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Abstract

Background: The eradication rate of Helicobacter pylori infection with empirical therapy has
decreased due to increased drug resistance. The latest guidelines recommend genotypic
resistance-guided therapy, but its clinical efficacy remains unclear.

Objectives: The purpose of our study was to evaluate whether tailored therapy based on
genotypic resistance is superior to empirical therapy for H. pylori infection.

Design: A systematic review and meta-analysis of randomized controlled trials (RCTs])
comparing tailored therapy based on genotypic resistance with empirical therapy was
performed.

Sources and methods: We retrieved relevant studies from PubMed, Embase, and the
Cochrane Library. The primary outcome was H. pylori eradication rate and the adverse events
(AEs) was the secondary outcome. A random-effect model was applied to compare pooled risk
ratios (RRs) with related 95% confidence intervals (Cls).

Results: A total of 12 qualified RCTs containing 3940 patients were identified in our systematic
review and meta-analysis. The pooled eradication rates of tailored therapy based on the
detection of genotypic resistance were consistently higher than those in the empirical
treatment group, with no statistical significance. In triple therapy, the eradication rate was
significantly higher in the tailored group than in the empirical group by intention-to-treat
analysis (ITT) and per-protocol analysis (PP) analysis (p <0.0001, RR: 1.20; 95% CI: 1.12-1.29;
p<0.0001, RR: 1.20; 95% ClI: 1.15-1.25). In quadruple therapy, the eradication rate was higher
in the empirical group (p=0.001, RR: 0.93; 95% Cl: 0.89-0.97; p=0.009, RR: 0.95; 95% ClI:
0.92-0.99]). And this result was true for both bismuth quadruple therapy (BQT) and non-BQT.
Regarding total AEs, the pooled rate was 34% in the tailored group and 37% in the empirical

group, and no difference between the two groups was found (p=0.17, RR: 0.88; 95% CI: 0.74- Correspondence to:
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Background

Helicobacter pylori is a major pathogenic factor of
gastritis, peptic ulcer, and gastric adenocarci-
noma.»2 Compared to other infectious diseases,
the eradication success rate for H. pylori remains
poor. Common reasons for treatment failure
include antibiotic resistance, rapid drug metabo-
lism, poor compliance, and insufficient treatment
duration.>* A previous systematic review and
meta-analysis assessing the distribution of H.
pylori resistance to commonly used antibiotics
found that primary resistance rates to clarithro-
mycin and levofloxacin were more than 15% in
most regions.’ The eradication rate of empirical
therapy has declined dramatically due to increas-
ing antibiotic resistance. In areas with high rates
of clarithromycin resistance, bismuth quadruple
therapy (BQT) has been recommended as a first-
line empiric treatment.® High-dose dual therapy
(HDDT) also offers an effective regimen with less
use of antibiotics for H. pylori infection.!:” Both
regimens are recommended to be used for pri-
mary and secondary eradication of H. pylori in
China.”

However, there are still some patients who fail to
eradicate H. pylori twice or more and are consid-
ered refractory H. pylori infections. With the
increase in antibiotic resistance, individualized
treatment has attracted great attention in recent
years. As stated in the Maastricht VI/Florence
Consensus Report, it is reasonable to recommend
that susceptibility tests are routinely performed in
terms of antibiotic stewardship, even before pre-
scribing first-line treatment.! And if available,
clarithromycin susceptibility testing should be
performed before prescribing any clarithromycin-
containing therapy to ensure satisfactory eradica-
tion rates.! Tailored treatments based on
culture-based susceptibility testing have been
confirmed to have guiding value for H. pylor:
eradication.®° However, due to the time-consum-
ing and labor-intensive of the culture technique,
its clinical application is limited. Recently, tai-
lored therapy based on molecular detection of
antibiotic resistance seems to provide a promising
approach with its superior characteristics of easy
operation and fast detection. The most widely
used technique is polymerase chain reaction
(PCR), which enables detecting point mutations
associated with antibiotic resistance, such as
A2142G and A2143G point mutations in 23S
ribosomal RNA (rRNA) that are related to

