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ABSTRACT
Objective Significant heterogeneity was observed in
previous trials that assessed the efficacies of sequential
therapy for 10 days (S10) versus triple therapy for
14 days (T14) in the first-line treatment of Helicobacter
pylori. We aimed to compare the efficacy of S10 and
T14 and assess the factors affecting their efficacies.
Design We conducted this open-label randomised
multicentre trial in eight hospitals and one community
in Taiwan. 1300 adult subjects with H pylori infection
naïve to treatment were randomised (1:1) to receive S10
(lansoprazole and amoxicillin for the first 5 days,
followed by lansoprazole, clarithromycin and
metronidazole for another 5 days) or T14 (lansoprazole,
amoxicillin and clarithromycin for 14 days). All drugs
were given twice daily. Successful eradication was
defined as negative 13C-urea breath test at least 6 weeks
after treatment. Our primary outcome was the
eradication rate by intention-to-treat (ITT) and per-
protocol (PP) analyses. Antibiotic resistance was
determined by agar dilution test.
Results The eradication rates of S10 and T14 were
87.2% (567/650, 95% CI 84.4% to 89.6%) and
85.7% (557/650, 95% CI 82.8% to 88.2%) in the ITT
analysis, respectively, and were 91.6% (556/607, 95%
CI 89.1% to 93.4%) and 91.0% (548/602, 95% CI
88.5% to 93.1%) in the PP analysis, respectively. There
were no differences in compliance or adverse effects. The
eradication rates in strains susceptible and resistant to
clarithromycin were 90.7% and 62.2%, respectively, for
S10, and were 91.5% and 44.4%, respectively, for T14.
The efficacy of T14, but not S10, was affected by
CYP2C19 polymorphism.
Conclusions S10 was not superior to T14 in areas
with low clarithromycin resistance.
Trial registration number NCT01607918.

INTRODUCTION
In the face of rising antibiotic resistance, the eradi-
cation rate of standard triple therapy for 7–10 days

for Helicobacter pylori has fallen below 80% in
many countries.1 Extending the treatment duration
of triple therapy to 14 days (T14) has been

Significance of this study

What is already known on this subject?
▸ Our previous trial showed a trend of superiority

of sequential therapy for 10 days (S10) over
triple therapy for 14 days (T14) by 4.7%, but
the difference was not statistically significant.

▸ A large trial from Latin America showed
contradictory result that T14 was superior to S10.

▸ A meta-analysis putting these trials together
showed that S10 was not superior to T14, but
there was significant and unexplained
heterogeneity (I2=61%) because antibiotic
susceptibility was done only in one trial.

What are the new findings?
▸ This trial provides direct evidence with

adequate power that S10 is not superior to T14
in areas with low clarithromycin resistance.

▸ Our prediction model showed that whether S10
is superior to T14 depends on the prevalence
of antibiotic resistance.

▸ S10 appears to be superior to T14 in areas
with high clarithromycin, but low
metronidazole resistance and vice versa. Yet,
both regimens fail to reach acceptable
eradication rates in regions with high
clarithromycin or high metronidazole resistance.

How might it impact on clinical practice in
the foreseeable future?
▸ These collectively suggested that sequential

therapy given for 10 days is not enough and
extending the treatment duration of sequential
therapy might be indicated.
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recommended.2 The use of a four-drug therapy, such as sequen-
tial therapy, is another strategy to overcome this problem.3 4

Several meta-analyses have shown that sequential therapy for
10 days (S10) was superior to triple therapy for 7 or 10 days.5–7

In addition, our previous study showed that sequential therapy
for 14 days was superior to T14.8 However, whether S10 is
superior to T14 remains controversial. In our previous study, we
observed a trend of higher eradication rate (4.7%) of S10 than
that of T14, but the difference was not significant.8 In contrast,
a multinational study conducted in Latin America showed that
T14 was superior to S10 by 5.6%.9 Yet, both regimens failed to
achieve acceptable eradication rates in that region.9

Although a recent meta-analysis has shown that the efficacy of
S10 was not different from that of T14, further large rando-
mised trial is still necessary because of the following reasons.
First, discrepancies (about 35%) between meta-analysis of ran-
domised trials and subsequent large randomised trials were not
uncommon, especially when significant heterogeneities were
observed in the previous meta-analysis.10 In the previous
meta-analysis by Gatta et al, unexplained significant heterogen-
eity (I2=61.1%) was observed.5 Second, of the seven trials
included in that meta-analysis,5 only the trial from our group
provided information on antibiotic susceptibility, which might
be the most important factor leading to the heterogeneity.8 11

Therefore, further large randomised trial, which provides infor-
mation on antibiotic resistance, is needed to identify the causes
of the heterogeneity and to clarify when S10 would be the pre-
ferred regimen.

