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Abstract
Background: Clarithromycin-containing triple regimen for eradication of Helicobacter pylori is no longer acceptable in Korea due to
high clarithromycin resistance. Concomitant therapy or bismuth-containing quadruple therapy is recommended as an alternative
regimen. A recent study in Korea has shown that modified quadruple therapy has comparable efficacy and safety to concomitant
therapy as a first-line regimen. However, there has been no comparative study of modified quadruple therapy with bismuth-containing
quadruple therapy. The aim of this study is to compare the efficacy and safety of modified quadruple therapy with those of bismuth-
containing quadruple therapy as a first-line regimen and to present the phenotypic and genotypic antibiotic resistance profile ofHpylori.

Methods: This study is an open-label, multicenter, randomized controlled trial. We are recruiting subjects endoscopically
diagnosed with H pylori infection from 2 hospitals in Korea. Subjects will be randomly allocated either to modified quadruple therapy
(proton-pump inhibitor bid, amoxicillin 1g bid, metronidazole 500mg tid, bismuth subcitrate 300mg qid daily) or bismuth-containing
quadruple therapy (proton-pump inhibitor bid, tetracycline 500mg qid, metronidazole 500mg tid, bismuth subcitrate 300mg qid
daily) for 14 days. The rate of eradication success and adverse events will be checked at least 4 weeks after the treatment. Antibiotic
resistance will be established using both a bacterial culture with agar dilutions and DNA sequencing of the clarithromycin resistance
point mutations in the 23S rRNA gene of H pylori.

Conclusion: The results of this study will provide solid evidence for determining the optimal treatment regimen for first-line H pylori
eradication in Korea.
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Abbreviations: CRF = case report form, H2RA = histamine 2 receptor antagonist, IRB = institutional review board, ITT =
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intention-to-treat, MFDS = Ministry of Food and Drug Safety, MIC = minimal inhibitory concentrations, PP = per-protocol, UBT =
13C-urea breath test.
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1. Introduction

Helicobacter pylori is the most important pathogen in the
development of gastric cancer.[1,2] Infection withH pylori causes
chronic atrophic gastritis, intestinal metaplasia, low- and high-
grade dysplasia, and gastric cancer in sequence.[3] Previous
studies have shown the primary and secondary preventative
effects of H pylori eradication in the development of gastric
cancer,[4–7] and eliminating this pathogen is considered the most
promising strategy for the prevention of this disease.[8]

South Korea has the highest incidence of gastric cancer
worldwide, and H pylori infection is still prevalent.[9–11]

Clarithromycin-containing triple therapy is the primary regimen
approved and reimbursed by the Korean National Health
Insurance Service.[12] However, due to high clarithromycin
resistance in Korea, the current eradication rate of clarithromy-
cin-containing triple therapy has fallen below 80%, which is not
acceptable as a first-line eradication regimen.[9,13–15] Concomi-
tant therapy or bismuth-containing quadruple therapy is
recommended as an alternative regimen.[8,9,12] However,
concomitant therapy is not recommended in regions with high
metronidazole resistance, and the resistance rate of metronida-
zole has been reported to be as high as 66% in Korea.[9,16]

Moreover, dual clarithromycin and metronidazole resistance
undermines the efficacy of concomitant therapy, and there is no
definite 2nd-line or 3rd-line rescue regimen for patients who do
not respond to the above therapies.[17,18] Therefore, finding an
optimal regimen for 1st-line eradication is warranted in Korea.
A recent study in Korea has shown that modified quadruple

therapy (proton-pump inhibitor (PPI), amoxicillin, metronida-
zole, bismuth subcitrate) has rates of eradication success and
adverse events comparable to those of concomitant therapy.[19]

However, this study did not explore the antibiotic resistance
profile of H pylori, and there has been no comparative study of
modified quadruple therapy with bismuth-containing quadruple
therapy. The aim of this study is to compare the efficacy and
safety of modified quadruple therapy and bismuth-containing
quadruple therapy and to present the phenotypic and genotypic
antibiotic resistance profile of H pylori.
2. Methods

