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Molecular testing-guided therapy versus susceptibility
testing-guided therapy in first-line and third-line
Helicobacter pylori eradication: two multicentre, open-label,
randomised controlled, non-inferiority trials
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Chia-Chi Kuo, Min-Chin Chiu, Chu-Kuang Chou, Chi-Yi Chen, Wen-Hao Hu, Min-Horn Tsai, Yao-Chun Hsu, Chia-Tung Shun, Jiing-Chyuan Luo,
Jaw-Town Lin, Emad M EI-Omart, Ming-Shiang Wut, Jyh-Ming Liout, for the Taiwan Gastrointestinal Disease and Helicobacter Consortium

Summary

Background Helicobacter pylori infection is an important causal factor of gastric cancer and peptic ulcer disease and is
associated with immune thrombocytopenic purpura and functional dyspepsia. In H pylori strains, point mutations in the
23S rRNA and gyrA genes are associated with clarithromycin resistance and levofloxacin resistance, respectively. Whether
the efficacy of molecular testing-guided therapy is non-inferior to that of susceptibility testing-guided therapy for H pylori
eradication is unclear. Therefore, we aimed to compare the efficacy and safety of molecular testing-guided therapy and
traditional culture-based susceptibility testing-guided therapy in first-line and third-line treatment of H pylori infection.

Methods We did two multicentre, open-label randomised trials in Taiwan. In trial 1 (done at seven hospitals), treatment-
naive individuals infected with H pylori who were aged 20 years or older were eligible for study inclusion. In
trial 2 (done at six hospitals), individuals aged 20 years or older who failed treatment after two or more eradication
therapies for H pylori infection were eligible for enrolment. Eligible patients were randomly assigned (1:1) to receive
either molecular testing-guided therapy or susceptibility testing-guided therapy. The randomisation sequence was
generated by computer using permuted block randomisation with a block size of 4. All investigators were masked to the
randomisation sequence. Clarithromycin and levofloxacin resistance were determined by agar dilution test for measuring
minimum inhibitory concentrations in the susceptibility testing-guided therapy group, and by PCR and direct sequencing
for detection of 23S rRNA and gyrA mutations in the molecular testing-guided therapy group. Study participants received
clarithromycin sequential therapy, levofloxacin sequential therapy, or bismuth quadruple therapy according to the
resistance status to clarithromycin and levofloxacin. The 13C-urease breath test was used to determine the status of
H pylori infection at least 6 weeks after eradication therapy. The primary outcome was the eradication rate by intention-
to-treat analysis. The frequency of adverse effects was analysed in patients with available data. The prespecified margins
for non-inferiority were 5% for trial 1 and 10% for trial 2. The trials are ongoing for post-eradication follow-up and
registered with ClinicalTrials.gov, NCT03556254 for trial 1, and NCT03555526 for trial 2.

Findings Between March 28, 2018, and April 23, 2021, 560 eligible treatment-naive patients with H pylori infection
were recruited and randomly assigned to the molecular testing-guided therapy group or the susceptibility testing-
guided therapy group in trial 1. Between Dec 28, 2017, and Oct 27, 2020, 320 eligible patients with refractory H pylori
infection were recruited and randomly assigned to the molecular testing-guided therapy group or the susceptibility
testing-guided therapy group in trial 2. 272 men and 288 women were recruited for trial 1, and 98 men and 222 women
were recruited for trial 2. In first-line H pylori treatment, infection was eradicated in 241 (86%, 95% CI 82-90) of
280 patients in the molecular testing-guided therapy group and 243 (87%, 83-91) of 280 patients in the susceptibility
testing-guided therapy group by intention-to-treat analysis (p=0-81). In third-line H pylori treatment, infection was
eradicated in 141 (88%, 83-93) of 160 patients in the molecular testing-guided therapy group and 139 (87%, 82-92) of
160 patients in the susceptibility testing-guided therapy group by intention-to-treat analysis (p=0-74). The difference
in the eradication rate between the molecular testing-guided therapy group and the susceptibility testing-guided
therapy group was —0-7% (95% CI —-6-4 to 5-0; non-inferiority p=0-071) in trial 1 and 1-3% (-6-0 to 8-5; non-
inferiority p=0-0018 in trial 2 by intention-to-treat analysis. We found no difference in adverse effects across both
treatment groups in trial 1 and trial 2.

Interpretation Molecular testing-guided therapy was similar to susceptibility testing-guided therapy in first-line
therapy and non-inferior to susceptibility testing guided therapy in third-line treatment of H pylori infection,

supporting the use of molecular testing-guided therapy for H pylori eradication.

Funding Ministry of Science and Technology of Taiwan, and Centre of Precision Medicine of the Higher Education
Sprout Project by the Ministry of Education of Taiwan.

www.thelancet.com/gastrohep Vol 8 July 2023

>

CrossMark

Lancet Gastroenterol Hepatol
2023; 8:623-34

Published Online

May 10, 2023
https://doi.org/10.1016/
$2468-1253(23)00097-3

See Comment page 593

*Contributed equally as
first author

‘tContributed equally as senior
and corresponding authors to
this work

Division of Gastroenterology
and Hepatology, Department
of Internal Medicine, National
Taiwan University Hospital,
Taipei, Taiwan (M- Chen MD,
Chieh-Chang Chen MD,
Chien-Chuan Chen MD,

Prof J-T Lin MD, Prof M-S Wu MD,
Prof J-M Liou MD); Department
of Internal Medicine, National
Taiwan University College of
Medicine, Taipei, Taiwan

(M-J Chen, Y-J Fang MD,
Chieh-Chang Chen,
Chien-Chuan Chen, T-H Yang MD,
J-Y Lee MD, C-CYu MD,

C-CKuo MD, M-C Chiu MD,
Prof J-T Lin, Prof M-S Wu,

Prof J-M Liou); Integrated
Diagnostics and Therapeutics
(M-J Chen) and Department of
Pathology (Prof C-T Shun MD),
National Taiwan University
Hospital, National Taiwan
University College of Medicine,
Taipei, Taiwan; Division of
Gastroenterology and
Hepatology, Department of
Internal Medicine,

Chia-Yi Christ ian Hospital,
Chiayi City, Taiwan

(P-Y Chen MD, C-K Chou MD,
C-Y Chen MD); Department of
Internal Medicine, National
Taiwan University Hospital,
Yun-Lin Branch, National
Taiwan University College of
Medicine, Yun-Lin, Taiwan
(Y-) Fang, T-HYang, J-Y Lee,
C-CYu, C-CKuo, M-C Chiu);
Division of Gastroenterology

623


http://crossmark.crossref.org/dialog/?doi=10.1016/S2468-1253(23)00097-3&domain=pdf

