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A B S T R A C T   

Introduction: Flomoxef is generally used to treat abdominal infections and as antibiotic prophylaxis during lower 
gastrointestinal surgery. It is reportedly effective against extended-spectrum beta-lactamase (ESBL)-producing 
Enterobacteriaceae and an increasingly valuable alternative to carbapenems. However, its abdominal pharma-
cokinetics remain unclear. Herein, pharmacokinetic analysis of flomoxef in the abdominal tissue was conducted 
to simulate dosing regimens for pharmacodynamic target attainment in abdominal sites. 
Methods: Flomoxef (1 g) was administered intravenously to a patient 30 min before commencing elective lower 
gastrointestinal surgery. Samples of plasma, peritoneal fluid, peritoneum, and subcutaneous adipose tissue were 
collected during surgery. The flomoxef tissue concentrations were measured. Accordingly, non-compartmental 
and compartmental pharmacokinetic parameters were calculated, and simulations were conducted to evaluate 
site-specific pharmacodynamic target values. 
Results: Overall, 41 plasma samples, 34 peritoneal fluid samples, 38 peritoneum samples, and 41 subcutaneous 
adipose samples from 10 patients were collected. The mean peritoneal fluid-to-plasma ratio in the areas under 
the drug concentration-time curve was 0.68, the mean peritoneum-to-plasma ratio was 0.40, and the mean 
subcutaneous adipose tissue-to-plasma was 0.16. The simulation based on these results showed the dosing 
regimens (q8h [3 g/day] and q6h [4 g/day]) achieved the bactericidal effect (% T > minimum inhibitory 
concentration [MIC] = 40%) in all tissues at an MIC of 1 mg/L. 
Conclusions: We elucidated the pharmacokinetics of flomoxef and simulated pharmacodynamics target attain-
ment in the abdominal tissue. This study provides evidence concerning the use of optimal dosing regimens for 
treating abdominal infection caused by strains like ESBL-producing bacteria.   

1. Introduction 

Extended-spectrum beta-lactamase (ESBL)-producing bacteria are 

antimicrobial bacteria with increasing prevalence [1]. They have 
increased rapidly worldwide to a level that cannot be overlooked in 
empiric therapy for abdominal infections [2]. Another problem is the 

Abbreviations: AUC, area under the drug concentration-time curve; ESBL, extended-spectrum beta-lactamase; HPLC, high-performance liquid chromatography; 
MIC, minimum inhibitory concentration; PK/PD, pharmacokinetic/pharmacodynamic; SD, standard deviation; SSI, surgical site infection. 
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increased rate of surgical site infection (SSI) after lower gastrointestinal 
surgery in ESBL Enterobacteriaceae carriers [3]. Carbapenem antibiotics 
are the first-line therapy for ESBL-producing bacteria, but there are few 
options for second-line and subsequent therapies [4]. The spread of 
carbapenemase-producing Enterobacteriaceae as resistant bacteria due to 
carbapenem overuse has become a major concern [5]. The lack of other 
treatment options for ESBL-producing bacteria is a problem; therefore, 
finding an alternative antimicrobial to carbapenems is imperative. 

Flomoxef is a parenteral β-lactam antibiotic, also called oxacephem, 
developed in Japan. It is a broad-spectrum antibiotic effective against 
gram-positive cocci, gram-negative rods, and anaerobic bacteria [6–8]. 
It has a wide range of indications, including the treatment of pneumonia, 
urinary tract infections, and abdominal infections, and is used as a 
prophylactic antibiotic for lower gastrointestinal surgery [6–9]. 
Furthermore, flomoxef is reportedly effective against ESBL-producing 
Enterobacteriaceae [10–13], with comparable therapeutic efficacy to 
carbapenems [14–16]. It can be an alternative antimicrobial to carba-
penems and may be useful as perioperative prophylactic antibiotic for 
ESBL-producing Enterobacteriaceae carriers. 

