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The 73rd Annual Meeting Symposium

I. PROSPECTS FOR DEVELOPMENT OF NEW ANTIMICROBIALS FOR
CLINICAL CONTROL OF TUBERCULOSIS

Chairpersons : Fumiyuki KUZE "
Haruaki TOMIOKA **

Symposium Topics and Presenters :

1. View of development of fluoroquinolones : Kenji NAMBA (Daiichi Pharmaceutical
Co.)

2. Current status and perspectives on the development of rifamycin derivative antibi-
otics : Takayoshi HIDAKA (Kaneka Corporation)

3. In vitro antimicrobial activities of quinolones, rifamycins and macrolides against
Mycobacterium tuberculosis and M. avium complex : Attempt to establish new
assay methods which accurately reflect therapeutic effects of test agents in vivo:
Katsumasa SATO and Haruaki TOMIOKA (Shimane Medical University)

4 . Clinical evaluation of new quinolones as antituberculosis drugs : Shin KAWAHARA,
Atsuhiko TADA, and Hitoshi NAGARE (National Minami-Okayama Hospital)

5. The need for new antituberculosis agents in Japan : Katsuhiro SUZUKI, Eisaku
TANAKA, and Ryoichi AMITANI (Kyoto University Hospital)

The resurgence of tuberculosis (TB) in industrialized countries and the worldwide in-
crease in the prevalence of atypical mycobacterial infections in immunocompromised
hosts have promoted the quest for new antimycobacterial drugs. The appearance of
multidrug-resistant (MDR) strains of M. tuberculosis, which exhibit in vitro resistance
to at least two major antituberculous drugs (usually INH and RFP) and cause intracta-
ble TB, has greatly contributed to the increased incidence of TB. For instance, well-docu-
mented outbreaks or mini—epidemics of MDR-TB in the U.S. have indicated extremely
‘rapid progression of the disease with high mortality, particularly in HIV-infected pa-
tients.

At present, the most effective therapy for TB is the use of the most active
antituberculous drugs, such as INH, RFP, PZA, EB, and SM, in combination, and a cure
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rate approaching nearly 100% can be achieved for drug-sensitive TB, using multi-drug
regimens such as INH + RFP + SM (or EB) and INH + RFP + PZA + SM (or EB). How-
ever, because of the recent emergence of MDR-TB, some of which are significantly resis-
tant to all known antimycobacterial drugs, the development of new potent
antituberculous drugs without cross-resistance with known antimycobacterial agents is
urgently desired. The principal classes of new antituberculous drugs that have been dis-
cussed in this symposium include the fluoroquinolones and rifamycin derivatives.

First, fluoroquinolones including OFLX, CPFX, and levofloxacin (LVFX) may be
promising agents for the treatment of TB, particularly MDR-TB. The incidence of
mycobacterial resistance to fluoroquinolones is relatively low at present, and there are no
reports of cross-resistance or antagonism with other classes of antimycobacterial drugs.
Fluoroquinolones can be administered orally with good absorption and favorable
pharmacokinetics such as extremely efficient penetration into tissues and host macro-
phages. Moreover, the incidence and severity of adverse effects are generally low for the
fluoroquinolones. Thus, fluoroquinolones may be used for long-term therapy of tuberculo-
sis patients, especially those with HIV infection, in combination with other
antimycobacterial drugs. Drs. Namba, Sato, Kawahara, and Suzuki have reviewed the in
vitro and in vivo activities of new fluoroquinolones against M. tuberculosis and other
mycobacterial pathogens, especially in terms of structure-activity relationship, structure
—adverse effect relationship, in vitro antimicrobial activities against M. tuberculostis and
M. avium complex (MAC) residing in professional and non-professional phagocytes, MICs
for cinical isolates of M. tuberculosis, and clinical outcome of TB therapy using
fluoroquinolones.

Second, rifamycins are among the most important anti-mycobacterial agents. RFP and
rifabutin (RBT) are included in drug regimens for the treatment of TB and other
mycobacterial infections in AIDS patients. RBT is about 4 to 6 times more active than
RFP against M. tuberculosis by MIC determination, although there is partial cross-resis-
tance between RBT and RFP. Moreover, RBT possesses favorable pharmacokinetic fea-
tures such as a long half-life and good tissue penetration. Rifapentine (RPT) is also
much more active than RFP in vitro, and has pharmacokinetic properties better than
those of RFP, such as long half-life. This drug is in phase II trials as a new component
of multi-drug regimens for the treatment of TB. A new benzoxazinorifamycin, KRM-
1648, is about 100 times more active than RFP against M. tuberculosis and exhibits
markedly potentiated therapeutic efficacies against M. tuberculosis and MAC infections
induced in mice. This drug is in the preclinical or early phase II stages of development.
Drs. Hidaka, Sato, and Suzuki have reviewed the status of these new rifamycins, espe-
cially KRM-1648, in terms of in vitro and in vivo antimycobacterial activities, adverse
interactions with other drugs in relation to activities in inducing hepatic metabolism, in
vitro antimicrobial activities against mycobacterial organisms residing in professional
and non-professional phagocytes, and their clinical usefulness in treatment of TB pa-
tients.

This symposium has thoroughly reviewed the status of development of new
antituberculous drugs. There are a number of difficulties in performing drug-design in de-
velopment of new drug formulations with increased potential for antimycobacterial ef-
fects, excellent phamacokinetics, and tolerability. Also, for the fluoroquinolones and
rifamycins, further efforts are required to improve their properties as antimycobacterial
drugs for clinical use. Moreover, it should be emphasized that the most urgent goal for
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chemotherapy of TB, especially that associated with HIV infection, is to develop ex-
tremely active, low—cost agents which can be used not only in industrialized countries but
also in developing countries, since the incidence of HIV infection—associated intractable
TB is now rapidly increasing in the latter countries.
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I. PROSPECTS FOR DEVELOPMENT OF NEW ANTIMICROBIALS FOR
CLINICAL CONTROL OF TUBERCULOSIS