Articles

and Hepatology, Department
of Internal Medicine, Taitung
Mackay Memorial Hospital,
Taitung, Taiwan (M-) Bair MD);
Mackay Medical College,

New Taipei, Taiwan (M-) Bair);
Department of Internal
Medicine, National Taiwan
University Hospital, Hsin-Chu
Branch, Hsin-Chu, Taiwan
(W-H Hu MD, M-H Tsai MD);
Department of Internal
Medicine, E-DA Hospital and
I-Shou University, Kaohsiung
City, Taiwan (Y-C Hsu MD,
Prof J-T Lin); Department of
Pathology, Good Liver Clinic,
Taipei, Taiwan (Prof C-T Shun);
Healthcare and Services
Centre and Division of
Gastroenterology, Department
of Medicine, Taipei Veterans
General Hospital, Taipei,
Taiwan (Prof )-C Luo MD);
UNSW Microbiome Research
Centre, St George and
Sutherland Clinical Campuses,
School of Clinical Medicine,
Faculty of Medicine and Health,
University of New South Wales,
Sydney, NSW, Australia

(Prof E M El-Omar MD);
Department of Internal
Medicine, National Taiwan
University Cancer Centre,
Taipei, Taiwan (Prof J-M Liou)

Correspondence to:

Prof Jyh-Ming Liou, Department
of Internal Medicine, National
Taiwan University Hospital,
National Taiwan University,
College of Medicine, Taipei 100,
Taiwan
jyhmingliou@gmail.com

624

Copyright © 2023 Elsevier Ltd. All rights reserved.

Introduction

Helicobacter pylori infection is an important causal factor
of gastric cancer and peptic ulcer disease and is associated
with immune thrombocytopenic purpura and functional
dyspepsia.' Eradication of H pylori can reduce the risk of
gastric cancer and the recurrence rate of peptic ulcer
disease, and relieve the symptoms of functional
dyspepsia.** The efficacy of standard triple therapy has
declined to less than 80% in regions with high
clarithromycin resistance.* A meta-analysis showed that
susceptibility testing-guided therapy was superior to
empirical therapy in first-line H pylori eradication (risk
ratio [RR] 1-14, 95% CI 1-08-1-21); however, some trials
have shown that empirical bismuth quadruple therapy or
concomitant therapy achieved similar eradication rates.®
For patients with refractory H pylori infection, the
eradication rate of molecular testing-guided therapy
was 78%, compared with 72% in those receiving
empirical therapy.”* These contradictory results might be
attributable to the differences in the prevalence of
antibiotic resistance, the efficacy of empirical therapy,
and the strategy of selecting the regimens according to
susceptibility  testing. Culture-based antimicrobial
susceptibility testing is the gold standard method for

Research in context

Evidence before this study

The efficacy of empirical therapy for Helicobacter pylori eradication
has reduced with the global increase of antibiotic resistance in

H pylori. Culture-based susceptibility testing-guided therapy was
shown to be superior to empirical therapy in first-line treatment
of H pylori infection. However, culture-based susceptibility testing
is time-consuming and inconvenient, which limits its widespread
application in clinical practice. Point mutations in 23S ribosomal
RNA (23S rRNA) correlate with clarithromycin resistance of

H pylori and point mutations in gyrA correlate with levofloxacin
resistance of H pylori. However, there is a paucity of direct
evidence regarding the efficacy of molecular testing-guided
therapy compared with susceptibility testing-guided therapy.

We searched PubMed for studies that reported molecular testing-
guided therapy in H pylori treatment from database inception to
Oct 1,2022, with the search terms “Helicobacter pylori[ Title/
Abstract])” AND “eradication[Title/Abstract]” AND “genotypic
resistance[ Title/Abstract]” AND “susceptibility testing[ Title/
Abstract]” or “H pylori[ Title/Abstr"ct])"“AND “eradication[ Title/
Abst"act]"“AND “genotypic[ Title/Abst"act]""AND
“susceptibility[ Title/Abstract]”. The article type was limited to
“clinical trial” or “randomised controlled trial”. Searched articles
were not limited to English language publications. Our search
confirmed that the two trials reported herein are the first

two randomised trials to compare the efficacy and safety of
genotypic resistance-guided therapy versus susceptibility testing-
guided therapy for H pylori eradication.

detection of antibiotic resistance of H pylori.® However,
there are several disadvantages of susceptibility testing,
including its time-consuming nature (taking at least
2-3 weeks), variable success rate of culture (75-90%), the
difficulty in discontinuing proton pump inhibitors in
clinical practice, and the requirement of special
conditions for transportation and culture (micro-aerobic).
These disadvantages limit the widespread application of
susceptibility testing-guided therapy for H pylori
infection in clinical practice.® Culture-independent
molecular methods, including PCR or next-generation
sequencing (NGS)," are more convenient because DNA
is stabler and more easily transported than H pylori
strains. A previous study reported that point mutations
at A2143G, A2142G, and A2142C of 23S ribosomal RNA
(23S rRNA) were detected in 69-8%, 11-7%, and 2-6% of
clarithromycin-resistant H pylori strains, respectively."
Point mutations in 23S rRNA were found to be associated
with treatment failure after clarithromycin-based
therapy.** Point mutations at amino acids 87 and 91 of
gyrA were detected in 90% of levofloxacin resistant
H pylori strains and were associated with treatment
failure after levofloxacin-based therapy.” Studies have
shown that mutations in PBP1-3, 16S rRNA, rdxA, and

Added value of this study

In treatment-naive patients, 23S rRNA mutation was detected
in 86 (93%) of 92 clarithromycin-resistant strains and gyrA
mutation was detected in 77 (84%) of 92 levofloxacin-resistant
strains. In patients with refractory H pylori infection, 23S rRNA
mutation was detected in 274 (99%) of 278 clarithromycin-
resistant strains and gyrA mutation was detected in 197 (94%)
of 210 levofloxacin-resistant strains. We showed that the
eradication rates of molecular testing-guided therapy and
susceptibility testing-guided therapy were similar in first-line
treatment (difference -0-7%, 95% Cl -6-4 to 5-0), although
the difference did not reach the prespecified margin of 5%.
Non-inferiority of molecular testing-guided therapy

to susceptibility testing-guided therapy of the prespecified
margin of 10% was shown in third-line treatment

(difference 1-3%, 95% Cl-6-0 to 8-5).

