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6315—-S (flomoxef), a newly synthesized oxacephem, was evaluated in the
urological field. The MICs of 6315—S against 18 reference strains and 188 clinical
isolates from the urinary tract showed strong antibacterial activity against both
Gram-positive and —negative bacteria except for E. faecalis and P. aeruginosa.
Serum levels in patients with chronic renal failure were serially determined by
bioassay. Serum levels of 6315—-S after 0.5g and 1g injection were very high
even on the second day. The elimination rate by hemodialysis was about 80%.
We consider that a low dose such as 0.5g administered every other day would
be suitable in the treatment of these patients. In a continuous ambulatofy
peritoneal dialysis (CAPD)-patient, as much as 16% of 6315—-S was detected in
the dialysate in 24 h, suggesting that this drug would be useful against peritonitis
occurring in such patients, by helping prevent the spread of infection due to
persisting high serum levels. Seventeen patients with complicated urinary tract
infections (UTI) were injected with 1g of 6315—-S twice a day for 5 days. Of
these, 14 cases were evaluable according to the criteria proposed by the Japanese
UTI Committee. Overall clinical efficacy was 43%. In catheterized patients or
cases of polymicrobial infection, the drug proved less effective. E. faecalis  was
eradicated, despite of in vitro study, but 6315—S was not effective against P.
aeruginosa which agreed with basic studies. We observed no subjective or
objective side—effects. These results suggest that 6315-S is useful and safe in
urinary tract infections, with the exception of infections caused by P. aeruginoéa;

and —positive bacteria, whereas against the latter,
Shionogi & Co., Ltd., Japan, 1is a LMOX—like other so—called third—generation

derivative of latamoxef (LMOX). Various basic cephems—is known to have only weak activity.
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urinary tract infections (UTI) as a part of several
cooperative studies performed in Japan.

1. MATERIALS AND METHODS

To determine the antibacterial activity of 6315—
S, the minimum inhibitory concentration (MIC)
of the drug was measured according to methods
recommended by the Japanese Society of Chemo-
therapy. We examined 18 reference strains and 188
clinical isolates from the urinary tract. Of the 188
bacteria, species were : 89 of 8 —lactamase—
producing Escherichia coli (E. coli), 29 of Serratia
marcescens (S. marcescens), 25 of Morganella
morganii (M. morganii), T of Staphylococcus
aureus (S. aureus), 8 of Staphylococcus epider-
midis (S. epidermidis), and 30 of Enterococcus
faecalis (E. faecalis). Each bacterium was ino-
culated, at 100 —fold dilution after overnight
incubation in a broth. The MICs of 6315 -S
were compared with those of other cephems
such as LMOX, cefazolin (CEZ), cefotiam
(CTM), ceftizoxime (CZX), cefotaxime (CTX),
cefmenoxime (CMX), cefbuperazone (CBPZ),
cefotetan (CTT) and ceftriaxone (CTRX).

Bacterial regrowth with 1 MIC of 6315-S, or
another cephem was also studied using a bio-
photometer (Bio—Log 1 ).

In another study, serum concentrations of 6315—
S were serially measured by bioassay, using
E. coli 7437 strain as a test organism in 4 patients
with chronic renal failure, who were being treated
by hemodialysis (HD) 6 h/day, 3 times weekly.
Just before the completion of regular HD, 0.5 g of
6315-S was injected in 20 ml of a 5% glucose
solution. Blood samples were taken 5 min, 1 day
and 2 days after injection. An additional 0.5 g was
administered at the beginning of the next HD
treatment, and serum samples taken again 5 min
after HD, and on the two following days. In a
cross—over, 1g of 6315—S was administered in the
same manner 1 week later.

In another chronic renal failure patient
on continuous ambulatory peritoneal dialysis
(CAPD), 1g was injected i. v. every morning, and
the discharged dialysate was sampled for 2 days.

Concentration of the agent was assayed as were
serum levels.

From May 1984 to May 1985 6315-S was
administered to 17 patients with chronic compli-
cated UTI at our institutes. One gram of 6315-8
in 20 ml of a 5% glucose solution was injected
twice daily for 5 days. Urinalysis, bacterial
studies and blood tests for cell counts, liver—
function and electrolytes were performed before
and after treatment. Subjective side—effects were
also checked. Analysis of efficacy in UTI was
conducted according to the criteria proposed by
the Japanese UTI Committee®’ .

