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Tebipenem pivoxil (TBPM-PI, Bi%2— F : ME1211 £ 7>
FL084) (3, A4 A& (B HAT A AL 5 —#Hsk
) TR SN, WHRERASH ST O R THD T
DFECIA VSR A L RIHHETH 5" TBPM-PLIE, C3 il
BICF TV ZNTEF VRSO LB THY, I
WA TH % tebipenem (TBPM, Bi%E 2 — F : L-036 ¥ 7212
LJC11,036) @ C2Hih VKR Y e ERF I NVITT X7 V1L
T EILYROPINEE A ESE2TO Ty 7 ThH D
(Fig. 1) o TBPM X WRIE WPTH A X2 V%4 L, Enterococcus
faecium 3 X O Pseudomonas aeruginosa 7 & —HB O Wl % i <
% DERRGHRIT L, R=3) YRR T = L RTUHE
X 0ER, MOIEEE A VSN R A ZHE S L FREEDEO
AT AR N A

AHET T, ANR O BEGSE BT L, AR E o T
% penicillin i % Streptococcus pneumoniae (PRSP) & %\ i
B~ 7 ¥ ~ — ¥ I A4 ampicillin i ¥ Haemophilus influen-
zae (BLNAR) 2% 3 % TBPM O in vitro % & O° 2 in vivo
PURTEPEIC DV TG L 720 & 512, Craig @ PK-PD #a" 12
BT, PRSPEH VA7 ARMBERETVEH VT

pharmacokinetics-pharmacodynamics (PK-PD) fi#t#T % 92 L
72E A WERD B-F 7 7 LRI LT R DR RZ
RTZEDVPHLNE L5 72DTHET 50

L ¥ & HE

1. fEAPRSE

In vitro ERB L I°~ 7 2 KBREGLE 7V TORERIZ
(& TBPM (WIGAELE (KR)) %, <~ 7 AMFREREGE TV
TORERZIE TBPM-PL (BlREHE (KR)) 2wz £
7o, REEELEL LT, oW S 22 % cefditoren(CDTR ;
WG (BR)) %7213 cefditoren pivoxil (CDTR-PI ; Bi
R (Bk)), faropenem (FRPM : 4> bVU— (¥k),
THEEA 2> & D) B X O levofloxacin (LVFX; Se-
quoia Research Products) ZflifH L7,

2. fEH®E%

IR (bR) BRIEMRAWETERT IR AT D RIR 738 S. pneu-
moniae, H. influenzae 7% % V12 American Type Culture
Collection (ATCC) HHEMEZMH L7zo ABRIZH V2
BrE EN 5 OEHN KM% Table LIRL7ze &3, S.
pneumoniae 12 B\ T, penicillin G O A &2 % &

2T AL v X i B T 760
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Fig. 1. Chemical structure of tebipenem pivoxil and tebipenem.

Table 1. Streptococcus pneumoniae and Haemophilus influenzae strains

MIC (ug/mL)

Organism®
Tebipenem Cefditoren Faropenem Levofloxacin Penicillin G Ampicillin
PSSP ATCC10813" 0.002 0.015 0.015 1 0.015 NT?
SP00253 0.002 0.06 0.008 1 0.03 NT
SP00285” 0.002 0.25 0.015 1 0.06 NT
SP00306” 0.002 0.03 0.008 2 0.03 NT
SP00328 0.002 0.12 0.015 1 0.06 NT
PISP ATCC496199) 0.015 0.06 0.12 1 0.5 NT
PRSP SP00084" 0.12 4 2 1 4 NT
SP00214» 0.06 1 0.5 1 2 NT
SP00218» 0.03 0.5 0.5 1 2 NT
SP00324" 0.03 0.5 0.5 1 2 NT
SP00366°) 0.06 0.5 0.5 1 2 NT
SP00337? 0.06 1 0.5 1 2 NT
BLNAS ATCC49766° ) 0.12 0.015 0.5 0.03 NT 0.25
H. influenzae ~ HI00545"9 0.12 0.015 0.5 0.015 NT 0.5
HI00549 0.12 0.015 0.5 0.015 NT 0.5
HI00572 0.06 0.015 1 0.015 NT 0.5
HI00586 0.25 0.015 0.5 0.03 NT 0.5
HI1007269 0.06 0.03 0.5 0.03 NT 0.25
HI00759") 0.5 0.03 8 0.015 NT 1
BLNAR HI00542°) 0.5 0.5 4 0.03 NT 16
H. influenzae HI00547b: - ) 0.5 0.25 4 0.03 NT 16
HI005659 4 0.12 16 0.03 NT 32
HI00676" 4 0.12 8 0.03 NT 16
HI00713) 1 0.06 8 0.03 NT 2

YPSSP: penicillin-susceptible S. prneumoniae (MIC of penicillin G: < 0.06 ug/mL)

PISP: penicillin-intermediate resistant S. pneumoniae (MIC of penicillin G: 0.12—1 ug/mL)

PRSP: penicillin-resistant S. pneumoniae (MIC of penicillin G: > 2 ug/mL)

BLNAS: [f-lactamase-nonproducing ampicillin-susceptible strains (MIC of ampicillin: < 1 zg/mL)
BLNAR: [f-lactamase-nonproducing ampicillin-resistant strains (MIC of ampicillin: > 2 ug/mL)

Yapplied to the examination for bactericidal activity
9applied to the examination for post-antibiotic effect

Dapplied to the examination for post-antibiotic sub-MIC effect
applied to the examination for mouse respiratory infection model

