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Abstract

AIM: To compare triple therapy vs quadruple therapy
for 10 d as first-line treatment of Helicobacter pylori (H.
pylor?) infection.

METHODS: Consecutive H. pylori positive patients
never treated in the past for this infection were ran-
domly treated with triple therapy of pantoprazole (PAN)
20 mg bid, amoxicillin (AMO) 1 g bid and moxifloxacin
(MOX) 400 mg bid for 10 d (PAM) or with quadruple
therapy of PAN 20 mg bid, AMO 1 g bid, MOX 400 mg
bid and bismuth subcitrate 240 mg bid for 10 d (PAMB).
All patients were found positive at 13 C-Urea breath
test (UBT) performed within ten days prior to the start
of the study. A successful outcome was confirmed with
an UBT performed 8 wk after the end of treatment. 4
analysis was used for statistical comparison. Per proto-
col (PP) and intention-to-treat (ITT) values were also
calculated.
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RESULTS: Fifty-seven patients were enrolled in the
PAM group and 50 in the PAMB group. One patient
in each group did not return for further assessment.
Eradication was higher in the PAMB group (negative:
46 and positive: 3) vs the PAM group (negative: 44 and
positive: 12). The H. pylori eradication rate was statisti-
cally significantly higher in the PAMB group vs the PAM
group, both with the PP and ITT analyses (PP: PAMB
93.8%, PAM 78.5%, P < 0.02; ITT: PAMB 92%, PAM
77.1 %, P <0.03).

CONCLUSION: The addition of bismuth subcitrate can
be considered a valuable adjuvant to triple therapy in
those areas where H. pylori shows a high resistance to
fluoroquinolones.

© 2012 Baishideng. All rights reserved.

Key words: Helicobacter pylori infection; First-line the-
rapy; Quadruple therapy; Amoxicillin; Moxifloxacin; Bis-
muth subcitrate

Peer reviewers: David ] McGee, PhD, Associate Professor,
Department of Microbiology and Immunology, Louisiana State
University Health Sciences Center-Shreveport, 1501 Kings
Highway, Shreveport, LA 71130, United States; Dr. Tamara Vo-
robjova, MD, PhD, Scimed Senior Researcher in Immunology,
Department of Immunology, Institute of General and Molecular
Pathology, University of Tartu, Ravila 19, 51014 Tartu, Estonia

Ciccaglione AF, Cellini L, Grossi L, Marzio L. Quadruple thera-
py with moxifloxacin and bismuth for first-line treatment of Heli-
cobacter pylori. World J Gastroenterol 2012; 18(32): 4386-4390
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i32/4386.htm DOI: http://dx.doi.org/10.3748/wjg.v18.
132.4386

INTRODUCTION
Helicobacter pylori (H. pylori) has an important role in the
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development of chronic gastritis and peptic ulcer disease
and has been linked to the pathogenesis of gastric lym-
phoma and gastric cancer'"™, hence it is recommended
that this infection be cured whenever it is diagnosed.
H. pylori is susceptible to several antibiotics including
clarithromycin, amoxicillin (AMO), metronidazole, tini-
dazole, tetracycline, rifabutin and fluoroquinolones [levo-
floxacin and moxifloxacin (MOX)]H’S], and is inherently
resistant to many other antibiotics such as bacitracin, van-
comycin, trimethoprim, polymyxins and nalidixic acid™’.
This bacterial infection, however, has proven challenging
to cure. There are several reasons for the loss of eradica-
tion efficacy, and antibiotic resistance is the key factor for
treatment failure™. Resistance rates vary in different geo-
graphic areas and therefore the selection of therapeutic
regimes needs adjustments according to local resistance
pattern™’. The prevalence of antibiotic resistance in
various regions is correlated with general use of antibiot-
ics in the region[“’m.

Classical triple therapies with proton pump inhibi-
tors (PPI) clarithromycin and AMO or metronidazole
are the mainstay of current treatment, but resistance to
clarithromycin has been reducing its effectiveness in re-
cent years, with an eradication rate below 80% of treated
cases' Y. In geographic areas with high clarithromycin
resistance, bismuth-containing quadruple therapy is su-
perior to standard triple therapy. The original quadruple
therapy based on omeprazole, bismuth subcitrate, met-
ronidazole and tetracycline achieves higher eradication
rates compared with the standard triple therapy" ™', In a
recent randomized, open-label, phase 3 trial, a quadruple
regimen with a capsule containing bismuth citrate potas-
sium, metronidazole, and tetracycline given with omepra-
zole was found more efficacious than a clarithromycin-
based triple therapy in patients never treated in the past
for the infection"”

