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Absiract

AIM: To evaluate a levofloxacin-doxycycline-based
triple therapy with or without a susceptibility culture
test in non-responders to Helicobacter pylori (H. pylor)
eradication.

METHODS: A total of 142 (99 women, 43 men; mean
53.0 £ 12.7 years) non-responders to more than two
H. pylori eradication therapies underwent susceptibility
culture tests or were treated with a seven-day triple
therapy consisting of esomeprazole, 20 mg b.i.d.,
levofloxacin, 500 mg b.i.d., and doxycycline, 100 mg
b.i.d., randomly associated with (7 = 71) or without
(n = 71) Lactobacifllus casei DG. H. pylori status was
checked in all patients at enrollment and at least 8 wk
after the end of therapy. Compliance and tolerability of
regimens were also assessed.

RESULTS: H. pylori eradication was achieved in < 50%
of patients [per prototol (PP) = 49%; intention to treat
(ITT) = 46%)]. Eradication rate was higher in patients
administered probiotics than in those without (PP =
55% vs 43%; ITT = 54% vs 40%). Estimated primary
resistance to levofloxacin was 18% and multiple
resistance was 31%. Therapy was well tolerated, and
side effects were generally mild, with only one patient
experiencing severe effects.

CONCLUSION: Third-line levofloxacin-doxycycline
triple therapy had a low H. pylori eradication efficacy,
though the success and tolerability of this treatment
may be enhanced with probiotics.

Key words: Doxycycline; Eradication therapy; Urea breath
test; Esomeprazole; Levofloxacin; Helicobacter pylori
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Core tip: Helicobacter pylori eradication therapy
should be based on a culture sensitivity test or include
antibiotics not already used by patients who failed to
respond to two or more previous attempts. Third-line
levofloxacin-based triple therapy was demonstrated
to be effective in such kind of patients. In the present
study, a third-line levofloxacin-doxycycline triple
therapy, associated or not with probiotics, was able to
eradicate H. pylori infection in about 50% of patients.
The low eradication rate achieved by the study regimen
was probably due to levofloxacin resistance. Further
studies on larger series are needed to confirm the
efficacy of levofloxacin-containing regimens in Italy.
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INTRODUCTION

Helicobacter pylori (H. pylori) is a cause of gastritis
and plays an important role in the development
of gastric cancer™. Standard triple therapy (STT),
consisting of a proton pump inhibitor (PPI) associated
with clarithromycin and amoxicillin or metronidazole,
is still considered the first-line treatment of H. pylori
in Europe, the United States, and Asia™®™*, though a
progressive decrease in eradication rates has been
observed in the last decade™ . Bismuth-containing
quadruple therapy, sequential therapy, or non-bismuth
quadruple therapy, namely concomitant, have been
proposed as alternative first-line regimens in countries
where resistance to clarithromycin is > 15%-20%". A
levofloxacin-based triple therapy, in which levofloxacin
is associated with amoxicillin or tinidazole plus a PPI,
may be also used as second-line treatment to cure H.
pylori infection after failure of a PPI-clarithromycin-
containing therapy, with eradication rates > 90% in
patients found to have microorganisms resistant to
clarithromycin or metronidazole®®*!, According to the
Maastricht IV consensus on management of H. pylori
infection™, after two treatment failures, antibiotics not
previously used should be prescribed or, whenever
possible, culture of H. pylori with susceptibility testing
may be useful to tailor a possibly more active regimen.
However, culture tests are not widely used and have
limited acceptance, subordinate to collection of gastric
biopsy specimens during upper gastrointestinal
endoscopy (EGDS), and several technical factors
may influence their reliability. For these reasons, as
an alternative approach, levofloxacin-based triple
therapy has been proposed as third-line therapy!?.
Tetracycline is another antibiotic mainly used in
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bismuth-containing quadruple therapy, found to be
effective in the eradication of H. pylori strains not
responding to previous treatments™**. Doxycycline is
a tetracycline analogue that may be administered once
or twice daily, instead of four times per day, possibly
improving compliance and tolerability'*'.

The aim of the present study was to evaluate
whether administration of an esomeprazole-
levofloxacin-doxycycline triple therapy, with or without
supplementation of probiotics, may be effective in
patients not responding to at least two attempts of H.
pylori eradication with or without a prior susceptibility
culture test.

