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Abstract

Background: Helicobacter pylori resistance to amoxicillin remains rare in many regions.
Proton pump inhibitor-amoxicillin-containing high dose dual therapy (HDDT) has been
proposed to treat H. pylori infection. We aimed to assess the effectiveness and safety of PPI-
amoxicillin HDDT for treatment of H. pylori infection in comparison with other regimens.
Methods: Databases, including PubMed, Embase, and the Cochrane Register of Controlled
Trials, were searched to find relevant publications. Randomized controlled trials comparing
HDDT with control regimens for H. pylori eradication in adult patients were included. The
primary outcome was eradication rate by intention-to-treat analysis. Adverse events were
analyzed as second outcome.

Results: A total of 15 trials with 3818 patients qualified for inclusion. The eradication rate

of HDDT was neither significantly inferior nor superior to the recommended regimens such
as triple therapy, bismuth quadruple therapy, and non-bismuth quadruple therapy [relative
risk (RR]): 1.00, 95% confidence interval (Cl): 0.96-1.05, p=0.870]. This finding was robust
through subgroup analyses and sensitivity analyses. Trial sequential analysis showed that
HDDT was equivalent to control regimens, and further similar trials were unlikely to alter the
conclusions of this analysis. The frequency of adverse events was significantly lower in HDDT
group (RR: 0.48, 95% Cl: 0.37-0.64, p<0.001).

Conclusion: HDDT was equivalent to recommended first-line or rescue regimens with fewer
adverse effects. The evidence from this meta-analysis supports the use of HDDT as first-line
or rescue treatment for H. pylori infection.

Trial registration: PROSPERO CRD42019133002
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Introduction

Helicobacter pylori infection is a considerable pub-
lic health problem, which affects 24% of people in
Oceania, 37% in North America, 47% in Europe,
55% in Asia, 63% in Latin America and
Caribbean, and 79% in Africa.l»2 H. pylori is asso-
ciated with many upper gastrointestinal diseases,

such as chronic gastritis, peptic ulcer disease,
gastric cancer, and mucosa-associated lymphoid
tissue lymphoma; eradication of H.pylori may
prevent the development of these diseases.?*

Standard triple therapy (TT), which consists of
proton pump inhibitor (PPI), amoxicillin,
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clarithromycin, or metronidazole, was recom-
mended as the first-line eradication therapy.>
Unfortunately, increasing resistance to antibiotics
impaired the efficacy of standard TT.¢ The preva-
lence of clarithromycin and metronidazole resist-
ance was more than 15% in many regions, and
standard TT could no longer cure even 80% of
infections.” Therefore, alternative regimens have
been introduced, including bismuth quadruple
therapy (BQT), non-bismuth quadruple therapy
(non-BQT, also known as concomitant therapy),
and sequential therapy (ST).® Although these
regimens could achieve acceptable eradication
rates, the complexity and adverse events of multi-
drug regimens may reduce the patient compli-
ance.? Moreover, using multi-antibiotics regimens
may result in multi-drug resistance and limit the
options of antibiotics for subsequent therapy if
the eradication treatment is failed.!©

Unlike clarithromycin and metronidazole, H. pylor:
resistance to amoxicillin has remained rare in
many regions.!! PPI-amoxicillin dual therapy has
been used for treating H. pylori infection for dec-
ades, but its efficacy remains controversial.l213
The efficacy of PPI-amoxicillin dual therapy with
standard dose and frequency was unacceptable
(<80%), whereas higher eradication rates were
attained when PPI and amoxicillin were given at
high dose and frequency.!* High dose dual ther-
apy (HDDT), which gives amoxicillin and PPI
more than two times daily, was reported equally
effective to TT or BQT.15:16 However, some stud-
ies showed that the eradication rates of HDDT
were less than 80%.1718 We therefore conducted
a systematic review and meta-analysis to compare
the efficacy and safety of HDDT with other
regimens.

Methods

We followed the recommendations of the
Cochrane handbook for systematic reviews of
interventions and the preferred reporting items for
systematic reviews and meta-analyses (PRISMA)
during all stages of the design, implementation,
and reporting of this meta-analysis.!%2° The pro-
tocol of this study is documented on PROSPERO
(CRD42019133002).

