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Table 1. Baseline features of subjects in population pharmacokinetic analysis
Subjects Phase I single Phase I multiple Subjects from With r?spiraFory Total
dose study dose study QT study tract infection
Number 8 8 48 195 259
Number of measurements 80 240 480 581 1,381
Average number of
. 10 30 10 3.0 5.3
measurements per subject
Body weight (kg) mean = SD 67.4%4.0 60.8 5.8 57.7%7.6 55.9*12.4 56.7 *11.5
median 66.7 61.9 56.7 54.6 56.3
min, max 63.1, 74.1 50.8, 69.3 43.1, 76.6 24.8, 95.3 24.8, 95.3
Age (yr) mean = SD 24.3%6.2 23.8+*25 50.1+21.7 61.0*16.6 56.7 £ 19.6
median 225 23 525 65 64
min, max 20, 39 21, 27 20, 78 21, 89 20, 89
Gender male 8 (100.0%) 8 (100.0%) 24 (50.0%) 130 (66.7%) 170 (65.6%)
female 0 (0.0%) 0 (0.0%) 24 (50.0%) 65 (33.3%) 89 (34.4%)
Cer *! (mL/min) mean % SD 149.3 £22.6 129.7 £22.0 100.1 £27.8 78.6 £30.4 86.4 335
median 151.7 124.9 98.3 74.2 82.0
min, max 114.1, 174.6 95.7, 168.4 49.7, 177.1 12.4, 177.0 124, 177.1

*1; Cer was estimated using the Cockeroft-Gault formula.
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Fig. 1. Plasma LVFX concentration after 60-minute infusion
at 500 mg.
(A) Plasma concentration in those with respiratory tract in-
fection (581 plasma samples from 195 subjects).
(B) Plasma concentration profiles for subjects in clinical
pharmacology studies.
—~ Phase I single-dose, —@— Phase I multiple-dose,
—— QT study.
The horizontal line at 0.01 x g/mL represents the lower
limit of quantification.
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Table 2. Covariate selection of factors affecting LVFX pharmacokinetics

Model No. Model Type OBJ A OBJ Note

Basic model #1 no covariate 202.236 —
Forward addition #2 #1 + Ccr on CLt linear — 110.530 — 312.766

#3 #2 + weight on V2 linear - 261.717 — 151.187

#4 #2 + weight on V2 power — 261.713 — 151.183

#5 #3 + weight on V1 power — 319.991 — 58274

#6 #3 + weight on V1 linear — — No convergence

#7 #5 + infection on CLt category — 328.952 — 8.961
Backward elimination #8 #5 — Ccr on CLt linear 2.079 322.070

#9 #5 — weight on V1 power - 261.717 58.274

#10 #5 — weight on V2 linear — 239.462 80.529

Infection was not included in the final model because the effect on CLt was negligible.
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Table 3. Final estimates and 95% confidence intervals for pharmacokinetic LVFX parameters
Parameter Estimate *! 95% confidence interval *?
CLt (L/h) 6.74 (0.0870) (6.58, 6.94)
V1 (L) 19.5 (0.998) (172, 21.6)
Q (L/h) 61.1 (3.11) (54.6, 68.9)
V2 (L) 457 (1.15) (43.3, 48.5)
6, 1.18 (0.0876) (1.02, 1.34)
0 1.32 (0.209) (0.93, 1.83)
0s 0.650 (0.0605) (0.518, 0.772)
wed 0.0421 (0.00494) (0.0319, 0.0515)
ww? 0.127 (0.0198) (0.085, 0.168)
w? 0.103 (0.0239) (0.051, 0.153)
wva? 0.0315 (0.00408) (0.0240, 0.0404)
o1 0.0673 (0.00487) (0.0566, 0.0769)
o2 0.0400 (0.00359) (0.0320, 0.0468)
CLt (L/h) = (CLt, yp + 8 1% (Cer (mL/min) — 82) X 60/1,000) X exp ( # ci.)
V1 (L) = VL, yp X (Weight (kg)/56.3) ?2X exp (7 v1)
Q (L/h) = Q wpXexp (70)
V2 (L) = (V2,p + 63X (Weight (kg) — 56.3) ) X exp (77 v2)
Cpij = CpyXexp (&1) + €2
*1; Mean (SE) of final population pharmacokinetic parameter estimates calculated using NONMEM.
*2:95% confidence intervals estimated from 1,000 bootstrap analyses.
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Fig. 2.