MATERIALS AND METHODS

Selection of patients and clinical evaluation

A total of 142 consecutive patients (99 women and 43
men) with a mean age of 53.0 £ 12.7 years (range
18-75 years) who were referred to our institution for
management and treatment of resistant H. pylori
infection were enrolled in the study. The majority of
the patients (136/142; 96%) did not smoke, and
85/142 (60%) had a body mass index (BMI) < 25. All
patients were recruited following an urea breath test
or during a clinical visit performed for persistence of
microorganism following = 2 eradication regimens.
Exclusion criteria were: age < 18 or > 75 years, a
previous treatment with a levofloxacin-based therapy
for eradicating H. pylori infection, gastric surgery, liver
and/or renal failure, pregnancy or lactation, intellectual
impairment, a known allergy or intolerance to study
drugs, and a possible low compliance. Patients with
periodontal disease, lingual burning, and halitosis
possibly related with H. pylori infection in the mouth™®!
were also excluded. Once selected, all patients gave
their informed consent. Therapies used for eradicating
H. pylori prior to the study entry were: STT for 7
d and 14 d (115/142; 81%) or ten-day sequential
therapy (amoxicillin 1 g b.i.d. + PPI for 5 d followed by
clarithromycin 500 mg b.i.d. + tinidazole 500 mg b.i.d.
+ PPI for 5 d) after failing STT for 7 d (27/142; 19%).

Susceptibility culture test, eradication therapy, and
assessment of post-therapy H. pylori status

The investigation was an open-label, single-center
study. Figure 1 shows the design of the study.

At entry, EGDS with an antibiotic susceptibility
culture test was recommended to all patients. For
those who underwent EGDS, four biopsy specimens
were collected from the antrum and body. Tissue
specimens were then immediately plunged into an
agar-based medium (Portagerm pylori PORT-PYL;
bioMerieux, France), specifically produced for storage
and transport of gastric biopsies to increase viability
of H. pylori, and cultured within 2 h after collection.
Antibiotic susceptibility of H. pylori was determined
by E-test on Mueller-Hinton agar plates (bioMerieux,
France) supplemented with 5% sheep blood. A sterile
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Figure 1 Design of the study.

swab was dipped into a bacterial suspension equivalent
to a No. 2 McFarland standard. After swabbing the
entire plate surface with inoculum, the following
sterile E-test strips were placed on the agar surface:
clarithromycin, amoxicillin, metronidazole, tetracycline,
and levofloxacin. Plates were incubated at 37 C
under microaerobic conditions and 98% humidity for
3-4 d"'®, Interpretation for the susceptibility was
according to EUCAST clinical breakpoints (BP) (version
3.1 in 2013 and 4.0 in 2014; both available at the
website http://www.eucast.org/clinical_breakpoints).
The BPs were at minimum inhibitory concentration
< 8.0 mg/L, < 0.25 mg/L, < 0.12 mg/L, and < 1
mg/L for metronidazole, clarithromycin, amoxicillin,
tetracycline and levofloxacin, respectively.

Patients who refused susceptibility culture test
were prescribed a levofloxacin-doxycycline based triple
therapy for 7 d consisting of levofloxacin 500 mg b.i.d.
plus doxycycline 200 mg b.i.d. and esomeprazole 20
mg b.i.d. with (n = 71) or without (n = 71) a 24-billion
lyophilized preparation of Lactobacillus casei DG
(Sofar, Milan, Italy). Patients were allocated to triple
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therapy with or without the probiotics according to a
computerized randomization in blocks of two. All drugs
were dispensed by Italian National Health System,
and, therefore, were in marketed packages.

H. pylori eradication was assessed by an urea
breath test and by an antigen stool test at least 8 wk
after the end of therapy.

Tolerability and compliance
Tolerability of therapy was evaluated by a standard
questionnaire!*®, which was given, in an anonymous
form, at the time of therapy prescription and to be
filled during the treatment period. The questionnaire
encompassed a series of adverse events, such as
nausea, vomiting, diarrhea, abdominal pain, taste
perversion, headache, rash, and anorexia, and had to
be returned at post-therapy control. Patients were also
requested to record any other adverse events. Each
symptom was scored daily according to the following
criteria: absent (score 0) = not appreciable; mild (score 1)
= slightly perceived, not interfering with daily activities,
therapy assumed as prescribed; moderate (score 2) =
well evident, with a slight limitation of daily activities,
therapy continued as prescribed; severe (score 3) =
very intense, with a marked limitation or impossibility to
perform daily activity, and the need to stop drug intake.
In the event of severe symptoms, patients were asked
to contact our institution, either by telephone or by
undergoing a clinical visit, and one of the doctors taking
part in the study evaluated whether the adverse event
was therapy-related and whether withdrawal of the drugs
necessary. Causality was assessed by using the temporal
relationship of the symptom to the start of therapy.
Compliance was evaluated by counting the number
of pills left in the packages returned at post-therapy
control and was defined as good if > 90% of the
tablets had been taken.