. RESULTS

A : Antibacterial activity of 6315-8 /in vitro :
MICs of 6315-S and other cephems against 18
reference strains are presented in Table | and
Fig. 1. As shown in Table 1, 6315-S showed
strong activity against these bacteria except for
In five B -
lactamase—producing strains, it was found to

Pseudomonas and Acinetobacter.

work in the same manner as other cephems.
Compared” with LMOX, 6315 -S was stronger
against Gram-—positive cocci, and the same or
slightly weaker against Gram—negative rods.

The distribution of MICs and correlograms of
6315—S compared with other cephems against 89
clinical isolates of B —lactamase—producing E.
coli are presented in Figs. 2 and 3. As shown in
Fig. 2, MICs of 6315—S were less than 3. 13 z g/ml.
These values were better than those of LMOX and
almost the same as those of CTX, CMX and
CTRX.

Against S. marcescens, MICs of 6315—S were as
widely distributed as those of LMOX and CTT.
Antibacterial activity was shown to be weaker
than that of CZX, CTX, CMX or CTRX (Figs. 4
and 5). Antibacterial activity of 6315 -S was
observed to be about average for third—generation
cephems against M. morganii. Each strain was
inhibited in growth by less than 3. 13 z g/ml of
6315—S (Figs. 6and 7).

MICs were determined for 6315-S, LMOX, CEZ
and CTM against Gram—positive cocci. 6315-S
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Table 1 Antibacterial activities of cephems against reference strains

MIC: ug/ml, inoculum size : 108 cells/m/

Strains 68156-S LMOX CEZ CTM CZX CIX OCMX CBPZ CTT CTRX
GPC
S. aureus FDA 209-P 010 625 020 089 156 039 005 25 125 125
S. epidermidis 1AM 1296 S006 020 25 039 010 010 020 313 625 156
S. faecalis IFO 12580 3818 >100 25 25 318 078 313 >100 >100 125
GNR )
E. coli NIHJ JC-2 078 020 156 020 <005 010 020 089 089 010
C. freundii IFO 12681 166 020 125 078 020 020 020 020 020 039
K. pneumoniae PCI 602 <005 078 60 625 010 010 010 020 020 156
E. aerogenes ATCC 18048 25 318 100 078 039 010 020 625 25 1.56
S. marcescens JAM 1184 020 039 >100 6.25 <005 039 020 039 <005 625
P. mirabilis ATCC 21100 089 020 625 010 005 S0.05 S005 <005 313 010
P. vulgaris IFO 3045 039 039 313 039 <005 <005 005 156 039 039
P.rectgeri IFO 13501 =005 =<0.05 25 313 <005 078 313 156 039 039
P. aeruginosa NCTC 104980 >100 318 >100 >100 156 078 156 100 >100 313

A calcoaceticus IFO 12552 50 100 >100 >100 125 50 50 100 100 50
.3-lactamase—producing strains

C. freundii GN 346 50 313 >100 25 25 25 125 625 100 100
K. pneumoniae GN 69 039 020 >100 156 010 <005 <005 156 020 0.10
K. pneumoniae MS 12 020 <005 25 156 <0.05 <0.05 <005 <005 156 039
E. cloacae MS 65 25 156 100 50 625 625 313 125 100 50

M. morganii 1510 313 156 100 25 625 313 156 625 313 313

Fig.1 Antibacterial activities of cephems against reference strains

GPC . . - s + L s 1 x  —
S. aureus TDA 209-P 4
S. epidermidis 1AM 1296
S. faecalis 1FO 1280

GNR
E. coli NIILJ JC-2

. freundii 1FO 12681

K. pneumoniae I'CI 602

acerogenes ATCC 13048

marcescens 1AM 1184

.mirabilis ATCC 21100

wlgaris 1FO 3045

rettgeri 11O 13501

aeruginnsa NCTC 10490

calcoaceticus 11O 12552

laclanmase - producing strains

. freundii GN 346

. pnenmoniae GN 69

. pneumoniae MS 12

cloacae MS 65

. morganii 1510

Q

N LaE

=

Q

TERR

T T

<0.05 0.10 0.20 039 0.78 1.56 3.13 6.25 125 25 50 100>1‘06J
MIC(pg/ml), Inoculum size : 108 cells/ml "