ONT: not tested

\Z, penicillin G ® MIC #$<0.06 ug/mL T % penicil-
lin &Mk % PSSP &, 0.12~1 ug/mL T % penicillin
H S EEf Pk % PISP &, =2 pug/mL T& 5% penicillin
itk %2 PRSP & Kal L7z. £ 72, H. influenzae (25T
1%, ampicillin D&z % 312, ampicillin ® MIC 25<1
ng/mL Ths -7 7 ¥ ~— Y AMk% BLNAS &,

ampicillin ® MIC 23=2 ug/mL CTdh % -7 7 ¥ < —

YIpEARZ BLNAR & #30 L7z,

3. Y

PRSP I & 2 M-WR 27 &€ 7L 121k CBA/JN ¥ 7 A
(MEYE, 5, HAF ¥ —RYN—) %, BLNARH.
influenzae \Z & % Wk ERIRGE 7 VIZIZ G 2 HAETIZ cy-
clophosphamide (200 mg/kg) DERERFES-1Z X ) HIi
ke 272 CBA/JN w7 A (M, 58, HA
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Table 2. Bactericidal activity of tebipenem against Streptococcus pneumoniae and Haemophilus influenzae
No. of strains demonstrating —1, —2 or — 3 logo killing"
. Antimicrobial .
Organism® Concentration exposure: 2 h exposure: 4 h
agent
-1 -2 -3 -1 -2 -3
PSSP (5 strains) Tebipenem 4 X MIC 5 5 4°) 5 5 4°)
2 X MIC 4 4 3¢) 5 5 3¢)
Cefditoren 4 X MIC 5 3 19 5 5 2¢)
2 X MIC 4 3 29 5 5 49
Faropenem 4 X MIC 5 5 4°) 5 5 4°)
2 X MIC 5 4 4°) 5 5 49
Levofloxacin 4 X MIC 5 4 4°) 5 5 4°)
2 X MIC 5 4 19 5 5 4°)
PRSP (5 strains) Tebipenem 4 X MIC 5 5 2 5 5 4
2 X MIC 5 4 2 5 4 1
Cefditoren 4 X MIC 5 2 0 5 5 2
2 X MIC 4 2 0 5 4 2
Faropenem 4 X MIC 5 4 3 5 5 3
2 X MIC 5 5 3 5 5 4
Levofloxacin 4 X MIC 5 5 2 5 5 5
2 X MIC 5 5 2 5 5 2
BLNAS Tebipenem 4 X MIC 3 0 0 4 2 0
H. influenzae 2 X MIC 2 0 0 5 1 0
(6 strains) Cefditoren 4 X MIC 1 0 0 6 4 0
2 X MIC 2 0 0 6 4 0
Faropenem 4 X MIC 1 0 0 5 0 0
2 X MIC 3 0 0 5 0 0
Levofloxacin 4 X MIC 6 6 4 6 6 6
2 X MIC 4 4 1 6 4 4
BLNAR Tebipenem 4 X MIC 0 0 0 3 1 0
H. influenzae 2 X MIC 1 0 0 1 1 0
(4 strains) Cefditoren 4 X MIC 1 0 0 3 1 1
2 X MIC 1 0 0 3 2 1
Faropenem 4 X MIC 0 0 0 3 0 0
2 X MIC 0 0 0 1 0 0
Levofloxacin 4 X MIC 4 4 4 4 4 4
2 X MIC 4 3 0 4 4 4

¥see Table 1

PSSP: penicillin-susceptible S. pneumoniae (MIC of penicillin G: < 0.06 1g/mL)
PISP: penicillin-intermediate resistant S. pneumoniae (MIC of penicillin G: 0.12~1 ug/mL)

PRSP: penicillin-resistant S. pneumoniae (MIC of penicillin G: > 2 ug/mL)
BLNAS: f-lactamase-nonproducing ampicillin-susceptible strains (MIC of ampicillin: < 1 ug/mL)

BLNAR: f-lactamase-nonproducing ampicillin-resistant strains (MIC of ampicillin: > 2 ug/mL)

Y Alogio CFU/mL lower than at 0 h:

—1logio CFU/mL = 90% killing; —2 logio CFU/mL = 99% killing; —3 logio CFU/mL = 99.9% killing

999.9% killing was calculated for 4 strains.

FX—NVAYN=) BH Lz, 7 AKBEGE TV
BXOEYEREREB 21X, Y4 H i 2 cyclophos-
phamide (200 mg/kg) OEIENFLG-12 £ 0 H Bk % KA
S/72ICR ~ 7 A (HEME, 4 i, AT ¥ — )V A1) 23v—)
ZRH L. BiEBRE, WL EBREE (k) oF)
WEBEHICHET BNV TER I N,

4. RAFEEHIEEE (MIC) %

MIC (&, HARALE 55 SR 1 0 FERSPARA UL
ICHEL, CLSI OB#EPI 2 BZICME L. Thbb,

S. pneumoniae DR FEN1E 5% i 5 P BEABAE M (H A
INA F 5 2 M) 5l Mueller-Hinton agar (MHA, Becton
Dickinson), H. influenzae ®H5E121% 15 mg/L hematin,
15mg/L NAD, 5 g/L yeast extract il MHA % f§i l§ L
T 35T, 5~6%CO: M T T20~24 BER 32 L 720 ¥
FEREHITIE, CLSITEEHE: DA% B kR % Bl v> 72, PK-PD
fEFTICB VT, BHO lug/mL & H#EL L2 54
PBRINCMZ T, 128X 016 pug/mL ZHiL 722
ERRRINZERL, Zhs 3RFCBVWTHELN &K
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Table 3. Postantibiotic effect of tebipenem against Streptococcus pneumoniae and Hae-

mophilus influenzae

X Antimicrobial MIC PAE (h)”
Organism
agent (ug/mL) 1 X MIC 4 X MIC
S. pneumoniae Tebipenem 0.015 0.79 + 0.439 1.60 = 0.19
ATCC49619 Cefditoren 0.06 0.07 = 0.05 1.03 £ 0.10
Faropenem 0.12 0.68 *+ 0.22 1.76 + 0.04
Levofloxacin 1 0.48 * 0.30 0.93 £ 0.50
H. influenzae Tebipenem 0.12 =031 £ 0.13 = 0.12 £ 0.05
ATCC49766 Cefditoren 0.015 — 048 * 0.10 — 0.54 * 0.08
Faropenem 0.5 = 033 £ 0.10 - 044 £ 013
Levofloxacin 0.03 1.02 = 0.07 NM®)