Statistical analysis

Rates of patients found to be eradicated were cal-
culated according to intention-to-treat (ITT) and per-
protocol (PP) criteria. Proportions of patients eradicated
and not eradicated were compared according to
the use of probiotics and other clinical parameters.
Statistical analysis was made using Student’s ¢, ;(2, or
Fisher's exact texts when appropriate. A value of P <
0.05 was considered as statistically significant.

RESULTS

Pre-treatment antibiotic susceptibility culture test

Of the 142 patients enrolled in the study, only 39
(27%) accepted to undergo EGDS with culture
antibiotic susceptibility test; H. pylori susceptibility to
all tested antibiotics was found in 4/39 (10%) patients,
resistance to clarithromycin was found in 12/39 (31%),
metronidazole in 25/39 (64%), and levofloxacin in 7/39
(18%) patients. Mixed antibiotic resistance was found in

June 7, 2015 | Volume 21 | Issue 21 |



Paoluzi OA et al. Levofloxacin-doxycycline-based triple therapy for H. pylori

12/39 (31%) patients. Susceptibility test failed to give
reliable results in seven cultures for contamination (n =
4) or absence of bacterial growth (n = 3).

Eradication of H. pylori infection

All 142 patients received the levofloxacin-doxycycline
based triple therapy, 71 of them in association with
probiotics and 71 without. At the end of the study, 4
patients were lost to follow-up as they did not present
at post-therapy clinical control, and 4 dropped out due
to protocol violation (n = 1), low compliance (n = 2),
and withdrawal from the therapy due to a severe side-
effect (n = 1). Of the remaining 134 patients in whom
eradication of H. pylori was assessed, 66 were found
to be H. pylori-negative and 68 H. pylori-positive.
Thus, overall eradication rate was 46% according to
ITT and 49% according to PP criteria. The eradication
rate in patients taking probiotics was greater, but not
significantly, than in those not taking probiotics in
addition to the levofloxacin-doxycycline triple therapy
(PP: 55% vs 43%, P = 0.22, 95% confidence interval
[CI]: 0.818-3.206; ITT: 54% vs 40%, P = 0.13, 95%
CI: 0.908-3.444).

No significant difference in the eradication rates
was found comparing patients according to BMI value
(50% in those with BMI < 25 vs 36% in those with
BMI > 25).

Tolerability and compliance

Levofloxacin-based triple therapy was well tolerated
in majority of patients. Only one patient (0.7%),
taking levofloxacin-doxycycline triple therapy without
probiotics experienced a severe side effect consisting of
severe diarrhea requiring withdrawal from the therapy.
An additional 11/142 (7.7%) patients, including
eight without and three with probiotics, reported
the occurrence of mild symptoms, not interfering
with usual daily activity, consisting of bloating, taste
perversion, and mild diarrhea.

Compliance was good in all but two patients, who
reduced the intake of antibiotics (one patient) or
duration of therapy (one patient, six instead seven
days).

DISCUSSION

Eradication of H. pylori infection still remains a
clinical challenge. To this goal, several therapies
have been proposed, but about 30%, and possibly
more, of patients remain infected following first- and
a second-line eradication attempts®®?*, The main
reason for these failures is the increasing resistance
to antibiotics, such as clarithromycin. For this reason,
in the Maastricht IV consensus'®, it has been stated
that clarithromycin-based STT should be abandoned
in countries where resistance to this antibiotic is >
15-20%, and a third-line therapy should be tailored
according to a culture test to define antibiotic
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susceptibility of H. pylori. Such a policy has been
successfully validated, as culture test-based eradication
therapy cures H. pylori infection in at least 90% of
those who did not respond to previous attempts®*.
However, culture tests are not widely available, and
their reliability is influenced by variable bacterial
density in the stomach, coexistence of different strains
in the same patient, lack of growth due to death of
H. pylori outside the stomach, and contamination
of culture media by other microorganisms!®2%,
Culture tests can be now replaced by rapid molecular
techniques, based on PCR assays, but they still are
mainly endoscopy-based and their noninvasive use,
for example on stools, is not widely accepted!®.
On the other hand, knowing the susceptibility of H.
pylori does not guarantee efficacy, as not all patients
respond to antibiotics found to be effective against the
bacteria in vitro®®*®. Thus, physicians and patients,
taking in mind these possible limitations, sometimes
are reluctant to utilize susceptibility culture testing,
which requires EGDS and represents an adjunctive
cost. Such a situation frequently occurs in the clinical
practice and is well represented in our study in which,
when pro- and cons were described, only a minority
(27%) of patients agreed to undergo an EGDS for
a susceptibility culture test and preferred to receive
a new eradication therapy including antibiotics not
already used. This is a possible approach alternative
to culture test in first- and second-line therapy non-
responders, according to Maastricht IV statements'.