MOX-based triple therapy has been suggested as an
alternative first-line therapy for H. pylori infection in geo-
graphical areas with clarithromycin resistance exceeding
30% of strains. Eradication rates of up to 92% in the
MOX-based triple regimens compared to 79% in the clar-
ithromycin-based regimens were demonstrated"?, Primary
resistance of H. pylori strains collected from patients who
have never been treated in the past for H. pylori infection
to fluoroquinolones has been reported to be lower than
that of clarithromycin in several geographic areas”. Re-
sistance to fluoroquinolones, however, rapidly develops
in areas where these antibiotics are widely used. In our
region in fact, the resistance rate of H. pylori to MOX
has increased in the last two years from 12% in 2009 to
25% in 2011, while resistance to clarithromycin is stable,
ranging from 40% to 59% (unpublished results). Similar
results have been registered in other areas of the world.
A recent study from Korea reports a steady increase of
MOX resistance from 5.6% in 2004 up to 28.2% in 2008
with the need to optimize dosage and duration of treat-
ment”’, Treatment with MOX-based triple therapy for
10 d should be preferred over a 7-d course, and there is
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evidence that a dose of 800 mg/d is supetior to the 400
mg standard dose?.

The aim of the study was to compare MOX con-
taining triple therapy »s MOX and bismuth-containing
quadruple therapy for first-line treatment of H. pylori

infection.

MATERIALS AND METHODS

Eligibility criteria

Patients were enrolled among those with a positive PC
urea breath test (UBT) performed with citric acid and 75
mg of PC urea performed within ten days prior to the
start of the study. Exclusion criteria included: age <18
years or > 80 years; any previous treatment for H. pylori
infection, treatment with PPI (omeprazole, lansoprazole,
pantoprazole (PAN), rabeprazole, esomeprazole), Ho-
blockers (ranitidine, nizatidine, cimetidine, famotidine,
roxatidine), and/or antibiotics duting the 4 wk before the
study; gastrointestinal malignancy, severe concomitant
diseases, previous gastric surgery. Further exclusion crite-
ria were a prolongation of the QT interval, defined as the
interval between the beginning of the QRS complex and
the end of the T wave. QT interval was computed using
an electrocardiogram (ECG) performed in all patients
within 10 d prior to the beginning of the study.

Study protocol

Consecutive H. pylori positive patients never treated in
their past for the infection were randomly treated with a
triple therapy with PAN, AMO, MOX (PAM) or with a
quadruple therapy with PAN, AMO, MOX and bismuth
subcitrate (PAMB) for 10 d.

While PAN, AMO and MOX were administered be-
fore breakfast and supper, bismuth salts were adminis-
tered 3 h after the administration of PAN, AMO, MOX,
since it may bind in some patients with MOX and pre-
vent its full absorptionml.

Dosages and time of administration of the studied
drugs are summarized in Table 1. Patients were informed
that bismuth renders the stools a black dark colout. Suc-
cessful outcome was confirmed with an UBT performed
8 wk after the end of treatment with a Delta Over Base-
line value equal or less than 5.

Determination of sample size

Sample size was predetermined taking the following pa-
rameters into consideration: o = 0.05; f = 0.20; lost to
follow-up = 5%; expected eradication rate in the PAM
group = 72%; expected eradication rate in the PAMB
group = 95% (23% increase). With these parameters, the
required sample size was equal to 90 patients per group.

Statistical analysis

Statistical evaluation was carried out using the ;(2 analysis.
A P-value of 0.05 or less was considered statistically sig-
nificant. Per protocol (PP), in which only data from adher-
ent subjects are analyzed, and intention-to-treat (ITT), in
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Triple therapy regimen (PAM)

Quadruple therapy regimen (PAMB)

Pantoprazole 20 mg bid (8.00 am-8.00 pm)
Amoxicillin 1 g bid (8.00 am-8.00 pm)
Moxifloxacin 400 mg bid (8.00 am-8.00 pm)

Number of patients: 57
Female/male: 30/27

Pantoprazole 20 mg bid (8.00 am-8.00 pm)
Amoxicillin 1 g bid (8.00 am-8.00 pm)
Moxifloxacin 400 mg bid (8.00 am-8.00 pm)
Bismuth subcitrate 240 mg bid (11.00 am-11.00 pm)
Number of patients: 50