Search strategy
Two authors independently searched PubMed,
Embase, and the Cochrane Register of Controlled

Trials to identify relevant trials without language
restrictions (updated to April 2020). The elec-
tronic search strategy combined terms related to
Helicobacter pylori, proton pump inhibitor, and
amoxicillin; the details of search strategy are
described in the Supplemental File S1. The
major conference proceedings were hand
searched to identify further potentially relevant
trials for inclusion. We also checked the refer-
ence lists of studies and reviews identified by the
previous searches to include other potentially eli-
gible trials.

Study selection

Two reviewers assessed all papers independently
using predesigned eligibility forms, according to
the eligibility criteria. Disagreements between
investigators were resolved by consensus. Studies
were included if they met the following criteria:
(1) participants: adult patients (18 years or older)
with H. pylori infection confirmed by one or more
of the standard detection methods (urea breath
test, bacterial culture, histological examination,
rapid urea test or stool antigen test); (2) interven-
tion: HDDT (PPI and amoxicillin were given
more than two times daily; (3) comparison: other
eradication regimens; (4) outcome: eradication
rate at least 4weeks after completion of eradica-
tion treatment and adverse events; (5) study
design: randomized controlled trial (RCT).
Studies were excluded if they enrolled pediatric
patients or used regimens containing herbs.

Data extraction

Using a predesigned data collection form and
working in duplicate, two authors independently
extracted the following data from each study:
first author, year of publication, geographical
location of study, study design, patient charac-
teristics, details of regimens (the doses, frequen-
cies, and duration of medicine dosing), methods
for detecting H. pylori infection before and after
eradication, time to confirmation of the eradica-
tion status, H. pylori susceptibility to antibiotics,
and outcome measures. Extracted data were
checked by the third author, and any discrepancy
was resolved by discussion. Our primary out-
come was eradication rate by intention-to-treat
(ITT) analysis, and second outcome was adverse
events. Authors of the included studies were con-
tacted via E-mail if further study details were
needed.
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Risk of bias assessment

Risk of bias assessment was independently per-
formed by two authors, and any disagreement
was resolved by consensus. The risk of bias was
assessed by using the components recommended
by the Cochrane Handbook for Systematic
Reviews of Interventions: random sequence gen-
eration, allocation concealment, blinding of par-
ticipants and personnel, blinding of outcome
assessment, incomplete outcome data, selective
reporting, and other sources of bias.2!

Statistical analysis

The statistical analysis was performed by using
RevMan software version 5.3 (The Nordic
Cochrane Centre, The Cochrane Collaboration
2014, Copenhagen, Denmark), Stata 12.1 (Stata
Corporation, College Station, TX, USA), and
TSA Viewer 0.9 (The Copenhagen Trial Unit,
Copenhagen, Denmark). We estimated the rela-
tive risk (RR) with 95% confidence intervals (CI)
for outcomes. Data were pooled using the random
effects model to give a more conservative estimate,
allowing for any heterogeneity between studies.?2
Heterogeneity was expressed as the I? statistic,
and I?=50% indicated significant heterogeneity.

To identify potential sources of heterogeneity, we
performed prespecified subgroup analyses accord-
ing to: dosing frequency of HDDT (three times
daily versus four times daily), regimens used in
control group (TT versus BQT wersus non-BQT
versus ST), eradication experience (treatment-
naive versus treatment-experienced), and publica-
tion type (full-length article versus conference
abstract). To assess the independent influence of
each study on the overall pooled estimate, we did
prespecified sensitivity analyses by omitting one
study in each turn.

To reduce the risk of random error we applied
trial sequential analysis for the primary out-
come.?? Trial sequential analysis combines an
estimation of information size (cumulated sample
size of included trials) for meta-analysis with
adjusted thresholds for statistical significance
(trial sequential monitoring boundaries) as well
as non-superiority and non-inferiority (futility
boundaries) in the cumulative meta-analysis.2%25
When the cumulative Z-curve crosses the trial
sequential monitoring boundary, a sufficient level
of evidence for the anticipated intervention effect
may have been reached and no further trials are

needed. When the Z-curve crosses the futility
boundaries, the two interventions do not differ
more than the anticipated intervention effect. If
the Z-curve does not cross any of the boundaries
and the required information size has not been
reached, evidence to reach a conclusion is insuf-
ficient. The trial sequential analysis was con-
ducted with a desire to maintain a typel error of
5% and a power of 80%, with calculation of infor-
mation size required to detect 10% relative risk
reduction of eradication rate in the HDDT group.

