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Background: Flomoxef is potentially effective against β-lactamase-producing Enterobacte-

riaceae because limited clinical data demonstrate its effectiveness against Enterobacteriaceae 

bloodstream infections (BSIs) based on its minimum inhibitory concentrations (MICs). This 

study was conducted to determine the optimal breakpoints based on the survival of patients 

with Enterobacteriaceae BSIs treated with flomoxef.

Methods: The 30-day crude mortality rate was analyzed among 224 adults who initiated 

flomoxef monotherapy for Enterobacteriaceae BSIs at a medical center over a 3-year period, 

according to the flomoxef MICs of the initial isolates. The outcome was evaluated by classifica-

tion and regression tree modeling and by logistic regression analysis.

Results: The 30-day crude mortality was approximately two fold greater in patients whose 

isolates had flomoxef MICs of ≥2 mg/L (54.9% [62/113]) than in those with isolates with MICs 

of ≤1 mg/L (26.1% [29/111]); the differences were significant in bivariate analysis (P<0.01) 

and in survival analysis (log-rank test; P<0.001). The classification and regression tree analysis 

revealed a split between MICs of 1 and 2 mg/L and predicted the same difference in mortal-

ity, with a P-value of <0.001. Flomoxef for Enterobacteriaceae BSIs caused by isolates with 

flomoxef MICs of ≥2 mg/L was an independent predictor of 30-day crude mortality (adjusted 

OR 3.76, 95% CI 1.94–7.29).

Conclusion: Patients with Enterobacteriaceae bacteremia who received flomoxef had a lower 

30-day crude mortality when the flomoxef MICs of the isolates were ≤1 mg/L than those with 

MICs ≥2 mg/L.

Keywords: bloodstream infection, breakpoint, classification and regression tree modeling, 

mortality

Introduction
Infections caused by members of the Enterobacteriaceae family are among the major 

causes of hospitalization and associated morbidity and mortality.1 With the widespread 

emergence of multidrug-resistant strains, the clinical effectiveness of early generations 

of antibiotics has greatly decreased,2 leading to the introduction of broad-spectrum 

antibiotics such as fluoroquinolones or third-generation cephalosporins (cefotaxime, 

ceftriaxone, or ceftazidime). Since their first description in 1983, extended-spectrum 

β-lactamases (ESBLs) produced by enteric pathogens have spread worldwide.3 Car-

bapenems are widely regarded as the antibiotics of choice for the treatment of infections 

due to ESBL producers.4,5 Nevertheless, carbapenems should be cautiously used given 

concerns about the emergence of carbapenem-resistant organisms.6 Identification of 
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alternative antibiotics for the treatment of infections with 

ESBL-producing organisms might be a feasible strategy to 

relieve the selective pressure.7

Cephamycins are a subclass of second-generation 

cephalosporins that contain an R1 medroxy group substitu-

tion. This substitution confers resistance to degradation by 

most ESBL enzymes with demonstration of consistent in 

vitro activity against ESBL-producing Enterobacteriaceae 

isolates. Flomoxef, one of the cephamycins, is stable in the 

presence of β-lactamase and may have the potential to be 

effective against these β-lactamase-producing strains.8 How-

ever, clinical data regarding its possible role in the treatment 

of ESBL-associated infections are limited to date.9–11 In our 

cohort study among adults with ESBL-producing Enterobac-

teriaceae bacteremia by propensity score-adjusted analysis, 

treatment with flomoxef was associated with a higher mor-

tality rate than treatment with carbapenems, particularly in 

patients infected with isolates with a flomoxef minimum 

inhibitory concentration (MIC) of 2–8 mg/L, even though the 

currently suggested MIC breakpoint of flomoxef is ≤8 mg/L.8 

No MIC breakpoint for flomoxef has been published by the 

Clinical and Laboratory Standards Institute (CLSI). While 

the susceptibility to flomoxef at an MIC of ≤8 mg/L for 

Enterobacteriaceae in the reference to the CLSI breakpoint 

for cefotiam is based on the similarity in pharmacokinetic 

data between flomoxef and cefotiam,12 no clinical stud-

ies have verified flomoxef’s effectiveness in patients with 

Enterobacteriaceae bloodstream infections (BSIs) according 

to different flomoxef MIC values. Therefore, we aimed to 

determine the relation between MICs and clinical outcome 

based on the survival of patients with Enterobacteriaceae 

BSIs who were treated with flomoxef.