Implications of all the available evidence

Molecular testing-guided therapy was similar to susceptibility
testing-guided therapy in first-line treatment and not inferior
to susceptibility testing-guided therapy in third-line treatment
of H pylori infection. Both strategies achieved high eradication
rates, including in patients with refractory H pylori infection.
Our results support the use of molecular testing-guided therapy
for H pylori infection in clinical practice.
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frxA were associated with resistance to amoxicillin,
tetracycline, and metronidazole, respectively.”*

Whether the efficacy of molecular testing-guided
therapy is non-inferior to that of susceptibility testing-
guided therapy for H pylori eradication remains unclear.
Therefore, we did two multicentre, open-label, randomised
trials to compare the efficacy and safety of molecular
testing-guided therapy and traditional culture-based
susceptibility testing-guided therapy in first-line (trial 1)
and third-line (trial 2) treatment of H pylori infection.

Methods

Study design and participants

Both trial 1 and trial 2 were multicentre, two-arm, parallel
assignment, open-label, randomised controlled trials in
Taiwan. The study proposals were approved by the
institutional review board of each participating hospital.
Written informed consent was obtained from all
participants before recruitment.

In trial 1 (done at seven hospitals), treatment-naive
individuals infected with H pylori who were aged 20 years
or older were eligible for study inclusion. In
trial 2 (done at six hospitals), individuals aged 20 years or
older who failed treatment after two or more eradication
therapies for H pylori infection were eligible for
enrolment. Participants were excluded from trials 1and 2
if they were younger than 20 years, had a history of
gastrectomy or gastric malignancy, including adeno-
carcinoma or lymphoma, had a previous allergic reaction
or contraindication to antibiotics (eg, amoxicillin,
clarithromycin, levofloxacin, and metronidazole) or
bismuth or proton pump inhibitors (esomeprazole),
were pregnant or breastfeeding, or had severe concurrent
diseases, such as end-stage renal failure or decom-
pensated liver cirrhosis. Study participants were
diagnosed with H pylori infection at outpatient clinics of
each study site and recruited into our study.

Randomisation and masking

Eligible patients were randomly assigned (1:1) to receive
either molecular testing-guided therapy or susceptibility
testing-guided therapy. Study participants received
one of clarithromycin sequential therapy, levofloxacin
sequential therapy, or bismuth quadruple therapy based
on molecular testing or traditional susceptibility testing for
resistance to clarithromycin and levofloxacin. The
randomisation sequence was generated by computer
using permuted block randomisation with a block size of 4,
and participant assignment was concealed in an opaque
envelope. All investigators were masked to the
randomisation sequence. After obtaining written informed
consent from eligible patients, the assignment of treatment
regimens was done by contacting an independent research
nurse at the National Taiwan University Hospital. The
independent research nurse was primarily responsible for
keeping the randomisation sequence and handling
administrative and coordination tasks related to the trial.

www.thelancet.com/gastrohep Vol 8 July 2023

Study participants received eradication therapy after the
results of molecular testing or minimum inhibitory
concentration testing were available.

Procedures

We defined H pylori infection as any two positives of
13C-urease breath test (13C-UBT), rapid urease test,
histology, or culture, prior to study recruitment. All
participants were instructed not to take antibiotics for
4 weeks and not to use proton pump inhibitors for
2 weeks before these tests. After treatment, 13C-UBT was
used to detect H pylori at least 6 weeks after eradication
therapy (appendix p 3).

The treatment regimens used in these two trials included
14-day clarithromycin-based sequential therapy containing
esomeprazole 40 mg and amoxicillin 1 g twice daily for
7 days, followed by esomeprazole 40 mg, clarithromycin
500 mg, and metronidazole 500 mg twice per day for
another 7 days; or 14-day levofloxacin-based sequential
therapy containing esomeprazole 40 mg and amoxicillin
1 g twice daily for 7 days, followed by esomeprazole 40 mg,
levofloxacin 250 mg and metronidazole 500 mg twice daily
for another 7 days; or 10-day bismuth quadruple therapy
containing esomeprazole 40 mg twice per day,
metronidazole 500 mg three times per day, bismuth
tripotassium dicitrate 300 mg (KCB FC tablets; Swiss
Pharmaceutical; Tainan City, Taiwan) four times per day,
and tetracycline 500 mg four times per day for 10 days.
A standardised interview to assess adherence was done by
the research nurse at the end of treatment in outpatient
clinics at each study site.

The process of gastric biopsy for molecular and
minimum inhibitory concentration tests is shown in the
appendix (p 3). The clinical practice of molecular testing
in this study is described in the appendix (p 19). The
minimum inhibitory concentration was determined by
agar dilution test, and the breakpoints of clarithromycin
(=1mg/L), levofloxacin (=1 mg/L), amoxicillin (=0-5 mg/L),
metronidazole (=8 mg/L), tetracycline (=0-5 mg/L), and
rifabutin (=0-5 mg/L) were defined. We used the Gentra
DNA purification kit (Qiagen; Hilden, Germany) to extract
H pylori DNA, according to the manufacturer’s
instructions, from gastric biopsy specimens. After DNA
extraction of gastric biopsy specimens, the 23S rRNA
fragment and the gyrA fragment were amplified by PCR,
followed by direct sequencing by an automatic sequencer
(ABI PRISM 3100 Genetic Analyzer; Applied Biosystems;
Waltham, MA, USA). Point mutations in 23S rRNA
(A2142G, A2142C, and A2143G) were defined as 23S rRNA
mutations and, similarly, any point mutation that altered
the amino acids at position 87, 88, 91, and 97 of gyrA genes
was defined as a gyrA mutation. Detailed methods to
detect 23S rRNA and gyrA mutations were described in
our previous studies.”*” In trial 1, we first tested for 23S
rRNA or clarithromycin resistance, followed by gyrA or
levofloxacin resistance to determine the treatment
regimen. By contrast, in trial 2, gryA or levofloxacin

See Online for appendix
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resistance was preferentially used to determine the treat-
ment regimen, followed by 23S rRNA or clartithromycin
resistance. Each study participant, whether in the
molecular testing-guided therapy group or the
susceptibility testing-guided therapy group, underwent
both molecular testing and minimum inhibitory concen-
tration testing. Patients had a total of five visits in the
study. The first visit was for screening and took place
within 1-7 days of enrolment. The second visit involved
endoscopy and mucosal biopsy for susceptibility testing,
with results available within 1-5 weeks through molecular
testing or minimum inhibitory concentration testing. The
third visit comprised giving the prescription for
eradication therapy, which lasted for 10-14 days. The
fourth visit was a post-treatment interview done at the end
of the eradication therapy. Finally, the fifth visit involved a
post-treatment 13C-UBT 6-8 weeks after eradication, with
results available within 1 week.

Outcomes

The primary outcome was the eradication rate by intention-
to-treat analysis. The secondary outcomes were the
eradication rate by per-protocol analysis and the tolerability
and frequency of adverse effects related to H pylori
treatment. The follow-up for other secondary endpoints is
ongoing, including the reinfection rates, long-term
changes in the microbiota, and metabolic factors. Common
adverse reactions and compliance with medication were
assessed at the end of treatment. Sex was collected, and
post-hoc stratified analyses were done to explore potential
sex-based differences in the study outcomes.