Funnel plots were used to evaluate the publication
bias visually. The Egger’s test was used to assess
publication bias statistically. Results were consid-
ered as statistically significant for p-value <0.05.

Results

Study selection

A total of 6785 papers were retrieved, and 15 ran-
domized control trials with 3818 patients were
eligible for inclusion (Figure 1).26-40 The charac-
teristics of the included trials are shown in Table
1. Of the 15 trials, 11 were conducted in Asia,?%-
33,3540 3 in Europe,?’?834 and 1 in North
America.2 HDDT was given three times daily in
four trials,26:28:30:34 and four times daily in the oth-
ers.27,29,31-33,35-40 Sjx trials used TT,26:28-31,36 geven
used BQT,27:33-35,37:38:40 one used non-BQT,3°
and one used both TT and ST as control regi-
men.32 Nine trials recruited treatment-naive patie
nts,30:33-40 four recruited treatment-experienced
patients,27-2931 one recruited both,32 and one did
not report treatment experience of included
patients.2® Of the 15 included trials, 12 were pub-
lished as full-length articles,26-3%37-39 whereas 3
were conference abstracts.35-36:40

Risk of bias in included studies

Potential risks of bias within individual trials are
shown in Table 2. The included RCTs were at
high risk or unclear risk of bias. Blinding of par-
ticipants and personnel was the main source of
potential bias in this meta-analysis. Only one trial
was double-blinded,2¢ whereas the others were
open-labelled.

Meta-analysis of eradication rate
In the meta-analysis of 15 trials with 3818 partici-
pants, the eradication rate of HDDT was not
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Figure 1. Flow diagram of literature search and selection.

RCT, randomized controlled trial.

significantly different from control regimens (84%
versus 81%; RR 1.00, 95% CI: 0.96-1.05;
p»=0.870, I>=66%). Significant heterogeneity was
found among these trials (p <0.001) (Figure 2).

Meta-analysis of the adverse effects

A total of 14 included trials provided informa-
tion of adverse events during treatment.26-35,37-40
The occurrence of adverse events was signifi-
cantly lower in the HDDT group in comparison
with the control group (17% versus 37%; RR
0.48, 95% CI: 0.37-0.64; p<0.001, 2=77%)
(Figure 3).

Subgroup analysis
For the eradication rate, significant interaction
was observed between trials dosing HDDT with

different frequency, and larger effect was found
in trials dosing four times daily (p=0.030).
There was also significant interaction between
trials using different regimen in control group,
and larger effect was found in trials using sequen-
tial therapy as control regimen (p<0.001) (see
Supplemental File S2).

Sensitivity analysis

Sensitivity analyses showed that one study pub-
lished in 2015 accounted for the majority of the
observed heterogeneity.32 When we included all
15 trials in the analysis, I>? was 66%. I?> decreased
to 23% when this study was omitted, and the
overall estimate remained consistent. The omis-
sion of other studies separately resulted in only
tiny variation around the overall estimate for the
remaining 14 studies (see Supplemental File S3).
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Table 2. Risk of bias for the included studies.

Study Randomization Allocation Blinding of Blinding of Incomplete Selective Other bias
method concealment participants outcome outcome reporting

and assessment data

personnel
Schwartz et al.2¢ Low risk Unclearrisk  Low risk Low risk Low risk Low risk Low risk
Miehlke et al.?” Low risk Low risk High risk Low risk Low risk Low risk Low risk
Miehlke et al.?8 Low risk Low risk High risk Low risk Low risk Low risk Low risk
Shirai et al.?? Low risk Unclear risk  High risk Low risk Low risk Low risk Low risk
Kim et al.% Unclear risk Unclearrisk  High risk Low risk Low risk Low risk Low risk
Kazunari et al.3! Low risk Unclear risk  High risk Low risk Low risk Low risk High risk
Yang et al.3? Low risk Low risk High risk Low risk Low risk Low risk Low risk
Hu et al.3 Low risk Low risk High risk Low risk Low risk Low risk Low risk
Sapmaz et al .3 Low risk Unclearrisk  High risk Low risk Low risk Low risk Low risk

Hu et al. *3
Leow and Goh*3¢
Gao et al.%’
Yang et al.38

Tai et al.%?