Patients and methods
Study design and participants
This retrospective cohort study was conducted at Kaohsiung 

Chang Gung Memorial Hospital, a tertiary-care medical 

center in southern Taiwan. It was conducted in accordance 

with the Declaration of Helsinki. The Institutional Review 

Board of the hospital approved the protocol (permit no. 

201801000B0) and waived the need for patient consent owing 

to the retrospective nature of the study. The data of patients 

were kept anonymous to maintain confidentiality.

During 2014–2016, blood culture records from adult 

patients (aged over 18 years) who had at least one positive 

result for Enterobacteriaceae were reviewed. In cases where a 

patient experienced more than one bacteremia episode, only 

the first episode was included. Patients who fulfilled both 

of the following criteria were included: 1) mono-microbial 

bacteremia caused by Enterobacteriaceae and 2) definitive 

parenteral monotherapy with flomoxef for >48 hours. The 

following intravenous doses or adjusted equivalents of flo-

moxef for renal insufficiency were prescribed: patients with 

creatinine clearance (CL
CR

) of >60 mL/(min·1.73 m2), 1 g 

every 8 hours; patients with CL
CR

 of 10–60 mL/(min·1.73 m2), 

1 g every 12 hours; and those with CL
CR

 of <10 mL/(min·1.73 

m2), 1 g every 24 hours. Flomoxef was normally infused 

within 30 minutes. In compliance with the antimicrobial 

stewardship system in the hospital,13 all flomoxef prescrip-

tions had been approved by infectious-disease specialists. 

Patients who received an inappropriate dosage of flomoxef 

and those with incomplete medical records were excluded.

Definitions
The medical records of the included patients were retro-

spectively reviewed to collect information on demograph-

ics; duration of hospital and intensive care unit (ICU) stays; 

comorbidities; the presence of tubes, vascular catheters, and 

drainage catheters at the time of BSI onset; and timing and 

duration of antimicrobial drugs. Bacteremia episodes with the 

first positive cultures collected within 48 hours of admission 

were defined as community-onset infections; those obtained 

48 hours after admission were categorized as hospital-onset 

infections. Acquisition of BSI in the ICU was considered 

if bacteremia occurred 48 hours after ICU admission. The 

onset of bacteremia was defined as the day when the blood 

cultures were obtained that eventually yielded a species of 

Enterobacteriaceae.

The severity of underlying medical conditions was clas-

sified as non-fatal, fatal, and ultimately fatal under McCabe 

classification.14 The severity of the infection was evaluated 

using the Pitt bacteremia score recorded on the day when the 

index blood culture was obtained.15 Patients were evaluated 

with the BSI mortality risk score; patients with guarded 

prognoses had scores ≥5 and those with good prognoses had 

scores <5.16 Severe sepsis was defined as the coexistence of 

sepsis and acute organ dysfunction or hypoperfusion. Septic 

shock was defined as the coexistence of severe sepsis and 

systolic blood pressure no higher than 90 mmHg after a 

crystalloid-fluid challenge or a high blood lactate concentra-

tion (>4 mmol/L).17 Inappropriate empirical antibiotic therapy 

was the first dose of appropriate antimicrobial agent being 

not administered within the first 24 hours after blood samples 

were drawn.18 Appropriate antibiotic therapy was considered 

if the route, dosage, and timing of the antimicrobial agent 

were in accordance with the Sanford Guide,19 and the isolated 
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pathogens were susceptible in vitro to the prescribed agent 

with reference to contemporary CLSI breakpoints.20

BSI sources were determined based on the presence of an 

active infection site coincident with bacteremia or isolation of 

a microorganism from other clinical samples before or on the 

same date as the bacteremia onset. BSI episodes that could 

not be assigned to a specific site were classified as primary 

bacteremia. Previous use of antibiotics was defined as treat-

ment with these drugs within 1 month before the onset of 

bacteremia. Adequate source control was defined as having 

a timely 1) surgical intervention to debride infected tissues, 

drain accumulated infected fluid, and control an enteric 

pathogen constituting an intra-abdominal source of infection 

that led to bacteremia; 2) removal of a central venous catheter 

for catheter-related bacteremia; and 3) change or removal 

of a urinary catheter for BSI secondary to catheter-related 

urinary tract infection.

