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Abstract
Background: Cefmetazole (CMZ) is a cephamycin antibiotic used in Japan. CMZ dosage regimen, particularly for critically
ill patients, remains to be determined. Therefore, we retrospectively compared the clinical efficacy and safety of a high CMZ
dose (2 g every 8 h) and regular CMZ dose (2 g every 12 h).
Methods: Here, 143 patients administered CMZ were divided into regular-dose group (62 patients) and high-dose group (81
patients). We investigated the clinical efficacy based on the data of inflammatory markers, such as body temperature, white
blood cell count, and C-reactive protein level. The safety of CMZ was evaluated using the Common Terminology Criteria for
Adverse Events, version 4.03.
Results: The levels of all inflammatory markers in the high-dose group decreased earlier than those in the regular-dose
group. The proportion of patients with alanine aminotransferase (ALT) elevation in the high-dose group was significantly
higher than that in the regular-dose group (22.2% vs. 9.7%, p < 0.05).
Conclusion: A high CMZ dose was effective in early improvement of inflammation in patients; however, it was associated
with a risk factor of ALT elevation. Therefore, we recommended to select the regular CMZ dose (2 g every 12 h) as the patients with general infections and consider to select the high CMZ dose (2 g every 8 h) as the patients with symptoms worsen
and normal liver function.
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Introduction
Cefmetazole (CMZ) is a cephamycin antibiotic that has been developed in Japan and exhibits high antibacterial activity against
gram-negative and anaerobic bacteria. The antibiotic spectrum of CMZ is narrower than that of carbapenems as it does not include
Pseudomonas and Acinetobacter species. Because of this characteristic, CMZ has an advantage over carbapenems and can play an
important role in antibacterial stewardship program. Currently, extended spectrum beta-lactamase (ESBL)-producing Enterobacterales
and carbapenem-resistant Enterobacterales are the most concerning pathogens [1]. Infections caused by these organisms are
associated with higher mortality [2] and medical cost [3-5]. Currently, the primary standard therapy for bacteremia caused by ESBLEnterobacterales includes only carbapenems [2,6], and therefore, these antibiotics are the most frequently used [7]. However, a previous
observational study demonstrated that CMZ, used as a definitive therapy, was effective against bacteremia caused by ESBL-producing
Escherichia coli (E. coil) [8]. Other studies have also demonstrated that CMZ showed similar effects to carbapenems against bacteremia
caused by ESBL-producing E. coli [9,10]. Hence, CMZ could be a potential candidate alter-native to carbapenems.
In the drug package insert, 1 g CMZ every 12 h is recommended for patients with general infections. However, previous clinical
studies recommended a regimen containing 2 g CMZ every 12 h, particularly for treating severe infections such as sepsis, based on
the pharmacokinetics (PK)/pharmacodynamics (PD) theory and antibiotic susceptibility of CMZ against clinical isolates [11,12].
The PK/PD parameter of β-lactams, including CMZ, is the percentage of time during which the unbound (free) drug concentration
remains above the minimum inhibitory concentration (MIC) of the infecting pathogen (%fT >MIC) [13]. In vitro study reported
that CMZ possesses time-dependent bactericidal activities against ESBL-producing E. coli and is required to achieve %fT>MIC ≥
69.6% for the treatment of ESBL-producing E. coli infections [14]. However, an appropriate dosage regimen of β-lactams remains
a challenge owing to the altered PK in critically ill patients [15-17]. A larger volume of distribution, caused by fluid resuscitation
and capillary leak syndrome, results in subtherapeutic levels of antibiotics [18]. Fluctuations in renal clearance, such as augmented
renal clearance or acute kidney injury, can alter anti-biotic concentrations [19]. Therefore, the standard recommended dose of
β-lactams in critically ill patients can be associated with increased risk of treatment failure [20-22]. However, a high CMZ dose (2 g
every 8 h) has not yet been evaluated for its effectiveness. In this study, we retrospectively compared the efficacy and safety of high
and regular doses of CMZ (2 g every 8 h and 2 g every 12 h) in patients.