“Values are mean * standard deviation for three experiments

YExposure for 1 h at 1 or 4 X MIC
9NM: not measurable

PASME (h)

-2 —-1 0 1 2

3 4 5 6 7 >7

Tebipenem T T T T T T T T \bﬁl
1/16 MIC —F
1/8 MIC —
1/4 MIC —_ I ¥ %\ﬁn .
Cefditoren
1/16 MIC —F e
1/8 MIC ——F h
1/4 MIC —F}+—
Levofloxacin
1/16 MIC —
1/8 MIC —{
1/4MIC .-| I 1 \QT‘ (n=9)

Fig. 2. Postantibiotic sub-MIC effect of tebipenem on 9 Haemophilus influenzae strains.
Data is shown as box plots in which 50% of values lie within the box. Horizontal lines drawn
through the middle of boxes represent median values. Both ends of whiskers are the smallest

and largest values, plus (+) shows the mean.

**: p < 0.01, significant differences from the tebipenem-exposed group (Steel’s multiple test)

Test strains: ff-lactamase-nonproducing ampicillin-susceptible and f-lactamase-nonproducing

ampicillin-resistant H. influenzae (See Table 1).

Exposure: 1 X MIC, 1h

INEERLIEIRE 2 MIC & L7z,

5. In vitro KW 1

5% F& LML NN brain heart infusion agar (BHIA,
Difco) P F 72 dMFaaL — FERTHREL -
S. pneumoniae ¥ 7213 H. influenzae %, TN ZN 2% K
M (LHB) J cation-adjusted Mueller-Hinton broth
(CAMHB), % 7213 15 mg/L hematin, 15 mg/L NAD
B L U5 g/L yeast extract )il CAMHB (Haemophilus test
medium : HTM) T35C, 2K E L. €DK, 2
F23AXMIC & 7425 X PIRELZRIML CEWIEH R
D S. pneumoniae B & U H. influenzae DWRIL, TN
#10°0~10°8B £ ° 10°~10"CFU/mL), 0, 238 X ' 4 K
MDA R WE L7zo S. pneumoniae 1% 5% F ik
WL BHIA “PARIS, H. influenzae (& 5% K BEAAE ML

I BHIA 73 2 L — FPARUISEIKL, 35T, 5~6%CO.
FMET T 22~26 BpfIR R, R Lcan = —HzillE
L7z

6. Post-antibiotic effect (PAE) 3 X 0¥ post-antibiotic

sub-MIC effect (PASME)

S. pneumoniae ATCC49619 35 X OF H. influenzae ATCC
49766 = H \» T PAE %, BLNASH. influenzae 8 & O
BLNAR H. influenzae &t 9 # % F\» T PASME % #id L
720 S. pneumoniae & 2%LHB fil CAMHB T, H. influen-
zae \3 HTM T 35C, 2K 52 &, 138 X 04 xMIC
(PASME B T3 1 xMIC &) & 2% X 9 Pk £ iR
L CGEYER B OB 34 2~7x10° CFU/mL), 35T
TLRMRERLZ, Tofk, A (1/1000) 12 & H 3
D kR L, PAE BTl EW IS AR, PASME
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Fig. 3. Therapeutic efficacy of tebipenem pivoxil against respiratory infection by

penicillin-resistant Streptococcus pneumoniae in mice.

Animal: CBA/JN mice (5 weeks old, female), n = 8

Infection: penicillin-resistant S. pneumoniae SP00366 (4.8 —5.3 X 10° CFU/mouse)
Therapy: orally administered with tebipenem pivoxil (TBPM-PI), cefditoren pivoxil
(CDTR-PI), faropenem sodium (FRPM) and levofloxacin (LVFX) 24 h and 36 h after

infection

Viable cell counts: CFU/lung determined 48 h after infection

Detection limit: 1.28 logio CFU/lung

% p < 0.001, significant difference from control (Dunnett's multiple test)

AERTIE 1/16, 1/8 7213 1/4x MIC ORI AR b
I2T3HC TEIHITHAEL, 0, 2, 4, 6, 8BXU 12K
EROERMZIE L7z, HRIBRERDOHED 1 log 1
T LM G, EWIEAREDOREDA 1 log BT %
BEMZ251{ 2 212X 5T, PAE BXU'PASME #& L
720

7. <7 AR EREGE T TV $ B IE AR

PRSP SP00366 1% brain heart infusion broth (BHIB,
Difco) 12T 35C, —&H;#E%, HE (ODsswm) &9 05
WCAHEE L 72 b o 2 AR W & L, BLNAR H. influenzae
HI00547 1% 15 mg/L hematin ¥ X O 15mg/L NAD il
BHIB |2T 35C, —&¥i#k, W (ODswm) % #J 04
WL, FE AR W C 10 f5ICHM L2 b o % B
WE L7y 3 /30 9V VIRBBEORGHONE
eI G X DR L7z~ 212, BHE KO 20 uL
AR L, B ERE S,

YL 24 B L O 36 BEEFRIZ, 05% ANVEKRF T A F Lt
o — 2R L 723 £ 72 s B e R R G L 72
($e 5784 1 10 mL/kg, n=28). &k 48 IERIf4IC, ¥ &
O MERICHEHE L, 1.8mL oABEER ML, &
FAKREVFAF—ZHOTHREY A — M2 L
720 ENENOKRET L — RO 10 (54 HRY % 1F#
L, #® 100 uL % PRSP i 5% F B HE 1fi % in BHIA
AR L2, BLNAR H. influenzae 1% 5% 55 I 4k #E i %0 m
BHIA 3 2 L — FERICHEIHK L 720 35C, 5~6%CO.
Sl N T 22~23 REIRS MR, FEH L an = — Kz llE

