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Abstract

Background: With the increasing resistance to antimicrobial agents, susceptibility‐
guided tailored therapy has been emerging as an ideal strategy for Helicobacter

pylori treatment. However, susceptibility‐guided tailored therapy requires addi-

tional cost, time consumption, and invasive procedure (endoscopy) and its superi-

ority over empirical quadruple therapy as the first‐line H. pylori treatment remains

unclear.

Aims: To compare the efficacy of culture‐based susceptibility‐guided tailored versus
empirical concomitant therapy as the first‐line Helicobacter pylori treatment.

Methods: This open‐label, randomized trial was performed in four Korean in-

stitutions. A total of 312 Patients with H. pylori‐positive culture test and naïve to

treatment were randomly assigned in a 3:1 ratio to either culture‐based
susceptibility‐guided tailored therapy (clarithromycin‐based or metronidazole‐
based triple therapy for susceptible strains or bismuth quadruple therapy for

dual‐resistant strains, n = 234) or empirical concomitant therapy (n = 78) for 10

days. Eradication success was evaluated by 13C‐urea breath test at least 4 weeks

after treatment.

Results: Prevalence of dual resistance to both clarithromycin and metronidazole

was 8%. H. pylori eradication rates for tailored and concomitant groups were 84.2%

and 83.3% by intention‐to‐treat analysis (p = 0.859), respectively, and 92.9% and

91.5% by per‐protocol analysis, respectively (p = 0.702), which were comparable

between the two groups. However, eradication rates for dual‐resistant strains were
significantly higher in the tailored group than in the concomitant group. All adverse

events were grade 1 or 2 based on the Common Terminology Criteria for Adverse

Events and the incidence was significantly lower in the tailored group. The
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proportion of patients discontinuing treatment for adverse events was comparable

between the two groups (2.1% vs. 2.6%).

Conclusions: The culture‐based susceptibility‐guided tailored therapy failed to

show superiority over the empirical concomitant therapy in terms of eradication

rate. Based on these findings, the treatment choice in clinical practice would depend

on the background rate of antimicrobial resistance, availability of resources and

costs associated with culture and susceptibility testing.
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antibiotic resistance, biopsy, cost, EGDS, endoscopy, esophagogastroduodenoscopy, H. pylori,
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INTRODUCTION

The eradication effect of Helicobacter pylori treatment has been

steadily decreasing worldwide, mainly due to increasing resistance to

antimicrobial agents.1–4 Eradication rates with clarithromycin‐based
triple therapy have dropped below 80% in North America, Europe

and Asia. Therefore, there is a pressing need to optimize manage-

ment strategy.5–9 Recent European, US, and Korean guidelines rec-

ommended the empirical bismuth quadruple therapy or the

concomitant quadruple therapy for 10–14 days as the first‐line H.

pylori treatment in areas with high (>15%) clarithromycin resistance

to overcome antimicrobial resistance.10–12 According to European

registry (Hp‐EuReg), concomitant therapy is the second most

commonly used regimen in Europe; in contrast, bismuth quadruple

therapy is used in less than 1% of registered cases.7 Concomitant

therapy is the only therapy other than bismuth quadruple therapy

that consistently achieved eradication success over 90% in all the

regions of Europe.7 In a recent nationwide study in Korea, empirical

10‐day concomitant therapy also showed acceptable per‐protocol
(PP) eradication rate of over 90%.6 The main drawback of concomi-

tant therapy using three antibiotics is the possibility of antibiotic

overuse.