clarithromycin resistance, with high efficiency
and accuracy.10:11

However, the concordance of antibiotic suscepti-
bility testing based on genotype and phenotype
remains uncertain. Although it is generally
believed that the detection of antibiotic resistance
by molecular method and E-test method is highly
consistent, some samples have been reported to
be phenotypically resistant but genotypically sen-
sitive, suggesting that some rare mutations associ-
ated with phenotypic resistance may be missed by
molecular method.’? A recent study demon-
strated that the molecular testing-guided therapy
was comparable to susceptibility testing-guided
therapy in first-line treatment and non-inferior to
susceptibility testing-guided therapy in third-line
treatment, supporting the use of molecular test-
ing-guided therapy for H. pylori eradication.!? But
the evidence for the use of genotypic resistance-
guided therapy in eradicating H. pylori infection
compared to conventional treatment regimens
remains to be evaluated. Hence, this systematic
review and meta-analysis was conducted to deter-
mine whether tailored therapy based on genotypic
detection of antibiotic resistance was superior to
empirical therapy for H. pylori eradication, to
evaluate the clinical value of molecular detection
of genotypic resistance.

Materials and methods

This systematic review and meta-analysis was
registered in PROSPERO (registration no.:
CRD42023408688) and conducted in accord-
ance with the DPreferred Reporting Items
for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (Supplemental Table S1).

Search strategy

We mainly conducted a systematic literature
search through the following databases: (1)
PubMed, (2) the Cochrane Library, and (3)
Embase. Potentially relevant RCTs, published up
to February 2023, were retrieved by the following
mesh terms: ‘Helicobacter pylori or H. pylor’ and
‘tailored or susceptibility or personalized or resist-
ance or mutation or individualized’. English was
the only language searched in all databases. The
detailed search strategies and results are shown in
Supplemental Table S2. In addition, references
retrieved from relevant meta-analyses, articles,
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and reviews were also manually screened to fur-
ther incorporate eligible studies.

Selection criteria

All studies enrolled in our systematic review and
meta-analysis were screened on the basis of fol-
lowing PICOS principles: (1) P (population):
adult patients infected with H. pylors; (2) I and C
(intervention and comparison): articles compar-
ing tailored therapy based on genotypic resistance
detection with empiric treatment recommended
by the current consensus or guidelines, and hav-
ing specific explanation of the drugs used in both
regimens; (3) O (outcomes): end points included
the eradication rate at least; and (4) S (study):
randomized controlled trials (RCTs) published in
English.

Studies were excluded based on the following cri-
teria: case reports, meta-analyses, reviews, sum-
mary only, and literature with incomplete data,
tailored treatment based on minimum inhibitory
concentration detection of H. pylori culture.

Data extraction

The data from the included studies were indepen-
dently extracted by two members using a form
specially designed for this meta-analysis: year of
publication, first author, nation, total numbers of
patients, baseline characteristics of patients (age
and previous experience in H. pylori eradication),
drug regimen, origin of specimen, methods to
confirm H. pylori infection and eradication,
molecular methods and results for the detection
of antibiotic resistance, the eradication rate
(intention-to-treat analysis, ITT; per-protocol
analysis, PP), and adverse events (AEs). The
third reviewer checked all collected data for any
discrepancies or errors.

Quality assessment

The quality of all eligible RCTs was assessed by
the guidelines of the Cochrane Handbook for sys-
tematic reviews, and the main evaluation indica-
tors were as follows: random sequence generation,
allocation concealment, blinding of patients and
personnel, incomplete outcome data, selective
reporting, and other bias.!* We considered stud-
ies with a score of 3 or more to be of high quality.
The authors assessed the quality of each study

separately and reached a consensus on the 12
studies included.

