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Helicobacter pylori infection is one of the most common infectious diseases world-
wide. H. pylori is responsible for substantial gastrointestinal morbidity with a
high disease burden. Since the revision of the H. pylori Clinical Practice Guide-
lines in 2013 in Korea, the eradication rate of H. pylori has gradually decreased
with the use of a clarithromycin based triple therapy. According to a nationwide
randomized controlled study by the Korean College of Helicobacter and Upper
Gastrointestinal Research released in 2018, the intention-to-treat eradication
rate was only 63.9%, which was mostly due to increased antimicrobial resistance
to clarithromycin. The clinical practice guidelines for treatment of H. pylori were
updated based on evidence-based medicine from a meta-analysis conducted on
a target group receiving the latest level of eradication therapy. The draft recom-
mendations developed based on the meta-analysis were finalized after expert
consensus on three recommendations regarding the indication for treatment
and eight recommendations on the treatment itself. These guidelines were
designed to provide clinical evidence for the treatment of H. pylori to patients,
nurses, medical school students, policymakers, and clinicians. These may differ
from current medical insurance standards, and will be revised if more evidence
emerges in the future.
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INTRODUCTION

Helicobacter pylori infection is the most common cause
of infectious disease in the world. Its prevalence varies
worldwide, e.g., 11% in Northern Europe, 23.1% in Can-
ada, and 30.0% in the United States, but compared to
72%—-80% in South America and 91% in Nigeria [1]. The
prevalence is 50% higher in Korea [2]. H. pylori causes
progressive injury to the gastric mucosa and play an im-
portant role in gastrointestinal disease such as asymp-
tomatic chronic gastritis, peptic ulcer disease, atrophic
gastritis, intestinal metaplasia (IM), gastric mucosa-as-
sociated lymphoid tissue lymphoma, and gastric adeno-
carcinoma [3,4].

Many epidemiologic studies have shown the relation-
ship between H. pylori and gastric cancer. The Asia—Pa-
cific region (China, Japan, and Korea) which has a high
risk of gastric cancer shows a high prevalence of H. pylori
infection. In 2017, the standardized incidence of gastric
cancer in Korea was 32.0 per 100,000 person, which was
a leading cause of cancer second to thyroid cancer [4,5].
Considering the high prevalence and high fatality in ad-
vanced cases of gastric cancer, finding effective measures
for primary or secondary prevention of gastric cancer is
a public health priority. In 2013, the Japanese health in-
surance has begun covering eradication therapy for H.
pylori-positive gastritis, even though there is no concrete
evidence on the eradication therapy for H. pylori gastritis
[6,7]. However, it is not clear whether there is a definite
benefit compared to the harms due to their high cost
and potential increase in antibiotic resistance with mass
eradication therapy to H. pylori infection. In 2013, clini-
cal practical guidelines for diagnosis and treatment of
H. pylori infection were developed to address domestic
situations with an adaptation process [8].

The present revision of previous guidelines intended
to generate evidence by conducting a systematic review
of the additive indication such as eradication therapy of
H. pylori in patients with unexplained iron deficiency
anemia (IDA), post-endoscopic resection (ER) of gastric
adenoma and atrophy gastritis and/or IM.

For effective eradication, multi-antibiotics regimens
with anti-secretory agents are used. Unsuccessful erad-
ication is associated with high bacterial load, high gas-
tric acidity, the virulence of Helicobacter strains and poor
compliance. However, growing antibiotics resistance,
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particularly clarithromycin resistance seems to be the
major cause of decreasing eradication rate [9).

In the last 20 years, a widespread use of antibiotics,
such as clarithromycin for respiratory symptoms and
levofloxacin for urinary infection, has increased the pri-
mary H. pylori resistance in many countries [10]. System-
atic review revealed that the overall H. pylori antibiotic
resistance rates were 17.2% (95% confidence interval [CI],
16.5% to 17.9%) for clarithromycin, 26.7% (95% CI, 25.2%
to 28.1%) for metronidazole, and 11.2% (95% CI, 9.6% to
12.7%) for amoxicillin [10]. Based on these changes, Eu-
ropean guidelines recommended to extend the standard
triple therapy to 14 days where clarithromycin resistance
was > 15% to 20% [11]. In Korea, the clarithromycin re-
sistance rates rose from 9% in 1995 and 13.8% in 2003 to
16.7% in 2005, and 17.8% in a nationwide study in 2018
[2,12-14].

With dynamic changes of the epidemiology of H. py-
lori and increasing issue of antibiotics resistance, a new
approach is needed for effective management. In these
updated guidelines, we aimed to present the appropri-
ate H. pylori treatment for Korean by conducting sys-
tematic review and meta-analysis to identify the clinical
evidence for alternative treatments to the standard 7-day
triple therapy.

METHODS

Guidelines development organization

The Steering Committee which consisted of the Presi-
dent and the executive members of the Korean College
of Helicobacter and Upper Gastrointestinal Research
established development strategies, appointed working
group members, and approved budgets related to the
project.

This guideline included multidisciplinary processes
by the Korean Society of Clinical Microbiology, the Ko-
rean Society of Pathologists, and the Korean Society of
Gastroenterology. To establish the methodology for de-
veloping guidelines, two methodological experts (M.C.
and Ein-Soon Shin, Research Agency for Clinical Prac-
tice Guidelines, Research Center, Korean Academy of
Medical Sciences, Seoul) and Professor Soo Young Kim,
a member of the Korean Medical Association’s Clinical
Treatment Guidelines Development Committee, con-
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ducted four workshops on the literature search, quality
assessment, meta-analysis, and methods of expert con-
Sensus.

In the course of developing or approving the guide-
lines, the members of the Working group were asked
to confirm that they had no conflict of interest by ac-
cepting advice or employment from commercially rel-
evant organizations, commercial ownership interests,
research funds, and case fees, or intellectual property
rights (e.g., patents, trademarks, licensing, or royalties)
for drugs related to the development of the guidelines,
and whether their families had the same relationship as
those described above.

Patient’s preference and perspective

A web survey using structured questionnaires was ad-
ministered to the largest Internet community associ-
ated with gastrointestinal diseases was to identify the
experiences, expectations and preferences of patients in
this guideline. A total of 233 subjects responded, 64.4%
of' whom were adult women and 57.5% of whom were H.
pylori-positive. Among those who were positive for H. py-
lori, 86.7% wanted treatment, the reasons for which were
for prevention of stomach cancer (44.6%), improvement
of stomach symptoms (28.8%), and fear of transmitting
infection to others (9.9%). The most worrisome aspect
of'the H. pylori treatment was 80.3% of the drug’s adverse
reactions. Based on these points, the topic of adverse ef-
fect of eradication therapy and the impact of H. pylori
eradication on gastric adenoma after ER of neoplastic
lesions in the stomach, atrophic gastritis, and IM, and
the precursor to gastric cancer were added as key ques-
tions.

Guideline development process

The scope of clinical practice guidelines was deter-
mined by deriving key questions tailored to the Popula-
tion, Intervention, Comparator, Outcome (PICO) format
using nominal group techniques in working group [15].
De novo method was implemented in this revision be-
cause the guidelines required the latest evidence as the
dynamics of the H. pylori infection and related gastroin-
testinal diseases in Korea are changing rapidly.

Systematic review and meta-analysis
A systematic review was conducted at each PICO. Dr.
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M.C. of the National Evidence-based Healthcare Col-
laborating Agency and a working group member of
each subject selected appropriate search key words and
conducted a literature search from July to August 2018
using the Ovid-MEDLINE, EMBASE, Cochrane Library,
KoreaMed, and KMBASE databases; the key words were
listed in the appendix. The common inclusion criteria
for the studies were as follows: (1) adult subjects or pa-
tients as the study population; (2) written in English or
Korean; (3) systematic reviews and meta-analyses, ran-
domized or non-randomized trials, and observational
studies; (4) published between 2008 and 2018; and (5)
studies with proper results (e.g., symptom improve-
ment, development of gastric cancer, eradication rates)
reported. The common exclusion criteria were as fol-
lows: (1) studies on children or teenagers; (2) studies with
no proper results reported; (3) duplicated publication; ()
impossible to obtain original text; and (5) expert opin-
ion, case series or report, narrative review, or guidelines.
Two independent members reviewed the literatures
and selected the final studies according to the inclusion
and exclusion criteria. The literature selection process
was summarized in the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) plot
for each PICO. An example of the process of literature
selection for key question 1 is shown in Fig. 1. The qual-
ity of finally selected studies was assessed using quality
assessment tools according to the study design. Ran-
domized controlled trials (RCTs) were evaluated using
the Cochrane risk of bias (RoB) tool [16], while non-ran-
domized clinical studies were assessed using the Risk of’
Bias Assessment Tool for Non-Randomized Study (Ro-
BANS) [17]. If the assessments were not consistent as the
two paired working members, the two members and the
chairman coordinated a final evaluation.

Elicitation of recommendations: Level of evidence and grade
of recommendation

After systematic literature review, the evidence table was
organized and meta-analysis was conducted. Evidence
profiles were created based on ‘Grading of Recommen-
dations, Assessment, Development and Evaluation’
(GRADE) (Table 1) [18]. GRADEpro software was used
to rank the quality of evidence according to four cate-
gories: high, moderate, low, and very low. The quality
assessment of the evidence was then used to determine
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flow chart showing the selection pro-

cess for key question 1.

Table 1. Level of evidence and strength of recommendation

Explanation

Class
High
Moderate
Low
Very low
Grade classification
Strong for

Weak for

Against

At least one RCT or SR/meta-analysis with no concern of study quality

At least one RCT or SR/meta-analysis with minor concern of study quality or

At least one cohort/case-control/diagnostic test design study with no concern of study quality

At least one cohort/case-control/diagnostic test study with minor concern of study quality or

At least one single arm before-after study, cross-sectional study with no concern of study quality

At least one cohort/case-control/diagnostic test design study with serious concern of study quality or
At least one single arm before-after study, cross-sectional study with minor/severe concern of study
quality

The benefit of intervention is greater than harm with high or moderate level of evidence, which can
be strongly recommended in most clinical practice.

The benefit and harm of intervention may vary depending on the clinical situation or patient/social
value. It is recommended conditionally according to the clinical situation.

The benefit and harm of intervention may vary depending on the clinical situation or patient/social
value. Intervention may not be recommended in clinical practice.

No recommendation It is not possible to determine the recommendation direction owing to a lack of evidence or discrep-

ancy of result. Thus further evidence is needed.

RCT, randomized controlled trial; SR, systemic review.
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the strength of the supporting evidence that informs a
recommendation [19]. The recommendations presented
in this guideline are summarized in Table 2.

A literature search was conducted to utilize resources
and economic evaluation. The cost of H. pylori eradica-
tion, which uses antibiotics and proton pump inhibi-
tors (PPIs) for 7 to 14 days, was not significantly different
between the treatment methods. The tailored therapy
based on H. pylori susceptibility to antibiotics may be
cost-effective in a high clarithromycin-resistant region
compared to standard empirical triple therapy. There
are reports that tailored treatment is superior in terms
of cost-effectiveness if the eradication rate of H. pylori is
lowered below 75.3%. Therefore, the tailored treatment
based on H. pylori susceptibility to antibiotics was added
to the recommendation [20,21].

Expert consensus with modified Delphi agreement process
The aim of expert consensus by modified Delphi meth-
ods was to determine the extent to which experts agreed
about draft recommendation including evidence [22].
The first round of Delphi process was conducted with
e-mail voting and 44 experts were invited, with 30 par-
ticipating in the first agreement. The first round was in-
vestigated using the g-likert scale’s self-reporting ques-
tionnaire asking the extent of agreement, along with
evidence data from the Development Committee for
each recommendation. In the response scale, one point
was “completely disagreeable” and nine points were
“very agreeable.” Consent was considered when the ra-
tio of points from 7 to g (high agreement) was more than
two-thirds. Eight recommendations were agreed upon
for a total of 12 recommendations. Indication of H. pylori
eradication therapy with IDA and atrophy/IM and erad-
ication regimen of H. pylori with standard triple therapy
and sequential therapy failed to reach agreement, so the
Development Committee revised these 4 recommen-
dations after the first voting and conducted the second
round of voting in a face-to-face agreement (December
14, 2019). A second round of voting was conducted anon-
ymously, and recommendations for atrophy gastritis/
IM were rejected by 48% of 23 respondents, with the re-
maining recommendations passed and finally 11 recom-
mendations were adopted.

https://doi.org/10.3904/kjim.2020.701
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Internal and external review

In the second round of face-to-face voting for the expert
consensus process, various drafts were adopted after the
anonymous vote. After the process of expert agreement
and external review, the draft was revised with their
opinions.

Dissemination of the guidelines and update information
This guideline was provided on the Korean College
of Helicobacter and Upper Gastrointestinal Research
(http://www.hpylori.or.kr) and the Korean Association of
Internal Medicine (http://www.kaim.or.kr) websites. In
addition, this guideline will be published in Korean and
English as a paper and will be spread throughout the
academic symposium.

CLINICAL PRACTICE GUIDELINES
Newly added indication for H. pylori eradication
Iron deficiency anemia

Can H. pylori eradication increase the hemoglobin in pa-
tients with idiopathic iron deficiency anemia?

Statement 1: H. pylori eradication can be helpful to improve
the anemia in subset of adults with unexplained iron defi-
ciency anemia.
Grade of recommendation: weak
Level of evidence: very low
Experts’ opinions: completely agree (28.0%), mostly agree
(48.0%), partially agree (10.0%), mostly disagree (10.0%),
completely disagree (5.0%), not sure (0%)

Anemia is a major health problem and mostly caused
by iron deficiency [23,24]. The estimated prevalence of
anemia is 24.8% (95% CI, 22.9% to 26.7%), affecting 1.62
billion people (95% CI, 1.50 to 1.74 billion) globally [23],
and concentrated in preschool children and women. H.
pylori infection causes diverse gastrointestinal diseas-
es, including chronic gastritis, peptic ulcer disease and
cancer. Furthermore, H. pylori chronic gastritis can in-
duce decreasing gastric acid secretion and gastric ascor-
bic acid, which are essential for the absorption of dietary
iron [25,26].

H. pylori has been associated with IDA. A recent me-
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ta-analysis revealed a significantly higher likelihood of
IDA in subjects with H. pylori-infection (pooled odds
ratio [OR], 1.72; 95% CI, 1.23 to 2.42) [27]. However, this
association was strong in children, but subgroup analy-
sis of adult population revealed weaker association with
significant heterogeneity (pooled OR, 1.70; 95% CI, 1.01
to 2.85) [23].

The role of H. pylori infection in IDA was shown in
studies with H. pylori eradication therapy combined with
iron supplementation to treat the IDA. However, these
studies were heterogeneous because of confounders in-
cluding age (children or adolescent vs. adults), sex and
different study setting in terms of different definition
of IDA or outcomes (quantitative assessment of ferritin
or hemoglobin or qualitative assessment, such as re-
covery from anemia). Meta-analysis including children,
adolescent, or adults showed significant increase of fer-
ritin after the eradication, not hemoglobin. Meta-anal-
ysis of s even RCT's showed increased ferritin, standard-
ized mean difference (SMD) 053 (95% CI, o.21 to 0.85),
but not hemoglobin, SMD 0.36 (95% CI, —0.07 to 0.78)
[27]. However, there were limited studies which showed
the efficacy of H. pylori eradication in adult population.
Non-randomized comparative study in adults with IDA
showed the additional effect of H. pylori eradication on
iron supplement in adult patients with IDA and H. pylo-
ri-positive chronic gastritis [28]. In a prospective obser-
vational study, H. pylori infection was correlated with low
serum ferritin level and after eradication, serum ferritin
increased; however, the sample size was too small [29].
In this study, serum ferritin in premenopausal women
was significantly lower than that of post-menopausal
women, but not different in men. In other observational
studies with adult patients with IDA, IDA was resolved
after 38.1% of eradication of H. pylori-eradicated patients
(32/84). This was more frequent in men and postmeno-
pausal women compared with premenopausal women
(75% vs. 23%, p < 0.01) [30]. Despite the very low level of
evidence, it was decided as a “weak recommendation”
because short-term treatment of H. pylori infection has
the potential for long-term benefits and low risk for se-
rious harm.
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After endoscopic resection of gastric adenoma

Is H. pylori eradication helpful to prevent metachronous
recurrence after endoscopic resection of gastric adeno-
ma?

Statement 2: H. pylori eradication can be recommended af-
ter endoscopic resection for H. pylori-positive gastric ade-
noma to prevent metachronous recurrence.
Grade of recommendation: weak
Level of evidence: low
Experts’ opinions: completely agree (60.0%), mostly
agree (20.0%), partially agree (20.0%), mostly disagree
(0%), completely disagree (0%), not sure (0%)

Many studies have reported that the incidence rate of
metachronous cancer decreased with H. pylori eradica-
tion after ER of early gastric cancer (EGC) [31-33]. Thus, H.
pylori should be eradicated to prevent metachronous re-
currence after ER of EGC. However, there was no definite
guideline about H. pylori eradication after ER of gastric
adenoma. Until now, there were two RCT's about H. py-
lori eradication to prevent metachronous gastric cancer
after ER of gastric tumors including EGC and adenoma
(Supplementary Table 1) [31,33]. Three retrospective stud-
ies about H. pylori eradication after ER of gastric adeno-
ma were reported [34-36]. All of them were conducted in
Korea. According to studies, the incidence of metachro-
nous recurrence was lower in H. pylori eradicated group
than non-eradicated group (3.24% vs. 4.87% [33]; 7.69%
vS. 14.29% [31]; 7.76% vs. 10.80% [34]; 8.20% vs. 19.44% [35];
4.71% vs. 11.36% [36]). When meta-analysis included five
studies, the effect of H. pylori on prevention of metachro-
nous recurrence after ER of gastric adenoma was statis-
tically significant (OR, 0.55; 95% CI, 034 to 0.92) (Fig. 2).