* Broken lines include so-called 3rd-generation cephems such as CZX. C'l‘)t. CMX, CBPZ, CTT and CTRX.
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Fig.2 Distribution of MICs of cephems
against clinical isolates of
B —lactamase—producing
E. coli (89 strains)
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Cumulative
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Fig.4 Distribution of MICs of cephems
against clinical isolates of
S. marcescens (29 strains)

percentage

CEZ
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MIC 0.05 0.20 0.78 3.13 12,5 S50 >100

{ug/ml) 0.10 039 156 6.25 25 (ug/ml) 0.10 039 1.5 6.25 25 100

6315-S [52 29 1 5 1 1 6315-S | 1 2 8 8 4 311 1

LMOX 1 37 39 6 3 2 1 LMOX 1 2154 1 4 11

CEZ 1 17 42 14 9 4 2 CEZ 1 28
CT™ 2 27 25 22 8 3 2 CT™M 1 1 7 2 13 45 1 4
czx |68 13 3 3 11 CzZX |3 11 5 5 4 1

CTX |66 13 5 2 2 1 CTX (310 1 5 8 1 1

CMX [323113 6 2 3 2 CMX (2 4 104 3 4 2

CBPZ | 5 32 33 11 3 4 1 CBPZ |1 3 7 3 6 32 2 2

CTT |14 41 20 7 1 2 1 CTT 72 3 572 111
CTRX |52 19 8 1 1 CIRX |1 1 7 10 3 4 2 1

was very effective against S. aureus and S
epidermidis, and much more so than LMOX
(Figs. 8, 9. 10 and 11). It was, however, not
effective in vitro against E. faecalis. More than 50
% of the strains showed MICs of 100 z g/ml for
this drug (Figs. 12 and 13).

Bacterial regrowth curves were studied in
concentrations of 1 MIC of 6315—-S, LMOX, CEZ,
CTM, and CTRX. In drug—free controls, E. coli
NIHJ JC-2 (10 cells/ml) started to grow visibly
at about 5 h and reached 10cells/ml levels at 10 h.
With 1 MIC of 6315—S (0. 78 1 g/ml), the strain
was inhibited in regrowth for about 10 h, the
longest time among the drugs examined. Each
drug acted bacteriocidally on S. aureus 209P at 1
MIC (Fig. 14). Against S. epidermidis IAM 1296,
1 MIC of 6315—S showed weak inhibitory action,
slightly better than LMOX or CTRX, but weaker
than CEZ. 6315—S showed a 10—hour inhibition
compared with the control against E. faecalis IFO

12580, whereas, LMOX, CEZ and CTM were all
bacteriocidal at this concentration (Fig. 15).

B : Pharmacokinetic studies in patients with
chronic renal failure : In 4 patients with chronic
renal failure being treated by HD, the time of
injection was changed (pre—and post—HD) and
serum concentrations of 6315 -S were serially
determined for 4 days (Fig. 16). In case B, urine
volume was less than 500 ml/day, and in the other
cases it was zero. In a cross—over, 0.5 g and 1g of
the drug were administered to 3 patients (cases A,
B and C). After 0.5 g injection, at the end of HD,
peak serum levels of 6315-S were 83ug/ml on
average, then gradually decreased and reached
9.3z g/ml at 42 h, just before the next HD. When
an additional 0. 5 g was injected at the beginning
of HD, serum levels reached 97 ¢ g/ml 5 min later,
then 87% of the drug was dialyzed. Seven days
after the first injection, when no antibacterial

activity in serum was confirmed, 1g was injected
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Fig.3 MIC correlograms between 6315-S and other cephems
against B-lactamase—producing E. coli
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in the same manner. Peak serum levels were
determined as 118 and 140ug/ml, respectively, 5
min after the first and second injection (Fig. 16).
A serum concentration of 15 u g/ml, about twice
the amount after 0.5 g, was still observable two
days after injection. The elimination rate by HD
with this dosage was 80%.