L7z ilidERIZ1g 2 1mL & LTHEL, AN
AR (log CFU/lung) #& M L7z, BE%GHE L K3
Y5 B ONNAR D71, Dunnett $ 7213 Steel @
SEBICTHRE L (FEKE 1 5%),

8. < AKMEYE 7N % H\ 72 PK-PD f##r

1) PRSPIZX 2~ Y AKBEGE T VI T 56
FIES

F I EkR A~ 7 212 PRSP TH-1230 (5~7 % 10° CFU/
thigh) Z KBEFFAIPERE L, K% ke 8872, &g 2
R & 0, TBPM 0.06~32 mg/kg/24 h(36 38 ) o #:
) % B FHS- L, $5-Blks 24 BEHIRC, RBENAE
¥AEWE L7z 72, PRSP 5 WHRIC X 5~ A KBRS
EFNVIZBWT, 12BM L1122 H TBPM 05~8 mg/
kg/24h (780 OHE) 2 THS L, 55k 24 KR
HBORIBENER B L Y bacteriostatic dose (24 Bifij# o
WEDHEY T GG S L 2 HE) 258U,

2) HEWE)E

H BRI A~ 7 212 TBPM (0.125~32 mg/kg) % Hi[A]
B TFH5(10mL/kg) L, #%45-545~6 B ICHRIm L,
M4 %140 KRR OFMAE T REHRE (n=3) %€
FIVIEARTEIIZIENT L, Toae Cmae trz, AUCw % K&
720 Ii%ErR o> TBPM M EE (L, BEIAHICEERE S bV~ &8
B (pH5.0) /7 F = PV E I, SR A 4 >
A 5 b (Partisil-10 SCX, GL ¥4 > ) % w7z,
HPLC HIC X Dl L7ze T4bH, BRILL 2214, &
i ? 1 mol/L MOPS #% i (pH7.0) 3 & UF 2 fi5 i DA
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s 7L 0 ¢} =
S Beges dF Befiegs St s
a 8 { * :L:D) 7 -
&) o S &) .
. 6r o 8 5] e Viable cells at the
< © o { ° { Z 6r start of therapy
S5t = 5 [
3" é :
g w% _%’ 4
= o =
3 : M +SD L
4 I ean o S
_____________________________________________ o{ Detection <9 1
) ) ) ) ) ) ) ) . L — limit
3
05X25X2 50X2 5X2 50X2 5X2 50X2 05X2 5X2 (mg/kg/day) 001 01 ! 10 100
Control TBPM-PI ~ CDTRPI FRPM  LVFX Totaldose of tebipenem (mg/kg/24h s.c.)
Fig. 4. Therapeutic efficacy of tebipenem pivoxil against respi- Fig. 5. Effect of tebipenem on thigh infection model with

ratory infection by f-lactamase-nonproducing ampicillin-
resistant Haemophilus influenzae in neutropenic mice.
Animal: CBA/JN mice (5 weeks old, female), n = 8
Infection: f-lactamase-nonproducing ampicillin-resistant
H. influenzae HI00547 (1.7—1.9 X 10° CFU/mouse)
Therapy: orally administered with tebipenem pivoxil
(TBPM-PI), cefditoren pivoxil (CDTR-PI), faropenem so-
dium (FRPM) and levofloxacin (LVFX) 24 h and 36 h after
infection

Viable cell counts: CFU/lung determined 48 h after infection
Detection limit: 3.31log CFU/lung

*# p < 0.01, significant differences from control (Steels
multiple test)

YRR AR L 2%A8L, AHEMlEY T
L7z BemAtit 0.1~100 ug/mL O #iPH CEAR %R L
(HHBIFR % R =0.9995~0.9999), &R 0.1 pg/mL i
BUAMEFHMERBR TCORBEIX114%, BE X
—6.7%, HAEFBMRETORIEIZ 121%, BEEIZ07%
THY, EHEIHR SN, T2, v UABLITL L
1fiLi#E 2 TBPM (0.1~100 pg/mL) Z ML, in vitro 123
A MEEAKAFEZBEALBEICEVHELS (=
3)o BRALA @i o> TBPM #REL I, BEVHICHER T >~ €
=L/ T =Y VEH, EEHCODS R T L%
w72 LCMS/MS 3142 & Dl L7ze $RINL 72135 A
1%, disk # 4 7 (Empore disk cartridge SDB-XC,
3M) D REFHF LS & 0 BLE & 4T 5 720 BRI 0.5~
200 ng/mL O#PHCHEMMEZ R L (FHBERE =7 A ¢
R=0.9979~1.000, & b : R=0.9974~0.9998), EmFRH
05ng/mL 2B 5~ 2B XU b o EFEH R
TOREIXTI% B L UI55%, HEIZ120% B L O
100% TH Y, FHEIHERI N,

3) PK-PD fi##i

PK-PD /85 X2 —#EH D 7=, TBPM H[HFZ T#%5-
BOZRHBIEE (T) 2B 2 MmEEHRE (C (T)) R
X ) —RWIND B 5 1-compartment model % FH\v»T PK
TG A=, FThbbANTOSAERE (VA/F), TIL
B R (k01), HRMEER (k10) ZH/M L7,

penicillin-resistant Streptococcus pneumoniae in neutro-
penic mice.