Emerging evidence suggests that eradication of H pylori has
the potential to reduce the risk of gastric cancer.12–14 However,
the optimal regimen for targeting the asymptomatic population
within the community remains unclear. Previous studies, which
evaluated the efficacies of anti-H pylori treatment, focused
mainly on symptomatic subjects who were recruited from hospi-
tals,1–8 15 while treatment of asymptomatic carriers in the com-
munity may be more vulnerable to the side effects, which are
highly associated with the length and complexity of the anti-
microbial regimen.16 As a result, their compliance may be
reduced. However, no evidence currently exists to support this
speculation, and it is unclear if the results based on hospital
populations can be extrapolated to community populations.

To address these issues, we conducted a randomised trial to
compare the efficacy of S10 with that of T14 in first-line
therapy of H pylori infection by recruiting both community-
based and hospital-based populations. We aimed to comprehen-
sively evaluate the impact of antibiotic resistance on treatment
efficacies and also provide a predictive model to estimate the
results in areas with a different prevalence of antibiotic
resistance.

MATERIALS AND METHODS
Trial design and settings
This multicentre open-label parallel randomised trial was con-
ducted in eight hospitals (outpatient department) on the main
island of Taiwan and in a community population residing in an
offshore island (Matsu Island) from February 2012 to March
2014. The details of screen-and-treat for H pylori infection in
the community population in Matsu Island (high risk for gastric
cancer) have been previously reported.13 Our protocol was
approved by the institutional review board of each participating
unit. Study research staff recruited potential participants, and
explained the purpose and eligibility requirements of the study
to them. Written informed consent was obtained from each

subject prior to enrolment. The ClinicalTrials.gov registration
identifier is NCT01607918.

Participants
Subjects 20 years or more in age with documented H pylori
infection (as described below) were eligible for enrolment.
Subjects with any one of the following criteria were excluded
from the study: (1) history of gastrectomy, (2) previous eradica-
tion therapy for H pylori, (3) pregnant or lactating women,
(4) contraindication or previous allergic reaction to the study
drugs, (5) use of antibiotics within 4 weeks and (6) severe con-
current diseases or malignancy.

Determination of H pylori status
In the hospital setting, H pylori status was determined by:
(1) rapid urease test, (2) histology, (3) culture and (4) serology.
Subjects with positive results in at least two of the above tests
were eligible for enrolment (criterion 1). In the community
setting, a single positive 13C-urea breath test (13C-UBT) was
defined as H pylori infection (criterion 2),3 and those with posi-
tive 13C-UBT were invited to undergo endoscopic screening
and biopsy for culture. The 13C-UBT, which contained
75 mg13C-urea, was dissolved in water and mixed with orange
juice. Baseline and 30 min breath samples were assayed with an
infrared spectrometer at the Taipei Institute of Pathology, and
computer-generated results were produced. Positive results were
defined as a delta value of ≥4 units and negative results as
<2.5 units, with the sensitivity and specificity of 97.8% and
96.8%, respectively.17 For all participants, a follow-up 13C-UBT
was performed at least 6 weeks after completion of treatment to
confirm successful eradication. All subjects were asked to stop
proton-pump inhibitors and histamine-2 blockers for at least
2 weeks prior to the 13C-UBT. Patients with inconclusive results
received another 13C-UBT at least 2 weeks later until the results
became conclusive. The technicians who performed the
13C-UBT assays by infrared spectrometer were blinded to the
treatment regimens.

Randomisation and blinding
Eligible subjects were randomised in a 1:1 ratio to receive one
of the following regimens: S10: lansoprazole 30 mg and amoxi-
cillin 1 g for the first 5 days, followed by lansoprazole 30 mg,
clarithromycin 500 mg, and metronidazole 500 mg for another
5 days (all given twice daily); or T14: lansoprazole 30 mg,
amoxicillin 1 g and clarithromycin 500 mg for 14 days (all given
twice daily). The permuted block randomisation sequence, with
a block size of four, was computer generated. The sequence was
concealed in an opaque envelope, and was kept by an independ-
ent research assistant at the National Taiwan University Hospital
(NTUH) until treatment was assigned. All investigators were
blinded to the randomisation sequence. After obtaining written
informed consents from eligible subjects, the study nurses con-
tacted the independent assistant at NTUH to obtain the next
allocation number by phone in order to ensure adequate alloca-
tion concealment.