Patients were informed about the common adverse
events of the treatment regimens before undergoing
eradication therapy. They were requested to keep a record
of any symptoms they had during treatment. Adverse
events were evaluated by research nurses using a
predefined case report form at the end of treatment.

Statistical analysis
We assumed the eradication rate of molecular testing-
guided therapy and susceptibility testing-guided therapy
to be 98-6% in trial 1 and 88% in trial 2, according to the
per-protocol analysis. In trial 1, we estimated a loss to
follow-up rate of 4-5% and assumed the eradication rates
of both treatments to be 94% in the intention-to-treat
analysis. A sample size of at least 280 participants per
group (560 in total) was needed to detect a 5% non-
inferiority difference at 80% power and a 5% significance
level. In trial 2, we assumed a loss to follow-up rate of
about 3% and assumed the eradication rates of both
treatments to be 85% according to intention-to-treat
analysis. A sample size of at least 160 participants in each
group (320 in total) was needed to detect a 10% non-
inferiority difference at 80% power and a 5% significance
level (appendix pp 3—4).

All randomly assigned patients who took study
medications were included in the intention-to-treat

analysis. According to the study protocols, bismuth
quadruple therapy was given when the minimum
inhibitory concentration test or molecular tests were un-
successful. These patients were all included in the
intention-to-treat analysis without other statistical
interventions. All individuals with protocol violations,
such as those who dropped out of the study, who did not
take at least 80% of their pills, whose treatment regimen
was misclassified, or whose post-treatment H pylori status
was unknown, were excluded from the per-protocol
analysis. Categorical data were compared using the ¥2 test
or Fisher’s exact test, as appropriate. Continuous data were
compared using the student’s t-test and expressed as mean
(SD). P-values were two-tailed, except for non-inferiority,
where the significance levels were defined as p<0-05.

Under a non-inferiority trial design with a margin of 5%
in trial 1 and 10% in trial 2, eradication rates were
assessed by intention-to-treat and per-protocol analyses.
The null hypothesis (HO) of the randomised trials was
that the differences in eradication rates were —5% or less
in trial 1 and —10% or less in trial 2. The non-inferiority
p-value was calculated in a one-sided test and HO was
rejected if p<0-05. We also did a sensitivity analysis using
the predicted efficacy of molecular testing-guided therapy
and susceptibility testing-guided therapy in regions with
different prevalence of clarithromycin and levofloxacin
resistance, with efficacy predicted using the methology
described by Graham.”

Statistical analyses were done using SAS 9.4 for
Windows. The two trials were registered with
ClinicalTrials.gov, with NCT03556254 for trial 1 and
NCT03555526 for trial 2.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.

Results

Between March 28, 2018, and April 23, 2021, 560 eligible
treatment-naive patients with H pylori infection were
recruited and randomly assigned to the molecular testing-
guided therapy group or the susceptibility testing-guided
therapy group in trial 1 (figure 1; appendix p 4). Between
Dec 28, 2017, and Oct 27, 2020, 320 eligible patients with
refractory H pylori infection were recruited and randomly
assigned to the molecular testing-guided therapy group or
the susceptibility testing-guided therapy group in trial 2
(figure 2; appendix p 4). Although the study groups had
different proportions of clarithromycin resistance, there
was no difference in clarithromycin resistance between the
molecular testing-guided therapy group and the
susceptibility testing-guided therapy group in trial 1
(p=0-148) or trial 2 (p=0-792; appendix p 11).

Figure 1: Trial profile for trial 1

www.thelancet.com/gastrohep Vol 8 July 2023
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| 584 eligible Helicobacter pylori-positive patients who were naive to treatment
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332 eligible Helicobacter pylori-positive
patients with at least two treatments

per-protocol analysis

per-protocol analysis

per-protocol analysis

per-protocol analysis

per-protocol analysis

12 excluded
> 5 H pylori positive but not eligible
7 declined to participate
v
| 320 randomly assigned |
| 160 assigned to molecular testing-guided therapy | | 160 assigned to susceptibility testing-guided therapy |
| gyrA genotyping Levofloxacin minimum inhibitory concentration |
39 with wild-type 121 for 23S rRNA 44 susceptible 116 for clarithromycin
gyrAin genotyping minimum inhibitory
levofloxacin 118 mutant concentration
sequential therapy 3 unsuccessful 103 resistant to
intention-to-treat genotyping levofloxacin
analysis 13 unsuccessful
levofloxacin
minimum
inhibitory
concentration
1 levofloxacin-
susceptible
patient was
F»  misclassified  fo-esommmmiiieeee ey
to bismuth
quadruple
therapy group
¢ ¢ v ¢ ¢ v
1 with wild-type 23S 120 with mutant 23S 43 in levofloxacin 1 susceptible patient 116 for bismuth
rRNA for rRNA for bismuth sequential therapy for clarithromycin quadruple therapy
clarithromycin quadruple therapy intention-to-treat sequential therapy intention-to-treat
sequential therapy intention-to-treat analysis intention-to-treat analysis
intention-to-treat analysis analysis 102 resistant to
analysis 117 mutant clarithromycin
3 unsuccessful 13 unsuccessful
genotyping clarithromycin
minimum
inhibitory
concentration
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5 excluded 4 excluded
3lostto 3lostto
> follow-up ! follow-up
2 took <80% 1 misclassified
of pills
v v v A v
39 included in 1included in 115 included in 43 included in lincluded in 112 included in

per-protocol analysis

Figure 2: Trial profile for trial 2

628

The mean age was 50-9 years (SD 12-9) in the
molecular testing-guided therapy group and 53-4 years
(13-6) in the susceptibility testing-guided therapy group

in trial 1. The mean age was 54-1 years (11-4) in the
molecular testing-guided therapy group and 53-4 years
(10-9) in the susceptibility testing-guided therapy group
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in trial 2. 272 men and 288 women were recruited for
trial 1, and 98 men and 222 women were recruited
for trial 2. Demographic data are shown in table 1 and the
appendix (pp 12-13).

In trial 1, the success rate of the molecular test
(551 [98%] of 560 patients) was higher than that of the
antimicrobial susceptibility test (minimum inhibitory
concentration test; 494 [88%] of 560 patients). Among the
66 patients with failed minimum inhibitory concentration
tests, 26 (39%) had no growth of colony in culture,
34 (52%) had culture contamination and six (9%) had
instrument errors. Using minimum inhibitory concen-
tration tests, the prevalence of clarithromycin,
levofloxacin, metronidazole, amoxicillin, tetracycline,
and rifabutin resistance in treatment-naive patients
infected with H pylori is shown in table 1, as is the
prevalence of 23S rRNA and gyrA mutations using
molecular tests for gastric biopsy specimens.

