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Abstract

Background and aim: This prospective randomized study was designed to assess the efficacy of 10-day and 14-day rifabutin-
based triple therapy as a third- or fourth-line rescue therapy.

Methods: Patients who failed first- and second-line eradication therapy were enrolled. H. pylori was isolated from gastric
biopsy specimens and the rpoB mutation status, a factor of resistance to rifamycins, and minimum inhibitory concentrations
(MICs) of rifabutin and amoxicillin were determined. Enrolled patients were randomly assigned to receive 10-day or 14-day
eradication therapy with esomeprazole (20 mg, & times a day (q.i.d.)), amoxicillin (500 mg, q.i.d.), and rifabutin (300 mg,
once a day (q.d.s.)). Poor compliance was defined as intake of <80% of study drugs. Successful H. pylori eradication was
confirmed using a [13C] urea breath test or a stool antigen test, 12 weeks after the end of therapy.

Results: Twelve patients were assigned to the 10-day group, and 17, to the 14-day group. Intention-to-treat and per-protocol
analyses of eradication rates were 83.3% and 81.8% for the 10-day group and 94.1% and 91.7% for the 14-day group,
respectively. All patients with rpoB mutation-positive strains (n=3) showed successful eradication, irrespective of the
regimen received. Therapy was stopped due to adverse events in 8.3% and 29.3% of patients in the 10-day and 14-day
groups, respectively.

Conclusion: Both the 10-day and 14-day therapies were effective as rescue regimens. In particular, the 14-day therapy
resulted in successful eradication in over 90% of patients, but the 10-day treatment may be enough to obtain a successful
eradication rate, considering the tolerability of therapy.

Keywords
Rifabutin, rpoB, amoxicillin

Received: 15 September 2015; accepted: 28 October 2015

Introduction

Helicobacter pylori infection is associated with peptic
ulcers, gastric mucosa-associated lymphoid tissue lymph-
omas, and gastric cancer. Studies have shown that
H. pylori eradication is effective for the treatment of
these gastrointestinal diseases.' > The first-line regimen
for the treatment of H. pylori infection in Japan is
triple therapy with a proton pump inhibitor (PPI),
amoxicillin, and clarithromycin, whereas the second-
line regimen consists of a PPI, amoxicillin, and metro-
nidazole.** However, 2-3% of patients with H. pylori
strains that are resistant to both first- and second-line

regimens require third-line eradication therapy.®’ In add-
ition, we previously showed that eradication could be
achieved in about 80% of patients with seven-day
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sitafloxacin-based triple therapy as a third-line regimen.®
Nevertheless, H. pylori may persist in some cases even
with these eradication strategies. Rifabutin-based ther-
apy has been reported as a rescue treatment in these
patients.” '® The target of all rifamycins, including rifa-
butin, is DNA-directed RNA polymerase, mostly B sub-
unit encoded by the rpoB gene.'* There are no previous
reports correlating the efficacy of rifabutin-containing
treatment and the status of rpoB mutation.'> !’
Although a meta-analysis showed that the eradication
rate of 10-day therapy including rifabutin was superior
to that of seven-day therapy with second-line treat-
ment,'® the efficacy of a 10-day regimen including rifa-
butin as third- or fourth-line therapy has not been
determined. Accordingly, we assessed the efficacy and
safety of 10-day and 14-day rifabutin-based triple thera-
pies as third-line or fourth-line regimens for H. pylori
eradication and analyzed the correlation between the
status of rpoB mutation and successful eradication.

Materials and methods
Study population

This study was a prospective, randomized, open-label
study conducted at the Keio University Hospital
(Tokyo, Japan). The study was approved by the
research ethics committee of the Keio University
School of Medicine (No. 20130195; 29 July 2013) and

registered with the University Hospital Medical
Information (UMIN) Clinical Trials Registry
(UMINO000011963, http://www.umin.ac.jp/ctr/).

Patients in whom eradication treatment with both
first- (PPI, amoxicillin, and clarithromycin) and
second-line (PPI, amoxicillin, and metronidazole)
triple therapies failed were enrolled after obtaining
written informed consent. Among them were also
included patients who failed eradication even with sita-
floxacin-based third-line treatment.

