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Abstract

Background: Bismuth quadruple (BQ) therapy is known to have poor patient

compliance and a complex dosing method, and no appropriate third‐line regimen

exists if second‐line BQ therapy fails. In Korea, some alternative regimens have

shown unsatisfactory eradication rates. Therefore, we investigated the success rates

of the second‐line moxifloxacin–rifabutin triple (MRT) regimen and compared it with

BQ regimen in subgroup analysis of peptic ulcer patients.

Materials and Methods: This study was a retrospective study of 71 patients who

underwent a second‐line MRT for Helicobacter pylori after failing to clarithromycin

triple regimen. To compare the eradication rate in gastric ulcer patients, 51 patients

in the MRT group and 132 patients in BQ group were included. After age and sex

propensity matching, 45 patients were included in each group (the alpha value and

power were set at 0.05% and 77%, respectively).

Results: The eradication rate in the MRT group was 69.0% (49/71) in the intention‐

to‐treat (ITT) analysis and 77.8% (49/63) in the per‐protocol (PP) analysis. These

were significantly lower than the eradication rate in the BQ group (82.5%, p = 0.019

in the ITT analysis; 89.3%, p = 0.022 in the PP analysis). In subgroup analysis of

peptic ulcer patients, the success rate of BQ group was significantly higher than that

of MRT group in both ITT and PP populations (81.8% (108/132) vs. 60.8% (31/51) in

the ITT populations, p = 0.004; and 90.0% (108/120) vs. 72.1% (31/43) in the PP

populations, p = 0.010). Among the 14 patients with MRT therapy failure, 10 were

eradicated with BQ as the third‐line regimen. The eradication rate of the third‐line

BQ after the second‐line MRT failure was 90.0% (9/10).

Conclusion: Second‐line MRT therapy was not as effective as BQ therapy, so it

should be considered for limited use only when BQ is not available.
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1 | INTRODUCTION

As clarithromycin resistance in Helicobacter pylori infections is

increasing worldwide, the need for an appropriate second‐line

regimen is increasing.1 The recommended regimen after clarithro-

mycin triple therapy failure differs with regions. In areas with low

metronidazole resistance, such as Japan, metronidazole triple therapy

is the recommended second‐line regimen.2 European Maastricht V

Consensus recommends bismuth quadruple (BQ) or fluoroquinolone

triple/quadruple regimen as a second‐line.3 Korean guidelines still

allow clarithromycin triple therapy as a first‐line therapy.1,4–6

To date, BQ therapy is the best option in terms of eradication

rates. However, the BQ regimen is rather complicated, and patients

show poor compliance. In addition, the third‐line regimens after the

second‐line BQ regimen failure are not effective enough in Korea. In

particular, quinolone–amoxicillin triple therapy has shown unsatisfactory

success rates.7,8 This may be because of the high resistance to

fluoroquinolone9,10 and exposure to amoxicillin during the first‐line

therapy. Despite the unsatisfactory eradication rate of rifabutin triple

therapy, the resistance rate of rifabutin in Korea has been reported to

be very low (less than 3%10). The possible cause of this may be due to

the repeated use of amoxicillin in rifabutin triple regimen.

Apart from metronidazole and tetracycline as antibiotics for

third‐line BQ therapy, the available antibiotic options for second‐line

therapy are limited. Moxifloxacin and rifabutin are the available

antibiotics; however, the effect of moxifloxacin–rifabutin triple (MRT)

regimen have been rarely reported. In a German study, the only

randomized clinical trial for MRT regimen, it was reported that the

eradication rate of MRT was 77.7% in intention‐to‐treat (ITT) and

83.3% in the per‐protocol (PP) analyses as the second to fourth‐line

eradication.

Therefore, the purpose of this study is to investigate the success

rates of the second‐line moxifloxacin–rifabutin triple regimen in

comparison with bismuth quadruple regimen after the failure of the

first‐line clarithromycin therapy in patients with peptic ulcers in

Korea.

2 | PATIENTS AND METHODS

2.1 | Patients

In this retrospective study, 665 patients who had failed the first‐line

clarithromycin therapy and underwent the second‐line therapy for

H. pylori eradication were consecutively included at the Gyeongsang

National University Hospital between January 2013 and Decem-

ber 2019.

Of the 665 patients, 71 were treated with MRT and 252 were

treated with BQ. The remaining 342 patients, who were treated with

regimens other than the two intended regimens, were excluded

(Figure 1). Among the qualified 323 patients, 51 from the MRT group

and 132 from the BQ group were included for subgroup analysis of

peptic ulcer patients. Finally, 45 patients in each group were analyzed

after propensity matching according to age and sex.

This study was conducted in accordance with the Declaration of

Helsinki guidelines, and the study protocol was reviewed and

approved by the Institutional Review Board of the Gyeongsang

National University Hospital (approval no. 2020‐03‐037).

2.2 | Diagnosis for H. pylori infection

Initially, rapid urease tests and endoscopic biopsies with/without

Giemsa staining were conducted to identify H. pylori infection. One or

more follow‐up tests (endoscopic biopsies with/without Giemsa

staining, rapid urease tests, and urea breath tests) were conducted to

evaluate eradication success.

