ® Mean D4} 13 5 77— ¥ % Final Model
2 CREE SR B REMRAT L 72 BE 0 /85 X — & bk
LU Tw72 (Table4), Bootstrap i THE I L7 0% @
Mean 28K & 22722 & 1%, JL7 — % % Final Model 12
THEREYEIRFEN L 2RO o K Eh-722 8
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Table 7. Dosages of BIPM recommended to achieve target time above MIC of 40% for various cases of demographic profiles and MIC's

WT Cer

MIC (ug/mL)

(kg) (mL/min) 0.25 05 1

100

30

40

50

60

70

[_]0.5 hours drip infusion of BIPM at a dose of 300 mg every 12 hours
[11.0 hours drip infusion of BIPM at a dose of 300 mg every 12 hours
B 0.5 hours drip infusion of BIPM at a dose of 600 mg every 12 hours
I 1.0 hours drip infusion of BIPM at a dose of 600 mg every 12 hours

DML SN2 L% 2 5 N72h%, Bootstrap ¥ TR L 72
0% ® Median & 767 — % % Final Model {2 C B:4 33
WIBNEERRAT L 72HED 0’ 2SEBL L T/ &, F72, V1
Wb B 0,122\ Tid, Bootstrap i THEH L 72 stan-
dard bootstrap 95%CI @ #ii Bl 254k <, %>, Bootstrap
B X B HEEM D Mean B & O Median 25767 — % %
Final Model {2 CRHEFSEM B REMAT L 72 OHEE I
TN ENE T LT IVIZZKTH D EHIRT L7,
Uz ens, SHELN-RHERSERHE ST 2 —
7%, BUTHLEEZ LN,

JE4E, PK/PD AT TR S N IRIE 2 W C, A3t %
WETAZEIZLY, HE - HELZRET S 2 LN
ENTW5EP, Craig 577, JEEHRAERICBIT 5 PK/
PD T, ERRICB T 2002 PRITA2DICHMHT
Y, KRR THE SN HRENEILE R PK/PD
NG A=, BERICBIAREN S - HEE %
ETLHIDICERETHL LHELTW5H, BIPM IZBWT
W, RRIRE & Ve ARBEREYE T VI L % PK/
PD iBRDAE LD S, ARPEAT T>MIC IZHIBI L, static
effect ICWER T>MICI1Z17% TH D, HKRIZBWT

b T>MIC °17% UL ECThEHEMMErMEEcE s L
Filsh/iz¥, 22T, bhvbiud, £ YEEICERDEN
TR ERFTETTHAN—TEL LHIZ, T>MIC
DF =4y MEZ 20%, 30% BLU40% EIREL, &
A% o N FRHERES T A= 2T, WtBLD
Cer 2B S HEBFT RSB 2 MATTHREL >
Ialb—Ya vl &M MIC 2T 5 %5 %t £ 2 %
L7z (Tables 5~7), #l21E, 20% Lt T>MIC #15
G HRFETISEITE, Table512BWT, YFHBEHE
OfKHE, Cer, B X OBNEO MIC 3BT 5 T2 2
W2 ek, H5EOBIREEHBLENTE S,
B 21X, A HE60kg, Ccr70 mL/min TJ5 K & ® MIC
A4 pg/mL LT OB4A121E, 300mgx2 [[/HT0538
X OF 1.0 B A, 72 5002, 600 mg x 2 [/ H T 05 B &
O 1.0 PR SR 0 438 ) OF 5 AR HETDH 5 25,

JER T o MIC 75 8 ug/mL D421, 600 mg x 2 [/ H
T 05 M B X L0 REH BIH O 238 ) O 5350 AM
BITRE L %0 %0 EORG LR EINT L 000%, — ML
HERERIEEWIEE®, /2, R5REEVIEE, T>
MIC R A5 22 ZE L TMEHTAZ LIk 5. 5
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Population pharmacokinetics of biapenem in patients and healthy subjects
Nobuo Sato, Yukari Tanaka, Sachiyo Shibutani and Shigeki Shibasaki

Pharmacokinetic Laboratory, Pharmaceutical Development Department, Meiji Seika Kaisha, Ltd.,

760 Morooka-cho, Kouhoku-ku, Yokohama, Kanagawa, Japan

Population pharmacokinetic parameters of biapenem (BIPM), a carbapenem antibiotic, were generated by
a nonlinear mixed effects model using the NONMEM program based on plasma concentrations in patients
and healthy subjects. A total of 384 plasma samples were collected from 66 subjects, and their demographic
background data were recorded. The data obtained were analyzed using the two-compartment model. The
covariates (age, weight [Wt), creatinine clearance [Ccr)) and one factor (the effect of disease) were tested
for an effect on the pharmacokinetics of BIPM. Population pharmacokinetic parameters were not related to
the effect of disease. Total clearance (CL) was found to be associated with Ccr, and the volume of distribution
of the central compartment(V1) was associated with Wt. The volume of distribution of the peripheral com-
partment (V2) was not associated with Wt. The final formulae for the population mean parameters were:
CL=0.0720 x Ccr +3.04 (L/h), V1=0.0990 x Wt (L), inter-compartmental clearance (Q) =135 (L/h), V2=7.00
(L). The validity of the model has been evaluated by the bootstrapping method. The time above the MIC's
(T>MIC) were estimated from the plasma concentration profiles calculated based on population mean pa-
rameters and MIC's in order to create tables for establishment of dosing regimens for BIPM.