1. VIEW OF DEVELOPMENT OF FLUOROQUINOLONES
Kenji NAMBA*

The global resurgence of tuberculosis and the emergence of multidrug—resistant tubercu-
losis have emphasized an urgent need for new, effective antimycobacterial drugs. A new
antimycobacterial drugs should have a different mechanism of action to the standard
drugs and should not show cross-resistance with them. Favorable pharmacokinetic prop-
erties, low incidence of side effects and low cost are the characteristics that would make
antimycobacterial drugs suitable for extenisive use. The fluoroquinolones would appear to
fullfill most of the criteria for an ideal class of antimycobacterial drugs. The fluoro-
quinolones have been proposed for the treatment of Mpycobacterium tuberculosis (M.tu-
berculosis) infections, with the results of in vitro, animal model and clinical studies sug-
gesting that ofloxacin, ciprofloxacin, sparfloxacin and levofloxacin are the most promis-
ing of these drugs. However, these fluoroquinolones should not be used as first—-line drugs,
but rather, they should be reserved for treatment of tuberculosis that is resistant to
rifampicin and isoniazid. Recently, a new investigational fluoroquinolone derivative, AM—
1155, DU-6859a and CS-940, have excellent in vitro activity against M.tuberculosis, fur-
ther studies are required to assess its clinical activity.

We discussed the future of view of development of fluoroquinolones for mycobacterial
diseases on the basis of structure—activity and structure-side—effect relationship studies.
The comparative analysis enabled us to elucidate the structural requirements for the anti-
mycobacterial activity and side—effects of fluoroquinolones. In addition, we summarized
the newer methods for high-throughput screening of compounds against M. ¢tuberculosis
and discussed the problem of development of fluoroquinolones for mycobacterial diseases.
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. PROSPECTS FOR DEVELOPMENT OF NEW ANTIMICROBIALS FOR
CLINICAL CONTROL OF TUBERCULOSIS

2. CURRENT STATUS AND PERSPECTIVES ON THE DEVELOPMENT OF
RIFAMYCIN DERIVATIVE ANTIBIOTICS

Takayoshi HIDAKA™

Rifampicin (RFP) was developed as one of the anti-tuberculosis drugs in 1966 and has
been used for almost 30 years. Establishment of combination therapy using RFP has been
contributing to the treatment/eradication of tuberculosis. A number of rifamycin deriva-
tives, as post RFPs, have been synthesized/developed over the years. Chemical modifica-
tion of rifamycins has largely been concentrated on the moiety of naphthalene ring
because modification of the ansa chain moiety reduces the activity. In 1992, rifabutin was
approved as a preventive drug for MAC infection in AIDS patients in the United States
and in European countries. It is noteworthy that rifapentine (RPT) was approved as an
anti-tuberculosis drug in 1998 by FDA in the United States.

A newly synthesized rifamycin derivative (KRM-1648, rifalazil) possesses a potent ac-
tivity against both M. Tuberculosis and MAC, and it is now under clinical trial for the
treatment of Tuberculosis in the United States. KRM-1648 is metabolized to 30-hydroxy
KRM and 25-deacetyl KRM in the body, and its 30-hydroxylation is caused by liver
cytochrome P450 3A. It is well known that RFP, RFB and RPT induce liver cytochrome
P450 in animals and human, and these accelerate the metabolism of concomitant drugs
such as HIV protease inhibitors resulting in lowering their blood levels. While KRM-1648
did not induce liver P450 in animals, but it is not examined yet in human.

Clinical study of DOT with intermittent therapy of RPT in combination with INH re-
sulted in the preferable therapeutic effect comparable to the RFP therapy. Since KRM-
1648 has a potent activity, a high tissue distribution and a long half-life, it may be also
suitable for intermittent therapy.

For the future novel anti-tuberculosis drugs and therapy for tuberculosis, it is

BRI Y FER % % From the Takasago Research Laboratories, Kaneka
HE KE# Corporation, Miyamae-machi, Takasago—cho, Takasago
sER L TR SR AT - SRR —shi, Hyogo 676-8688 Japan.

T676-8688 FL LIRS T R AD HT = ATHT 1-8 (Received 5 Oct. 1998)
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prerequisite to develop new drugs with a preferable antimicrobial activity, to shorten fur-

ther the treatment period, and to be effective against multi-drug resistant bacilli. It is

expected that more effective novel rifamycin derivatives can be developed with the above

view points.
Key words : Rifamycin derivatives, KRM-
1648, Rifampicin, Rifabutin, Rifapentine,

Tuberculosis

X—T—=X: )7 74T UFEEAR, KRM-1648,
V77 vy, VI7TFY, YT RYF Y,
R

iU ®Ic

Rifampicin (RFP) »HufiE3E & L T19664F 125
5 S NI0EL EAEE L72BIfE, RFP & H.0 & L7226k
FAFREDHESL LB OG- BIRICFES L Twb,
RFP (2%t < # rifamycin FFERIZOVWTHIHEE A
B - FFERIZED R SN TE T, RESHED b N 7-REWN 2
DL LT, rifapentine (RPT), rifabutin (RFB),
SPA-S-565, rifaximin, CGP — 704052 1F 515,
FFIZ19804EICIZ AIDS OBl E & DI Z DA PHIE &
% o 72 Mycobacterium avium complex (MAC) JE
X Mycobacterium tuberculosis (MTB) JEIZAT$ 5
EFRD VT TFREOBRIIEEA I TN TE T,
ZOHT RFBF AIDS B 1255 MAC FEDF Bl
WL LUTI924EIKE FDA WL W AR S, 15U 7T
iZ LI —oy /S#ETIE MAC fERH - TR
CIREIERIE L L TR SN Twa Y, 2618, RPT
DPURIAZEE & L T19984F 6 HIZKE FDA X h@Burash
S BRI NEILTHY Y, ZoOFMIZONT
BRI 2 o

AFaTid rifamycin FEAEORERKR, AR TH
% KRM-1648D# %, 45D rifamycin AP
BEDOBLZIZOWTHERD,

