ABSTRACT (Revised)
Background:

Ceﬁderocol (S-649266), a novel siderophore cephalosporin, is active against
carbapenem-resistant (CR) Gram-negative bacteria. Accurate in vitro testing of ceﬁderocol
by broth microdilution requires the use of iron-depleted conditions to mimic the condition
in mammalian hosts. Iron-depleted cation adjusted Mueller Hinton Broth (ID-CAMHB) was
shown to be the best standard method for the determination of MIC values to ceﬁderocol.
In this study, the correlation between MIC and in vivo eﬃcacy was investigated, and
pharmacodynamic assessment of ceﬁderocol was evaluated using ID-CAMHB against
murine thigh and lung infection models caused by CR Gram-negative isolates.

Methods:

MIC was determined by BMD method according to CLSI except that ID-CAMHB was used as
the test medium for ceﬁderocol. ICR mice (male, ﬁve weeks old, neutropenic, n=5) were
used to establish thigh/lung infection models for the evaluation of in vivo eﬃcacy. In order
to evaluate the culture conditions for MIC determination which have the best correlation
between MIC and in vivo eﬃcacy, murine thigh infection model using 3 Pseudomonas
aerginosa isolates was used. Using murine thigh and lung infection models, PK/PD
parameters required for eﬃcacy was evaluated for each 3 of strains of Pseudomonas
aeruginosa and Acinetobacter baumannii including multidrug-resistant isolates and 14
Enterobacteriaceae including CR isolates. Administration was initiated 2 hours
post-infection and repeated every 3 hours. Viable cells in tissues at 24 hours after the
initiation of the treatment were evaluated. %fT>MIC of ceﬁderocol was calculated using the
MIC determined in ID-CAMHB.

Results:

In vivo eﬃcacy of ceﬁderocol correlated well with MIC determined using ID-CAMHB
compared with that in CAMHB. Ceﬁderocol was highly eﬃcacious in neutropenic murine
thigh and lung infection model caused by Gram-negative bacilli. For all isolates tested, the
mean value of %fT>MIC required for 1-log10 reduction was approximately 82%. %fT>MIC
required for eﬃcacy were similar across both thigh and lung animal models.

Conclusion:

Ceﬁderocol MIC in ID-CAMHB showed the best correlation with in vivo eﬃcacy in the animal
models. S-649266 showed potent eﬃcacy against Gram-negative bacteria including CR
strains in murine infection models reﬂecting the potent in vitro activity determined under
iron-depleted conditions.

INTRODUCTION
Ceﬁderocol (S-649266) is a novel siderophore cephalosporin with potent activity against a
wide variety of Gram-negative bacteria including carbapenem-resistant strains (1,2). To
obtain the in vitro activities which are correlated with in vivo eﬃcacies, in vitro testing of
ceﬁderocol using iron-depleted conditions are required to mimic the condition in
mammalian hosts. Previous MIC testing of ceﬁderocol has used apo-transferrin containing
medium and iron-depleted Iso-Sensitest broth (ISB) to suppress the trailing phenomenon
which was observed in Acinetobacter baumannii. Based on the good reproducibility of in
vitro MICs obtained in Iron-depleted Mueller Hinton Broth (ID-CAMHB), ID-CAMHB was
shown to be the eﬀective and reliable broth medium for assessing the in vitro activity of
ceﬁderocol. CLSI accepted this method and established QC ranges in January 2016. In this
study, we evaluated pharmacodynamic assessment for ceﬁderocol using ceﬁderocol MIC in
ID-CAMHB as the standard method against a variety of clinical isolates.
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MATERIALS and METHODS
Test organisms

Twenty-three clinical isolates of Gram-negative bacteria including carbapenem resistaint
strains were used (Table1).

Compound

Ceﬁderocol, which was synthesized at Shionogi, was used.

MIC determination

MICs of ceﬁderocol were determined by broth microdilution methods according to Clinical
and Laboratories Standard Institute except that ID-CAMHB was used (4, 5). The ceﬁderocol
MIC was read as the ﬁrst drug well in which the growth is signiﬁcantly reduced (i.e. a button
of < 1 mm or light/faint turbidity) relative to the growth observed in the growth control.