Currently, no evidence-based criteria have been established for the 
administration of flomoxef for abdominal infections caused by ESBL- 
producing Enterobacteriaceae. The pharmacokinetics of flomoxef in 
plasma and peritoneal have been demonstrated to reach adequate 
therapeutic concentrations [17,18]. However, in vivo changes related to 
the peritoneum and the subcutaneous adipose tissue, which are the 
primary focus of abdominal infection, remain unknown. In previous 
reports, the rate of transfer of β-lactam antimicrobials to the peritoneum 
and adipose tissue has been shown to be low [19,20]. Therefore, dosing 
regimens based on pharmacokinetics in plasma only would not be ex-
pected to maintain adequate therapeutic concentrations in other tissues. 
To determine the appropriate dosage of flomoxef in each abdominal 
tissue, it is necessary to confirm its pharmacokinetic distribution in the 
peritoneum and adipose tissue compared to the corresponding in 
plasma. 

Herein, we investigated the pharmacokinetics of flomoxef in plasma, 
peritoneal fluid, peritoneum, and subcutaneous adipose tissue. Based on 
this, a pharmacokinetic analysis was conducted to simulate the optimal 
dosing regimens to achieve an optimal pharmacokinetic/pharmacody-
namic (anti) level against bacteria associated with abdominal infections, 
including ESBL-producing Enterobacteriaceae. 

2. Patients and methods 

2.1. Study participants 

This is a prospective, open trial study on the pharmacokinetics of 
flomoxef in abdominal tissues. It was conducted at Hiroshima University 
Hospital between January 2020 and January 2021. The study protocol 
conformed to the Declaration of Helsinki and was approved by the 
institutional review board of Hiroshima University Hospital 
(CRB6180006). This study was registered with the Japan Registry of 
Clinical Trials (jRCTs061190025). All patients gave informed consent to 
participate. 

The participants were males and females aged ≥20 years who un-
derwent elective lower gastrointestinal surgery for Crohn’s disease or 
colon cancer. The exclusion criteria were previous allergy to flomoxef or 
other beta-lactam antibiotics, pregnancy or breastfeeding, and organic 
disease of the brain or spinal cord. Patients whose creatinine clearance 
estimated by the Cockroft–Gault method was <50 mL/min were also 
excluded. 

2.2. Drug administration and sample collection 

Flomoxef (1 g) was administered intravenously for 30 min immedi-
ately before commencing surgery. The sample collection protocol 
involved plasma (2 mL), peritoneal fluid (2 mL), peritoneum (4 mm × 4 

mm), and subcutaneous adipose tissue (4 mm × 4 mm) at the end of 
flomoxef administration, and subsequently, every hour until the oper-
ation ended. The plasma half-life of flomoxef is short (50 min); hence, a 
re-dosing interval of every 2 h is recommended [7,21]. At 2 h after the 
end of the initial administration, we administered re-dosing of flomoxef 
(1 g) intravenously over a 30-min period after collecting the third set of 
tissue samples. 

Plasma and peritoneal fluid samples were centrifuged, and the su-
pernatant was collected. Peritoneum and subcutaneous adipose tissue 
samples were washed in physiological saline. All the samples were 
stored at − 40 ◦C until analysis. 

2.3. Flomoxef assay 

The total concentration of flomoxef in plasma, peritoneal fluid, 
peritoneum, and subcutaneous adipose tissue was measured using high- 
performance liquid chromatography (HPLC) with minor modifications 
of the methods of Konaka et al. [22]. Peritoneum or subcutaneous adi-
pose tissue samples (0.5 g) were homogenized using an overhead mixer 
with 4 vol (2 mL [w/v]) of double-distilled water. The tissue homoge-
nate was centrifuged, and the supernatant was collected. The tissue 
supernatants, plasma, or peritoneal fluid samples (200 mL each) were, 
then, added to 400 mL of methanol, and the mixture was vortexed and 
centrifuged. Next, the supernatants (20 mL) were injected into an HPLC 
system. The HPLC employed a C18 column at a temperature of 40 ◦C and 
detected flomoxef at a wavelength of 254 nm ultraviolet absorbance. 
The mobile phase consisted of a mixture of 60 mmol/L sodium phos-
phate buffer (pH 6.0) containing 5 mmol/L tetrabutylammonium hy-
droxide and acetonitrile (85:15 [v/v]) with a flow rate of 1 mL/min. The 
quantification limits for flomoxef were 0.5 mg/L in plasma and perito-
neal fluid, and 0.75 mg/kg in the peritoneum and subcutaneous adipose 
tissue, respectively. The calibration curves were linear up to 200 mg/L 
and 100 mg/kg, respectively. The interday and intraday accuracy (as 
mean absolute values of errors from 100%) and precision (as coefficients 
of variations) were both within 10%. 