Theoretically, susceptibility‐guided tailored therapy can prevent

resistance‐associated treatment failure and limit the emergence of

antibiotic resistance by avoiding the use of unnecessary antibi-

otics.10,11 Therefore, susceptibility‐guided tailored therapy would be

an ideal strategy for H. pylori eradication, especially in East Asia

where the prevalence of antimicrobial resistance and gastric cancer is

high, and a scope‐and‐treat strategy (upper gastrointestinal endos-

copy followed by treatment) has been widely accepted.12–15 In recent

Korean studies, PP eradication rates of culture‐based susceptibility‐
guided therapy were over 95% despite high antimicrobial resis-

tance.16,17 However, standard methods of susceptibility testing

require additional cost, time consumption, and invasive procedure

(endoscopy), which hampers its generalizability. Noninvasive sus-

ceptibility testing of stools by polymerase chain reaction (PCR) is

currently limited to clarithromycin. In addition, recent meta‐analyses
reported that susceptibility‐guided tailored therapy was not better

than empirical quadruple therapy with and without bismuth either in

first‐line or in rescue treatment of H. pylori infection.18,19 To date,

few randomized studies have compared the culture‐based
susceptibility‐guided tailored therapy and the empirical concomi-

tant therapy as the first‐line treatment for H. pylori.

In the present study, we aimed to compare the efficacy and

tolerability of culture‐based susceptibility‐guided tailored therapy

Key Summary

Summarize the established knowledge on this subject

� Concomitant therapy achieved eradication success of

over 90% in Korea and all the regions of Europe.

� With the increasing resistance to antimicrobial agents,

susceptibility‐guided tailored therapy has been emerging
as an ideal strategy for Helicobacter pylori treatment.

� Susceptibility‐guided tailored therapy requires additional
cost and time consumption and its superiority over

empirical quadruple therapy as the first‐line H. pylori

treatment remains unclear.

What are the significant and/or new findings of this study?

� The culture‐based susceptibility‐guided tailored therapy

was not superior to the locally effective empirical

concomitant therapy in terms of eradication rate as the

first‐line treatment for H. pylori (92.9% and 91.5% by

per‐protocol analysis, respectively).
� All adverse events were grade 1 or 2 based on Common

Terminology Criteria for Adverse Events (CTCAE) and

the incidence was significantly lower in the tailored

group than in the concomitant group. However, the

proportion of patients discontinuing treatment for

adverse events was comparable between the two groups

(2.6% for the concomitant group and 2.1% for the

tailored group).
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versus empirical concomitant therapy as the first‐line treatment for

H. pylori in a region with high antimicrobial resistance.

MATERIALS AND METHODS

Trial conduct

The present study was designed as a multicenter, open‐label, ran-
domized trial comparing the efficacy of culture‐based susceptibility‐
guided tailored therapy versus empirical concomitant therapy. This

study was conducted between April 2020 and January 2023 at four

institutions (Asan Medical Center, Samsung Medical Center, Gang-

neung Asan Hospital, and Samsung Changwon Hospital) across three

geographic areas of Korea (Seoul, Gangwon, and Kyungsang).

Informed consent was obtained from all subjects. The study protocol

was approved by the institutional review board of each participating

hospital. This trial was performed in accordance with the ethical

principles of the Declaration of Helsinki and registered with CRIS

(KCT0004877).

Patients

H. pylori treatment‐naïve patients were assessed for eligibility when

upper endoscopy was required to evaluate the cause of any abdom-

inal symptom or for screening or workup of upper gastrointestinal

neoplasm and indications for the H. pylori eradication according to

Korean guidelines were met.12 During upper endoscopy, at least two

gastric biopsies were taken from the gastric antrum and body,

respectively, for rapid urease test and H. pylori culture. H. pylori cul-

ture was performed when rapid urease test showed positive results

for H. pylori infection. Exclusion criteria included negative H. pylori

culture, history of previous H. pylori eradication therapy, age

<19 years, previous gastric or esophageal surgery, allergy to any of

the study medications, gastrointestinal bleeding, pregnancy or lacta-

tion, and severe comorbidity precluding study therapy. Patients were

excluded if they took a proton pump inhibitor, potassium competitive

acid blocker, or histamine‐2 blocker within 4 weeks before upper

endoscopy or if they needed to take these drugs within 4 weeks

before randomization or during the study period from the timing of

randomization to 13C‐urea breath test. Patients were also excluded if

they took antibiotics or bismuth within 4 weeks before upper

endoscopy or if they needed to take these drugs after undergoing

upper endoscopy. Patients who could not discontinue steroid treat-

ment during the study period were also excluded.