According to studies, H. pylori eradication is helpful to
prevent metachronous recurrence after ER of gastric ad-
enoma. Therefore, H. pylori eradication is indicated after
ER for H. pylori-positive gastric adenoma. However, RCT
focused on gastric adenoma is required to support this
recommendation.

https://doi.org/10.3904/kjim.2020.701
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Hp eradication  non-Hp eradication Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H. Fixed, 95% CI
Choi 2018 6 185 13 267 24.4%  0.65(0.24,1.76) —T
Choi2018(2) 1 13 2 14 42%  0.50(0.04,6.28)
Chon 2013 4 85 5 44 149%  0.39(0.10,1.51) —_——1
Shin 2015 10 122 7 36 235%  0.37(0.13,1.08) . —
Song2017 9 116 13 176 33.0%  0.70(0.30,1.59) —
Total (95% Cl) 521 537 100.0%  0.55[0.34, 0.92] >
Total events 30 46
Heterogeneity: Chi*= 1.24, df= 4 (P = 0.87); F= 0% 00 ] 0?1 ] 1=0 P 001

Test for overall effect. Z=2.31 (P=0.02)

Favours [Hp eradication) Favours [non-Hp eradicat]

Figure 2. Comparison of occurrence of metachronous gastric cancer after endoscopic resection of gastric adenoma between
Helicobacter pylori (Hp) eradication and placebo. M-H, Mantel-Haenszel; CI, confidence interval.

Functional dyspepsia
Is H. pylori eradication helpful in symptom relief'in pa-
tients with functional dyspepsia?

Statement 3: H. pylori eradication can be recommended
for long-term improvement of dyspeptic symptoms in pa-
tients with functional dyspepsia.

Grade of recommendation: weak

Level of evidence: high

Experts’ opinions: completely agree (43.3%), mostly agree
(26.7%), partially agree (23.4%), mostly disagree (3.3%), com-
pletely disagree (3.3%), not sure (0%)

In the meta-analysis of RCTs, when H. pylori was eradi-
cated in dyspeptic patients, the symptom improvement
was not significant in the short-term (3 months) fol-
low-up, but symptoms were significantly improved in
the long-term (6 to 12 months) follow-up [37,38]. Based
on these results, the Maastricht V guidelines in Europe
and the United States and Canadian guidelines strongly
recommend the eradication of H. pylori as the first-line
treatment for dyspepsia [11,39).

In the present guideline, 18 RCT's from January 1997
to December 2017 were selected and meta-analysis was
conducted to evaluate the long-term eftects of H. pylori
eradication in patients with dyspepsia (Supplementary
Table 2) [40-57]. In a meta-analysis of 4,672 patients from
18 RCTs, the risk ratio (RR) of persistence of dyspeptic
symptoms in the control group was 1.18 (95% CI, 1.07 to
1.31) compared with the eradication group. Although sta-
tistically significant, the number of patients needed for
treatment (number needed to treat [NNT]) was 14, and
heterogeneity among studies was moderate (I* = 34%)

https://doi.org/10.3904/kjim.2020.701

(Supplementary Fig. 1) [58].

Because of the heterogeneity among the studies, sub-
group analysis was performed by region to analyze five
RCTs from the Asian regions and 13 RCT's from outside
Asian regions. Meta-analysis from RCT's from outside
Asia regions showed significant improvement of dys-
peptic symptoms in eradication group (RR, 1.22; 95%
CI, 1.08 to 1.38; I*= 33%). However, because of analysis of
RCTs from Asia, the effect of eradication on improve-
ment of dyspeptic symptoms was not significant (RR,
1.10; 95% CI, 0.92 to 1.31; I = 32%).

In summary, eradication of H. pylori improved dys-
peptic symptoms significantly, however, the clinical ef-
fect was not large due to the improvement of symptoms
in 1 of 14 treated patients (NNT = 14) and the result of
subgroup analysis of RCTs conducted in Asia was not
statistically significant. The prevalence of H. pylori in
Korea is estimated to be 54% (95% CI, 50.1% to 57.8%)
according to a study that estimates the prevalence of H.
pylori worldwide [59]. In areas with high prevalence of H.
pylori, costs, adverse effects associated with eradication
therapy, the risk of emergence of resistance strains, and
re-infection are thought to be higher than those of low
prevalence regions. Therefore, in the present guideline,
it was decided to make weak recommendations despite
the high level of evidence for H. pylori eradication in pa-
tients with functional dyspepsia. The RCTSs, including
cost-effectiveness analysis of eradication therapy in pa-
tients with functional dyspepsia in areas with high prev-
alence of H. pylori, including in Korea, are likely to be
needed.
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Table 2. Recommendations for the treatment of Helicobacter pylori

Level of
evidences

Very low Weak

Strength of

Statements .
recommendation

Category

Indications 1. H. pylori eradication can be helpful to improve the anemia in subset

of adults with unexplained iron deficiency anemia.

2. H. pylori eradication can be recommended after endoscopic resec- Low Weak
tion for H. pylori-positive gastric adenoma to prevent metachronous
recurrence.

3. H. pylori eradication can be recommended for long-term improve- High Weak
ment of dyspeptic symptoms in patients with functional dyspepsia.
First-line 4. Standard triple therapy (standard dose PPI, amoxicillin 1 g, and clar- Moderate

therapy ithromycin 500 mg twice daily) for 14 days is recommended for first-
line regimen.

Strong

5. Sequential therapy (standard dose PPI, amoxicillin 1 g twice daily for High Strong
5 days followed by standard dose PPI, clarithromycin 500 mg, and
metronidazole 500 mg twice daily for 5 days) can be one of first line

therapies for H. pylori eradication.

6. Concomitant therapy (standard dose PPI, clarithromycin 500 mg, High Strong
amoxicillin 1 g, and metronidazole 500 mg twice daily for 10 days)is

recommended as a first-line treatment.

7. Clarithromycin resistance test by PCR or sequencing is recommend- Low Strong
ed when a 7-day standard triple therapy is considered as a first-line

treatment.

8. Eradication rates of bismuth quadruple therapy (standard dose PPI ~ Moderate Weak
twice daily, metronidazole 500 mg three times daily, bismuth 120 mg

and tetracycline 500 mg four times daily for 10 to 14 days) are simi-

lar to those of 14 days standard triple therapy, 10 days concomitant

therapy, and 10 days sequential therapy. However, because of its high

adverse effects and potential use as second-line therapy, it can be rec-

ommended to be used as first-line therapy if other first-line therapy

options are not available.

Salvage therapy 9. After failure of standard triple therapy, a bismuths quadruple ther- High
apy (PPI, bismuth, tetracycline, and metronidazole) for 14 days is
recommended as a second-line therapy.

Strong

10. After failure of non-bismuth quadruple therapy (sequential or con- Very low
comitant therapy), a bismuth quadruple therapy is recommended as
a second-line therapy.

Strong

11. After failure of bismuth quadruple therapy as 1st-line or 2nd-line
therapy (after failed standard triple or non-bismuth quadruple ther-
apy), a levofloxacin triple therapy is suggested as a salvage therapy.

Very low Weak

PPI, proton pump inhibitor; PCR, polymerase chain reaction.

Chronic atrophic gastritis and intestinal metaplasia cer development. However, it is controversial whether

Is H. pylori eradication effective to prevent gastric cancer the eradication can be beneficial in individuals with

in the presence of chronic atrophic gastritis and intesti-
nal metaplasia?

H. pylori eradication can reduce the risk of gastric can-
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pre-neoplastic lesions including chronic atrophic gas-
tritis (CAG) and IM.

Recently published two meta-analyses showed that
individuals with non-atrophic or CAG benefited from
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Risk Ratio
M-H, Random, 95% CI

Correa 2000 3 437 2 415 3.9% 1.42[0.24,8.48] 2000
Leung 2004 4 295 6 292 7.9% 0.66[0.19,2.31] 2004 —

Wong 2004 7 817 11 813 141% 0.63[0.25,1.63] 2004 —1

Saito 2005 2 379 3 331 3.9% 0.58 [0.10,3.46] 2005 ————

Wong 2012 3 255 1 258  25% 3.04[0.32,28.99] 2012

Li2014 33 1086 51 1086 67.7% 0.65(0.42,0.99] 2014 -

Total (95% Cl) 3269 3195 100.0% 0.69 [0.48, 0.98]

Total events 52 74

Heterogeneity: Tau®= 0.00; Chi*= 2.45, df= 5 (P = 0.78); = 0% N o 3 s 100,

Test for overall effect: Z= 2.06 (P = 0.04)

Favours [experimental] Favours [control]

Figure 3. Forest plot of studies reporting impact of Helicobacter pylori eradication on gastric cancer from the studies involving
general population. M-H, Mantel-Haenszel; CI, confidence interval.

Table 3. Indication of the eradication of Helicobacter pylori

Existing indication

Added indication

Admissive indication

Peptic ulcer disease

tric adenoma
Iron deficiency anemia

Marginal zone B-cell lymphoma

After endoscopic resection of early gastric cancer
Family history of gastric cancer

Functional dyspepsia

Long-term low-dose aspirin user with a

history of peptic ulcer

Idiopathic thrombocytopenic purpura

After endoscopic resection of gas-  Atrophic gastritis/Intestinal

metaplasia

eradication in reducing the risk of gastric cancer, where-
as individuals with IM and/or dysplasia did not [60,61].
The effect of H. pylori eradication can be affected by the
degree of mucosal atrophy. H. pylori eradication can be
more beneficial to subjects with mild mucosal atrophy
than those with extensive atrophic gastritis [62]. Maas-
tricht V guideline recommended that the risk for gastric
cancer can be reduced more effectively by eradicating H.
pylori before atrophy and IM develop [11].

However, the two meta-analyses included the studies
that evaluated the effect of H. pylori eradication on the
occurrence of metachronous gastric cancers after ER of
EGC, as well as the studies in the general population. The
effect of H. pylori eradication may be different between
in the general population and in the high-risk group.
Moreover, a population-based cohort study in China,
which was not included in the previous meta-analyses,
showed that H. pylori eradication can benefit individuals
with IM and/or dysplasia at baseline, suggesting H. pylori
eradication can benefit an entire population regardless
of the baseline gastric histopathology [63].

When the meta-analysis was performed using the

https://doi.org/10.3904/kjim.2020.701

RCTs in the general population only, H. pylori eradica-
tion significantly reduced the incidence of gastric can-
cer, as in previous studies (Fig. 3). In a subgroup analysis
that included only subjects with CAG or IM, eradication
had no effect on the prevention of gastric cancer, and
two studies involving subjects without CAG and IM did
not demonstrate significant gastric cancer prevention
effect (Supplementary Fig. 2). However, in the latter case,
the number of incidences of gastric cancer were small,
and there were limitations in drawing an accurate con-
clusion. In expert consensus based on these analyses,
only 48.0% agreed in the first e-mail questionnaire, and
only 63.3% agreed in the second face-to-face meeting. In
other words, there is no firm evidences or expert agree-
ment to recommend eradication of H. pylori in subjects
with CAG or IM, so re-discussion is needed after more
researches have been accumulated. The indications
for H. pylori eradication treatment presented above are
summarized in Table 3.
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Figure 4. Time trends of pooled Helicobacter pylori eradi-
cation rates of standard triple therapy from randomized
controlled trials performed in Korea by years. Overall erad-
ication rates of standard triple therapy were 71.6% (95% con-
fidence interval [CI], 69.9% to 73.3%) in intention-to-treat
(ITT) analysis and 79.6% (95% CI, 76.6% to 82.2%) in per
protocol (PP) analysis. Eradication rates from 2007 to 2011
years were 72.3% (95% CI, 71.2% to 74.4%) in ITT analysis
and 81.5% (95% CI, 79.9% to 82.9%) in PP analysis. Eradica-
tion rates from 2012 to 2016 years were 70.3% (95% CI, 68.4%
to 72.1%) in I'TT analysis and 77.4% (95% CI, 75.6% to 79.2%)
in PP analysis. *p < 0.01.

H. pylori eradication therapy

First line therapy

In patients undergoing H. pylori eradication for the first
time, one of the following four regimens can be used: (1)
14-day standard triple therapy; (2) non-bismuth quadru-
ple therapy; (3) 7-day standard triple therapy after clar-
ithromycin resistance test; and (4) bismuth quadruple
therapy.

1) Standard triple therapy
Can standard triple therapy be one of the first line ther-
apy for H. pylori eradication?

Statement 4: Standard triple therapy (standard dose PPI,
amoxicillin 1 g, and clarithromycin 500 mg twice daily) for
14 days is recommended for first-line regimen.
Grade of recommendation: strong
Level of evidence: moderate
Experts’ opinions: completely agree (27.0%), mostly agree
(50.0%), partially agree (14.0%), mostly disagree (9.0%),
completely disagree (0%), not sure (0%)
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The Korean Journal of Internal Medicine Vol. 36, No. 4, July 2021

To make appropriate choice of first-line regimen, we
need to consider the regional resistance pattern and
eradication rate. Many factors, such as compliance, gas-
tric acidity, and bacterial loads are related to the efficacy
of triple therapy. However, the eradication rate of stan-
dard triple therapy is mainly influenced by clarithromy-
cin resistance. Clarithromycin resistance has increased
during the last 10 years in Korea, and the resistance rate
of clarithromycin in Korea is reported to be 17.8% to
31.0% [2,14]. The geographic distribution of clarithromy-
cin resistance is highly variable. According to the recent-
ly published nationwide antibiotics resistance mapping
study in Korea, the resistance rate of clarithromycin was
less than 15% in the Seoul and Chungcheong areas and
over 15% in other parts of Korea [2]. These results sug-
gest that clarithromycin triple therapy is still acceptable
as a first-line treatment in some part of Korea.

To be eligible for a first-line treatment of H. pylo-
ri eradication therapy, the regimen must show at least
80% to 85% of the eradication rate [8,64]. To find an
eradication rate for standard triple therapy in Korea,
we searched and selected all RCTs conducted in Korea
which have used clarithromycin triple therapy since
2007. Twenty-six studies were included in meta-analysis
(Supplementary Table 3) [65-90]. Overall pooled eradica-
tion rates of standard triple therapy derived from these
studies were 71.6% (95% CI, 69.9% to 73.3%) in inten-
tion-to-treat (I'T'T) analysis and 79.6% (95% CI, 76.6% to
82.2%) in per protocol (PP) analysis (Fig. 4). Studies were
divided into 2007-2011 and 2012-2016. Pooled eradica-
tion rates of 20072011 and 20122016 were 72.3% (95%
CI, 71.2% to 74.4%) and 70.3% (95% CI, 68.4% to 72.1%)
in ITT analysis, respectively. The pooled eradication
rate of standard triple therapy in 2012-2016 was on the
decline compared with 2007-2011. The pooled eradica-
tion rate of standard triple therapy was inadequate to be
used as a first-line treatment. This result was similar to
that of prospective RCT conducted in 2018 by Korean
College of Helicobacter and Upper Gastrointestinal Re-
search [g1]. Therefore, to use the standard triple therapy
as a first-line treatment, it is necessary to consider intro-
ducing a clarithromycin resistance test or extending the
treatment duration.

Regarding duration of standard triple therapy, we an-
alyzed the pooled eradication rate of 7-, 10-, and 14-day
therapy. The pooled eradication rate of 7-day standard
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triple therapy was 70.0% (95% CI, 68.5% to 71.4%) and
that of 10-day therapy was 73.7% (95% CI, 69.8% to 77.2%)
in ITT analysis. The pooled eradication rate (IT'T) of 14-
day therapy was 78.1% (95% CI, 75.2% to 80.7%) which
was significantly higher than those of 7- and 1o-day
therapy (p < 0.01 for both duration) (Supplementary Fig.
3). Eradication rates between the 7- and 10-day therapy
were not significantly different. A network meta-analy-
sis published in 2017 that analyzed 34 RCT's since 2005
also showed similar results [92]. The pooled eradication
rates (ITT) of 7-, 10-, and 14-day standard triple thera-
py were 71.1% (95% CI, 68.3% to 73.7%), 67.0% (95% CI,
60.0% to 73.4%), and 76.4% (95% CI, 73.3% to 79.2%), re-
spectively. In addition, according to a national multi-
center study published in 2019, the eradication rates of
7-day standard triple therapy were 63.9% in I'TT analysis
and 71.4% in PP analysis [g1].

Based on the above analysis and the available evidenc-
es, a 14-day therapy is recommended when considering
standard triple therapy as a first-line treatment without
clarithromycin resistance test.

2) Non-bismuth quadruple therapy

(1) Sequential therapy

Can sequential therapy be one of the first line therapy of
H. pylori eradication?