Patients and Methods
Patients: A total of 143 patients received CMZ treatment at the Aichi Medical University Hospital between December 2014 and
February 2021. The inclusion criteria were as follows: age > 18 years and patients who received three or more doses of CMZ. The
inclusion criteria were set according to previous reports [23]. Patients receiving CMZ treatments were divided into two groups
depending on dosage (2 g CMZ every 12 h (regular-dose group) and 2 g CMZ every 8 h (high-dose group).
Patients who received other antibiotics or antifungal, antiviral, or anticancer drugs were excluded. We collected clinical data of patients, including age, sex, weight, underlying diseases, concomitant medications, infection type, and laboratory data. Additionally, we
collected microbiological data if bacteria were detected from the patient. All isolates were collected as part of the standard patient care.
Microbiological Data: Identification and susceptibility tests for isolated organisms were conducted in the Department of Laboratory at Aichi Medical University Hospital. All isolates were tested for susceptibility using the broth microdilution method as
described by the Clinical and Laboratory Standards Institute.
Clinical and Microbiological Efficacy. Clinical effectiveness was evaluated using inflammatory markers, such as body temperature,
WBC count, and CRP levels, which were assessed at least three days before CMZ therapy initiation as baseline and two weeks after
CMZ therapy initiation for clinical efficacy evaluation. The microbiological cure was defined as effective, when bacteria disappeared
during and after CMZ therapy. The clinical and microbiological efficacy were evaluated using methods reported by Kato et al.[23]
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Safety Evaluation: Renal function was assessed based on Scr levels before initiation and after completion of CMZ therapy. Nephrotoxicity was defined by an increase in Scr levels by 0.5 mg/dL or 50% of the value before CMZ treatment. Liver function was assessed
based on T-Bil, AST, ALT, and ALP levels before initiation and after completion of CMZ therapy. Hepatotoxicity was evaluated using
Common Terminology Criteria for Adverse Events (CTCAE; version 4.03). Hepatotoxicity was defined by an elevation of more than
1 CTCAE grade in more than one liver enzyme.

Ethics approval and consent to participate
The study was reviewed and approved by the ethics committee of Aichi Medical University (number: 2020-015).
Statistical analysis. Data are expressed as the mean value with a range (minimum–maximum). The statistical significance of the
differences was evaluated using the Chi square test for categorical data and Mann–Whitney U test for continuous data. Multiple comparisons of inflammatory markers were made using the Bonferroni/dunnett’s test. Statistical analyses were performed using the JMP,
version 10.0 (SAS, Tokyo, Japan). Statistical significance of Chi square test and Mann–Whitney U test was set at p < 0.05. Statistical
significance of Bonferroni/dunnett’s test was set at p < 0.0083.

Results
Patients: In total, 143 patients were included in this retrospective study (Table 1). The number of patients in the regular- and highdose groups was 62 and 81, respectively. Significant differences were observed between the two groups with respect to several clinRegular dose
(N=62)

High dose
(N=81)

P value

Age (years)

79.0 (25.0-92.0)

74.0 (20.0-95.0)

0.048 a

Body weight (kg)
Sex (Male/Female)
Used immunosuppressant (%)
With diabetes (%)
ICT consulting
Duration (days)
DIC score ≥ 4 (%)
qSOFA ≥ 2 (%)
BUN (mg/dL)
T-Bil (mg/dL)
Scr (mg/dL)
CLcr (mL/min)
Ccr ≥ 50mL/min (%)
AST (U/L)
ALT (U/L)
ALP (U/L)

79.0 (25.0-92.0)
31/31
16.1 (10/62)
29.0 (18/62)
67.7 (42/62)
6.0 (3.0-55.0)
6.5 (4/62)
11.3 (7/62)
17.1 (0.5-70.0)
0.8 (0.3-6.1)
0.9 (0.3-3.4)
46.2 (13.0-166.1)
43.5 (27/62)
28.0 (11.0-726.0)
22.0 (6.0-330.0)
279.0 (73.0-2165.0)

56.4 (26.5-104.0)
43/38
6.2 (5/81)
28.4 (23/81)
92.6 (75/81)
6.0 (3.0-20.0)
9.9 (8/81)
8.6 (7/81)
13.4 (3.7-74.8)
0.8 (0.2-8.1)
0.7 (0.1-4.0)
72.3(11.6-280.3)
82.7 (67/81)
28.0 (9.0-651.0)
23.0 (5.0-291.0)
258.0 (107.0-2308.0)