Statistical analysis

In this systematic review and meta-analysis, the
following two data management software pack-
ages were used for statistical analysis: STATA
14.0 (Stata Corp) and Review Manager 5.3 (The
Nordic Cochrane Centre). The risk ratios (RRs)
and the corresponding 95% confidence intervals
(CIs) were used for the eradication rates and
adverse reactions. Quantitative analyses were per-
formed on ITT and PP basis. Heterogeneity in
the combined results was assessed by the I? statis-
tic and 2 test. To reduce the potential bias due to
heterogeneity, a random-effect model was used.
Obvious heterogeneity was indicated when
$<0.10, and I?>50% in the %2 test. Moreover,
we also explored the publication bias through the
funnel plot and Egger er al.’s test.!5 Statistical sig-
nificance was defined as p<0.05.

Results

Search results and quality assessment

As shown in Figure 1, 1049 records were identi-
fied through careful literature screening. A total
of 12 qualified RCTs containing 3940 patients
(tailored group, 1780 patients; empirical group,
2160 patients) were finally included in our meta-
analysis.!®27 One of the studies included two eli-
gible control groups that were compared to the
tailored group. We combined the data into one
control group for analysis.?> Only one study con-
taining patients with refractory H. pylor: infection
(failure after two or more eradication therapies).
In all, 11 studies were conducted in Asia and one
in Europe. The main characteristics of the
enrolled studies are listed in Table 1. Furthermore,
all of the studies were of high quality and scored
3-5 points (Supplemental Table S3 and Figure
S1).

Eradication rates

The pooled H. pylori eradication rates, obtained
from ITT and PP analyses, were compiled and
presented in Table 1. The pooled eradication
rates of tailored therapy were consistently higher
than those in the empirical treatment group,
although the difference did not reach statistical
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Figure 1. Flow chart of studies included in the systematic review and meta-analysis.

significance [p=0.07, RR: 1.07; 95% CI: 0.99—
1.15, Figure 2(a); p=0.15, RR: 1.06; 95% CI:
0.98-1.16, Figure 2(b)]. In the ITT analysis, the
overall eradication rates of tailored therapy and
empirical treatment were 82% and 76%, respec-
tively. In the PP analysis, the eradication rates
were 87% for tailored therapy and 81% for empir-
ical treatment. But high cure rates (>90%) were
not achievable in both the tailored group and the
empirical group. Meanwhile, the level of hetero-
geneity between the enrolled studies in both anal-
yses was substantial ITT: p<0.00001, I2=84%;
PP: p<0.00001, 2=85%).

Advert events

Of all the studies included, nine reported total
AEs in both therapeutic regimens (heterogeneity:
p»=0.02, ?’=56%). Overall, the pooled rate was
34% in the tailored group and 37% in the empiri-
cal group. No significantly increased risk between
the two groups was observed (p=0.17, RR: 0.88;
95% CI: 0.74-1.06, Figure 3). The symptoms

reported were mild, with a bitter taste, nausea, or
vomiting and diarrhea being the most common.

Subgroup analysis

The enrolled studies in our meta-analysis were
heterogeneous and varied in design. To verify the
accordance of the results, subgroup analyses were
conducted through the following categories of
variables: country, duration of therapy, empirical
regimen (triple versus quadruple), treatment lines,
the types of antibiotics tested, and origin of speci-
men. Moreover, we performed subgroup analyses
of BQT and non-BQT. The results are shown in
Table 2.

As shown in Table 2, the tailored therapy had a
superior eradication efficacy over empirical treat-
ment in Japan with both ITT and PP analysis,
while a higher eradication rate was only shown in
PP analysis in China. In Korea, there was no sig-
nificant difference. In triple therapy, the eradica-
tion rate was significantly higher in a tailored group
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Testfor overall effect Z=1.44 (P=0.15)

Favours Empirical group Favours Tailored group

Figure 2. Forest plots of the pooled H. pylori eradication rates with PP (a) and ITT (b) analysis for the comparison of tailored therapy

versus empirical therapy.
ITT, intention-to-treat; PP, per-protocol.