2.3 | Regimens

MRT therapy comprised 400mg/24 h moxifloxacin, 300mg/24 h

rifabutin, and 40mg/12 h pantoprazole for 7 days. BQ therapy

comprised 300mg/6 h bismuth, 500mg/6 h tetracycline, 500mg/8 h

metronidazole, and full dose of proton pump inhibitors (PPIs) b.i.d. for

14 days.

2.4 | Propensity score matching and sample size
estimation

To compare the eradication rate of the MRT regimen with the BQ

regimen, the MRT group and the BQ group were 1:1 matched with

propensity scores for age and sex using the Matchit package in R

program (R version 4.0.3). We calculated that the sample size in each

treatment group should be 49 at an alpha of 0.05 and a power of 0.80

in a one‐side test when the eradiation rate of the BQ regimen is set to

an ideal 90% and MRT regimen differs by more than 20% from

BQ regimen.

2.5 | Statistical analysis

For two‐group comparisons, the Fisher's exact test (for small

frequencies) was used to determine categorical variables, while

Mann–Whitney test was used for continuous variables. Statistical

significance was set at p < 0.05. All statistical analyses were

performed using SPSS 21.0 (SPSS Inc.).
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3 | RESULTS

3.1 | Demographic clinical characteristics

In total 323 patients, the mean age of MRT group was significantly

higher by 3.7 years than that of the BQ group (Table 1). There was

also a significant difference in the distribution of the main reasons for

H. pylori eradication therapy. However, peptic ulcer was the most

common reason in both groups. The other variables, including sex, did

not significantly differ between the two groups.

After the propensity score matching, there were no variables

with a significant difference between both groups (Table 2).

3.2 | Predictive factors for the successful
eradication with second‐line regimen

In univariate logistic regression analysis, the regimen used for

second‐line eradication was the only factor influencing a successful

eradication (p = 0.019). Other factors, including age and peptic ulcer

history, did not affect the success of eradication (Table 3).

3.3 | The second‐line eradication rates of MRT and
BQ therapy

In total of 323 patients, the eradication rate of the MRT group was

significantly lower than that of the BQ group, with a difference of

about 13.5% in the ITT population and 11.5% in the PP population

(p = 0.019 in the ITT; p = 0.022 in the PP; Figure 2A).

In a subgroup analysis of 183 peptic ulcer patients, there was a

significantly higher difference between the both groups. Compared

with the BQ group, the MRT group showed a lower eradication rate

by 21% in the ITT population and 17.2% in the PP population

(p = 0.004 in the ITT; p = 0.010 in the PP; Figure 2B).

In the 90 propensity score‐matched patients with peptic ulcer,

the eradication rate of the MRT group was lower than that of the BQ

group by 15.6% in the ITT analysis and 11.5% in the PP analysis.

F IGURE 1 Flowchart for the enrollment. BQ, bismuth quadruple therapy; MALT, mucosa‐associated lymphoid tissue;
MRT, moxifloxacin–rifabutin triple therapy
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However, they were not statistically significant (p = 0.167 in the ITT;

p = 0.286 in the PP; Figure 2C).

3.4 | The third‐line eradication rates after failures
of the second‐line MRT therapy

Of the 14 patients who showed unsuccessful eradication with MRT

regimen, 10 were treated with BQ therapy as the third‐line regimen.

Nine of 10 patients showed successful eradication of H. pylori. Of the

71 patients who underwent the second MRT regimen, 12 were not

followed up, 49 were eradicated by the second‐line MRT regimen,

and 9 were eradicated by the third‐line BQ regimen. Only one patient

was not eradicated despite the second‐line MRT and third‐line

BQ regimen.

4 | DISCUSSION

The purpose of this study was to compare the success rates of the

second‐line eradication between the MRT group and BQ group in

peptic ulcer patients following failure of the first‐line clarithromycin

regimen, and it was found that the second‐line MRT therapy was not

as effective as BQ therapy.

Few studies have focused on MRT therapy for H. pylori infection,

and no study has been conducted in Asia. In a 2008 German study,11

1 week of once‐daily moxifloxacin–rifabutin therapy resulted in

success rates of 77.7% in ITT and 83.3% in the PP analyses, which

were a higher success rate than 69.0% in ITT and 77.8% in the PP

analyses in our study. This may be related to the high proportion of

elderly and males in subjects of this study. This study also showed

different success rates depending on the main reason for eradication

in the MRT group (Table S1); however, it is unclear what causes this

difference in success rates. The number of patients with disorders

other than peptic ulcers in this study is small; thus, research with a

large number of patients is required to evaluate the different

eradication rates.