Statement 5: Sequential therapy (standard dose PPI, amox-
icillin 1 g twice daily for 5 days followed by standard dose
PPI, clarithromycin 500 mg, and metronidazole 500 mg
twice daily for 5 days) can be one of first line therapies for
H. pylori eradication.

Grade of recommendation: strong

Level of evidence: high

Experts’ opinions: completely agree (31.0%), mostly agree

(39.0%), partially agree (9.0%), mostly disagree (21.0%),

completely disagree (0%), not sure (0%)

In recent guidelines, non-bismuth quadruple therapy,
sequential or concomitant treatment, or bismuth qua-
druple therapy is recommended as the first-line treat-
ment in regions where clarithromycin resistance is
more than 15% [11,93]. Non-bismuth quadruple therapy
uses amoxicillin, clarithromycin, and metronidazole
simultaneously with PPI, but each method has differ-
ent duration of use for individual antibiotic. Sequential
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therapy is a method of using PPI and amoxicillin for the
first 5 days, and then administering PPI, clarithromycin
and metronidazole for 5 days from 6 to 10 days.

A meta-analysis of 24 RCTs (n = 5,070) was conducted
to confirm the effect on sequential therapy as the first-
line treatment (Supplementary Table 4) [75,77-80,90,94-
111]. Twenty RCTs compared comparing standard tri-
ple therapy, two RCTs comparing bismuth quadruple
therapy, and two RCT's comparing hybrid therapy were
included. RCT's comparing sequential therapy with con-
comitant therapy (CT) are described in the CT section.

(» Sequential therapy vs. standard triple therapy
Twenty studies compared the eradication rate between
sequential therapy and conventional therapy. In all,
3,224 and 3,152 patients were treated with sequential and
standard triple therapies, respectively. The eradication
rates of sequential therapy and overall standard triple
therapy were 84.1% and 74.9% in the ITT analysis, re-
spectively. The rates of sequential therapy and overall
standard triple therapy were 85.9% and 77.3% in the PP
analysis, respectively. The pooled RR of the ITT eradica-
tion rates (sequential therapy vs. standard triple therapy)
was 137 with the fixed effects model (95% CI, 1.21 to 1.54)
(Fig. 5), while the pooled RR of the PP eradication rates
was 1.60 with the fixed effects model (95% CI, 1.40 to 1.83)
(Supplementary Fig. 4).

@ Sequential therapy vs. bismuth quadruple therapy

In the meta-analysis of two RCTs comparing 10-day
sequential therapy with bismuth quadruple therapy,
the eradication rates of the two therapies were not sig-
nificantly different (RR, 0.79; 95% CI, 0.47 to 132 in ITT
analysis; RR, 0.63; 95% CI, 0.27 to 1.49 in PP analysis).
However, there was a limitation that the number of pa-
tients included was small and local studies were not in-
cluded (Supplementary Fig. 5).

(3 Sequential therapy vs. hybrid therapy

In a meta-analysis of two RCT studies comparing 10-day
sequential therapy with hybrid therapy, the 10-day se-
quential therapy showed a lower eradication rate than
hybrid therapy (RR, 0.36; 95% CI, 0.23 to 058 in I'T'T anal-
ysis; RR, 0.18; 95% CI, o.10 to 0.35 in PP analysis) (Sup-
plementary Fig. 6). However, there was a limitation that
the number of patients included was small and no local

www.Kkjim.org 817


www.kjim.org

KJ I Mﬂ The Korean Journal of Internal Medicine Vol. 36, No. 4, July 2021

Sequential ¢ @ 3 Odds Ratio Odds Ratio Risk of Bias
1.1.1 TT 7days
Choi 2012 87 115 o o Not estimable ®
Gao 2010 64 72 o o Not estimable ®
Kim 2016 252 306 209 295 8.3% 1.92 [1.30, 2.83) == ®
Lahbabi 2013 o8 104 290 115 1.1% 4.54 [1.78, 11.57) P — .-
Oh 2012 92 116 82 130 3.6% 2.24 [1.26, 3.98) Ee— -
Park 2012 126 162 102 164 5.0% 2.13 [1.31, 3.46) S — -
RAKICI 2014 146 172 144 171 4.9% 1.05 [0.59, 1.89) R - ®
Subtotal (95% CI) 1047 87s 22.8% 1.96 [1.55, 2.47) >
Total events 865 627
Hotorogeneity: Chi* = 7.75, df = 4 (P = 0.10); I" = 48%
Teost for overall offoct: Z = §.65 (P < 0.00001)
1.1.27TT 10 days
Chung 2012 60 79 ar 80 2.5% 2.22 [(1.12, 4.38) -
Javid 2013 105 138 83 134 4.5% 1.96 [1.16, 3.30) ——
Lee 2015 119 170 109 170 7.3% 1.31 [0.83, 2.06) —
Molina-Infante 2010 88 115 74 115 3.9% 1.81 [1.02, 3.21) -
Morse 2013 28 51 29 53 2.8% 1.01 [0.47, 2.18) S
Zhou 2014 101 140 93 140 5.8% 1.31 [0.79, 2.18) o —
Subtotal (95% CI) 693 692 26.7% 1.54 [1.23, 1.93) <>
Total ovents 501 435
Hotorogoneity: Chi* = 4 25 df = § (P = 0.51); I = 0%
Tost for overall effoct: Z = 3.73 (P = 0.0002)
1.1.3 77 14 days
Carvalho 2017 26 31 25 32 0.9% 1.46 [0.41, 5.20) -
Fahad 2014 58 115 69 117 7.5% 0.71 [0.42, 1.19) —N
Greenberg 2010 372 486 401 488 20.9% 0.71 [0.52, 0.97) -
Kim 2011 176 205 153 205 4.8% 2.06 [1.25, 3.41) S——
Kittichet 2016 a7 50 43 50 0.6% 2.55 [0.62, 10.49) -
Liou 20185 567 650 557 650 15.8% 1.14 [0.83, 1.57] -
Nasa 2013 o8 47 50 43 Not estimable
Subtotal (95% CI) 1584 1585 50.5% 1.01 [0.84, 1.21) <
Total events 1344 12908
Heotoerogeneity: Chi* = 17.02, df = S (P = 0.004); I" = 71%
Tost for overall offoct: Z = 0.07 (P = 0.94)
Total (95% CI) 3324 3152 100.0% 1.37 [1.21, 1.54) *
Total events 2710 2380
Hotorogoneity: Chi* = 49.14, df = 16 (P < 0.0001); I" = 67% 606 072 1 !'s 2(')

Tost for overall offoct: Z = 5,06 (P < 0.00001)

Teost for subgroup difforences: Chi* « 20 85, df = 2 (P < 0.0001), I" « 90.4%
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of ot nent ' bias)

(E) Incomplete outcome data (attrition blas)

(F) Seloctive roporting (reoporting bias)

(G) Other bias

TT Sequential

Figure 5. Comparison between 10-day sequential therapy and standard triple therapy according to treatment duration of stan-
dard triple therapy in intention-to-treat analysis. Risk of bias: A, random sequence generation (selection bias); B, allocation
concealment (selection bias); C, blinding of participants and personnel (performance bias); D, blinding of outcome assessment
(detection bias); E, incomplete outcome data (attrition bias); F, selective reporting (reporting bias); G, other bias. T'T, standard
triple therapy; M-H, Mantel-Haenszel; CI, confidence interval.

studies were included. (2) Concomitant therapy

In summary, the eradication rate of 10-day sequential Can concomitant therapy be one of'the first line therapy
therapy as a first-line treatment was higher than that of of H. pylori eradication?
standard triple therapy, and in the subgroup analysis, se-

quential therapy showed a higher eradication rate than Statement 6: Concomitant therapy (standard dose PP, clar-
the 7- and 10-day standard triple therapy but a compa- ithromycin 500 mg, amoxicillin 1 g, and metronidazole 500
rable eradication rate with the 14-day standard triple mg twice daily for 10 days) is recommended as a first-line
therapy. The comparative analysis of bismuth quadru- treatment.

ple therapy and hybrid therapy was difficult to conclude Grade of recommendation: strong

due to the small number of RCTs. Therefore, as clari- Level of evidence: high

thromycin resistance increases in Korea, 10-day sequen- Experts’ opinions: completely agree (66.7%), mostly agree
tial therapy is recommended when first-line treatment (133%), partially agree (13.4%), mostly disagree (33%),
is considered without clarithromycin resistance testing. completely disagree (3.3%), not sure (0%)
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CT, in which amoxicillin, clarithromycin, and metroni-
dazole are administered simultaneously for 10 days is
one of the non-bismuth quadruple therapy (concomi-
tant, sequential, and hybrid therapy) used to overcome
the decreased eradication rates of standard triple ther-
apy. To investigate the efficacy of CT as first-line treat-
ment of H. pylori eradication, we selected RCT's includ-
ing CT. Short term treatment of CT (5-day CT or y-day
CT) were excluded. A total of 26 RCT's were finally eligi-
ble in this analysis and the characteristics of each study
are shown in Supplementary Table 5 [84,89,109,112-132].
A total of 21 studies of 10-day CT, six studies of 14-day
CT and one RCT of both 10-day CT and 14-day CT were
included. The eradication rate for 10-day CT was 85%
for ITT analysis and 91% for PP analysis, and the rate
for 14-day CT was 86% for I'TT analysis and 94% for PP
analysis, which was higher than that of standard triple
therapy. There was no difference in eradication rate ac-
cording to the duration in the subgroup analysis. From
the analysis including studies conducted in Korea only,
the eradication rates of 10-day CT were 84% in I'TT anal-
ysis and 92% in PP analysis, and those of 14-day CT were
79% in ITT analysis and 94% in PP analysis; there was
no difference in eradication rate according to the ad-
ministration duration (Supplementary Table 6).

CT for 10 days showed a slightly higher eradication
rate compared to sequential therapy and a 17% higher
eradication rate compared to 10-day/14-day standard tri-
ple therapy, and the evidence level was high. There was

KJIM™

no difference in eradication rate between bismuth qua-
druple therapy and hybrid therapy, and the levels of evi-
dence were evaluated as moderate and high, respectively.

Through the systematic search, 21 RCT's comparing
10-day CT with other regimens were selected. Eight
RCT's compared 10-day CT with 10-day/14-day standard
triple therapy. The eradication rate of 10-day CT was
significantly higher than that of 10-day/14-day standard
triple therapy (RR, 1.17; 95% CI, 1.05 to 1.30 in IT'T anal-
ysis; RR, 1.15; 95% CI, 1.06 to 1.25 in PP analysis) (Fig. 6).

In 13 RCTS, 10-day CT and 10-day sequential therapy
were compared. The eradication rate of 10-day CT was
significantly higher than that of the 10-day sequential
therapy, but the difference seems to be small (RR, 1.04;
95% CI, 1.00 to 1.08 in ITT analysis; RR, 1.04; 95% CI,
1.01 to 1.0y in PP analysis) (Supplementary Fig. 7). The
eradication rate of CT was slightly higher than that of
sequential treatment, which is thought to be because
CT is more effective than sequential treatment if'it is re-
sistant only to either clarithromycin or metronidazole.
In fact, in case of clarithromycin resistance, CT had a
higher eradication rate compared to sequential therapy
[133,134]- In the case of metronidazole-resistant but, not
clarithromycin-resistant, CT also showed higher eradi-
cation rate than sequential therapy [133,135).

In six RCTS, 10-day CT and 10-day/14-day of bismuth
quadruple therapy were compared. The eradication rate
of 10-day CT was not significantly different from that of
bismuth quadruple therapy (RR, 1.05; 95% CI, 0.96 to 1.15
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Chung(2016) 3 e 107 1T 14.2% 1.24 (1.08, 1.43) 00666 6ee
Cuadrade-Lavin(2015) 107 120 a2 60 12.3% 127 (1.07, 1.52) fceeeee
Gaorgopoulos (2013} 15 127 g6 130 154% 1.23(1.09, 1.38) Peeeeee
Gungo (2015) 72 100 42 100 B88% 1.71(1.32,2.22) - 7200000
Heo (2014) 37 174 123 174 15.4% 1.1 [0.88, 1.26] L3I T T T 1)
Liou(2016) 484 540 452 540 18.2% 1.03 [0.88, 1.08] 0000000
Yassor (2013) o o 0 0 Not cstmabia 2099000
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Figure 6. Comparison between 10-day concomitant therapy and 10-/14-day standard triple therapy in intention-to-treat anal-
ysis. Risk of bias: A, random sequence generation (selection bias); B, allocation concealment (selection bias); C, blinding of par-
ticipants and personnel (performance bias); D, blinding of outcome assessment (detection bias); E, incomplete outcome data
(attrition bias); F, selective reporting (reporting bias); G, other bias. CT, concomitant therapy; ST, sequential therapy; M-H,
Mantel-Haenszel; CI, confidence interval.
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in ITT analysis; RR, 1.01; 95% CI, 0.97 to 1.06 in PP anal-
ysis) (Supplementary Fig. 8). In two RCTs, 10-day CT and
hybrid therapy were compared, and there was no differ-
ence between the two groups (RR, 0.99; 95% CI, 0.93 to
1.05 in ITT analysis). The eradication rates of 14-day CT
and 10-day/14-day sequential treatment were compared
in three RCTSs. The eradication rate of 14-day CT did not
differ from that of 10-day/14-day sequential therapy in
the I'T'T analysis (76% vs. 79%), but in the PP analysis, the
eradication rate of 14-day CT was slightly higher than
that of sequential therapy (89% vs. 82%). In two RCTS,
14-day CT and 14-day standard triple therapy were com-
pared, and 14-day CT showed significantly higher erad-
ication rate than 14-day standard triple therapy (88% vs.
79% in ITT analysis; 94% vs. 82% PP analysis). In two
RCTs, 14-day CT and hybrid therapy were compared,
and 14-day CT showed slightly higher eradication rate
than hybrid therapy (91% vs. 85%, p = 0.05 in ITT analy-
sis; 96% vs. 92%, p = 0.07 in PP analysis).

In summary, the eradication rate of 10-day CT as
first-line treatment was significantly higher than that of
10-day/14-day standard triple therapy but slightly high-
er than that of sequential therapy and similar to those
of bismuth quadruple therapy and hybrid therapy. The
eradication rate of 14-day CT was significantly higher
compared to 14-day standard triple therapy in both PP
and ITT analysis, and 10-day/14-day sequential therapy
in the PP analysis. The eradication rates of 10-day CT
and 14-day CT were similar. Therefore, if first-line treat-
ment is considered without resistance test, 10-day CT is
recommended.

3) Standard triple therapy based on clarithromycin resistance
test

Does clarithromycin resistance test improve the eradi-

cation rate of standard triple therapy?

Statement 7: Clarithromycin resistance test by PCR or se-
quencing is recommended when a 7-day standard triple
therapy is considered as a first-line treatment.
Grade of recommendation: strong
Level of evidence: low
Experts’ opinions: completely agree (76.7%), mostly agree
(6.6%), partially agree (16.7%), mostly disagree (0%), com-
pletely disagree (0%), not sure (0%)
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The eradication rate of empirical standard triple therapy
(PPI + amoxicillin + clarithromycin) has been declined
to about 70% through the last decades in Korea [136,137].
The 2013 revised-Korean guideline recommended this
therapy as one of primary regimens for H. pylori eradi-
cation, even though experts’ complete agreement rate of
this strategy was only 53.6% [8]. Maastricht V guideline
recommended that clarithromycin-based triple thera-
py without prior susceptibility testing should be aban-
doned when the regional clarithromycin resistance rate
is more than 15% [11]. Considering the decreasing and
sub-optimal eradication rate of this empirical therapy
and high resistance rate of clarithromycin in Korea, new
strategies are desperate for improving eradication rate
of H. pylori.

Although clarithromycin susceptibility test by H. py-
lori culture is the best method for appropriate selection
of H. pylori eradication regimens [138,139], it is very dif-
ficult to apply culture-based results to clinical practice
because of slow growth of H. pylori and demanding cul-
ture conditions. On the contrary, tailored therapy af-
ter molecular testing using polymerase chain reaction
(PCR)-kits or sequencing methods detecting 23S ribo-
somal RNA point mutations related to clarithromycin
resistance is one of easily applicable methods.

In the large case-control study (n = 1,232), the patients
who had the A2142G and A2143G point mutations as-
sociated with clarithromycin resistance based on dual
priming oligonucleotide-based multiplex PCR were
treated with PPI + amoxicillin + metronidazole (PAM)
for 7 days, and the patients without clarithromycin re-
sistance were treated with standard triple therapy for 7
days (tailored therapy). The eradication rate of H. pylori
in the tailored therapy group was 80.7% (176/218), which
was significantly higher than that in the empirical 7-day
standard triple therapy (69.5% [214/308], p < 0.01) or PAM
(711% [219/308], p = 0.01) control groups in I'TT analysis
[82]. In addition, the recent two case-control studies re-
ported that 7-day tailored therapy with bismuth quadru-
ple therapy, PAM, or standard triple therapy had higher
eradication rates than those of empirical 7-day standard
triple therapy (91.8 vs. 72.1%; 94.3 vs. 76.5%, respectively)
in PP analysis [20,21]. Importantly, the costs for a suc-
cessful eradication with tailored therapy could be sim-
ilar or superior to those of empirical 14-day standard
triple therapy [21].
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4) Bismuth quadruple therapy
Can bismuth quadruple therapy be one of the first line
therapy of H. pylori eradication?