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup __ Events _ Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% CI
Cha 2021 10 147 16 161  4.7% 0.68 [0.32, 1.46] —
Cho 2021 44 130 39 133 131% 1.15[0.81,1.85] i
Choi 2021 23 10 43 101 112% 0.47[0.31,0.71) —
Delchier 2020 55 230 64 239 149% 0.89[0.65,1.22] -
Kawai 2008 2 35 4 35 12% 0.50[0.10, 2.56] =
Kim 2020 1 33 6 33 07% 0.17[0.02,1.31]
Kim 2022 31 133 25 134 96% 1.25[0.78, 2.00] -
Liou 2018 103 202 102 202 205% 1.01[0.83,1.22] =
Ong 2019 143 201 156 196 24.1% 0.890.80,1.00] -
Total (95% Cl) 1212 1234 100.0% 0.88[0.74, 1.06] 4
Total events 412 461
Heterogeneity: Tau?= 0.03; Chi*= 18.38, df= 8 (P = 0.02); = 56% 2 Ez 011 110

Testfor overall effect: Z=1.36 (P=0.17)

50

Favours Tailored group Favours Empirical group

Figure 3. Forest plot of the adverse events comparing tailored treatment with empirical treatment.

than in an empirical group by I'TT and PP analy-
ses. Conversely, in quadruple therapy, the eradica-
tion rate was higher in the empirical group
(»=0.001, RR: 0.93; 95% CI: 0.89-0.97;
»=0.009, RR: 0.95; 95% CI: 0.92-0.99). The
pooled eradication rates of tailored therapy and

empirical quadruple therapy were 79% and 85% in
the I'TT analysis. And in the PP analysis, the eradi-
cation rates were 86% for tailored therapy and 90%
for empirical quadruple treatment. This result was
true for both BQT and non-BQT (Table 2).
The detailed characteristics of the included studies
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of genotypic resistance-guided therapy and empiri-
cal quadruple therapy are shown in Table 3. Under
the guidance of genotypic resistance testing, all the
studies used a triple regimen for sensitive strains in
the tailored group, and the duration of treatment
was 7days in some studies.!6-18:2427 Regarding
treatment duration, the tailored group had signifi-
cantly increased eradication rates compared with
the empirical group in a 7-day regimen (p=0.02,
RR: 1.11; 95% CI: 1.02-1.22; p=0.04, RR: 1.12;
95% CI: 1.01-1.24). But the pooled results in the
14-day regimen between the two groups showed
no significant difference (p=0.54, RR: 0.97; 95%
CI: 0.87-1.07; p=0.45, RR: 0.97; 95% CI: 0.91-
1.04). Concerning genotypic resistance of antibi-
otic tested, the tailored group proved superior to
empiric treatment by I'TT and PP analysis for both
clarithromycin and levofloxacin tested subgroups
(RR: 1.125 95% CI: 1.05-1.20, Table 2). When
antibiotics were selected through clarithromycin
resistance only, we found no statistically significant
difference between the two groups. In addition, 10
RCTs compared tailored therapy with empirical
treatment as first-line treatment, which showed no
significant difference between them. We also per-
formed a subgroup analysis according to the origin
of the specimen, only two studies used specimens
other than gastric biopsy. One was gastric juice,
and another was stool. No significant results were
found in the subgroup of gastric biopsy studies.

Sensitivity analysis

We found significant heterogeneity when we ini-
tially analyzed the pooled H. pylori eradication
rates and total AEs. Thus, to assess the sensitivity
and stability of the final results, apart from using
a random-effects model, we also analyzed the
influence of each study on the overall results. The
analysis results demonstrated that the pooled
eradication rate and total AEs were stable
(Supplemental Figures S2 and S3).

Publication bias

Upon examination, there was no evidence of pub-
lication bias regarding the pooled eradication rate
(ITT and PP) or AEs (Supplemental Figure S4).