In another patient undergoing CAPD, 6315—-S
levels in the dialysate were measured after a dose

of 1g i. v. daily. On the first day, values ranged
from 7.2 - 26 ¢ g/ml and 16% of the 6315-5
injected was eliminated. About 56% was recovered
in 2 days. On both days, maximum concenirg-
tions were observed 2—10 h after administration
(Table 2).

C : Clinical application of 6315 -S against
chronic complicated urinary tract infections : A
total of 17 patients took part in this clinicel trial.
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Fig.5 MIC correlograms between 6315—-S and other cephems

against S. marcescens
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Of these, 14 cases were evaluable according to the
criteria proposed by the Japanese UTI Commit-
tee.. Case summaries are presented in Table 3,
Overall clinical efficacy was : excellent 2, moder-
ate 4 and poor 8 ; the overall efficacy rate being 43
% (6/14) (Table 4). By type of infection, groups
1 = 4 (monomicrobial infection) showed good
effect ; the overall efficacy rate being 67%. But in
polymicrobial infections (groups 5 and 6) no effect

was observed (Table 5). Bacteriologically, 12 of 19
strains cultured before treatment were eradicated.
Of these strains, all cocci, 5 of E. coli, and
K. pneumoniae disappeared, but other Gram-
negative rods persisted (Table 6). Five new
strains appeared after treatment (Table 7). As
shown in Table 3, no subjective side—effects were
observed in any of the 17 patients. Laboratory

tests showed deterioration in 9 cases, but this was
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Fig.8 Distribution of MICs of cephems
against clinical isolates of
M. morganii (25 strains)
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thought to be due to the patients’ basic diseases.
No bleeding tendency was established by throm-
botest or normotest (Table 8).

. DISCUSSION
6315 —S, a derivative of latamoxef (LMOX),
seems to have antibacterial activity against
Gram—positive cocci, and potency against Gram—
negative rods equal to that of other so—called
third—generation cephems'* > Its pharmacokine-
tics have been studied by YASUNAGA et al.”.
According to these studies, 6315—S may be of use
against UTI as well as in other fields. In this
report, a part of a cooperative study, we present
our findings on 6315—S for the evaluation of its

usefulness in the urological field.
In vitro studies on its antibacterial activity
demonstrated that 6315—S was potent against both
Gram—positive and —negative bacteria, except for

E. faecalis and Pseudomonas spp. These effects

Fig.8 Distribution of MICs of cephems
against clinical isolates of
S, aureus (7 sirains)
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CEZ | 2 3
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were stronger than those of LMOX against
Gram-—positive cocci and average for third—
generation cephems against Gram—negative rods.
These phenomena were also confirmed in a
biophotometric study. Supposing due to the low
value of 1 MIC, 6315-S could not act bacterio-
cidally against S. epidermidis and E. faecalis,
whereas CEZ did.

Serum levels in patients with chronic renal
failure showed interesting results. In the study of
YASUNAGA et al.”, peak serum levels after 0.5g
and lg i.v. injection were 39 and 102 ¢ g/ml, re-
spectively, and at 6 h after injection serum levels
of 6315—S were traced at both doses. More than 80
% of the drug was secreted in the urine. In our
study, if the daily urine volume was 0, serum
levels were higher than 10 z g/ml even two days
after 0.5 g injection, the same value as at 1 h in
normal controls. With 1g injection, serum levels
on the second day were equivalent to the 2—h value
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Fig.7 MIC correlograms between 6315-S and other cephems

against M. morganii
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in healthy volunteers. The drug was confirmed as
being 'easily dialyzed, and the protein—binding
rate was therefore thought to be very low. Indeed,
Shionogi Research Laboratories, have reported
this as being 35%'’. These results support our
findings that in HD patients, 0.5 g of 6315-S
every other day is a sufficient dose from the
viewpoint of serum levels.

On the ’6ther hand, the drug moved easily into

" 6315-S
T T T
1.56

T T 1 T T
25  >100 0.10 1.56
100

25 >100(ug/mD)
039 " g2s > 100 VB

6.25

the ascitic fluid in a CAPD patient, even in the
absence of infection. This drug may therefore be a
good choice for patients with the peritonitis often
experienced in such cases. Moreover, the high
serum levels would help prevent spread of the
disease.