2.4. Noncompartmental pharmacokinetic analysis 

Cmax was defined as the maximum observed concentration. The area 
under the drug concentration-time curve from 0 to 2.5 h (AUC0–2.5) was 
calculated by the trapezoid formula using the MULTI software program 
(originally developed by Yamaoka et al. and currently maintained by the 
Department of Biopharmaceutics and Drug Metabolism; Kyoto Univer-
sity, Kyoto, Japan) [23]. For the pharmacokinetic analysis, the specific 
gravity of the peritoneum and subcutaneous adipose tissues was 
considered as 1 (kg = L). 

2.5. Compartmental pharmacokinetic analysis 

The preliminary analysis for flomoxef indicated that a multi- 
compartment model describing four drug concentrations (i.e., in 
plasma, peritoneal fluid, peritoneum, and subcutaneous adipose tissue) 
was too complicated. Rather, a simpler model could be used because of 
the parallel drug elimination slopes for the abdominal sites. Therefore, 
the concentration–time data were fitted to a hypothetical two- 
compartment model with correction factors [24] to account for con-
centration differences between the plasma and abdominal sites (Fig. 1). 
The differential equations for changes in the amount of drug in the 
central compartment (A(1), mg) and peripheral compartment (including 
abdominal sites) (A(2), mg) regarding time (t) are as follows:  

dA(1)/dt = Rin − (K12 + K10) × A(1) + K21 × A(2)                                

dA(2)/dt = K12 × A(1) − K21 × A                                                   (2) 

where Rin is the intravenous infusion rate of the drug (mg/h), K12 and 
K21 are the transfer rate constants (1/h) connecting the central and 
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peripheral compartments, and K10 is the elimination rate constant (1/h) 
from the central compartment. 

In this model, the distribution volumes are V1 for the central 
compartment (L) and V2 for the peripheral compartment (L) (V2=K12 
× V1/K21). Assuming correction factors to account for drug concen-
tration differences between the plasma and peritoneal fluid (CFperitoneal 

fluid), between the plasma and peritoneum (CFperitoneum), and between 
the plasma and subcutaneous adipose tissue (CFsubcutaneous adipose tissue), 
the equations for the drug concentration in plasma (Cplasma, mg/L), 
peritoneal fluid (Cperitoneal fluid, mg/L), peritoneum (Cperitoneum, mg/kg), 
and subcutaneous adipose tissue (Csubcutaneous adipose tissue, mg/kg) are 
expressed as follows:  

Cplasma = A(1) /                                                                              V1  

Cperitoneal fluid = A(2) / [V2 × CFperitoneal fluid] = A(2) × K21 / [K12 × V1 ×
CFperitoneal fluid]                                                                                       

Cperitoneum = A(2) × K21 / [K12 × V1 × CFperitoneum]                                 

Csubcutaneous adipose tissue = A(2) × K21 / [K12 × V1 × CFsubcutaneous adipose tissue] 

These seven pharmacokinetic model parameters (K12, K21, K10, V1, 
CFperitoneal fluid, CFperitoneum and CFsubcutaneous adipose tissue) were estimated 
for each patient using the MULTI software program [23]. 