Statement 8: Eradication rates of bismuth quadruple ther-
apy (standard dose PPI twice daily, metronidazole 500 mg
three times daily, bismuth 120 mg and tetracycline 500 mg
four times daily for 10 to 14 days) are similar to 14 days stan-
dard triple therapy, 10 days concomitant therapy, and 10
days sequential therapy. However, because of its high ad-
verse effects and potential use as second-line therapy, it can
be recommended to be used as first-line therapy if other
first-line therapy options are not available.

Grade of recommendation: weak

Level of evidence: moderate

Experts’ opinions: completely agree (50.0%), mostly agree

(33.4%), partially agree (10.0%), mostly disagree (3.3%),

completely disagree (3.3%), not sure (0%)

Established guidelines recommended that bismuth
quadruple or non-bismuth quadruple therapies are
suitable for the first-line H. pylori eradication therapy in
high clarithromycin resistance areas [11,140].

In two network meta-analysis studies of the RCTs,
the efficacy of bismuth-containing quadruple therapy
varied depending on the type of eradication regimens
and duration of therapies [141,142]. We performed me-
ta-analysis including nine RCTs from January 2008 to
July 2018 investigating the efficacy and safety of bismuth
quadruple therapy for the first-line H. pylori eradication
(Supplementary Table 7) [109,116,121,143,144]. Pooled
eradication rates of bismuth quadruple therapy by ITT
analysis and PP analysis were 84.5% (95% CI, 74.9% to
90.9%) and 90.6% (95% CI, 82.8% to 95.1%), respective-
ly. However, there was no statistically significant differ-
ence of ITT eradication rates in 10 to 14 days bismuth
quadruple therapy compared to 14 days standard triple
therapy (RR, 1.28; 95% CI, 0.97 to 1.70) (Fig. 7A), 10 days
sequential therapy (RR, 0.96; 95% CI, 0.83 to 1.12) (Fig.
7B), and 10 days CT (RR, 1.01; 95% CI, 0.93 to 1.10) (Fig.
7C). In addition, there was no statistically significant dif-
ference of PP eradication rates in 10 to 14 days bismuth
quadruple therapy compared to 14 days standard triple
therapy (RR, 137; 95% CI, 0.95 to 1.99), 10 days sequen-
tial therapy (RR, 0.99; 95% CI, 0.93 to 1.05), and 10 days
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CT (RR, 1.01; 95% CI, 0.95 to 1.07). Heterogeneity among
studies was generally moderate, and we should interpret
these results with caution due to small numbers of the
current meta-analysis.

In terms of adverse events, bismuth quadruple thera-
py was significantly higher than other eradication thera-
pies (RR, 1.72; 95% CI, 1.23 to 2.40) (Supplementary Fig. 9).
However, considerable heterogeneity was shown among
studies (2 = 92%).

Bismuth quadruple therapy is regarded as a promis-
ing treatment for patients with allergy to penicillin as
well as H. pylori with dual resistance [140]. Therefore, it
may be one of the attractive options for H. pylori eradi-
cation. Unfortunately, there are few rescue therapies for
H. pylori eradication, and high adverse events of bismuth
quadruple therapy cannot be ignored in clinical prac-
tice. Thus, bismuth quadruple therapy can be first-line
treatment for H. pylori eradication when other first-line
options are unavailable, due to its high adverse events
rate and bismuth quadruple therapy is a widely used
rescue therapy for other regimens.

Further well-designed studies are required to confirm
the efficacy of bismuth quadruple therapy for fist-line
H. pylori eradication in Korea. Additionally, regarding
the bismuth dosage, bismuth subcitrate (De-Nol, Astel-
las Pharma Europe B.V., Leiderdorp, The Netherlands)
300 mg contains elemental bismuth 120 mg. Therefore,
physicians can prescribe bismuth subcitrate 300 mg
four times daily in clinical practice.

Salvage therapy

What is the recommended salvage regimen after failure
of previous H. pylori eradication therapy?

In the last decade, the efficacy of PP], clarithromycin, and
amoxicillin triple therapy has decreased mainly due to
clarithromycin resistance [145,146]. As a result, it has be-
come a common situation in clinical practice to choose a
salvage regimen after failure of one or more eradication
attempts. Moreover, the selection of a rescue regimen
may be more complicated with the emergence of alter-
native first-line treatments such as sequential or CT.

In the systematic literature review, there were 36 RCT's
that compared different combinations of antibiotics,
different durations of’a regimen, or different PPIs as sal-
vage therapy after one or more eradication failures be-
tween 2008 and 2017 (Supplementary Table 8) [147-182]:
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ple therapy in intention-to-treat analysis as a first line therapy. (A)

10-/14-day bismuth quadruple therapy vs. 14-day standard triple therapy; (B) 10-/14-day bismuth quadruple therapy vs. 10-day
sequential therapy; (C) 10-/14-day bismuth quadruple therapy vs. 10-day concomitant therapy. Risk of bias: A, random sequence
generation (selection bias); B, allocation concealment (selection bias); C, blinding of participants and personnel (performance
bias); D, blinding of outcome assessment (detection bias); E, incomplete outcome data (attrition bias); F, selective reporting (re-
porting bias); G, other bias. PBMT, bismuth quadruple therapy; T'T, standard triple therapy; M-H, Mantel-Haenszel; CI, confi-
dence interval; SQT, sequential therapy; CCT, concomitant therapy.

24 RCT' evaluated second line regimens, five evaluated
third line regimens, five compared different durations
of aregimen, and two compared different doses or kinds
of PPIs. Most studies for second-line regimens were
conducted after failure of clarithromycin-based triple
therapy; there was no RCT that evaluated second-line
regimens after failure of non-bismuth or bismuth qua-
druple therapy, and there was no RCT that evaluated
third-line regimen after failure of first-line clarithro-
mycin-based triple therapy followed by second-line bis-
muth quadruple therapy. Meta-analyses were conducted
and there were more than three RCTs. The recommen-
dations on the salvage regimen were primarily based on
those RCT's and their meta-analyses. However, when no
suitable trial was found, the most relevant cohort stud-
ies, published systematic reviews of cohort studies, and
RCTSs published before 2008 were referenced for the
recommendations. All eradication rates presented be-
low are from ITT analyses. The evidences which were
included in the meta-analysis of regimens for salvage
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therapy are summarized in the Supplementary Table o.

Statement 9: After failure of standard triple therapy, a bis-
muths quadruple therapy (PPI, bismuth, tetracycline, and
metronidazole) for 14 days is recommended as a second-line
therapy.

Grade of recommendation: strong

Level of evidence: high

Experts’ opinions: completely agree (90.0%), mostly

agree (6.7%), partially agree (33%), mostly disagree (0%),

completely disagree (0%), not sure (0%)

In the 2013 revised Korean guidelines, bismuth qua-
druple therapy (PPI, bismuth, tetracycline, and metro-
nidazole) for 7 to 14 days was recommended. The sys-
tematic review conducted for the present guidelines
identified 15 RCT's which compared 31 treatment arms
as 2nd line treatment after failure of 1st line PPI-clar-
ithromycin-amoxicillin triple therapy [147,152,156,161-
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Figure 8. Meta-analysis of nine studies comparing bismuth quadruple therapy with other regimens after failure of first-line
standard triple therapy. Pooled eradication rate of bismuth quadruple therapy as second-line therapy was 75.5% (95% confi-

dence interval [CI], 71.6% to 79.1%).

163,165-168,174-176,179,182]. Of those, nine studies adopt-
ed bismuth quadruple therapy [156,161,162,165,167,175,
176,179,182}, and eight studies adopted levofloxacin tri-
ple therapy (PPI, amoxicillin, and levofloxacin) [147,152,
165,166,168,175,176,182]; of those, four studies compared
bismuth quadruple therapy and levofloxacin triple ther-
apy directly [165,175,176,182].

Bismuth quadruple therapy showed pooled eradica-
tion rate of 755% (95% CI, 71.6% to 79.1%) in the me-
ta-analysis of the nine studies (Fig. 8). Regarding the
treatment duration, four studies treated for 7 days, two
for 10 days, and three for 14 days. Because 10- and 14-
day regimens showed similar efficacy, subgroup anal-
ysis was conducted to compare 7 day versus 10- to 14-
day bismuth quadruple therapy. In result, 10- to 14-day
therapy showed significantly higher eradication rates
(pooled eradication rate, 81.6%; 95% CI, 76.9% to 85.6%;
I = 29.6%) than 7-day therapy (pooled eradication rate,
68.4%; 95% CI, 53.0% to 73.5%; I* = 73.8%) (p < 0.01). The
systematic review also identified three RCT's comparing
14-day versus 7-day bismuth quadruple therapies. Me-
ta-analysis of these RCT's also showed a significant erad-
ication rate with 14-day regimen than 7-day regimen
(risk difference [RD], 0.09; 95% CI, 0.02 to 0.15; p < 0.01).

Levofloxacin triple therapy showed pooled eradication
rate of 73.1% (95% CI, 68.4% to 77.3%) in the meta-analy-
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sis of the eight studies (Fig. 9). In the subgroup analysis
comparing treatment duration, the 10- to 14-day regi-
men in four studies showed a significantly higher erad-
ication rate (78.5%; 95% CI, 71.9% to 84.0%) than y-day
regimen in four studies (69.1%; 95% CI, 61.6% to 74.9%;
p = 0.04). One factorial RCT reported 10-day therapy
showed significantly higher eradication rate with 7-day
therapy (87.5% vs. 67.5%, p < 0.01) [177]. Meanwhile, there
was no significant difference in the dose of levofloxacin
between 500 mg daily and 1,000 mg daily in this study
(b =1.00).

There was no significant difference in the eradication
rates between bismuth quadruple therapy and levoflox-
acin triple therapy in the meta-analysis of four RCTs.
There were non-significant contradictory trends favor-
ing levofloxacin triple therapy in I'TT analysis (bismuth
quadruple vs. levofloxacin triple: RD, —0.06; 95% CI,
-0.14 to 0.02; p = 0.16) but favoring bismuth quadruple
therapy in PP analysis (RD, 0.02; 95% CI, —0.05 to 0.10;
p = 058) (Supplementary Fig. 10). These results may be
because of low tolerability of bismuth quadruple ther-
apy. In two systematic reviews published in 2006, 10-
day levofloxacin triple therapy showed superior efficacy
compared to 7-day bismuth quadruple therapy [183,184].
In our meta-analysis, two regimens were treated for the
same duration (7 days vs. 7 days, 10 days vs. 10 days, or 14
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Figure 9. Meta-analysis of eight studies which compared levofloxacin triple therapy with other regimens after failure of first-
line line clarithromycin triple therapy. Pooled eradication rate of levofloxacin triple therapy as second-line therapy was 73.1%

(95% confidence interval [CI], 68.4% to 77.3%).

days for 14 days). Thus, it can be suggested that bismuth
quadruple therapy and levofloxacin triple therapy may
have similar efficacy when the two treatments are ad-
ministered for the same duration.

A major limitation of levofloxacin triple therapy is
that efficacy of the regimen is substantially reduced in
the presence of levofloxacin resistance [165]. In Korea,
the resistance rate for levofloxacin in H. pylori strains
has been increasing rapidly as high as 28.1% [14,185,186].
Very recently, the nationwide antibiotic resistance pro-
file of H. pylori in Korean population was reported [2].
According to this report, resistance rate against levo-
floxacin was 37.0%. Thus, bismuth quadruple therapy
would be favored over levofloxacin triple therapy in
Korea. However, it should also be noted that resistance
rate against metronidazole was also as high as 29.5% in
the same study. Because resistance to metronidazole
can be overcome with increased duration and dose, 14-
day course would be preferred to 10- to 14-day course
for bismuth quadruple therapy as a salvage regimen in
Korea [187]. Therefore, bismuth quadruple therapy for
14 days is recommended as a second-line therapy after
failure of standard triple therapy.
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Statement 10: After failure of non-bismuth quadruple ther-
apy (sequential or concomitant therapy), a bismuth quadru-
ple therapy is recommended as a second-line therapy.
Grade of recommendation: strong
Level of evidence: very low
Experts’ opinions: completely agree (60.0%), most-
ly agree (30.0%), partially agree (6.7%), mostly disagree
(3.3%), completely disagree (0%), not sure (0%)

There was no RCT comparing salvage regimens af-
ter failure of first-line non-bismuth quadruple therapy.
There was a meta-analysis of cohort studies in which
most studies included were a levofloxacin triple regi-
men [188]. In this study, the pooled eradication rate of
levofloxacin triple therapy from five studies including
86 patients was 81% (95% CI, 71% to 91%,; I? = 28%). An-
other meta-analysis conducted in Maastricht V guide-
lines showed 81% (six studies; 95% CI, 73% to 90%,; I =
19%) after failure of sequential therapy and 78% (three
studies; 95% CI, 58% to 97%,; I? = 67%) after failure of CT
[11]. However, these results may not be directly applica-
ble to Korean population because of high levofloxacin
resistance rates as previously discussed [2,14,185,186].

Bismuth quadruple therapy showed eradication rate
0f'84% (95% CI, 63% to 106%; I? = 56%) in the meta-anal-
ysis conducted in Maastricht V [11]. However, the anal-

https://doi.org/10.3904/kjim.2020.701


www.kjim.org

Jung HK; et al. Guidelines for treatment of H. pylori

ysis included only two cohort studies of similar sample
sizes with each other. One of them was a study conduct-
ed in Korea where 14-day bismuth quadruple therapy
achieved successful eradication in 10 of 14 patients.

Therefore, bismuth quadruple therapy is recom-
mended as a second-line therapy after failure of first-
line non-bismuth quadruple therapy based on currently
available evidences. However, more data is required to
support this recommendation.

Statement 11: After failure of bismuth quadruple therapy as
1st-line or 2nd-line therapy (after failed standard triple or
non-bismuth quadruple therapy), a levofloxacin triple ther-
apy is suggested as a salvage therapy.

Grade of recommendation: weak

Level of evidence: very low

Experts’ opinions: completely agree (40.0%), mostly agree

(30.0%), partially agree (13.3%), mostly disagree (16.7%),

completely disagree (0%), not sure (0%)

The most common situation in which bismuth qua-
druple therapy fails in Korea is failures as a second-line
regimen after failure of first-line standard triple thera-
py. This approach was recommended by previous Kore-
an guidelines 2013 and Maastricht IV guidelines [8,189].
The scenario in which second-line bismuth quadruple
therapy fails after failure of first-line non-bismuth qua-
druple therapy is also expected to be a more common
situation. In these cases, it is not recommended to use
clarithromycin again in the third-line regimen [187]. It
would be also inappropriate to use clarithromycin after
failure of first-line bismuth quadruple therapy because
this regimen had been chosen as first-line when clari-
thromycin resistance was suspected [8]. Treatment reg-
imen may be decided based on antibiotics susceptibili-
ty tests, either by culture, PCR, or sequencing analysis.
Generally, it is recommended not to use clarithromycin,
fluoroquinolone, and rifabutin again in the presence
of resistance to respective drugs, while amoxicillin and
metronidazole may be re-used [187]. However, it is note-
worthy that benefits of susceptibility-guided therapy
over empirical regimen was evident only in the first-
line treatment, not in the second-line setting in a recent
systematic review [139]. Neither was it in the third-line
treatment in a recent RCT [190]. The first-line and sal-
vage treatment regimens and algorithms for H. pylori
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treatment combined with the regimens are summarized
in Table 4 and Fig. 10, respectively.

Levofloxacin triple therapy

There was no RCT comparing rescue options after fail-
ure of bismuth quadruple therapy either as first-line or
second-line regimen. In 2012, Gisbert et al. [191] reported
on the efficacy of third-line PPI-amoxicillin-levofloxacin
triple therapy in a systematic review of six cohort studies
including 350 patients and a cohort study including 200
of their own patients. This was updated in Maastricht V
as 501 patients in five studies resulting in pooled eradi-
cation rate of 70.0% (95% CI, 62.4% to 76.6%; I? = 58.5%)
[11]. A Korean study reported retrospective data from 14
medical centers in 2017, in which 110 patients received
levofloxacin third-line therapy, 88 adhered to the treat-
ment protocol, and 63 achieved successful eradication
(62 after PPI-amoxicillin-levofloxacin and one after
PPI-amoxicillin-clarithromycin-levofloxacin). The esti-
mated eradication rate with third-line levofloxacin tri-
ple therapy was 56.9% (62/109) [192]. Although previously
failed first- and second-line regimens were not specified
in this study, this low eradication rate may have been
due to the high levofloxacin resistance rate in Korea
[2,14,185,186]. Therefore, a levofloxacin triple therapy is
suggested as a salvage therapy after failure of first-line or
second-line bismuth quadruple therapy. However, the
efficacy of this regimen may be lower than observed in
the systematic review as indicated in the Korean retro-
spective study.