Empirical Bayes estimates of parameters vs covariates in the final model.
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Fig. 3. Simulation of steady-state plasma LVFX concentration
after 60-minute infusion of LVFX 500 mg once daily.
(A) Body weight = 60 kg. — Ccr = 20 mL/min, -------- Cer
= 50 mL/min, — — Ccr = 80 mL/min
(B) Cer = 80 mL/min. — Body weight = 40 kg, -------- Body

weight = 60 kg, — —Body weight = 80 kg
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Simulated plasma LVFX concentration during 7-day treatment in those with renal

(A) 500 mg once daily. —5— Cer = 50 mL/min, —@— Ccr = 80 mL/min, —&— Cecr = 120

mL/min

(B) Initial 500 mg followed by 250 mg once daily. “<5— Ccr = 20 mL/min, —@— Ccr = 35

mL/min, —A— Cer = 50 mL/min

(C) Initial 500 mg followed by 250 mg every other day. 45— Cer = 10 mL/min, —@— Cer

= 15 mL/min, —&— Ccr = 20 mL/min

6, (CLt 12 J213 % Cer DWEDRE), 6. (VI IZKIFTIR
HOFBBORE) BLO 6, (V2 IZRITTREDEEDR
¥ il 95% X0 2 &I v Enbd, &
EROYENEETHH I LRI NI,

BT TV OTHEREYEEE T VRN S, FLER
TEAZEAL U 72356 O 58 H IRRE I BT B A5 v Sy ik g e
BaHE Uiz FDRHE, Cer 380 mL/min *5 50 mL/
min & %3 20 mL/min \2EF L7234, LVFX it
BerhSEWD IR EE XS 12 AT 5 & PR S 7z (Fig 3A),
—77, HREF60kg 75 40 kg I T L7285 1213 Coa

8 CIAE P S IR E O 25% O LA FHREN: (Fig.
3B).
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H L MDD - HEOMETICE D, BREIMET L
728 T b IS G-I 35T B e vh SR s B oD i
RO SN, 1 HHE 7 HH CRARE M Sk
BEE Zrolzo E 72, IR PMIRC 250 mg #5959 BB K
WRER 2 60 5705 30 ICEHE L2 HA 122w T Hat
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Table 4. Simulated pharmacokinetic parameters in those with renal impairement on days 1 and 7 of treatment with levofloxacin with dose

adjustment

Dose

500 mg once daily (60 min infu-

Initial 500 mg (60 min infusion)

Initial 500 mg (60 min infusion)

sion) followed by 250 mg once daily (60 followed by 250 mg every other
min infusion) day (60 min infusion) *!

Cer (mL/min) 120 80 50 50 35 20 20 15 10
Day 1
Cinax (4 g/mL) 9.67 10.07 10.38 10.38 10.54 10.71 10.71 10.77 10.82
Cuin (4 g/mL) 0.32 0.78 1.55 1.55 222 3.18 1.43 1.82 2.31
AUCo2h (u g * h/mL) 50.50 67.18 86.81 86.81 100.28 117.23 84.89 93.17 102.75
Day 7
Cmax (1 g/mL) 9.97 10.87 12.26 6.13 6.82 8.15 6.24 6.61 7.15
Cmin (4 g/mL) 0.34 0.88 2.00 1.00 1.62 2.89 0.92 1.26 1.78
AUCo-24n (1 g * h/mL) 53.02 75.78 111.75 55.87 73.26 106.36 53.18 62.61 76.11

Dose 500 mg once daily (60 min infu- Initial 500 mg (60 min infusion) Initial 500 mg (60 min infusion)

sion) followed by 250 mg once daily (30 followed by 250 mg every other
min infusion) day (30 min infusion)

Cer (mL/min) 120 80 50 50 35 20 20 15 10

Day 7

Cinax (4 g/mL) 9.97 10.87 12.26 7.73 8.40 9.73 7.80 8.16 8.70

Cumin (44 g/mL) 0.34 0.88 2.00 0.99 1.60 2.87 0.91 1.25 1.77

AUCo2n (u g * h/mL) 53.02 75.78 111.75 55.87 73.26 106.36 53.18 62.61 76.11

*1; Parameters on Days 1 and 7 were calculated using Day 1 to 2 and Day 7 to 8 data, respectively. AUCo-24h is AUCo-1sn/2.
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Fig. 5. Percentage achieving target PK-PD parameters at MIC.

