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Abstract

Objective: To evaluate the clinical efficacy and safety of cefetamet pivoxil for the treatment of acute bacterial rhinosinusitis in
Korean patients compared to treatment with cefdinir. Methods: A prospective, multicenter, randomized double-blind, com-
parative study was conducted by the Departments of Otorhinolaryngology–Head and Neck Surgery at 17 hospitals or universities
in the Republic of Korea from March 2017 to April 2019. A total of 309 patients were screened and 249 patients participated in
the study. Results: Treatment with cefetamet pivoxil for 2 weeks showed 82.4% clinical cure and improvement rates in patients
with acute bacterial rhinosinusitis compared to 84.68% in those taking cefdinir for 2 weeks, showing that cefetamet pivoxil
administered twice a day for 2 weeks was as effective as cefdinir 3 times a day for 2 weeks for the treatment of acute bacterial
rhinosinusitis. The overall adverse reaction rates of both drugs were 10.56% in the cefetamet pivoxil group and 15.49% in the
cefdinir group, without serious adverse events or drug reactions. Conclusions: Cefetamet pivoxil twice a day was as efficacious
and safe as cefdinir 3 times a day for the treatment of acute bacterial rhinosinusitis, which suggested that cefetamet pivoxil may be
a suitable alternative to cefdinir.
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Introduction

Acute rhinosinusitis (ARS) is a common upper respiratory dis-

ease worldwide, including Republic of Korea (ROK). Acute

rhinosinusitis, usually caused by a virus and self-limiting, is

defined as purulent nasal drainage (anterior, posterior, or both)

accompanied by nasal obstruction, and facial pain-pressure-

fullness, or both, which are the 3 cardinal symptoms of ARS,

for up to 4 weeks.1,2

However, if ARS symptoms fail to improve within

10 days or worsen within 10 days after an initial improve-

ment, acute bacterial rhinosinusitis (ABRS) is considered.

Additional symptoms and signs of ABRS are cough, fever,

hyposmia, anosmia, maxillary dental pain, and ear fullness

or pressure.3

The American Academy of Otolaryngology–Head and Neck

Surgery Foundation (AAO) recommended that the initial man-

agement of ABRS should be watchful waiting or antibiotic

therapy for adults with uncomplicated ABRS. However, if the

patient’s condition does not improve by 7 days after the ABRS

diagnosis or if it worsens at any time, antibiotics are used.1

Streptococcus pneumoniae, Hemophilus influenzae, and

Moraxella catarrhalis are usually isolated from pediatric

patients with ABRS and S pneumoniae and nontypeable H

influenzae accounted for more than 75% of the bacterial iso-

lates from adults with ABRS.1,2

In the clinical field, empirical antibiotics must be chosen in

consideration of the abovementioned bacteria for ARS,

regional antibiotic-resistant bacteria, and recent history of anti-

biotic use.

In ROK, the widespread use of antibiotics to treat upper

respiratory infections (URIs) is a big public health problem

because high antibiotic usage had increased the rate of anti-

biotic resistance.4 Streptococcus pneumonia, one of the most

common pathogen of ABRS, has been reported to show higher

penicillin resistance or nonsusceptibility rate(89%) in ROK

than in other countries.5

Kang et al reported that the isolates from pediatric acute

otitis media patients showed the highest penicillin resistance

(92.7%), modest amoxicillin resistance (16.7%), amoxicillin–

clavulanate resistance (9.6%), and high cefaclor resistance

(above 95%).6

Therefore, in ROK, amoxicillin/clavulanate or 2nd or 3rd

generation cephalosporins have been usually chosen as first-

line antibiotics for adult ABRS therapy but amoxicillin without

clavulanate has not been commonly prescribed due to the high

rate of antimicrobial resistance in ROK.

Cefdinir is a semisynthetic, broad-spectrum third-generation

antibiotic in the cephalosporin class, which was approved by

the US Food and Drug Administration (FDA) in 1997 and the

Korean FDA (KFDA) in 1998.7

Cefetamet pivoxil is also a semisynthetic, beta-lactamase-

stable, third-generation cephalosporin, approved by the FDA in

2001 and the KFDA in 2003. After oral ingestion, its ester bond

is cleaved to the active form, cefetamet pivoxil.8

Both drugs are active against most respiratory pathogens,

including S pneumoniae, H influenzae, M catarrhalis, and

group A beta-hemolytic streptococci. Cefetamet pivoxil is also

active against beta-lactamase-producing H influenzae and M

catarrhalis but showed poor activity against penicillin-

resistant S pneumoniae.9

This study was designed to evaluate the clinical efficacy and

safety of cefetamet pivoxil for the treatment of ARS in Korean

patients and cefdinir was chosen as the comparator drug

because it is commonly used for ARS in adult and pediatric

patients in ROK.