Triple therapy containing other fluoroquinolones

Three Japanese RCT's evaluated fluoroquinolone based
triple therapy after first-line PPI-amoxicillin-clarithro-
mycin and second-line PPI-amoxicillin-metronidazole
failure [150,160,181]: the sitafloxacin-PPI-amoxicillin
regimen showed an eradication rate 0f70.0% (49/70; 95%
CI, 59.0% to 81.0%) after 7-day therapy and 81.0% (51/63;
95% CI, 71.0% to 90.9%) after 10-day therapy [150,160],
while gatifloxacin-PPI-amoxicillin y-day therapy was
administered to only eight patients with six eradication
successes (75%) [181]. In European prospective cohort
study, moxifloxacin-PPI-amoxicillin 14-day therapy
showed 82.4% eradication rate (206/250; 95% CI, 77.0%
to 87.0%) after failure of first-line clarithromycin tri-
ple or non-bismuth quadruple therapy [193]. However,
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Table 4. Regimen of recommended therapies for Helicobacter pylori infection

Regimen Drugs Frequency Duration, day
Standard triple PPI (standard dose) bid 7-14
therapy Clarithromycin (500 mg)
Amoxicillin (1 g)
Bismuth PPI (standard dose) bid 10-14
quadruple Bismuth subcitrate (120 mg) qid
Tetracycline (500 mg) qid
Metronidazole (500 mg) tid
Sequential PPI (standard dose) + amoxicillin (1 g) bid 5
then, PPI + clarithromycin + metronidazole bid 5
Concomitant PPI (standard dose) bid 10

Clarithromycin (500 mg)
Amoxicillin (1 g)
Metronidazole (500 mg)

Hybrid PPI (standard dose) + amoxicillin (1 g) bid 7
then, PPI + amoxicillin + clarithromycin + metronidazole bid 7
Levofloxacin triple PPI (standard dose) bid 10-14
Levofloxacin (500 or 250 mg) qd (500 mg), bid (250 mg)
Amoxicillin (1 g) bid

PPI, proton pump inhibitor; bid, twice per day; qid, four times per day; tid, three times per day; qd, once per day.

Empirical treatment (without CM resistance test)

Clarithromycin resistance test

PAM
7 days

Sequential or
concomitant
therapy 10 days
(PPI-amoxicillin
-clarithromycin-
metronidazole)

1 1
1 1
i Bismuth quadruple i
i therapy 10-14 days !
! (PPI-bismuth- !
| i
1 1
1 1
1 1
1 1

Tst line PAC 14 days
(PPI-amoxicillin
~ciarithromycin) tetracycline-

metronidazole)

PAC 7 days

9 @ L A 4

Bismuth quadruple therapy
(PPI-bismuth-tetracycline-metronidazole)

A 4

2nd/3rd line Levofloxacin triple therapy (PPI-amoxicillin-levofloxacin) and others:
fluoroquinolone triple/quadruple, rifabutin containing therapy, high dose dual. concomitant therapy

2nd line

Figure 10. Proposed algorithm for Helicobacter pylori treatment in Korea. Bismuth quadruple therapy of first-line therapy is
dotted because it is less preferred than other regimens. CM, clarithromycin; PAC, pantoprazole, amoxicillin, clarithromycin;
PPI, proton pump inhibitor; PAM, PPI + amoxicillin + metronidazole.

in a Korean retrospective cohort study, the same regi- line bismuth quadruple therapy [194]. Thus, evidences
men with 7 to 14 days showed successful eradiation in are limited for triple therapy containing other fluoro-
only 67.9% (95% CI, 51.5% to 84.9%) after failure of first- quinolones after failure of bismuth quadruple therapy
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because the above-mentioned studies are highly hetero-
geneous regarding the design and previous regimens.
The potential cross-resistance among fluoroquinolones
may further limit the usage of other fluoroquinolones as
alterative to levofloxacin in rescue therapy [186].

Fluoroquinolone quadruple therapy

There was no RCT evaluating fluoroquinolone quadru-
ple therapy after failure of bismuth quadruple therapy.
However, eight RCT's compared 10 arms of various flu-
oroquinolone quadruple regimens with other regimens
after failure of first-line triple therapy [147,151,152,157,16
2,163,169,171].

The levofloxacin-bismuth quadruple regimen (levo-
floxacin, bismuth, PPI, and amoxicillin) was suggested as
an ‘encouraging salvage strategy’ in patients failing pre-
vious bismuth quadruple therapy in Maastricht V guide-
lines because of synergistic effects between bismuth and
levofloxacin to overcome antibiotics resistance [11]. This
regimen was evaluated in two RCTs with successful
eradication rates of 84.8% (28/33; 95% CI, 72.6% to 97.1%)
after 10-day therapy and 88.1% (126/143; 95% CI, 81.6%
to 92.9%) after 14-day therapy after failure of first-line
PPI-amoxicillin-clarithromycin/metronidazole [147,157].
Two prospective cohort studies reported that levoflox-
acin-bismuth quadruple therapy showed 83.8% (31/37;
95% CI, 713% to 96.2%) eradication rate after failure
of first-line clarithromycin triple and second-line bis-
muth quadruple therapy and 90.0% (180/200; 95% CI,
85.8% to 94.2%) after failure of first-line standard triple
or non-bismuth quadruple therapy [195,196]. However,
in a RCT reported from Hong Kong in 2007, levoflox-
acin-bismuth quadruple therapy achieved successful
eradication in 73% (37/51; 95% CI, 60.0% to 85.2%) sub-
jects after = 1 eradication failures, which was inferior to
bismuth quadruple therapy [197]. Therefore, although
being expected to be effective, this regimen needs to be
validated in Korean population before use.

The levofloxacin sequential regimen (levofloxacin,
PPI, amoxicillin, and metronidazole followed by PPI and
amoxicillin) also showed promising results in patients
failing various first-line triple therapy, with successful
eradication rates ranging between 82.2% and 90.2% in
three RCT's [151,152,163]. This regimen also needs verifi-
cation for its efficacy after failure of bismuth quadruple
therapy.
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Rifabutin containing regimen

The major limitations of using rifabutin for the erad-
ication of H. pylori are high cost, myelotoxicity, and
concerns for inducing resistance to Mycobacterium tu-
berculosis [198]. Three RCT's comparing rifabutin triple
therapy (PPI-amoxicillin-rifabutin) with other regimens
as salvage treatment were reported before 2008 [199-
201]. A systematic review reported in 2012, which in-
cluded those three RCT's, showed second-, third-, and
forth-line eradication rates of rifabutin triple therapy
were 79% (95% CI, 67% to 92%), 66% (95% CI, 55% to
77%), and 70% (95% CI, 60% to 79%), respectively [198].
It is recommended that rifabutin daily dose of 300 mg
and treatment duration of 10 days are appropriate for
this regimen [140]. There were another three RCT's in-
cluding rifabutin containing regimens in the systematic
review for the current guidelines [149,158,159]. However,
no study compared rifabutin triple therapy with other
regimen after failure of bismuth quadruple therapy.
They had highly heterogeneous designs among the
studies with eradication rates ranging 77.8% to 96.3%.
Therefore, rifabutin triple therapy may be suggested
as one of rescue options after previous failure of mul-
tiple attempts including bismuth quadruple therapy.
Nevertheless, relative lack of evidences and known risks
should be carefully considered.

High dose dual therapy

High dose dual therapy includes amoxicillin = 3 g ad-
ministered = 3 times daily to maintain high trough lev-
els [140]. Only one RCT found in the systematic review,
in which 14-day rabeprazole 20 mg plus amoxicillin 750
mg four times daily achieved eradication rate of 89.3%
(50/56; 95% CI, 80.9% to0 97.6%) in patients with = 1 erad-
ication failures of unspecified regimens [154]. Two RCT's
conducted before 2008 reported eradication rates of
70% (95% CI, 57.5% to 79.7%) and 75.6% (95% CI, 59.7%
to 87.6%) as salvage therapy [200,202]. This regimen may
also be considered salvage therapy after failure of bis-
muth quadruple therapy, but more data is required to
support this decision.

Concomitant therapy

Although it is inappropriate to use clarithromycin again
after failing clarithromycin containing regimen, CT
(PPI-amoxicillin-clarithromycin-metronidazole) = may
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be selected as a salvage treatment because combination
of clarithromycin and metronidazole may overcome
clarithromycin resistance [187]. However, there was no
RCT which evaluated CT after failure of bismuth qua-
druple therapy in the systematic review. There was only
one RCT which showed that 7-day CT achieved 86.5%
(45/51; 95% CI, 76.9% to 96.1%) after failure of first-line
PPI-amoxicillin-clarithromycin [174]. One prospective
cohort study nested in a RCT reported that 10-day CT
showed 84.6% (11/13; 95% CI, 57.8% to 95.7%) eradication
rate after failure of first-line bismuth quadruple therapy

[203]-

CONCLUSIONS

H. pylori is associated with socioeconomic burdens as it
causes various gastrointestinal diseases and has a high
prevalence rate of about 50% in Korea. It is clinically ef-
fective to establish therapeutic indications for H. pylori
and to present effective primary and secondary treat-
ment regimens; this is important and necessary for the
efficient use of national medical resources. In recent
years, as the resistance rate of H. pylori to clarithro-
mycin has increased, the eradication rate of the exist-
ing standard triple therapy has tended to decrease. To
overcome this, the treatment period has been extended
or non-bismuth quadruple therapy such as sequential
therapy or CT has been introduced. In the case of sal-
vage therapy, it was difficult to select the right RCT's for
each situation due to the diversity of first-line therapy
regimens. As a result of meta-analyses of the latest RCT's
published, bismuth quadruple therapy is recommended
after standard triple therapy, sequential therapy, or CT
has failed. If bismuth quadruple therapy is used as the
first-line or salvage therapy, levofloxacin triple therapy
is recommended. However, its effectiveness may be re-
duced in areas with high resistance to levofloxacin, such
as Korea.

Although recommendations were made accord-
ing to the resistance rate of Korea, implementing evi-
dence-based medicine and using de novo meta-analysis,
but it can also be applied in Far East Asia, which has a
similar antibiotic resistance rate as Korea. In addition,
recommendation on clarithromycin resistance testing
based on PCR or sequencing have been made based
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on the latest literatures. We believe that the statement
regarding tailored therapy will be useful for the use of
resistance tests based on PCR or sequencing, which are
widely used in clinical practice recently due to the con-
venience of use.

In this guideline, expert consensus was not reached on
indications for eradication therapy for CAG/IM; there-
fore, further studies are needed to determine whether
eradication therapy may lower the incidence of gastric
cancer in CAG/IM. In addition, family history of gastric
cancer is also a known risk factor of gastric cancer, and
further research is needed to establish therapeutic indi-
cations for this. Studies on cost-effectiveness according
to various combinations of first-line and salvage therapy
regimens are also needed in future.
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Supplementary Table 1. Studies included in meta-analysis about the efficacy of Helicobacter pylori eradication after endoscopic

resection of gastric adenoma

Study Design Characteristic Intervention Control Outcome
Chon et al. Restrospective ~ Patients with gastric dysplasia Successful Persistent Metachronous
(2013) [36] study undergone endoscopic eradication infection dysplasia
resection
Shin et al. Retrospective Patients with gastric Eradicated Non-eradicated = Metachronous
(2015) [35] study dysplasia undergone group or failed group  dysplasia
endoscopic resection
Song et al. Restrospective ~ Patients with gastric Eradicated group Non-eradicated Metachronous
(2017) [34] study dysplasia undergone group neoplasm
endoscopic resection
Choi et al. Randomized Patients with gastric H. pylori Placebo Metachronous
(2018) [31] study dysplasia undergone eradication gastric cancer
endoscopic resection
Choi et al. (2018)  Prospective Patients with gastric H. pylori Placebo Metachronous
[33] study dysplasia undergone eradication gastric cancer

endoscopic resection
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Supplementary Table 2. Studies included in meta-analysis about the efficacy of Helicobacter pylori eradication in patients with

functional dyspepsia

Study Design Characteristic Intervention Control Outcome

Angetal. (2006) Randomized trial ~ Dyspepsia patients with H. H. pylori eradication Prokinetics  Symptom reliefat
[53] pylori infection 52 wk

Blum et al. (1998) Randomized trial ~ Dyspepsia patients with H. H. pylori eradication Omeprazole Symptom reliefat
[41] pylori infection 12 MO

Chiba et al. (2002) Randomized trial =~ Dyspepsia patients with H. H. pylori eradication Omeprazole Symptom reliefat
[48] pylori infection 12 MO
Froehlichetal. = Randomized trial =~ Dyspepsia patients with H. H. pylori eradication Lansoprazole Symptom reliefat
(2001) [47] pylori infection 12 MO

Gisbert et al. Randomized trial =~ Dyspepsia patients with H. H. pylori eradication Ranitidine  Symptom reliefat
(2004) [51] pylori infection 12 Mo

Gwee et al. (2009) Randomized trial  Dyspepsia patients with H. H. pylori eradication Placebo Symptom reliefat
[54] pylori infection 12 Mo

Hsuetal. (2001) Randomized trial =~ Dyspepsia patients with H. H. pylori eradication Lansoprazole Symptom reliefat
[45] pylori infection 12 mo
Koskenpato etal. Randomized trial  Dyspepsia patients with H. H. pylori eradication Omeprazole Symptom reliefat
(2001) [44] pyloriinfection 12 Mo
Malfertheiner et Randomized trial ~ Dyspepsia patients with H. H. pylori eradication Lansoprazole Symptom reliefat
al. (2003) [50] pylori infection 12 mo
Mazzolenietal. Randomized trial ~ Dyspepsia patients with H. H. pylori eradication Lansoprazole Symptom reliefat
(20006) [52] pylori infection 12 MO
Mazzolenietal. Randomized trial =~ Dyspepsia patients with H. H. pylori eradication Placebo Symptom relief at
(2011) [55] pyloriinfection 12 Mo

McColl et al. Randomized trial ~ Dyspepsia patients with H. H. pylori eradication Omeprazole Symptom reliefat
(1998) [40] pylori infection 12 MO
Sodhietal. (2013) Randomized trial ~ Dyspepsia patients with H. H. pylori eradication Omeprazole Symptom reliefat
[56] pyloriinfection 12 MO

Talley et al. (1999) Randomized trial ~ Dyspepsia patients with H. H. pylori eradication Placebo Symptom reliefat
[42] pylori infection 12 MO

Talley et al. (1999; Randomized trial ~ Dyspepsia patients with H. H. pylori eradication Placebo Symptom relief at
ORCHID) [43] pylori infection 12 mo

Bruley Des Randomized trial ~ Dyspepsia patients with H. H. pylori eradication Placebo Symptom relief at
Varannes et al. pylori infection 12 MO

(2001) [46]

Yazdanbod etal. Randomized trial =~ Dyspepsia patients with H. H. pylori eradication Omeprazole Symptom reliefat
(2015) [57] pylori infection 12 Mo
Veldhuyzenvan ~ Randomized trial =~ Dyspepsia patients with H. H. pylori eradication Placebo Symptom relief at
Zanten et al. pylori infection 12 MO

(2003) [49]
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Supplementary Table 3. Evidence table about the eradication rate of standard triple therapy in Helicobacter pylori infection