Study design

H. pylori isolates were obtained from gastric biopsy spe-
cimens before the start of treatment. The minimum
inhibitory concentrations (MICs) of amoxicillin and rifa-
butin against H. pylori isolates and the rpoB mutation
status of the H. pylori strains were determined using
previously described methods.'>"? After stratification
by the MICs of rifabutin (cut-off point, 0.25 pg/ml), ran-
domization was performed by blind drawing of random
cards contained in sealed envelopes. Then, patients were
randomized to either the 10-day group (20 mg esomepra-
zole, 4 times a day (q.i.d.) 500 mg amoxicillin, q.i.d.; and
300mg rifabutin, q.d.s.) or the 14-day group (20mg
esomeprazole, q.i.d.; 500mg amoxicillin, q.i.d.; and
300 mg rifabutin, once a day (q.d.s.)).

Twelve weeks after the end of eradication therapy,
successful eradication was confirmed using a [13C] urea
breath test (UBT) or the H. pylori stool antigen test
(HpSA).?® The cut-off value for a negative UBT was
<2.5%0.%!

Susceptibility of H. pylori to antimicrobial agents

The cut-off points for antimicrobial resistance of
H. pylori were defined as 0.06 pg/ml for amoxicillin
and 0.25 pg/ml for rifabutin, in accordance with previ-
ous reports.®!?

Outcomes

The main outcome measure was the overall eradication
rate with the 10-day or 14-day regimen. The secondary
outcome measures were the frequencies of adverse
events and the eradication rates associated with rpoB
mutation-positive or rpoB mutation-negative H. pylori
strains with the 10-day or 14-day regimen. Associated
factors for eradication success were also assessed.

Treatment compliance and adverse events

Patients were interviewed for adverse events at the end
of treatment. Blood samples were collected before treat-
ment and at the end of treatment. Treatment compli-
ance was assessed by counting all leftover tablets at the
end of the treatment period. Poor compliance was
defined as intake of <80% of study drugs. We set the
discontinuance criteria of administration as the appear-
ance of a wide range of rashes, any ophthalmic symp-
toms, any psychological symptoms, a high fever, or
other serious adverse events.

Statistical analysis

Comparison of the patients’ demographic characteris-
tics, eradication rates, frequency of adverse events, and
correlation between rpoB mutation status and the
MICs of rifabutin were conducted with the Fisher’s
exact test and the Student’s t-test, as appropriate.
Statistical analyses were performed using SPSS 22 for
Windows (SPSS Inc., Chicago, IL, USA). Data are
expressed as the mean + standard deviation.

Sample size and study conduct

According to the previous reports of third-line rifabutin
based therapies,'® the eradication rates were almost
60-80%. Thus, assuming an eradication rate of
60.0% in the 10-day group and 80.0% in the 14-day
group in our study, an a-error of 0.05, and a power of
0.80, we determined that 164 participants (82 patients
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in each group) were needed for this study. We estimated
that the proportion of rpoB mutation-positive strains
would be 0.2-2%. Therefore, over 170 participants
were to be recruited to participate in this study.

Results
Patient characteristics

Although all adverse events were not serious, we have
independently decided to prematurely terminate patient
enrollment given the relatively high percentage of
patients who could not complete the regimen because
of adverse events in the 14-day group (29.4%). Overall,
a total of 42 patients were enrolled in this study
(Figure 1). Of these, 13 were excluded before random-
ization due to a loss to follow-up (n=2), discontinued
treatment before randomization (n=4), or H. pylori
not detectable by culture (n=7). After stratification
according to the MICs of rifabutin, 29 patients
(12 men and 17 women; mean age, 48.0 = 11.1 years)
were randomly assigned to the 10-day group

(12 patients) and 14-day group (17 patients) (intention-
to-treat (ITT) patients). One patient with a rifabutin
resistant strain (MICs > 0.25) was assigned to the 14-day
group. Of the 12 patients in the 10-day group, one was
excluded from the per protocol (PP) analysis due to treat-
ment withdrawal for adverse events. Of the 17 patients in
the 14-day group, five were excluded from the PP analysis
due to treatment withdrawal for adverse events.