Outcomes
The primary end-point of the study was the eradication rates in
the first-line therapy. The secondary end-points were the fre-
quency of adverse effects and compliance. Intention-to-treat
(ITT) and per-protocol (PP) analyses were performed in the
assessment of the primary end-point. All randomised subjects
were included in the ITT analysis. All protocol violators, such as
subjects who failed to take at least 80% of their treatment
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drugs, or who had unknown post-treatment H pylori status,
were excluded from the PP analysis. Subjects who did not return
for a follow-up 13C-UBT were considered treatment failures.
Subjects were informed of the common side effects associated
with the study drugs before the therapy began; they were also
asked to record these symptoms during treatment. In both set-
tings (hospital and community), a standardised interview was
arranged at the end of treatment when patients were questioned
regarding the incidence of any adverse events and the drug com-
pliance. The pills not taken by the patients were also counted.
Compliance was considered low if less than 80% of pills were
taken. Subgroup analyses were conducted according to the
demographics, host genetic polymorphism, bacterial antibiotic
resistance and the community/hospital-based populations.

Determination of host CYP2C19 polymorphism and
genotypic/phenotypic antibiotic resistance of H pylori
The SEQUENOM MassARRAY System in the National
Genotyping Center was used for genotyping of CYP2C19 poly-
morphism.18 PCR, with or without direct sequencing using the
automatic sequencer (ABI PRISM 3100 Genetic Analyzer, Applied
Biosystems), was used for the determination of genotypic anti-
biotic resistance, including 23S rRNA (clarithromycin resistance)
and gyrA (levofloxacin resistance).19 20 The phenotypic antibiotic
resistance was determined by the minimum inhibitory concentra-
tion on the agar dilution test. The resistance breakpoints for clari-
thromycin, metronidazole, amoxicillin and levofloxacin were
defined as ≥1, ≥8, ≥0.5 and > 1 mg/L, respectively.8 20

Statistical analysis
Categorical data were compared using the χ2 test or Fisher’s
exact test, as appropriate. Continuous data were compared using
the Student’s t test and expressed as mean (SD). Regarding the
sample size estimation, we hypothesised that there would be
approximately a 6% difference in the eradication rates between
the two studied regimens.8 Knowing that the eradication rate of
T-14 was approximately 85%,8 21 our original sample size esti-
mation was at least 500 for each group, given a power of 80%
and a 0.05 two-side type 1 error, assuming a 10% loss to
follow-up. Following an interim report, we decided to increase

the sample size to a conservative estimate of 650 for each group,
hoping to reach a power of 90% in the rejection of the null
hypothesis. Multiple logistic regression analysis was performed
to identify predictors of treatment failure. All p values were
two-tailed, with the level of statistical significance set at 0.05.
The statistical analyses were performed using the SPSS V.21.0
statistical software for Windows 7 (IBM, Armonk, New York,
USA). All authors had access to the study data, and had
reviewed and approved the final manuscript.

Ancillary analysis
We constructed a prediction model in order to explain the
contradictory results in the literatures and to suggest the
optimal regimens in areas with different prevalence of clarithro-
mycin and metronidazole resistance. The data required for
model generation was based on the eradication rates of S10 and
T14 according to the antibiotic resistance, which was obtained
from the present study and our prior study8 (see online supple-
mentary table S1). The efficacy of sequential therapy and triple
therapy can be predicted in an area with clarithromycin resist-
ance rate of p and metronidazole rate of q (0≤p≤1; 0≤q≤1) as
long as the efficacies in resistant and susceptible strains are
known.11 If the eradication rates of a regimen (containing these
antibiotics) in strains susceptible to clarithromycin and metro-
nidazole, susceptible to clarithromycin but resistant to metro-
nidazole, resistant to clarithromycin but susceptible to
metronidazole and dual resistant to both were A, B, C and D,
respectively, the predicted eradication rate of that regimen
would be A*(1−p)*(1−q)+B*(1−p)*Y+C*p*(1−q)+D*p*q.
Then, we obtained the difference (δ) in the efficacy of sequential
therapy and triple therapy, which was a function containing p
and q. The function of δ was plotted using the Desmos Graph
Calculator (https://www.desmos.com/calculator).