. Subjects Eradication Confirma-  Eradication rate Eradication
Study Indication . .
no. regimen tive test ITT rate PP
Choi et al. PU,NUD 576 OAC7-148 CLO, OAC7-64.9 (96/148) OAC7-80.7 (96/119)
(2007) [65] PAC7-140 Histology PACy-69.3(97/140)  PAC7-76.9 (97/121)
RAC7-140 RAC7-69.3(97/140)  RAC7-81.5(97/119)
EAC7-148 EAC7-703 (104/148) EACy-82.6 (104/121)
TOTAL-576 TOTAL-68.4 TOTAL-82.1(394/480)
(394/576)
Kim et al. PU 508 PAC7-337 UBT PAC7-71.2 (240/337)  PAC7-83.6 (239/286)
(2007) [66] PAC14-261 PAC14-75.5 (197/261) PAC14-86.6 (194/224)
Kim et al. PU 463 LFTy-115 UBT LETy-76.5 (88/115) LFTy-81.6 (80/98)
(2008) [68] LFT14-117 LFT14-76.9 (9of117)  LFT14-82.0(73/89)
LACy-119 LAC7-78.2(93/119) LACy-82.2(83/101)
LAC14-112 LAC14-80.4(90/112) LAC14-85.9(79/92)
Kim et al. PUD,NUD 186 OAC14-93 UBT, CLO OAC14-91.4(85/93)  OAC14-92.1(82/89)
(2008) [67] OAC(QID)14-93 OAC(QID)14-89.2 OAC(QID)14-90.8 (79/87)
(83/93)
Kim et al. HP infected 347 PAC7-179 UBT PAC7-72.1(129/179)  PACy-78.7(129/164)
(2008) [70] patients PACy7 + YOGT-168 PAC7 +YOGT-79.2  PACy+ YOGT-87.5 (133/152)
(133/168)
Choi et al. HP infected 158 OACy-81 UBT OAC7-71.6 (58/81) OAC7-76.6 (58/76)
(2008) [69] patients SEQ10-77 SEQ10-77.9 (60/77)  SEQ10-85.7 (60/70)
Jung et al. PUD 38 OAC7 + O3WK-14 CLO, OACy + O3WK-14-  OACy + O3WK-87.5 (7/8)
(2008) [71] OACy-12 Histology 50.0(7/14) OAC7-80.0 (8/10)
O3WK + OACy-12 OACy-12-66.7 (8/12)  O3WK + OAC7-90.0 (9/10)
O3WK + OAC7-75.0
(oh2)
Kim et al. HP infected 257 LACy-129 UBT LAC7-72.1(93/129)  LAC7-78.8(93/118)
(2008) [72] patients LAC7 + ECABET-128 LACy + LACy + ECABET-88.6
ECABET-78.9 (101/114)
(101/128)
Song et al. HP infected 901 PAC7-331 UBT PACy-71.6 (237/331)  PAC7-80.0 (237/296)
(2010) [74] patients PAC7 + PROB-330 PAC7 + PROB-80.0  PAC7 + PROB-85.4
PAC7 + PROB + MU- (264/330) (264/3009)
COPRO PAC7 + PROB + MU- PACy + PROB + MUCO-
TECTIVE-330 COPRO PRO
TECTIVE-82.1 TECTIVE-84.9 (271/319)
(271/330)
Lee etal. (2010) HP infected 492 LAC7-247 UBT LAC7-74.9 (185/247)  LAC7-79.1 (185/234)
[73] patients RACy-245 RACy-66.5 (163/245) RAC7-71.2 (163/229)
TOTAL-70.7 TOTAL-75.2 (348/463)
(348/492)
Kim et al. (2011) HP infected 409 PAC14-204 PAC14-75.0 (153/204) PAC14-85.0 (153/180)
[75] patients SEQ10-205 SEQ10-85.9 (176/205) SEQ10-92.6 (176/190)
Choi et al. (2011) PUD 363 OAC7-99 OAC7-77.8 (77/99) OAC7-85.6 (77/90)
[76] OAL7-98 OAL7-653(64/98)  OAL7-73.6 (64/87)
OALR7-98 OALR7-745(73/98)  OALRy-80.2(73/91)
Chung et al. PUD 159 OAC10-80 OAC10-58.7 (47/80)  OAC10-67.6 (46/68)
(2012) [77] SEQ10-79 SEQ10-75.9 (60/79)  SEQ10-86.8 (59/68)
Choi et al. PUD 460 RACy-115 UBT, RAC7-70.4 (81/115) RAC7-75.7 (81/107)
(2012) [78] RAC10-115 Histology RAC10-74.7(86/115) RAC10-81.9 (86/105)
RAC14-115 RAC14-80.0 (92/115) RAC14-84.4(92/1009)
SEQ10-115 SEQ10-75.6 (87/115)  SEQ10-82.0 (87/106)
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- Subjects Eradication Confirma-  Eradication rate Eradication
Study Indication . .
no. regimen tive test ITT rate PP
Park et al. HP infected 348 SEQ10-162 SEQ10-77.8 (126/162) SEQ10-87.9 (126/132)
(2012) [79] patients RACy-164 RAC7-62.2 (102/164) RACy-76.0 (102/125)
Oh et al. PUD, HP 246 SEQ10-116 SEQ10-79.3 (92/116)  SEQ10-81.9 (91/111)
(2012) [80] infected RACy-130 RAC7-63.0 (82/130)  RACy-64.5 (82/127)
patients
Kim et al. PUD 208 LAC14-104 UBT, CLO LAC14-74.0(77/104) LAC14-82.8(77/93)
(2012) [81] LA(TID)14-104 LA(TID)14-67.3 LA(TID)14-78.4 (69/88)
(70/104)
Lee et al. PUD 1232 TAILORED-218 UBT TAILORED-80.7 TAILORED-91.2 (176/193)
(2013) [82] RACy-308 (176/218) RAC7-75.9 (214/282)
RAM7-308 RAC7-69.5(214/308) RAMy-79.1 (219/277)
RAM7-71.1 (219/308)
Kim et al. PUD 270 LAC7-135 UBT LAC7-72.6 (98/135) LACy-85.2(98/115)
(2013) [83] CONCOs5-135 CONCO5-80.7 CONCO5-91.4 (106/116)
(109/135)
Heo et al. PUD 348 LAC10-174 UBT LAC10-70.7 (123/174) LAC10-78.4 (120/153)
(2014) [84] CONCO10-174 CONCO10-78.7 CONCO10-88.7 (133/150)
(137/174)
Park et al. EGC, 114 PACy7-57 UBT PAC7-71.9 (41/57) PAC7-73.2 (41/56)
(2014) [85] dysplasia PRE-SUSCEP-57 PRE-SUSCEP-94.7  PRE-SUSCEP-96.4 (54/56)
(54/57)
Lee et al. PUD, NUD, 332 PAC7-115 UBT, CLO PAC7-64.3 (74/115) PAC7-68.5 (74/108)
(2014) [86] GC SEQ10-111 SEQ10-72.1 (80/111)  SEQ10-78.4 (80/102)
SEQ15-106 SEQ15-80.2 (85/106)  SEQ15-89.5 (85/95)
Lee et al. PUD, HP 680 PAC7-170 UBT PAC7-64.1 (109/170)  PACy-76.2 (109/143)
(2015) [87] gastritis PAM7y-170 PAM7-68.8 (117/170) PAMy-84.2 (117/139)
SEQ10-170 SEQ10-70.7 (119/170) SEQ10-70.7 (119/170)
CONCO7-170 CONCO7-79.4 CONCO7-79.4 (135/170)
(135/170)
Bang et al. PUD,NUD 112 PACy-55 UBT PAC7-76.4 (42/55) PAC7-87.5 (42/48)
(2015) [88] PACy + PRONASE-57 PACy + PRO- PACy + PRONASE-68.1
NASE-56.1(32/57)  (32/47)
Chung et al. PUD, EGC, 51y PAC10-171 PAC10-83.0 (142/171) PAC10-82.8 (106/128)
(2016) [89] MALT SEQ10-170 SEQ10-88.8 (151/170) SEQ10-89.5 (119/133)
lymphoma CONCO10-176 CONCO10-93.2 CONCO010-94.4 (135/143)
(164/176)
Kim et al. PUD 601 PAC7-295 UBT, CLO, PAC7-70.8(209/295) PAC7-76.9 (206/268)
(2016) [90] SEQ5-306 histology SEQ5-82.4(252/306) SEQ5-88.8 (247/278)

ITT, intention-to-treat; PP, per protocol; PU, peptic ulcer; NUD, non-ulcer dyspepsia; OAC, omeprazole, amoxicillin, clari-

thromycin; PAC, pantoprazole, amoxicillin, clarithromycin; RAC, rabeprazole, amoxicillin, clarithromycin; EAC, esomepra-

zole, amoxicillin, clarithromycin; CLO, campylobacter-like organism; UBT, urea breath test; LET, lafutidine; LAC, labeprazole,
amoxicillin, clarithromycin; PUD, peptic ulcer disease; QID, quarter in die; HP, Helicobacter pylori; YOGT, yogurt; SEQ, se-
quential therapy; O3WK, omeprazole 3 weeks; ECABET, ecabet sodium; PROB, probiotics; MUCOPROTECTIVE, mucoprotec-
tive agent; OALR, omeprazole, amoxicillin, levofloxacin, rifabutin; LA, levofloxacin, amoxicillin; TID, ter in die; TAILORED,

tailored therapy; RAM, rabeprazole, amoxicillin, metronidazole; CONCO, concomitant therapy; EGC, early gastric cancer;

PRE-SUSCEDP, pre-susceptibility test; GC, gastric cancer; PAM, proton pump inhibitor (PPI), amoxicillin, metronidazole; PRO-

NASE, pronase (protease); MALT, mucosa-associated lymphoid tissue.
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.. . Outcome Outcome
Study Country Characteristic Intervention  Control (IT'T) (PP)
Gao etal. (2010) [94] China H. pylori positive patients ST-10 days TT-ydays ST:88.9%
T'T: 80.6%
Choi et al. (2012) South Korea H. pylori-associated gastritis ST-10 days TT-7days ST:75.6%  ST:82.0%
[78] or peptic ulcers TT:70.4% TT:75.7%
Park et al. (2012) South Korea H. pylori infected patients ST-10 days TT-7days ST:77.8%  ST:87.9%
[79] TT: TT:76.0%
62.2%%
Oh et al. (2012) [80] South Korea H. pylori infected patients ST-10 days TT-7days ST:793%  ST:81.9%
TT:63.0% TT:64.5%
Lahbabi et al. (2013) Moroco H. pylori positive patients ST-10 days TT-7days ST:94.2%  ST:96.0%
[95] TT:78.2% TT:79.6%
Rakici et al. (2014) Turkey H. pylori infected patients ST-10 days TT-7days ST:84.9% ST:85.9%
[96] TT:84.2% TT:85.2%
Kim et al. (2016) South Korea H. pylori infected patients ST-10 days TT-7days ST:82.4% ST:88.8%
[90] TT:70.8% TT:76.9%
Molina-Infante et  Spain H. pylori positive patients ST-10 days TT-10days ST:76.5%  ST:80.8%
al. (2010) [97] TT: 64.0% TT:66.0%
Chung et al. (2012) South Korea Peptic ulcer diseases ST-10 days TT-10days ST:75.9%  ST:86.8%
[77] TT:587% TT:67.6%
Javid et al. (2013) India Peptic ulcer diseases ST-10 days TT-10days ST:76.0% ST:84.6%
(98] TT:61.9% TT:67.4%
Morse et al. (2013)  Canada H. pylori positive patients ST-10 days TT-10days ST:57.0%  ST:73.0%
[99] TT:55.0% TT:59.0%
Zhouetal. (2014)  China H. pylori positive patients ST-10 days TT-10days ST:72a%  ST:76.5%
[100] TT: 66.4% TT:72.7%
Lee et al. (2015) [101] South Korea H. pylori infected patients ST-10 days TT-10days ST:79.0%  ST:84.9%
TT:78.0% TT:813%
Greenberg et al. 7 Latin American H. pylori infected patients ST-10 days TT-14days ST:76.5%  ST:811%
(2011) [102] country TT:82.2% TT:87.1%
Kim et al. (2011) [75] South Korea H. pylori infected patients ST-10 days TT-14days ST:85.9% ST:92.6%
TT:75.0% TT:85.0%
Nasa et al. (2013) India H. pylori infected patients ST-10 days TT-14days ST:88.2% ST:92.4%
[103] TT:791% TT:81.8%
Boal Carvalhoet  Portugal H. pylori infected patients ST-10 days TT-14days ST:86.2%
al. (2017) [104] T'T: 77.4%
Liou et al. (2016) Taiwan Subjects with H. pyloriinfec- ST-10 days TT-14days ST:87.2%  ST:91.6%
[105] tion naive to treatment TT:85.7% TT:91.0%
Phiphatpat- Thailand H. pylori infected gastritis ST-10 days TT-14 days ST: 97.9%
thamaamphan et patients TT: 87.8%
al. (2016) [106]
Alsohaibani etal.  Saudi Arabia H. pylori infected patients ST-10 days TT-14days ST:623%
(2015) [107] TT: 67.6%
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Supplementary Table 4. Continued

- . Outcome Outcome
Study Country Characteristic Intervention  Control

(ITT) (PP)

Liu et al. (2014) [108] Hong Kong H. pylori positive and treat- ST-i0days ~ BQT ST:89.4%  ST:95.2%

ment naive patients BQT: BQT: 98.8%
92.7%

Kefeli et al. (2016)  Turkey Patients receiving first-line ~ ST-10 days BQT ST:86.9%  ST:95.0%
[109] treatments for H. pylori BQT: 87.7% BQT: 94.2%

Sardarian et al. Iran Patients with peptic ulcer ST-10 days Hybrid-14 ST:769%  ST:79.9%

(2013) [110] and naive H. pylori infection days H:89.5%  H:92.9%

Chenetal. (2015)  Taiwan H. pylori infected patients ST-10 days Hybrid-14 ST:78.2%  ST:81.9%

[111] who is naive for treatment days H:92.0% H:96.4%

ST, sequential therapy; I'TT, intention-to-treat; PP, per protocol; T'T, standard triple therapy; BQT, bismuth quadruple therapy;
H, hybrid therapy.
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Supplementary Table 5. Studies included in meta-analysis about the eradication rate of CT in Helicobacter pylori eradication

Regimen

Study CT SQT ST EE\I/B BQT Hybrid Comments
Wu et al. (2010) [129] 10D-CT  10D-SQT

Molina-Infante etal. 14D-CT Hybrid

(2013) [113] therapy

Lim etal. (2013) [127] 14D-CT  14D-SQT

Georgopoulos etal.  10D-CT 10D-ST

(2013) [128]

Yasser et al. (2013) [132] 10D-CT  10D-SQT 10D-ST

Heo et al. (2015) [122] 10D-CT 10D-ST
McNicholl et al. (2014) 10D-CT  10D-SQT

[126]
De Francesco et al. 14D-CT

(2014) [131]

Gungor et al. (2015)  10D-CT  10D-SQT 14D-ST 14D-PAM  14D-BQT

[121]

Heo et al. (2015) [122] 10D-CT Hybrid
Cuadrado-Lavin et al. 10D-CT 10D-ST Hybrid

(2015) [123] (OA-OACM)
Molina-Infante etal. 14D-CT 14D-ST

(2015) [124]
Angetal. (2015)[125] 10D-CT  10D-SQT 10D-ST

Hong et al. (2016) [114] 10D-CT

Liou et al. (2016) [126] 10D-CT 14D-ST 10D-BQT
Das etal. (2016) [117] 10D-CT  10D-SQT

Chung et al. (2016) 10D-CT  10D-SQT 10D-ST

[89]

Georgopoulosetal.  10D-CT  10D-SQT

(2016) [118]
Kefeli et al. (2016) 10D-CT  10D-SQT 10D-BQT

[109]
Apostolopoulos etal. 10D-CT  10D-SQT
(2016) [119]
Zhou et al. (2014) [100] 10D-CT Tailored triple 10D-BQT Exclude (tailored
triple)/BQT keep

Kim etal. (2017) [112] 10D-CT  10D-SQT
Park et al. (2017) [115]* 10D CT 10D SQT N
Park et al. (2017) [115]* 14D-CT  14D-SQT N
De Francesco et al. 10D-CT  10D-SQT BQT

(2018) [130]

CT, concomitant therapy; SQT, sequential; ST, standard triple; PAM, proton pump inhibitor (PPI) + amoxicillin + metronida-
zole; BQT, bismuth quadruple (PBMT); OA-OACM, omeprazole, amoxicillin-omeprazole, amoxicillin, clarithromycin, metro-
nidazole.

*This study include both 10-day (10D) CT and 14-day (14D) CT.
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Supplementary Table 6. Pooled eradication rate of CT from randomized controlled trials with random effect model

Intention-to-treat

Per protocol
Study protocol . ;
(study no) No. of Effect size pvalue No. of persons Effect size pvalue
persons (95% CI) (10D vs. 14D) "OLP (95% CI) (10D vs. 14D)
10D-CT, overall 3,952 0.85(0.82-0.88) 0.925 3,609 0.91 (0.88-0.93) 0.278
(m=23)(ITT,n=22)
14D-CT, overall 854 0.86 (0.76-0.92) 738 0.94 (0.88-0.97)
(n=6)(PP,n=3)
10D-CT, Korea 1,451 0.84 (0.77-0.89) 0.274 1,261 0.92 (0.88-0.94) 0.843
(n=7)
14D-CT, Korea 164 0.79 (0.72—0.85) 142 0.94 (0.50—0.99)

(n=2)

CT, concomitant therapy; CI, confidence interval; I'TT, intention-to-treat; PP, per protocol.
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Supplementary Table 7. Evidence table about PBMT in Helicobacter pylori eradication

. Intervention Control ITT PP
Study Intervention Control : -
no. no. Intervention  Control Intervention Control
Sapmaz et al. PBMT Modified dual 100 100 87.8/100 84.7/100 87/98 83.2/08
(2017) [143] therapy
Liou et al. PBMT Concomitant 540 540 488[540 464/540 461/480 453/494
(2016) [116] therapy
Kefeli et al. PBMT Sequential 130 130 114/130 113/130 114/121 113/119
(2016) [109] therapy
Gungor et al. PBMT Standard 100 100 62/100 42/100 62/80 42/87
(2015) [121] triple therapy
Songur et al. PBMT Standard 119 113 56/119 37/113 56/102 37/104
(2000) [144] triple therapy

PBMT, bismuth quadruple therapy; I'T'T, intention-to-treat; PP, per protocol.
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Supplementary Table 8. Categorization of salvage regimens from overall 36 randomized controlled trials with 77 intervention
arms

Category Previous failed regimen Salvage regimen Interventions, n (number of intervention arms)
2nd line, 23 PAC fail, 15 studies, 31 Bismuth quadruple, n=12 PBTM, n=9¢*
studies, 47 arms arms
PBTA,n=2
PBMA, n =2
Quinolone triple, n=9 PAL,n=8"
PML,n=1

Quinolone quadruple,n=5  Levo-bismuth + AMX (PBLA), n = 2
Levo-bismuth + tetra (PBLT), n=1
Levo-sequential (PA-PML), n = 2

Others,n=4 PAM,n=2
PAT,n=1
PATM,n=1
Concomitant (PACM), n =1

PAM fail, 1 study, 2 arms PB + furazolidone + levofloxacin,n =1

PB + furazolidone + rlufoxacin, n=1

PAC/M fail, 2 studies, 4 Levo-bismuth (PBLA), n=1
arms

PBTM,n=1
Furazolidone + PL, n=1
Furazolidone + PB + doxycycline, n =1

Triple, NS, 2 studies, 4 Sequential (PA-PC + tinidazole), n =1
arms

PBTM (tetracycline/doxycyline), n =1
PBTM,n=1
PM + moxifloxacin,n=1

PBAC/M, 2 studies, 4 arms Quintuple: PBTM + oxfloxacin, n=1
Quintuple: PBAC + tinidazole, n =1
PBAC,n=1
PB + ofloxacin + azithromycin, n =1