No significant differences in demographic character-
istics were observed between the two groups among the
ITT patients (Table 1). RpoB-positive H. pylori strains
were detected in one (7.1%) and two (11.8%) patients
in the 10-day and 14-day groups, respectively. The rpoB
mutation was detected only at positions L525 or V538
(Table 2). One patient in the 14-day group had a
rifabutin-resistant H. pylori strain (Table 2). Two
patients in the 14-day group had been previously
diagnosed with peptic ulcers. A total of nine and 11
patients in the 10-day and 14-day groups, respectively,
who had already received eradication treatment with
sitafloxacin-based third-line regimens were treated as
fourth-line eradication (Table 1).

Failure to

(N=42)

the 1st -and 2nd-line regimen

Excluded by inclusion criteria

(N=13)

Isolation of H. pylori from
gastric biopsy specimen
allocation by MIC of rifabutin

Randomized
(N=29)

10-day group
(N=12)

Esomeprazole 20 mg q.i.d.
Amoxicillin 500 mg q.i.d.
Rifabutin 300 mg q.d.

for 10 days

14-day group
(N=17)

Esomeprazole 20 mg g.i.d.
Amoxicillin 500 mg q.i.d.
Rifabutin 300 mg q.d.

for 14 days

Follow u
L p

|
)

Stop treatment for adverse Stop treatment for adverse
event (N=1) event (N=5)
l Analysis
UBT or HpSA UBT or HpSA
(N=11) (N=12)

Figure 1. Flow diagram of this study.

HpSA: Helicobacter pylori stool antigen test; MIC: minimum inhibitory concentration; UBT, urea breath test.



Mori et al.

383

Table 1. Patients’ demographics.

10-day (n=12) 14-day (n=17) p-value

Mean age, mean = SD, years 50.34+13.9 46.518.8 0.38°
Gender, n (%) 0.25°
Male 3 (25.0) 9 (52.9)

Female 9 (75.0) 8 (47.1)

Smokers, n (%) 1(8.3) 3 (17.6) 0.62°
Alcohol drinkers, n (%) 4 (33.3) 8 (47.1) 0.70°
BMI, mean £ SD, kg/m? 21.6 +2.5 22.7+4.7 0.46°
Fourth eradication, n (%) 9 (75.0) 11 (64.7) 0.55"
Dyspepsia, n (%) 6 (50.0) 9 (52.9) 1.00°
Peptic ulcer, n (%) 0 (0.0) 2 (11.8) 0.50°
H. pylori status

Presence of mutation in rpoB, n (%) 1(7.1) 2 (11.8) 1.00°
Resistance to rifabutin (MIC > 0.25 ug/ml), n (%) 0 (0.0) 1 (5.9) 1.00°
Rifabutin MIC, mean £ SD, pg/ml 0.00 40.01 0.06 £ 0.24 0.35°
Resistance to amoxicillin (MIC > 0.06 pug/ml), n (%) 8 (66.7) 8 (47.1) 0.45°
Amoxicillin MIC, mean £ SD, pug/ml 0.24 4 0.56 0.07 £0.08 0.31°

BMI: body mass index; H. pylori: Helicobacter pylori; MIC: minimum inhibitory concentration; SD: standard deviation.
Alcohol drinkers were defined as people who consumed at least one drink of alcohol per month.

3Student's t-test: °Fisher’s exact test.

Table 2. Outcomes of patients with rpoB mutation-positive
Helicobacter pylori.

MICs of
Eradication  rifabutin ~ Amino acid  Eradication
group (ng/ml) change result
Patient #1  10-day 0.03 Val 538 lle  Success
Patient #2  14-day 1 Leu 525 lle  Success
Patient #3  14-day 0 Val 538 lle  Success

H. pylori: Helicobacter pylori; MIC: minimum inhibitory concentration.

Correlation between rpoB mutation status and
MICs of rifabutin

There was a significant association between rpoB muta-
tion status and the MICs of rifabutin (p <0.01). The
mean MIC of the rpoB-negative strains was 0.00 pg/ml
(95% confidence interval (CI), 0.00-0.01 pg/ml), and
that of the rpoB-positive strains was 0.06 pg/ml (95%
CI, 0.00-0.30 pg/ml). Two V538-mutated strains were
sensitive to rifabutin, whereas the L525 mutated strain
was resistant to rifabutin (Table 2). All strains without
rpoB mutation were sensitive to rifabutin.

