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With the rising prevalence of antimicrobial resistance, the failure rate of the standard triple therapy for Helicobacter pylori in-
fection is increasing. Sequential therapy and concomitant therapy have been recommended to replace standard triple therapy for
H. pylori eradication in regions with high clarithromycin resistance. The aim of this prospective, randomized, and controlled
study was to simultaneously assess the efficacies of 10-day sequential and 7-day concomitant therapies versus a 7-day standard
triple therapy for treating H. pylori infection. Consecutive H. pylori-infected subjects were randomly assigned to a 7-day stan-
dard triple therapy (pantoprazole, clarithromycin, and amoxicillin for 7 days), a 10-day sequential therapy (pantoprazole and
amoxicillin for 5 days, followed by pantoprazole, clarithromycin, and metronidazole for a further 5 days), or a 7-day quadruple
therapy (pantoprazole, clarithromycin, amoxicillin, and metronidazole for 7 days). H. pylori status was confirmed 6 weeks after
therapy. Three hundred seven H. pylori-infected participants were randomized to receive triple (n � 103), sequential (n � 102),
or concomitant (n � 102) therapies. The eradication rates by an intention-to-treat analysis in the three treatment groups were
81.6% (95% confidence interval [CI], 74.1% to 89.0%), 89.2% (95% CI, 83.2% to 95.2%), and 94.1% (95% CI, 89.5% to 98.7%).
The seven-day concomitant therapy had a higher eradication rate than did the 7-day triple therapy (difference, 12.5%; 95% CI,
3.7% to 21.3%). There were no significant differences in the eradication rates between the sequential and standard triple thera-
pies. All three treatments exhibited similar frequencies of adverse events (8.7%, 8.8%, and 13.7%, respectively) and drug compli-
ance (99.0%, 98.0%, and 100.0%, respectively). In conclusion, the seven-day concomitant therapy is superior to the 7-day stan-
dard triple therapy for H. pylori eradication. Additionally, it is less complex than the 10-day sequential therapy because the
drugs are not changed halfway through the treatment course. (This study has been registered at ClinicalTrials.gov under regis-
tration no. NCT1769365.)

Helicobacter pylori infects �50% of humans globally. It is the
principal cause of chronic gastritis, gastric ulcer, duodenal

ulcer, gastric adenocarcinoma, and gastric mucosa-associated
lymphoid tissue lymphoma (MALToma) (1, 2). H. pylori eradica-
tion has become the standard and most widely adopted therapy
for curing peptic ulcer disease (3, 4). This therapy is also strongly
recommended for the treatment of H. pylori-related MALToma
(5). In regions with a high incidence of gastric adenocarcinoma,
the eradication of H. pylori is advocated as a preventative measure
(6, 7).

In most international guidelines (6–9), standard triple therapy
consisting of a proton pump inhibitor (PPI), clarithromycin, and
amoxicillin (or metronidazole) for 7 to 14 days is recommended as
the first-line therapy of H. pylori infection, especially in areas of
low clarithromycin resistance (�10%). Recently, the eradication
rates of standard triple therapy have declined to �80% in many
countries, largely owing to emerging organism resistances (10–
13). Some European studies even reported very poor treatment
outcomes of the standard therapy, with failure rates of 25 to 60%
(14–16). Several strategies, including bismuth-containing qua-
druple therapy and non-bismuth-containing quadruple therapy
(either sequential or concomitant therapy), have therefore been
proposed to increase the eradication rate (17–19).

The efficacy of sequential therapy consisting of a PPI and

amoxicillin for the first 5 days, followed by a PPI plus clarithro-
mycin and metronidazole for another 5 days, is less affected by
clarithromycin resistance than standard triple therapy (17). It has
been shown to be more effective than standard triple therapy for 7
or 10 days in clinical trials in Italy (18–20). However, two recent
large-scale, multicenter, open-label, and randomized trials from
Latin America and Taiwan revealed no significant differences in
the treatment efficacies between a 10-day sequential therapy and a
14-day standard triple therapy (21, 22). Possible explanations for
the discrepancies included the different antibiotic resistances of H.
pylori strains and the different treatment durations of the standard
triple therapy. Besides the regional variations in eradication effi-
cacies, sequential therapy is much more complex in terms of med-
ication requirements than standard triple therapy because of
switching drugs halfway through the course. In clinical practice,
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changing drugs during a treatment course might reduce patient
compliance and the inclination of a physician to prescribe and
illustrate the regimen.