2.6. Site-specific pharmacodynamic target attainment analysis 

For each flomoxef regimen (1 g; every 12, 8, or 6 h; 30 min infusion), 
the duration for which the drug concentration was above the minimum 
inhibitory concentration (T > MIC) in the peritoneal fluid, peritoneum, 
and subcutaneous adipose tissue were predicted. An additional simula-
tion was also performed for a regimen (1 g; every 3.5 h [30 min infusion 
+ 3 h interval]) to determine whether re-dosing at 2 h interval, initially 
recommended [7,21], is appropriate as an intraoperative prophylactic 
antibiotic. The simulations were conducted according to the previously 
reported method [19,25–27]. The drug concentration was not adjusted 
for protein binding but rather treated as the free fraction. Flomoxef 
protein binding in human plasma is reportedly comparatively low 
(approximately 35%) [28]. Although the status of flomoxef protein 
binding in these abdominal sites is currently unknown, even a moder-
ately higher or lower protein binding in the abdominal tissue compared 
to plasma was not expected to significantly affect this simulation. Using 
the mean estimates for the seven flomoxef pharmacokinetic model pa-
rameters, the time points at which the simulated drug concentrations in 
the peritoneal fluid, peritoneum, and subcutaneous adipose tissue were 
consistent with the MIC (0.125–128 mg/L) were determined, and the T 
> MIC was calculated as the cumulative percentage of a 24-h period. 

Based on the analysis of pharmacodynamic target attainment, the 
site-specific pharmacodynamic breakpoint MIC was defined as the 
highest MIC at which T > MIC in the peritoneal fluid, peritoneum, and 
subcutaneous adipose tissue was greater than the bactericidal target of 
40% for flomoxef [29,30]. Although the pharmacodynamic targets were 
derived from the murine model study, correlations of target values of 
antibiotics containing β-lactams between murine models and humans 
were presented with the accumulation of PK/PD data to date [31]. 

3. Results 

3.1. Study participants 

Five males and five females participated in this study, comprising 
five patients with Crohn’s disease and five with colon cancer. The 
following surgical procedures were performed: ileocecal resection in 
four cases, right hemicolectomy in three, left hemicolectomy in two, and 
subtotal colectomy and partial enterectomy in one. 

The patients were aged 56.8 ± 18.5 years (mean ± standard devia-
tion [SD]) and weighed 53.8 ± 7.75 kg, with a body mass index of 21.1 
± 3.57 kg/m2. The creatinine clearance estimated using the Cock-
croft–Gault formula was 85.2 ± 12.4 mL/min, the total bilirubin level 
was 0.48 ± 0.33 mg/dL, the aspartate transaminase level was 29.9 ±
22.1 IU/L, and the alanine transaminase level was 17.9 ± 6.8 IU/L. 
Flomoxef was administered once to two participants and twice to eight 
participants. 

3.2. Sample collection and flomoxef assay 

Forty-one plasma samples, 34 peritoneal fluid samples, 38 perito-
neum samples, and 41 subcutaneous adipose tissue samples were 
collected. The flomoxef concentration ranges were 6.7–144.4 mg/L in 
plasma, 10.1–65.4 mg/L in peritoneal fluid, 4.1–60.3 mg/kg in the 
peritoneum, and 1.2–22.7 mg/kg in subcutaneous adipose tissue. All the 
measured values were above the determination limits. 

3.3. Non-compartmental pharmacokinetic analysis 

The non-compartmental pharmacokinetic parameters are shown in 
Table 1. The mean Cmax was 75.0 mg/L in plasma, 33.4 mg/L in peri-
toneal fluid, 23.4 mg/kg in peritoneum, and 10.6 mg/kg in subcutane-
ous adipose tissue. The mean AUC0-2.5 was 89.1 mg h/L in plasma, 60.7 
mg h/L in peritoneal fluid, 35.9 mg h/kg in the peritoneum, and 14.1 
mg h/kg in the subcutaneous adipose tissue. The mean peritoneal fluid: 
plasma ratio of AUC0-2.5 was 0.68. The mean peritoneum: plasma ratio of 
AUC0-2.5 was 0.40 and the mean subcutaneous adipose tissue: plasma 