In trial 2, the success rate of molecular tests (312 [98%] of
320 patients) was higher than that of antimicrobial
susceptibility tests (295 [92%)] of 320 patients). Using the
minimum inhibitory concentration tests, the prevalence of
clarithromycin, levofloxacin, metronidazole, amoxicillin,
tetracycline, and rifabutin resistance in patients with
refractory H pylori infection is shown in table 1, as is the
prevalence of 23S rRNA and gyrA mutations using
molecular tests for gastric biopsy samples.

In first-line H pylori treatment in trial 1, infection was
eradicated in 241 (86%, 95% CI 82-90) of 280 patients in
the molecular testing-guided therapy group and 243 (87%,
83-91) of 280 patients in the susceptibility testing-guided
therapy group by intention-to-treat analysis (p=0-81). In
the per-protocol analysis, infection was eradicated in
240 (91%, 87-94) of 265 patients in the molecular testing-
guided therapy group and 240 (92%, 88-95) of 262 patients
in the susceptibility testing-guided therapy group
(p=0-68). In third-line H pylori treatment in trial 2,
infection was eradicated in 141 (88%, 83-93) of 160 patients
in the molecular testing-guided therapy group and
139 (87%, 82-92) of 160 patients in the susceptibility
testing-guided therapy group by intention-to-treat analysis
(p=0-74). In the per-protocol analysis, infection was
eradicated in 140 (90%, 86-95) of 155 patients in the
molecular testing-guided therapy group and 139 (89%,
84-94) of 156 patients in the susceptibility testing-guided
therapy group (p=0-72; table 2; figure 3).

Using the non-inferiority margin of 5% in trial 1, the
difference in the eradication rate between the molecular
testing-guided therapy group and the susceptibility testing-
guided therapy group was —0-7% (95% CI —6-4 to 5-0;
non-inferiority p=0-071) according to the intention-to-treat
analysis and was -1-0% (-5-9 to 3-8; non-inferiority
p=0-059) according to the per-protocol analysis (table 2;
figure 3). Using the prespecified non-inferiority
margin of 10% in trial 2, the difference in the eradication
rate between the molecular testing-guided therapy group
and the susceptibility testing-guided therapy group
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Trial 1 (first-line)

Trial 2 (third-line)

Molecular
testing-guided
therapy (n=280)

Susceptibility

testing-guided
therapy (n=280)

Molecular
testing-guided
therapy (n=160)

Susceptibility
testing-guided
therapy (n=160)

Age, years
Sex

Male

Female
Cigarette smoking

Alcohol drinking

Barrett’s oesophagus
Gastritis
Duodenal ulcer
Duodenal ulcer scar
Gastric ulcer
Gastric ulcer scar
Intestinal metaplasia
Atrophic gastritis
Antimicrobial resistance
Clarithromycin resistance
Levofloxacin resistance
Metronidazole resistance
Amoxicillin resistance
Tetracycline resistance
Rifabutin resistance
23S rRNA mutation (tissue)
gyrA mutation (tissue)
23S rRNA mutation (strain)

gyrA mutation (strain)

50-9 (12:9)

131 (47%)

149 (53%)
35/278 (13%)
69/279 (25%)

Oesophagogastroduodenoscopy finding

1 (<1%)
131 (47%)
66 (24%)
56 (20%)
72 (26%)
8 (3%)
13 (5%)
12 (4%)

39/243 (16%)
51/243 (21%)
54/243 (22%)
7/243 (3%)
13/243 (5%)
0

49/277 (18%)
55/276 (20%)
36/247 (15%)
33/240 (14%)

Data are mean (SD), n (%), or n/N (%).

534 (13-6)

141 (50%)
139 (50%)
(22%)
64 (23%)

1 (<1%)
121 (43%)
57 (20%)
64 (16%)
77 (28%)
10 (4%
18 (6
19 (7%)

)
)

X

53/251 (21%)
45/251 (18%)
64/251 (25%)
4/251 (2%)
15/251 (6%)
1/251 (<1%)
63/276 (23%)
52/275 (19%)
54/253 (21%)
38/251 (15%)

541 (11-4)

48 (30%)
112 (70%)
21/159 (13%)
40/159 (25%)

0
119 (74%)
7 (4%)
20 (13%)
15 (9%)
(1%)
(4%)
(2%)

140/148 (95%)
112/148 (76%)
100/148 (68%)

24/148 (16%)

14/148 (9

0

150 (94%)
118/157 (75%)
139/148 (94%)
107/148 (72%)

%)

53-4(10-9)

50 (31%)

110 (69%)
24/155 (15%)
54/155 (49%)

1
119
15
17
21

1%)
74%)
9%)
11%)
13%)
2%)
4%)

(
(
(
(
(
(
(
(3%)

3
7
4

138/147 (94%)
103/147 (70%)
106/147 (72%)
35/147 (24%)
16/147 (11%)

1/147 (1%)
151/159 (95%)
103/155 (66%)
139/149 (93%)
98/149 (66%)

molecular testing-guided therapy or susceptibility testing-guided therapy

Table 1: Demographic characteristics and prevalence of antimicrobial resistance of participants receiving

was 1-3% (—6-0 to 8-5; non-inferiority p=0-0018) in the
intention-to-treat analysis and 1-2% (-5-5 to 8-0; non-
inferiority p=0-0012) in the per-protocol analysis. In third-
line treatment, the efficacy in the molecular testing-guided
therapy group was not inferior to the efficacy in the
susceptibility testing-guided therapy group (table 2;
figure 3). Meta-analysis of the two trials showed that the
pooled estimates of risk difference between the molecular
testing-guided therapy group and the susceptibility testing-
guided therapy group was —0-03% (—4-4 to 4-5) according
to the intention-to-treat analysis and -0-3% (—4-2 to 3-7)
according to the per-protocol analysis (appendix p 5).