The primary outcome was 30-day crude mortality, which 

was defined as all-cause mortality occurring within 30 days 

of hospitalization after the onset of BSI. No follow-up was 

conducted after hospital discharge unless the discharge 

occurred before the 30 days. In addition, early identification 

of patients who have been infected by isolates with subopti-

mal MICs of flomoxef is important. We further investigated 

the risk factors of acquiring isolates with suboptimal MICs 

of flomoxef among these patients.

Laboratory investigations
The Enterobacteriaceae isolates causing BSI were subjected 

to microbiological analyses. The bacteria were phenotypi-

cally identified using the Vitek 2 system (bioMerieux, Marcy 

l’Etoile, France). MICs of flomoxef and antimicrobial sus-

ceptibilities of other agents were determined with the use 

of standard broth microdilution methods and interpreted 

according to the breakpoints suggested by the CLSI.20

Statistical analyses
Categorical variables were expressed as percentages of 

all patients and were compared with the use of the χ2 or 

Fisher’s exact test, as appropriate. Continuous variables 

were expressed as mean values ± SDs and compared by the 

Mann–Whitney U test or Student’s t-test. Independent predic-

tors of mortality or acquiring isolates with suboptimal MICs 

of flomoxef were identified via logistic regression analysis. 

Variables with a P-value ≤0.10 in the univariate analysis were 

included in the logistic regression model to identify variables 

with either a negative or positive impact on the 30-day crude 

mortality or acquiring isolates with suboptimal MICs of 

flomoxef. Goodness of fit was assessed by the Hosmer–Lem-

eshow statistic. Receiver operating characteristics (ROC) 

curve analysis was conducted to evaluate the predictive 

performance of the logistic regression model. Classification 

and regression tree (CART) modeling was utilized to define 

a split in the flomoxef MIC distribution that maximized the 

difference in mortality. The time to mortality was analyzed 

by means of the Kaplan–Meier curve and log-rank test. Data 

with a two-tailed P-value <0.05 were considered statistically 

significant. All analyses were performed using SPSS soft-

ware, version 11.5 (SPSS, Chicago, IL, USA).

Results
In total, 3,658 cases of Enterobacteriaceae bacteremia were 

identified within this 3-year study period, including 596 

(16.3%) cases of polymicrobial BSI, 2,729 (74.6%) cases of 

treatment with antibiotics other than flomoxef, 102 (2.8%) 

cases of treatment with combined antimicrobial agents, and 

76 (2.1%) cases treated with flomoxef for less than 24 hours 

or dosage inappropriate for end-organ function. As a result, a 

total of 224 patients with BSIs due to Klebsiella pneumoniae 

(121 [54.0%]), Escherichia coli (73 [32.6%]), and other 

Enterobacteriaceae including 14 cases of Proteus mirabilis, 

eight cases of Enterobacter spp., four cases of Serratia marc-

escens, and four cases of Citrobacter spp. were eligible for 

inclusion. After initiation with flomoxef monotherapy, 46 of 

the 224 patients were switched to other antimicrobial agents. 

Among these 46 patients, 13 (28.2%) started to receive other 

active drugs 48–72 hours after the onset of bacteremia, 18 

(39.1%) started 72–96 hours after the onset of bacteremia, 

and 15 (32.6%) started 96–120 hours after the onset of bac-

teremia. None of these alternative regimens was associated 

with 30-day mortality rate. Overall, the median duration of 

flomoxef administration was 10 days.

The 30-day crude mortality rates varied in relation to the 

flomoxef MICs of the Enterobacteriaceae isolates (Figure 1). 