The present study shows a low efficacy of a
levofloxacin-doxycycline triple therapy as third-line
treatment in patients infected by H. pylori after failure
of = 2 previous regimens, with an overall H. pylori
eradication rate of < 50%. This finding is in agreement
with another multicenter study in Japan that reported
a low eradication rate of 43% following a third-line
levofloxacin-amoxicillin triple therapy™”. These figures
are far from those reported by previous investigations
in which = 80% of patients achieved H. pylori
eradication with a levofloxacin-based triple therapy
for 7 d or 10 d administered as second-"**"! or third-
line®*>*! therapy. In contrast to previous investigations,
we used doxycycline in association with levofloxacin.
The efficacy of doxycycline with levofloxacin or other
antibiotics has been demonstrated in the eradication of
H. pylori as first-line therapy in naive patients®***, and
in second- or third-line bismuth-containing quadruple
therapy™®*%,

A possible explanation for the low eradication
rate could be H. pylori resistance to levofloxacin.
Levofloxacin is a fluoroquinolone antibacterial agent
with a broad spectrum of activity against Gram-
positive and Gram-negative bacteria and, due to
these properties, is largely prescribed for infections
of respiratory system and the genitourinary tract.
Thus, H. pylori resistance to levofloxacin depends
on the use of this antibiotic in the clinical practice.
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The probability of H. pylori resistance to levofloxacin
increases in persons > 45 years of age*! and with
a history of any quinolone intake in the ten years
prior to an eradication attempt with a levofloxacin-
based therapy!*?. Prevalence of levofloxacin-resistant
H. pylori strains is growing, with a steady annual
increase during the last years™", ranging from 18%
up to > 30% in Europe and Asia!*“*., Eradication
rates of 57% have recently been reported in South
Koreal™!, where a high resistance to levofloxacin has
been estimated™”). Resistance to levofloxacin in our
assessment was 18%, a figure in keeping with other
estimations of levofloxacin-resistant H. pylori strains
in Italy, ranging from 14%"™ to 20%-22%""%*%,
However, we cannot reach a definite conclusion about
levofloxacin or doxycycline resistance of H. pylori
strains in the present series, as only about one-third
of our patients underwent susceptibility culture tests
before treatment. This is the main flaw of the current
investigation. To note, our levofloxacin-doxycycline
triple therapy was able to eradicate H. pylori infection
in seven patients infected by H. pylori that was
not sensitive to levofloxacin at the baseline culture
susceptibility test. In these seven patients, it is possible
that doxycycline was able to overcome levofloxacin
resistance and induce H. pylori eradication.

Efficacy of H. pylori eradication therapy has
been related with the degree of inhibition of gastric
acid secretion, which may vary according to the
polymorphism of cytochrome P450 type CYP2C19, with
lower rates in subjects with the status of extensive
metabolizer™, The efficacies of esomeprazole, used
in the present study, and rabeprazole for blocking acid
secretion are not changed by the metabolizer status
related with cytochrome CYP2C19%,

Probiotics supplementation during a levofloxacin-
based triple therapy has been associated with
eradication rates higher than that achieved with a
same therapy in the absence of probiotics™?. Recent
meta-analyses confirmed that addition of probiotics
to eradication therapy increases the probability to
cure H. pylori infection and reduces the occurrence of
side effects following antibiotic intake®***. Probiotics
may favor eradication of H. pylori through the release
of inhibitory substances, competition for adhesion
or nutrients, host immune modulation, or inhibition
of toxins®®®!. Our study indicates a beneficial effect
of probiotics, as a supplementation of Lactobacillus
casei DG improved H. pylori eradication by about
10%, though the effect was not significant likely
because of the small sample size. In addition, we
observed a slightly lower occurrence of side effects
under probiotics. These findings justify the addition of
probiotics during an antibiotic combination therapy for
eradicating H. pylori.