Concomitant therapy is another novel nonbismuth quadruple
therapy proven to be successful in the presence of clarithromycin
resistance (18). It is a 4-drug regimen containing a PPI, clarithro-
mycin, amoxicillin, and metronidazole, which are all given for the
entire duration of therapy. A head-to-head noninferiority trial of
10-day sequential and 10-day concomitant therapy by our group
showed they were equivalent (23). It is less complex than sequen-
tial therapy and has excellent potential to replace standard triple
therapy as the first-line treatment for H. pylori infection, especially
in regions with high clarithromycin resistance. However, whether
shortening the duration of concomitant therapy from 10 days to 7
days can still achieve a high success rate is unclear. To address this
issue, we conducted a randomized controlled trial (registered at
ClinicalTrials.gov under registration no. NCT1769365) to com-
pare the efficacies of 7-day concomitant therapy and 10-day se-
quential therapy with that of 7-day standard triple therapy as a
first-line anti-H. pylori therapy. Special attention was also paid to
the impacts of H. pylori resistance to clarithromycin and metro-
nidazole on the efficacies of the three therapies.

MATERIALS AND METHODS
Participants. The open-labeled randomized trial was conducted at the
Kaohsiung Veterans General Hospital in Taiwan in accordance with the
principles of good clinical practice from the Declaration of Helsinki. Con-
secutive H. pylori-infected outpatients �20 years of age with endoscopi-
cally proven peptic ulcer diseases or gastritis were prospectively recruited
for this study. The criteria for exclusion included (i) previous H. pylori
eradication therapy, (ii) ingestion of antibiotics or bismuth within the
prior 4 weeks, (iii) patients with allergic history to the medications used,
(iv) patients with previous gastric surgery, (v) the coexistence of serious
concomitant illness (for example, decompensated liver cirrhosis or ure-
mia), and (vi) pregnant women.

All participants gave written informed consent before enrollment. The
Medical Committee of the Kaohsiung Veterans General Hospital ap-
proved the trial. All authors had access to the study data and had reviewed
and approved the final manuscript.

Randomization and treatment. Using a computer-generated number
sequence, the eligible H. pylori-infected patients were randomly assigned
to a 7-day concomitant therapy (40 mg pantoprazole twice daily, 500 mg
clarithromycin twice daily, 1 g amoxicillin twice daily, and 500 mg met-
ronidazole twice daily for 7 days), a 10-day sequential therapy (40 mg
pantoprazole twice daily and 1 g amoxicillin twice daily for 5 days, fol-
lowed by 40 mg pantoprazole twice daily, 500 mg clarithromycin twice
daily, and 500 mg metronidazole twice daily for a further 5 days), or a
7-day standard triple therapy (40 mg pantoprazole twice daily, 500 mg
clarithromycin twice daily, and 1 g amoxicillin twice daily for 7 days). An
independent research assistant generated the computerized random
number sequence. The sequence was concealed in an opaque envelope
until the intervention was assigned. After the written informed consents
were obtained from the participants, an independent research assistant
assigned the therapies according to the treatment allocations kept in the
envelopes.

All drugs were taken 1 h before breakfast and dinner. Patients were
asked to return at the 2nd week to assess drug compliance and adverse
events. The patients with peptic ulcers found on the initial endoscopy
received an additional 3-week monotherapy with 40 mg pantoprazole
orally once daily, while patients with gastritis took only three weeks of
antacid following eradication therapy.

Procedures. Before enrollment, the status of H. pylori infection was
determined by a rapid urease test (24), histology, and/or culture. Patients

with positive results in at least two of these tests were eligible for enroll-
ment. The patients were requested to complete a standard questionnaire
for complete demographic data, including age, sex, medical history, his-
tory of smoking, and alcohol, coffee, and tea consumption.