Animal: ICR mice (4 weeks old, male),n = 1—3
Pretreatment: intraperitoneal injection of cyclophospha-
mide (200 mg/kg) 4 days before infection

Infection: S. pneumoniae TH-1230 (3.6-7.0 X 10° CFU/thigh)
2 h before the start of therapy

Therapy: subcutaneously administered with tebipenem
(q24: 0h, q12: 0, 12h, g8: 0, 8, 16 h, g6: 0, 6, 12, 18h)

Viable cell counts: CFU/thigh determined 24 h after the
start of therapy

Each point: the mean for 2 -6 thighs per 1—3 mice
Number of bacteria at the start and 24h of therapy: 6.38
and 9.56 log CFU/thigh respectively

C(T) =Dose xk01/(Vd/F)/ (k01 - k10) x (EXP
(—k10xT) —EXP(—k01xT))

ZDPK T A—%ZHNT, BEIEREHICBITS
e OFEHETOMBERREEZS I -, 7
A E R R A O b IR & TBPM 1 % 55
L7 TBPM O &M HARIZBIT 5 320 PK-PD /%
FA—=%, bbb, MEPIERER TBPM @ AUC
& MIC @t (AUCEH/MIC), Ii%eH Ik 45 % TBPM O
Coax & MIC @ It (Cooef/MIC) 3B & TSI AE Hh I 45 & #Y
TBPM # 5 75 MIC BLE & 7 2 BE [ o> 24 B9 %
#4 (time above MIC : T>MIC) # &1L 72, TBPM
DORIFENL, B 5-FAUGRE O KBEP AR EUC R 5 24 R
DRBEFERBZEALT/RL72o PKPD /X5 A —% & 1)
T3 572 PRSP TH-1230 O KBEANER# X v, sigmoi-
dal Ev.x model % JHT TBPM D #%) & #hFh o PK-
PD 785 X — % O 5.3 (R) IR/ _FIEITLD
BHHLAZ EHLZY 7 b7 : WinNonlin (Phar-
sight Co.))o F 72, PRSP 5 WHRIZK 3 % bacteriostatic
dose 128135 PKPD 85 A—% y HbETEH L2,

Sigmoidal E.... model
Eo—E = (En X DY) /(EDy" + DY)
F74bH, E=Ei— (En X DY) /(EDs" + DY) X %
w7z,
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Fig. 6. Plasma concentration of tebipenem in neutropenic
mice following subcutaneous administration of tebipenem.
Pharmacokinetic analysis: one-compartment model with
first-order absorption

E : observed effect (Alogw of CFU/thigh on
TBPM group at 24 h)
E, : effect (Alogw of CFU/thigh on control
group at 24 h)
Enix ¢ maximum effect
D : PK-PD parameter
EDs : PK-PD parameter required to achieve
50% of Enax
N : slope of PK-PD parameter-effect curve
I & S
1. Invitro W TI
S. pneumoniae 3 & O H. influenzae \2x LC, 2 $721
4XMIC ® TBPM B X O EY 2 EH & ¥, 2B X0
4 WM B O W% flE L7z (Table 2). PSSP o 1 #Rix3E
YIERRIZB T AWEDID 2, HOKREINLLET
DAERWBEILIZ-28log TH 7272, 99.9% (-3 log)
DKW DO HKRAKRTHE M L 720 S. pneumoniae |25 3 %
TBPM OHLRAEH IR TH Y, TBPM D 4 x MIC,
2 REEIERC & D PSSP @ 4 Bk 4 ¥, PRSP @ 5 k2
BT 99.9% OBW 2RO b, TBPM X FRPM B X O
LVFX LD &b T\ ERHERE ) 2R L7z,
— 7#7, H.influenzae \Z 3 \» T, TBPM i, 4xMIC, 4
FRERIER 12 & D BLNAS @ 6 #:H 4 ¥, BLNAR O 4 ¥
3BT 90% DR %~ L, TBPM OEREHIA R i1k
LVFX X 0§53 dd CDTR B L ' FRPM & FFEET
Ho7
2. PAE B X ' PASME
S. pneumoniae 3 X U H. influenzae (2% L T 1 % 721

Table 4. Pharmacokinetic parameters of tebipenem in neu-
tropenic mice following subcutaneous administra-
tion of tebipenem

Dose Crnax Tmax ti2 AUCins
(mg/kg) (ug/mlL) (h) (h) (ug * h/mlL)
0.125 0.5019 2.0 3.2 3.165
1.00 4.575 1.0 3.2 23.98
8.00 41.43 0.50 2.4 159.8
16.0 74.90 0.25 2.3 259.9
32.0 107.6 0.50 2.1 314.4

Calculated from the mean plasma concentration of 3 animals
Pharmacokinetic analysis: non-compartment model

Cmax: maximal plasma concentration

Tmax: time of maximal plasma concentration

ti/2: elimination half-life

AUCint: area under concentration-time curve from time zero
to infinity

Table 5. In vitro serum protein binding of tebipenem in mouse and

human

Serum protein binding (%) of tebipenem

Species

0.1 ug/mL 1 ug/mL 10 ug/mL 100 ug/mL
mouse 96.6 98.1 98.3 90.4
human 73.9 67.0 67.0 59.7

Ultrafiltration method, mean (n = 3)

4xMIC O#H| %2 1 RHEH S8, EYopBekriL
72#® PAE % Table 3 \Z/R L 720 S. pneumoniae \ZXf L
T, TBPM i3 1 7213 4 xMIC fEH TENENFE 0.79
R, 1.60 g @ PAE %R L7225, H. influenzae (2% L
T PAE 2R & oze —77, 9 WD H. influenzae
ZHWT, IXMIC 2 1 BRfEH R, BWoRBE ki
L., 1/16~1/4xMIC OFEWAELE T T PASME %l L
7oHEH, TBPM @ PASME i3 1/4 x MIC 1B BRI F3 4
R Ta ), LVFX & A2 D £\ PASME # /R L 72
(Fig.2),

3. Invivo LW JJ

1) PRSP &%~ AN EESE 7 VICH T 2 ik
UHIES

PRSP SP00366 J&3¢ 48 K¢ ] 2 O MiN A= i #ud, TBPM-
PI® 625 mg/kgx2 B X 25 mg/kgx2 %G5 TEN
FN 376087 B L ¥ 1.67+0.31(log CFU/lung, F¥ =+
FRERAE) CTh Yy, BEEGH R L CTHEZNA
WO WL RS 57 (p<0001, Fig.3). F 7=,
LVFX 100 mg/kgx 2 5 HICB W T HBELREWHED
WAHGRD bNTH, TOMDREIZB W TIIHE R
RO LN Loz,

2)  H.influenzae \Z & % = 7 AW R &G E 7 VIS5
ERCRGY YRS

BLNAR H. influenzae HI00547 J&3 48 Iy i) £ O Jili A 2
W%, TBPM-PI ® 05 mg/kg*x2, 5mg/kgx2 B X
50 mg/kg x 2 ¥ 5- % TN £ 1 681+0.20, 6.20+0.31
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Fig. 7. Relationship between three pharmacokinetic/pharma-
codynamic parameters and viable cells of Streptococcus
pneumoniae TH-1230 in thigh of neutropenic mice after 24
hours of therapy with tebipenem.

