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Abstract

Treatment of Helicobacter pylori (H. pylori) infection is
paramount for the management of prevalent gastrointes-
tinal disorders including peptic ulcer disease and gastric
cancer. Due to the wide increase in prevalence of H. py-
fori resistance to antibiotics, clarithromycin-based triple
therapies are not any more suitable for unconditional
empiric use, and should not be recommended, unless
local resistance to this antibiotic is low (< 20%). Alter-
native strategies have been proposed to overcome the
issue of increasing clarithromycin resistance, and some
of them are already implemented in clinical practice.
These comprise: (1) adoption of novel, more effective,
empirical treatments: bismuth quadruple, sequential,
non-bismuth quadruple (concomitant), dual-concomi-
tant (hybrid), and levofloxacin-based regimens, the lat-
ter mainly designated as second-line/rescue options; (2)
perspectives for a susceptibility-guided (tailored) thera-
peutic approach based on culture-free molecular testing
methods; and (3) adjunct use of probiotics to improve
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eradication rates. The present article is aimed to pro-
vide a comprehensive overview of current and emerging
strategies in the treatment of 4. pyfori infection, focus-
ing on the challenge of antimicrobial resistance.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Rising clarithromycin resistance has account-
ed for a dramatic decline in the efficacy of standard
therapies for Helicobacter pylori (H. pylori) infection.
Bismuth-quadruple, sequential, non-bismuth qua-
druple (concomitant), dual-concomitant (hybrid), and
levofloxacin-based regimens are now recommended as
preferred empirical treatments (> 90% efficacy). How-
ever, empiric treatment of 4. pylori is likely to become
more challenging as even these improved regimens are
prone to the effect of antibiotic resistance. Individual-
ized therapy appears as a reasonable future alternative,
currently limited by the shortcomings of performing
culture. Advances in the genotypic characterization of #.
pyilori therapeutic susceptibility are likely to revolution-
ize our approach to tailored treatment.
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INTRODUCTION
Helicobacter pylori (H. pylori) is an ubiquitous human patho-
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gen, infecting approximately one half of the world’s pop-
ulation and up to 80% in developing countries. After
colonizing the gastric mucosa, usually during childhood,
H. pylori play a causal role in the development of chronic
gastritis and peptic ulcer disease™. Moreover, H. Pylori
is a well-recognized carcinogen, primarily involved in the
development of gastric adenocarcinoma and mucosa-
associated lymphoid tissue lymphoma (MALT)W. In
parallel with accumulating evidence on its pathogenicity,
the ability to reliably eradicate H. pylori has been estab-
lished as a major step in the management of prevalent
gastrointestinal disorders, including peptic ulcer disease,
functional dyspepsia and low-grade MALT®**?, None-
theless, eliminating the infection represents the most con-
sistent strategy to prevent gastric cancer”’. Apart from
gastrointestinal disorders, extra-digestive conditions are
now included as indications to treat H. pylori: idiopathic
thrombocytopenic purpura, vitamin B12 deficiency and
unexplained iron deficiency anemia. Additional asso-
ciations are emerging, including colorectal disease and
cancer, ischemic heart disease and neurological disorders,
although no clear therapeutic link is as yet available for
these conditions'™'".

Culturing the pathogen is a common step in the treat-
ment of bacterial infections, but this has not been the
case for H. pylors, for which treatments have been rou-
tinely prescribed empirically. This is due to the fact that
performing endoscopy and H. pylori culture is neither
widely available, nor well-tolerated by all patients, and
furthermore it is time-consuming and costlym. For the
last 2 decades, standard triple therapies comprising of a
proton pump inhibitor (PPI) bid, amoxicillin 1000 mg bid
and clarithromycin (CAM) 500 mg bid or metronidazole
(MNZ) 500 mg bid, all given for 7-14 d, represented the
standard of care regimens to empirically eradicate H.
pylori. The high eradication rates (> 90%) provided by
these treatments during the 90’, together with their rela-
tive simplicity and optimal safety profile, have accounted
for their enthusiastic acceptance in expert panels and
consensus recommendations wortldwide”". However,
in following years, the efficacy of legacy triple regimens
has been setiously challenged and eradication rates lower
than 70% are now reported in many countries' ", These
elusive success rates preclude acceptability under Maas-
tricht consensus [80% in intention to treat (ITT) analysis]
and fall short of what it should be expected for an infec-
tious disease, for which a 95% per protocol (PP) efficacy
is warranted™. This will avoid exposing the patient in
repeated treatment courses resulting in both multiple side
effects (and therefore poor patient adherence and quality
of life) and spreading of secondary antibiotic resistance.
Although a series of both host- and pathogen-related fac-
tors may affect performance of legacy treatments” ), a
wortldwide increase in the levels of H. pylori resistance to
antibiotics, especially that to CAM, is the most important
determinant of failure of standard triple therapies™”.

The present review provides a comprehensive over-
view of H. pylori eradication focusing on current and
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emerging approaches to the issue of increasing antimi-
crobial resistance.