The patients were informed of the common adverse events from the
study drugs before treatment and were asked to record these symptoms
during treatment in provided diaries. The adverse events were assessed
according to a 4-point scale system: none, mild (discomfort annoying but
not interfering with daily life), moderate (discomfort sufficient to inter-
fere with daily life), and severe (discomfort resulting in discontinuation of
eradication therapy) (25). Drug compliance was assessed via pill counts.
Good compliance was defined as taking �80% of the total medication.

Because of the possibility that gastric cancer might be missed in the
initial endoscopy as a benign gastric ulcer, a repeated endoscopy with a
rapid urease test, histological examination, and culture at the 6th week
after the end of anti-H. pylori therapy was performed in the gastric ulcer
patients to assess the eradication efficacy and the healing status of the ulcer
lesions. Since there was no concern about the malignant changes in duo-
denal ulcers or gastritis, a urea breath test was conducted to assess H. pylori
status in participants with duodenal ulcer or gastritis (24). A staff member
who was blind to the eradication arm of each patient performed the urea
breath tests. The cutoff value was set at 4.8‰ of �13 CO2 (25). Eradication
was defined as (i) negative results of all rapid urease test, histology, and
culture, or (ii) a negative result from the urea breath test.

Biopsy specimens were cultured according to previously described
methods (26). Antibiotic susceptibility was determined by Etest (AB Bio-
disk, Solna, Sweden). H. pylori subculturing was done by rubbing the
specimens on the surface of a Campy-BAP agar plate (Brucella agar; Difco,
Sparks, MD) plus IsoVitaleX (Gibco, Grand Island, NY) plus 10% whole
sheep blood, followed by incubation at 37°C under microaerobic condi-
tions (5% O2, 10% CO2, and 85% N2) for 4 to 5 days. H. pylori strains were
tested for clarithromycin, amoxicillin, and metronidazole susceptibilities
using the Etest (AB Biodisk). H. pylori strains with MICs of �1 �g/ml,
�0.5 �g/ml, and �8 �g/ml were considered to be resistant to clarithro-
mycin, amoxicillin, and metronidazole, respectively (26).

Statistical analysis. The primary endpoint of the study was the H.
pylori eradication rate. The second endpoints were the frequency of ad-
verse events and drug compliance. A chi-square test with or without the
Yates correction for continuity and Fisher’s exact test were used when
appropriate to compare the major outcomes between the groups. A P
value of �0.05 was considered statistically significant.

According to our previous study, the eradication rate of standard tri-
ple therapy is 82% (27). It is estimated that we required �102 patients in
each treatment group to demonstrate a 10% absolute difference in the
eradication rate with a type I error of 0.05 and a type II error and power of
80%, assuming a 5% loss to follow-up. The eradication rates were evalu-
ated by intention-to-treat (ITT) and per-protocol (PP) analyses. The ITT
analysis included all randomized patients who had taken at least one dose
of the study medication. The patients whose infection statuses were un-
known following treatment were considered treatment failures for the
purposes of the ITT analysis. The PP analysis excluded the patients with
unknown H. pylori status following therapy and those with major proto-
col violations.

RESULTS
Characteristics of the study groups. A total of 307 H. pylori-in-
fected patients were randomly assigned to receive a 7-day con-
comitant (n � 102), 7-day standard triple (n � 103), or 10-day
sequential therapy (n � 102). The subjects were all included in the
ITT analysis for H. pylori eradication. The data regarding the clin-
ical characteristics of the patients at entry are summarized in Table
1. The three groups had comparable ages, gender, history of smok-
ing, alcohol, coffee, and tea consumption, and antibiotic resis-
tances. Among the subjects, three with poor compliance and one
with incomplete follow-up were excluded from the PP analysis for
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H. pylori eradication. Figure 1 summarizes the patient character-
istics.

Eradication of H. pylori. Table 2 displays the major outcomes
of the eradication therapies. The ITT analysis demonstrated that
the standard triple, sequential, and concomitant therapies
achieved eradication rates of 81.6% (95% confidence interval
[CI], 74.1% to 89.0%), 89.2% (95% CI, 83.2% to 95.2%), and
94.1% (95% CI, 89.5% to 98.7%), respectively. The 7-day con-
comitant therapy had a higher eradication rate than did the 7-day
standard triple therapy (difference, 12.5%; 95% CI, 3.7% to
21.3%; P � 0.006). However, the eradication rates did not differ
significantly between the sequential and standard triple therapies
or between the sequential and concomitant therapies. The PP
analysis yielded similar results (eradication rates, 82.2%, 90.0%,
and 94.1%, respectively). The eradication rates were greater for
the 7-day concomitant therapy than that for 7-day standard triple
therapy (95% CI, 3.2% to 20.6%; P � 0.003). There were no sta-
tistically significant differences in the treatment efficacies between
the 10-day sequential and 7-day triple therapies.