Song et al. *40

Unclear risk
Unclear risk
Unclear risk
Low risk

Low risk

Unclear risk

Unclear risk
Unclear risk
Unclear risk
Low risk

Low risk

Unclear risk

Unclear risk

Unclear risk

Unclear risk

Unclear risk

Unclearrisk  Unclearrisk  Unclearrisk  Unclear risk
High risk Low risk Low risk Low risk
High risk Low risk Low risk Low risk
High risk Low risk Low risk Low risk

Unclear risk

Unclear risk

Unclear risk

Unclear risk

Unclear risk
Unclear risk
Low risk
Low risk

Low risk

Unclear risk

*Conference abstract.

Trial sequential analysis

For eradication rate, the required diversity-
adjusted information size (4031 participants) was
calculated based on a proportion of 81.4% events
in the control group, a RR reduction of 10%, a
typel error of 5%, and a power of 90%. The
cumulative Z-curve did not cross the trial sequen-
tial analysis boundary or the conventional signifi-
cance boundary, but crossed the futility boundary,
supporting the findings of the conventional meta-
analysis, and also suggesting that HDDT was
non-superior and non-inferior (i.e., equivalent) to
the control intervention (Figure 4).

Publication bias assessment

The funnel plot for eradication rate was symmet-
rically distributed by visual inspection, indicating
that publication bias is unlikely to have had a
major influence on the analysis of outcome.

Moreover, Egger’s test did not indicate signifi-
cant publication bias (p=0.090).

Discussion

In this meta-analysis, the efficacy of HDDT was
neither significantly inferior nor superior to the
recommended eradication regimens, such as TT,
BQT, and non-BQT. This result was robust
through the subgroup analyses and sensitivity
analyses we performed. Trial sequential analysis
showed there is reliable evidence that HDDT is
equivalent to the recommended regimens.

Differences between the current and previous
studies should be noted.!>*! In the previous meta-
analyses, only a few trials with a small number of
patients were included, which lacked power to
draw definite conclusions. In addition, the
absence of a prespecified protocol for these
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M-H, Random, 95% CI

Risk Ratio Risk Ratio

M-H, Random, 95% CI

HDDT Control
Study or Subgroup Events Total Events Total Weight
Schwartz 1998 42 60 47 55 3.9%
Miehlke 2003 31 41 35 43 3.3%
Miehlke 2006 50 72 54 73 3.7%
Shirai 2007 60 66 61 66 7.6%
Kim 2012 70 104 77 104 4.6%
Kazunari 2013 38 70 77 135 2.6%
Yang 2015 193 206 322 412 9.8%
Hu 2017 139 174 75 89 6.9%
Sapmaz 2017 83 98 86 98 7.2%
Hu 2017 Abstract 161 170 154 170 9.9%
Leow 2018 Abstract 63 68 65 70 8.1%
Gao 2018 58 70 62 72 5.8%
Yang 2019 102 116 104 116 8.2%
Tai 2019 110 120 105 120 8.5%
Song 2019 Abstract 331 380 306 380 9.8%

2003 100.0%
1630

Total (95% ClI)
Total events

1815
1531

Heterogeneity: Tau? = 0.01; Chi? = 41.38, df = 14 (P = 0.0002); I* = 66%

Test for overall effect: Z = 0.17 (P = 0.87)

0.82[0.67, 1.00]
0.93[0.74, 1.16]
0.94 [0.76, 1.15]
0.98 [0.89, 1.09]
0.91[0.76, 1.08]
0.95[0.73, 1.23]
1.20 [1.13, 1.28]
0.95[0.84, 1.07]
0.97 [0.86, 1.08]
]
]
1
1
]
]

1.05[0.98, 1.11
1.00[0.91,1.10
0.96 [0.84, 1.11
0.98 [0.90, 1.07
1.05[0.96, 1.14
1.08[1.02, 1.15

il |J|

—_—
L —
L —
—_—

1.00 [0.96, 1.05]
0.7 0.85
Favours Control

1 1.2 1.5
Favours HDDT

Figure 2. Forest plot of efficacy of HDDT versus control regimens.
Cl, confidence interval; HDDT, high dose dual therapy; M-H, medium to high.