The results of our clinical trial were not
completely satisfactory. Only 43% clinical efficacy

was observed in 14 evaluable cases. This was



CHEMOTHERAPY

1040 MAY 1987
Fig.® MIC correlograms between 6315—S and other cephems against S. aureus
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Fig.11 MIC correlograms between 6315—S and other cephems against S. epidermidis -
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Fig.10 Distribution of MICs of cephems
against clinical isolates of
S. epidermidis (8 strains)
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Fig.12 Distribution of MICs of cephems

against clinical isolates of
E. faecalis (30 strains)
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Fig.13 MIC correlograms between 6315-S and other cephems against E. faecalis
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Fig.14 Growth inhibition of cephems including
6315—S at a concentration of 1 MIC
against E. coli and S. aureus
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6315-S IMOX CEZ CIM CTRX
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Fig.15 Growth inhibition of cephems including
6315-S at a concentration of 1 MIC
against S. epidermidis and E, faecalis
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813 100< 25 256 125
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— 8. epidermidis 1AM 1296 —

T(%)
100

50
2x 103 cellyml

control

cellyml
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0
0 5 10 20 25 30(hrs)
—E. faecalis IFO 12580 —
T(%)
100

50

mainly due to ineffectiveness in catheterized
patients or in cases of polymicrobial infection, in
which situations P. aeruginosa or E. faecalis are
frequently isolated. In spite of an in vitro study,
all three strains of E. faecalis could be eradi-
cated. But the drug was ineffective against P.
aeruginosa ; of five isolated strains four persisted.
No subjective or objective side—effects, including
bleeding tendency or antabuse like action, were
experienced.

These results suggest 6315 —S may be very
useful in UTIs due to both Gram—positive and —
negative bacteria, and have a high degree of
safety. We would, however, caution against its use

if P. aeruginosa is isolated.
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Fig.16 Serum 6315-S levels in patients with chronic renal failure
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mean 0 83 13 93 97 12 55 21 0 116 21 15 140 25 65 3.9

Table 2

in a patient on continuous ambulatory

peritoneal dialysis (CAPD)

Secretion to dialysate of duily injected 6315—S

Time after

CAPD-dialysate

No. Day-Time 1st injection Cong;ngt/;la[;ion Vo(l:ln)le Tots(a#]ggose Remarks
1 0-10:00 -20m 0 2,100 0
2 -10:20 0 1g IV
3 —-12:38 2h 18m 19 2,480 47
4 -20:22 10h 02m 26 2,100 55
5 1-0:21 14h 0lm 7.2 2,450 18
6 - 8:27 22h 07m 18 2,250 41
7 -10:30 24h 10m 1g IV
8 -12:27 26h 07m 29 2,500 73
9 -20:25 34h 05m 130 2,020 260
10 2-0:22 38h 02m 15 2,610 39
11 -10:10 47h 50m 7.6 2,100 16

Urine volume per day of the patient is 0 m/
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Table 4 Overall clinical efficacy of 63158 in complicated UTI
(1 gx2/day, 5—day treatment)

Pyuria Effect on
Bacteriuria Cleare—d Decreased Unchanged bacteriuria
Eliminated 2 2 2 6 (43%)

Decreased 0
Replaced 2 2 (14%)
Unchanged 1 1 4 6 (43%)
Pati
Effect on pyuria 3 (21%) 3 (21%) 8 (57%) 8 1et11: total
E Excellent 2
Overall effectiveness rate
Moderate - 4
‘ 6/14 (43%)
I Poor(including Failure) 8

Table 5 Overall clinical efficacy of 6315-S classified by type of infection

No, of Percent Overall
Group ti f Excellent | Moderate| Poor | effectiveness
patients \of total rate
18t group
(Catheter indwelt) 3 €20 ! 2 33%
2wl group
(Post prostatectomy) 2 14 1 1 50%
Monomicrobiall 8 rd grou
infection (’Uppcr UTI) 2 ( 14) 1 1 100%
‘o gmu(pbowcr UTI) 2 (149 ! ! 100%
Sub total 9 ( 64) 2 4 3 67%
5 th group
(Catheter indwelt) 4 € 29) 4 0%
Polymicrobial| 6 th group
infection [(No Catheter indwelt) 1 ¢ n 1 0%
Sub total 5 ( 36) 0 0 5 0%
Total 14 (100) 2 4 8 43%
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Table 6 Bacteriological response to 6316-S in complicated UTI