In this study, the success rate of the second‐line MRT with peptic

ulcers was not satisfactory (60.8% in ITT analysis; 72.1% in PP

analysis). It is presumed that the low eradication rates were

attributed to the high resistance rate to moxifloxacin demographi-

cally. In a Korean study based on the susceptibility test through

culture of Helicobacter pylori, the resistance rates to moxifloxacin

were reported to be 39.2%.9 In previous studies in Korea,7,8 the

success rates of the moxifloxacin–amoxicillin triple regimen were low

(approximately 73.8%–73.9% in PP analysis), which is similar to the

success rate in our study. Prior studies showed that the success rate

of eradication may be increased by extending the period of

TABLE 1 Demographic clinical characteristics of total 323
patients receiving moxifloxacin–rifabutin triple (MRT) and bismuth
quadruple (BQ) therapies.

Variable
MRT
group (n = 71)

BQ
group (n = 252) p‐value

Age, years 61.7 ± 12.6 58.0 ± 12.1 0.019

Sex, male 43 (60.6%) 151 (59.9%) 1.000

Familial history of

gastric cancer

2/47 (4.3%) 11/144 (7.6%) 0.526

Smoking history 19/60 (31.7%) 44/184 (23.9%) 0.239

Alcohol consumption
history

28/59 (47.5%) 69/179 (38.5%) 0.285

Main reason for

eradiation

0.040

Peptic ulcer 51 (71.8%) 132 (52.4%)

Gastritis 8 (11.3%) 50 (19.8%)

Gastric cancer 7 (9.9%) 43 (17.1%)

Gastric adenoma 3 (4.2%) 18 (7.1%)

MALT lymphoma 2 (2.8%) 5 (2.0%)

Hyperplastic polyp 0 (0.0%) 4 (1.6%)

Abbreviations: BQ, bismuth quadruple therapy; MALT, mucosa‐associated
lymphoid tissue; MRT, moxifloxacin–rifabutin triple therapy.

TABLE 2 Clinical characteristics of the 90 propensity
score‐matched patients with peptic ulcer

Variable
MRT
group (n = 45)

BQ
group (n = 45) p‐value

Age, years 60.8 ± 11.0 60.8 ± 11.8 0.846

Sex, male 28 (62.2%) 35 (75.6%) 0.255

Familial history of
gastric cancer

0/28 (0.0%) 1/20 (5.0%) 0.417

Smoking history 14/38 (36.8%) 10/29 (34.5%) 1.000

Alcohol consumption
history

25/39 (64.1%) 12/27 (44.4%) 0.136

Abbreviations: BQ, bismuth quadruple therapy; MRT,

moxifloxacin–rifabutin triple therapy.

TABLE 3 Predictive factors for the success of eradication in
patients who underwent second‐line regimen for Helicobacter pylori
in univariate logistic regression analyses

Variable
Univariate
Odds ratio (95% CI) p‐value

Age (years) 1.00 (0.97–1.03) 0.952

Sex (male) 1.09 (0.55–2.17) 0.812

Familial history of gastric cancer 0.41 (0.12–1.43) 0.160

Smoking history 0.68 (0.30–1.55) 0.362

Alcohol consumption history 1.31 (0.61–2.80) 0.491

Peptic ulcer history 0.74 (0.37–1.47) 0.385

MRT regimen (vs. BQ) 0.42 (0.20–0.87) 0.019

Abbreviations: BQ, bismuth quadruple regimen; CI, confidence interval;
MRT, moxifloxacin–rifabutin triple regimen.
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moxifloxacin7 and rifabutin12 therapy from 7 to 14 days or by using

high‐dose PPIs.13

The present study showed that the success rates of the third‐line

BQ regimen after failure of the second‐line MRT regimen was 90%

(9/10), which is similar to the success rates of the second‐line BQ

regimen. Though the number of patients who underwent with third‐

line BQ after second‐line MRT therapy was as small as 10, this may

imply that second‐line MRT therapy did not affect the success rates

of third‐line BQ therapy. This is theoretically possible because there

are no overlapping antibiotics between the MRT and BQ regimen.

There are certain limitations to this study. First, because it was

a single retrospective study, the number of patients was insufficient

to conduct adequate randomization for efficacy comparison.

The number of patients included in the sub‐analysis was 45 in each

group, and the power of this analysis was 0.77, which was lower than

the appropriate 0.80 when an alpha of 0.05 was applied in a one‐

sided test. Second, this was a retrospective study, so the side effects

were not sufficiently investigated. In addition, no patient underwent

a H. pylori culture test to identify the susceptibility of antibiotics. And

the 7‐day regimen in this study was shorter than the recently

recommended 10‐ or 14‐day eradication. A clinical trial in which

these limitations are adjusted is needed in the future. These

limitations may be corrected through additional clinical trials.

In conclusion, the efficacy of the second‐line MRT regimen was

not as effective as BQ regimen, so it should be considered for limited

use only in patients for whom the BQ regimen is not available.

F IGURE 2 Comparison of secondary‐line eradication rates between the MRT and BQ groups in ITT and PP populations. (A) total
323 patients; (B) subgroup analysis of 183 patients with peptic ulcer; (C) the 90 propensity score‐matched patients with peptic ulcer.
BQ, bismuth quadruple regimen; ITT, intent‐to‐treat; MRT, moxifloxacin‐rifabutin triple regimen; PP, per protocol
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