HDDT Control
Study or Subgroup _Events Total Events Total Weight
Schwartz 1998 17 65 15 64 7.1%
Miehlke 2003 14 41 20 43 7.7%
Miehlke 2006 21 72 32 73 8.4%
Shirai 2007 8 66 7 66 4.7%
Kim 2012 15 104 56 104 8.0%
Kazunari 2013 8 67 22 132 6.0%
Yang 2015 59 204 178 378 10.0%
Hu 2017 8 174 16 89 5.6%
Sapmaz 2017 13 98 84 98 7.9%
Hu 2017 Abstract 45 167 100 164 9.7%
Gao 2018 2 65 10 66 2.7%
Yang 2019 7 112 26 114 5.7%
Tai 2019 11 115 26 114 6.7%
Song 2019 Abstract 69 380 97 380 9.7%

Total (95% CI)
Total events

1730 1885 100.0%

297 689

Heterogeneity: Tau? = 0.19; Chi? = 56.92, df = 13 (P < 0.00001); I = 77%

Test for overall effect: Z = 5.14 (P < 0.00001)

M-H, Random, 95% CI

Risk Ratio Risk Ratio

M-H, Random, 95% CI

r—

1.12[0.61, 2.04]
0.73[0.43, 1.25]
0.67 [0.43, 1.04]
1.14 [0.44, 2.97]
0.27 [0.16, 0.44]
0.72[0.34, 1.52]
0.61[0.48, 0.78]
0.26 [0.11, 0.57]
0.15 [0.09, 0.26]
0.44 [0.33, 0.58]
0.20 [0.05, 0.89]
0.27 [0.12, 0.61]
0.42[0.22, 0.81]
0.71[0.54, 0.94]
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0.48 [0.37, 0.64]
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T T
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Figure 3. Forest plot of adverse events of HDDT versus control regimens.
Cl, confidence interval; HDDT, high dose dual therapy; M-H, medium to high.

meta-analyses could weaken the strength of their
findings and increase the risk of bias. In contrast,
15 trials with 3818 patients were included in our
meta-analysis, and the protocol of this study was
documented online beforehand. Furthermore,
trial sequential analysis was performed in this
study to ascertain the equivalence between
HDDT and the recommended regimens. In pre-
vious conventional meta-analyses, which did not
consider the accumulated number of events, the

effect size, and the information size, non-signifi-
cant results were often simply inferred as a need
for more evidence.*? By contrast, in the case of
non-significant results, trial sequential analysis
could reduce the uncertainty by assessing whether
this non-significance is due to lack of power or
underlying equivalence between the interven-
tions.#3 In the present study, the cumulative
Z-curve crossed the futility boundary, suggesting
there is definite evidence for equivalence of
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Z-Score

Required Information Size

| conventional boundary for superior P<0.05

Number of
patients

Figure 4. Trial sequential analysis assessing efficacy of HDDT versus control regimens. The cumulative
Z-curve did not cross the trial sequential analysis boundary or the conventional significance boundary, but
crossed the futility boundary, indicating HDDT was equivalent to the control regimens.

HDDT, high dose dual therapy.

efficacy between HDDT and control regimens.
Further similar trials are unlikely to alter the con-
clusion of this study.

As both primary and second resistance to amoxi-
cillin remain rare in most countries, HDDT is an
accessible and reasonable option for eradicating
H. pylori infection.** The present study showed
that HDDT was comparable with recommended
first-line and rescue regimens in treatment-naive
and treatment-experienced patients. When com-
paring with each regimen in subgroup analyses,
HDDT was equivalent to the recommended
eradication regimens, such as TT, BQT, and
non-BQT, but superior to ST irrespective of
eradication experience. Thus, HDDT is not infe-
rior to the current widely used regimens, and it is
worthwhile to introduce HDDT into clinical
practice. Moreover, HDDT, which consisted of
PPI and amoxicillin, used less antibiotics than
other eradication regimens, reducing the poten-
tial for developing multi-drug resistance.

The dose frequency is essential for the efficacy of
PPI-amoxicillin dual therapy, as the bactericidal
effect of amoxicillin is time-dependent.4> Four
included trials in this meta-analysis giving PPI-
amoxicillin three times daily had an unacceptable
eradication rate of 73%,26:28:30,34 whereas the

remaining trials adopting a four times daily dos-
ing strategy achieved an eradication rate of 87%,
suggesting that the latter dosing strategy was
more effective in eradicating H. pylori infection.
Moreover, a significantly larger effect was
observed in trials dosing HDDT four times daily
in comparison with trials dosing three times daily
in the subgroup analysis. These collectively indi-
cated that HDDT could attain a better eradica-
tion rate when PPI-amoxicillin was given four
times daily.