NS, 2 studies, 5 arms PAL,n=2
Levo-sequential (PA-PML), n=1
High dose dual (PA), n=1
Sequential (PA-PCM), n =1

3rd line, 5 PAC-PAM fail, 3 studies, 7 Quinolone triple,n=5 PA + sitafloxacin,n=2
studies, 11 arms arms
PM + sitafloxacin, n =1
PAL,n=1
PA + gatifloxacin, =1
Dual (not high dose), n=2 PA,n=2

PACM + quinolone fail, 2 PBTM,n=1
studies, 4 arms
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Category Previous failed regimen

Salvage regimen

Interventions, n (number of intervention arms)

Duration, 5 stud- PAC fail, 3 studies
ies, 12 arms
PAC/M fail, 1 study

PAC-PAM (sitafloxacin
regimen) fail, 1 study
PPI compari- PAC-PBTM fail, 1 study
son, 2 studies, 4
arms
PAC fail, 1 study

PBMA,n=1
PB + minocycline + tinidazole, n =1
PB + minocycline + rifabutin,n=1

PBTM, 7D vs. 14D, 3 studies®
PAL, 7D vs. 10D, 1 study (levofloxacin 500 mg vs.
1,000 mg)

PA + rifabutin, 10D vs. 14D, 1 study

Rifabutin + amoxicillin 1g tid + PPI standard
vs. double dose bid, 1 study

PBTM: rabeprazole vs. esomeprazole, 1 study

PAC, pantoprazole, amoxicillin, clarithromycin; P, proton pump inhibitor; B, bismuth; T, tetracycline; M, metronidazole; A,
amoxicillin; PAL, proton pump inhibitor (PPI), amoxicillin, levofloxacin; L, levofloxacin; AMX, amoxicillin; PAM, proton
pump inhibitor (PPI) + amoxicillin + metronidazole; C, clarithromycin; NS, not significant; tid, three times per day; bid, twice

per day.
“Included in the meta-analysis.
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Supplementary Table 9. Evidence table of 16 randomized controlled trials which were included in the meta-analysis of regi-

mens for salvage therapy

No. of No. of
No. Study  No. of subjects  interven- compara- Results Conclusion
tion tor
383 Kuoetal. Dyspepsia, EAL (83) EBTM (83) ITT:EBTM, 63.9% (95% CI, The EAL regimen can achieve
(2009) failed 1st-line 53.6—74.2) vs. EAL, 69.9% an efficacy similar to that of
[175] standard triple (95% CI, 60.1-79.7) (p = 0.89) the standard EBTM therapy.
(166) PP: EBTM, 84.1% (95% CI,
75.1~93.1) vs. EAL, 75.3%
(95% CI, 65.8-84.8) (p = 0.82)
316 Wuetal. Failedist-line EBTA(58) EBTM (62) ITT:EBTA, 62% (95% CI, 50—75) EBTA quadruple therapy
(2011) standard triple vs. EBTM, 81% (95% CI, 71-91)  demonstrated a lower
[167] (120) (p=o0.02) eradication rate than standard
PP: EBTA, 64% (95% CI, 52—76) EBTM therapy in second-line
vs. EBTM, 83% (95% CI, 74—92)  rescue treatment.
(p=o0.01)
266 Chuahet Pepticulcer LAE (51) EMBT (50) ITT:LAE, 86.3% (95% CI, A 14D levofloxacin/amoxicillin/
al. (2012)  or gastritis, 76.5~96.1) vs. EBTM, 86% esomeprazole triple therapy
[165] failed 1st-line (95% CI, 76—96) (p > 0.05) approach provides a > 90%
standard triple PP: LAE, 93.6% (95% CI, per-protocol report.
(r01) 86-99.8) vs. EAL, 91.8%
(95% CI, 83.2—98.5) (p > 0.05)
432 Uygun Non-ulcer dys- LBMA (91) LBMT (95) ITT:LBMA, 68% vs. LBTA, A 14D regimen of lansopra-
etal. pepsia, failed LBTA (92) 75% vs. LBMT, 78% zole, bismuth subcitrate and
(2008) 1st-line stan- PP: LBMA, 74.7% vs. LBTA, antibiotic pairs, tetracycline—
[179] dard triple 81.5% vs. LBMT, 82.1% amoxicillin and tetracycline—
14D (278) (p>0.05) metronidazole, is an effective

144 Jhenget Failedist-line RATM(61) RBTM(63) ITT:RATM, 90.2% vs. RBTM,

al. (2015)  standard tri- 92.1% (p=0.71)
[156] ple 7D (124) PP: RATM, 89.3% vs. RBTM,
93.3% (p = 0.44)

408 Jung PUD, CAG,or LAP (31) MTPB (45) ITT:LAP,51.6% vs. MTPB,
etal. CG, failed 1st- 48.9% (p = 0.815)
(2008) line standard PP: LAP, 53.3% vs. MTPB,
[182] triple (76) 62.9% (p = 0.437)

356 Leeetal. Failedist-line EBTM (112) EBTM (115) ITT: EBTM 7D, 64.3% vs.
(2010) standard triple EBTM 14D, 82.6% (p = 0.002)
[172] (227) PP: EBTM, 7D, 77.2% vs.

EBTM 14D 93.6% (p = 0.001)

quadruple therapy after one
failed course of standard triple
therapy.

The 10D RATM treatment
could be an alternative rescue
therapy in bismuth-unavail-
able countries.

Helicobacter pylori eradication
rates of levofloxacin-based
triple therapy and bis-
muth-based quadruple
therapy were not significantly
different in second-line
H. pylori eradication therapy,
and low incidence of side ef-
fects was observed in levoflox-
acin-based triple therapy.

Two-week bismuth-containing
quadruple therapy was more
effective than the 1-week treat-
ment.
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No. of No. of’

No Study  No. of subjects  interven- compara- Results Conclusion

tion tor

305 Chunget Failedist-line PBMT (98) PBMT (101) ITT: PBMT 7D, 81.6% (95% CI,  Although PBMTy was not in-
al. (2011)  standard triple 73.9-89.3) vs. PBMT 14D, 85.1%  ferior to PBMT14 statistically,
[170] (199) (95% CI, 78.2—92.0) (p = 0.028) PBMT could not demonstrate

PP: PBMT 7D, 89.6% (95% CI, enough ITT/PP eradication
83.2-96.0) vs. PBMT 14D, rate.
96.2% (95% CI, 92.0-100.0)
(p=o0.015)

979 Yoonet Failedist-line PBMT (85) PBMT (84) ITT:PBMT 7D, 83.5% vs.PBMT One-week bismuth-containing
al. (2012) standard triple 14D, 87.7% (p = 0.74) quadruple therapy can be as
[164] (269) PP: PBMT 7D, 87.7% vs. PBMT effective as a 2-week therapy

14D, 88.9% (p = 0.70) after the failure of the first-
line eradication therapy.

913 Moonet Failedist-line LML(56) LBMT(57) ITT:LML,67.9% vs.LBMT, LML therapy is less effective
al.(2013) standard triple 84.2% (p = 0.042) than quadruple therapy asa
[161] (113) PP: LML, 73.1% vs. LBMT, second-line treatment for H.

92.3% (p = 0.010) pylori infection.

1199 Karata-  Dyspepsia, LAL(39) LBMT(38) ITT:LAL,94.7% (95% CI, A 10D course of levofloxacin
panis failed 1st-line 83.0—99.4) vs. LBMT, 78.9% triple therapy appeared to
etal. standard triple (95% CI, 62.7—90.4) (p < 0.05) be more effective and better
(2000) (76) PP: LAL, 97.3% (95% CI, 86.2— tolerated than a 10D bis-

[176] 99.9) vs. LBMT, 85.7% (95% CI,  muth-based quadruple ther-
69.7-95.1) (p > 0.05) apy in the treatment of per-
sistent H. pylori infection.

252 Kuoet Failed 1st-line EBTL(76) EBTM(74) ITT:EBTL,78.9% (95% CI, The 10D bismuth quadruple
al. (2013)  standard triple 69.7-88.1) vs. EBTM, 79.7% therapies with high-dose
[162] (150) (95% CI, 70.5-88.7) (p > 0.05) metronidazole or levofloxacin

PP: EBTL, 87.0% (95% CI, were effective even in areas
79.4-94.9) vs. EBTM, 90.8% with high resistance.
(95% CI, 83.8—97.8) (p > 0.05)

6 Wu etal. Dyspepsia, RBAL(38) RAL(35)  ITT:RBAL, 80.0% vs. RAL, Adding bismuth subcitrate
(2017) failed 1st-line 60.5% to levofloxacin-based triple
[147] standard triple mITT: RBAL, 84.8% (95% CI, therapy was not more effective

(73) 72.6—97.1) vs. RAL, 67.6% than not doing so.
(95% CI, 51.9-83.4) (p = 0.0987)
PP: RBAL, 84.4% (95% CI,
71.8—97.0) vs. RAL, 66.7% (95%
CI, 50.6—82.8) (p = 0.0975)
85  Chuahet Failedist-line EALM(82) EAL(82)  ITT:EALM, 90.2% (95% CI, Levofloxacin and metronida-

al. (20106)
[152]

standard triple
(164)

83.7-96.8) vs. EAL, 80.5%
(95% CI, 71.7-89.2) (p = 0.077)

PP: EALM, 91.4% (95% CI,
85.1-97.6) vs. EAL, 81.5% (95%
CI, 72.8-90.1) (p = 0.067)

zole-containing sequential
therapy achieved a > 90% erad-
ication rate as a second-line H.
pylori therapy.
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No. of No. of’
No. Study  No. of subjects  interven- compara- Results
tion tor

Conclusion

280 Chuahet PUD orgastri- EAT (64) EAL (64)
al. (2012) tis, failed 1st-
[160] line standard
triple (128)

ITT: EAT, 75.0% vs. EAL,
78.1% (p = 0.676)

PP: EAT, 80.0% vs. EAL,
80.3% (p=0.964)

304 Huetal. PUD,gastritis, EAM (45) EAL (45)
(2011) or normal
[168] endoscopy
finding, failed
1st-line stan-
dard triple (90)

ITT: EAM, 84.4% vs. EAL,
68.9% (p=0.134)

PP: EAM, 88.4% vs. EAL,
75.63% (p = 0.160)

The efficacy of 14D EAT regi-
mens attained an unacceptable
report card of 75% eradication
rates in intention-to-treat
analysis and was not even su-
perior to the 7D EAL regimen.

The 14D EAM regimen was not
inferior to the yD EAL regi-
men for second-line anti-H.
pylori therapy in Taiwan.

E, esomeprazole; A, amoxicillin; L, levofloxacin; B, bismuth; T, tetracycline; M, metronidazole; ITT, intention-to-treat; CI,
confidence interval; PP, per protocol; R, rabeprazole; PUD, peptic ulcer disease; CAG, chronic atrophic gastritis; CG, chronic

gastritis; P, proton pump inhibitor; mITT, modified ITT.
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Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Ewvents Total Weight M-H, Random, 95% Cl Year M-H. Random, 95% Cl
1.1.1 Non-Asia
Blurm 1998 45 164 34 164 4.9% 1.32[0.90,1.95] 1998 e
e Coll 1998 33 154 11 154 21% 3.00[1.57, 574 1998 FoEEE
Talley 1999 (JRCHID) 32 133 31 142 41% 11010071, 1.70] 19949 N L
Talley 1999 By 150 71143 9.0% 0.93[0.73, 1,18 19949 o
Warannes 2001 a5 129 38 124 B1% 1.39[1.00,1.94] 2001 X
kaskenpato 2001 15 T 11 74 1.8% 1.40[070, 2811 2001 T
Froehlich 2001 15 74 13 70 2.0% 1.09[056 213 2001 TN
Zhiha 2002 T 144 54 1489 7.A% 1.37[1.048,1.74] 2002 B
Malfertheiner 2003 196 a34 89 66 10.8% 1.10[0.80,1.34] 2003 i o
Zanten 2003 44 7h 46 a2 7.A% 1.05[0.80,1.37] 2003 T
Gishert 2004 2 34 a 16 27% 1.24 071,216 2004 o LT
Mazzoleni 2006 16 46 9 43 1.8% 1.66[0.82, 3.36) 2006 ) DL
Mazzoleni 2011 a4 201 ¥20203 91% 1.32[1.04,1.687] 2011 Pl
Subtotal (95% CI) 1916 1630 69.8% 1.22[1.08, 1.38] \d
Total events vog 487
Heterogeneity, Tau®=0.01; Chi*=18.05, df=12(P=011); F=33%
Test for overall effect. £=3.27 (P = 0.001)
1.1.2 Asia
H=u 2001 47 a1 44 a0 7.A% 1.05[0.80,1.38] 2001 T
Ang 2006 27 il 14 a4 2 6% 1.31[0.74, 2.32] 2006 i G
Gwee 2009 10 41 3 LA 0.7% 3.33[0.89, 11.24] 2004
Sadhi 2013 a5 M ¥2 145 9.0% 119084 1800 2013 o
Yazdanbod 2015 ar 174 83 162 101% 0895077, 1.17] 2014 B: %
Subtotal (95% CI) 589 537 30.2% 1.10[0.92, 1.31] *»
Total events 261 216
Heterogeneity: Tau®=0.01; Chi®= 592 df=4 (P =021}, F= 32%
Testfor overall effect Z=1.04 {P = 0.30)
Total (95% CI) 2505 2167 100.0% 1.18[1.07, 1.31] \

Total events

364

703

Heterogeneity: Tau?=0.01; Chi®= 2571, df= 17 (P = 0.08), F= 34%

Test for overall effect: £=3.32 (P = 0.0009)

Testfor suboroun differences: ChifF= 096, df=1(F=033) F=0%

0.0

}
IN|
Favours control

1

}
10

]
1an

Favours HP eradication

Supplementary Figure 1. Meta-analysis of efficacy of Helicobacter pylori (HP) eradication in patients with functional dyspepsia.
M-H, Mantel-Haenszel; CI, confidence interval.
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Control

\. LAY D1 al ! L cven DU ALl L al A AR LY 1 e d
Wong 2004 0 498 6 517 41.2% 0.08[0.00,1.41] 2004 * bl
Li 2014 4 379 3 376 588% 1.32(0.30,5.87] 2014
Total (95% CI) 877 893 100.0% 0.42[0.02, 7.45]
Total events 4 9
Heterogeneity: Tau®= 3.11; Chi*= 3.28, df= 1 (P = 0.07); F= 70% =0 o1 051 3 1f0 100=
Testfor overall effect: Z= 0.60 (P = 0.55) Favours [experimental] Favours [control)
Experimental Control Risk Ratio Risk Ratio
S suba Event otal s otal 1 Random, 9 0 0 95% CI
Correa 2000 3 437 2 415 9.6 1.42(0.24,8.48] 2000 e
Wong 2004 7 319 5 296 20.7% 1.30 [0.42, 4.05) 2004 T —
Wong 2012 3 255 1 258 6.2% 3.04 [0.32, 28.99) 2012
Li2014 29 707 48 710 63.5% 0.61 [0.39,0.95) 2014 il
Total (95% CI) 1718 1679 100.0% 0.85 [0.48, 1.52] -
Total events 42 56
= . = - - ‘P 5 + 4 {
Heterogeneity: Tau®= 0.09; Chi*= 3.72, df= 3 (P = 0.29), "= 19% 0.01 01 10 100

Testfor overall effect: Z=0.54 (P = 0.59)

Favours [experimental] Favours [control]

Supplementary Figure 2. Meta-analysis of effect of Helicobacter pylori eradication on gastric cancer development. (A) Forest plot
of studies reporting gastric cancer in eradication group and control group in subjects with no precancerous lesions at base-
line. (B) Forest plot of studies reporting gastric cancer in eradication group and control group in subjects with atrophic gastri-
tis, intestinal metaplasia, and dysplasia at baseline. M-H, Mantel-Haenszel; CI, confidence interval.
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Supplementary Figure 3. Pooled eradication rates of stan-
dard triple therapy by treatment duration from randomized
controlled trials performed in Korea. Eradication rates of
standard triple therapy (T'T)-7 were 70.0% (95% confidence
interval [CI], 68.5% to 71.4%) in intention-to-treat (I'TT)
analysis and 78.4% (95% CI, 77.0% to 79.7%) in per protocol
(PP) analysis. Eradication rates of T'T-10 were 73.7% (95% CI,
69.8% to 77.2%) in I'T'T analysis and 78.9% (95% CI, 74.9% to
82.4%) in PP analysis. Eradication rates of TT-14 were 78.1%
(95% CI, 75.2% to 80.7%) in I'T'T analysis and 86.0% (95% CI,
83.4% to 88.3%) in PP analysis. *p < 0.05.
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Sequential TT Odds ratio Odds ratio Risk of bias
Study of subgroup Events Total Events Total Weight M-H, fixed, 95% ClI M-H, fixed, 95% Cl ABCDEFG
1.1.1 TT 7 days
Choi et al. (2012) 87 15 0 0 Not estimable
Gao et al. (2010) 64 72 0 0 Not estimable
Kim et al. (2016) 252 306 209 295  83% 1.92 [1.30, 2.83) —-—
Lahbabi ef al. (2013) 98 104 90 115 1.1% 4.54 [1.78, 11.57) —_—
Oh et al. (2012) 92 116 82 130 3.6% 2.24 [1.26, 3.98] =
Park et al. (2012) 126 162 102 164 5.0% 2.13 [1.31, 3.46) —
RAKICI et al. (2014) 146 172 144 i 4.9% 1.05 [0.59, 1.89] S
Subtotal (95% Cl) 1,047 875  22.8% 1.96 [1.55, 2.47) <&
Total events 865 627