A: percentage of time that plasma unbound tebipenem lev-
els exceed the MIC, B: peak of unbound tebipenem/MIC
ratio, C: 24-hour AUC of unbound tebipenem/MIC ratio
MIC of tebipenem against S. pneumoniae TH-1230: 0.025
4g/mL

Each point: the mean for two thighs per mouse ( @ : q24,
ANiqi2, g8, < g6)

R% contribution ratio

Zero of viable cells: number of bacteria at the start of ther-

apy

B L 185.66+0.25 (log CFU/lung : V¥ + fEi#{R ) TH
), TBPM-PI I3 FIBARAFIIZ~ 7 AW AE R $ % A &
w7z (Fig. 4)o B 5-BIC L, TBPM-PI ® 5mg/
kgx2, 50 mg/kgx2, CDTR-PI ®» 50 mg/kgx2 B L ¥
LVFX ® 5mg/kgx 2 B 5#ICBWT, MNEREOH
BB DED bz (p<0.01),

4. PRSP I &k B~ ARMESE 7V 2 7z PK-

PD fi#it

PRSP TH-1230 i2 & A~ 7 A KBEHETFTLVIZB W
T, TBPM 38855 FH R AL I KRN O A W 8 % 8 A
&7 (Fig.5). FUEEG®RIZBWTIE, —HBLY
2~4 PO EEGIC L B ENTEE LR ETBOLNE
ol TBPM Z M TH 5 L7z & & ol sp
TBPM REHR L1, EWEE T X — 5 25N L7
£, TBPM ® 0.125~8 mg/kg {2 B\ THIEH 2D &
N7z (Fig.6 BL U Tabled), £72, ¥V AB IV MIZ
BUAMEEAKERIE FNLFNI0~98% B LU
60~74% THH, FEEIED SNz (Table5)s PK-PD
INTG XA =7 %5 ET 572012, TBPM % Kbz FH#& 5
L7z ol dE TBPM REHER 2 — KN D & 5 1-
compartment model TN L 720 € D5 H, k015572
h™', K1002229h°', Vd/F 1912 mL/kg »%% &, PK-
PD /85 X — % %8 L 720 TBPM @ PK-PD /85 X — %
L ARKBEYE T VIR T 2EEDIR L OBKREY
sigmoidal Eumex model % B\ TIENT L 7= 555, JEfs SR
TBPM @ T>MIC, Cud/MIC B & O AUCE/MIC @
M~DFGE (R &, ZheEn77, 8TBLU88% T
- 72 (Fig.7)o % 72, PRSP 5 & # 12 %} 7 % bacte-
riostatic dose 1% 14~34 mg/kg/24h & 7 1, bacterio-
static dose {28\ T TBPM D %) & M o & v PK-PD
85 X —%THDH AUCH/MIC 1% 22~92 (CEHfE 39,
JLfi 26) TdH -7z (Table6),

m. £ £

AFBIZ BV TIE, S. pneumoniae 3 & U H. influenzae
D B-F 7 & ARPURIFEIHN T B PEILAEST L, FFITE
HWOBIRBEOA R VNBIZBWTI, BALMEE 2>
TWw3Y 22T, 4 S. pneumoniae & H. influenzae |2
BAENLT, RTHOTORON VAL LARPIRET
& % TBPM-PI OfiKk % M 2 BT~ DM %
mz7z

TBPM (&, Wi R L CRBE AR L, S. preumo-
niae |23 L CE 7 = A RHUHEIE L Y £\ PAE, H. influ-
enzae (R LTCHF /0 VRVIRELFABEETEL T = 2%
PRI L D B PASME 7R L7z, — %12, invitro I28
W, B-F 7 % LRPUR LS. pneumoniae 12 % L T
PAE #7R9 %%, H. influenzae \Zxf L Tl3 & A & PAE %
REBVIEDPHSENTWET —T, HIVINAER LR
YL ZE TH % imipenem (IPM) &, H. influenzae |25+ L
TPASME #/R3 2 & 25%iE SN THBH, TBPM 28
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Table 6. Bacteriostatic dose and PK-PD parameters of tebipenem in penicillin-resistant Streptococ-
cus pneumoniae thigh infection model

PRSP Strain MIC Bacteriostatic dose

T > MIC (%) Crmaxf/MIC AUCt/MIC
No. (¢g/mL) (mg/kg/24 h)
TH-1230 0.025 1.4 36 2.3 22
MSC-33 0.03 2.1 43 2.8 26
MSC-118 0.03 2.6 51 3.4 31
MSC-139 0.05 34 43 2.8 26
MSC-158 0.008 1.9 91 10.0 92
Mean 2.3 53 4.3 39
Median 2.1 43 2.8 26

MIC was determined by agar dilution method using 1.2 —1.33 fold serial dilutions.

The bacteriostatic dose was calculated in the group administered tebipenem twice with a 12-h inter-

val for thigh infection caused by 5 strains of PRSP.