H. PYLORI RESISTANCE TO ANTIBIOTICS

A class-wide resistance to macrolides is the result of

point mutations in three adjacent nucleotide positions
(A2143G, A2142G and A2742C) in the peptidyl trans-
ferase loop of the 235rRNA geneps’%l. Although these
three point mutations account for 90% of cases of
primary CAM resistance in Western countries, each of
them is individually associated with different minimal in-
hibitory concentration (MIC) values for CAM resistance
(assessed by H. pylori culture in vitro), suggesting a differ-
ent impact on the determination of phenotypic CAM
resistance”””. Indeed, a lowest eradication rate (30.7%)
has been observed when the phenotypic bacterial resis-
tance was genetically linked to A42743G, suggesting this
mutation, rather than the A2742G and A2742C, may
significantly affect the therapeutic outcome™. In addition
to 23SrRNA point mutations, an active multidrug efflux
mechanism, responsible for rapidly transferring the drug
out of the bacterial cell, is associated with the develop-
ment of CAM resistance””.

In a recent systematic review, the global incidence of
primary H. pylori resistance to CAM has been reported
to be as high as 17.2%, showing an increasing trend
worldwide™. An overview of the continental (America,
Europe and Asia) distribution of H. pylori antibiotic re-
sistance is shown in Figure 1. Epidemiology of H. pylori
susceptibility remains scarcely documented in Africa, with

B
1n con-

some studies suggesting extremely high rates
trast to rates as low as 1% of CAM resistance recorded
by other™. Indiscriminate consumption of macrolides is
likely the main reason for the consistent increase in CAM

33,34 .. .
B34 Congruently, a positive anamnesis of

resistance rates
respiratory tract infections was identified as an indepen-
dent predictor of CAM resistance in a Bulgarian study™
and different antibiotic consumption policies may, at
least partially, explain geographical variations in H. pylori
antimicrobial resistance. For instance, a 49% of CAM
resistance has been reported in some Spanish areas, but
only 1% in the Netherlands, reflecting a stricter Northern
European policy for antibiotic use™. Such significant
variation in the CAM resistance rates between Northern
(< 10%) and Southern, or Western/Central European
countries (> 20%), has been recently confirmed in a pro-
spective assessment of H. pylori antimicrobial resistance
including 18 European countries (2008-2009)". In this
same study (2204 patients), CAM-resistance was deter-
mined to 17.5% and was significantly associated with the
use of long-acting macrolides only. Similarly, prevalence
of CAM resistance has increased for 12.8% to 23.8% be-
tween 2000 and 2009 in China, whereas a consistent in-
crease from 7% to 15.2% has been recorded in ]apanps’%].
Contrarily, prevalence of CAM resistance is still low (<
10%) in some developing countries (e.g., Bangladesh,
Malaysia), and elsewhere (e.g., Sweden, Taiwan, Croatia),
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Figure 1 Continental rates of Helicobacter pylori resistance to clarithro-
mycin, metronidazole and levofloxacin.

probably due to the low macrolide consumption or later
introduction of newer macrolides in these areas”’. How-
ever, as antibacterial resistance is a strictly local phenom-
enon, a wide geographic variation has been observed and
a patchy distribution is possible even within the confines
of a single country. For instance, resistance to CAM was
found to vary from 0% to 25% among Italian regions™
This wide variation is cleatly challenging efforts for stan-
dardization of anti-H. pylori regimens. Additional factors
such as phylogeographic features of H. pylori strains may
contribute to the significant geographical variation in
prevalence of antibiotic resistance as well as differences
in the virulence of H. pylori infection”.

The deleterious impact of CAM resistance on the ef-
ficacy of standard treatments has been well-documented
in clinical trials. In the most consistent pooled data
analysis (20 studies, 1975 patients), standard treatments
were only 18% effective against CAM-resistant strains'".
In a meta-analysis by Fischbach and Evans, the suc-
cess of triple therapy was decreased by 66.2% (95%CI:
58.2%-74.2%) when strains of H. pylori were resistant vs
susceptible to CAM™. A more recent analysis revealed
similar results: including antimicrobial susceptibility data
from 4 randomized clinical trials (RCTs)"*** standard
triple therapies successfully eradicated 88% and 14% of
CAM-sensitive and CAM-resistant H. pylori strains re-
spectively (risk difference = 0.75, 95%CIL: 0.63-0.87)"*.