Patients and Methods

Study Design

This prospective, multicenter, randomized, double-blind, com-

parative study was conducted by the Department of Otorhino-

laryngology–Head and Neck Surgery at 17 hospitals or
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universities in ROK from March 2017 to April 2019. All

patients with ARS were scheduled to visit clinics 3 to 4 times.

A physical examination, medical and surgical history

review, laboratory tests (complete blood counts, blood chem-

istry, and liver function tests [LFTs]), bacterial cultures of

nasal discharge, paranasal sinus X-rays were performed at the

baseline visit, and laboratory and paranasal sinus X-rays were

repeated at the end-of-therapy visit.

All patients were instructed for this study on screening day

(visit 1) or, after agreement of participation in this study, to

visit the clinic within 7 days after screening for the initial

treatment day (visit 2) and on days 14 + 2 (visit 3, end-of-

therapy visit) and 21 + 3 (visit 4, end-of-study visit) after the

initial treatment. In some cases, visit 1 and visit 2 might be

same day. At these visits, the physicians evaluated symptom

improvement, compliance, and adverse effects.

The study was approved by the institutional review

board of each participating hospital or university where

the authors worked (2016GR0341, SC17MDMV0007,

3-2017-0004, KUH1110061, H-1609-036-789, SCHCA

2016-09-024, AJIRB-MED-CT4-16-336, YUMC 2016-10-

055, CR116055, GBIRB2017-074, HYUH 2016-11-026,

CNUH 2016-12-050, 2017AS0682, GURI 2016-11-011,

KYUH 2018-06-013, PC18MDDV0047, VC18MODV0144).

This clinical trial was registered with the primary national

clinical trial registry site, ClinicalTrials.gov (NCT04664803).

Written informed consent was obtained from the patients

or their legal representative prior to enrollment in the

study.

Patient Selection

Patients older than 12 years with a clinical diagnosis of ABRS

were recruited from the outpatient clinics, and ARBS was

diagnosed based on the clinical practice guidelines of the

AAO–Head and Neck Surgery.1,2

The inclusion criteria were:

1. Patients aged 12 to 75 years.

2. Patients with the onset of the first ARS symptoms

within 3 weeks prior to enrollment in the study.

3. Patients with symptoms and signs of ARS not to

improve within 10 days or to be worsened within

10 days after an initial improvement.

4. Patients with:

a. Two more clinical symptoms of purulent nasal dis-

charge, facial pain, nasal obstruction maxillary

tooth pain, frontal headache, new onset of fetor

oris, or cough.

b. More than one clinical sign of purulent secretion

from the sinus ostia, pain over the sinuses, or facial

swelling.

5. No penicillin or cephalosporin allergies.

6. A willingness to attend the follow-up visits.

7. A normal electrocardiogram (ECG).

The exclusion criteria were:

1. Patients who had allergic or another rhinitis, 3 or more

episodes of ARS within a year or a month prior to

enrollment in the study.

2. Patients who were recently enrolled in another clinical

study.

3. Patients who showed abnormal ECG results, creatinine

clearance (<40 mL/min), and LFT results (AST/ALT/

total bilirubin levels more than 3 times the normal

values).

4. Patients who had a history of drug or alcohol abuse.

5. Pregnant or lactating women, or patients who were

diagnosed with any malignancy or recurrent malig-

nancy within 5 years.

Dosage and Schedule of Antibiotics and Other
Treatments

The patients and doctors were double-blinded and patients ran-

domly assigned to the cefetamet pivoxil or cefdinir group took

cefetamet pivoxil (500 mg, twice daily, orally) or cefdinir

(100 mg, 3 times daily, orally) for the treatment of ARS for

2 weeks (+2 days). Cefetamet pivoxil was administrated as

500 mg capsules with a cefdinir-placebo capsule in the morn-

ing and the evening, and a placebo capsule in the afternoon.