—&— Percent with Cma/MIC > 5, —@— Percent with
AUCq-24n/MIC > 30

BN A 72458, 30 40 B Tl 60 7 mim & i L T Con
DO EADPED SN2 DD, ZDfEIX Cer %80 mL/min
DOWERZHIZ500meg Z 1 H1M 6058w L7z aelt

B L T2 -7z (Tabled),

2. Streptococcus pneumoniae &4 B 12 B 1T % PK-

PD fi#AT

EryyAarayIal—=—ariZEhBEBLES
pneumoniae & e it L (2 B 1F % LVFX i3 41 #l o 500
mg, 1 H 1 M5O PK-PD /85 X — & H3IL#EfE DL [
(Coa/MIC=5, AUCo0/MIC=30) & 7% % Bl &I &
% Fig. 512" %, 500mg % 1 H 1 % 58D C,u/ MIC
A5 LR, F721% AUCeen/MIC %530 BL 1 & 7 2 # b
OEEIE, MICH 025 pg/mL 25 1 ug/mL DA
FWFRDIEIZ100% TH - 720 MIC 252 ug/mL ULk
DOHFEITIE MIC O 1 & & b ITHEEM DL E & 72 2 HR
HOHEAIZETL, MIC 258 ug/mL LA EDOHAITITW
TNHITIT0% THo72

3. TEGHHI & REIHIR G- 1 O KW B RE O L

I i T e R LS LVEX FEGT# £ 721348 1171 500
mg % 1 H 1 [\ AE$ G- 1% o M5 3 Wit BE o 90% ¥
WX W% Fig.6 12, EYWERE/XF A — % % Table 5 II/R
§o HEHHI G- 12 D MAEHSED IR EEIL, Cras B2 TLEAEL
¥ G- & B LT HERS L7228, miiBanse 3 el
DIBE IR AP 51 & ST WBRICHERS L7z 1ESAIB &
RO G D Co B £ O AUCoon DHRAEIZ Z N ZE
N 118 ug/mL B XU 66 ug/mL, 80.7 ug-h/mL B L
793 ug-h/mL T & 1, Could {EH A TLEME & <,
AUCon 1X1FIZHE L Do 72 BOGHDNA F 7 RA
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Fig. 6. Plasma LVFX concentration following 60-minute infu-
sion or oral administration at 500 mg once daily to those
with respiratory tract infection calculated by Monte Carlo
simulation.

Plasma concentration in 10,000 subjects with respiratory
tract infection was simulated using population pharmacoki-
netic parameters. Population pahramacokintic parameters
for oral LVFX are from reference 3.

Lines show medians and shading shows 90% predicted
intervals.
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Table 5. Pharmacokinetic LVFX parameters following 60-min-
ute infusion or oral administration at 500 mg once
daily to those with respiratory tract infection calcu-
lated by Monte Carlo simulation

Parameter 60 min infusion oral
Cinax (1 g/mL) 11.8 (7.8, 17.3) 6.6 (3.5, 11.3)
AUCo2an (#g*h/mL) | 80.7 (42.9, 156.9) 79.3 (42.0, 152.5)
Bioavailability (%) — 98 (60, 164)

Pharmacokinetic parameters in 10,000 subjects with resporatory
tract infection were simulated using population pharmacoki-
netic parameter. Population pahramacokintic parameters of oral
LVFX are from reference 3.

Values are median (5%, 95%).
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Population pharmacokinetics and pharmacodynamics of levofloxacin following
intravenous infusion for respiratory tract infection

Yusuke Tanigawara’, Takako Shimizu” and Kyoichi Totsuka”

U Department of Clinical Pharmacokinetics and Pharmacodynamics, School of Medicine, Keio University,
35 Shinanomachi, Shinjuku-ku, Tokyo, Japan
? R&D Division, Daiichi Sankyo Company, Limited

¥ Department of Infectious Diseases, Tokyo Women's Medical University

Our population pharmacokinetic analysis of levofloxacin (LVFX) used 1,381 plasma drug concentration
data from 64 healthy Japanese adult volunteers (including elderly and female subjects) and 195 subjects with
respiratory tract infection administered intravenous infusions of 500 mg of LVFX once daily. Population
pharmacokinetic parameters were estimated using a nonlinear mixed-effect model (NONMEM) applying a 2-
compartment model as a pharmacokinetic structure model. Creatinine clearance was related to LVFX total
body clearance, and body weight was related to distribution volume in the central and peripheral compart-
ments. In plasma LVFX concentration simulation under using final estimates of population pharmacokinetic
parameters, impaired renal function was associated with accumulated plasma concentration in repeated dos-
ing of 500 mg once daily, but the application of a dose adjustment algorithm similar to that for oral LVFX
prevented plasma concentration increase on days 1-7. Prediction of LVFX PK-PD parameters in the popula-
tion with respiratory tract infection by Monte Carlo simulation showed that target AUC-21/MIC =30 con-
sidered necessary to eradicate Streptococcus pneumoniae and target Cumax/MIC =5 considered necessary to pre-
vent the LVFX resistance were achieved in almost 100% at a dose of 500 mg once daily with MIC of 1 ug/
mL or less. Oral LVFX bioavailability was estimated at 98% from population pharmacokinetic parameters
for intravenous and oral administration. Systemic exposure to LVFX after intravenous administration re-
sembles that after oral administration of the same dose. A dose of 500 mg once daily is thus appropriate in
pharmacokinetics-pharmacodynamics.