PASME %/R L7z &) S OFERIT A VN A L RPL
W HETAMEE KL L2b o e RIS NDY, &
72, TBPM-PI i PRSP |2 & % < 7 AWM 25 &G € 7 v
2% LT, CDTR-PI, FRPM B X ' LVFX IZHERTH
WIBERIR 2 7R L, BLNAR H. influenzae |2 X % IR 25 8%
FEFVIIH LTS, LVFX 121355 0o, CDTR-PI
ERBEOBENIZIHHMA LR LTz, Y EOfR2S,
ROVIKEOBISHFEE L CEETHOIEMMEILIH
Lo T\W 5 S pneumoniae B & O H. influenzae % 2
KW & T B IPREHEAYE IS BV TR EI M TX 5
boLEZ LNz,

WA, PIHEOHERICBVTIE, e MIBVWTHG %
HRNANFFTE 2EWEEEHE T 572012, 7RI
B 5 AW EEE L ER OB E 2 N T 5 F Ao
Tw5Y, Craig 513 amoxicillin, gatifloxacin % & D%
THRIEICOWT O THRE TR ER L TH D",
C OO IREHER & W OEAL» S, BIOPIRIE
TH o TOEMICHET 2 PK-PD /87 X — % 2 Z 5§
LHZLIITMETHLEEZLN TS, Flbhibild
NS OWHICHE LT, TBPM-PIOEMAKTH 5
TBPM % T#H:5-L, gPRSPIZ & 5~ A KIREYE
TIWIZBIT 3% & PK-PD /X5 X — % L D4R % AT
L7 FDFER, 3 20 PK-PD 7$5 * — % (AUCE/MIC,
Coas/MIC 3 X T T>MIC) 3§ b TBPM DFER) &
MBI L, AUCE/MIC B & U Cuuf/MIC 75 T>MIC (2 JE
NTHWHBEZR L (#5555 T>MIC : 77%, Couf/
MIC : 87%, AUCE/MIC : 88%). 72, 7—FII/RL T
W2r 7%, BLNAR H. influenzae < 7 AW ZHEGE 7V
IZBWT TBPM Z B P45 L 720§ b, S. pneumoniae <
7 ZAKBRIEGE 7V L[S, 32D PK-PD /85 A —%
X TBPM O FFICHBEZ R L7 (F53; T>MIC:
72%, Cunad/MIC : 77%, AUCE/MIC : 82%, 45" Inter-
science Conference on Antimicrobial Agents and Che-
motherapy 2005 : F-1448, Washington, D.C. ).

TBPM D345 AUCE/MIC & HIBI D R W & v ) f 3

i, BESENH L ThTHRS REOBEITNs Ve
W9 Miyazaki 5 OH|EEZZFRTHEDOTH S, Thb
%, Miyazaki 5% PRSP 2 X %~ 7 AW Z5&GeE 7V
ZBWT, #BfS58 15me/kg ® TBPM-PI # 1 H 1 [,
12 ZEICTH2MIZ0E, HA0IE6KHIEIZ]
H3MNZAE L, ZhEFN3 AM#G LS, win
ORBICBTCHIEMIIABELREN VW EZRLTY
%0B=5 7 % LRIIHIEDIERNAS T >MIC IZH B ATE W
Ewn) ZERELEDLENRTEBY, Fhlio PK-PD
T A—F EHEPE OB Z RN L HEEZ v,

Leggett & &, Klebsiella pneumoniae \Z %t §° % cefazolin
BLOIPM ORI ST 5 PK-PD /85 X — % 1%
T>MIC (R*: & 1. & 1.796~681% B & 18768~
764%) LFEFH LTV B H DO, IPM TR T>MIC
& log AUC>MIC IZ b HB§ % (R : 81.9%) & & % ity
LTWw3Y, Leggett 5 OWi5IE, 7 = 2RPIRIEICH
NTHE 560, PAE & 53 PASME Ao 51 5
A NWISRA LNRPIHIETIE, T>MIC 7213 T4 { AUC
LI GTHREEEZ TRBETL250EEZ LN,

F 7z, TBPM (ZHRERIABA DA% <, SRR L
T 7z 2RPWELID b =2 —F ) 0y RIHEIE
W IR EERAT I R VIR NV 2R3 2 & (132,
H AL LA MR 85 ) , Z OB VE R ASIRE ] & i
JEDOT I IARAET 5 2 VDG SN TW5,Craig DI
159 % PK-PD BlEY Cld, IR BRWIER & Bw
PAE #9373 JEMBEARBL =2 —F ) 0 v R
HEDIEN L Cro/MIC, AUC/MIC IZHB AT W & &
NTHYH, TBPM 25 AUC/MIC & Coa/MIC (2B DS
Motz v ) BRRGEHERIE, TBPM O in vitro PUH G
O EM LD EEZ SNz,

4 il Craig @M % T>MIC, C..f/MIC, AUCE/
MIC @ 3 20 PK-PD /785 X — & |22\ TN L 7295,
Bl Z1E T>4XMIC 3 TBPM O FERNICHBE ZR$T 2 &
25 (FHH  T>4xMIC : 73%, T>8xMIC : 37%),
RARBREER 2R T L) gL R s H b B5 5%
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TR HZ EEZONS, PIRIEDOIER) & EYHED
MREzIOVHLSPIZTHDIIE, S5 RHPUE
LEZ 5.

AEES 25, TBPM I3, B-F 7 ¥ 2RI ICHiE %
RS S. pneumoniae 3 £ O H. influenzae |2 % L TR A MY
HERL, 2hooFz G~ Y AR RYE 7V

IR LEWEFESRERT I N ol F 72,
TBPM 3HLHI 7172 & QN ERF IR H S1A%5R <, BIF 7R3
WEELRT s, MBERRED Cow 215722120
ELMIC%2TH->TYd, PAEHSHWIZPASME 12X 5
T, HENOWITH§ % WHEIHIR R § 5 2 & 28
WX N7z, Craig @ PK-PD Bl T~ 7 2 KB
PeETIVIIBIT L EMNICHKDHE T 5 PK-PD 78T X —
5 F RN L7285 H, W ho PK-PD /85 X — % § TBPM
O EMBE L, AUCH/MIC, Cnf/MIC, T>MIC ®
NHCTHBE %2R L7z,

.