(1) Rifamycin FEROLERE®E & HUEHEE
Rifamycin $id, #ERIZAIULT V8IS & F
TEVUVBERSIIT AT EATE D, T U EHERS D
LEAEENIEN 2 RIBICIKT S5 2805, ThET
@ rifamycin FEAROILEBEII KBS A F 75 L~
RS OBHTHo /2o TORENLFERE Fig. 1
R T . 775 LRGSO ES, 75V VR
IEET A EAEREALZbDE, 7TV VED 3
P ANDORFERFEESEEREEALZDDIIKE
{FHZENTESL, RFP, RPT, SPA-S-565,
CGP-T040%13 77 4 L VR 3MOKER T = B L,
ZNENHME THBEOBEBRELEALLZLDOTH S,

Z DERAL E A L - HEARORETH D RFP 1F, HF%
RO rifamycin SV IZHARMTB KT % in vitro
PLRINEFESEZ VL, 255 b OO E
SN, BNEFEMRE YR L7z, rifamycin 5 O EH
X, 2O RFPIZ& > TROKESTEEICR Y, HikEi%
HELTUACER L, RPTIZRFPOERT YV VR
DAFNVEIZH A 70y FVEFEALZODTHY,
in vitro 1 MTB {&Mid RFP L W5a< A2 Y, B
DIMHFEFHAEL > Twb ¥~ SPA-S-565,
CGP-7040 I °I2 CGP-29861 D FSIE Rl S 7z,

RIZ, F7FLVBOINME 4L 2RSS EERIE
AEN-3FEIRE LT RFB, rifaximin, KRM-1648
EXRHITFONE, RFBIZAYTERY V)L A oft
FEMIZE D MTBB LU MAC I3 LT RFP & )i
VHE N ERT L) 12% 27297, Rifaximin i3 ##
ERNREBLIZLTORWD, BROFRNEOE:Z &2
SREANMEICER L, BPHIEISERT 2 REEH LS
HEEREL LEFiea v 7 VOFEERTHY, 1
) 7 CHEENZYY , KRM-1648120W Tk, £
TEEMI RS,

FRROZTEL & F EE % rifamycin FEAOKE D
TONTELDPEBRICEFR I SN2 ANI D% L,
oD FE LR FREHIOBRFIRFIIARD LR L THEETH
HEITEVEEW, ZOMEE L TRFP 2% CENLF
BRPBEGHZRNEE o2k, HBEEROREZL
EYHLBROEMTH L EEnHIToNE, F72, #
EBSEOMRME LT, 1, et BUEH) bl
Y=y b=—X, BFEE (32 M) BERILL, L
PLZH S, rifamycin REX OFEE I T 5EN
TPEAEEICE B L, L VERLFEAORIEIZT
HTHYPFTELTHA ), UTIC19984 K E FDA
P OPREGIE L LCRE SN RPT W ONCHAE, B%
FTHDH KRM-164812 oW TEE L & iR B,

(2) Rifapentine (RPT)
RPT #Srifamycin F#Efk e L CARSNERE® X
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Fig.1 Chemical Structures of Rifamycin derivatives
Table 1 Summary of MICy values of KRM-1648 for M. tuberculosis

. MIC No. of MICy (rg/mi)
Investigator . - T
method strains KRM-1648 Rifampicin
Yamamoto Kirchner 20 0.035 1.25
et al., 1990
Saito TH11 agar 22 (rif® & rif") 12.5 100
et al., 19911 16 (rif®) =0.0125 0.80
Luna-Herrera TH11 agar 13 (rifs) 0.0078 0.25
et al., 19951 11 (rifr) 4.0 >16
Hirata BACTEC 30 (rifs & rifr) 2.0 >128

et al., 19954

«pS . .« . . .
rif °, rifampicin-sensitive; rif

L7 DIX19T0FERB 25 TH BH, BiEIZH7- 56
BN ORER, 19984 IKE FDA X hHusEsE s L
THRRBEENZY,

RPT @ MTB IZxf$ 5% in vitro i&MEid RFP & ) #
T <, WOKSGROE bR OM LRI HEV
EEEBELTYY,

SEATbN KRR 70 b a—vi, g2 H A
M ofb#E Tk INH, PZA, EB 0@ H%#E L RPT

ro .. .
, rifampicin-resistant

(2[/#) £7213 RFP (EH) & ofFH#ES #1T7v,
Z D% RPT + INH (1 H/#) ¥7/:13 RFP + INH (2
Bl/38) T4 5 AOMRREZERL TV 5B, KRBT
DEFRRIE RPT # & RFPETIIIZRSETH -7 L
LTWa%, HERETHEBOREBMLRIE RPT #88%
IZxf L RFP #383% CTh o720 T72, 6 W AKD 7 #
O—7 v 7 TOREEFEIE RPT #2%11% 128 L, RFP
BEIS%THo72?,
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Table 2 Summary of MICy values of KRM~-1648 for M. avium complex

Investigator MAC Source No. of MICy (#g/ml) #

strains KRM RBT RFP

Yamamoto M. avium Non-AIDS 20 0.07 5 40

et al., 19901 complex 0.15 80

M. avium AIDS (i 0.1 0.8 25

Tomioka Non-AIDS 62 0.1 1.6 25
et al., 19921 M. intra— AIDS 11 0.05 0.4 6.25
cellulare Non-AIDS 49 0.05 0.8 3.13

# Yamamoto, Kirchner’s liquid method ; Tomioka, agar dilution method

Table 3 MICs of KRM-1648 or Rifampicin Against
Mycobacterium tuberculosis Strains

Drug MIC (#g/mi)*
Strain Susceptibility KRM-1648 Rifampicin
Strains Sensitive to Rifampicin
14 sensitive 0.0039 0.250
2235 sensitive 0.0009 0.125
2237 sensitive 0.0078 0.125
2242 sensitive 0.0078 0.125
2257 sensitive 0.0078 0.250
H37Rv sensitive 0.0156 0.125
Strains Sensitive to Rifampicin but Resistant to Other Drugs
11 EBT resistant 0.0019 0.250
12 PZA resistant 0.0019 0.125
13 INH resistant 0.0019 0.062
15 INH resistant 0.0039 0.062
28 SM resistant 0.0078 0.125
32 INH resistant 0.0039 0.250
2218 multidrug resistant 0.125 0.062
Strains Resistant to Rifampicin
9 RFP resistant 4.0 >16.0
27 multidrug resistant 1.0 >16.0
29 multidrug resistant 4.0 >16.0
31 multidrﬁg resistant 4.0 >16.0
33 RFP resistant 0.125 2.0
37 RFP resistant 0.50 >16.0
50 RFP resistant 0.125 >16.0
2219 multidrug resistant 2.0 >16.0
2215 multidrug resistant 4.0 >16.0
2227 multidrug resistant 0.062 4.0
2230 multidrug resistant 0.125 >16.0

* BATEC Method

(Luna-Herrera et al., 1995')
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Fig.2 Concentrations of KRM-1648 in plasma
and lung in rats after oral UC-KRM-
1648 administration at 3mg/kg.
Each point represents the mean of three
animals.