Fig. 1. Hypothetical two-compartment pharmacoki-
netic model for flomoxef. A(1) and A(2), amounts of 
drug in the central and peripheral (including 
abdominal sites) compartments (mg); V1 and V2, 
volumes of distribution of the central and peripheral 
compartments (L = kg); C, concentration of drug in 
plasma and peritoneal fluid (mg/L) and peritoneum 
and subcutaneous adipose tissue (mg/kg); Rin, 
intravenous infusion rate of drug (mg/h), K12 and 
K21, transfer rate constants (1/h); K10, elimination 
rate constant (1/h); CF, correction factors of V2 to 
account for drug concentration differences between 
plasma and abdominal sites (fluid and tissue).   
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ratio of AUC0-2.5 was 0.16, which was lower than that of the peritoneal 
fluid: plasma ratio. 

3.4. Compartmental pharmacokinetic analysis 

The pharmacokinetic parameters in the hypothetical two- 
compartment model (Fig. 1) are summarized in Table 2. The simula-
tion curves drawn using the mean parameter estimates were well fit to 
all mean measurements of flomoxef in the plasma, peritoneal fluid, 
peritoneum, and subcutaneous adipose tissue (Fig. 2). The regression 
equation between the observed concentration (Y) and the individual 
predicted concentration (X) was Y = 1.036 X + 0.073 (r = 0.978, 161 
samples). The normalized mean prediction error (as a bias index) and 
the normalized mean absolute prediction error (as an accuracy index) 
values were 0.389 and 2.307, respectively. 

3.5. Site-specific pharmacodynamic target attainment analysis 

Using the mean estimated values for the seven flomoxef pharmaco-
kinetic parameters, we predicted the drug concentrations under various 
regimens and determined whether the pharmacodynamic targets were 
attained in the peritoneal fluid (Fig. 3a), peritoneum (Fig. 3b), and 
subcutaneous adipose tissue (Fig. 3c). Based on the previous study [29], 
we hypothesized that flomoxef exerts a bactericidal effect when the T >
MIC is >40%. 

The flomoxef 1 g dosing regimens that achieved the target in the 

peritoneal fluid, peritoneum, and subcutaneous adipose tissue were in 
q12 h [2 g/day] for an MIC of 0.5 mg/L, in q8h [3 g/day] for an MIC of 1 
mg/L, in q6h [4 g/day] for an MIC of 2 mg/L, and in q3.5 h [6 g/day] for 
an MIC of 4 mg/L. 

Table 3 shows each flomoxef dosing regimen needed for site-specific 
pharmacodynamic breakpoints in a simulation that assumes a T > MIC 
of 40% and the MIC distributions of flomoxef for Escherichia coli, Kleb-
siella species, Proteus species, Streptococcus species, and ESBL-producing 
Enterobacteriaceae [32–34]. Based on the categories of the Japanese SSI 
surveillance (MIC90) [32], the MIC90 of flomoxef for ESBL-producing 
Enterobacteriaceae is 1 mg/L. Flomoxef 1 g dosing regimens of q8h [3 
g/day], q6h [4 g/day], and q3.5 h [6 g/day] showed sufficient anti-
bacterial effects against ESBL-producing Enterobacteriaceae in all 
abdominal tissues. 

4. Discussion 

In this study, we elucidated the pharmacokinetics of flomoxef in 
abdominal tissues with the aim of facilitating dosing regimen decisions 
when treating abdominal infections. It showed that the mean ratio of 
AUC0-2.5 for the subcutaneous adipose tissue: plasma (0.16) was lower 
than those for peritoneal fluid: plasma (0.68) and the peritoneum: 
plasma (0.40). Similar to other reports, β-lactam antibiotic was hydro-
philic, resulting in a low rate of transfer to the adipose tissue [35–37]. 
When taking the bactericidal target as T > MIC exceeding 40%, the 
target attainment regimens in all tissues were q12 h [2 g/day] for an MIC 
0.5 mg/L, q8h [3 g/day] for an MIC 1 mg/L, q6h [3 g/day] for an MIC 2 
mg/L, and q3.5 h [6 g/day] for an MIC 4 mg/L. The regimens of flo-
moxef in q8h, q6h, and q3.5 h were shown to achieve bactericidal 
concentrations against ESBL-producing Enterobacteriaceae of MIC 1 
mg/L. This study investigated a model simulating abdominal infection in 
patients subjected to physical invasion in the form of lower gastroin-
testinal surgery. Thus, although they did not have an established 
abdominal infection, we believe that this situation was considered to 
provide an appropriate model of tissue penetration during abdominal 
infections. 