RESULTS
Baseline characteristics, H pylori eradication rates and
adverse effects
From February 2012 to March 2014, a total of 1300 subjects
were randomised to receive one of two treatments, as detailed
in the Consort flowchart shown in figure 1. Baseline

Figure 1 The Consort diagram.
H pylori, Helicobacter pylori;
S10, sequential therapy for 10 days;
T14, triple therapy for 14 days;
PP, per-protocol analysis.
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characteristics of the two treatment groups (n=650) were
similar (table 1). The eradication rates of S10 and T14 were
87.2% (567/650, 95% CI 84.4% to 89.6%) and 85.7% (557/
650, 95% CI 82.8% to 88.2%) in the ITT analysis, respectively
(p=0.418), and the results were 91.6% (556/607, 95% CI
89.1% to 93.4%) and 91.0% (548/602, 95% CI 88.5% to
93.1%) in the PP analysis, respectively (p=0.726); no significant
difference was noted between groups (table 2). The frequencies
of adverse effects were not significantly different between the
two groups, except for a slightly higher proportion of nausea in

S10 than T14 (5.3% vs 2.8%, p=0.04). Less than 3% of
patients discontinued the drugs due to adverse effects. The com-
pliance to treatment was not significantly different between two
groups (96.3% vs 94.6%, p=0.143).

Subgroup analysis
The subgroup analysis results are shown in table 3. In the com-
munity population, the prevalence of peptic ulcer, clarithromy-
cin resistance, levofloxacin resistance and adverse effects were
lower while their compliance to treatment (eg, took at least
80% of drugs, took the drugs correctly and were lost to
follow-up) was similar to that of the hospital population. The
treatment efficacies (ITTs) in the eradication of H pylori infec-
tion were 85.3% (220/258, 95% CI 81.0% to 89.6%) and
82.2% (213/259, 95% CI 77.5% to 86.9%) for S10 and T14,
respectively, in the community population, and the difference
was not significant. Tests for interaction did not show any sig-
nificant factor, which would modify the relative efficacy
between the two treatments.

Factors affecting eradication rates
As shown in table 4, the eradication rates in strains susceptible
and resistant to clarithromycin were 90.7% and 62.2%, respect-
ively, for S10, and were 91.5% and 44.4%, respectively, for
T14, which indicated that the presence of clarithromycin-
resistant strains significantly suppressed the eradication rates for
both S10 and T14 (p<0.001). In the presence of dual resistance
to clarithromycin and metronidazole, the eradication rates of
S10 and T14 were further suppressed to 50% (9/18) and 33.3%
(7/21). The eradication rates of both regimens were lower in
subjects exhibiting poor compliance (p<0.001). The eradication
rate of T14, but not S10, was lower in subjects with intermedi-
ate/extensive metabolisers of CYP2C19 (408/481, 84.8%) com-
pared with that of the poor metabolisers (73/77, 94.8%), and
was lower in the community population (213/259, 82.2%) com-
pared with the eradication rate of T14 in the hospital popula-
tion (344/391, 88.0%). Multiple regression analyses showed
that poor compliance and clarithromycin resistance were risk
factors for S10 treatment failure. Poor compliance, clarithromy-
cin resistance and intermediate/extensive metabolisers of
CYP2C19 were risk factors for T14 treatment failure.

Prediction of efficacy in areas with different prevalence
of antibiotic resistance
The predicted efficacy of S10 in an area with clarithromycin
resistance of p and metronidazole resistance of q would be
0.954*(1−p)*(1−q)+0.918*(1−p)*q+0.735*p*(1−q)+0.5*p*q.
The model suggested that the efficacy of S10 would be less than
90% in areas where the clarithromycin resistance rate (p) is
10% and metronidazole resistance rate (q) is greater than 50%
(figure 2A). Similarly, the efficacy of T14 would be 0.944*(1−p)
*(1−q)+0.947*(1−p)*q+0.567*p*(1−q)+0.401*p*q. The model
suggested that the efficacy of T14 would be less than 90%, 85%
and 80% in areas where the clarithromycin resistance rate is
higher than 10%, 20% and 30%, respectively (figure 2B). The
difference (δ) of the efficacy between S10 and T14 would be
0.158*p−0.039*q−0.03*p*q+0.01. The prediction model
shows a trend that S10 appears to be more effective than T14 in
areas with higher clarithromycin resistance and lower metro-
nidazole resistance, and vice versa (figure 2C).