(FH, RERT—Y)

RPT i3 stmil (RFP 0 545) W &
PORERBERLIEONLEZEE XYy PEL, &
NARRD S W12 P L LT RPT KR I iz
ZliF, REBOEELLEE THBKEICBWTIE,
Z D& BSOS EEARER TR RO BN TV D
ZEEWESTWA,

(3) KRM-1648 (Rifalazil)

E# S IHH rifamycin REHEOMFE L B L
MerED TELER, MTBBLUPMAC KM LT
BWILE G 2 R T FEA (KRM-1648) & R\Ww72L
7210, KRM-1648 (3’ -hydroxy-5'-(4-isobutyl-1-
piperazinyl) -benzoxazinorifamycin) (& rifamy-
cin BEDF 7I L VRNV IO VREBE L
FHFELRTHD (Fig. 1)o

KRM-16480 MTB 8 & ' MAC 23§ A BN 723
HIERIE, S OERANOMAREICLIVIEMES N TN
%10~ In vitro P RBROER % Table 1 BL UV
Table 2127R"F o RFP &M MTB £ MAC (Zxt
T % in vitro {HM X RFP B X U RFB X Y5 22
vy, F72, Table 3I1Z/RF & 912 RFP WH&E#RICH L
T3, ORI EERT I L, BADOHEEIZL -
THEERTVE B~ §4bb, KRM-1648D
RFP iiftetkiont+ 5 &t d, RFP MAEEORE,
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53 rpoB BIETFOEREFICL W EZRPH S,
KRM-16481% MTB & % \» i3 MAC 3B & 7 v
1ZBWTH RFP 2 RFBICHEIL CE a9 BN
EREE R LT, THIEMTB O< 7 ARSHERGET
VEREEL, AEFIVEHVTKRM-1648D %) &
RFP A NIZ RFB & st L7-# %, KRM-16480
FHZBI 2 ENBEBEDREFREL WY, T,
REHZ~r 07 7 — VNPIEEREBE IO T 2 HE b
Bk, BOCHBRBITEARE S EATRERTY
% 18) 25) 26) o
KRM-1648i3 RPT & FfkicR A5 £ 7= 3,
5 v M2 KRM-1648% RO 5- L7 & & O &M
212~ 15 EEVD O TH Y 20, Bk Mg
F10R5 L b ERITEAE Y (Fig. 2)%,
KRM-16480 F 7 A AR PR 3 13 30Kk BR b 4K & 25
-7 2 FIVALETH 5 D0, RFP BL U RFB b
FIZFEBORBIC X 2REWISRE S TE ) DD
IS DEHNORHIFABEOBRE TITObNTWE EE R
LB, TOKBILKIGIZIZFEF b7 o— A P450
(P450) 3A DG LTWwWaAZ &b, MFIEHEHT S
BAICIIEYWHEERICOWTORF P EERETH S,
AEANL, BEEHEL L COBRRRABIKETIT
bhTwb,

(4) Rifamycin FEAROFTEERFEREL CICEYWHE
1R

Rifamycin F3EHOBWERO—DIFHRIH§ 2 5
PEIFS5NTHBY, RFP, RFB, B U RPT i
O P40 FESTHZ LIF L CHONLHEETHL DN,
FTH RFP &, 20 PASOFERDEE» 5, LD
K L DMEAERPHE SN TWS ® -39 fil 213,
HIV protease inhibitor & OBt TiX, RFP, RFB
WU RPT 1, T PASOOFEEIC & o THRMAHE M
FHINSE -4 HE, HIV protease inhibitor O Il
DR T B 708 0 s EH L OPFHIC
H7zo TIMOLDEEILETH S, T2, P40STF
EEHET2HEH L OHOBE I MAPIREAEMT 5
OTEYMHENER B TH S,

KD PASOFERE 2 B = £1d, rifamycin R
FO L) ICHHTHY OIS Z LD FWERNICE, R
FEELERIDH L, POFEEICOVTTI Y FEH
WT KRM-1648, RFP, # & ' RFB % LBRET L 72
#HR477 (Fig.3)o RFP & RFB i, P450% 3 <
#HE L, Erythromycin N-demethylase & % 31N
K728 L, KRM-16481 P450izxf L CRER i
ERE oz,

[ U rifamycin REHFITH 1) %575 KRM-1648D A
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Enzyme induction by rifampicin, rifabutin and rifalazil

(KRM-1648) in rat (R) and dog (D). Each drug was ad-
ministered orally at a daily dose of 300mg/kg for 10 days
in rats, or for 13 weeks for in dogs.
Relative activity of enzyme each is expressed as % control
of mean (n=6 for rat, n=3 for dog)

(Mae et al. Xenobiotica, 1998, & V)?lﬁ?“))

CBFEFEN A SN oz L, BIREVWT L Th
D, L b TH PAS0EFEL 2VDh &) KR TOH
ROfEi-ns,

(5) BEEEHTHE (DOT) ~Oxth

HEBERSBICBTHANICEEER T HRE
(DOT) »HERINTWLHT, FiddT & { RPT 2
DWW T INH & O & 2 a3 D DOT EER AT
b, RFP L RBEDRENIREZ R L L HRE S
n7z,

RABROMER, RPT IXHEHEEIR L LTIk RFP % &
Fhholzbon, HE5NKELRTELIEHRD
SN, PiREKEEE LT FDA KRB ENY , &S50
Bo@WmAE, DOT TOREBIA L (NVAT 7THH
%) OBRICEN DL LBAShLBEED—DOTH A
Do