Univariate analysis revealed that clinical factors, including age,
gender, smoking, alcohol, coffee, or tea consumption, nonsteroi-
dal anti-inflammatory drug (NSAID) use, underlying disease, and
initial endoscopic diagnosis did not affect the eradication efficacy.
The eradication rates in the patients with gastritis, gastric ulcer,
duodenal ulcer, and both gastric and duodenal ulcers were 86.4%
(57/66), 89.3% (92/103), 89.5% (51/57), and 89.6% (69/77), re-
spectively. There were also no statistically significant differences in
the treatment efficacies between the assessed final H. pylori status
of a patient by endoscopy and the urea breath test results (87.8%
versus 89.4%, P � 0.657).

Impact of antibiotic resistance on eradication rates. H. pylori
strains were successfully isolated from 129 (80.6%) of the 160
patients receiving endoscopy and bacterial culture on enrollment.
The rates of strains resistant to clarithromycin, amoxicillin, and
metronidazole were 13.2% (16/129), 0.0% (0/129), and 34.9%
(45/129), respectively.

In the 7-day standard therapy group, the eradication rates of
the strains with nonresistance, clarithromycin resistance only,
metronidazole resistance only, and dual resistances were 91.7%,
50%, 87.5%, and 66.7%, respectively (Table 3). The PP analysis
found significantly lower eradication rates in the clarithromycin-
resistant strains than those of the clarithromycin-susceptible
strains (57.1% [4/7] versus 90.6% [29/32], respectively; P �
0.026) (Fig. 2). However, the eradication rates were comparable in
the metronidazole-resistant and -sensitive strains (81.8% [9/11]
versus 85.7% [24/28], respectively) (Fig. 3). In the 10-day sequen-
tial group, the eradication rates of the strains with nonresistance,
clarithromycin resistance only, metronidazole resistance only,
and dual resistances were 100.0%, 66.7%, 90.9%, and 50.0%, re-
spectively (Table 3). The clarithromycin-resistant strains also ex-
hibited lower eradication rates than did the clarithromycin-sensi-
tive strains (60.0% [3/5] versus 97.4% [38/39], P � 0.030) (Fig. 2).
The eradication rates did not differ between the metronidazole-
resistant and -sensitive strains (84.6% [11/13] versus 96.8% [30/
31], P � 0.204) (Fig. 3). In the 7-day concomitant therapy group,
the eradication rates of the strains with nonresistance, clarithro-
mycin resistance only, metronidazole resistance only, and dual
resistances were 100.0%, 100.0%, 100.0%, and 66.7%, respectively
(Table 3). No differences in the eradication rates existed between
the clarithromycin-resistant and -sensitive strains (80.0% [4/5]
versus 100.0% [41/41], P � 0.110) (Fig. 2) and between the met-
ronidazole-resistant and -sensitive strains (95.2% [20/21] versus
100.0% [25/25], P � 0.478) (Fig. 3).

Adverse events and compliance. All of the patients received at
least one dose of eradication medication and were included in the
adverse event analysis. The incidences of adverse events in the
participants receiving 7-day standard triple, 10-day sequential,
and 7-day concomitant therapies were 8.7% (95% CI, 3.3% to
14.2%), 8.8% (95% CI, 3.3% to 14.3%), and 13.7% (95% CI, 7.0%
to 20.4%), respectively. The three therapies exhibited similar fre-
quencies of adverse events (Table 2, P � 0.182).