The mortality rates did not differ significantly between the 

patients with isolates with MICs of ≤0.5 mg/L and those with 

MICs of 1 mg/L (25.9% vs 26.4%, P>0.99). Compared with 

patients with isolates with an MIC of 1 mg/L, those with iso-

lates with an MIC of ≥2 mg/L had significantly higher 30-day 

mortality (54.9% vs 26.4%, P<0.01). The 30-day mortality 

rates of patients with isolates with an MIC of 2 mg/L did 

not differ significantly from those with isolates showing an 

MIC of ≥4 mg/L (50.0% vs 55.4%, P=0.77). However, those 

who were infected with isolates with an MIC of ≥2 mg/L 

had two fold higher 30-day mortality than those who were  

infected with isolates with an MIC of ≤1 mg/L (54.9% vs 
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26.1%, P<0.01). A division in the MICs between 1 and 2 

mg/L as predictive of a difference in mortality by CART 

analysis was found (P<0.001) (Figure 2). Furthermore, the 

Kaplan–Meier survival analysis also revealed that the 30-day 

mortality rate was significantly higher in patients with BSIs 

due to Enterobacteriaceae isolates with flomoxef MICs of ≥2 

mg/L than in those with isolates showing MICs of ≤1 mg/L 

(P<0.001 according to the log-rank test) (Figure 3).

Between patients whose isolates had a flomoxef MIC of 

≥2 mg/L and those with isolates with an MIC of ≤1 mg/L, 

no patients received flomoxef as empirical antibiotic therapy. 

Clinical characteristics such as age, gender, comorbidi-

ties, disease severity, BSI source, inappropriate empirical 

antibiotic, duration of administration of empirical and 

total antibiotic, and adequate source control did not differ 

significantly between the two groups (Table 1). The length 

of hospital stay (days) after bacteremia for survivors was 

not significantly different between the two groups, either 

(Table 1). However, patients infected by isolates with a flo-

moxef MIC of ≤1 mg/L had a better clinical outcome in terms 

of 14-day and 30-day crude mortality than those infected by 

Enterobacteriaceae with an MIC of ≥2 mg/L. We found that 

the acquisition of Enterobacteriaceae isolates with a flomoxef 

MIC of ≥2 mg/L (OR 3.76, 95% CI 1.94–7.29; P<0.001), 

Figure 1 The 30-day crude mortality rate among patients with Enterobacteriaceae 
bloodstream infection in different MIc categories.
Notes: The rate was significantly lower in those with an isolate with a flomoxef 
MIc ≤1 mg/L than in those a flomoxef MIC of ≥2 mg/l. n; number of isolates fell 
into each MIC category.
Abbreviation: MIC, minimum inhibitory concentration.
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the BSI  mortality risk score ≥5 at bacteremia onset (OR 

5.69, 95% CI 2.92–11.11; P<0.001), BSI acquired in the 

ICU (OR 2.08, 95% CI 1.05–4.12; P=0.035), the presence 

of ultimately or rapidly fatal comorbidity (OR 2.81, 95% CI 

1.38–5.72; P=0.004), and pneumonia as the source of BSI 

(OR 5.27, 95% CI 1.83–15.12; P=0.002) were independent 

factors associated with 30-day mortality (Table 2). The sur-

vival analysis revealed a significant difference in the 30-day 

mortality rates between patients infected with E. coli and 

K. pneumoniae (P<0.01, log-rank test), and between patients 

infected with other Enterobacteriaceae and K. pneumoniae 

(P<0.01, log-rank test) (Figure S1).

According to the univariate analysis, patients who 

acquired Enterobacteriaceae isolates with an MIC of ≥2 

mg/L were more likely to have acquired the isolates in the 

ICU stay, to be infected by K. pneumoniae isolates, and to 

have had prior use of flomoxef (Table 1). In addition, bacte-

remic patients who were infected by E. coli were less likely 

to acquire isolates with an MIC of ≥2 mg/L (Table 1). After 

adjustments were made, both the acquisition of an Entero-

bacteriaceae isolate in an ICU (OR 2.76, 95% CI 1.50–5.05; 

P=0.001) and bacteremia caused by K. pneumoniae (OR 5.78, 

95% CI 3.12–10.48; P<0.001) were found to be independent 

factors associated with the acquisition of Enterobacteriaceae 

isolates with a flomoxef MIC of ≥2 mg/L (Table 3).