0.005 a
0.714 b
0.099 c
0.933 b
<0.001 b
0.768 a
0.669 c
0.807 c
<0.001 a
0.494 a
<0.001 a
<0.001 a
<0.001 b
0.435 a
0.879 a
0.408 a

a; Mann-Whitney U test for continuous data. (Median (min-max))
b; Chi square test for categorical data
c; Chi square test (yates correction) for categorical data
ICT; Infection control team
DIC; Disseminated intravascular coagulation
qSOFA; quick Sequential Organ Failure Assessment
Table 1: Clinical characteristics of patients
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ical characteristics. Patients in the high-dose group were younger than those in the regular-dose group (74.0 [20.0–95.0] vs. 79.0
[25.0–92.0], p = 0.047). The patients were significantly heavier in the high-dose group than in the regular-dose group. Regarding
renal function, creatinine clearance (CLcr) was significantly higher in the high-dose group than in the regular dose group (46.2
[13.0–166.1] vs. 72.3 [11.6–280.3], p < 0.001). CLcr was calculated using the Cockcroft-Gault equation [24]. The prediction of
creatinine clearance (in ml/min) by the Cockcroft-Gault formula was calculated as (140 − age) × body weight/plasma creatinine
× 72 (× 0.85 if female). However, there was no statistical difference in the liver function as well as the duration of CMZ treatment
between the two groups (6.0 [3.0–55.0] vs. 6.0 [3.0–20.0], p = 0.768). The proportion of the Infection control team (ICT) consulting
in the high dose group was significantly higher than regular dose group (67.7% vs. 92.6%, p < 0.001). There was no significantly
difference in the proportion of the patients with quick Sequential Organ Failure Assessment (qSOFA) ≥ 2 (11.3% vs 8.6%, p = 0.807)
and disseminated intravascular coagulation (DIC) score (calculated with the JAAM criteria) ≥ 4 (6.5% vs 9.9%, p = 0.669) between
the both groups.
The proportion of patients with disease based on the infection types is presented in Table 2. The highest proportion of patients had
bacteremia (56.5% and 60.5%) in regular-dose and high-dose groups. Further, the proportion of patients based on the clinical isolates is presented in Table 3. The highest proportion of detected clinical isolates was ESBL non-producing E. coli (45.2% and 38.3%)
in both groups (Table 3). There were no significant differences in the disease and bacterial types between the regular and high-dose
groups.
Total
(%)

n

Regular dose
n
(%)

High dose
n
(%)

Infection type
Bacteremia

84

(66.4)

35

(56.5)

49

(60.5)

Urinary infection

56

(39.2)

31

(50)

25

(30.9)

Respiratory infection

10

(7)

6

(9.7)

4

(4.9)

Gastrointestinal infection

41

(28.7)

14

(22.6)

27

(33.3)

Others

11

(7.7)

4

(6.5)

7

(8.6)

Table 2: Disease type

Total

Regular dose
n
(%)

High dose
n
(%)

n

(%)

Escherichia coli

59

(41.3)

28

(45.2)

31

(38.3)

Escherichia coli (ESBL)

28

(19.6)

12

(19.4)

16

(19.8)

Klebsiella spp.

26

(18.2)

8

(12.9)

18

(22.2)

Streptococcus spp.

18

(12.6)

7

(11.3)

11

(13.6)

Staphylococcus spp.

11

(7.7)

4

(6.5)

7

(8.6)

Aerococcus spp.

4

(2.8)

2

(3.2)

2

(2.5)

Clostridium spp.

4

(2.8)

2

(3.2)

2

(2.5)

Bacillus spp.

2

(1.4)

1

(1.6)

1

(1.2)

Edwardsiella spp.