Isolation of H. pylori and antimicrobial susceptibility
testing

For H. pylori culture, two biopsy specimens (one from antrum and one

from body) were taken from each patient using standard‐sized biopsy
forceps during an upper endoscopy. These samples were placed in a

sterile Eppendorf tube and stored at −80°C. These frozen samples

were delivered to a central laboratory at Asan Medical Center, Seoul,

Korea for H. pylori culture. Isolation of H. pylori and antimicrobial

susceptibility testing process using the serial two‐fold agar dilution

method have been described in detail elsewhere.2,20 The resistance

cutoff values for clarithromycin and metronidazole were ≥0.5 mg/L

and >8 mg/L, respectively, based on The European Committee on

Antimicrobial Susceptibility Testing ver 10.0 (EUCAST). The subject

was considered to have a resistant infection when any strain was

resistant to antibiotics.

Randomization

Figure 1 shows a flow chart of the present study. Subjects with

positive H. pylori cultures were randomized to receive culture‐based
susceptibility‐guided tailored therapy or empirical non‐bismuth
concomitant quadruple therapy for 10 days in a 3:1 ratio. Randomi-

zation was done with computerized random number sequence

generated by an independent statistician. All investigators were

masked to the randomization sequence and an independent research

assistant notified the study staff of the randomization sequence. As

this study was open‐labeled, subjects were not blinded. The techni-

cians who performed culture, antimicrobial susceptibility testing, or

urea breath testing were blinded to treatment allocation.

Trial intervention

Patients treated with empirical concomitant therapy received lan-

soprazole 30 mg twice a day, amoxicillin 1 g twice a day, clari-

thromycin 500 mg twice a day, and metronidazole 500 mg twice a

day for 10 days (PACM). Culture‐based susceptibility‐guided tailored

therapy was based on antimicrobial susceptibility to clarithromycin

and metronidazole: 1) if the strain was susceptible to both clari-

thromycin and metronidazole, patients received lansoprazole 30 mg

twice a day, amoxicillin 1 g twice a day, and clarithromycin 500 mg

twice a day for 10 days (PAC) 2) if the strain was susceptible to

clarithromycin, but resistant to metronidazole, patients also received

lansoprazole 30 mg twice a day, amoxicillin 1 g twice a day, and

clarithromycin 500 mg twice a day for 10 days (PAC) 3) if the strain

was susceptible to metronidazole, but resistant to clarithromycin,

patients took lansoprazole 30 mg twice a day, amoxicillin 1 g twice a

day, and metronidazole 500 mg twice a day for 10 days (PAM) 4) if

the strain was resistant to both clarithromycin and metronidazole,

patients received lansoprazole 30 mg twice a day, bismuth potassium

citrate 300 mg four times a day, tetracycline 500 mg four times a

day and metronidazole 500 mg three times a day for 10 days

(PBTM).21

To check compliance with the study protocol and adverse events,

telephone monitoring was performed by an independent research

assistant 12–15 days after patients started taking study medication.

When patients reported any adverse event during telephone moni-

toring, the investigators inquired them and assessed the severity
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using the 1 to 4 grading system based on the Common Terminology

Criteria for Adverse Events (CTCAE) V.5.0.22 The patients were also

asked to grade the severity of adverse events according to the in-

fluence on their daily activities, experienced as “mild” (discomfort

with no interruption of their daily activities), “moderate” (discomfort

affecting their daily activities) or “severe” (severe interruption of

their daily activities). Patients were considered to have demonstrated

poor compliance if they took less than 80% of the total medication

prescribed.

At least 4 weeks after the completion of therapy, 13C‐urea
breath test was performed to evaluate eradication success. H. pylori

eradication was defined as a negative urea breath test.

Study outcomes

The primary endpoint of this study was the H. pylori eradication rate

in the major treatment groups (culture‐based susceptibility‐guided
tailored therapy vs. empirical concomitant therapy). The secondary

endpoints were the eradication rates with each of the individual

components of the culture‐based tailored therapy and the frequency

and severity of adverse events.