MNZ is another agent frequently included in regi-
mens to eradicate H. pylori and, if so, presence of MNZ-
resistance may also affect the therapeutic outcome.
Mechanisms of MNZ resistance are complex and are
largely associated with inactivating mutations of the rdxA
and fixA genes encoding reductases which are required
for the activation of MNZ™, However, development of
MNZ resistance is known to be possible independently to
these mutations, suggesting the involvement of alterna-
tive resistance mechanisms'”. Recently, prevalence of H.
pylori resistance to MNZ has been estimated to 17%-44%
for Europe and America, it is highest in Africa (up to
80%-92.4%, probably due to the wide use of MNZ for
parasitic infections), whereas lower rates have been re-
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ported in Japan (9%-12%)""*". Contrarily, in China, an
explosive increase in MNZ resistance from 23.8% to
56.6% has been recorded in the last decade™. It has been
postulated that resistance to MNZ accounts for a drop in
efficacy of up to 50% for either bismuth- and PPI-con-
taining triple therapiesm]. However, in contrast to CAM-
resistance, resistance to MINZ can be largely overcome by
increasing dose and prolonging duration of therapy, thus
it is generally considered less important clinicallym]. Criti-
cally, evaluation of MNZ resistance by relying on Etest®
(AB bioMerieux; Solna, Sweden) is inaccurate leading to
overestimation of the true levels™. Confirmation by us-
ing the more laborious agar dilution method is therefore
required to avoid misclassifications.

Less data is available with respect to quinolone re-
sistance. As for CAM, development of levofloxacin
resistance reflects use of the drug, frequently for the
treatment of urinary tract infections™. It involves point
mutations in the quinolone resistance-determining region
in the gyrase A (gy=A) gene preventing binding between
the antibiotic and the enzyrnem. Recently, prevalence of
levofloxacin resistance has been reported to exceed 20%
in Burope and even 15% in America (Figure 1). On the
contrary, levofloxacin resistance seems to be lower in
Asia (11.6%), despite there is a substantial variation from
a highest of 14.9% in Japan to a lowest of 2.6% in Hong
Kongm. Age may be a useful predictor of resistance
presence, as levofloxacin resistance is less frequently
encountered in subjects < 45 years old™. Interestingly,
Dutch investigators reported a trovafloxacin resistance
rate of 4.7%, in spite of the fact that this agent was not
yet introduced in the Netherlands®™. Such finding is sug-
gestive of cross-resistance between different quinolone
agents[51’541.

Fortunately, resistance to amoxicillin is exceptional and
generally do not constitute a relevant clinical problem.

OVERCOMING H. PYLORI RESISTANCE

TO ANTIBIOTICS

As outlined by the recent European Maastricht IV/Flot-
ence consensus report, standard triple therapies are not
any more recommended for unconditional empiric use'”.
Instead, use of standard regimens should be adapted to
the local resistance pattern (ze., used only if local CAM
resistance is < 20%), or rely on susceptibility testing
provided that pre-treatment culture is available (Ze., used
as tailored treatments). Alternative strategies have been
proposed, and some of them are already implemented
in clinical practice, aiming to overcome the problem of
antimicrobial resistance. These comprise: (1) develop-
ment of novel, more effective, empirical treatments; (2)
perspectives for a tailored therapeutic approach based on
pre-treatment determination of H. pylori therapeutic sus-
ceptibility; and (3) adjunct use of probiotics to improve
eradication regimens. Each of these developments and
advances in the field of H. pylori infection therapies will
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Table 1 Currently recommended regimens for the treatment of Helicobacter pylori infection

Treatment Regimen Comment
First-line therapies
Standard triple therapy A PPI (standard dose, bid), amoxicillin (1 g, bid) and Widely used option

clarithromycin (500 mg, bid) for 14 d

Bismuth-containing

quadruple therapy tetracycline (500 mg, gid) and metronidazole (500 mg, gid) for
10-14d
Sequential therapy A 5-d dual therapy with a PPI (standard dose, bid) and

amoxicillin (1 g, bid) followed by a 5-d triple therapy with
a PPI (standard dose, bid), clarithromycin (500 mg, bid) and
metronidazole (500 mg, bid)

Non-bismuth quadruple
“Concomitant” therapy

Hybrid therapy

A PPI (standard dose, bid), bismuth (standard dose, gid)

A PPI (standard dose, bid), clarithromycin (500 mg, bid),
amoxicillin (1 g, bid) and metronidazole (500 mg, bid) for 10 d

A 7-d dual therapy with a PPI (standard dose, bid) and
amoxicillin (1 g, bid) followed by a 7-d quadruple therapy with a

Only suitable for areas with < 20% incidence of cam
resistance or as tailored treatment.
Works independently to CAM and largely overcome
MNZ resistance
Valuable second-line treatment after failure of CAM-
based regimens
Patient-friendly monocapsule available
Suitable for patients with penicillin allergy
Non-availability of bismuth and/or tetracycline in some
countries
Widely evaluated option
Probably effective in high resistance settings
Questionable efficacy against double-resistant strains
Less satisfactory results in more recent studies contacted
outside Italy
Probably effective in high resistance settings
Larger number of pills compared to sequential and
hybrid therapies
Probably effective in high resistance settings
Few data available on its efficacy/safety

PPI (standard dose, bid), amoxicillin (1 g, bid), clarithromycin (500
mg, bid) and metronidazole (500 mg, bid)

Second-line/rescue therapies
Levofloxacin-based triple
therapy

Rifabutin-based triple

therapy (1 g bid) for 14 d

A PPI (standard dose, bid), levofloxacin (500 mg, bid) and
amoxicillin (1 g, bid) for 10 d

A PPI (standard dose, bid), rifabutin (150 mg bid) and amoxicillin

Works independently to CAM and MNZ
Ineffective for high quinolone resistance settings
(>10%)

Rapid development of quinolone resistance
Third or more rescue option
Significant safety issues
Development of mycobacterium resistance

PPIL: Proton pump inhibitor; CAM: Clarithromycin; MNZ: Metronidazole.

be discussed below.