DISCUSSION
In this large randomised trial, we provided direct evidence with
adequate power to demonstrate that S10 was not superior to

Table 1 Demographic characteristics and prevalence of antibiotic
resistance

Characteristics S10 (N=650) T14 (N=650) p Value

Gender (M/F) 316/334 328/322 0.506
Age (mean, SD) 48.8 (12.7) 49.7 (12.9) 0.179
BMI (kg/m2, mean, SD) 24.3 (4.0) 24.7 (4.03) 0.913
BMI ≥30 (%) 8.5% (54/639) 10.5% (67/641) 0.221
Cigarette smoking 18% (117/650) 20.2% (131/650) 0.335
Alcohol drinking 29.8% (194/650) 32.6% (212/650) 0.282
Gastric ulcer 24.5% (138/563) 26.8% (151/564) 0.685
Duodenal ulcer 25.4% (143/563) 25.5% (144/564) 0.959
CYP2C19-PM 13.6% (75/551) 13.8% (77/558) 0.928
23S rRNA mutation 10.3% (42/408) 8.2% (33/401) 0.311
GyrA mutation 9.0% (35/380) 9.7% (37/381) 0.742
Clarithromycin resistance 11% (45/410) 9% (36/402) 0.337
Metronidazole resistance 24.6% (101/410) 28.6% (115/402) 0.200
Amoxicillin resistance 1.5% (6/409) 0.7% (3/402) 0.327
Levofloxacin resistance 10.5% (43/409) 11.4% (46/402) 0.672

BMI, body mass index; F, female; M, male; N, number; PM, poor metaboliser; S10,
sequential therapy for 10 days; T14, triple therapy for 14 days.

Table 2 Eradication rates and adverse effects

Outcomes S10 T14 p Value

Eradication rate (%)
ITT analysis, %, N 87.2% (567/650) 85.7% (557/650) 0.418
95% CI 84.4% to 89.6% 82.8% to 88.2%
PP analysis, %, N 91.6% (556/607) 91.0% (548/602) 0.726

95% CI 89.1% to 93.4% 88.5% to 93.1%
Adverse effects (%)
Dizziness 7.2% (46/642) 5.3% (34/642) 0.356
Skin rash 1.9% (12/642) 2.5% (16/642) 0.679
Headache 3.9% (25/642) 4.1% (26/642) 0.904
Taste distortion 11.7% (75/642) 14.3% (92/642) 0.124
Abdominal pain 5.3% (34/642) 5.0% (32/642) 0.403
Nausea 5.3% (34/642) 2.8% (18/642) 0.04
Diarrhoea 11.3% (73/642) 14.8% (93/642) 0.245
Constipation 1.9% (12/642) 3.5% (22/642) 0.116
Bloating 5.9% (38/642) 7% (45/642) 0.727
Vomiting 1.5% (10/642) 2.1% (13/642) 0.283

Any adverse effects 38.2% (245/642) 42.2% (271/642) 0.139
Discontinued drugs due to
adverse effects

2.3% (15/642) 2.8% (18/642) 0.597

Took at least 80% of drugs 96.3% (626/650) 94.6% (615/650) 0.143
Took the drugs correctly 97.1% (631/650) 96.6% (628/650) 0.634

The taste distortion indicated any changes in the taste sensation, such as bitter
sensation.
ITT, intention-to-treat; N, number; PP, per-protocol; S10, sequential therapy for
10 days; T14, triple therapy for 14 days.
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T14 in either the community-based or the hospital-based popu-
lation in Taiwan where the prevalence of clarithromycin resist-
ance remains low. The efficacies of both regimens were reduced
by clarithromycin resistance and poor compliance. The efficacy
of T14 was further affected by CYP2C19 polymorphism and
the enrolment setting (ie, community or hospital based). Given
the abundant data of antibiotic susceptibility testing, we are able
to formulate a prediction model showing that whether S10 is
superior to T14 depends on the prevalence of antibiotic resist-
ance in that country.

The differences in the prevalence of antibiotic resistance
might be the most important factor leading to the contradictory
results of clinical trials comparing the efficacy of sequential
therapy and triple therapy.11 22 Unfortunately, many of the pre-
vious trials did not provide information on antibiotic resistance,
which limited their implications for other populations.5–7

Besides, the prevalence of clarithromycin and metronidazole
resistance is expected to vary in different geographical areas,
and is also expected to change over time even in the same geo-
graphical area.2 3 16 It is impractical and costly to repeat a
similar clinical trial in different countries or periodically in the
same region. Therefore, we proposed that clinical trials in the
treatment of H pylori infection should provide information on
the antibiotic resistance. With such information, we can predict
the efficacies of the regimen in regions with different prevalence
of resistance.11 22