2.1. Overview of the trial design

Within this open-label, multicenter, randomized controlled,
parallel-group trial, subjects with H pylori infection will be
randomly assigned either to modified quadruple therapy (PPI bid,
amoxicillin 1g bid, metronidazole 500mg tid, bismuth subcitrate
300mg qid daily) or bismuth-containing quadruple therapy (PPI
bid, tetracycline 500mg qid, metronidazole 500mg tid, bismuth
subcitrate 300mg qid daily) for 14 days. The eradication success
rate, adverse events related to the medications and compliance
will be investigated and compared between the 2 therapies.
Phenotypic and genotypic antibiotic resistance testing will be
performed during the trial, and these data will be used in the
interpretation of the results.
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Participants will be recruited from 2 Hallym University-
affiliated Hospitals (Hallym University Chuncheon Sacred Heart
Hospital in Chuncheon city, Hallym University Sacred Heart
Hospital in Anyang city), and the recruitment period is from
August 2018 to July 2019. Data will be collected from the
subjects following their 1st hospital visit post-regimen (2 weeks
after enrollment, after ending their eradication regimen) to check
for adverse events related to the medications and for drug
compliance and following their 2nd visit post-regimen (6 weeks
after enrollment) to determine eradication success and to check
for potential adverse events. The visit window is 1 week.
2.2. Study subjects

Subjects who undergo upper gastrointestinal endoscopy within 3
months and are proven to have H pylori infection either by the
rapid urease test, the 13C-urea breath test (UBT), or a histological
examination will be included in this trial. Exclusion criteria are as
follows:
1.
2.
participants who have a history of H pylori eradication;
participants who have undergone a stomach resection;
3.
 participants who have a history of allergy or adverse events

related to the eradication medications;
participants who have taken a PPI within 2 weeks or a
4.

histamine 2 receptor antagonist (H2RA) within 1 week;
participants who have taken aspirin (except low-dose aspirin
5.

for primary prophylaxis of cardiovascular disease), intrave-
nous or oral nonsteroidal anti-inflammatory drugs, anticho-
linergics, prostaglandin analogs, pro-motility drugs, or
sucralfate within a week or participants who need a
continuous administration of those drugs;
participants who have taken antibiotics within 4 weeks;
6.

7.
 pregnant or breast-feeding participants or participants who

do not wish to avoid pregnancy during the clinical trial;
participants who are currently taking lovastatin, simvastatin,
8.

atorvastatin, indinavir, ritonavir, cyclosporin, terfenadine,
pimozide, astemizole, human immunodeficiency virus prote-
ase inhibitors (atazanavir, nelfinavir), ergotamine, dihydro-
ergotamine, mizolastine, bepridil, or ticagrelor;
participants who have infectious mononucleosis, a central
9.

nervous system infection, a hematological disease, galactose
intolerance, Lapp lactase deficiency, glucose-galactose mal-
absorption, or Torsades de pointes; and
participants who are less than 18 years of age.
10.
2.3. Outcome measurement

TheH pylori infection is diagnosed by 1 or more of the following
methods: the rapid urease test, the UBT or a histological
examination. Two specimens from the gastric corpus and antrum
will be taken during an endoscopy for the rapid urease test
(Pronto Dry New; Medical Instruments Corp., Herford,
Germany) or a histological assessment using Giemsa staining.
A UBT (UBiT-IR 300; Otsuka Pharmaceutical Co., Ltd, Tokyo,
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Japan) measuring exhalation of CO2 before and 30 minutes
after ingestion of 75mg of 13C-marked urea will be performed.
An initial breath sample will be obtained after at least an 8-hour
fasting period (overnight fasting). The UBT after eradication ofH
pylori will be performed at least 4 weeks after the eradication
therapy has ended. Delta over baseline>2.5%will be considered
positive. Subjects who take medications that may affect the
outcome of the UBT (e.g., PPI, H2RA, antibiotics) after the end of
the eradication regimen will be tested at least 4 weeks after
stopping these medications (the wash-out period is at least 4
weeks). In this case, the routine follow-up period for the 2nd visit
(6 weeks after enrollment) will be prolonged assuming no
violation of the study protocol has taken place.
All the subjects will be educated about common adverse events