Table 4 lists the profiles of adverse events of the three eradica-

TABLE 1 Baseline characteristics of the treated population

Characteristica

Triple therapy
(n � 103)

Sequential
therapy (n � 102)

Concomitant
therapy (n � 102)

Age (mean � SD) (yr) 56.08 � 14.00 54.96 � 12.00 53.85 � 12.31
Gender (no. of males/no. of females) 62/41 52/50 61/41
Smoking 22 (21) 22 (22) 26 (26)
Alcohol consumption 9 (9) 8 (8) 7 (7)
Ingestion of coffee 23 (22) 27 (27) 28 (28)
Ingestion of tea 35 (34) 40 (39) 43 (42)
NSAID user 4 (4) 2 (2) 4 (4)
Underlying diseases 27 (26) 19 (19) 21 (21)
Endoscopic findings

Gastritis 25 (25) 18 (18) 23 (23)
Gastric ulcer 34 (33) 43 (42) 29 (28)
Duodenal ulcer 17 (17) 18 (18) 22 (22)
Gastric ulcer and duodenal ulcer 27 (27) 23 (23) 28 (28)

Antibiotic sensitivity (no. of susceptible/no. of resistant)b

Clarithromycin (no. of susceptible/no. of resistant) 32/7 39/5 41/5
Amoxicillin (no. of susceptible/no. of resistant) 39/0 44/0 46/0
Metronidazole (no. of susceptible/no. of resistant) 28/11 31/13 25/21

a Values are shown as no. (%), unless otherwise indicated.
b A total of 127 strains were isolated.
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tion therapies. There were no significant differences in the fre-
quencies of each adverse event between the three treatment
groups. Vomiting was the most common adverse event in all three
treatment groups (the incidences in standard triple, sequential,
and concomitant, therapies were 3.9%, 4.9%, and 6.8%, respec-
tively). In the standard triple group, one patient discontinued
treatment due to palpitations and constipation. One patient in the
concomitant group stopped the anti-H. pylori medication because

of abdominal pain and headache. One of the patients in the se-
quential group stopped the medications due to constipation.

All patients but three (one in the standard triple group and two
in the sequential group) complied with the eradication therapies
and took �80% of the assigned tablets. All the 7-day standard triple,
10-day sequential, and 7-day concomitant groups displayed similar
compliance rates (99.0% [95% CI, 97.1% to 100.9%], 98.0% [95%
CI, 95.3% to 100.7%], and 100.0%, respectively; Table 2).

FIG 1 Flowchart of the patients in the study.

TABLE 2 Major outcomes of the three therapies

Outcome characteristic

Rate (% [no./total no.]) (95% CI)

Standard triple therapy (n � 103) Sequential therapy (n � 102) Concomitant therapy (n � 102)

Eradication rate
Intention-to-treat 81.6 (84/103) (74.1–89.0) 89.2 (91/102) (83.2–95.2) 94.1 (96/102) (89.5–98.7)a

Per-protocol 82.2 (83/101) (74.8–89.6) 90.0 (90/100) (84.1–95.9) 94.1 (96/102) (89.5–98.7)a

Adverse events 8.7 (9/103) (3.3–14.2) 8.8 (9/102) (3.3–14.3) 13.7 (14/102) (7.0–20.4)
Compliance 99.0 (102/103) (97.1–100.9) 98.0 (100/102) (95.3–100.7) 100.0 (102/102)
a Significant difference compared with standard triple therapy.
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DISCUSSION

The Maastricht IV/Florence Consensus Report recommended
both sequential and concomitant therapies as a first-line empirical
treatment for H. pylori infection in areas of high clarithromycin
resistance (8). This study conducted the first, head-to-head, ran-
domized, and controlled trial to simultaneously assess the effica-
cies of 7-day standard triple therapy, 10-day sequential therapy,
and 7-day concomitant therapy for H. pylori eradication. The data
clearly demonstrate that the 7-day concomitant therapy achieved
a markedly higher eradication rate than did the 7-day triple ther-
apy, whether using the ITT (94.1% versus 81.6%) or PP analyses
(94.1% versus 82.2%). The eradication rate of the 7-day concom-
itant therapy was comparable with that of 10-day sequential ther-
apy (94.1% versus 89.2% by ITT analysis and 94.1% versus 90.0%
by PP analysis). The data presented here are consistent with those
of our previous work showing similar eradication rates for the
10-day concomitant and 10-day sequential therapies (93.0% ver-
sus 92.3% by ITT analysis) (23). From the perspective of clinical
practice, the concomitant regimen is much less complex than the
sequential one, which is a two-step therapy with a switch in drugs
halfway through the treatment course. Additionally, the treatment
duration of the concomitant therapy in this study was shorter than
that of the sequential therapy, and the treatments displayed simi-
lar frequencies of adverse events. Taken together, our findings
lend support to the use of 7-day concomitant therapy as the stan-
dard first-line treatment for H. pylori infection in regions with
moderate clarithromycin resistance rates (13.2%).