Female/male: 28/22

Age: mean 49 yr, range 23-75 yr
Follow-up loss: 1

UBT negative: 44

UBT positive: 12

Per protocol: 44/56 (78.5%)
Intention to treat: 44/57 (77.1%)

Follow-up loss: 1
UBT negative: 46
UBT positive: 3

Age: mean 50 yr, range 20-72 yr

Per protocol: 46/49 (93.8%)"
Intention to treat: 46/50 (92%)"

*P < 0.05 vs pantoprazole, amoxicillin and moxifloxacin (PAM). PAMB: Pantoprazole, amoxicillin, moxifloxa-

cin and bismuth subcitrate; UBT: Urea breath test.

which all subjects are followed regardless of adherence,
evaluations were calculated.

RESULTS

Patient characteristics are summarized in Table 1. Fifty-
seven patients were enrolled in the PAM group and 50
in the PAMB group. One patient in each group did not
return for further assessment (Table 1). Results of UBT
performed 8 wk after the end of treatment are shown in
Table 1.

The eradication rate was the following for PP and ITT
analysis: PAM group PP: 44/56 (78.5%), PAMB group
PP: 46/49 (93.8%); PAM group ITT: 44/57 (77.1%),
PAMB group ITT: 46/50 (92%). H. pylori eradication rate
was statistically significantly higher in the PAMB group
vs the PAM group, both with the PP (P < 0.02) or ITT
analysis (P < 0.03) (Table 1).

Adverse effects
Both treatments were well tolerated with no reported side
effects.

DISCUSSION

Triple therapy based on a PPI combined with clarithro-
mycin and AMO and/or metronidazole has been the es-
tablished first-line therapy for H. pylori infection over the
past years around the world®?. However, the efficacy of
standard triple therapy needs to be reconsidered in areas
with a high prevalence of clarithromicyn or metronida-
zole resistant H. pylori strains. The geographical preva-
lence of antibiotic resistance should influence the choice
of a first-line regimen for the treatment of infection by
H. pylori. Alternatively, new regimens with high eradica-
tion rates should be identified. Quadruple therapies have
been used as second-line therapy, and have also been
proven effective as first-line treatment in areas with a high
prevalence of clarithromicyn-resistant H. pylori strains.
Quadruple therapy containing bismuth has been used in
the first-line therapy of H. pylori infection with variable
results. Ching ef al™, from North Wales, United King-
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dom, randomized patients to bismuth quadruple therapy
or clarithromycin triple therapy. A total of 91% of pa-
tients receiving bismuth quadruple therapy and 92% of
patients receiving clarithromycin triple therapy achieved
successful H. pylori eradication. Calvet ¢t al*" performed
a study in which patients were randomized to receive bis-
muth quadruple therapy or receive clarithromycin triple
therapy. Eradication was achieved in 83% of the bismuth
quadruple therapy group and 77% of the clarithromycin
triple therapy group. In conclusion, in these two studies,
first-line quadruple and triple therapies yielded similar
eradication rates in the treatment of H. pylori infection.

Other studies have shown that the addition of bis-
muth to a first-line triple therapy produces high eradica-
tion rates despite the presence of high antibiotic-resistant
strains. Malfertheiner ef a/'" have recently shown that a
quadruple therapy with omeprazole and a single three-
in-one capsule containing bismuth citrate potassium,
metronidazole and tetracycline for 10 d when compared
with a triple therapy for 7 d with omeprazole, AMO, and
clarithromycin produces an eradication rate of 80% »s
55% in the standard therapy group. The authors con-
cluded that quadruple therapy needs to be considered
as first-line therapy in areas with a high prevalence of
clarithromycin-resistant H. pylori strains. These data are
supported by results from a study from China in which
bismuth was added to standard triple-therapy including
PPI, clarithromicyn and AMO and the H. pylori eradica-
tion rate was above 90%. This treatment showed a higher
efficiency than standard triple-therapy, and the addition
of bismuth and prolongation of the treatment from 7
to 14 d helped to overcome clarithromycin resistance in
84% of the patientslng