related to the eradication medications, and they will be asked to
submit self-report questionnaires about adverse events related to
the eradication medications at the 1st visit (2 weeks after
enrollment, after ending the eradication regimen) and at the 2nd
visit (6 weeks after enrollment, for UBT checking). The severity of
the adverse events is defined as “mild” (transient and well
tolerated), “moderate” (causing discomfort and partially inter-
fering with daily activities), or “severe” (causing considerable
interference with daily activities) andwill be taught to the subjects
for reporting as described above.[20] Potential adverse events will
be monitored by the research staff for 3 months after enrollment.
Information about adverse events related to the eradication
medications will also be gathered through interviews conducted
by the doctors and independent staff at the 1st and 2nd visits.
Compliance with the eradication regimen will be checked at the
1st visit by independent staff.
2.4. Randomization and blinding

Eligible patients will be approached during their routine
gastroenterology unit visit by the research team for recruitment.
A single independent staff member will prepare the randomiza-
tion sequence, which will be accomplished using a block design
and a block size of 4. Randomization of a block will be done by
means of a random-number chart. This study is an open-label
trial due to the difference in administration method for each arm.
The modified quadruple therapy group will have amoxicillin
twice a day, whereas the bismuth-containing quadruple therapy
group will have tetracycline 4 times a day. Therefore, doctors and
participants will be aware of the drugs that are prescribed.
However, only the rate of eradication success, adverse events, and
compliance with the therapies will be considered outcomes of this
trial, and it is believed that an open-label design in itself will not
influence the procedure or results of the trial.
2.5. Phenotypic and genotypic antibiotic resistance test

For the subjects who will prospectively undergo endoscopic
examination with the rapid urease test or a histological
examination to determine H pylori infection, 1 biopsy specimen
from the gastric corpus or antrum will be cultured with an agar
dilution test to assess phenotypic antibiotic resistance, and 1
specimen will be used to sequence the 23S rRNA gene in
clarithromycin-resistant strains to assess genotypic antibiotic
resistance. For the subjects who already underwent endoscopic
examination or who were diagnosed with H pylori infection
using the UBT, antibiotic resistance tests will be omitted.
The biopsy specimen will be cultured and maintained on

brucella broth agar supplemented with 5% sheep blood and
3

containing vancomycin (10mg/mL), trimethoprim (5mg/mL),
amphotericin B (5mg/mL), and polymyxin B (2.5 IU) under
microaerophilic conditions (5%O2, 10%CO2, 85%N2) at 37°C
for 3 to 7 days. All isolates will be stored in brucella broth
supplemented with 15% glycerol at �70°C. A culture will be
considered positive if 1 or more colonies are Gram-negative and
positive for urease, oxidase, and catalase with a spiral/curved rod
morphology. We will obtain 1 isolate per subject, and all of
the stored isolates will be thawed and passaged for the agar
dilution test.[21]

Thawed isolates will be inoculated onto Mueller-Hinton agar
supplemented with 5% defibrinated sheep blood for 48hours.
Bacterial suspension adjusted to 1 x 107 colony-forming units
(equivalent to that of a No.2 McFarland opacity standard by
spectrophotometry) will be inoculated directly onto an antibiotic-
containing agar dilution plate at various concentrations. After 72
hours of microaerophilic incubation, the minimal inhibitory
concentrations (MIC) of amoxicillin, clarithromycin, metronida-
zole, tetracycline, and levofloxacin will be determined by the 2-
fold agar-dilution method. All 3 susceptibility tests will be
performed for each sample. The breakpoint of MICs will be
defined according to the criteria of the National Committee for
Clinical Laboratory Standards (MIC value >0.5mg/mL (amoxi-
cillin), >1mg/mL (clarithromycin), >8mg/mL (metronidazole),
>4mg/mL (tetracycline), and >1mg/mL (levofloxacin)), and
ATCC 43504 (ATCC, Manassas, VA) will be used as the
reference strain.[22,23]