Heterogeneity: Chi’=7.75, df=4 (p=0.10); I’=48%
Test for overall effect: Z=5.65 (p<0.00001)

1.1.2TT 10 days

Chung et al. (2012) 60 79 47 80 2.5% 2.22 [1.12,4.38]) —_—
Javid et al. (2013) 105 138 83 134 4.5% 1.96 [1.16, 3.30] ——
Lee et al. (2015) 119 170 109 170 7.3% 1.31 [0.83, 2.06] T—
Molina-Infante et al. (2010) 88 15 74 115 3.9% 1.81 [1.02, 3.21] —a—
Morse et al. (2013) 28 51 29 53 2.8% 1.01 [0.47, 2.18] —_—
Zhou et al. (2014) 101 140 93 140 5.8% 1.31 [0.79, 2.18] b
Subtotal (95% ClI) 693 692 26.7% 1.54 [1.23, 1.93] <
Total events 501 435

Heterogeneity: Chi’=4.25, df=5 (p=0.51); I’=0%
Test for overall effect: Z=3.73 (p=0.0002)

1.1.3 TT 14 days

Carvalho et al. (2017) 26 31 25 32 0.9% 1.46 [0.41, 5.20) _— 0000000
Fahad et al. (2014) 58 15 69 117 7.5% 0.71 [0.42, 1.19]) —aT

Greenberg et al. (2010) 372 486 401 488 20.9% 0.71 [0.52, 0.97] —H

Kim et al. (2011) 176 205 153 205  4.8% 2.06 [1.25, 3.41) —

Kittichet et al. (2016) 47 50 43 50 0.6% 2.55 [0.62, 10.49] —_——

Liou et al. (2015) 567 650 557 650 15.8% 1.14 [0.83, 1.57]

Nasa et al. (2013) 98 47 50 43 Not estimable I ® 0000 ®
Subtotal (95% Cl) 1,584 1,585 50.5% 1.01 [0.84, 1.21]

Total events 1,344 1,298

Heterogeneity: Chi2=17.02, df=5 (p=0.004); 1*=71%
Test for overall effect: Z=0.07 (p=0.94)

Total (95% Cl) 3,324 3152 100.0%  1.37 [1.21, 1.54] ¢

Total events 2,710 2,360 b " : |
Heterogeneity: Chi’=49.14, df=16 (p<0.0001); I’=67% 0.05 0.2 1 5 20
Test for overall effect: Z=5.06 (p<0.00001) TT  Sequential

Test for subgroup differences: Chi’=20.85, df=2 (p<0.0001); I°=90.4%

Supplementary Figure 4. Meta-analysis comparing between 10-day sequential therapy and standard triple therapy (T'T; per
protocol analysis). Risk of bias: A, random sequence generation (selection bias); B, allocation concealment (selection bias); C,
blinding of participants and personnel (performance bias); D, blinding of outcome assessment (detection bias); E, incomplete
outcome data (attrition bias); F, selective reporting (reporting bias); G, other bias. M-H, Mantel-Haenszel; CI, confidence inter-
val.
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Sequentail BQT Odds Ratio Odds Ratio Risk of Bias
udy © uk Jp en ota C al Weigh M-H, Fixed, 95% H. Fixed, 95% A

Kefeli A 2016 113 130 114 130 459%  0.93 [0.45, 1.94] + @@
Liu 2014 160 179 165 178 54.1%  0.66[0.32, 1.39] P0000ee
Total (95% CI) 309 308 100.0%  0.79 [0.47, 1.32]

Total events 273 279 ) . ) )

it Chi2 = = = - 12 = 0Y
;Ietc:u;ogeneltyl.l Cf';l . (;4_1012:1 ; (_PO 3(();.52). 2=0% '0‘0 1 O: 1 1' 1'0 1 00'
est for overall effect: Z=0.91 (P = 0.36) BQT Sequential

Supplementary Figure 5. Forest plot comparing the different therapies in terms of the eradication rates between sequential
therapy and bismuth quadruple therapy (BQT) in intention-to-treat analysis. Risk of bias: A, random sequence generation
(selection bias); B, allocation concealment (selection bias); C, blinding of participants and personnel (performance bias); D,
blinding of outcome assessment (detection bias); E, incomplete outcome data (attrition bias); F, selective reporting (reporting

bias); G, other bias. M-H, Mantel-Haenszel; CI, confidence interval.
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Sequential Hybrid Odds ratio Odds ratio Risk of bias
Study of subgroup Events Total Events Total Weight  M-H, fixed, 95% Cl M-H, fixed, 95% Cl ABCDEFG
Chen et al. (2015) 68 87 81 88 28.6% 0.31 [0.12,0.78] —i— PPPPO®®
Sardarian et al. (2013) 161 210 188 210 714%  0.38 [0.22,0.66) B 0000000
Total (95% Cl) 297 298 100.0% 0.36 [0.23,0.58) <>
Total events 229 269 i } + |
Heterogeneity: Chi’=0.16, df=1 (p=0.69); I’=0% 0.01 0.1 1 10 100

Test for overall effect: Z=4.23 (p<0.0001) Hybrid ~ Sequential

Supplementary Figure 6. Forest plot comparing the different therapies in terms of the eradication rates between sequential
therapy and hybrid therapy in intention-to-treat analysis. Risk of bias: A, random sequence generation (selection bias); B, allo-
cation concealment (selection bias); C, blinding of participants and personnel (performance bias); D, blinding of outcome as-
sessment (detection bias); E, incomplete outcome data (attrition bias); F, selective reporting (reporting bias); G, other bias. M-H,
Mantel-Haenszel; CI, confidence interval.
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10 day-CT 10 day-SQT Risk ratio Risk ratio Risk of bias
Study of subgroup Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI ABCDEFG
Ang et al. (2015) 125 153 130 154  87% 097 [0.87, 1.07] 0000000
Apostolopoulos efal. (2015) 154 182 129 182  76%  1.19 [1.07, 1.34] BEOHHH®
Ayse Kefeli ef al. (2016) 113 130 13 130 9.4% 1.00 [0.91, 1.10] 2ERREE®
Chung et al. (2016) 137 176 120 170  65%  1.10 [0.97, 1.25) 0000000
Das et al. (2016) 7 33 25 35 19% 1.15 [0.88, 1.49]
Fracesco et al. (2018) 60 63 59 63 10.6% 1.02 [0.93, 1.11]
Georgopoulos efal. (2016) 156 175 140 178 96% 143 [1.03, 1.24]
Gungor et al. (2015) 72 100 71 100  39% 101 [0.85, 1.21]
Kim et al. (2017) 223 243 216 235 15.5% 1.00 [0.95, 1.05]
McNichol et al. (2014) 146 168 138 170 9.5% 1.07 [0.98, 1.18]
Park et al. (2016) 65 86 66 85 4.3% 0.97 [0.82, 1.15]
Wu ef al. (2010) 107 115 108 117 12.4% 1.01 [0.94, 1.08]
Yasser ef al. (2013) 0 [1] 0 0 Mot estimable FEEHESHE
Total (95% CI) 1,624 1,619  100.0% 1.04 [1.00, 1.08]
Total events 1,385 1,315 } } 1 } }
Heterogeneity: Tau’=0.00; Chi’=18.52, df=11 (p=0.07); I°=41% 0.02 0.1 1 10 50
Test for overall effect: 2=2.07 (p=0.04) 10 day-SQT 10 day-CT

10 day-CT 10 day-SQT Risk ratio Risk ratio Risk of bias
Study of subgroup Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI ABCDEFG
Ang et al. (2015) 125 131 128 136 121% 1.01 [0.96, 1.07) QRO
Apostolopoulos ef al. (2015) 154 171 129 171 6.5% 1.19 [1.08, 1.32] EEEE
Ayse Kefeli ef al. (2016) 113 118 13 119 12.2% 1.01 [0.95, 1.07]
Chung et al. (2016) 135 143 19 133 98% 106 [0.98, 1.13]
Das et al. (2016) 27 30 25 29 2.3% 1.04 [0.86, 1.26]
Fracesco et al. (2018) 60 62 59 62  96% 102 [0.95 1.09]
Georgopoulos efal. (2016) 156 167 140 169  86% 1.3 [1.04, 1.22]
Gungor et al. (2015) 72 86 71 88  40% 104 [0.90, 1.19]
Kim et al. (2017) 213 243 210 235 10.8% 0.98 [0.92, 1.05]
McNichol et al. (2014) 125 160 119 162 4.7% 1.06 [0.94, 1.20]
Park et al. (2016) 65 [i1:] 64 70 7.6% 1.05 [0.96, 1.14]
Wu et al. (2013) 107 15 108 116  99%  1.00 [0.93, 1.07] 00000
Yasser et al. (2013) a4 57 39 55  18% 109 [0.87, 1.36] PO0Re®e
Total (95% CI) 1,551 1,545 100.0% 104 [1.01, 1.07]
Total events 1,396 1,324 | 1 | ! ]
Heterogeneity: Tau=0.00; Chi’=20.22, df=12 (p=0.06); I°'=41% 001 0.1 1 10 100

10 day-SQT 10 day-CT

Test for overall effect: Z=2.54 (p=0.01)

Supplementary Figure 7. Comparison between 10-day concomitant therapy and 10-day sequential therapy (A) inten-
tion-to-treat analysis (B) per protocol analysis. Risk of bias: A, random sequence generation (selection bias); B, allocation con-
cealment (selection bias); C, blinding of participants and personnel (performance bias); D, blinding of outcome assessment
(detection bias); E, incomplete outcome data (attrition bias); F, selective reporting (reporting bias); G, other bias. CT, concomi-

tant therapy; SQT, sequential therapy; M-H, Mantel-Haenszel; CI, confidence interval.
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BQT
10D-CT (10D, 14D) Risk ratio Risk ratio Risk of bias

Study of subgroup Events Total Events Tofal Weight M-H, random, 95% CI M-H, random, 95% CI ABCDEFG
Ayse Kefeli ef al. (2016) 113 130 114 130 239% 099 [0.90, 1.09] CEOOOO®
BASYIGIT et al. (2016) 9 127 46 71 130%  1.19 [0.98, 1.45] EEEE®E
Fracesco et al. (2018) 60 63 52 61 207% 1.2 [0.99, 1.26]
Gungor e al. (2015) 72 100 62 100 128% 1.6 [0.95, 1.41]
Liou et al. (2016) 464 540 488 540 295% 095 [0.91, 0.99]
Total (95% CI) 960 902 1000% 105 [0.96, 1.15]
Total events 807 762 [ } } } |
Heterogeneity: Tau=0.01; Chi’=14.09, df=4 (p=0.07); ['=72% 0.01 sﬂc;T 1 - d;:' s 1jﬂﬂ
Test fo Il effect: Z=1.03 (p=0.31 s
estloroverste (p=0.31) (10D, 14D)

BQT

10D-CT (10D, 14D) Risk ratio Risk ratio Risk of bias

Study of subgroup Events Total Events Tofal Weight M-H, random, 95% Cl M-H, random, 95% CI ABCDEFG
Ayse Kefeli e al. (2016) 113 118 14 121 212%  1.02 [0.96, 1.08] GeEEH®®
Baysyigit et al. (2016) 98 126 46 69  45% 1.7 [0.96, 1.41] [SIGICIOEIGIS]
Fracesco et al. (2018) 60 62 52 55  163%  1.02 [0.95, 1.11] 0000000
Gungor ef al. (2015) 72 86 62 80 67% 108 [0.93, 1.26] Yo )
Liou et al. (2016) 453 476 461 470 309% 097 [0.85, 0.99] FERAOROD
Zhou et al. (2015) 263 301 261 300 204%  1.00 [0.94, 1.07] FEEEE®®
Total (95% CI) 1,169 1,085 1000%  1.01 [0.97, 1.06]
Total events 1,059 996 I } 1 } |
Heterogeneity: Tau'=0.00; Chi=12.10, df=5 (p=0.03); '=59% 0.01 o041 1 10 100
Test for overall effect: Z=0.49 (p=0.62) p OEQLD) 10 daysCT

Supplementary Figure 8. Comparison between 10-day concomitant therapy and 10-/14-day bismuth quadruple therapy (A)
intention-to-treat analysis (B) per protocol analysis Risk of bias: A, random sequence generation (selection bias); B, allocation
concealment (selection bias); C, blinding of participants and personnel (performance bias); D, blinding of outcome assessment
(detection bias); E, incomplete outcome data (attrition bias); F, selective reporting (reporting bias); G, other bias. CT, concomi-
tant therapy; BQT, bismuth quadruple therapy; M-H, Mantel-Haenszel; CI, confidence interval.
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PBMT Other Risk Ratio Risk Ratio Risk of Bias
i 0 = 0

Dore 2011 103 202 61 215 125% 1.80 [1.40, 2.31] - [(ITITITIIT]
Gokcan 2016 29 53 68 96 123% 0.77 [0.59, 1.02] - 0000000
Gungor 2015 18 80 50 357 10.5% 1.61[0.99, 2.60] Tl 0200000
Kefeli 2016 54 130 103 260 12.5% 1.05 [0.81, 1.35) T @ 2006006
Koksal 2013 15 44 4 38 6.0% 3.24[1.17, 8.93] ——— 206060600
Liou 2016 358 533 561 1070 13.3% 1.28 [1.18, 1.39] . (11T TT 11
Sapmaz 2017 84 98 13 98 10.2% 6.46 [3.87, 10.79] - 2000600
Songur 2008 26 102 74 313 11.4% 1.08 [0.73, 1.59)] T @20600600
Tsay 2017 91 164 26 166 11.4% 3.54 [2.43, 5.17] - 200000
Total (95% Cl) 1406 2613 100.0% 1.72 [1.23, 2.40] 2

Total events 778 960

Heterogeneity: Tau? = 0.21; Chi* = 98.58, df = 8 (P < 0.00001); I* = 92%

Test for overall effect: Z = 3.20 (P = 0.001) ol ¢ Lo A

Favours PBMT Favours Other

Supplementary Figure 9. Comparison of adverse events between 10-/14-day bismuth quadruple therapy and other regimens
(standard triple therapy, sequential therapy, concomitant therapy). Risk of bias: A, random sequence generation (selection bias);
B, allocation concealment (selection bias); C, blinding of participants and personnel (performance bias); D, blinding of out-
come assessment (detection bias); E, incomplete outcome data (attrition bias); F, selective reporting (reporting bias); G, other
bias. PBMT, bismuth quadruple therapy; M-H, Mantel-Haenszel; CI, confidence interval.
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PBMT PAL Risk difference Risk difference
Study or Subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI
Chuak SKT et al. (2012) 43 50 44 51 24.2% =0.00 [-0.14, 0.13] ——
Jung et al. (2008) 22 45 16 31 17.6% =0.03 [=0.26, 0.20] —
Karatapanis et al. (2009) 30 38 37 39 184% =0.16 [=0.31, =0.01] —a—
Kuo et al. (2009) 53 83 58 83 39.8% -—0.06 [-0.20, 0.08] —a—
Total (95% Cl) 216 204 100.0% -0.06 [-0.14, 0.02] ‘[
Total events . 148 . 155 I + 1 t t
Heterogeneity: Chi'=2.53, df=3 (p=0.47); I'=0% =1 =0.5 0 0.5 1
Test for overall effect: Z=1.41 (p=0.16) Favours Favours

[PAL] [PBTM]

PBMT PAL Risk difference Risk difference
Study or Subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI
Chuak SKT et al. (2012) 43 47 44 47 25.4% -0.02 [-0.13, 0.08]
Jung et al. (2008) 22 35 16 30 17.5% 0.10 [=0.14, 0.34] —T—
Karatapanis et al. (2009) 30 35 37 38 19.7% -0.12 [-0.24, 0.01] —a—
Kuo et al. (2009) 53 63 58 77  37.5% 0.09 [-0.04, 0.22] -+
Total (95% CI) 180 192 100.0% 0.02 [~0.05, 0.10]
Total events " 148 ) 155 [ t t } t
Heterogeneity: Chi '=6.52, df=3 (p=0.09); 1'=54% =i -0.5 0 0.5 1
Test for overall effect: Z=0.56 (p=0.58) Favours Favours

[PAL] [PBTM]

Supplementary Figure 10. Meta-analysis of four studies which compared bismuth quadruple therapy (PBMT) and levofloxacin
triple therapy after failure of first-line standard triple therapy. (A) Intention-to-treat analysis. (B) Per protocol analysis. Risk of
bias: A, random sequence generation (selection bias); B, allocation concealment (selection bias); C, blinding of participants and
personnel (performance bias); D, blinding of outcome assessment (detection bias); E, incomplete outcome data (attrition bias);
F, selective reporting (reporting bias); G, other bias. PAL, proton pump inhibitor (PPI), amoxicillin, levofloxacin; M-H, Man-
tel-Haenszel; CI, confidence interval.
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