KRM-1648i3 i 125N, MEBITEIE L, #H
FERPAR G L2 6 BBEEICE L TW A EHITH
b SHROBRABIZBNT, Z0L) 2EELVHIC
FIETELPDVEETH Y, SHROEROK D 1T X 25
Baha, i, HEEBROBA 72T TR EEHHO
SIMEDSTTRRIC R UL, STROKIEERICKE(HETE
BTH ),

(6) SDEE (rifamycin FHEK)

SHL TN D HREBGREL NIERELER 2L &,
PRI & RNB R ICEN SO BIRIC & G E o
B 7p 2 FARAL & SR | S50 2% BRI DB R D UE T
H59

BRI, MBS TRERERORRIZL S DOT FTH
YT TAT Y ADE EISHEEEERICIA T T OUEEN
ThbEEZLND, 40 RPT 2L o THE O
LosiAAa b, RFP EMEDETHRETH - 7212 »
b5, KE FDA 2SHUtgE L L TRELAZ LI,
COEZFEIFFELTNE,

4151k, KRM-1648%# 72 2 bEWIC L - TE S %
BRI OERATRA LN R IFIUT R SR\,

RFP M HAAL R 20 L Tld, FREO TR % < W ik
THbEEZOND, ZNIE, rifamycin ROEY D
EEROAEBLTNWSE Z LA 5, rifamycin FHiEk
T RFP MHARICER 2 b 0% IS 2 0IEES Tl %
WEEZLNDLDHLTHD, LL, KRM-16481%
RFP MRS L TR 2R U724, ZORE
HBOMETH o2 Ehs, S5ICHERRFERDRIE
WZDWTOWFEENIEOPIZR R TELZDTIE WSS
9 B

—7%, EHNIHT BT A = X L D5 T%#H
I E &I - IEHARBET b0 v 2 -8 —
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I. PROSPECTS FOR DEVELOPMENT OF NEW ANTIMICROBIALS FOR
CLINICAL CONTROL OF TUBERCULOSIS

3. IN VITRO ANTIMICROBIAL ACTIVITIES OF QUINOLONES,
RIFAMYCINS AND MACROLIDES AGAINST MYCOBACTERIUM
TUBERCULOSIS AND M.AVIUM COMPLEX : ATTEMPT TO
ESTABLISH NEW ASSAY METHODS WHICH ACCURATELY
REFLECT THERAPEUTIC EFFECTS OF TEST AGENTS IN VIVO

Katsumasa SATO™ and Haruaki TOMIOKA

Profiles of expression of the antimicrobial activities of LVFX, KRM~-1648 (KRM), and
CAM against M. tuberculosis (MTB) and M. avium complex (MAC) residing in MONO—
MAC-6 human macrophage like cells (MM6-M@s) and A-549 human type II alveolar
pneumocyte cells (A-549 cells) were determined. First, the antimicrobial activities of
LVFX, KRM, and CAM against intracellular organisms of MTB Kurono and MAC N-444
strains were examined under conditions in which infected MM6-Mes and A-549 cells
were cultured for up to 7 days or longer in medium containing the antimicrobials at their
Cmaxs in the blood, achievable after oral administration of clinical dosages of these
drugs. The antimicrobial effects of LVFX and KRM against respectively MTB and MAC
within A—-549 cells were significantly less than the activities they displayed against the
same organisms residing in MM6-Mes. Notably, it was also found that KRM had a
markedly larger MIC (0.25¢g/ml) for MAC N-444 within A-549 cells than its MIC
(0.008 #g/mi) for the same strain residing in MM6-Més. Thus, the profiles of LVFX-
and KRM-mediated killing or inhibition of intracellular MTB or MAC organisms in A
—549 cells were markedly different from those observed for the organisms residing in
MM6-Més. Second, invasive and multiplicative phenotypes of MTB and MAC organisms,
which had been adapted to either an extracellular or intracellular environment
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(designated as E- and I-type organisms, respectively), were studied. In the case of MTB,
I-type organisms (retrieved from infected MM6-Mées after bacterial growth within the
M¢s during 5-day cultivation) were less efficient than E—type organisms (prepared by
cultivating the organisms in TH9 medium) in entering MM6-M¢s, whereas I-type organ-
isms were more efficient than E—type organisms in invading A—549 cells. On the other
hand, in the case of MAC, infectivity of I-type organisms not only in MM6-Més but
also in A—549 cells was larger than that of E-type organisms. Next, while I-type organ-
isms of MTB and MAC displayed more vigorous replication within MM6-M¢s than E
—type organisms, the growth rate of E-type organisms within A-549 cells was more
rapid than that of I-type organisms residing in A—549 cells. These findings indicate that
there are significant differences between E— and I-type organisms of MTB or MAC in
ability to invade and multiply within M@s (professional phagocytes) and alveolar epithe-
lial cells (nonprofessional phagocytic cells).

Levofloxacin, KRM-1648, Clari-
thromycin, Type II alveolar pneumocytes, A
-549 cell, MONO-MAC-6 cell, In vitro anti-

microbial activity, In vivo antimicrobial ac-

Key words :

tivity
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capsulation ¥
6) PCR HiREY ORIZFRETE
T) HEWEE
(a) ATP M
(b) Luciferase BHBMET 2 MARAALRE L H
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ERES LU MAC OIEENRE L 2 h S5HRAE
HEHEICHT S LVFX, KRM, CAM OHEEE

Mo, Kanai b9 &< 212 M. bovis DiE#HE
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&2 MISNH BV ITHBAOKEE B LU MAC 23F 5 LVFX,
KRM B XU CAM O MIC fED i

MIC (xg/mi)

MIC HISED 725> DEEHy - Hlf #A% B Kurono # MAC N-444%%
LVFX KRM CAM LVFX KRM CAM
HEfaAY (7THSF #R%E ) 0.25  0.004 16 16 0.06 8
HMIRE (MM6-M¢ ) 1 0.004 4 32 0.008 4
FHEEAN (A-549%40H) 2 0.002 2 32 0.25 1
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M¢ ) 38X A-549 HIBL T OHEFE B RE & HBHRET L
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bIl, REWTHoIZ,