HDDT were safe and well-tolerated, and adverse
events were significantly fewer in the HDDT
group comparing with other regimens. The most
frequent adverse effects of HDDT included diar-
rhoea, nausea, and dizziness, which were mild
and disappeared shortly after completion of
treatment.

The strength of this study included applying
Cochrane methodology and performing trial
sequential analysis. We adhered to a prespecified
protocol with minimal deviations, and conducted
a range of subgroup analyses to examine clinical
heterogeneity and robustness of our findings. In
addition, we also performed a trial sequential
analysis to confirm the finding of conventional
meta-analysis and reduce the uncertainty of
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non-significant results. Despite these strengths,
our study also had limitations. First, only one
included study was double-blind in design, and
the others had high risk of bias for blinding of par-
ticipants and personnel. Second, we observed sig-
nificant heterogeneity in primary outcome. The
included trials varied in treatment experience,
eradication regimens, and dosing frequency.
However, results were robust through subgroup
and sensitivity analyses. Finally, most of the
included trials were conducted in Asia, and thus
extrapolation of the result to other regions should
be with caution.

Conclusion

Our study showed that HDDT was equivalent
to recommended first-line or rescue regimens
with fewer adverse effects. The evidence from
this meta-analysis supports the use of HDDT as
first-line or rescue treatment for H. pylor:
infection.

Author contributions

YJZ, YZ, and CHL were involved in study con-
ception and design; YJZ, YZ, and TYW per-
formed literature search and data collection; YZ,
YJZ, and JTZ performed data analysis and inter-
pretation; YZ, YJZ, and ZZ were involved in
drafting of the manuscript; YJZ, YZ, TYW, JTZ,
Z7,JRZ, and CHL were involved in critical revi-
sion of the manuscript for important intellectual
content; All authors have approved the final ver-
sion of the manuscript.

Conflict of interest statement
The authors declare that there is no conflict of
interest.

Funding

The authors disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: This work was
supported by grants from the National Natural
Science Foundation of China (No. 81472006)
and the Chonggqing Science-Health Joint Medical
Research Project (No. 2018MSXMO014). The
funders had no role in study design, data collec-
tion and analysis, decision to publish, or prepara-
tion of the manuscript.

ORCID iD
Chun-Hui Lan
9232-7910

https://orcid.org/0000-0002-

Supplemental material
Supplemental material for this article is available
online.

References
1. Hooi JKY, Lai WY, Ng WK, er al. Global
prevalence of helicobacter pylori infection:
systematic review and meta-analysis.
Gastroenterology 2017; 153: 420-429.

2. Burucoa C and Axon A. Epidemiology of
Helicobacter pylori infection. Helicobacter 2017,
22(Suppl. 1). DOI: 10.1111/hel.12403.

3. Crowe SE. Helicobacter pylori Infection. N Eng/
F Med 2019; 380: 1158-1165.

4. Amieva M and Peek RM Jr. Pathobiology of
Helicobacter pylori-induced gastric cancer.
Gastroenterology 20165 150: 64-78.

5. Chey WD, Leontiadis GI, Howden CW, er al.
ACG clinical guideline: treatment of Helicobacter
pylori infection. Am ¥ Gastroenterol 2017; 112:
212-239.

6. Graham DY and Fischbach L. Helicobacter
pylori treatment in the era of increasing antibiotic
resistance. Gut 2010; 59: 1143-1153.

7. Thung I, Aramin H, Vavinskaya V, ez al. Review
article: the global emergence of Helicobacter
pylori antibiotic resistance. Aliment Pharmacol
Ther 20165 43: 514-533.

8. Graham DY, Lee YC and Wu MS. Rational
Helicobacter pylori therapy: evidence-based
medicine rather than medicine-based evidence.
Clin Gastroenterol Heparol 20145 12: 177-186
el73; Discussion el12—-e173.

9. Moayyedi P, Lacy BE, Andrews CN, er al. ACG
and CAG clinical guideline: management of
dyspepsia. Am F Gastroenterol 20175 112: 988—
1013.

10. Dore MP, Lu H and Graham DY. Role of
bismuth in improving Helicobacter pylori
eradication with triple therapy. Guz 2016; 65:
870-878.

11. Savoldi A, Carrara E, Graham DY, ez al.
Prevalence of antibiotic resistance in helicobacter
pylori: a systematic review and meta-analysis in
world health organization regions. Gastroenterology
2018; 155: 1372-1382 el1317.