We found no significant differences in the frequency of
adverse effects between the molecular testing-guided
therapy group and the susceptibility testing-guided therapy
group in trial 1 and trial 2 (appendix p 14). The frequency of
any adverse reactions (p=0-0063 in trial 1 and p=0-0042 in
trial 2), dizziness (p=0-049 in trial 1), nausea (p=0-0006
in trial 1 and p=0-0008 in trial 2), and vomiting (p=0-0004
in trial 1 and p=0-031 in trial 2) were more common in
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Trial 1 (first-line)

Trial 2 (third-line)

Molecular Susceptibility p-value* Difference between Molecular Susceptibility p-value*  Difference between
testing-guided ~ testing-guided molecular testing-guided testing-guided  testing-guided molecular testing-guided
therapy (n=280)  therapy (n=280) therapy and susceptibility therapy (n=160) therapy (n=160) therapy and susceptibility
testing-guided therapy testing-guided therapy
Eradication rates
Intention-to-treat analysis 241 (86%) 243 (87%) 0-81 -0-7%, 95% Cl-6-4 to 5-0; 141 (88%) 139 (87%) 0-74 13%, 95% C1-6-0to 8-5;
p=0-071 p=0-0018
Per-protocol analysis 240/265(91%)  240/262(92%) 0-68 -1.0%, 95% CI-5-9t03-8;  140/155(90%)  139/156 (89%) 072 1-2%, 95% Cl-5.5 to 8-0;
p=0-059 p=0-0012
Subgroup analyses
Sex
Female 132/149 (89%)  122/139 (88%) 0-83 0-8%,95% CI-6-6t083;  100/112(89%)  98/110(89%)  0-96 0-2%, 95% C1-8-0t0 8-4;
p=0-065 p=0-010
Male 109/131(83%)  121/141(86%) 055 -2:6%, 95% CI-11-2 t0 6-0; 41/48 (85%) 41/50 (82%) 0-65 3-4%, 95% Cl-11-2to
p=029 18-0; p=0-041
Regimen (intention to treat)
Clarithromycin sequential 196/227 (86%) 174/198 (88%) 0-64 -1.5%, 95% Cl-7-9 t0 4-8; ot ot
therapy p=0-14
Levofloxacin sequential 27/31(87%) 30/35(86%) 1.0 1-4%, 95% Cl-15-2t0 17-9; 37/39 (95%)t 41/43 (95%)T 1.0 -0-5%, 95% C1-9-8 to 8-9;
therapy p=0-23 p=0-055
Bismuth quadruple therapy 18/22 (82%) 39/47 (83%) 10 -12%,95% C1-20-5t018-2;  104/120 (87%)t  98/116 (85%)t  0-63 2:2%, 95% C1-6-8to 11-2;
p=035 p=0-0048
Studly sites (intention to treat)
National Taiwan University 59/64 (92%)F 63/67 (94%)t 074 -1-8%, 95% C1-10-5t0 6:8;  120/137 (88%)  108/126 (86%) 0-65 1:9%, 95% Cl-6-4 to
Hospital p=0-25 10-1; p=0-0030
National Taiwan University 87/91 (96%)+ 75/80 (94%)f 074 1:9%, 95% Cl-4-9 to 8-6;
YunLin branch p=0-031
Chia-Yi Christian Hospital 60/84 (71%)% 69/87 (79%)t 023 -7-9%, 95% C1-20-8 to 5-0;
p=0-67
Other§ 35/41 (85%)+ 36/46 (78%)t 039 7-1%, 95% Cl -9-0 to 23-2; 21/23 (91%) 31/34 (91%) 1.0 0-1%, 95% C1-14-8 to

p=0-076

Memorial Hospital.

Data are n (%) or n/N (%), unless otherwise indicated. *p values for the comparison between categorical data using the x test or Fisher’s exact test, as appropriate, and a two-tailed p<0-05 was defined as
significant. tThere were statistical differences in eradication rates across different regimens in trial 2: p=0-0093 in the molecular testing-guided therapy group and p=0-0071 in the susceptibility testing-guided
therapy group. $There were statistical differences in eradication rates across different study sites in trial 1: p<0-0001 in the molecular testing-guided therapy group and p=0-0035 in the susceptibility testing-
guided therapy group. §Other hospitals in trial 1 included National Taiwan University HsinChu branch, China Medical University Hospital, National Cheng Kung University Hospital, and Taitung Mackay Memorial
Hospital; other hospitals in trial 2 included National Taiwan University YunLin branch, National Taiwan University HsinChu branch, Chia-Yi Christian Hospital, Taipei Veterans General Hospital, and Taitung Mackay

151; p=0-13

Table 2: Comparisons of the eradication rates and adverse effects between the molecular testing-guided therapy and susceptibility testing-guided therapy groups

Intention to treat

_ ANI
MTGT _First line ——
STGT._First line | —— ANI
MTGT_Third line ——
4 le—
STGT_Third line ———
T T T T 1 I T T 1
Per protocol_ ANI
MTGT_First line —
STGT_First line | —— ANI
MTGT Thirdline | - e —
i — |l
STGT_Third line ——
T T T T 1 I T T 1
75 8 8 90 95 100 -10 -5 0 5 10

Difference in eradication
rate compared with STGT (%)

Eradication rate (%)

Non-inferiority
p value
0-071

p=0-0018

Non-inferiority
p value*

0-059

p=0-0012

Figure 3: Eradication rates of each therapy group

Error bars are 95% Cls. ANI=non-inferiority margin. MTGT=molecular testing-guided therapy. STGT=susceptibility

testing-guided therapy.
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patients who received bismuth quadruple therapy than
in those who received darithromycin or levofloxacin
regimens. Additionally, diarrhoea occurred most
frequently in patients who received clarithromycin
sequential therapy (p=0-0073 in trial 1; appendix p 15).
Most study participants took medication regularly and took
at least 80% of pills. Few patients discontinued the study
drugs due to adverse effects (appendix p 14).

We found no significant differences in the eradication
rates between men (p=0-83 in trial 1 and 0-96 in trial 2)
and women (p=0-55 in trial 1 and 0-65 in trial 2). We
found no significant differences in the eradication rate of
clarithromycin sequential therapy between the molecular
testing-guided therapy group and the susceptibility
testing-guided therapy group in the intention-to-treat
analysis (p=0-64) in trial 1 (table 2). Similarly, there were
no significant differences in the eradication rates of
levofloxacin sequential therapy or bismuth quadruple
therapy between the molecular testing-guided therapy
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Trial 1 (first-line) Trial 2 (third-line)
Susceptible  Resistant K coefficient for susceptible vs Susceptible Resistant K coefficient for susceptible vs
resistant; p value resistant; p value
Clarithromycin resistance in 23S rRNA (tissue), minimum inhibitory concentration
Wild-type 382 6 0-86 (95% C1 0-80-0-92); p<0-0001 14 4 0-79 (95% Cl 0-63-0-94); p<0-0001
Mutant 16 86 3 274
Levofloxacin resistance in gyrA (tissue), minimum inhibitory concentration
Wild-type 374 19 0-76 (95% C1 0-69-0-83); p<0-0001 73 13 0-84 (95% Cl 0-77-0-91); p<0-0001
Mutant 18 77 6 197
Table 3: Correlation between susceptibility testing and molecular testing determined from tissue biopsies