Statistical analysis

This study was a superiority‐design trial comparing strategies. The

sample size estimation was based on previous trials performed in

Korea. In a recent Korean randomized study, the intention to treat

(ITT) eradication rate of culture‐based susceptibility‐guided tailored

therapy was 94.7% as the first‐line H. pylori treatment.17 In another

Korean nationwide randomized study, the ITT eradication rate of

empirical concomitant therapy was 81.2% as the first‐line therapy.6

We calculated the sample size to detect a difference of 13% in the

eradication rate between the culture‐based susceptibility‐guided
tailored therapy (assuming 94% eradication rate) and the empir-

ical concomitant therapy (assuming 81% eradication rate) with a

power of 90% and a significance level of 0.05 (an alpha of 0.05, two

sided) in a ratio of 3:1. With this calculation, at least 210 subjects in

culture‐based tailored therapy and 70 subjects in empirical

concomitant therapy would be required to show superiority of

culture‐based tailored therapy over empirical concomitant therapy.

Taking into consideration a dropout rate of 10%, at least 312

subjects (234 for culture‐based tailored therapy and 78 for empir-

ical concomitant therapy) were expected to be recruited for the

study.

The H. pylori eradication rate of each group was assessed using

ITT and PP analyses. Subjects lost to follow‐up were scored as

treatment failures in the ITT analysis. Subjects with poor compliance,

withdrawal of consent, or lost follow‐up were excluded from the PP

analysis. Comparative superiority of the two groups was assessed

through the derivation of a two‐sided 95% confidence interval (CI) of

difference based on the H. pylori eradication rate. Between‐group
differences were evaluated using Student's t test for continuous

variables and Pearson's χ2 test or Fisher's exact test for categorical
variables, as appropriate, and were analyzed with the SPSS software

(version 28). All p values were two‐sided, and were considered sta-

tistically significant if less than 0.05.

F I GUR E 1 A flow diagram for the trial. RUT, rapid urease test; ITT, intention‐to‐treat; PP, per‐protocol; PAC, lansoprazole, amoxicillin, and
clarithromycin; PAM, lansoprazole, amoxicillin, and metronidazole; PBTM, lansoprazole, bismuth potassium citrate, tetracycline and
metronidazole; PACM, lansoprazole, amoxicillin, clarithromycin, and metronidazole.
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RESULTS

Baseline characteristics

A flow diagram for the trial is provided in Figure 1. A total of 389

subjects with positive rapid urease test results underwent H. pylori

culture test. H. pylori culture was successful in 330 subjects. Among

them, 312 subjects were finally enrolled and randomly assigned to

either culture‐based susceptibility‐guided tailored therapy or

empirical concomitant therapy in a ratio of 3:1. The baseline char-

acteristics were well balanced between the two groups, including

demographic data, clinical characteristics and prevalence of antimi-

crobial resistance (Table 1 for ITT analysis; Table S1 for PP analysis).

Among the randomized subjects, resistance rates to clarithromycin

and metronidazole were 26.9% (84/312) and 23.1% (72/312),

respectively. Dual resistance to both clarithromycin and metronida-

zole was observed in 8.0% (25/312) of the study subjects.

H. pylori eradication rates

The H. pylori eradication rates of each therapy group are summarized

in Table 2. In the ITT analysis, the H. pylori eradication rate was 84.2%

(95% CI 79.1% to 88.4%) for the culture‐based tailored group and

83.3% (95% CI 73.9%–90.3%) for the empirical concomitant group. In

the PP analysis, the H. pylori eradication rate was 92.9% (95% CI

88.9%–95.8%) for the culture‐based tailored group and 91.5% (95%

CI 83.4%–96.4%) for the empirical concomitant group. Therefore, in

Korean regions with high antimicrobial resistance, culture‐based
susceptibility‐guided tailored therapy was not superior to locally

effective empirical concomitant therapy in terms of eradication rate

as the first‐line treatment for H. pylori.