Our data are consistent with those of an independent study
from Greece demonstrating that a 10-day concomitant regimen

achieved a significantly higher eradication rate than did the 10-day
standard triple therapy (28). However, another clinical trial by
Greenberg et al. (21) showed that the eradication rate of a 14-day
triple therapy was higher than that of a 5-day concomitant therapy
(82% versus 74%, respectively) in Latin America. The reasons for
the contradictory results were unclear, although different treat-
ment durations are a possible explanation. A pilot study to iden-
tify the optimum duration of concomitant H. pylori eradication
therapy from Thailand revealed that a 5-day concomitant therapy
achieved an eradication rate of �90%, but a 10-day concomitant
regimen provided excellent treatment success (eradication rate,
�95%) (29). Two meta-analyses by Fuccio et al. and Ford and
Moayyedi also revealed that the eradication rates of standard triple
therapy were higher with a 14-day regimen than with a 7-day
regimen (30, 31). Besides treatment duration, the difference in the

TABLE 3 Eradication rates by PP analysis of the three therapies
according to antibiotic susceptibility pattern of H. pylori

Susceptibility
pattern

No. eradicated/total no. (%) for therapy type:

Triple
(n � 39)

Sequential
(n � 44)

Concomitant
(n � 46)

Clas Mets 22/24 (91.7) 28/28 (100.0) 23/23 (100.0)
Clas Metr 7/8 (87.5) 10/11 (90.9) 18/18 (100.0)
Clar Mets 2/4 (50.0) 2/3 (66.7) 2/2 (100.0)
Clar Metr 2/3 (66.7) 1/2 (50.0) 2/3 (66.7)

TABLE 4 Adverse events of the treated population

Adverse event

Total patients (no. of patients with mild/moderate/
severe adverse events) for indicated therapy

Triple
(n � 103)

Sequential
(n � 102)

Concomitant
(n � 102)

Abdominal pain 0 (0/0/0) 0 (0/0/0) 1 (0/0/1)
Constipation 1 (0/0/1) 1 (0/0/1) 0 (0/0/0)
Diarrhea 3 (3/0/0) 0 (0/0/0) 1 (1/0/0)
Dizziness 0 (0/0/0) 0 (0/0/0) 0 (0/0/0)
Taste perversion 1 (0/1/0) 2 (0/2/0) 4 (0/0/0)
Headache 0 (0/0/0) 1 (1/0/0) 5 (3/1/1)
Anorexia 0 (0/0/0) 1 (1/0/0) 1 (1/0/0)
Nausea 3 (3/0/0) 5 (0/5/0) 7 (4/3/0)
Vomiting 4 (4/0/0) 5 (0/5/0) 7 (4/3/0)
Skin rash 1 (1/0/0) 0 (0/0/0) 0 (0/0/0)
Fatigue 0 (0/0/0) 1 (0/1/0) 0 (0/0/0)
Other 1 (0/0/1) 1 (1/0/0) 3 (3/0/0)

FIG 2 Impact of clarithromycin resistance on the eradication rates in the three
treatment groups. The asterisks indicate a significant difference at a P value of
�0.05. 10-D, 10-day; 7-D, 7-day.

FIG 3 Impact of metronidazole resistance on the eradication rates in the three
treatment groups. 10-D, 10-day; 7-D, 7-day.
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prevalence of antibiotic resistances between the different geo-
graphic areas is probably another important explanation. In the
current study, the frequencies of antibiotic resistance to clarithro-
mycin and metronidazole were 13.2% and 34.9%, respectively.
The reported prevalences of clarithromycin and metronidazole
resistances in Latin America were 3.8% and 82%, respectively
(32). The extremely high resistance to metronidazole in Latin
America might decrease the benefits of adding metronidazole to
the concomitant regimen.