The findings from the present study should
be considered with caution as the prevalence of
levofloxacin-resistant H. pylori strains in our population
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was not known. Therefore, it is not possible to define
whether efficacy of levofloxacin-based treatments for H.
pylori will rapidly decrease in the next few years in Italy,
similar to what happened with clarithromycin. However,
prevalence of levofloxacin-resistant H. pylori strains
currently estimated in Italy is within the range defined
in the Maastricht consensus as a cutoff for abandoning
clarithromycin use in the eradication of H. pylori. On
the other hand, the present paper is one of the first
reports warning that a levofloxacin-based triple therapy
may have low efficacy as a third-line regimen in Italy,
especially if not based on an antibiotic susceptibility
test. It is possible that a levofloxacin-and bismuth-
containing quadruple therapy™ is more effective as a
second- and also third-line H. pylori eradication therapy.
Further studies on larger series are needed to confirm
the efficacy of levofloxacin-containing regimens in
Italy. The future availability of methods not requiring
endoscopy®™*® could overcome the reluctance of
patients to undergo an endoscopy-based antibiotic
susceptibility test, and increase the possibility to tailor a
more active therapy for eradication of H. pylori infection.

In conclusion, the levofloxacin-doxycycline triple
therapy tested in the present study showed a low
efficacy as a third-line therapy for eradication of H.
pylori infection, possibly due to an increased resistance
to levofloxacin. An antibiotic susceptibility test is
therefore recommended to tailor a third-line therapy
in order to overcome a possible antibiotic resistance.
Probiotics may increase the probability of success and
tolerability of H. pylori eradication therapy.

COMMENTS

Background

Helicobacter pylori (H. pylori) infection causes peptic ulcers, gastritis, and
related conditions favoring gastric cancer. Eradication of H. pylori may prevent
recurrence of peptic ulcers and stop the progression of gastritis. However,
cure of H. pylori infection may be a clinical challenge in a proportion of patients
not responding to first- and second-line treatments. Low efficacy of H. pylori
eradication therapies is mainly due to resistance of the bacterium to antibiotics,
above all clarithromycin and metronidazole.

Research frontiers

Recent guidelines (Maastricht IV consensus) suggest prescribing a third-line
treatment including antibiotics not previously used or following an antibiotic
susceptibility culture test in patients not responding to first- and second-line
therapies. Previous studies demonstrated the efficacy of third-line levofloxacin-
containing regimens for eradication of H. pylori resistant to at least two
attempts. However, resistance to levofloxacin is increasing worldwide, possibly
reducing the efficacy of H. pylori eradication therapies based on this antibiotic.

Innovations and breakthroughs

In contrast to previous investigations, the present study reports low eradication
rates achieved by a triple therapy containing levofloxacin plus doxycycline and
esomeprazole, with or without addition of probiotics, in a population of patients
not responding to at least two previous treatments in Italy, a country where
resistance to levofloxacin is increasing.

Applications

Further studies on large patient series are necessary to confirm the efficacy
of levofloxacin-containing regimens for the eradication of H. pylori in Italy. In
clinical practice, susceptibility testing prior to eradication therapy could be
useful to assess antibiotic sensitivity of H. pylori and tailor a more effective
treatment.
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Terminology

Urea breath test is a noninvasive diagnostic procedure for detecting H. pylori
infection based on the ability of the bacteria to convert, in the stomach,
C-marked urea to ammonia and "*C-marked carbon dioxide, which is detected
in the exhaled breath. Antibiotic susceptibility culture tests consist of placing
antibiotics onto plates upon which bacteria are growing from gastric biopsy
specimens and observing the growth-inhibitory effect.

Peer-review

The article reports important and valuable data regarding a crucial problem of
treatment of H. pylori infection in patients who failed previous treatments. The
study shows a low efficacy of a levofloxacin-doxycycline therapy as a third-line
treatment, which appeared as an attractive alternative for patients who did not
respond to previous eradication attempts. It is worth pointing out that constant
monitoring of resistance rates of H. pylori strains is crucial for individualizing
treatment regimens and to choose the best one.
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