group and the susceptibility testing-guided therapy group
in intention-to-treat analyses in trial 1 and trial 2 (table 2).
We observed a lower eradication rate in the molecular
testing-guided therapy group (60 [71%)] of 84 patients) and
the susceptibility testing-guided therapy group (69 [79%]
of 87 patients) at one study site (Chia-Yi Christian
Hospital) compared with the other study sites in trial 1
(table 2). The eradication rates in the molecular testing-
guided therapy and susceptibility testing-guided therapy
groups were higher in the National Taiwan University
Hospital and the National Taiwan University YunLin
branch compared with the other study sites, according to
intention-to-treat analysis (table 2). However, there were
no significant differences in the eradication rate between
the molecular testing-guided therapy group and
susceptibility testing-guided therapy group at different
study sites in both trial 1and trial 2 (table 2). Demographic
characteristics of participants at different study sites and
the eradication rates for intention-to-treat and per-
protocol analyses are shown in the appendix (pp 16-17).
We observed a lower compliance with study drugs and a
higher loss to follow-up at Chia-Yi Christian Hospital
compared with the other study sites (appendix pp 16-17).
The effects of phenotypic resistance on the eradication
efficacy of different treatment regimens against H pylori
are summarised in the appendix (p 18). The distribution of
the minimum inhibitory concentrations for all tested
antibiotics in trial 1 and trial 2 are shown in the
appendix (pp 6-7). 23S rRNA mutation detected using
gastric biopsy specimens were associated with
clarithromycin resistance in trial 1 (k coefficient 0-86,
95% CI0-80-0-92; p<0-0001) and trial 2 (k coefficient 0- 79,
0-63-0-94; p<0-0001; table 3). In trial 1, 23S rRNA
mutation was detected in 86 (93%) of 92 clarithromycin-
resistant strains (table 3), and 97 (95%) of 102 mutations
were detected at base pair 2143 (table 4). In trial 2, 23S rRNA
mutation was detected in 274 (99%) of 278 clarithromycin-
resistant strains (table 3), and 272 (98%) of 277 mutations
were detected at base pair 2143 (table 4). The minimum
inhibitory concentration value at which growth was
inhibited in 50% of isolates (MIC, ) of 23S rRNA mutations
at 2142 and 2143 was 8 and 32, respectively, whereas the
MIC;, for wild-type 23S rRNA was 0-03 in trial 1. The
MIC,, of 23S rRNA mutations at 2142 and 2143 was
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Trial 1 (first-line) Trial 2 (third-line)

N MG, MG, N MG, M,

Clarithromycin for 23S rRNA (biopsy)

Wild-type 388 003 006 18 006 64
Mutant 102 32 64 277 32 64
Base pair 2142 6 8 >64 5 128 128
mutant
Base pair 2143 97 32 64 272 32 64
mutant

Levofloxacin for gyrA (biopsy)

Wild-type 393 05 05 86 05 2

Mutant 95 4 16 203 8 32
Codon 87 mutant 48 8 32 141 8 32
Codon 88 mutant 4 15 2 1 2 2
Codon 91 mutant 47 4 16 77 8 32
Codon 97 mutant 6 05 1 0

MIC,,=minimum inhibitory concentration value at which growth was inhibited in
50% of isolates. MIC,,=minimum inhibitory concentration value at which growth
was inhibited in 90% of isolates.

Table 4: Minimum inhibitory concentration values for clarithromycin
and levofloxacin mutations

128 and 32, respectively, whereas the MIC;, for wild-type
23S rRNA was 0-06 in trial 2 (table 4).

GyrA mutation detected using gastric biopsy specimens
were associated with levofloxacin resistance in trial 1
(k coefficient 0-76, 95% CI 0-69-0-83; p<0-0001) and
trial 2 (k coefficient 0-84, 0-7/-0-91; p<0-0001). In trial 1,
gyrA mutation was detected in 77 (84%) of 92 levofloxacin-
resistant strains (table 3), and 48 (51%) of 95 mutations
were detected at codon 87, four (4%) were detected at
codon 88, 47 (49%) were detected at codon 91, and
six (6%) were detected at codon 97 (table 4). In trial 2, gyrA
mutation was detected in 197 (94%) of 210 levofloxacin-
resistant strains (table 3), and 141 (69%) of 203 mutations
were detected at codon 87, one (<1%) was detected at
codon 88, 77 (38%) were detected at codon 91, and no
mutations were detected at codon 97 (table 4). The MIC;, of
gyrA mutations at codon 87 was 8, at codon 88 was 1-5, at
codon 91 was 4, and at codon 97 was 0-5, whereas the
MIC,, for wild-type gyrA was 0-5 in trial 1. The MIC,, of
gyrA mutations at codon 87 was 8, at codon 88 was 2, and at
codon 91 was 8, whereas the MIC;, for wild-type gyrA was

631



Articles

632

0-5 in trial 2 (table 4). The 2143 base pair mutation is
dominant among 23S rRNA mutations, and point
mutations at codon 87 and codon 91 were dominant
among gyrA mutations.

In a sensitivity analysis using predicted efficacy, we
showed that molecular testing-guided therapy and
susceptibility testing-guided therapy had similar
eradication rates in regions with different prevalence of
clarithromycin and levofloxacin resistance (appendix
pp 8-10). Additionally, previous use of antibiotics for
H pylori eradication by study participants in trial 2 is
shown in the appendix (p 20).

Discussion

To our knowledge, this is the first study to compare
molecular testing-guided therapy with susceptibility
testing-guided therapy in first-line and third-line treatment
of H pylori infection. Point mutations at 23S rRNA and
gyrA were associated with phenotypic clarithromycin and
levofloxacin resistance, respectively. Our results lend
support to the use of culture-free molecular testing-guided
therapy for H pylori eradication.

Traditional culture-based susceptibility testing-guided
therapy has been recommended to guide therapy
for refractory H pylori infection and resistant
Mycobacterium  tuberculosis.”®*™ The challenge of
successful culture of H pylori is that it requires culture
under microaerophilic conditions and specific culture
agars, takes 7-10 days or longer to grow, and requires
staff with specific training to grow and identify strains.
Molecular testing is a promising approach to identify
infectious diseases and to detect antimicrobial resistance.
Molecular testing has several advantages over
susceptibility testing (minimum inhibitory concen-
tration). For example, molecular testing does not require
H pylori culture, is less time consuming, and intragastric
juice or stool specimens can be used to detect genotypic
resistance directly. Genotypic antimicrobial resistance
detected by next-generation sequencing is associated
with phenotypic resistance for M tuberculosis, but the
availability of such novel technology remains low for
tuberculosis in clinical practice.”