Ikawa et al. [17] measured flomoxef concentrations in the plasma 
and peritoneal fluid. Moreover, its tissue concentrations in the prostate, 
lungs, and liver have likewise been reported [18,38–40]. However, to 
our knowledge, this is the first study investigating the pharmacokinetics 
of flomoxef in the peritoneum and subcutaneous adipose tissue and 
simulating site-specific pharmacodynamic target attainment to achieve 
an optimal dosage for the treatment of abdominal infections. 

Flomoxef is also used as antibiotic prophylaxis for lower gastroin-
testinal surgery, with repeat redosing at 2-h intervals during surgery [7, 
9,21]. We followed this by repeating flomoxef administration 2 h after 
the first dose and 3 h after the first dose (30 min infusion + 3 h interval) 
regimen model was simulated. Consequently, both regimens’ pharma-
codynamic breakpoints were >4 mg/L (40% T > MIC), indicating that 
the intraoperative 2 h re-dosing is more than enough to prevent SSI 
caused by Escherichia coli, Klebsiella species, Proteus species, Strepto-
coccus species, and ESBL-producing Enterobacteriaceae, and even >3 h 
re-dosing was well tolerated. 

In compartmental pharmacokinetic modeling, the individual pre-
dicted concentrations in the plasma, peritoneal fluid, peritoneum, and 
subcutaneous adipose tissue were in good agreement with the observed 
drug concentrations, and the simulation curves obtained using phar-
macokinetic parameters were all in good agreement with the mean 
measured values. These results indicated the validity and reliability of 
the flomoxef pharmacokinetics model and, thus, demonstrated excellent 
measurement performance for use in pharmacodynamic assessments of 
flomoxef use for the treatment of abdominal infection. 

This study has several limitations First, the sample size was small (10 
patients). Second, the study participants did not suffer from an infection. 
Therefore, flomoxef permeation in patients with abdominal infections 
may differ. Tissue permeation depends on vascular permeability, which 

Table 1 
Noncompartmental pharmacokinetic parameters of flomoxef after 30 min 
intravenous infusion of 1 g.  

Sample type and parameter Value (mean ± SD, n = 10) 

Plasma 
Cmax (mg/L) 75.0 ± 16.3 
AUC0-2.5 (mg h/L) 89.1 ± 19.1 

Peritoneal fluid 
Cmax (mg/L) 33.4 ± 9.0 
AUC0-2.5 (mg h/L) 60.7 ± 15.0 

Peritoneum 
Cmax (mg/kg) 23.4 ± 10.3 
AUC0-2.5 (mg h/kg) 35.9 ± 18.5 

Subcutaneous adipose tissue 
Cmax (mg/kg) 10.6 ± 3.8 
AUC0-2.5 (mg h/kg) 14.1 ± 3.6 

Peritoneal fluid: plasma ratio 
Cmax 0.45 ± 0.12 
AUC0-2.5 0.68 ± 0.10 

Peritoneum: plasma ratio 
Cmax 0.31 ± 0.12 
AUC0-2.5 0.40 ± 0.18 

Subcutaneous adipose tissue: plasma ratio 
Cmax 0.14 ± 0.04 
AUC0-2.5 0.16 ± 0.04 

AUC, area under the drug concentration-time curve; Cmax, maximum observed 
concentration; SD, standard deviation. 