2

(1.4)

1

(1.6)

1

(1.2)

Others

20

(14.0)

4

(6.5)

16

(19.8)

ESBL; Extended spectrum β-lactamases
Table 3: Clinical isolates of this study (include duplicate cases) (n=143)
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Safety assessment: The changes in clinical data before and after CMZ treatment are presented in Table 4. We examined the changes
in total bilirubin (T-bil), aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), and serum
creatinine (Scr) levels pre- and post-CMZ treatment. The percentage of patients with any substantially abnormal laboratory values
after antibacterial treatment were similar in both groups: 19.4% in regular-dose group vs. 29.6% in high-dose group (p = 0.161). ALT
elevation was the most frequently detected abnormal laboratory parameter in both groups. However, the frequency of ALT elevation
in the high-dose group was significantly higher than that in the regular-dose group (9.7% vs. 22.2%, p < 0.047). Patients were divided
into two groups based on their CLcr (CLcr ≥ 50: normal renal function group and CLcr < 50: abnormal renal function group) before
initiation of CMZ treatment. Further, among patients with normal renal function, the proportion of patients with any abnormal laboratory value in the high-dose group was higher than that of patients in the regular-dose group (34.3% vs. 22.2%, p = 0.366). However,
in the same population, ALT elevation was the most frequently observed in both groups (14.8% for regular-dose group and 26.9%
for high-dose group, p = 0.327). In contrast, among patients with abnormal renal function, the high-dose group exhibited abnormal
laboratory values more frequently than the regular-dose group (17.1% vs. 7.1%, p = 0.656). Moreover, ALP and AST elevations were
the most frequently observed in the regular and high-dose groups, respectively.

Overall
a
T-bil increased
b
Scr increased
b
AST increased
b
ALT increased
a

Regular Dose

High Dose

n

(%)

n

(%)

12/62

(19.4)

24/81

(29.6)

0.161

1.7/58

(1.7)

1/78

(1.3)

0.611

1/62

(1.6)

1/81

(1.2)

0.599

5/62

(8.1)

12/81

(14.8)

0.329

6/62

(9.7)

18/81

(22.2)

0.047

P value

a; Chi square test for categorical data.
b; Chi square test (yates correction) for categorical data
Table 4: The number of patients of substantially abnormal laboratory values. (n=143)

Changes of inflammation markers: Changes in WBC count, CRP levels, and body temperature were observed for two weeks after
initiation of CMZ therapy (Figure 1). The changes in WBC count and body temperature after 1–3 days of initiation of CMZ therapy
were observed in the high-dose group, which was significantly lower than that in the regular dose group. Additionally, the levels
of each inflammatory marker in the high-dose group showed a decreasing trend after CMZ therapy earlier than those in the regular-dose group. We evaluated the efficacy of CMZ within the same population after classification according to renal function. In the
normal renal function group (CLcr ≥ 50), the levels of each inflammatory marker in the high-dose group showed a decreasing trend
after CMZ therapy earlier than those of the regular-dose group. In contrast, significant changes related to the decreasing tendency of
inflammatory marker levels were not observed in WBC count and CRP levels in patients with abnormal renal function (CLcr < 50)
receiving high-dose CMZ treatment.
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Data are the mean ± S.D. (standard deviation).
τ: p < 0.0083 (nadir vs before administration of cefmetazole (CMZ) ; Bonferroni/dunnett’s)
*: p < 0.05 (each value at point within two groups; Mann-Whitney’s U test)
Regular dose group (CMZ 2g every 12 hour), n=62; High dose group (CMZ 2g every 8 hour), n = 81.
Figure 1: Time-dependent change in body temperature, WBC and CRP of all patients during and after cefmetazole therapy started

The microbiological efficacy: Table 5 showed that eradication rate of patients who bacteria were detected before CMZ administration. Microbiologically efficacious in the high-dose group was higher than that of patients in the regular-dose group (27.5% vs.
33.8%, p = 0.455).

Regular dose

Microbiologically efficacious

High dose

P

value

n

(%)

n

(%)

14/51

(27.5)

24/71

(33.8)