12. Graham DY, Javed SU, Keihanian S, et al. Dual
proton pump inhibitor plus amoxicillin as an
empiric anti-H. pylori therapy: studies from the
United States. ¥ Gastroenterol 2010; 45: 816—-820.

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag
https://orcid.org/0000-0002-9232-7910
https://orcid.org/0000-0002-9232-7910

Y-J Zhu, Y Zhang et al.

13. Unge P, Gad A, Gnarpe H, ez al. Does
omeprazole improve antimicrobial therapy
directed towards gastric Campylobacter pylori in
patients with antral gastritis? A pilot study. Scand
F Gastroenterol Suppl 1989; 167: 49-54.

14. Graham DY and Dore MP. Helicobacter pylori
therapy: a paradigm shift. Expert Rev Anti Infect

Ther 20165 14: 577-585.

15. Gao CP, Zhou Z, Wang JZ, et al. Efficacy and
safety of high-dose dual therapy for Helicobacter
pylori rescue therapy: a systematic review and
meta-analysis. ¥ Dig Dis 20165 17: 811-819.

16. O’Connor A, Fischbach W, Gisbert JP, et al.
Treatment of Helicobacter pylori infection 2016.

Helicobacter 2016; 21(Suppl. 1): 55-61.

17. Park HY, Kang E]J, Kim DG, er al. High and
frequent dose of dexlansoprazole and amoxicillin
dual therapy for Helicobacter pylori Infections:

a single arm prospective study. Korean ¥
Gastroenterol 2017; 70: 176-180.

18. Attumi TA and Graham DY. High-dose
extended-release lansoprazole (dexlansoprazole)
and amoxicillin dual therapy for Helicobacter
pylori infections. Helicobacter 2014; 19: 319-322.

19. Higgins JPT and Green S. Cochrane handbook
for systematic reviews of interventions. 7he
cochrane collaboration; 2011, version 5.0.1, http://
handbook.cochrane.org (accessed 4 May 2019).

20. Moher D, Liberati A, Tetzlaff ], er al. Preferred
reporting items for systematic reviews and meta-
analyses: the PRISMA statement. BM¥ 2009;

339: b2535.

21. Higgins JP, Altman DG, Gotzsche PC, et al. The
cochrane collaboration’s tool for assessing risk of
bias in randomised trials. BM¥ 2011; 343: d5928.

22. DerSimonian R and Laird N. Meta-analysis in
clinical trials revisited. Contemp Chn Trials 2015;

45: 139-145.

33.

23. Brok ], Thorlund K, Gluud C, ez al. Trial
sequential analysis reveals insufficient information
size and potentially false positive results in

many meta-analyses. ¥ Clin Epidemiol 2008; 61:

763-769.

24. Wetterslev J, Jakobsen JC and Gluud C. Trial
sequential analysis in systematic reviews with
meta-analysis. BMC Med Res Methodol 2017;

17: 39.

25. Wetterslev J, Thorlund K, Brok J, ez al. Estimating
required information size by quantifying diversity
in random-effects model meta-analyses. BMC

Med Res Methodol 2009; 9: 86.

26.

27.

28.

29.

30.

31.

32.

34.

35.

Schwartz H, Krause R, Sahba B, ez al. Triple
versus dual therapy for eradicating Helicobacter
pylori and preventing ulcer recurrence: a
randomized, double-blind, multicenter study of
lansoprazole, clarithromycin, and/or amoxicillin
in different dosing regimens. Am ¥ Gastroenterol
1998; 93: 584-590.

Miehlke S, Kirsch C, Schneider-Brachert

W, et al. A prospective, randomized study of
quadruple therapy and high-dose dual therapy for
treatment of Helicobacter pylori resistant to both
metronidazole and clarithromycin. Helicobacter
2003; 8: 310-3109.

Miehlke S, Hansky K, Schneider-Brachert W,
et al. Randomized trial of rifabutin-based triple
therapy and high-dose dual therapy for rescue
treatment of Helicobacter pylori resistant to
both metronidazole and clarithromycin. Aliment
Pharmacol Ther 2006; 24: 395-403.

Shirai N, Sugimoto M, Kodaira C, ez al. Dual
therapy with high doses of rabeprazole and
amoxicillin versus triple therapy with rabeprazole,
amoxicillin, and metronidazole as a rescue
regimen for Helicobacter pylori infection after
the standard triple therapy. Eur ¥ Clin Pharmacol
2007; 63: 743-749.