Eradication rates

In the ITT analysis, eradication rates of 83.3% (10/12;
95% CI, 58.6-100%) and 94.1% (16/17; 95% CI,

81.7-100%) were noted in the 10-day and 14-day
groups, respectively. In the PP analysis, eradication
rates of 81.8% (9/11; 95% CI, 54.6-100%) and
91.7% (11/12; 95% CI, 73.3—-100%) were noted in the
10-day and 14-day groups, respectively. One patient in
the 10-day group and five patients in the 14-day group,
who had stopped treatment due to adverse events,
finally achieved eradication.

All patients in whom H. pylori could not be eradi-
cated were treated with a fourth-line regimen (Table 3).
The eradication rates in the 10-day and 14-day fourth-
line treatment groups were 77.8% (7/9; 95% CI, 43.9—
100%) and 90.9% (10/11; 95% CI, 70.7-100%). On the
other hand, three patients in the 10-day group and six
patients in the 14-day group achieved complete
eradication after third-line treatment.

Efficacy comparison by baseline antibiotic
sensitivity and rpoB mutation status

Three of all eradication failure strains in our study were
sensitive to rifabutin. On the other hand, all of the rpoB
mutated strains, including a rifabutin-resistant strain,
were successfully eradicated (Table 2).

Of the amoxicillin-resistant strains, 60.0% (6/10)
and 43.8% (7/16) were eradicated in 10-day and 14-
day regimen, respectively. Two eradication failure
strains treated with the 10-day regimen were sensitive
to amoxicillin (Table 3). One eradication failure strain
treated with the 14-day regimen was resistant to
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Table 3. Associated factors for the eradication success in each regimen

Eradicated Not-eradicated p-value
10-day regimen (n=10) (n=2)
H. pylori status
Presence of mutation in rpoB, n (%) 1 (10.0) 0 (0) 1°
Rifabutin MIC, mean £ SD, pg/ml 0.00 +0.01 0.00 £ 0.00 0.68°
Amoxicillin MIC, mean £ SD, ug/ml 0.29 +0.61 0.00 £ 0.00 0.53°
Mean age, mean = SD, years 51.10 & 14.46 46.00 & 14.14 0.66"
Gender, n (%) 1°
Male 3 (30.0) 0 (0)
Female 7 (70.0) 2 (100)
Smokers, n (%) 2 (20.0) 1 (50.0) 0.45°
Alcohol drinkers, n (%) 4 (40.0) 0 (0) 0.51°
BMI, mean + SD, kg/m’ 22.25+£2.52 20.96 £ 0.00 0.50°
Fourth eradication, n (%) 7 (70) 2 (100) 1°
Dyspepsia, n (%) 5 (50.0) 1 (50.0) 17
Peptic ulcer, n (%) 0 (0) 0 (0) 1°
14-day regimen (n=16) (n=1)
H. pylori status
Presence of mutation in rpoB, n (%) 2 (12.5) 0 (0) 1°
Rifabutin MIC, mean £ SD, pg/ml 0.06 +0.25 0.00 =+ 0.00 0.89°
Amoxicillin MIC, mean =+ SD, pg/ml 0.07 +0.08 0.06 = 0.00 0.81°
Mean age, mean = SD, years 45.69 + 8.44 59 £ 0.00 0.15°
Gender, n (%) 1°
Male 8 (50.0) 1 (100)
Female 8 (50.0) 0 (0)
Smokers, n (%) 1 (6.3) 0 (0) 1°
Alcohol drinkers, n (%) 8 (50.0) 0 (0) 1°
BMI, mean + SD, kg/m? 23.20+4.76 24.54 4 0.00 0.79°
Fourth eradication, n (%) 10 (62.5) 1 (100) 1°
Dyspepsia, n (%) 9 (56.3) 0 (0) 0.47%
Peptic ulcer, n (%) 2 (12.5) 0 (0) 17

BMI: body mass index; H. pylori: Helicobacter pylori; MIC: minimum inhibitory concentration; SD: standard deviation.
Alcohol drinkers were defined as people who consumed at least one drink of alcohol per month.

@Fisher’s exact test; bStudent’s t-test.

amoxicillin (MIC=0.06). There were no significant
relationships between successful eradication and
MICs of amoxicillin in both groups (Table 3).