EMPIRICAL TREATMENTS
EXPERIMENTED TO OVERCOME CAM

RESISTANCE
Although based on the same key antibiotics (CAM, MNZ

and levofloxacin), these improved regimens are largely
validated (PP eradication > 90%) in settings of high CAM

resistance and are now recommended as first-line empiri-

cal therapies. An overview of currently recommended
regimens to eradicate H. pylori is shown in Table 1.
Bismuth quadruple therapy (BQT) works indepen-
dently to CAM and levofloxacin, ze., the two problematic,
in terms of resistance development, compounds. It is not
completely novel but rather represents an enhanced evolu-
tion of the old regimen comprising a bismuth salt, tetra-
cycline and MNZP | in which addition of a PPI, increase
MNZ dose (1500-1600 mg/d) and prolonged treatment
duration (10-14 d) are successfully limiting the impact of
MNZ resistance. BQT is now designated as a preferred
first-line empirical treatment achieving > 90% eradication
in presence of CAM resistance and > 85% in regions with
a high MNZ resistance”™”. Increased efficacy against MNZ-
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resistant strains, which offsets the ability of standard thera-
pies to overcome CAM resistance, is likely the key for the
improved performance with BQT®". To solve the issue of
taking a large number of pills, a galenic three-in-one for-
mulation (containing bismuth, MNZ and tetracycline in a
single capsule) has been proposed (Pylera®; Aptalis, Mont
St Hilaire, QC, Canada)lssj. Efficacy of the monocapsule
formulation was addressed in two large randomized con-
trol trials (RCTS), conducted in North America™ and
Europe“sj, showing I'TT eradication rates of 86% and
80% respectively. Contrarily, the superiority of BQT over
standard triple therapy was questioned in a recent meta-
analysis, in which both treatments yielded suboptimal
results (ITT eradication: 77.8% for BQT and 77% for
standard therapy), although there was a significant het-
erogeneity among studies, especially concerning MNZ
dosinglsﬂ. BQT is also a valid, and cost-effective, rescue
option after failure of CAM-based regimens. A second-
line, high MNZ-dose (2 g/d) BQT regimen yielded a
90.8% PP efficacy in a Taiwanese studylsqj, and 93.1% was
obtained in yet another Asian study using standard MNZ
dose (1600 mg/d) conducted in a high MNZ-resistance
setting (96.8%)"". In Greece, a high MZN-resistance
country, 84% of second-line efficacy was recorded by
using BQT". In a meta-analysis, the average ITT eradi-
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cation using BQT after failure of standard triple therapy
was 77%, even though in 19 out of the 30 studies dura-
tion of treatment was inherently short (7 d)[()z]. Notably,
retrying BQT after its own failure may be worthy™. The
potential toxicity of bismuth as well as non-availability
of bismuth salts or tetracycline in some countries are
the main shortcomings related to BQT. Attempts to
substitute tetracycline by either amoxicillin or doxycy-
cline yielded elusive results™*. Of note, a recent meta-
analysis (4763 patients) questioned a suboptimal safety
of bismuth showing a comparable tolerability between
bismuth-containing s non-bismuth regimens, except
from dark stools being more common in the bismuth
group™. In a recent multicenter study from Spain, BQT
was an acceptable third line option (65% in ITT and 67%
in PP analysis) after two previous eradication failures
with CAM- and levofloxacin-containing triple therapies.
Adverse events were reported in 22% of patients, nausea
(12%), abdominal pain (11%) and metallic taste (8.5%),
but none of them severe!”’,