Cefdinir was administered as 100 mg capsules with a cefe-

tamet pivoxil-placebo capsule in the morning and the evening,

and a cefdinir capsule in the afternoon.

Other antimicrobial, antifungal, mucolytics, or antitussive

drugs were prohibited and newly prescribed steroids were also

prohibited.

Assessments of Efficacy

The primary outcome measure was the clinical cure and

improvement rates, expressed as the ratio of cured and

improved ABRS patients to the total patients per group on days

14 and 21 after the initial treatment.

The patient responses were classified as cured (no symp-

toms and signs after treatment), improved (more than 50%
improvement in the clinical symptoms, no newly onset symp-

toms, and more than 1 point improvement in the clinical signs

after treatment), failure (none or less than 50% improvement

in the clinical symptoms, new symptom onset, or the cessation

of antibiotic treatments due to adverse events during the

study), and relapse (clinical improvement at the day-14 visit

but the reappearance of clinical signs and symptoms at the

day-21 visit).

The clinical signs and symptom checklists for ABRS were

graded using a Likert 3-point grading scale for symptoms, nasal

endoscopy, and physical examination (0 ¼ absent, 1 ¼ mild,

2 ¼ moderate, and 3 ¼ severe, for a total of 21 points). The

secondary outcome measures were based on the clinical cure

rate, clinical improvement rate, and antimicrobial activity.
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Assessments of Safety

The proportions of patients with adverse events, severe adverse

events, and severe adverse drug reactions related to the trial

medication in each group were calculated.

Statistical Analysis

We assumed a response (cure and improvement in ABRS)

rate of 88%, a power of 80%, a significance level of 5%,

2-sidedness, and a noninferiority margin of 12%, which yielded

a sample size of 232 (116 in each group) patients. Assuming

that the primary outcome could not be evaluated in 20% of the

patients, 288 (144 in each group) patients needed to be included

in the study.

To calculate the number of statistically meaningful samples

for testing noninferiority of the drug, a 2-tailed 95% CI, a 5%
significance level, and 80% power were set. The minimum

95% CI value by the DerSimonian and Laird method for the

active drug was 85.2%, and the maximum 95% CI value by the

DerSimonian and Laird method for the placebo was 60.8%.

The noninferiority margin was set as half of the difference

between the upper 95% CI limit of cefetamet pivoxil efficacy

and the lower 95% CI limit of cefdinir efficacy. If the upper

95% CI limit applied was less than the noninferiority margin of

12%, the test group was judged to be noninferior to the control

group.

The clinical cure rates were analyzed by Pearson w2 test and

the clinical signs and symptoms at baseline, follow-up visits,

and changes were compared between the groups using Wil-

coxon rank sum test and changes within the groups were ana-

lyzed using Wilcoxon signed-rank test. 95% CIs were

calculated by the Wald asymptotic CI method and Wilson score

method. Efficacy analysis was performed by applying last

observation carried forward. P values of <.05 were considered

statistically significant. All analyses were performed using

SAS version 9.4 (SAS Institute).

Results

Study Population

After the clinical evaluation, a total of 309 patients were ini-

tially enrolled. However, 21 patients were excluded because

they withdrew their consent (n ¼ 9) or met the exclusion cri-

teria (n ¼ 12). Finally, a total of 288 eligible patients were

enrolled at 17 study centers in ROK between March 2017 and

April 2019 and randomized to the cefetamet pivoxil (n ¼ 144)

or cefdinir (n ¼ 144) groups.

In the safety set, 2 patients were excluded from each group

due to the withdrawal of consent and unwillingness to take the

medications. A total of 142 patients in each group (full analysis

set, FAS) participated until the end of the study. However, in

the per-protocol set (PPS), a total of 35 patients were excluded

due to taking other banned medications, poor compliance, inap-

propriate inclusion, or dropping out.

Finally, 125 patients in the cefetamet pivoxil group and 124

patients in the cefdinir group were enrolled and analyzed for

the primary and secondary outcome measures (Figure 1).

Demographics and Clinical Characteristics

Of the 142 enrolled patients in each group (FAS), there were no

statistically significant differences in age, age distribution,

weight, height, ECG, and X-ray between the 2 groups

(Table 1).