H pylori genomic DNA will be extracted from biopsied tissue
with the MagNA Pure 96 DNA and Viral NA Small Volume Kit
(Roche Diagnostics, Forrenstrasse, Switzerland) according to the
manufacturer’s instructions. We will examine the nucleotide
sequence of domain V in the 23S rRNA gene of H pylori by
amplifying approximately the first 300bp to detect mutations at
positions 2141, 2142, 2143, 2144, and 2182. Nucleotide
sequencing of the amplified DNA will be performed using an
ABI 3730 DNA Analyzer (Applied Biosystems, Foster City, CA)
with BigDye Terminator V3.1 according to the manufacturer’s
instructions. All end-point PCR reactions will be visualized with
agarose gel electrophoresis, and all sequencing work will be
performed by a commercial expert agency (Samkwang Medical
Laboratories, Seoul, Korea).
2.6. Statistical analysis

The sample size was calculated by using an a-error<0.05 and a
b-error<0.2 for a 2-tailed significance test. The calculated
number of subjects required for the trial is 100 in each arm, which
was determined by assuming an eradication rate of 96.2% from
treatment with bismuth-containing quadruple therapy for 14
days as seen in a previous study in Korea (per-protocol (PP)
analysis), an equivalence margin of 8%, and a dropout rate of
10%.[24]

For the intention-to-treat (ITT) analysis, all participants who
take at least the 1st dose of prescribed medications will be
included and assessed and for the modified ITT analysis, all
participants who take at least the 1st dose of prescribed
medications and who are in the posttreatment H pylori status
will be included and assessed. For the PP analysis, only those who
maintain and complete treatment with the prescribed medica-
tions without violating the regulations (violation is <80%
medication compliance; poor adherence to medication is defined
as taking less than 80% of what is prescribed) will be included
and assessed (Fig. 1).

http://www.md-journal.com


Figure 1. Flow chart of the study. ITT= intention-to-treat, n=number, PP=per-protocol.
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Continuous variables will be expressed as the mean± standard
deviation. Categorical variables will be expressed as numbers and
percentages. First, we will compare the baseline characteristics of
enrolled subjects (age, sex, smoking, alcohol use, reason for H
pylori eradication) using Student t test and Fisher exact test for
continuous and categorical variables, respectively. The Mann–
Whitney test will be alternatively used if a continuous variable
does not have a normal distribution. We will then perform ITT,
modified ITT, and PP analyses to compare the eradication success
rates, compliance with therapies, and adverse event rate between
the 2 arms. Subgroup analyses will be performed according to the
reason for eradication and the antibiotic resistance profile of
the H pylori isolate. A P value<.05 (2-tailed) will be adopted as
the threshold for statistical significance for all tests. All of the
analyses will be performed using SPSS version 24.0. (SPSS Inc.,
Chicago, IL).
2.7. Data management

A common case report form (CRF)was produced by investigators
and approved by the Ministry of Food and Drug Safety (MFDS)
in Korea and the institutional review board (IRB) for human
research of each hospital. Only designated members of the
clinical trial staff will be allowed to record and correct data in the
CRFs. Any personal identifiable variable will be recorded
anonymously, and the common data form will be produced by
the principal investigator at the end of enrollment. Any serious
adverse events identified during the clinical trial will be reported
immediately to the MFDS and the IRB for human research of
each hospital, and confidential data can then be released and
provided for the purpose of the safety of participants and for
determining whether the clinical trial should be halted.
4

2.8. Ethics

The study protocol adheres to and will be conducted in
accordance with the ethical guidelines established by the 1975
Declaration of Helsinki and the Food and Drug Administration
regulations regarding good clinical practice and follows the
SPIRIT guidelines for reporting protocol items for randomized
controlled trials.[25] We had received an approval by theMFDS in
Korea and the IRB for human research at Hallym University
Chuncheon Sacred Heart Hospital (2018–27) and Hallym
University Sacred Heart Hospital (2018–06–008) before the
study was initiated. This study was registered at ClinicalTrial.gov
in June 2018 (Clinical trial registration number, NCT03665428).
Informed consent to participate in the study will be obtained from
each subject after providing an explanation of the potential
benefits and harms with sufficient time for discussion, and the
subjects who voluntarily want to participate in this study will be
enrolled. All the participants will be educated by the doctors who
prescribe the medication and by the research staff. They will be
informed about the drug, administration time, possible adverse
events and how to report adverse reactions. All potential serious
adverse events suffered by subjects in the clinical trial will be
managed by each hospital under the coverage of clinical trial
insurance. Participants may withdraw from this trial for any
reason without penalty; however, the reasons for withdrawal will
be identified for reporting purposes.