Proposed by Italian investigators, sequential therapy
(ST) is another novelty recommended as first-line therapy
for high CAM-resistance settings[ﬁgl. It involves the same
key antibiotics used in standard treatments, but given
sequentially. By disrupting the bacterial wall, initial ad-
ministration of amoxicillin has been suggested to prevent
the development of efflux channels which rapidly trans-
fer CAM out of the bacteria™. Several RCTs and meta-
analyses reported on the superiority of ST over standard
treatments in settings of high resistance to either CAM
or MNZ""! Tncluding 15 RCTs (3346 patients), ST
displayed an overall eradication rate of 91.7% (95%CI:
90%-93%, ITT analysis) »s 76.7% (95%CI: 75%-79%)
yielded by standard therapy. By pooling data from 4
studies, the efficacy of ST against CAM-resistant H.
pylori strains (n = 55) was 75%"). However, later studies
conducted outside Italy (where most of the initial trials
were coming from) provided discouraging results: in a
large South-American RCT™, the probability of success-
ful eradication was 5.6% (95%CI: -0.04%-11.6%) higher
using a 14-d ST (82.2%) »s 10-d ST (76.5%). Similarly,
eradication rates < 80% wete shown in studies conducted
in Iran and South Korea™™, contrarily to a RCT from
Taiwan (90.7% and 87% of eradication success with a
14- and 10-d ST)"", which however is known to be a
country of low (< 20%) CAM resistance. In a very recent
Asian meta-analysis (17 RCTs, 3419 participants), a 10-d
ST appeared superior to legacy treatment [81.8% (95%CI:
78.9%-84.6%) vs 74.3% (95%CI: 69.6%-78.8%)], al-
though the pooled efficacy was lower than results from
earlier European studies™. Despite ST seems fairly effec-
tive against mono-resistant strains, a decreased efficacy
against double-resistant (CAM and imidazole) H. pylori
strains may compromise use of ST in high-resistance
areas'”, Including 8 studies with antibiotic susceptibil-
ity data, Gatta ez al”" analyzed the effect of antimicro-
bial resistance on the eradication rates provided by ST.
They found that ST was able to eradicate 72.8% (range:
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61.6%0-82.8%) of CAM-resistant strains and 86.4% (range
78%-93%) of MNZ-resistant strains, but only 37%
(range 16.2%-60.7%) of dual-resistant H. pylori strains.
However, as stated by the same authors, these results
should be interpreted with caution due to low number
of patients with antimicrobial susceptibility (91/192/34
with CAM/MNZ /double-resistant strains treated with
ST). Crucially, in this consistent meta-analysis (includ-
ing 46 RCTs), a 10-d ST (overall eradication rate 84.3%,
95%CI: 82.1%-86.4%) was proven superior to 7-d triple
therapy (RR = 1.21, 95%CI: 1.17-1.25), marginally supe-
rior to 10-d triple therapy (RR = 1.11, 95%CI: 1.04-1.19),
but not superior to either a 14-d triple therapy (RR = 1,
95%CI: 0.94-1.06) or bismuth-based therapy (RR = 0.99,
95%CI: 0.94-1.05).

A non-bismuth quadruple therapy (NBQT), also
called “concomitant” therapy, of short (3-5 d) duration
was originally proposed in 1988 by German and Japanese
investigators[gl’gz]. It returns nowadays as an effective first-
line option in areas harboring high CAM resistance, but
with prolonged treatment duration (10-d), as this seems
a reasonable strategy to maximize cure rates at no cost
in terms of safety[w. Data on its efficacy (> or close to
90%) and safety, as well as superiority over legacy triple
therapy, has been provided in several trials®*¥ and prov-
en on a meta-analytic base. In a 2012 meta-analysis by
Gisbert ef al™ (19 studies, 2070 patients), the overall cure
rate provided by NBQT was 88% (95%CI: 85%-91%),
increased to 91% when 3 outlier studies were excluded.
Worthy of note, in many of the included trials duration
of treatment was 3-5 d. However, as in a previous meta-
analysis[sg], the authors noted a trend toward better results
with longer (7 or more days) treatments. Evaluation of 5
RCTs comparing NBQT »s standard therapy revealed su-
pertiority of the quadruple regimen with a pooled eradica-
tion difference of about 11%"™. Crucially, a combination
of extra-prolonging treatment duration (14 d) and use
of a high PPI dose (omeprazole 40 mg X 2) may signifi-
cantly boost cute rates as demonstrated in a non-inferi-
ority Spanish multi-center trial were > 95% (PP) efficacy
was obtained™”. Comparison between ST and NBQT is
paramount, as both treatments are relevant competitors.
In a recent back to back comparison (338 patients from
11 hospitals) performed in a country with high CAM
resistance (Spain), NBQT showed a non-significant ad-
vantage over ST (OR = 1.5, 95%CI: 0.9-2.8)""\. Crucially,
although both regimens seem reasonably effective against
mono-resistant strains, NBQT has been suggested to be
more effective against double resistance’”. In yet another
Spanish report, a 10-d concomitant treatment successful-
ly eradicated 100% and 75% of CAM- and dual-resistant
H. pylori strains vs 75% and 60% respectively with sequen-
tial therapy, although the small numbers of dual-resistant
strains (4 treated with NBQT, 5 with ST) precludes
drawing conclusions”. However, a significant clinical
impact of dual resistance on the outcome of NBQT was
recently showed by Georgopoulos e/ al”™; including 106
patients with susceptibility testing, eradication rates were
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significantly higher in single CAM- and MNZ-resistant
strains (100% and 91% respectively) than in dual-resistant
H. pylori strains (55%), with dual antibiotic resistance re-
maining as the only predictor of treatment failure by mul-
tivariate analysis. Finally, in the most extensive analysis of
ST compared to NBQT (evaluating a total of 6 compara-
tive RCTs, 2070 patients), the two regimens performed
comparably (81.7% vs 81.3%; respectively). However, in 2
out of 6 RCTs, NBQT lasted 5 d only and only one trial
was at low risk of bias™. Thus, further comparative data
is awaited to a definitively address the issue of concomi-
tant o5 sequential administration. Another promising first-
line alternative and a relevant competitor for both ST and
NBQT is a two-step hybrid (dual-concomitant) therapy.
Originally proposed by Hsu ez /™Y, this treatment yielded
high efficacy cither against CAM- and dual resistant H.
Pylori strains, demonstrating optimal eradication rates of
97% in ITT and 99% in PP analysis. Evaluation of two
RCTs"*" comparing hybrid (86.6%) with ST (81%) re-
vealed no statistically significant difference™”. Similarly,
comparison with a 14-d NBQT did not show any signifi-
cant difference although, interestingly, fewer treatment-
related adverse events occurred in those treated with hy-
brid therapy™. Prolonged (14-d) exposure to amoxicillin
is likely the key for the improved eradication with hybrid
therapy. In line with this hypothesis, no benefit seems
to be obtained by prolonging to 14-d duration of ST, in
which amoxicillin is discontinued at midpointlso’%J.