The main novelty of our study included the extensive collec-
tion of antibiotic susceptibility data from both community-based
and hospital-based populations. Among the previous studies that
compared the efficacy of S10 and T14,8 9 23–30 only the study
from our research group has provided information regarding
antibiotic resistance, which was confirmed to be the most influ-
ential factor in the determination of treatment efficacy.8 In the

present study, based on 1150 isolated H pylori strains, we again
emphasised the importance of antibiotic resistance on the
optimal choice of anti-H pylori treatment. In our predictive
model, we found that S10 would be superior to T14 in areas
with higher clarithromycin resistance, but lower metronidazole
resistance (ie, zone 2 and zone 3 in figure 2C). T14 would be
superior to S10 only in areas with concomitantly very low clari-
thromycin resistance and very high metronidazole resistance. In
most regions (ie, zone 2), the differences between S10 and T14
would be minimal (less than 5%), which was consistent with the
results from the literature.

Another important message provided by our study is the
optimal treatment length of sequential therapy.1–3 Previous
meta-analyses showed that S10 was superior to T7 or T10.5–7

Our previous study showed that S14 was superior to T14.8

Direct evidence is not yet available with adequate statistical
power to compare the treatment efficacy between S10 and T14,
especially in regions with low clarithromycin resistance. To
further solidify the generalisability of our finding, we did an
updated systematic review and meta-analysis by including the
present trial and another eight published trials8 9 23–27 29 (the
details are available on request). We found that the efficacy of
S10 appeared to be similar to that of T14 (summarised OR
1.25, 95% CI 0.91 to 1.72, p=0.17). The finding was similarly
seen when the studies were stratified according to the reported
prevalence rate of clarithromycin and metronidazole resistance
in areas where the clinical trials were conducted. While in areas
with high clarithromycin resistance, the non-clarithromycin con-
taining regimens, such as the bismuth quadruple therapy, may
be considered as the first-line treatment.3 15

In the present study, we found that the efficacy of T14 was
affected by the CYP2C19 polymorphism, but not S10, which
deserves special attention. Recent meta-analyses have showed

Table 3 Characteristics and outcomes according to settings

Hospitals Community

Characteristics S10 (N=392) T14 (N=391) p Value S10 (N=258) T14 (N=259) p Value

Gender, male % 46.4 (182/392) 52.4 (205/391) 0.108 51.9 (134/258) 47.5 (123/259) 0.312
Age (years, mean, SD) 51.7 (13.2) 50.8 (13.2) 0.349 44.7 (10.4) 48.5 (12.2) <0.001
BMI (kg/m2, mean, SD) 24.1 (4.1) 24.5 (4.1) 0.149 24.5 (3.8) 24.9 (3.9) 0.178
BMI ≥30 8.5% (33/388) 9.8% (38/388) 0.534 8.4% (21/251) 11.5% (29/253) 0.245
Cigarette smoking 17.6% (69/392) 24% (94/391) 0.033 18.6% (48/258) 14.3% (37/259) 0.185
Alcohol drinking 20.4% (80/392) 26.6% (104/391) 0.050 44.2% (114/258) 41.7% (108/259) 0.568
Gastric ulcer 29.2% (114/390) 30.4% (119/391) 0.935 13.9% (24/173) 18.5% (32/173) 0.243
Duodenal ulcer 32.8% (128/390) 31.7% (124/391) 0.741 8.7% (15/173) 11.6% (20/173) 0.373
CYP2C19-PM 12% (40/334) 11.9% (40/335) 0.989 16.1% (35/217) 16.6% (37/223) 0.896
23S rRNA mutation 12.5% (33/264) 7.9% (21/265) 0.082 6.3% (9/144) 8.8% (12/136) 0.414
GyrA mutation 12.2% (30/246) 13.4% (33/246) 0.686 3.5% (5/142) 3% (4/135) 1.000
Clarithromycin resistance 14% (37/265) 9% (24/266) 0.078 5.5% (8/145) 8.8% (12/136) 0.281
Metronidazole resistance 28.7% (76/265) 28.6% (76/266) 0.978 17.2% (25/145) 28.7% (39/136) 0.032
Amoxicillin resistance 1.9% (5/264) 0.8% (2/266) 0.284 0.7% (1/145) 0.7% (1/136) 1.000
Levofloxacin resistance 14.8% (39/264) 14.7% (39/266) 0.971 2.8% (4/145) 5.1% (7/136) 0.302
Eradication rate
ITT analysis, %, (N) 88.5% (347/392) 88% (344/391) 0.814 85.3% (220/258) 82.2% (213/259) 0.350
PP analysis, %, (N) 93.2% (341/366) 92.7% (341/368) 0.789 89.2% (225/241) 88.5% (207/234) 0.795
Any adverse effect 51.5% (201/390) 52.6% (205/390) 0.774 17.5% (44/252) 26.2% (66/252) 0.018
Took at least 80% of drugs 96.7% (379/392) 95.9% (375/391) 0.565 95.7% (247/258) 92.7% (240/259) 0.135
Took the drugs correctly 97.2% (381/392) 96.7% (378/391) 0.674 96.9% (250/258) 96.5% (250/259) 0.811
Lost to follow-up 4.3% (17/392) 4.3% (17/391) 0.994 4.3% (11/258) 4.2% (11/259) 0.993