Safety assessment

The ratios of adverse events were 75.0% in the 10-day
group and 94.1% in the 14-day group (p=0.28)
(Table 4). Diarrhea was more frequent in the 14-day
group than the 10-day group (29.4% vs 0%,
p=0.06). Although one patient in both groups devel-
oped leukopenia (1800/mm’ and 2400/mm?’), these
patients recovered after one week of treatment. One
and five patients withdrew from treatment due to
adverse events in the 10-day and 14-day groups,

respectively. After treatment was discontinued, the
patients recovered from their symptoms. Other
reported adverse events were mild and tolerable.

Discussion

The present study, to our knowledge, is the first report
analyzing the correlations among rpoB mutation status,
the MICs of rifabutin, and successful H. pylori eradi-
cation with 10-day or 14-day rifabutin-based regimens.
Interestingly, all patients with rpoB mutated strains,
including a rifabutin-resistant strain treated with the
14-day regimen, showed eradication (Table 2). Two of
the V538 mutated strains were sensitive to rifabutin.
These data are compatible with our previous reports
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Table &. Comparison of adverse events

10-day 14-day
(n=12) (n=17) p-value®
Adverse event
Total, n (%) 9 (75.0) 16 (94.1) 0.28
Stop treatment, n (%) 1(8.3) 5 (29.4) 0.35
Fever, n (%) 2 (16.6) 6 (35.3) 0.41
Diarrhea, n (%) 0 5 (29.4) 0.06
Headache, n (%) 3 (25.0) 3 (17.7) 0.67
Liver dysfunction, n (%) 2 (16.6) 3 (17.7) 1
Soft stool, n (%) 2 (16.6) 2 (11.8) 1
Urine discoloration, n (%) 1(8.3) 3 (17.7) 0.62
Rash, n (%) 1(8.3) 2(11.8) 1
Leukopenia, n (%) 1 (8.3) 1 (5.9) 1
Stomatitis, n (%) 1(8.3) 0 0.41
Dysgeusia, n (%) 1 (8.3) 0 0.41
Vertigo, n (%) 0 1 (5.9) 1
Fatigue, n (%) 0 1 (5.9) 1
Photophobia, n (%) 0 1 (5.9) 1

Fisher’s exact test.

that only strains with a V5381 mutation showed low
MIC:s for rifabutin, whereas all other types of mutation
induce resistance to rifabutin.'® Thus, it is likely that
the 10-day and 14-day rifabutin-based regimens are
effective for rifabutin-sensitive strains even in the pres-
ence of the V538 mutation. Wang et al. reported that
the L5251 point mutation induced strong resistance to
rifampicin.*® In our study, the strain harboring the
L5251 mutation showed resistance to rifabutin. The
fact that the rifabutin-resistant strain was eradicated
with a 14-day regimen as a fourth-line therapy sug-
gested that there are two possibilities for successful
eradication: first, the high dose of PPI may enforce
the activity of amoxicillin and rifabutin, and second,
rifabutin and amoxicillin may exhibit a synergistic
effect on antimicrobial activity. Lim et al. performed
a randomized study in which two groups of patients
were treated with seven-day regimens with amoxicillin,
rifabutin, and either 60mg or 120mg lansoprazole.
Eradication rates of the 120mg lansoprazole group
were significantly higher (96.3%) than those of the
60 mg lansoprazole group (78.1%).?® This study sug-
gested that high doses of PPI might enforce the activity
of amoxicillin and/or rifabutin. Fiorini et al. also
pointed out that a high dose of PPI might increase
the intra-gastric concentration of rifabutin by decreas-
ing gastric volume.** Goh et al. reported that the eradi-
cation rate of high-dose rabeprazole-amoxicillin dual
therapy (amoxicillin 3000 mg, rabeprazole 60 mg for
two weeks) was 71.4% as rescue therapy.” Attumi
et al. performed the eradication rate of high-dose

dexlansoprazole and amoxicillin dual therapy (amoxi-
cillin 2000 mg, dexlansoprazole 240 mg for two weeks)
was 53.8%.2° The eradication rates of our 10 day and
14 day rifabutin, amoxicillin and PPI regimens were
clearly superior to previous high-dose PPI-amoxicillin,
thus it is probable that rifabutin contributes an additive
effect or synergistic effect in our rifabutin, amoxicillin
and PPI regimens. However, a synergistic effect
between amoxicillin and rifabutin is not well known.
Further study is expected to verify the effectiveness of
a combination of amoxicillin and rifabutin for the
eradication of H. pylori.