Discussion
Flomoxef has shown consistent in vitro activity against ESBL 

producers.9,10 Unfortunately, clinical data evaluating flomoxef 

for infections caused by ESBL-producing bacteria are scarce, 

Figure 3 A comparison of Kaplan–Meier survival curves at 30 days between patients 
with Enterobacteriaceae bloodstream infection caused by isolates with MICs of ≤1 
mg/l and ≥2 mg/l.
Abbreviation: MIC, minimum inhibitory concentration.
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and existing observational studies comparing flomoxef and 

carbapenems are limited by the inherent confounding by 

indication, a small sample size, and a lack of precise MIC 

values in most of these studies.8–11 In addition, the results of 

these studies are inconsistent, which may be explained at least 

in part by the differences in the demographics of the included 

study populations and in the bacterial species with a variety 

of MIC data. Matsumura et al found similar mortality rates 

among patients receiving definite therapy between 59 patients 

treated with flomoxef or cefmetazole and 54 treated with 

carbapenems, after propensity score adjustment.10 However, 

only five (8.6%) patients were infected by an E. coli isolate 

with a flomoxef MIC of ≥2 mg/L among these 58 isolates 

with available MIC data.10 Furthermore, our previous study 

found similar mortality rates between patients treated with 

flomoxef and those treated with carbapenems when the MIC 

of flomoxef was ≤1 mg/L, but not when it was 2–8 mg/L.8

In 2010, the CLSI lowered the MIC breakpoints for 

many β-lactam antibiotics to enhance the detection of known 

resistance among Enterobacteriaceae. The CLSI Antibiotic 

Subcommittee asserted that routine ESBL testing was no 

longer necessary and that treatment decisions can be based 

solely on MICs.20 In East Asia, flomoxef is frequently used 

to treat intra-abdominal infections or for prophylaxis before 

a surgical procedure.10,21 Thus, clinicians have sometimes 

used flomoxef therapy as empirical therapy or as definitive 

therapy for sepsis or BSIs when antimicrobial susceptibil-

ity was confirmed. Therefore, it is important to determine 

optimal breakpoints based on the survival of patients with 

Enterobacteriaceae BSIs who receive flomoxef.

Although susceptibility to flomoxef at an MIC of ≤8 mg/L 

has been suggested as the CLSI breakpoint for susceptibil-

ity,12 in this study, we found that the mortality rate did not 

differ significantly between the patients who were infected by 

Enterobacteriaceae isolates with flomoxef MICs 8 mg/L and 

those with MICs ≥16 mg/L. After controlling for confound-

ers, acquisition of isolates with an MIC of ≥2 mg/L remained 

an independent factor associated with 30-day crude mortality 

(Table 2). These results provide clinical data to support the 

use of an MIC of ≥2 mg/L as a flomoxef non-susceptibility 

criterion. According to the current report and our previous 

study,8 the proportion of isolates with flomoxef MIC >1 

mg/L among the infections caused by K. pneumoniae was 

higher than that of infections due to E. coli, regardless of the 

presence of ESBL genes, which may have resulted in signifi-

cantly lower 30-day survival rates in patients infected with 

K. pneumoniae than in those infected with E. coli, according 

to our survival analysis (P<0.01, log-rank test) (Figure S1).
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Table 1 Univariate comparison between patients receiving flomoxef treatment for Enterobacteriaceae BSI with a flomoxef MIC ≤1 
mg/l or ≥2 mg/l

Characteristics Flomoxef MIC P-value

£1 mg/L, n=111 ≥2 mg/L, n=113

gender, male 59 (53.2) 66 (58.4) 0.50
Age (years) 74 (22–82) 72 (24–82) 0.36
Community-onset bacteremia 22 (19.8) 29 (25.7) 0.38
Acquired in the intensive care unit 53 (47.7) 81 (71.7) <0.01
Ultimately or rapidly fatal comorbidity (McCabe classification) 26 (23.4) 30 (26.5) 0.65

BSI mortality risk score ≥5 38 (34.2) 41 (36.3) 0.78
severe sepsis 56 (50.5) 63 (55.8) 0.50
Septic shock 30 (27.0) 21 (18.6) 0.15

Invasive procedure
Central venous catheter 58 (52.3) 72 (63.7) 0.11

Endotracheal intubation or tracheostomy 43 (38.7) 39 (34.5) >0.99
Ventilator use 41 (36.9) 33 (29.2) 0.28
Hemodialysis 11 (9.9) 18 (15.9) 0.25