PlbEo X 9512, BEE MACIE A-549Mfa~ 6 A
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+£3 MM6-Me¢dH 5V id A-549MI~D E BIE & 1 B 0 et & Wi R sl e )

Atk HEGERE
B il EEHE (CFU/well) CFU74 /CFUo4 VR
E #H §is)e] E R85 il
WEHE  MM6-M¢ 6.95X10%  4.27X102 0.6 18 41 2.3
A-5495i 5.85x10%  9.40%x103 16 82 64 0.8
MAC MM6-M¢ 2.05x10%  6.80x102 3.3 61 321 5.3
A-5497HE 2.65x103%  1.62x10* 6.1 34 31 0.9

a) EEHLWVIZ T RIOMBE & MAC %44 1.2X105 CFU/well, 4.0X10% CFU/well DM H & TMM6-Me

B LU A-S49MRLIT IS (A-549Cld 3REM, MM6 Tid 4BER) S8728%, KM~ OBRLEEH (CFUq)

ZEHAIL,
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Mol
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ERO—EOBEICL Y, EEERP MAC 2 E0H
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FEPSIC A o 72 H R MAC 12, T 330l Mo 2%
BICEH LU CEHIRHRDO Mo 1ZEEL, 250
MBI CHEGE L, MURERECHTR Y ¥/ SHiE O
LERT L E ) scheme Db & 12, LTI Mo AT
O S MR RIE LR 2 F VW CoORERET 2 1T o 72,

#* 313, #1%H Kurono ¥k L ' MAC N-444% D
K4 D THI B CORER, T4bbMBENIE
ILH (EEE) LS50 E MM6-M¢ I THEGE &
HTHLNMBAEEE (T8E) 2, 22 MM6-
M¢ @ %\ id A-S49MIfIC B S B 2B A DO HRAE O
BEMEE, ZNOOMBANTORIEELZRLEDDTH
b, MBHEDOEE, MM6-M¢ ~DBHMIZ I HEH<E
BRTHDDITH LT, A-SAfI~D g3 T B
>SERETH o7z, M, MAC DHATIE, WiFho
HRBANDRBLMEIZOWTH TRIESERETHD Z & A°
o7z KIZINSOHOMBLNEIEEEIZ DWW TH S
&, BEHE, MACOWTIhOBFAELDL, MM6-M¢
AT ITARSERMETHLDIZR LT, A-549MHN
TOMERIIIER<ERECTHEZ L0 h o7z, %
12 McDonough & 7 &, ### & BCC WD & 4
JT4 =7 2 Mo MIBNIELE B L O THI Kb T
BEREHCTEBEZRET 21TV, A-549M 3~ D &
I ThORES [HE>SERETH L Z L4

ROTT HERBRICHIANERS (CFU7q) 2FHIIL 72,

LTWwWb, 512 Bermudez 5 212X 5 MAC I22Ww
TOFRMEREFTS, & b Mo NIELEIZ THO Kk
ERED b PHIRHREE Mo ~OBREREIE N E
EWRWEZENTWAS,
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I. PROSPECTS FOR DEVELOPMENT OF NEW ANITIMICROBIALS FOR
CLINICAL CONTROL OF TUBERCULOSIS

4. CLINICAL EVALUATION OF NEW QUINOLONES
AS ANTITUBERCULOSIS DRUGS

Shin KAWAHARA*, Atsuhiko TADA and Hitoshi NAGARE

Compared with the recent rapid advances in the diagnosis of tuberculosis, advances in
the treatment of tuberculosis have been quite slow. For example, as long as six months
are required for initial treatment, even with addition of pyrazinamide in the first two
months to isoniazid, rifampicin, and streptomycin or ethambutol. Moreover, it is not al-
ways easy to treat patients who cannot receive standard agents including isoniazid and
rifampicin due to adverse effects of these drugs or drug resistance. For these reasons, the
development of new agents with potent antituberculous acitivities and fewer adverse ef-
fects is urgently desired. However, at present, few new antituberculosis agents are being
developed, and new quinolones are considered the most promising new antituberculosis
agents due to their lack of cross-resistance to previously existing antituberculosis agents,
their excellent in vitro and in vivo antituberculous activities, and good pharmacokinetics.

We therefore reviewed experimental studies and clinical reports useful for evaluation of
potential clinical use of new quinolones as antituberculosis drugs.

Our conclusions are summarized below :

1) Of nine new quinolones on the market, ofloxacin, ciprofloxacin, aparfloxacin and
levofloxacin have excellent in vitro and in vivo antituberculous activities without cross—
resistance to previously existing antituberculosis agents.

2) Ofloxacin appears to be useful clinically for intractable multidrug-resistant tubercu-
losis. The incidence and severity of adverse effects of ofloxacin were very low on long-—

BRI Y FE K% * From the Department of Internal Medicine, National
WE Minami-Okayama Hospital, 4066 Hayashima, Okayama
] 7 7 2 T R B Lo B A R 701-0304 Japan.

T701-0304 Fi 1LV #R R HE AL B HT L £54066 (Received 5 Oct. 1998)
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term administration.

3) Ofloxacin resistance emerged from two to four months after initiation of admini-
stration of ofloxacin, and ofloxacin exhibited cross-resistance to other new quinolones.
4) The usefulness of new quinolones for initial treatment of tuberculosis is unclear.
5) New quinolones should be used to treat patients with drug-resistant tuberculosis and
those patients for whom adverse effects have limited the use of standard agents. How-
ever, monotherapy with new quinolones is not recommended, due to the significant risk

of emergence of quinolone resistance.

6) Not only ofloxacin, ciprofloxacin, sparfloxacin and levofloxacin, which are on the
market, but also gatifloxacin, CS—940, Du-6859a and other newly developed new
quinolones are candidates for new antituberculosis agents. However, careful study not
only of antituberculous activities and pharmacokinetic but also drug interactions and
chronic cumulative toxicities due to long—term administration are needed prior to clinical

application of these drugs.