Efficacy

The analysis of the PPS showed that the ARBS patients who

received cefetamet pivoxil for 2 weeks showed 82.4% clinical

cure and improvement rates (primary outcome measure) com-

pared to 84.68% of ABRS patients receiving cefdinir for

2 weeks. Noninferiority of cefetamet pivoxil was confirmed

using Wald’s asymptotic CI method on days 14 and 21 because

the differences in the 95% CIs between the cefetamet pivoxil

and cefdinir groups were 0.71 and 2.28%, respectively

(Table 2).

As one of the secondary outcome measures, moderate clin-

ical cure rates at day 14 and 21 were achieved with cefetamet

pivoxil (24.0% and 22.4%, respectively) and cefdinir (20.97%
and 20.16%, respectively) treatment, and there were no signif-

icant differences in the clinical cure rates between the cefeta-

met pivoxil and cefdinir groups on days 14 (P ¼ .5666) and 21

(P ¼ .6661; Table 3).

The changes in total scores for the clinical symptoms and

signs between the cefetamet pivoxil and cefdinir groups were

also similar at baseline and 2 or 3 weeks after taking the med-

ications (P ¼ .2264, .4307, and .4403, respectively). However,

within each cefetamet pivoxil, cefdinir, or total groups, there

were statistically significant differences in scores between

baseline and day 14, and between baseline and day 21 of taking

the medications (P � .001, <.001, and <.001, respectively;

Table 4).

Bacteria including S pneumoniae, H influenzae, M catar-

rhalis, and others were identified in only 15 patients in the

cefetamet pivoxil group (n ¼ 124) and 17 patients in the cef-

dinir group (n ¼ 125).

The bacterial eradication rates in patients in each group with

bacteriologically proven infections were 86.67% versus

88.24% on day 14 and 73.33% versus 82.35% on day 21, which

were not statistically significant (P ¼ .9999 and .6783,

respectively).

The clinical cure and improvement rates on day 21 and the

bacterial eradication rates in the cefetamet pivoxil and cefdinir

groups are shown in Figure 2.

Adverse Reactions and Safety

Adverse reactions were reported in 10.56% of the patients in

the cefetamet pivoxil group (n¼ 15) and 15.49% of the patients
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Table 1. Demographic Characteristics.

Parameters
Cefetamet pivoxil

(n ¼ 142)
Cefdinir

(n ¼ 142) Total (n ¼ 284) P value

Gender Male 63 (44.37%) 62 (43.66%) 125 (44.01%) .9048a

Female 79 (55.63%) 80 (56.34%) 159 (55.99%)
Age (years) Mean (+SD) 43.14 + 14.93 43.25 + 15.38 43.20 + 15.13
Age distribution <19 years 2 (1.41%) 5 (3.52%) 7 (2.46%) .3309a

19-29 26 (18.31%) 22 (15.49%) 48 (16.90%)
30-39 32 (22.54%) 33 (23.24%) 65 (22.89%)
40-49 27 (19.01%) 30 (21.13%) 57 (20.07%)
50-59 33 (23.24%) 20 (14.08%) 53 (18.66%)
60-69 18 (12.68%) 27 (19.01%) 45 (15.85%)
�70 4 (2.82%) 5 (3.52%) 9 (3.17%)

Weight (kg) Mean (+SD) 65.37 + 13.08 65.18 + 12.17 65.27 + 12.61 >.9999b

Height (cm) Mean (+SD) 164.74 + 8.38 164.61 + 8.39 164.68 + 8.37
Childbearing age 1) Total 79 80 159

Females of nonchildbearing age 27 (34.18%) 25 (31.25%) 52 (32.70%) .6940a

Females of childbearing age 52 (65.82%) 55 (68.75%) 107 (67.30%)
Pregnancy test in females of childbearing age Negative 52 (48.60%) 55 (51.40%) 107 (100%) -
Breast-feeding in females of childbearing age None 79 (100%) 80 (100%) 159 (100%) -
ECG Normal 142 (100%) 142 (100%) 284 (100%) —

Abnormal 0 (0%) 0 (0%) 0 (0%)
Sinus X-ray Normal 58 (40.85%) 49 (34.51%) 107 (37.68%) .2704a

Abnormal 84 (59.15%) 93 (65.49%) 177 (62.32%)

Abbreviation: ECG, electrocardiogram.
aPearson w2 test.
bWilcoxon rank-sum test.