Antibiotic resistance is a crucial determinant of treatment out-
come in bacterial eradication. Clarithromycin resistance has been
identified as the main reason for the failure of standard triple
therapy (10–13). In the current study, patients with clarithromy-
cin-resistant strains receiving standard triple therapy also exhib-
ited a lower eradication rate than those with clarithromycin-sus-
ceptible strains (90.6% versus 57.1%, respectively). Although
several randomized trials in Italy showed that clarithromycin re-
sistance did not affect eradication with sequential treatment, our
study demonstrated significant differences in the eradication rates
of sequential therapy between clarithromycin-sensitive and -resis-
tant strains (97.4% and 60.0%, respectively). Another indepen-
dent randomized controlled trial from Taiwan supported this
finding and showed that clarithromycin resistance decreased the
efficacy of sequential therapy (22). Possible explanations for the
discrepancies in the impact of clarithromycin resistance on
the eradication rate included different metronidazole use in se-
quential therapy, different prevalences of metronidazole resis-
tance, and different frequencies of CYP2C19 genotypes.

This study found poor efficacies of all the standard triple, se-
quential, and concomitant therapies for eradicating H. pylori
strains with dual resistance to clarithromycin and metronidazole
(eradication rates, 66.7%, 50.0%, and 66.7%, respectively). A ran-
domized controlled trial by Malfertheiner et al. (32) showed that a
10-day quadruple therapy containing bismuth, metronidazole,
tetracycline, and a PPI effectively eradicated H. pylori harboring
dual resistance to clarithromycin and metronidazole (eradication
rate, 92%). Recently, our study group reported a hybrid (dual-
concomitant) therapy consisting of dual therapy with a PPI and
amoxicillin for 7 days, followed by a concomitant quadruple ther-
apy with a PPI, amoxicillin, clarithromycin, and metronidazole
for 7 days (33). This novel therapy also achieved an excellent erad-
ication rate (100%) for the treatment of H. pylori strains harboring
dual resistance to clarithromycin and metronidazole. Sardarian et
al. (34) recently demonstrated that hybrid therapy was superior to
sequential therapy for first-line H. pylori eradication in Iran. The
prolonged treatment duration of amoxicillin to 14 days in hybrid
therapy might account for the high eradication rate for H. pylori
strains with dual resistance.

The current study shows that all the three therapies were well
tolerated and shared comparable adverse event profiles and fre-
quencies. Drug compliance is an important determinant for the
treatment outcome in bacterial eradication, particularly for the
therapies with a short treatment duration. To improve patient
compliance, all participants were given both verbal and written
instructions regarding the importance of full compliance with tak-
ing medications and were recommended not to stop medication
even in the event of mild to moderate side effects. Furthermore,
the participants were given the telephone numbers of the study
nurses so they could make inquiries during the daytime on week-
days if they had any questions concerning eradication therapy or

wanted to stop their medication. This considerate service might
contribute to the excellent compliance (all, �98%) of all the study
regimens.

The strengths of this study include the comparison of three
treatment groups and the use of a large sample size (�100 in each
group). Additionally, this study provided the impacts of antibiotic
resistances on the eradication results. Therefore, our findings are
useful for assessing the PP eradication rates of 7-day standard
triple, 10-day sequential, and 7-day concomitant therapies in dif-
ferent geographic areas by taking into consideration the preva-
lence of antibiotic resistance and the eradication outcomes of the
different resistant strains (shown in Table 3). Our study has sev-
eral limitations. First, antibiotic susceptibility data were available
in only 42% of the patients. Second, the sample size was insuffi-
cient to detect small differences in the eradication rates between
the treatment groups. Nonetheless, this study is the first random-
ized controlled trial simultaneously assessing the efficacies of 10-
day sequential and 7-day concomitant therapies versus a 7-day
standard triple therapy for treating H. pylori infection.

In conclusion, 7-day concomitant therapy is superior to 7-day
standard triple therapy for H. pylori eradication. Additionally, it is
simpler than sequential therapy because no change in drugs oc-
curs halfway through the treatment course. The novel therapy can
be recommended as the standard first-line treatment for H. pylori
infection in areas with a high prevalence of clarithromycin resis-
tance.
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