Discussion

H. pylori is a human-specific pathogen, which is a
cause of peptic ulcers and gastritis, as well as a
main cause of gastric carcinogenesis.?® With the

increase in antibiotic resistance, rational and effi-
cient first-line treatment should be adopted to
eradicate H. pylori, to avoid secondary resistance
as far as possible.?? The Maastricht VI/Florence
Consensus Report recommended the clinical
application of susceptibility-guided therapy based
on culture with susceptibility tests or molecular
detection of genotype resistance.!

Currently, some studies have compared the effi-
cacy, safety, or cost-effectiveness of tailored ther-
apy with empirical therapy in the eradication of
H. pylori, but the conclusions are inconsistent. A
meta-analysis conducted by Lopez-Gongora
et al. (2015) revealed that sensitivity-guided tri-
ple therapy was more effective than standard tri-
ple therapy in the first-line treatment of H. pylor:
infection. However, there was a lack of evidence
to compare tailored therapy with currently rec-
ommended quadruple therapy and the sensitivity
testing method involved in their studies was cul-
ture.3? Another study reported that the suscepti-
bility-guided therapy may be slightly better than
empirical first-line triple therapy but was not
superior to empirical first-line quadruple therapy
or empirical rescue therapy.3! A third study that
included both RCTs and non-RCTs demon-
strated that tailored therapy was more effective in
both the empirical triple and quadruple therapy
subgroups and the conclusion was consistent in
both culture and molecular detection sub-
groups.3? For the above-tailored therapy, the
methods used to test antimicrobial susceptibility
included molecular detection or culture.
Compared with the traditional culture method,
genotype resistance detection through PCR has
the advantages of time-saving and acceptable
accuracy. It can use fresh or formalin-fixed gas-
tric biopsies, gastric fluid, or stool samples and
could rapidly provide data on multiple antibiot-
ics.33:3¢ Nevertheless, few studies have specifi-
cally conducted detailed analysis of eradication
regimens on the basis of molecular methods.
Thus, we performed this review and meta-analy-
sis. The pooled eradication rates based on both
PP and ITT analyses revealed that the tailored
group exhibited a tendency toward superiority
over the empirical treatment group, despite the
lack of statistical significance. Moreover, our
study demonstrates that genotypic resistance-
guided therapy has an advantage only in empiri-
cal triple therapy but is not superior to empirical
quadruple therapy.
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In our analysis, most included studies used
standard triple therapy as the empirical triple
treatment in areas with clarithromycin resistance
rate greater than 15%,19-23 which was not recom-
mended by current H. pylori management guide-
lines.1:% As determined by molecular methods, if
no clarithromycin-resistant mutation was pre-
sent, use clarithromycin; otherwise, switched to
another antibiotic. Thus, it is reasonable to find
that sensitivity-guided therapy is superior to
empirical triple therapy. And under the guidance
of genotypic resistance detection, irrational use
of antibiotics that are ineffective for H. pylori
eradication and may induce resistance in gut bac-
teria can be avoided.

Five studies compared quadruple therapy with
tailored therapy.16-18:2427 TUnexpectedly, the
pooled eradication rate showed that empirical
quadruple therapy was even superior to the tai-
lored group. The outcomes in the sensitivity-
guided group did not show a significant
advantage over the empirical BQT group, espe-
cially in the 14-day treatment group.!%!7 This
was not consistent with the conclusions of some
existing studies, such as the systematic review
and meta-analysis from Ouyang et al.,?> which
showed that susceptibility-guided therapy was
superior to empirical BQT as a first-line treat-
ment for H. pylori infection. The majority of
studies included in that meta-analysis utilized
culture-based methods for drug sensitivity test-
ing, with only one RCT employing molecular
detection methods. Therefore, further research
is needed to validate this conclusion and assess
the potential application value of genotype test-
ing. BQT includes proton-pump inhibitors
(PPIs), bismuth, and another two susceptible
antibiotics, while non-BQT includes a PPI plus
another three antibiotics.3® They have been
shown to achieve high efficacy in both suscepti-
ble and resistant H. pylori strains.!-37 But a three-
antibiotic regimen may increase the risk of
antibiotic resistance and make subsequent treat-
ment difficult. In some clinical studies, although
there was no advantage in the eradication rate
under the guidance of genotypic resistance, the
number of antibiotics or the duration of treat-
ment was reduced compared with the empirical
group.!0-18:2427 Thus, the tailored approach for
H. pylori infection plays a crucial role in avoiding
unnecessary antibiotic use and reducing the
potential side effects associated with antibiotic
overuse. Indeed, these findings should be