H. pylori eradication rates according to antimicrobial
susceptibility

We performed subgroup analysis to investigate the influence of

antimicrobial resistance on the H. pylori eradication rate in the PP

analysis population (Table 2). In the metronidazole‐resistant strain
(n = 67), the eradication rate in the culture‐based tailored group was
comparable to that in the empirical concomitant group (89.4% vs.

80.0%, p = 0.434). In the clarithromycin‐resistant strain (n = 72),

however, the eradication rate in the culture‐based tailored group was
significantly higher than that in the empirical concomitant group

(92.7% vs. 70.6%, p = 0.029). Clarithromycin‐resistant strain consists
of clarithromycin‐resistant/metronidazole‐susceptible H. pylori strain

and dual‐resistant H. pylori strain. In the PP analysis population, the

eradication rate of the PAM regimen for clarithromycin‐resistant/
metronidazole‐susceptible strain in the culture‐based tailored group

was comparable to that of the PACM regimen in the empirical

concomitant group (92.1% vs. 90.9%). In contrast, the eradication

rate of the PBTM regimen for the dual‐resistant strain in the culture‐
based tailored group was significantly higher than that of the PACM

regimen in the empirical concomitant group (94.1% vs. 33.3%,

p = 0.008). The eradication rates of the PAC regimen for the

clarithromycin‐susceptible strain in the culture‐based tailored group

were comparable to those of the PACM regimen in the empirical

concomitant group regardless of metronidazole‐susceptibility (94.5%
vs. 97.5% and 86.7% vs. 100%, respectively).

Adverse events

The adverse events in each therapy group are shown in Table 3. The

proportion of subjects experiencing moderate grade (discomfort

affecting their daily activities) of adverse events was significantly

higher in the empirical concomitant group (34.7%) than in the

culture‐based tailored group (12.2%). No patient complained of a

severe grade of adverse events in either group. Taste alteration,

constipation, and dizziness were significantly more frequent in the

empirical concomitant group than those in the culture‐based tailored
group. All adverse events were grade 1 or 2 based on CTCAE and

disappeared after the eradication therapy ceased. Two subjects in the

empirical concomitant group (2.6%, 2/78) and five in the culture‐
based tailored group (2.1%, 5/234) discontinued the eradication

treatment because of adverse events (Figure 1). No subjects were

hospitalized because of adverse events.

DISCUSSION

To the best of our knowledge, this is the first randomized study

comparing the empirical concomitant therapy and the culture‐based
susceptibility‐guided tailored therapy where treatment regimens

were optimized according to the presence of resistance to multiple

antibiotics. In the present study, the culture‐based susceptibility‐
guided tailored therapy was not superior to the locally effective

empirical concomitant therapy in terms of eradication rate as the

first‐line treatment for H. pylori. The incidence of adverse events was
significantly lower in the tailored group than in the concomitant

group. However, the proportion of patients discontinuing treatment

for adverse events was comparable between the two groups (2.6%

for the concomitant group and 2.1% for the tailored group).

Furthermore, no patients complained of a severe grade of adverse

events in either group and all adverse events disappeared after the

eradication therapy ceased.

Two recent Korean randomized studies compared the empirical

concomitant therapy and the PCR‐based susceptibility‐guided
tailored therapy as the first‐line treatment for H. pylori.23,24 In both

studies, treatment regimens in the PCR‐based tailored therapy group
were determined only according to the presence of genotypic clari-

thromycin resistance alone, which implied a limitation in treatment

optimization. Both studies showed comparable H. pylori eradication
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rates between the concomitant group and the tailored group, which

was consistent with the present study. In contrast to Korean studies

using the PCR method, a Chinese randomized study by Zhou et al.25

compared the culture‐based susceptibility‐guided tailored therapy

with the empirical concomitant therapy as the first‐line treatment for
H. pylori. Although they used the culture‐based E‐test, treatment
regimens in the tailored therapy group were determined only ac-

cording to the presence of phenotypic clarithromycin resistance. In

this study, the PP eradication rate of the concomitant group (87.4%)