Table 3. Clinical Cure Rate on Days 14 and 21.

Assessment

Number of patients (%)

P valueCefetamet pivoxil Cefdinir Total

Cure 30 (24.00%) 26 (20.97%) 56 (22.49%)
Noncure 95 (76.00%) 98 (79.03%) 193 (77.51%)
Clinical cure rate 95% CI on day 14a (17.36-32.19) (14.73-28.95) .5666b

Cure 28 (22.40%) 25 (20.16%) 53 (21.29%)
Noncure 97 (77.60%) 99 (79.84%) 196 (78.71%)
Clinical cure rate 95% CI on day 21a (15.98-30.47) (14.05-28.07) .6661b

aWilson Score method.
bPearson w2 test.

Table 2. Clinical Cure/Improvement Rates on Days 14 and 21.

Response Assessment

Number of patients (%)

Cefetamet pivoxil Cefdinir Total

No. of patients 125 124 249
clinical cure and improvement rate on days 14 Cure/improvement 110 (88.00%) 110 (88.71%) 220 (88.35%)

Failure/relapse 15 (12.00%) 14 (11.29%) 29 (11.65%)
Difference in 95% CI between cefetamet pivoxil and cefdinira: 0.71% (�7.26 to 8.68)

number of patients(rate) on day 21 Cure/improvement 103 (82.40%) 105 (84.68%) 208 (83.53%)
Failure/relapse 22 (17.60%) 19 (15.32%) 41 (16.47%)

Difference in 95% CI between cefetamet pivoxil and cefdinira: 2.28 (�6.93 to 11.48)

aWald asymptotic CI method.
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in the cefdinir group (n ¼ 22) during the study, out of a total of

284 patients.

Diarrhea was the most common adverse event reported in

both groups (cefetamet pivoxil, 2.11%, n ¼ 3; and cefdinir,

2.82%, n ¼ 4). All other adverse events reported during the

study are listed in Table 5.

During the study, no serious adverse events or drug reac-

tions were identified in either group (Table 5).

Table 4. Changes in Total Scores of Clinical Signs and Symptoms on Days 14 and 21 Compared to Baseline.a

Time/Period Cefetamet pivoxil Cefdinir Total P value

Baseline 12.35 + 5.54 12.95 + 5.07 12.65 + 5.31 .2264b

Day 14 (end of taking medicine) 2.14 + 2.38 2.58 + 2.81 2.36 + 2.61 .4307b

Day 21 (end of study) 1.37 + 1.97 1.30 + 2.20 1.33 + 2.08 .4403b

Baseline to day14 �10.22 + 6.19
<0.0001c

�10.37 + 5.30
<0.0001c

�10.29 + 5.76
<0.0001c

.4587b

Baseline to day 21 �10.98 + 5.99
<0.0001c

�11.65 + 5.12
<0.0001c

�11.32 + 5.57
<0.0001c

.1254b

P value in cefetamet pivoxil P value in cefdinir P value in total

aMean (+SD).
bWilcoxon rank-sum test.
cWilcoxon signed-rank test.

Figure 1. Flowchart of the study population.
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Discussion

Acute and chronic rhinosinusitis are very common diseases,

usually caused by an upper respiratory viral infection. In the

United States, over 30 million cases are diagnosed annually,

affecting one in 8 adults, approximately 12% of the US popu-

lation.10,11 However, only about 0.5% to 2.0% of the acute viral

rhinosinusitis (AVRS) cases or flu-like URIs in adults are com-

plicated by bacterial infections.12

Therefore, in the early stages of ARS, it is important to

discriminate AVRS from ABRS, which is usually very difficult

because the general presentation of both types of ARS is very

similar, for the proper management of ARS. Many guidelines

have suggested that AVRS and ABRS might be discriminated

based on the duration, severity, or pattern of symptoms.

The management of ARS is decided according to the clinical

diagnosis. Acute viral rhinosinusitis is usually treated with

supportive and symptomatic treatments without antibiotics. In

the case of ABRS, about 65% of placebo-treated patients spon-

taneously resolved their symptoms, which can also be inter-

preted as a result of being potentially misdiagnosed with

ABRS. Patients with mild symptoms and uncertain to be diag-

nosed with ABRS could be watched carefully without treat-

ment, but it is not recommended to watch if appropriate for

diagnosis with ABRS.