3. Discussion

The clarithromycin-containing triple regimen for H pylori
eradication is no longer acceptable due to a high clarithromycin
resistance in Korea, and concomitant therapy or bismuth-
containing quadruple therapy is recommended as an alternative
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regimen. However, Korea is classified as a region with
high clarithromycin (>15%) and metronidazole resistance
(>30%).[9,16] Data on the trends over time have shown a
constant acceptable eradication success rate for bismuth-
containing quadruple therapy as a 2nd-line regimen;[24,26,27]

however, there is a paucity of data on its use as a 1st-line regimen
in Korea.[28] Moreover, there is no definite 2nd-line or 3rd-line
rescue regimen for patients who do not respond to the above
therapies.[17] Fluoroquinolone- and rifabutin-containing regi-
mens or a combination of bismuth with different antibiotics is the
remaining empirical option.[8,17] However, the antibiotic resis-
tance rates in Korea of ciprofloxacin, levofloxacin, and
moxifloxacin are reported to be up to 38.2%, 37.7%, and
34.6%, respectively, which are higher than those previously
reported.[15,17,29] Cross-resistance between rifabutin and rifam-
pin is a serious concern in tuberculosis prevalent countries such as
Korea due to concerns that overuse may increase the prevalence
of rifabutin-resistant mycobacteria in the community.[17] Antibi-
otic susceptibility guided treatment is beginning to receive more
attention; however, it is not widely available at all institutions.[17]

In a meta-analysis of Korean studies, concomitant therapy
showed a higher eradication rate than sequential therapy.[30]

Though there has been no published data on its trends over time,
the continuous eradication success of concomitant therapy can be
demonstrated through the enrolled studies in a recent systematic
review of Korean studies.[31] However, concomitant therapy is
not recommended in regions with high metronidazole resistance,
and the resistance rate of metronidazole has been reported to be
as high as 66% in Korea.[9,16]Moreover, dual clarithromycin and
metronidazole resistance undermines the efficacy of concomitant
therapy.[18]

A recent study in Korea has shown that modified quadruple
therapy has rates of eradication success and adverse events
comparable to those of concomitant therapy.[19] Characterizing
the regional antibiotic resistance profile is important for H
pylori eradication because antibiotic resistance is the chief cause
of treatment failure. However, the study above did not explore
antibiotic resistance profiles, making it difficult to interpret its
results. A previous study has also shown that modified
quadruple therapy is comparable to bismuth-containing
quadruple therapy as a rescue regimen for patients with at
least 2 consecutive treatment failures.[20] Additionally, modified
quadruple therapy has been shown to have high eradication
success even in subjects with amoxicillin, metronidazole, or
clarithromycin resistance, and this therapy has fewer adverse
events and higher compliance than does bismuth-containing
quadruple therapy.[20]

This study will compare the efficacy and safety of modified
quadruple therapy and bismuth-containing quadruple therapy as
well as presenting the phenotypic and genotypic antibiotic
resistance profile ofH pylori. The strength of this study resides in
providing evidence regarding the efficacy and safety of using
modified quadruple therapy as a 1st-line regimen in different
regions of Korea compared to previous reports (a previous study
was conducted in Seoul as a single center study; however, we will
recruit patients in Gangwon and Gyeonggi provinces) and
additionally, in providing evidence on the use of bismuth-
containing quadruple therapy as a 1st-line treatment, which has
been scarce as a 1st-line treatment in Korea. Moreover, with the
comparative results of the antibiotic-susceptibility gold standard
‘agar dilution’method vs. DNA sequencing of the clarithromycin
resistance point mutations in the 23S rRNA ofH pylori, it will be
possible to interpret the outcome of this study in light of the
5

antibiotic resistance profiles of H pylori including the unknown
clinical significance of point mutations, such as G2141A,
A2144T, or T2182C.
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