Rising prevalence of CAM resistance has prompted
use of levofloxacin, a broad spectrum quinolone agent, as
a substitute for CAM. A levofloxacin-based triple therapy
(LTT) has been proposed as a suitable alternative in set-
tings with a high CAM resistance but < 10% prevalence
of levofloxacin resistance achieving 72%-90% cure rates,
and even > 95% has been reported provided that 500 mg
of levofloxacin bid (vs 250 mg bid) are used””™. Notably,
a 5-d levofloxacin-based non-bismuth quadruple regi-
men was as effective as a 10-d duration same treatment
allowing a substantial reduction in treatment costs' . In
a study by Romano ¢z a/'"", use of levofloxacin in a 10-d
sequential regimen displayed > 95% efficacy (vs 80.8%
yielded by a CAM-based sequential regimen), although
the low levofloxacin resistance rate in this study (3.7%)
should be acknowledged. Thus, it may not be feasible to
reproduce these good results in most countries, as quino-
lone resistance currently exceeds 40% in America, 20%
in Europe and 10% in Asia™". Indeed, rapid development
of quinolone resistance has discouraged first-line use of
quinolones which atre currently reserved as second-line/
rescue options after failure of CAM- and/or MNZ-based
regimens[m]. In 2006 two meta-analyses confirmed bet-
ter second-line efficacy with LT'T (cure rates 81%-87%)
than BQT"™'"™, Similar efficacy (88.7%) was shown by
an updated analysis including RCTs up to October 2010,
whereas performance of a second-line LTT has been
reported to be 74%-81% with stable efficacy over the pe-
riod 2006-2011 in a Spanish study with 1000 patients"".
By using LTT after failure of ST (second-line efficacy
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75%) Italian investigators obtained a 97.8% of cumula-
tive eradication"”, and the same cure rate (75%) has been
reported when using LTT after failure of either first-line
ST or NBQT"". An impressive 95.8% eradication (IT'T,
95%CI: 87.8%-103.8%) was recently reported by using a
10-d quadruple bismuth- and levofloxacin-containing reg-
imen after failure of ST in a small study (24 subjects)"".
Critically, use of daily levofloxacin doses higher than 500
mg does not seem to confer any therapeutic advantage
while it increases the rate of adverse events!”. Moxiflox-
acin and Sitafloxacin are newer (and thus more expen-
sive) quinolones which probably encounter less resistance
problems. They have shown encouraging results in both
first-line and rescue regimens, although no evidence of
superiority over levofloxacin is as yet available! """,

Susceptibility testing is currently recommended af-
ter two consecutive treatment failures. However, when
culture of H. pylori is not locally available, rifabutin (an
anti-tuberculous agent active against H. pylori) may be
implemented together with a PPI and amoxicillin (all i)
as a third-or-more line rescue option providing good re-
sults, Using results from 11 studies (2982 patients) the
mean rifabutin resistance ranged from 0.6% in treatment-
naive to 1.6% in treatment-experienced patients“ﬁ].
Overall, the eradication rates for second- (223 patients),
third- (342 patients) and fourth/fifth-line (95 patients)
rifabutin-based therapies were 79%, 66% and 70% re-
spectively. Concerning optimal rifabutin dose and treat-
ment duration, most studies recommend 300 mg/d for a
total of 10-12 d of treatment. However, clinicians should
bear in mind the shortcomings related to rifabutin use,
including myelotoxicity and development of resistant My-
cobacterinm species.