Key words : New quinolones, Antitubercu-

losis drugs, Clinical evaluation
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R 6 AOEMIZbAY, F72, BWER BRI
ZEWCEY, INH, RFP 2 EDOFERFISEHTE %
VA IIZIERICEES T B 2 k0SB, HIITh
BIER O % Wi 7 R PR OB ILEZ S hTw b,
L2 Lads, SRR T -2 EEE0RRBIIZ L
{, BHEICBWTRELRERIIEDR Y, 20X 7%
BIRICBWT, —a2—%F ) 0 vEIBFEOPEEE L 1T
REMMZRETHOEN in vitro UK EIEE%
FLTEY, ZOBENZREBITHED 5B/ 2Pkt
ELTRVWIZHIRFENTWRERITHL VD, K ¥
RIT LTI, bUONOBRKRBRE D K2 THEIEL
LTh=2—% )0 EDOBRRNFEHE% 1T > THZV,

2. Za2—%/0 %D in vitro EEY

FTTIEL OWEDDH B L )12, BEDHETHIRS

NTWE 9D =2 —F /0 r#FEnd T ofloxacin

(OFLX), ciprofloxacin (CPFX),
(SPFX), levofloxacin (LVFX)

sparfloxacin
D4 EHK D in

vitro, in vivo UM B IEMEATFME N TV E 9D
(Tablel), TNLDEFIINTNIZEZ & O BIF%
HRNBELA LTI L L) PEEEL L TOBKS
EFHFEIN TS,

3. SEIMEHEAREICHT S
Za—-% /0 EORKHR

Za—F% 0 YEOBRRIRIZOWVTIE OFLX B
H B\ VIZEHEME G 1C L DBV OB S
TEY, ZOHBERNERAEITREN TS, Thbb,
Table 2 12773 Z & < 1 H300~800mg @ OFLX #5-
B EN, 14.3~59.1% DR EHLRIHE SN T 5,
ZOHT Yew 5 ¥ 13300mg %58 & 1 800mg #% 5 8
WEMBIBSVERELTBY, SR2H70 HREEN
DRERTH o7z, 7272, OFLX itHEE O HHid OFLX
B52~4 DRHORMIVEDLRTEBY DY, X
ST = 2 —F v rFIn L CREmE % AT
BY LX) BMEE R CIFE T L v, BIERIC
DWTIE, Table 3 IZ/RT T &  {HILAHAEIR, BIETHE,
AR, ki, BFHEERZ EPRDHLNTVRDDHS, wWih
DHEIZBOTHZOHEIREL, WFhIEELZDLIOD
Tl ro7:28 LY, OFLX 3 X b TLZER0E
WEHI L Bbh, 72, SEIETHS OFLX DX
FIEM 1K T OFLX OiEEARAKE &b LVFX1H
300mg #% 5 & OFLX 1 H600mg #%5 o 0% 25 /& 44
HBVITREEEAAE T 2 BB O KK D ~ W T
¥, LVFX OBIEA I OFLX IZl LS 2 IcfEw
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XY, LVFX 300mg %512 & h OFLX 600mg #%5-
LEEOREFEL N, BIERASE LIS BN LT
HMEns, —F, o=—2—% /0 EOEBKRLEIZH
T MBI MR EEIEETH S 1D W,

4, YEBECHEIZ -2 —F/0F%D
BEERAUE

WAL S =2 —F /0 vy EE MR ERED LK
HEBOFEE%E Table4 I2R T, Kohno 5 9 1% INH -
RFPIZEB %P L7z B L OFLX 2t L 2B D%
BRE T LB L2 L 25, BIEASOBRRDRIBLN
LG LTWADY, INH - RFP &) i b i) # iR
FEICHE L72A%@ 212 EB, OFLX ZhZhozhR
FHETHILIIRETHL L BbNS, LeLRADH,
BIWEAZ &2k ) EB A L X R VESICH LT,
INH - RFP (2 OFLX %4/ L T b MO BEER R
B CTEXBIEDEETHDL, ZHIZOVTIHERS
16) 3 retrospective study Tldd %25, FROEE %
LTw5, —4, Mohanty 5 i3%#) 2 % A SM -
INH:-RFP-PZA D 4EE2HHL, T0k4 7 AMI
NH - RFP ® 2 #% Pt 3 % regimen 2BV T,
RFP # CPFX IZE &# 2 RFP & CPFX OGEHI#
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2HE LTS, CPFX BEDOGHEBG 6 1 AtkOH R
PALEIZ RFP B L ZIZRETH o 72785, BREHFRR
BVWERTH Y, FIENEEFIIZBVTid CPFX OFIFIE
RFPIZI3%AZ TR ENSE, £72, Kennedy b
8) 3% # 24 A INH - RFP - PZA - EB ® 4 %% §#f
AL, Z0f% 2% AM INH - RFP - PZA ® 3 # %,

Table 1 In vitro antituberculous activities of
new quinolones on the market
MIC (pxg/mli)
Drug

Range 50% 90%
norfloxacin 6.25~25 12.5 25
ofloxacin 0.39~1.56 1.56 1.56
enoxacin 6.25~50 25 50
ciprofloxacin  0.2~0.78 0.39 0.78
lomefloxacin  3.13~12.5 12.5 12.5
tosufloxacin >100 >100 >100
fleroxacin 1.56~12.5 6.25 6.25
sparfloxacin  =0.1~0.39 0.2 0.39
levofloxacin 0.2~0.78 0.78 0.78

Table 2 Therapeutic effect of ofloxacin on multidrug-resistant pulmonary tuberculosis

Negative conversion

Reporters (Year) (m%?(?:y) pligi.ergtfs rateclunltlslggtum
Tsukamura et al. (1985) 300 19 26.3%
Yamazaki et al. (1987) 400 32 28.1%
Kawahara et al. (1988) 600 18 44.4%
Matsumoto et al. (1988) 300~600 63 14.3%
Yew et al. (1990) 300~800 22 59.1%
Nakae et al. (1991) 300~600 118 19.5%
HKCS* (1992) 800 17 17.6%