Previous use of antibiotics 71 (64.0) 76 (67.3) 0.71
Aminoglycosides 13 (11.7) 9 (8.0) 0.47
Penicillins 5 (4.5) 1 (0.9) 0.12
β-Lactam–β-lactamase inhibitors 16 (14.4) 8 (7.1) 0.12
Non-antipseudomonal cephalosporins 14 (12.6) 20 (17.7) 0.38
Antipseudomonal cephalosporins 21 (18.9) 22 (19.5) >0.99
Flomoxef 11 (9.9) 25 (22.1) 0.02
Fluoroquinolones 12 (10.8) 15 (13.3) 0.72
carbapenems 19 (17.1) 29 (25.7) 0.16

Major causative microorganisms
Escherichia coli 55 (49.5) 18 (15.9) <0.01
Klebsiella pneumoniae 37 (33.3) 84 (74.3) <0.01
Others 19 (17.2) 11 (9.8) 0.12

Microbiological characteristics of causative microorganisms
Cefotaxime-resistant 71 (64.0) 76 (67.3) 0.71
Ciprofloxacin-resistant 21 (18.9) 22 (19.5) >0.99
Amikacin-resistant 13 (11.7) 9 (8.0) 0.47
Ertapenem-resistant 0 1 (0.9) >0.99

Major comorbidities
Charlson Comorbidity Index 3 (2–5) 4 (2–5) 0.54
Hypertension 52 (46.8) 66 (58.4) 0.11
Diabetes mellitus 43 (38.7) 51 (45.1) 0.35
Malignancy 30 (27.0) 34 (30.1) 0.66
Chronic kidney disease 22 (19.8) 20 (17.7) 0.73
Liver cirrhosis 18 (16.2) 24 (21.2) 0.39

Major source of bacteremiaa

Urinary tract infection 36 (32.4) 43 (38.1) 0.40
Catheter-related infection 16 (14.4) 19 (16.8) 0.71
Intra-abdominal infection 21 (18.9) 25 (22.1) 0.51
Pneumonia 11 (9.9) 12 (10.6) >0.99
Primary bacteremia 29 (26.1) 23 (20.4) 0.34
Inappropriate empiric antibiotic 29 (26.1) 40 (35.4) 0.15
Duration of empiric antibiotic (days) 2 (1–5) 2 (1–4) 0.12
Duration of total antibiotic administration (days) 12 (2–19) 12 (2–21) 0.82
adequate source controlb, A/Bc 42/56 58/73 0.67

clinical outcome
Length of stay after bacteremia for survivors (days) 28 (17–45) 29 (20–54) 0.19

Crude mortality
14-day 20 (18.0) 41 (36.3) <0.01
30-day 29 (26.1) 62 (54.9) <0.01

Notes: Data are expressed as median (IQR) or n (%). aA patient might have more than one bacteremia source. bSurgical intervention, drainage, central venous catheter 
removal, and urinary catheter change or removal was defined as source control. Patients with pneumonia or primary bacteremia were excluded. cA/B ratio, A: adequate and 
timely removal or debridement of the source of bacteremia, B: source of bacteremia needs to be removed or debrided.
Abbreviations: BSI, bloodstream infection; MIC, minimum inhibitory concentration.
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Our findings also indicate that, in the presentation of 

pneumonia reflected as high-inoculum infections, the 30-day 

crude morality that was determined in 13 patients infected 

by isolates with a flomoxef MIC of ≥2 mg/L and three iso-

lates with an MIC of ≤1 mg/L was significantly higher in 

pneumonic BSI patients who received flomoxef therapy for 

isolates with an MIC of ≥2 mg/L (P=0.02, Fisher’s exact test). 