was significantly lower than that of the tailored group (93.3%). This

discrepancy between Korean and Chinese studies might be mainly

due to the difference in treatment regimens and the prevalence of

dual resistance to both clarithromycin and metronidazole. It is well

known that concomitant therapy is ineffective against dual resistant

strains and recent guidelines recommended against concomitant

therapy if the prevalence of dual resistance is over 15%.11 In the

study by Zhou et al.,25 the dual resistance rate was up to 35.3% and

H. pylori eradication rate against dual resistant strains was 75.9% for

the concomitant group in the PP analysis, which was significantly

lower than 90.4% in the tailored group. Dual resistance rates in other

countries were far lower than those in China. The prevalence of dual

resistance in Korea, the US, and Europe was reported to be 7.1%,

TAB L E 1 Baseline characteristics of intention‐to‐treat analysis population.

Culture‐based tailored therapy Empirical concomitant therapy

p value(n = 234) (n = 78)

Age 0.739

Mean � SD 60.1 � 10.2 60.5 � 10.8

Range 28–82 31–79

Gender 0.225

Male (%) 141 (60.3) 53 (67.9)

Female (%) 93 (39.7) 25 (32.1)

BMI

Mean � SD 24.3 � 3.1 24.2 � 2.6 0.767

Smoking 0.725

Never‐smoker (%) 149 (63.7) 46 (59.0)

Ex‐smoker (%) 56 (23.9) 22 (28.2)

Current‐smoker (%) 29 (12.4) 10 (12.8)

Alcohol drinking 0.800

Never‐drinker (%) 97 (41.5) 29 (37.2)

Ex‐drinker (%) 62 (26.5) 22 (28.2)

Current‐drinker (%) 75 (32.1) 27 (34.6)

Indication for eradication 0.365

Atrophic gastritis (%) 79 (33.8) 23 (29.5)

Gastric ulcer (%) 8 (3.4) 4 (5.1)

Duodenal ulcer (%) 8 (3.4) 6 (7.7)

Gastric neoplasm (%) 139 (59.4) 45 (57.7)

Clarithromycin 0.556

Susceptible (%) 169 (72.2) 59 (75.6)

Resistant (%) 65 (27.8) 19 (24.4)

Metronidazole 0.352

Susceptible (%) 183 (78.2) 57 (73.1)

Resistant (%) 51 (21.8) 21 (26.9)

Dual‐susceptible (%) 137 (58.5) 44 (56.4) 0.741

Dual‐resistant (%) 19 (8.1) 6 (7.7) 0.904

Abbreviation: BMI, body mass index.
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10.5% and 13.4%, respectively.2,4,7 In the present study, the dual

resistance rate was 8.0%.

Given the need for additional resources and costs and the

comparable eradication rates reported in the present and previous

studies,23,24 evidence might be currently insufficient to support the

superiority of susceptibility‐guided tailored therapy over empirical

concomitant therapy in clinical practice. Although concomitant

therapy carries the risk of antibiotic overuse, recent large studies

showed that the prevalence of antibiotic resistance of E. coli and K.

pneumoniae transiently increased at week 2 but returned to the basal

state at week 8 and 1 year after completion of concomitant therapy

and clarithromycin‐based triple therapy as the first‐line treatment.

The authors of these studies concluded that the short‐term increase

in antibiotic resistance after eradication therapy was reversible.26,27

Practically speaking, empirical concomitant therapy can be preferred

in clinical practice for its relative simplicity and comparable eradi-

cation rate, especially in areas where the prevalence of dual resis-

tance to clarithromycin and metronidazole is less than 15%, such as

Korea, US, and Europe.2,4,7,23,24 A large Italian study reported that

empirical sequential therapy achieved an eradication rate of 83.1%

against dual resistant strain.28 Given these data, empirical sequential

therapy as well as susceptibility‐guided tailored therapy might be

considered as a treatment option in areas where the prevalence of

dual resistance is high.

This study design has several advantages. First, the study was a

large randomized controlled trial conducted in multiple institutions.

Second, the antibacterial susceptibility of H. pylori was confirmed in

all enrolled patients, and treatments were performed accordingly.