Our study shows that the addition of bismuth sub-
citrate to a triple therapy that includes PAN, AMO and
MOX for first-line treatment of H. pylori infection signifi-
cantly increases the eradication rate of the same therapy
without bismuth. With bismuth included, eradication
was 93.8% in PP and 92% in ITT analysis, but without
bismuth the eradication rate was 78.5% in PP and 71.8%
in ITT analysis. Indeed the same triple therapy used three
years before the present study, induced a higher eradica-
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tion ratem]; this change is probably due to an increase in
resistance to MOX in our region from 2009-2011 (in-
crease from 12% to 25%). Unfortunately, the absence of
a preliminary susceptibility test in our patients does not
allow us to understand whether the low rate of eradica-
tion in PAM group is effectively due to increased resist-
ance to MOX or if patients infected by H. pylori resistant
to MOX were equally distributed in the two therapeutic
groups. Therefore, a periodic surveillance of antibiotic
resistance is necessary since some antibiotics may de-
velop resistance much more easily than others, such as in
the case of MOX™. The resistance against fluoroquino-
lones is mainly generated by mutations in the gy~ gene
that encodes DNA gyrase[z()’}m. The consequence of such
a mutation is the inability of fluoroquinolones to inhibit
DNA replication[31’32].

In our study the addition of bismuth to triple therapy
has provided a therapeutic gain of 15% to a standard
therapy. Bismuth exerts its antibacterial action by de-
creasing mucin viscosity, by binding toxins produced by
H. pylori, and by preventing bacterial colonization and
adherence to gastric epithelium™ . In addition bismuth
reduces the bacterial load and has a synergistic effect
with antibiotics””, particularly with the nitroimidazole
family™

The use of bismuth has raised some concerns about
its side effects. A meta-analysis of 35 randomized con-
trolled trials was published to assess the safety of bis-
muth. It showed that no serious adverse events occurred
with bismuth therapy, and bismuth for the treatment of
H. pylori was safe and well-tolerated””. In our study, there
have been no side effects reported.

Criticism for our study might include the absence of
a preliminary susceptibility test in our patients. In fact,
treatment failure in 12 patients in the PAM group was
probably due to MOX resistance. However, the addition
of bismuth to triple therapy helps to overcome H. pylori
resistance to MOX: only 3 patients had a positive PC
UBT after treatment with quadruple therapy. The addition
of bismuth to standard therapy results in an improved
eradication rate, therefore, bismuth may be considered
as a valuable adjuvant to triple therapy in those areas
H. pylori shows a high resistance to fluoroquinolones.

The 10-d quadruple therapy consisting of a PPI, bis-
muth, AMO, and MOX achieved ITT success of 93.8%
and can be recommended as the first-line treatment of
H. pylori infection in regions of high fluoroquinolones
resistance.

ACKNOWLEDGMENTS

The authors thank Mrs. Catherine Hlywka for reviewing
the English style of the manuscript.

COMMENTS

Background
The standard treatment of Helicobacter pylori (H. pylori) infection is carried out
by using a drug that inhibits gastric acid secretion associated with two antibiot-
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ics represented by amoxicillin and clarithromycin or metronidazole. The success
rate of this triple therapy varies from region to region worldwide, mainly due to
a variation in antibiotic resistance. There is, therefore, a continuous search for
new antibiotics that show low resistance against H. pylori or other substances
that, when added to triple therapy, may overcome the obstacle of resistance.

Research frontiers

Fluoroquinolones are a relatively new class of antibiotics that may be highly
efficacious against H.pylori infection. However, bacterial resistance to fluoroqui-
nolones may rapidly increase over time due to their widespread use, especially
for pulmonary and urinary tract infections. Recent studies have shown that the
addition of bismuth subcitrate to a standard triple therapy may at least in part
overcome the antibiotic resistance and improve the success rate of a standard
triple therapy. In this study, the authors showed the adjunction of bismuth sub-
citrate to a triple therapy that includes the fluoroquinolone derivative, moxifloxa-
cin, improved the success rate of the same therapy given without bismuth in a
group of patients with H. pylori infection never treated in the past. The H. pylori
infection had been diagnosed by means of urea breath test (UBT). To verify the
effectiveness of the therapy, UBT was repeated in all patients 2 mo after the
end of therapy.

Innovations and breakthroughs

To the knowledge, this is the first study that shows that bismuth improves the
therapeutic effect of moxifloxacin for the treatment of H. pylori infection in pa-
tients never treated in the past for this infection.

Applications

The study offers an alternative therapeutic option for all who are involved in the
treatment of H. pylori infection.

Terminology

UBT is the most accurate non-invasive test for the diagnosis of H. pylori infec-
tion and does not necessitate endoscopic intervention. The main limit of the test
is that it results in false negative results if performed while the patient is taking
drugs that may inhibit gastric secretion or antibiotics.

Peer review
The study is an important contribution to the growing body of literature on alter-
native therapies to treat the increasingly drug-resistant H. pylori isolates.
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