BMI, body mass index; ITT, intention-to-treat; N, number; PM, poor metaboliser; PP, per-protocol; S10, sequential therapy for 10 days; T14, triple therapy for 14 days.
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that the efficacy of triple therapy containing amoxicillin and
clarithromycin was higher in those with CYP2C19
loss-of-function variants, especially when omeprazole or lanso-
prazole were used, which was consistent with our finding.31 32

Regarding the impact of CYP2C19 polymorphism on the effi-
cacy of sequential therapy, we speculated that the use of metro-
nidazole, which was less affected by intragastric pH, might be
the possible explanation.33 This speculation was also consistent

with our previous study showing that the efficacy of modified
sequential therapy was not affected by the CYP2C19 poly-
morphism.34 Therefore, in populations where the proportion of
extensive metabolisers is higher, such as Caucasians,32 sequential
therapy might be the preferred regimen.

Our study also evaluated the efficacy of both treatments in a
community-based population that underwent gastric cancer che-
moprevention.13 Theoretically, asymptomatic subjects are more
subject to side effects (related to the dose, kind and number of
antibiotics), treatment duration (eg, 14-day regimen) and com-
plexity of the regimen (eg, sequential therapy), which may lead
to a lower treatment compliance. Although we did not identify
any significant differences in treatment efficacy between the two
regimens (in either the community-based or the hospital-based
populations), the efficacies of both regimens were lower in the
community setting compared with the hospital setting, and T14
had reached a statistically significant level; this finding was con-
sistent with our speculation. Given a similar or lower antibiotic
resistance rate in the community population, the reason for such
a difference in efficacy is likely related to their lower
compliance.

The strength of this study included its large sample size, the
analysis of eradication rate according to antibiotic susceptibility,
the evaluation of host CYP2C19 polymorphism and the consid-
eration of different enrolment settings. The prediction model
was based on the direct comparison of S10 and T14 in our two
large randomised trials, which could eliminate the confounding
factors and provide more accurate prediction. Nevertheless, our
study had several limitations. First, even though we had a high
yield rate of bacterial culture of 82.4% (826/1003), the results of
antibiotic susceptibility tests were not available in approximately
34% of patients in the present study, which was related to the
inherent difficulty in performing such tests. However, this did
not affect the main purpose of our study (S10 vs T14). The treat-
ment efficacies were indeed similar between the groups with and
without antibiotic resistance data; so, we believe that selection
bias was unlikely. Second, the eradication of T14 (85.7%) was
slightly higher than that (83.3%) reported in our previously trial,
probably attributed to the non-significant lower clarithromycin
resistance (9% vs 11%) and non-significant better compliance.8

Third, subjects in the community were eligible only based on a
positive 13C-UBT such that the risk of misclassification in detec-
tion of H pylori infection might occur. However, through a ran-
domised allocation, the main conclusion of our study was
unlikely to be altered. Fourth, the present trial was conducted in
Taiwan with a lower clarithromycin resistance rate, but a moder-
ate metronidazole resistance rate. The regimens that were studied
may not be applicable to areas with high clarithromycin or high
metronidazole resistance. Further evaluation of other regimens
may be needed (such as the bismuth-containing quadruple
therapy) in order to improve the eradication rate for such areas.
Nevertheless, the prevalence of clarithromycin remains lower
than 15%–20% in many countries, such as South America,
North Europe, UK, Germany and Spain.35 36 Fifth, the genotyp-
ing for antibiotic resistance was missing in some cases for 23S
rRNA (0.4%, 3/812) and gyrA (4.1%, 33/812) because of tech-
nical failure such that there was small discrepancy between the
results of antibiotic resistance by the agar dilution method and
the detection of 23S rRNA and gyrA mutations. Also, antibiotic
resistance could be found when there was no genetic mutation.
However, although the mutations at position 2142 and 2143 of
23S rRNA were the most important causes of clarithromycin
resistance, there could be other point mutations or other
mechanisms to account for the clarithromycin resistance.19 33