The Maastricht consensus report for the management
of H pyloriinfection is followed in Taiwan. Clarithromycin-
based therapy or bismuth quadruple therapy are
recommended in firstline treatment, whereas
levofloxacin-based therapy or bismuth quadruple therapy
are recommended in second-line treatment. If
susceptibility tests are unavailable, bismuth quadruple
therapy would be the empirical first-line treatment of
choice in regions with high clarithromycin resistance.
The complexity of prescription use is a problem for
sequential therapy. Sequential therapy was used in this
study because our previous studies showed excellent
eradication rates (97-99%) in clarithromycin-susceptible
or levofloxacin-susceptible strains."”* Besides, compli-
ance with sequential therapy was high in this study.

Nevertheless, concomitant therapy is the preferred
empirical non-bismuth quadruple therapy when
susceptibility testing is not done.

The prevalence of amoxicillin resistance in patients
with refractory H pylori infection in Taiwan was previously
reported to be around 12-13%,” and our study found a
resistance rate of more than 20%. This finding could be
attributed to previous amoxicillin use, although not all
patients had complete medication histories. In trial 2,
about 93% of patients received clarithromycin-containing
regimens and 70% of patients received levofloxacin-
containing regimens in their previous therapy. Higher
proportions of participants receiving clarithromycin-
containing and levofloxacin-containing regimens are
associated with higher prevalence of clarithromycin and
levofloxacin resistance, highlighting the advantage of
susceptibility or molecular testing, which can assign
these patients to appropriate treatment regimens.

Our trial results can also be generalised to countries
that use bismuth quadruple therapy as a first-line
treatment. Patients can be assigned levofloxacin-based or
clarithromycin-based regimens according to their
resistance to these two antibiotics. Rifabutin-based
therapy can be used for patients with dual resistance to
levofloxacin and clarithromycin. We constructed H pylori
normograms” (in a sensitivity analysis using predicted
efficacy of therapy) to assess the eradication rate of
molecular testing-guided therapy and susceptibility
testing-guided therapy in regions with different
prevalence of levofloxacin and clarithromycin resistance.
We showed similar efficacy of molecular testing-guided
therapy and susceptibility testing-guided therapy in
regions with low-to-moderate resistance of levofloxacin
and clarithromycin in first-line treatment and very high
resistance in third-line treatment. Trial 1 and trial 2
provided direct evidence of the similar efficacies of
molecular testing-guided therapy and susceptibility
testing-guided therapy in populations with varying levels
of antibiotic resistance against H pylori.

Several commercial kits are now available for detection
of clarithromycin (A2146C, 2146G, and A2147G) and
fluoroquinolone (N87K at position 87; D9IN, D91G, D91Y
at position 91 in the gyrA gene) resistance for H pylori.”*
A meta-analysis reported that the pooled sensitivity and
specificity of the A2142G/C and/or A2143G combination in
biopsy specimens for detection of clarithromycin
resistance was 96% and 96%, respectively, and the pooled
sensitivity and specificity of the gyrA gene mutations for
detection of quinolone resistance was 97% and 99%,
respectively, indicating that molecular methods are reliable
for the detection of clarithromycin and fluoroquinolone
resistance by H pylori.*® Point mutations in 23S rRNA and
gyrA were also associated with treatment failure after
clarithromycin-based and levofloxacin-based therapies,
respectively.”*? A2143G and A2142G mutations detected
by next-generation sequencing have been found to be
associated with treatment failure, with mutations detected
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in 14 (88%) of 16 patients with treatment failure versus
only in four (10%) of 42 patients with treatment success.”
The results of this study provide support for the application
of molecular testing-guided therapy for H pylori eradication
in daily clinical practice.

However, eradication rates in our per-protocol analysis
were only around 90% in first-line therapy, even under the
guidance of antibiotic resistance and optimised regimen
use. Heteroresistance of H pylori isolates—which involved
a mixture of susceptible and resistant patterns—could be
an explanation. A meta-analysis showed that the prevalence
of heteroresistance to clarithromycin and metronidazole
in H pylori-positive samples was approximately 7% and
14%, respectively.® Fluorescence in situ hybridisation
showed that nearly half of clarithromycin-resistant H pylori
strains were heteroresistant cases.” Another meta-
analysis showed that the prevalence of heteroresistance of
H pylori to clarithromycin, levofloxacin, metronidazole,
amoxicillin, and tetracycline was 60-1%, 46-1%,
61-1%, 3-8%, and 21-1%, respectively.” Another explan-
ation could be that the accuracy of various diagnostic tests,
including the antimicrobial susceptibility testing, is
not 100%, resulting in misclassification of antibiotic
resistance. We also observed a lower compliance with
study drugs and a higher loss to follow-up at Chia-Yi
Christian Hospital compared with the other study sites,
which might partly explain why the eradication rate in
Chia-Yi Christian Hospital was lower than at other study
sites. Overall, the eradication rates in the molecular testing-
guided therapy group and the susceptibility testing-guided
therapy group were over 90% in third-line treatment,
which is higher than the 78% eradication rate reported in
our previous study of refractory H pylori infection.” The use
of bismuth quadruple therapy in the present study rather
than tetracycline sequential therapy might explain the
higher eradication rate.’

The strengths of this study include the large sample
size, separate trials for treatment-naive (trial 1) and
refractory patients (trial 2), the high success rates of
H pylori culture and susceptibility testing and detection
of genotypic resistance using gastric biopsy specimens,
and the high eradication rate in third-line therapy.
Nevertheless, the study has some limitations. First, first-
line therapy did not achieve the expected high eradication
rate, which could be attributed to the aforementioned
reasons; furthermore, the COVID-19 pandemic led to a
high dropout rate among treatment-naive patients.
Second, the therapy in this trial was not guided by
susceptibility testing for amoxicillin and tetracycline
because of low primary resistance rates. The molecular
resistance mechanisms of amoxicillin, tetracycline, and
metronidazole in relation to H pylori are more complex,
and associations with treatment failure remain
controversial. Third, gastric biopsy specimens were used
for molecular testing in this study. Further studies are
needed to assess whether the use of stool samples can
achieve similarly high accuracy and eradication rates.
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In conclusion, we showed that genotypic resistance
detected by molecular methods was similar to
susceptibility testing-guided therapy in first-line treatment
and non-inferior to susceptibility testing-guided therapy
in third-line treatment of H pylori infection. Both strategies
achieved high eradication rates, including in those with
refractory H pylori infection. Our results support the use
of molecular testing-guided therapy for H pylori infection
in clinical practice. Whether susceptibility testing-guided
therapy is superior to empirical therapy, particularly in
third-line treatment, remains controversial and warrants
further, large scale, randomised trials.
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