interpreted with caution, and there is a need for
additional large-scale and high-quality RCTs to
provide more robust evidence for guiding clini-
cal decision-making. In addition, only one study
we included compared the genotype resistance-
guided sequential therapy with empirical therapy
in refractory populations with the eradication
rate of 78% (tailored group) and 72% (empirical
group), respectively.?® It is worth mentioning
that the empirical group was treated with medi-
cation history-guided therapy, which is strongly
approved by the latest guidelines.” This sug-
gests that obtaining as much detailed medication
history as possible of previous eradication treat-
ments could be of great clinical benefit.

For the treatment duration subgroup, the tai-
lored group had significantly increased eradica-
tion rates compared with the empirical group in
the 7-day regimen, while results in the 14-day
regimen showed no significant difference. This
was consistent with some previously published
studies.?8:31 Similarly, for first-line treatment,
extended triple therapy with 14 days has been
testified to be superior to 7 or 10 days of the same
regimen.?® This suggested that prolonging the
duration of treatment may be one of the crucial
factors in achieving a better cure rate. In addi-
tion, it was also confirmed that the effect of pro-
longing the duration to 14 days in sensitive strains
was not significant.3®* However, there was limited
data available to demonstrate whether tailored
therapy can achieve efficacy comparable to that
of the empirical group while reducing the dura-
tion of treatment. The uncertainty of drug regi-
mens and the course of treatment weakened the
concept of tailored therapy to some extent and
limited its clinical application. In the future,
more refined clinical trials will be needed to
address this issue and demonstrate the advan-
tages of individualized treatment guided by
resistance gene testing.

Moreover, PPIs with different metabolic sensitiv-
ity to CYP2C19 polymorphism may also affect
the eradication rate of H. pylori.*® In our meta-
analysis, three studies detected this gene and PPI
was selected for patients according to CYP2C19
in two of them.20:21,26 Further analysis was not
performed due to insufficient data. Regarding the
AEs in our study, no significant decreased risk
was found in the tailored group. And the data
indicated that both strategies were relatively safe
in clinical practice.
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This review and meta-analysis is novel in the fol-
lowing two aspects: First, it was the first meta-
analysis evaluating genotypic resistance-guided
therapy for eradicating H. pylori infection and
providing new insights into the application of
molecular detection techniques to address antibi-
otic resistance. Second, we introduced a novel
topic comparing the efficacy of personalized ther-
apy with the currently widely recommended
empirical BQT. This provided a new perspective
for conducting high-quality clinical trials in the
future. Several potential limitations should be
noted in interpreting the results. First, the num-
ber of studies on quadruple therapy and rescue
therapy was relatively limited, so the results were
not extrapolated. Second, the baseline demo-
graphic data, study design, and evaluation criteria
of each eligible study were different, which might
increase the heterogeneity. We had taken this into
account and used an appropriate random-effect
model. Third, most of the included studies were
conducted in Asia with high antibiotic resistance
rates, which may limit the applicability of these
findings in the European region. Fourth, the lack
of economic benefit analysis of various treatments
increased the difficulty of clinical feasibility.

Conclusion

In conclusion, tailored therapy based on molec-
ular methods may offer better efficacy than
empirical triple therapy, but may not be superior
to empirical quadruple therapy in eradicating
H. pylori infection. Larger and more individu-
alized RCTs are needed to aid clinical
decision-making.
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