Pharmacokinetic/Pharmacodynamic analysis

PK/PD parameters were calculated using MIC value, PD data, protein binding ratio, and PK
parameters. PK parameters were estimated from the mean plasma concentrations in three
diﬀerent single dose infected mice PK study for calculation of %fT>MIC required for the
eﬃcacy (Table.2). The estimated volume of distribution (Vd), elimination rate constant (ke),
absorption rate constant (ka) were as follows: Vd = 0.373 L/kg, ke = 1.85 hr-1, ka = 3.23 hr-1.
The PK/PD index values (Cmax/MIC, AUC0-24hr/MIC, %fT>MIC ) were determined from the
sigmoid curves. The relationship between the %fT>MIC according to each infection model and
therapeutic eﬃcacy was evaluated by sigmoid Emax model.

RESULTS
Table 1. Characteristic of test strains for in vivo study
Test strain

Neutropenic murine thigh infection model

For evalution of the neutropenic thigh infection models, the ICR male mice were rendered
neutropenic by intraperitoneal injection of cyclophosphamide (Shionogi, Osaka, Japan) with
150 and 100 mg/kg at 4 and 1 days before infection, respectively. Mice were anesthetized
by inhalation with isoﬂurane, and then infected by intramuscular injection of 0.1 mL of
bacterial suspension into the thigh. The bacterial suspension was prepared by dilution with
MHB (Difco, New Jersey, USA) to establish approximately 105 CFU per thigh.

E. coli

K. pneumoniae

Lung infection model

The neutropenic mouse lung infection cased by Escherichia coli, Klebsiella pneumoniae,
Pseudomonas aeruginosa and A. baumannii was used. Mice were anesthetized by
intramuscular injection of the mixture of tiletamine, zolazepam and xylazine. Mice were
then infected by instillation of 0.07 mL of bacterial suspension. In the case of lung infection
caused by A. baumannii and Enterobacteriaceae, the inoculum was prepared with 5%
gastric mucin to the desired concentration (bacteria: mucin = 1: 9). In the case of murine
lung infection caused by P. aeruginosa, the inoculum was prepared with saline. The
challenge dose was approximately from 105 to 106 CFU/mouse.

Drug exposure and bacterial count

Subcutaneous administration of antibiotics was initiated at 2 h post infection. For the
determination of PK/PD parameters, ceﬁderocol was administered once daily (q24h), twice
daily (q12h), 4 times a day (q6h) or 8 times a day (q3h). To determine the magnitude of
%fT>MIC required for eﬃcacy, administration of ceﬁderocol was repeated as q3h. At 24 hr
after initial treatment, mice were euthanized and dissected to remove tissue. To test
correlation study, ceﬁderocol was administered 2, 5, 8 hour after infection. The number of
viable cell in thigh was determined 10 hour after infection.
For analyzing correlation between in vivo eﬃcacy and MIC against P. aeruginosa, mice were
dissected at 10h after infection. Thigh or Lung tissues were excised, homogenized and serial
dilution were plated on Drigalski improved medium (Eiken Chemical Co., Ltd. Tokyo, Japan)
for bacterial counts.
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MIC determined in ID-CAMHB was more predictive of in vivo eﬃcacy

Figure 3. Free T>MICrequired for the eﬃcacy in murine thigh or lung infection models
caused by multiple bacterial species
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CONCLUSIONS
1) MIC of ceﬁderocol in ID-CAMHB was more predictive for the in vivo eﬃcacy than that in CAMHB for P. aeruginosa infection,
reﬂecting the relevance of using iron depleted media to determine the MIC.
2) PK/PD analysis demonstrated that %fT>MIC was well correlated with eﬃcacy of ceﬁderocol against P. aeruginosa in the murine thigh
infection model.
3) The %fT>MIC values of ceﬁderocol required for a static eﬀect and 1-log10 reduction were approximately 74% and 82%, respectively,
for a wide variety of Gram-negative bacteria, including CR strains.
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