TAILORED TREATMENT OF H. PYLORI
INFECTION

The continuous rise in prevalence of antibiotic resistance
is likely to bring to a deadlock today’s efforts to optimize
empirical treatments. Even the novel, more effective, em-

pirical regimens discussed above are to some (although
lesser as compared to standard therapies) degree prone
to the deleterious impact of increasing resistance to their
individual key antibiotics. Indeed, results > 95% are in-
frequently achieved, and even eradication rates > 90%
(PP) are disputable[74’77’“6]. Tailored therapy of H. pylori
(as for any other bacterial infection in which near 100%
of therapeutic efficacy is obtainable) seems to represent
the reasonable next step. This is currently limited by the
shortcomings of systematically performing H. pylori cul-
ture which, as mentioned, is invasive, time-consuming,
costly (mainly due to the associated endoscopy costs) and
do not 100% reflects in vivo susceptibilitym. However,
molecular testing methods may allow for a rapid and
noninvasive characterization H. pylori susceptibility to
antibiotics revolutionizing our approach to tailored treat-
ment. Nonetheless, a future refinement on tailoring H.
Pylori treatments may be delivered from the field of phar-
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macogenomics.

Culture-guided treatment

Due to the aforementioned limitations of systematically
performing culture, this procedure is currently reserved
for cases with at least two empirical treatment failures.
However, this recommendation has not always yield full
consensus among experts. By analyzing 5 RCTs, Wenzhen
et al"'" showed that a culture-guided triple therapy was
more effective and also (based on one RCT focusing on
costs) more cost-effective as compared to empirical stan-
dard triple therapy. The authors concluded that culture
with antimicrobial susceptibility testing should be carried
out before first-line treatment. Critically, similar cost-ef-
fectiveness evaluations should include the novel BQT, ST
and NBQT as, by achieving > 90% and > 80% of first-
and second-line efficacy respectively, these regimens are
deemed to definitively displace any debate for performing
culture systematically.

Culture-free determination of H. pylori antibiotic
susceptibility using molecular methods

Conventional methods to detect macrolide resistance are
time-consuming as culture requires 3-10 d and further
susceptibility testing (e.g., by Etest, AB bioMerieux; Solna,
Sweden) will require additional 3-4 d. These culture-
based methods can be now replaced by rapid molecular
techniques relying on the measurement of the 3 point
mutations in the 23StRNA gene (namely A42743G,
A2142G and A27142C) which account for 90% of cases
of primary CAM resistance in Western countries™".
They include a standard polymerase chain reaction (PCR)
and other PCR-based methods including PCR-restriction
fragment length polymorphism (RFLP), PCR-DNA
enzyme immunoassay (DEIA), PCR oligonucleotide liga-
tion assay (OLA) and PCR-line probe assayl“&“%. Real-
time PCR assays, representing a powerful advancement
of the basic PCR method, have been also developed and
are commercially available!™. These PCR-based methods
can be directly applied on gastric specimens, offering fast
and highly accurate results (reportedly > 80%-90% of
both sensitivity and specificity) including detection of
the heteroresistant status (defined as the co-existence of
strains susceptible and resistant to the same antibiotic in
the same patient), which is not detectable by conventional
culture-based methods accounting for a significant rate
of treatment failures™"*"'*, Importantly, no additional
gastric mucosal specimens are required as samples stored
in rapid urease test, in room temperature, for up to 30 d,
may be successfully used for PCR obviating the necessity
to freeze specimens for off-site testing1123’124j. Genotypic
detection of macrolide resistance without PCR is also
possible by using fluorescence ##-situ hybridization (FISH).
It uses fluorescent probes specific to mutations associ-
ated with resistance and has the advantage that it can be
applied on paraffin-embedded tissue samples, thus it can
be offered by pathology services!>' 1A great applica-

tion of molecular methods is non-invasive (i.e., without
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need for endoscopy) determination of H. pylori suscepti-
bility to antibiotics. Indeed, minimally-invasive techniques
(including oro-gastric brushing and gastric wash) or use
of stool specimens can be used to obtain H. pylori DNA
for molecular testingmlmm‘ Few available studies have as-
sessed the benefits of a PCR-based tailoring of treatment
for H. pylori infection. In a Japanese study, tailored treat-
ment using a dual PPI/MNZ regimen for CAM-resistant
strains yielded 94.3% eradication (100% against CAM-
resistant strains) »s 71.4% using empirical standard treat-
ment"”". In a larger Asian RCT, 218 patients were treated
with a PCR-tailored triple therapy: if a CAM-resistant
strain was detected, then CAM was replaced by MNZ
in the triple regimen". Eradication rates were 91.2% in
the tailored group »s 79.1% and 75.9% by using empirical
MNZ- and CAM-based triple therapies (# = 308 in each
control group) respectively (P < 0.001). A molecular ap-
proach is also available to test for levofloxacin resistance
based on the detections of gyrA mutations'. Contrarily,
there is not such availability for MNZ resistance as mo-
lecular basis of that phenomenon remain not fully under-

stood.