Table 4 Factors affecting eradication rates in the first-line therapy

Group A (S10) Group B (T14)

Univariate analyses
23S rRNA mutation (genotypic)

No 90.4% (331/366)† 91.3% (336/368)‡
Yes 61.9% (26/42)† 42.4% (14/33)‡

Clarithromycin resistance (phenotypic)
Susceptible 90.7% (331/365)† 91.5% (335/366)‡
Resistant 62.2% (28/45)† 44.4% (16/36)‡

Metronidazole resistance (phenotypic)
Susceptible 89.3% (276/309) 89.5% (257/287)
Resistant 82.2% (83/101) 81.7% (94/115)

Amoxicillin resistance (phenotypic)
Susceptible 87.6% (353/403) 87.2% (348/399)
Resistant 83.3% (5/6) 100% (3/3)

Clarithromycin and metronidazole resistance (phenotypic)
CLA-S and Met-S 91.1% (257/282) 91.2% (248/272)
CLA-S and Met-R 89.2% (74/83) 92.6% (87/94)
CLA-R and Met-S 70.4% (19/27) 60% (9/15)
CLA-R and Met-R 50% (9/18) 33.3% (7/21)

Compliance (took at least 80% of the drugs)
Yes 89.5% (556/621)§ 89.5% (548/612)*
No 37.9% (11/29)§ 23.7% (9/38)*

Gastric ulcer
Present 90.6% (125/138) 84.8% (128/151)
Absent 87.7% (372/424) 87.1% (359/412)

Duodenal ulcer

Present 92.3% (132/143) 90.3% (130/144)
Absent 87.1% (366/420) 85.2% (358/420)

Setting
Hospital 88.5% (347/392) 88% (344/391)¶

Community 85.3% (220/258) 82.2% (213/259)¶

CYP2C19 polymorphism
PM 88% (66/75) 94.8% (73/77)
IM/EM 87.8% (418/476) 84.8% (408/481)

Multivariate analyses**, adjusted OR (95% CI), p value
Compliance
Poor vs good

31.2 (5.7 to 171.7),
<0.001

58.2 (15.2 to 222.8),
<0.001

Clarithromycin
Resistance vs no
resistance

5.6 (2.4 to 13.0),
<0.001

17.2 (6.0 to 49.0),
<0.001

Metronidazole
Resistance vs no
resistance

2.0 (0.9 to 4.3), 0.072 1.3 (0.6 to 3.2), 0.507

CYP2C19 genotype
PM vs IM/EM

1.0 (0.4 to 2.9), 0.948 0.2 (0.0 to 1.0), 0.046

Setting
Community vs hospital

1.5 (0.7 to 3.4), 0.332 2.4 (1.0 to 5.7), 0.06

†p<0.001; ‡p<0.001; §p<0.001; *p<0.001; ¶p<0.05.
**ORs in the multiple logistic regression models adjusted for clarithromycin
resistance, metronidazole resistance, compliance, duodenal ulcer, gastric ulcer,
setting, CYP2C19 polymorphism, age and gender.
23S rRNA, 23S ribosomal RNA; CLA, clarithromycin; EM, extensive metaboliser;
IM, intermediate metaboliser; Met, metronidazole; PM, poor metaboliser; R, resistant;
S, susceptible; S10, sequential therapy for 10 days; T14, triple therapy for 14 days.
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The same is true for the relationship between the gyrA mutation
and levofloxacin resistance.37 Finally, it is interesting to find a
persisting low prevalence rate of clarithromycin in our country.
We believe it is due to the fact that, in National Health Insurance
in Taiwan (coverage more than 99% over whole residents), there
is a strict regulation of the use of antibiotics, including the macro-
lides, according to their indications. In addition, following the
first-line treatment of H pylori, the retesting process is recom-
mended and reimbursed by the National Health Insurance such
that the occurrence of antibiotic-resistant strains of H pylori
could be minimised.38 39

In conclusion, S10 was not superior to T14 in first-line
therapy for H pylori infection in Taiwan where the clarithromy-
cin and metronidazole resistance rates were approximately 10%
and 25%, respectively. Our prediction model further suggested
that the efficacies of S10 and T14 varied according to the

prevalence of clarithromycin and metronidazole resistance.
Neither S10 nor T14 achieved acceptable eradication rates in
regions with high clarithromycin or high metronidazole resist-
ance, and are not recommended in these settings.
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