The clinical difference between pneumonic BSI patients who 

received flomoxef therapy for isolates with a flomoxef MIC of 

≥2 mg/L and those with an MIC of ≤1 mg/L may be explained 

by the fact that flomoxef may behave differently against 

pathogens with different MIC data, especially in infections 

involving a high bacterial load. Conversely, the investigation 

conducted by Yang et al, which included a majority of infec-

tions originating outside the urinary tract and patients with a 

much higher baseline Pitt bacteremia score, found a higher 

rate of mortality in patients who received flomoxef therapy.11 

In contrast, we found that patients with bacteremia second-

ary to urinary tract infections, irrespective of MIC, were at a 

lower risk of death.8 This discrepancy between the two studies 

could probably be explained by the high concentrations of 

Table 3 Risk factors associated with acquisition of Enterobacteriaceae isolates with a flomoxef MIC of ≥2 mg/l

Variables at bacteremia onset Univariate analysis Multivariate analysis

OR (95% CI) P-values Adjusted OR (95% CI) P-values

Acquired in the intensive care unit 2.77 (1.59–4.82) <0.001 2.76 (1.50–5.05) 0.001
Previous use of flomoxef 2.58 (1.20–5.55) 0.017 ns ns
Bacteremia caused by Escherichia coli 0.19 (0.10–0.36) <0.001 ns ns
Bacteremia caused by Klebsiella pneumoniae 5.79 (3.25–10.33) <0.001 5.78 (3.12–10.48) <0.001

Notes: There was adequate goodness of fit (Hosmer and Lemeshow test, χ2=4.15, P=0.13). Receiver operating characteristic analysis indicated that predictive performance 
of the logistic regression model was adequate (area under the curve =0.75).
Abbreviations: NS, no significance; MIC, minimum inhibitory concentration.

Table 2 Risk factors of 30-day crude mortality among 224 patients with Enterobacteriaceae BSI treated with flomoxef

Variables at bacteremia onset Patients, n (%) Univariate analysis Multivariate analysis

Death,  
n=91

Survival,  
n=133

OR (95% CI) P-value Adjusted OR  
(95% CI)

P-value

Bacteremia due to Klebsiella pneumoniae 62 (68.1) 59 (44.4) 2.68 (1.54–4.69) 0.001 ns ns
Bacteremia due to Escherichia coli 21 (23.1) 52 (38.3) 0.47 (0.26–0.85) 0.014 ns ns
severe sepsis 51 (56.0) 54 (40.6) 1.87 (1.09–3.19) 0.029 ns ns
Septic shock 29 (31.9) 22 (16.5) 2.36 (1.25–4.46) 0.009 ns ns
Ultimately or rapidly fatal comorbidity  
(McCabe classification)

30 (32.9) 26 (28.6) 2.02 (1.10–3.73) 0.028 2.81 (1.38–5.72) 0.004

Acquired in the intensive care unit 63 (69.2) 71 (53.4) 1.97 (1.12–3.44) 0.019 2.08 (1.05–4.12) 0.035
BSI mortality risk score ≥5 50 (54.9) 29 (21.8) 4.37 (2.44–7.84) <0.001 5.69 (2.92–11.11) <0.001
Acquisition of isolates with MIC ≥2 mg/l 62 (68.1) 51 (38.3) 3.44 (1.96–6.03) <0.001 3.76 (1.94–7.29) <0.001
Bacteremia source       

Pneumonia 16 (17.6) 7 (5.3) 3.84 (1.51–9.76) 0.004 5.27 (1.83–15.12) 0.002

Notes: There was adequate goodness of fit (Hosmer and Lemeshow test, χ2=11.58, P=0.17). Receiver operating characteristics analysis indicated that predictive performance 
of the logistic regression model was adequate (area under the curve =0.82).
Abbreviations: BSI, bloodstream infection; MIC, minimum inhibitory concentration; NS, not significant.

flomoxef in the urine22 and a lower mortality associated with 

urinary tract bacteremic infections.23 Taken together, these 

results reinforce the importance of patient selection when 

considering flomoxef therapy.

Apart from the inoculum effect, an alternative expla-

nation for poor outcomes among some patients receiving 

flomoxef therapy is related to the failure to meet necessary 

pharmacodynamic targets for isolates with high MICs. Monte 

Carlo simulation is a mathematical tool that may be applied 

to integrating multiple pharmacokinetic/pharmacodynamic 

(PK/PD) variables to estimate the probability of target 

attainment when the specific free-drug concentration (f) in 

the serum is above the MIC (fT>MIC
) targets.24,25 When target 

attainment rates fall below 90%, the probability that a dosing 

regimen will be effective is significantly diminished, and the 

PK/PD cutoff becomes the highest MIC for which the target 

attainment exceeds 90%.24 For Enterobacteriaceae with or 

without ESBL producers, bactericidal effects are observed 

for a β-lactam when fT>MIC
 is 60–70% of the dosing interval.25 

The probability of fT>MIC
 ≥70% (for isolates with flomoxef 

MIC
90

=0.5 mg/L) is seen in 67.3% of patients who receive 
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flomoxef at a dose of 1 g every 8 hours.22 These data suggest 

that flomoxef may not be effectively bactericidal against 

Enterobacteriaceae, particularly against isolates with higher 

flomoxef MICs (for isolates with flomoxef MIC
90

 >0.5 mg/L). 