0.455

Chi square test for categorical data.
Table 5: The microbiological efficacy
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Sub-analysis of patients who received CMZ against bacteremia caused by E. coli:
We performed a sub-analysis for the purpose of unifying the conditions of the target patients. CMZ is frequently used for E. coil in
clinical practice. Therefore, the patients with E. coli detected in blood cultures were included in the sub-analysis. E. coli was detected
in the blood of 70 patients (Table 6). The number of these patients in the regular-dose and high-dose groups was 32 and 38, respectively. All E. coli isolates had MIC ≤ 16 mg/L. There was no significant difference in the detection frequency of ESBL-producing E.
coli between the regular-dose and high-dose groups (31.3% vs. 34.2%, p = 0.793). The high-dose group showed significantly higher
CLcr rates (37.4 [13.0–106.6] vs. 64.1 [36.0–140.4], p < 0.001) as well as higher percentage of patients with CLcr ≥ 50 mL/min (25.0%
vs. 76.3%, p < 0.001) than the regular-dose group. There was no significant difference in the microbiologically efficacious between the
regular-dose and high-dose groups (37.5% vs. 31.6%, p = 0.603).
The changes in WBC count, CRP levels, and body temperature observed for two weeks after CMZ therapy initiation in the sub-analysis group are shown in Figure 2. The level of each inflammatory marker showed a decreasing trend. The changes in the values of
WBC count and CRP levels observed after 4–7 days of CMZ therapy were significantly lower in the high-dose group than in the
regular-dose group. Body temperature showed a decreasing tendency after CMZ therapy earlier in the high-dose group than in the
regular-dose group.
Regular dose

High dose

(N=32)

(N=38)

Age (years)
Body weight (kg)
Sex (Male/Female)

83.0 (25.0-92.0)
51.4 (30.8-80.0)
14/18

77.5 (37.0-95.0)
54.3 (38.8-86.2)
16/22

0.008 a
0.128 a
0.890 b

Used immunosuppressant (%)

21.9 (7/32)

7.9 (3/38)

0.186 c

With diabetes (%)
Producing ESBL (%)
Duration (days)
BUN (mg/dL)
Scr (mg/dL)
CLcr (mL/min)
CLcr ≥ 50mL/min (%)

34.4 (11/32)
31.3 (10/32)
7.0 (3.0-55.0)
19.6 (7.8-70.0)
1.1 (0.4-3.4)
37.4 (13.0-106.6)
25.0 (8/32)

31.6 (12/38)
34.2 (13/38)
6.0 (3.0-20.0)
14.5 (4.9-24.8)
0.7 (0.4-1.1)
64.1(36.0-140.4)
76.3 (29/38)

0.804 b
0.793 b
0.777 a
<0.001 a
<0.001 a
<0.001 a
<0.001 b

Microbiologically efficacious

12/32 (37.5)

12/38 (31.6)

0.603 b

P value

a; Mann-Whitney U test for continuous data. (Median (min-max))
b; Chi square test for categorical data
c; Chi square test (yates correction) for categorical data
ESBL; Extended spectrum β-lactamases
Table 6: Sub-analysis of patients who received cefmetazole against bacteremia caused by Escherichia colil
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Data are the mean ± S.D. (standard deviation).
τ: p < 0.0083 (nadir vs before administration of cefmetazole (CMZ) ; Bonferroni/dunnett’s)
*: p < 0.05 (each value at point within two groups; Mann-Whitney’s U test)
Regular dose group (CMZ 2g every 12 hour), n=32; High dose group (CMZ 2g every 8 hour), n = 38.
Figure 2: Time-dependent change in body temperature, WBC and CRP of patients detected Escherichia
coli from blood during and after cefmetazole therapy started