Kim SY, Jung SW, Kim JH, ez al. Effectiveness
of three times daily lansoprazole/amoxicillin
dual therapy for Helicobacter pylori infection in
Korea. Br ¥ Clin Pharmacol 2012; 73: 140-143.

Murakami K, Furuta T, Ando T, et al. Multi-
center randomized controlled study to establish
the standard third-line regimen for Helicobacter
pylori eradication in Japan. ¥ Gastroenterol 2013;
48: 1128-1135.

Yang JC, Lin CJ, Wang HL, et al. High-dose dual
therapy is superior to standard first-line or rescue
therapy for Helicobacter pylori infection. Clin
Gastroenterol Heparol 2015; 13: 895-905.¢895.

Hu JL, Yang J, Zhou YB, er al. Optimized high-
dose amoxicillin-proton-pump inhibitor dual
therapies fail to achieve high cure rates in China.
Saudi § Gastroenterol 2017; 23: 275-280.

Sapmaz F, Kalkan IH, Atasoy P, ez al. A non-
inferiority study: modified dual therapy consisting
higher doses of rabeprazole is as successful

as standard quadruple therapy in eradication

of Helicobacter pylori. Am ¥ Ther 2017; 24:
e393-e398.

Hu CT, Tung CC, Lin CJ, er al. Efficacy of
high-dose dual therapy versus bismuthcontaining
quadruple therapy for first-line treatment of
helicobacter pylori infection and an interim

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag
http://handbook.cochrane.org
http://handbook.cochrane.org

Therapeutic Advances in Gastroenterology 13

Visit SAGE journals online
journals.sagepub.com/
home/tag

®SAGE journals

36.

37.

38.

39.

40.

report of multi-center, randomized control study.
Gastroenterology 2017; 152: S182-S183.

Leow AHR and Goh KL. 14-day high-dose
dual therapy is equally as good as 14-day
clarithromycin based standard triple therapy
in first line H. pylori eradication treatment.
¥ Gastroen Hepatol 2018; 33: 363.

Gao CP, Xiao X, Liu PX, ez al. High-dose
amoxicillin/esomeprazole dual therapy as a first-
line therapy for Helicobacter pylori eradication.
World Chin ¥ Dig 2018; 26: 353-359.

Yang J, Zhang Y, Fan L, er al. Eradication
efficacy of modified dual therapy compared
with bismuth-containing quadruple therapy as a
first-line treatment of Helicobacter pylori. Am ¥
Gastroenterol 2019; 114: 437-445.

Tai WC, Liang CM, Kuo CM, eral. A 14

day esomeprazole- and amoxicillin-containing
high-dose dual therapy regimen achieves a high
eradication rate as first-line anti-Helicobacter pylori
treatment in Taiwan: a prospective randomized
trial. ¥ Antimicrob Chemother 2019; 74: 1718-1724.

Song Z, Zhou L, Xue Y, et al. Dual therapy
with esomeprazole and amoxicillin four times

41.

42.

43.

44.

daily is superior to triple therapy plus bismuth
for first-line eradication of H. pylori infection.
Gastroenterology 2019; 156: Abstract S-89.

Yang X, Wang JX, Han SX, ez al. High dose
dual therapy versus bismuth quadruple therapy
for Helicobacter pylori eradication treatment: a
systematic review and meta-analysis. Medicine
(Baltimore) 2019; 98: €14396.

Pogue ] and Yusuf S. Overcoming the limitations
of current meta-analysis of randomised controlled
trials. Lancet 1998; 351: 47-52.

Wetterslev J, Thorlund K, Brok J, ez al. Trial
sequential analysis may establish when firm
evidence is reached in cumulative meta-analysis.
F Clin Epidemiol 2008; 61: 64-75.

Fallone CA, Moss SF and Malfertheiner P.
Reconciliation of recent helicobacter pylori
treatment guidelines in a time of increasing
resistance to antibiotics. Gastroenterology 2019;
157: 44-53.

. Furuta T and Graham DY. Pharmacologic

aspects of eradication therapy for Helicobacter
pylori infection. Gastroenterol Clin North Am
20105 39: 465-480.

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag
https://journals.sagepub.com/home/tag
https://journals.sagepub.com/home/tag