In the present study, all patients with Enterobacteriaceae bac-

teremia received the standard dose of flomoxef. Shortening 

the interval of flomoxef administration to 1 g every 6 hours 

or prolonging infusion to more than 1 hour may increase the 

probability of attaining pharmacodynamic targets.22 Further 

studies are warranted to evaluate the effect of various flo-

moxef dosing strategies on the clinical outcome of patients 

with Enterobacteriaceae BSIs.

Early identification of patients who acquired isolates with 

a flomoxef MIC of ≥2 mg/L is important because flomoxef 

therapy at standard doses is likely to fail. Our study suggests 

that acquisition of an Enterobacteriaceae isolate in an ICU 

and bacteremia caused by K. pneumoniae are independent 

associated factors with the isolates having flomoxef MICs 

of ≥2 mg/L (Table 3). Under these circumstances, clinicians 

should exercise caution when using flomoxef for BSIs before 

the flomoxef MIC data on the isolates are available.

The strength of this study is the inclusion of an adequate 

number of patients. This is reflected in adequate goodness 

of fit, and the ROC analysis indicated that the predictive 

performance of our logistic regression model is adequate. 

The limitations of this study are inherent in the retrospective 

design and intrinsic selection bias. Although there were some 

differences in terms of clinical characteristics between the 

patients infected by isolates with a flomoxef MIC of ≤1 mg/L 

and those infected by isolates with a flomoxef MIC of ≥2 

mg/L, we carried out multivariate logistic regression analysis 

and CART analysis to minimize the bias of the uneven dis-

tribution of the clinical characteristics. All analytical results 

indicated the same finding, that a flomoxef MIC of ≥2 mg/L 

was significantly associated with mortality. The assessment 

of the outcomes of interest was conducted in an unblinded 

manner, thus raising the risk of misclassification, although 

the in-hospital outcome measure (30-day crude mortality) 

was a hard endpoint. Among these 224 patients, 134 (59.8%) 

acquired bacteremia during ICU admission. This may explain 

that high mortality rate in the current study (>25%) compared 

to the usual range of mortality rates with Enterobacteriaceae 

spp. bacteremia elsewhere (10–15%). Finally, molecular 

analyses of drug resistance genes were not pursued in the 

cefotaxime-resistant isolates, which may be an important 

risk factor for outcome. However, in a  Japanese multicenter 

study investigating the in vitro activities of cephamycins 

toward ESBL- and plasmid-mediated AmpC β-lactamase-

producing Enterobacteriaceae, in which 574 third-generation 

cephalosporin-resistant clinical isolates were collected,26 

Matsumura et al found that flomoxef ≥4 mg/L demonstrated 

the best screening performance for the detection of isolates 

with plasmid-mediated AmpC β-lactamase genes.26 These 

AmpC enzymes may hydrolyze cephamycin drugs, including 

flomoxef, leading to treatment failure.27

Conclusion
In this study, we found that patients with Enterobacteriaceae 

BSIs treated with flomoxef had a more favorable outcome 

when the flomoxef MICs of their isolates were ≤1 mg/L than 

when MICs were ≥2 mg/L. Thus, proper use of flomoxef 

in treating bacteremia caused by Enterobacteriaceae and 

continuous monitoring of the outcomes among patients 

infected by isolates with different MICs of this antibiotic 

are necessary.
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Supplementary material

Figure S1 A comparison of Kaplan–Meier survival curves at 30 days between patients with Enterobacteriaceae bloodstream infection caused by Klebsiella pneumoniae (KP), 
Escherichia coli (EC), or other Enterobacteriaceae (Others).
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