No. of

Isolates strains  Pradicated (%) Persisted
S. aureus 1 1 (100)
E. faecalis 3 3 (100)
a —hemolytic Streptococcus 1 1 (100)
E. coli 5 5 (100)
K. pneumoniae 1 1 (100)
E. cloacae 1 0 1
S. marcescens 1 0 1
P. aeruginosa 5 1 ( 20) 4
NF-GNR 1 0 1
Total 19 12 ( 63) 7

Table 7 Strains appearing after 6315-S
treatment in complicated UTI

No. of (%)

Isolates strains
E. faecium 1 ( 20)
E. faecalis 1 ( 20)
S. marcescens 1 ( 20)
P. aeruginosa 2 ( 40)
Total 5 (100)

28 : 321~341, 1980.
4) YASUNAGA, K. ; H. YAMADA, T. YOSIIDA
& K. UCHIDA : Pharmacokinetics and safe-

ty of 6315-S in normal volunteers. 24th.
ICAAC, Abst. 189, Oct. 8~10,

ington)

1984 (Wash-
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Table 8 Changes in laboratory test results

Doctor’s ovalustion
Item Ezt‘;ﬁmol Aggravatod (Relation to the drug)
evaluated Definite|Probuble|Possible|Subtotal Pn:::::bly Deril:’ittely Subtotal Unchanged| Luproved
RBC 17 0 1 1 16
Hb 17 0 2 2 16
o 17 0 2 2 15
WBC 17 0 2 2 16
Thrombocytes 15 0 0 16
S-GOT 17 0 1 1 2 15
S-GPT 17 0 1 1 2 15
Al-P 17 0 0 17
T-Bil 14 0 0 14
BUN 16 0 1 1 15
S-Cr 17 0 1 1 16
Na 17 0 1 1 16
K 17 0 0 17
Ci 17 0 0 17
Thrombo test 2 0 0 2
Normo test 2 0 0 2
No. of patients
with aggravated 0 9
laboratory test
results
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WRBREBICE T 2HARA FY+£7 = LRIEH
6315-S (Flomoxef) D&t

Rl % WAREA - AREM R #EA - FEEEKE
b B R EUR B EHE
(EfE: EMRERD

E#&)I1#%F0
s BRI T & iR SR B ik R 83 74
(X : RB)IRHER)

W FIG - RAER
B LR+ AR R SR
(EfF : BAERISBE)

FLLARSAEAFY £ 7 = LRIEWHE 6315-S (Flomoxef) DRISBEE IC T 2 HEAKATET 3
s, ARORES], BALL2EFICBY 26A0E, ERICADRIT AT -1, 6316-S 13, HEAEK, BRK
DRk (&3 206 Bk) icxtd 5 MIC OREE T3, P. aeruginosa, E. faecalis %W %, 75 LB - et %
MbFENIRRATH - 1o BALEEOMP 6315-S BE X, HE5% 28EHTH, BEAD 2 05RE & Bl
DEZHRL TV 6 BROMEEIICT 80X DAFINBEIFENE L bHBALA, DT LR, THL
REDEETCORSRBIUVREMBIC—E2ET 0D LEbhi, 14 ZOBHEMHERIEREIEICHLT
6315-S 1 g/EIX 2[@/H, 5 HMOBEEITL > TRDFMEITE > 7o KRAEERZRIL 43% & B - 7oA,
HBAT—FLVEBR B X UEBEBRREICEIDIDTH > 1. MBEHIRFIDERLERLD, invivo T,
E. faecalis (32 CTRETX 718, P. aeruginosa M 80% 3 HfE L7 B - thEAIBIERIZED A, - 12,

- PlE& Y, P. aeruginosa #[REE & LS WREBEEICIE, FRRERCFHLIAbDEEZAON, £
. B, BEAMbLEVAR, EBEhaREKELBEbNAL,