In this study, 10-day and 14-day regimens resulted in
successful H. pylori eradication in over 80% and 90%
of cases, respectively, which is a higher level than that
achieved in previous reports of rifabutin-based third-
line or fourth-line therapies. Gisbert and Calvet
showed by meta-analysis that the mean H. pylori eradi-
cation rates of rifabutin-based third-line and fourth-
line line therapies were 66% (95% CI, 55-77%) and
70% (95% CI, 60-79%), respectively.'® It is reasonable
to suppose that the high H. pylori eradication rates
observed in our study result from a more appropriate
dosage and duration of rifabutin, amoxicillin, and PPI
(esomeprazole) treatment. With respect to rifabutin
dosage, Perri et al. performed a randomized study in
which two groups of patients were treated with 10-day
regimens with pantoprazole, amoxicillin, and either
150 mg or 300 mg rifabutin.?” The H. pylori eradication
rates in the 300 mg rifabutin group were significantly
higher (86.6%) than those in the 150mg rifabutin
group (66.6%). Regarding PPI dosage, rifabutin thera-
pies with high dose PPI achieved more effective
responses than normal PPI dosing, as described
above. Instead, a meta-analysis evaluating the duration
of treatment showed that 10-day rifabutin-based
treatments were superior to seven-day rifabutin-based
treatments.'® In this study, the eradication rate of both
the 10-day and the 14-day group was over 80% in the
ITT patients. Eradication was achieved in all patients
who discontinued treatment (mean dosing period of
patients who discontinued treatment =8.4 days; 95%
CI, 6.1-10.7 days). Considering these results, the 10-
day treatment would be sufficient to obtain a successful
eradication rate.

In this study, all patients in whom eradication failed
were treated with fourth-line treatment, as in a previous
study.®® All strains in patients with treatment fail-
ure were rifabutin-sensitive and two eradication failure
strains treated with the 10-day regimen were sensitive to
amoxicillin, thus other factors may have decreased rifa-
butin efficacy, given the high number of failed previous
therapies.

Six patients stopped treatment due to adverse events
in this study (one patient in the 10-day group, five
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patients in the 14-day group). The major reasons for
stopping treatment were fever (one patient in the
10-day group, three patients in the 14-day group) and
diarrhea (three patients in the 14-day group). Diarrhea
is a common adverse event as for most eradication
therapies.'>® In this study, diarrhea was more frequent
in the 14-day group than in the 10-day treatment group
(29.4% vs 0%, p=0.059). On the other hand, fever is
not as common an adverse event as for other non-rifa-
butin based eradication therapies.'® In this study, fever
occurred in two patients in the 10-day group (16.6%)
and in six patients in the 14-day group (35.3%).
Totally, two patients (6.9%) developed leukopenia
(one patient in the 10-day group, one patient in the
14-day group). In some cases, myelotoxicity was
reported in H. pylori treatment with rifabutin including
therapies, and its rate was 1.5-3.0%.'®

Our results must be interpreted within a limitation of
the study. The sample size of this study was not large.
Since a higher proportion of patients at fourth eradica-
tion regimen existed in the 10-day group in respect to the
14-day group (75% vs 65%), the overall successful
eradication rate of the 14-day group might be overesti-
mated. Furthermore, the number of rpoB-mutated
strains and high rifabutin MIC strains was smaller.
The relationship between successful eradication and
rpoB mutation or rifabutin MIC could not be sufficiently
determined. However, we decided that it was better to
prematurely terminate this study due to the high per-
centage of patients in the 14-day group who could not
complete the regimen because of adverse events.

In conclusion, both the 10-day and 14-day therapies
were effective as rescue regimens. In particular, the
14-day therapy resulted in successful eradication in
over 90% of patients and overcame even a rifabutin-
resistant strain. On the other hand, it is possible that a
10-day treatment is enough to obtain a successful eradi-
cation rate, considering the tolerability of therapy.
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