Table 2 
Pharmacokinetic parameters for flomoxef in the hypothetical two-compartment 
model (see Fig. 1).  

Parameter Estimate (mean ± SD, n = 10) 

K12 (1/h) 2.13 ± 0.51 
K21 (1/h) 1.83 ± 0.66 
K10 (1/h) 1.49 ± 0.21 
V1 (L) 8.83 ± 2.44 
CFperitoneal fluid 0.112 ± 0.081 
CFperitoneum 0.214 ± 0.199 
CFsubcutaneous adipose tissue 0.453 ± 0.374 

SD, standard deviation; CF, correction factors of V2 to account for drug con-
centration differences between plasma and abdominal sites (peritoneal fluid, 
peritoneum, and subcutaneous adipose tissue). 
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is associated with inflammation, and this may increase tissue penetra-
tion in patients with abdominal infections. However, under conditions 
of impaired perfusion, such as sepsis and septic shock, the flomoxef 
concentration may decrease. Third, the renal function of the study 
participants was normal, with a mean creatinine clearance of 85.2 ±
12.4 mL/min. However, as flomoxef is mainly excreted via the kidneys, 
and patients with severe infection often develop renal impairment, 
clearance may decrease, maintaining the drug concentration in the 

plasma and abdominal tissue and, thus, increasing T > MIC. Therefore, 
in some patients, flomoxef may be effective at a lower dose than the 
pharmacokinetic and pharmacodynamic values estimated from the 
dosing regimen tested in this study. Fourth, the site-specific T > MIC 
(Fig. 3) and the breakpoint MIC (Table 3) were representative values 
derived from the mean predicted concentrations at the abdominal sites 
based on the mean pharmacokinetic parameters. However, there was a 
wide variability in the parameter estimates (Table 2) with a variation 

Fig. 2. Observed concentrations (mean ± SD, n = 10) and simulation curves for flomoxef in plasma, peritoneal fluid, peritoneal tissue, and subcutaneous adipose 
tissue after single or re-dose 30-min infusions of 1 g. The simulation curves were drawn using the mean pharmacokinetic model parameters (K12 = 2.13 1/h, K21 =
1.83 1/h, K10 = 1.49 1/h, V1 = 8.83 L, CFperitoneal fluid = 0.112, CFperitoneum = 0.214, and CFsubcutaneous adipose tissue = 0.453). 

Fig. 3. Site-specific time that the drug concentration was above the minimum inhibitory concentration (T > MIC) in the peritoneal fluid (a), peritoneum (b), and 
subcutaneous adipose tissue (c) at a MIC of 0.125–128 mg/L, using four flomoxef regimens. The T > MIC values were predicted using the mean pharmacokinetic 
model parameters for flomoxef (Table 2). The dashed lines represent the bactericidal target (40% T > MIC). 
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coefficient (SD/mean) of 14.1–93.0% and the observed concentrations 
at 0.5–4.5 h (Fig. 2) with a variation coefficient of 14.8–71.2%. This 
study did not find significant factors (i.e., sex, age, weight, body mass 
index, creatinine clearance) that correlated well with the individual 
pharmacokinetic parameters. The covariates that explain the interindi-
vidual variability in flomoxef pharmacokinetics should be identified to 
personalize dosing regimen. Fifth, the pharmacodynamic results were 
based on simulated bactericidal effects rather than on clinical effects or 
outcomes. Although our results provide valuable information, we have 
not established the optimum dosing regimen for the treatment of pa-
tients with abdominal infections. Considering these limitations, further 
clinical studies in larger populations involving a wider variety of pa-
tients with intraperitoneal infections are required to confirm the phar-
macokinetic results and ascertain its clinical importance by 
investigating the relationship between peritoneal permeation and flo-
moxef pharmacodynamic exposure. 

In conclusion, the results of this study may help support the clinical 
effectiveness of flomoxef against abdominal infection. It is very mean-
ingful to lead to the rationalization and optimization of flomoxef regi-
mens as an alternative treatment to carbapenems against ESBL- 
producing Enterobacteriaceae strains. 
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