In general, ABRS may be spontaneously recovered within

1 month. However, IDSA clinical practice guideline13 for

ABRS showed that about 65% of placebo-treated patients

spontaneously resolved their ABRS symptoms, compared to

72.9% of antibiotics-treated adult patients.

Therefore, patients with mild symptoms and uncertain diag-

nosis of ABRS could also be watched carefully without treat-

ment, unless the diagnosis of ABRS is appropriate as follows;

more than 10 days of persistent symptoms or signs compatible

with ARS without clinical improvements, at least 3 to 4 days of

severe high fever and purulent nasal discharge of facial pain at

the beginning of illness, 5 to 6 days of worsening fever, head-

ache, or nasal discharge increment.13-15 If ABRS is suspected

based on the duration of symptoms (more than 10-14 days),

disease progression (not improved or worsened within 10 days

of an initial improvement), or the severity of symptoms,

empirical treatment with antibiotics or antibiotics based on

culture and sensitivity tests can be considered.1,2,16,17

Hemophilus influenzae, Morracella catarrhalis, and S pneu-

moniae are 3 etiologic pathogens commonly found in the sinus

aspirate or endoscopic sampling of middle meatus discharge of

ABRS patients and so empirical treatment for ABRS should be

effective for these common bacteria.18

Although amoxicillin or amoxicillin–clavulanate are recom-

mended as first-line treatments to treat ABRS, many antibiotics

including cefdinir have been tried and showed effectiveness in

treating ABRS.

The prevalence of antimicrobial resistance, especially that

of S pneumoniae to penicillin and erythromycin, increased until

the 1990s or early 2000s, but after the introduction of pneumo-

coccal conjugate vaccine and efforts to decrease the use of

Figure 2. Clinical cure and improvement rates and bacterial eradication rate on day 21.
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antibiotics, a significant decline has been seen, especially in the

United States.19,20

In ROK, although high rates of antimicrobial resis-

tance, especially beta-lactam and macrolide resistance

among S pneumoniae and H influenzae have been reported,

amoxicillin–clavulanate or cephalosporin except for cefaclor

and cefprozil are usually prescribed as initial antibiotics for

ABRS.21,22 The market shares of amoxicillin–clavulanate or

cephalosporins in the total per oral antibiotic prescription are

approximately 25% and 41%, respectively.

Among the many cephalosporins, cefdinir was reported to

be effective in treating ABRS and has been one of the fre-

quently prescribed orally cephalosporins since it was intro-

duced in ROK in 1998.23 Compared to cefdinir, cefetamet

pivoxil has not been frequently prescribed since it was intro-

duced in ROK in 2003 and has been off the market for the last

6 years.

As a part of the reevaluation of drug efficacy by the KFDA,

in this multicenter, randomized, double-blind trial, the drug

efficacy of cefetamet pivoxil was comparable to cefdinir in

patients with ABRS. Treatment with cefetamet pivoxil for

2 weeks showed 82.4% clinical cure and improvement rates

in patients with ABRS compared to 84.68% in patients treated

with cefdinir for 2 weeks, which confirmed noninferiority

using the 95% CI method introduced by Wald. These results

showed that cefetamet pivoxil administered twice a day for

2 weeks was as effective as cefdinir 3 times a day for 2 weeks

for the treatment of ABRS.

The overall adverse reaction rates of both drugs were

10.56% in the cefetamet pivoxil group and 15.49% in the cef-

dinir group (P ¼ .2172), and no serious adverse events or drug

reactions were reported in either group. The most common

adverse reactions observed with both drugs was mild gastro-

intestinal problems (eg, diarrhea and abdominal pain), and the

safety profile of cefetamet pivoxil was similar to that reported

for other cephalosporins.23-25

However, it should be noted that the positive bacterial cul-

ture rate was low (7.2% in the cefetamet pivoxil group and

8.1% in the cefdinir group) and so the information on the

overall antibacterial efficacy and efficacy of both drugs on

resistant strains was limited.

Conclusion

This study demonstrated that cefetamet pivoxil twice a day was

as efficacious and safe as cefdinir 3 times a day for the treat-

ment of ABRS, which suggested that cefetamet pivoxil may be

a suitable alternative to cefdinir.
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