However, owing to the open‐label nature of the study design, the

lack of blinding might have influenced the outcomes such as adverse

events. To minimize the bias, the technicians who performed cul-

ture, antimicrobial susceptibility testing, or urea breath testing were

blinded to treatment allocation. Based on previous trials performed

in Korea,6,17 the study was designed and powered as a superiority

trial. In contrast to our initial assumption, however, we found that

the culture‐based susceptibility‐guided tailored therapy was not

better than the empirical concomitant therapy. Therefore, non‐
inferiority designed trials are required to confirm this result. Per-

forming telephone monitoring after treatment completion and not

using a symptom diary during the study period might have affected

the accuracy in reporting compliance or adverse events. Finally, we

only randomized patients undergoing endoscopy with a successful

culture of H. pylori. Therefore, ITT analysis did not include the

number of patients with culture failure or who did not give consent

to an invasive endoscopy, which might lead to an overestimation of

H. pylori eradication rate in the culture‐based tailored group. Even

in the optimal conditions, culture sensitivity is usually below

90%.18,19

In conclusion, both culture‐based susceptibility‐guided tailored

therapy and empirical concomitant therapy provided acceptable H.

pylori eradication rates and safety profiles as the first‐line treatment
for H. pylori despite high rates of antimicrobial resistance. As evi-

dence might be currently insufficient to support the superiority of

culture‐based susceptibility‐guided tailored therapy over empirical

concomitant therapy, the treatment choice in clinical practice would

depend on the background rate of antimicrobial resistance, avail-

ability of resources and costs associated with culture and suscepti-

bility testing.
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Resistance pattern (Per‐protocol)

Clarithromycin metronidazole

Susceptible susceptible 94.5% (120/127; PAC) 97.5% (39/40; PACM) 0.681

Susceptible resistant 86.7% (26/30; PAC) 100% (14/14; PACM) 0.290

Resistant susceptible 92.1% (35/38; PAM) 90.9% (10/11; PACM) 1.000

Resistant resistant 94.1% (16/17; PBTM) 33.3% (2/6; PACM) 0.008

Abbreviations: CI, confidence interval; PAC, lansoprazole, amoxicillin, and clarithromycin; PACM, lansoprazole, amoxicillin, clarithromycin, and

metronidazole; PAM, lansoprazole, amoxicillin, and metronidazole; PBTM, lansoprazole, bismuth potassium citrate, tetracycline and metronidazole.
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TAB L E 3 Adverse events in each therapy group.

Culture‐based tailored therapy Empirical concomitant therapy

p value(n = 229) (n = 75)

Influence on daily activity <0.001

None 124 (54.1) 21 (28.0)

Mild 77 (33.6) 28 (37.3)

Moderate 28 (12.2) 26 (34.7)

Taste alteration (%) 49 (21.4) 34 (45.3) <0.001

Grade 2 10 16

Diarrhea (%) 40 (17.5) 17 (22.7) 0.317

Grade 2 12 7

Constipation (%) 3 (1.3) 6 (8.0) 0.008

Grade 2 0 3

Abdominal pain (%) 11 (4.8) 8 (10.7) 0.095

Grade 2 3 3

Nausea (%) 20 (8.7) 9 (12.0) 0.403

Grade 2 3 4

Vomiting (%) 4 (1.7) 2 (2.7) 0.639

Grade 2 1 1

Bloating (%) 5 (2.2) 4 (5.3) 0.232

Grade 2 1 0

Belching (%) 0 (0.0) 2 (2.7) 0.060

Grade 2 0 0

Acid reflux (%) 4 (1.7) 4 (5.3) 0.106

Grade 2 0 1

Chest distress (%) 3 (1.3) 3 (4.0) 0.162

Grade 2 2 2

Dizziness (%) 7 (3.1) 11 (14.7) 0.001

Grade 2 3 6

Fatigue (%) 10 (4.4) 8 (10.7) 0.086

Grade 2 3 5

Skin rash (%) 5 (2.2) 0 (0.0) 0.338

Grade 2 0 0
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