AW A FEMT HI2H72, HRHERA ST EER
BFEET AEEFIR, WERER, SILELK,
Y, KRGETIRIC, Z2RESHIEVZZnwEZE
BEREWLET,

X ik

1) Hikida M, Itahashi K, Igarashi A, Shiba T, Kitamura
M: In vitro antibacterial activity of LJC11,036, an ac-
tive metabolite of L-084, a new oral carbapenem anti-
biotic with potent antipneumococcal activity. An-
timicrob Agents Chemother 1999; 43: 2010-6

2) Miyazaki S, Hosoyama T, Furuya N, Ishii Y, Matsu-
moto T, Ohno A, et al: In vitro and in vivo antibacte-
rial activities of L-084, a novel oral carbapenem,
against causative organisms of respiratory tract in-
fections. Antimicrob Agents Chemother 2001; 45:
203-7

3) Craig W A: Pharmacokinetic/pharmacodynamic pa-
rameters: rationale for antibacterial dosing of mice
and men. Clin Infect Dis 1998; 26: 1-10

4) B bFRES S MIC JE EWET & D /NEE
BHAE# R (MIC) iﬁﬂ%iﬁkﬁﬂﬂléﬂl’)w“& Chemother-
apy 1981;29:76-9

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

National Committee for Clinical Laboratory Stan-
dards: Methods for dilution antimicrobial suscepti-
bility tests for bacteria that grow aerobically; ap-
proved standard-fifth edition, M7-A5. National Com-
mittee for Clinical Laboratory Standards, Wayne, Pa,
2000

AT o I R G i R AR B o0 B 2RI &
5 AN L, HAL#RSEE 2006; 54: 69-94

Zhanel G G, Hoban D J, Harding G K M: The postanti-
biotic effect: a review of in vitro and in vivo data.
DICP Ann Pharmacother 1991; 25: 153-63

Boswell F J, Andrews J] M, Wise R: Pharmacody-
namic properties of faropenem demonstrated by
studies of time-kill kinetics and postantibiotic effect.
J Antimicrob Chemother 1997; 39: 415-8

Odenholt I, Lowdin E, Cars O: In vitro pharmacody-
namic studies of L-749,345 in comparison with
imipenem and ceftriaxone against gram-positive and
gram-negative bacteria. Antimicrob Agents Che-
mother 1998; 42: 2365-70

Neuhauser M M, Prause J L, Danziger L H, Pendland
S L : Postantibiotic effects of ABT-773 and
amoxicillin-clavulanate against Streptococcus pneumnio-
nige and Haemophilus influenzae. Antimicrob Agents
Chemother 2001; 45: 3613-5

Andes D, Craig W A: In vivo activities of amoxicillin
and amoxicillin-clavulanate against Streptococcus
pneumoniae: application to breakpoint determina-
tions. Antimicrob Agents Chemother 1998; 42: 2375-9
Andes D, Craig W A: Pharmacodynamics of the new
fluoroquinolone gatifloxacin in murine thigh and
lung infection models. Antimicrob Agents Che-
mother 2002; 46: 1665-70

Leggett ] E, Fantin B, Ebert S, Totsuka K, Vogelman
B: Calame W, et al. Comparative antibiotic dose-
effect relations at several dosing intervals in murine
pneumonitis and thigh-infection models. J Infect Dis
1989; 159: 281-92

Sato N, Suzuki H, Hayashi H, Shibasaki S, Sugano T,
Maebashi K, et al: A new concept and a theoretical
consideration of the mechanism-based pharmacoki-
netics/pharmacodynamics (PK/PD) modeling for an-
timicrobial agents. Jpn J Antibiot 2008; 61: 314-38



"
ﬁ
k=108
5

48 H At % % 3 & MAR. 2009

Antimicrobial activity of tebipenem pivoxil against Streptococcus Pneumoniae and
Haemophilus Influenzae, and its pharmacokinetic-pharmacodynamic profile in mice

Toshie Sugano, Takuji Yoshida, Keiko Yamada, Atsuyuki Shimizu,
Jun Morita, Koji Kijima, Kazunori Maebashi and Shigeki Shibasaki

Pharmaceutical Research Center, Meiji Seika Kaisha, Ltd., 760 Morooka, Kohoku-ku, Yokohama, Kanagawa, Japan

Tebipenem(TBPM, formerly L-036 or LJC11,036), an active form of the oral carbapenem tebipenem pivoxil
(TBPM-PI, formerly ME1211 or L-084), shows potent activity against respiratory pathogens such as Strepto-
coccus pneumoniae and Haemophilus influenzae. We evaluated the in vitro antibacterial property of TBPM and in
vivo activity of TBPM-PI against these organisms. TBPM showed strong bactericidal activity against both
pathogens, longer post-antibiotic effect against S. pneumonise and longer post-antibiotic sub-MIC effect
against H. influenzae compared to cephem antibiotics. In murine respiratory infection models with penicillin-
resistant S. pneumoniae(PRSP) and fB-lactamase-nonproducing ampicillin-resistant H. influenzae, TBPM-PI
showed higher therapeutic efficacy than cefditoren pivoxil or faropenem. Using the pharmacokinetics(PK)
parameter of TBPM after subcutaneous administration and the pharmacodynamics(PD) data of TBPM in a
murine thigh infection model with PRSP, we defined PK-PD parameters correlating with TBPM efficacy.
Analysis using the sigmoidal E... model showed that three PK-PD parameters (AUCf/MIC, Cuaf/MIC and
time above MIC) all correlated well with TBPM efficacy, AUCE/MIC (R%: 88%) and Cum.f/MIC (R%: 87%)
showed a higher correlation compared to time above MIC (R* 77 %).