* Hong Kong Chest Service

Table 3 Safety profile during long-term administration of ofloxacin

Reporters (Year) pli?i.er?tfs Adverse effects and abnormal laboratory findings
Tsukamura et al. (1985) 19 none
Yamazaki et al. (1987) 32 G-I symptoms 1, arthralgia 1
Kawahara et al. (1988) 31 G-I symptoms 3, insomnia 1
Matsumoto et al. (1988) 63 arthralgia 1
Yew et al. (1990) 22 G-1 symptoms 3, insomnia 3, hand tremor 1
Nakae et al. (1991) 118 G-I symptoms 1, arthralgia 1
HKCS (1992) 17 arthralgia 2, skin reaction 1
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Table 4 Randomized controlled study of new quinolones for the initial treatment

on pulmonary tuberculosis

Negative conversion
Reporters (Year) Cherr:goitI}Illzr;lapy pli(t)i'er?tfs rate in sputum Re;l;tgse
culture
Kohno et al. (1992) 9HRE 62 94% (3) 0%
9HRO 62 98% (3) 0%
Mohanty et al. (1993) 2SHRZ4HR 17 100% (6) 6%
2SHCZAHC 18 94% (6) 17%
Kennedy et al. (1993) 2HRZE 11 100% (2) -
2HRC 9 67% (2) -
Kennedy et al. (1996) 2HRZE2HRZ2HR 86 100% (6) 0%
4HRC2HR 82 100% (6) 9%

EHI1I22 7 HB INH - RFP @ 2 #B:H 3 % regimen
#xtiR & LT PZA - EB & CPFX # 1B L T 575,
CPFX BICBWCHEICHIREILICE S F TCoHM A
B, BREMBVERTHo, LA L, FEHIVE
BHZ BN CTIEm BRI ERIR I CFELEZ 2RO L ho
720 TOMFFEIZBVTH CPFX B#APZA -EB# LD
BNTVD LIV REWRERTH Y, FMEIGRIZBIT5
Za—F /0 rEORENIHS LTIV,

5. BERREPO-_21—F/0%

DOHPENZBWTT TICHR S T 2 3H & HAERER
ROEKZEDED EFH0EHED =2 —F ) o v EHH
BENTWDEY, BREH5 OFLX, CPFX, SPFX,
LVFX U =2 — %/ o V32 R ICHEE &
L COWEEHASHD 5N TW5B, Table5 IRT L1,
wITBASE S N7z Gatifloxacin, CS-940, Du-6859a 7%
&3 OFLX, CPFX, LVFX (A% H 0z nbd &
N &8N 7% in vitro PUEBREERE 2 AL TB Y,
ZFOBERIREIRAHFIN TS, LELEDS,
ZDERISFIZ O W T ZF OPRIEN & RNBITRED A 72
59, MoK & OFEWHEIEH, RS L 2ER
HFULREIER L CTHEELRL25BOBFPLEL Bbh
%,

6. ¥ & ®

1) ilERTV2 9O 2 —F /0 EDOFTO
FLX, CPFX, SPFX, LVFX iZBEHFOPUEIE LR
EEERET, BN in vitro, in vivo PLIEZLH G
HEAH LT,

R :rifampicin E : ethambutol
7 :pyrazinamide

C :ciprofloxacin

H :isoniazid
S !streptomycin
O : ofloxacin

Table 5 In vitro antituberculous activities of
newly developed new quinolones

MIC (#g/ml)

Drug Range 50% 90%
grepafloxacin 0.78~3.13 1.56 3.13
pazufloxacin 3.13~25 6.25 12.5
prulifloxacin  0.78~6.25 3.13 6.25
gatifloxacin 0.2~0.78 0.39 0.78
trovafloxacin  12.5~100 50 50
CS-940 0.2~0.78 0.39 0.39
Du-6859a 0.2~0.39 0.39 0.39
HSR-903 0.78~3.13 1.56 3.138

2) OFLX I3 B A MEEE G R A% (oot L TN
FRRBIRDRO b, REHSIZH»hh 5 TEIVER X
B THo7,

3) OFLX MEmx#5 2 ~4 7 AR ORLIZ M
L, fio=a—F /o #Eiox L CREMEEZ R L.

4) MEEEICET Ao —F )0 v EEHOEE
WZDOWTIEH LTI R 272,

7. E -4

1) =a—% /0y EEEEE S 5 id EEEHDE
FERICK DR LB 2 WEBISEISE 25 b0 L Bbh
B, HHRG 2 RS,

2) FTICHlE T 5 OFLX, CPFX, SPFX,
LVFX IZiZ TH7zIChsE S iz GTFX, CS-940,
Du-6859a 7% L b PUERI DB E L THIT 5N B 0%,
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The 73rd Annual Meeting Symposium

I. PROSPECTS FOR DEVELOPMENT OF NEW ANTIMICROBIALS FOR
CLINICAL CONTROL OF TUBERCULOSIS

5. THE NEED FOR NEW ANTITUBERCULOSIS AGENTS IN JAPAN
Katsuhiro SUZUKI*, Eisaku TANAKA and Ryoici AMITANI

We discussed the need of new antituberculosis agents in Japan concerning drug adverse
reactions in particular as well as drug interactions and drug resistance. We reviewed
medical charts of hospitalized patients receiving standard antituberculosis chemotherapy
(INH + RFP + EB/SM + PZA), and analyzed all symptoms, signs and abnormal labora-
tory data presumably caused by the chemotherapy. About 48% of 228 cases analyzed had
at least 1 episode of adverse reactions: 77 episodes of hepatotoxicity, 15 episodes of
ototoxicity, 14 episodes of eruption, 14 episodes of ocular toxicity and so on. About 23%
cases treated with RFP, 20% cases with SM, 12% cases with INH and 7.7% cases with
EB had at least 1 episode of adverse reactions due to the corresponding agent. In 59
cases, at least one agent was stopped to administer because of adverse reactions. Finally,
standard chemotherapy could not be completed in 23% of all cases, and in stead, the
other agents, mainly new quinolones, were administered. RFP induces cytochrome P450
3A in the liver to decrease the activities of many drugs, such as cyclosporin A,
tacrolimus, protease inhibitor, itraconazole, and clarithromycin. In some clinical settings,
RFP cannot be administered in combination with such drugs. In conclusions, new
antituberculosis agents that have strong activities with less adverse reactions and drug
interactions are needed in Japan, even without considering drug resistance.

Key words : Antituberculosis drug, Adverse X—7—X . YU, B, EFMEEER,

reaction, Drug interaction, New quinolone —a—F/0vH)
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