Discussion
CMZ has only been used in Japan, and its antibiotic spectrum has some implications in antimicrobial resistance strategy. CMZ, a
cephamycin, is stable against hydrolysis by ESBL, and it showed robust in vitro activity with low MIC against ESBL-Enterobacterales
isolates [25]. Additionally, CMZ can be an alternative to carbapenems for the treatment of infections caused by ESBL-Enterobacterales [8]. However, clinical data on the use of CMZ for the treatment of ESBL-Enterobacterales-associated infections are limited
[8,9,25,26]. Hamada et al. [27] evaluated the efficacy and appropriate dosing regimen of CMZ for invasive urinary tract infections
caused by ESBL-producing E. coli using estimated plasma % time above MIC and CMZ susceptibility for bacteria identified from
patients [28]. They reported that 1 g CMZ infused for over 1 h every 8 h is effective for the treatment of invasive urinary tract infections caused by ESBL-producing E. coli with CMZ MIC < 4 mg/L [27]. However, there were some cases treated with high CMZ dose
(2g ever 8h) in Aichi Medical University Hospital. The clinical data for the dose over CMZ 2g every 12 h have not been previously
validated. Thus, the aim of this study was to evaluate the efficacy and safety of a high-dose CMZ therapy (2 g every 8 h). We used DIC
score and qSOFA to evaluate severity. In general, sepsis is suspected in patients with qSOFA score ≥ 2, and DIC derived from septic is
suspected in patients with DIC score ≥ 4 [29,30]. However, most of this study patients showed a DIC score < 4 and qSOFA < 2 points.
Hence, it seemed that there were few severe cases. Despite the few numbers of severe cases, the high dose CMZ therapy were used for
this study patients due to the recommendation by ICT (67.7% vs. 92.6%, p < 0.001).
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Consequently, the proportion of patients showing at least one abnormal laboratory value was higher in the high-dose group than
in the regular-dose group (29.6% vs. 19.4%, p = 0.161). Further, ALT levels were significantly elevated only in the high-dose group
(22.2% vs. 9.7%, p = 0.047). The hepatobiliary disorders related to second-generation cephalosporins have been reported [31].
Regarding effectiveness, there was no significantly difference in the microbiologically efficacy between high-dose group and regular-dose group (27.5% vs. 33.8%, p = 0.455). However, patients receiving a high CMZ dose exhibited a significantly lower level of
inflammatory markers and showed a decreasing tendency earlier than that of the regular-dose group.
Most components of CMZ are excreted in the urine as unchanged bodies with antibacterial activity. Considering the PK character
[32] high dose administration of CMZ in patients with abnormal renal function (CLcr < 50) is expected to elevate blood CMZ concentration and result in increased incidences of abnormal laboratory values.
However, in the present study, patients with abnormal renal function (CLcr < 50) showed the opposite trend compared with patients
with normal renal function (CLcr ≥ 50). The proportion of patients with overall substantially abnormal laboratory values was higher
in the regular-dose group than in the high-dose group (17.1% vs. 7.1%, p = 0.656). Regarding effectiveness, WBC count and CRP
levels in the high-dose group did not show a significant decreasing trend after CMZ therapy. We considered two reasons for the
tendency of patients with normal renal function to differ from patients with abnormal renal function in terms of efficacy and safety.
First, dehydration due to infection might be induced temporarily renal failure, and base renal function was not decreased. Seconds,
this might be due to the fact that only 14 patients with abnormal renal function received high CMZ dose, and therefore, appropriate
measure of tendency was not observed owing to the limited number of samples.
Furthermore, we performed a sub-analysis to evaluate the efficacy of CMZ therapy in patients who received CMZ treatment against
bacteremia caused by E. coli. In our sub-analysis, there were no significant differences in the clinical characteristics between the
high-dose and regular-dose groups (Table 6). Although all inflammatory markers showed a decreasing trend after CMZ therapy in
both regimens, improvement in levels of inflammatory markers in the high-dose group was observed earlier than that in the regular-dose group. Hence, high-dose administration of CMZ (2 g every 8 h) was considered as one of the choices to treat bacteremia
caused by E. coli with MIC ≤ 16 mg/L.
Several considerations should be made when interpreting our results. First, this was a retrospective study with small sample size,
which might have affected the results of significant differences in the clinical efficacy and safety between CMZ treatments. Thus,
further investigation in a large population is needed to support the results of safety. Second, we did not measure the blood CMZ
concentrations and exact MIC of E. coli derived from blood because of the retrospective nature of the study. Therefore, we could not
calculated TAM of CMZ against E. coli. Finally, we evaluated the clinical effectiveness of CMZ treatment based only on the inflammatory markers and microbiological data. Cinical symptoms were not included in the evaluation of clinical effectiveness.

Conclusion
In conclusion, we revealed that improvement in inflammatory markers after high CMZ dose treatment was observed earlier than
that after regular dose treatment, particularly in patients with normal renal function (CLcr > 50). Moreover, treatment with a high
CMZ dose (2 g every 8 h) against bacteremia caused by E. coli with MIC ≤ 16 mg/L was found to be effective. However, high CMZ
dose was associated with a higher risk of abnormal laboratory values than regular-dose treatment and inflammation markers also
showed decreasing tendency after regular CMZ treatment. Therefore, we recommended to select the regular CMZ dose (2 g every
12 h) as the patients with general infections and consider to select the high CMZ dose (2 g every 8 h) as the patients with symptoms
worsen and normal liver function.
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