Pharmacogenomic-tailored therapy

Apart from bacterial susceptibility to antimicrobial
agents, magnitude of the acid suppression achieved by
PPI’s is critical for the treatment of H. pylori infection;
thus, an ideal tailored treatment should also tatget to op-
timize the PPT’s metabolism!**"*!, PPI’s are metabolized
by cytochrome P450 (CYP) 2C19 (CYP2C19) in the
liver™. However, there is substantial genetic variability
in the activity of this enzyme. Three different CYP2C19
genotypes ate recognized, influencing the PPI plasma
levels and consequently the eradication of H. pylor:: rapid
metabolizer, intermediate metabolizer and poor metabo-
lizer, with plasma PPI levels and intragastric pH’s being
lowest in the rapid metabolizer group' ™. In a landmark
study, 300 H. pylori-positive patients were randomized
to either a 1 week standard regimen or to personalized
therapy based on both CYP2C19 and CAM susceptibility
status assessed by genetic testing . The ITT eradica-
tion rates were significantly higher in the tailored group
(96% s 70%) without an increase of the final per-patient
cost for successful eradication. Critically, in this study
lansoprazole was used, which is known to be affected by
CYP2C19 status™. In contrast, the metabolism of other
PPI’s (e.g., esomeprazole or rabeprazole) has been re-
ported to be independent to CYP2C19 status" ™ thus
choice of these agents could probably outplace the need
for CYP2C19 genotyping. Further studies are warranted
to clarify the role of PPl pharmacogenomics as a basis
for tailoring H. pylori eradication therapies.

PROBIOTICS

Adjunct use of probiotics has attracted growing atten-

tion in recent years as a strategy aimed to both improve
eradication rates and prevent occurrence of H. pylori

August 7,2014 | Volume 20 | Issue 29 |



therapy-related side-effects. Although mechanisms of a
possible inhibitory effect of probiotics on H. pylori re-
main largely unknown, some hypothesis have been put
forward including production of an inhibitory substance,
competition for adhesion, strength of the mucosal bar-
rier, and modulation of the H. pylori-related immune cas-
cade of the host""". To date, several trials supported co-
administration of probiotics together with standard'*”,
sequenrjal[143J or levofloxacin-based regimenslmj, whereas
others did not" ¥, Both single-strain (mostly Lactobacil-
lus spp., Saccharomyces spp., Bifidobacterium spp. and B. clan-
sii) and multistrain!* compounds have been evaluated.
Lack of placebo control, and a substantial heterogene-
ity in treatment duration as well as choice of different
probiotic strains may have accounted for the conflicting
results between studies. In a systematic review, Wilhelm
et al'™ concluded that probiotics may be beneficial in
reducing adverse effects and increase tolerability of H.
pylori eradication regimens, particularly in cases with re-
current infection or history of gastrointestinal antibiotic-
related side-effects. To date, meta-analytic evidence has
been provided for using either Saccharomyces bonlardi (OR
= 1.13, 95%CI: 1.05-1.21) ot Lactobacillus spp. (OR = 1.78,
95%CI: 1.2-2.6) supplementation adjunctively to standard
triple therapy[149’150]. A recent meta-analysis (10 trials, 1469
patients) assessed the effect of Lactobacillus-containing
and Bifidobacterium-containing supplementation duting
H. pylori therapy: the pooled odds ratio (ITT) with pro-
biotic supplementation was 2.066 (95%CI: 1.398-3.055)
for eradication and 0.305 (95%CI: 0.117-0.793) for the
incidence of total side effects””. In conclusion, although
increasing evidence supports probiotic supplementa-
tion, further studies are required to better characterize
the magnitude and mechanisms of a beneficial effect of
probiotics, standardize administration, and assess cost-
effectiveness, as these agents are not inexpensive.

CONCLUSION

Due to the wide-spread consumption of antibiotics, H.
Ppylori resistance to CAM is now exceeding 20% in many
parts of the world. Conventional triple therapies, which
for many years have represented the backbone of treat-
ing H. pylori, are not any more recommended for empiric
use, and should not be prescribed, unless local CAM re-
sistance is low or culture confirms susceptibility to CAM.
More effective CAM-based regimens are now replacing
standard triple therapies as empitical first-line treatments.
These include the sequential, non-bismuth quadruple
(concomitant) and dual-concomitant (hybrid) regimens. A
bismuth-containing quadruple regimen can be effectively
used either as first-line or rescue option when a CAM-
based regimen fails. Rapidly growing quinolone resistance
has precluded use of levofloxacin in first-line treatments.
Thus, substitution of CAM with levofloxacin in triple,
sequential or quadruple regimens should be reserved as
a second-line/rescue option when CAM- and/or MNZ-
based regimens fail. Critically, due to the steady increase
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in prevalence of antimicrobial resistance, empiric use of
either CAM or levofloxacin may become no longer feasi-
ble in the future. Tailored treatment of H. pylori infection
appears as the reasonable alternative to maintain high
therapeutic efficacy, thus avoiding exposing the patient to
repeated empirical antibiotic courses. A culture-based tai-
loring of therapy is currently recommended after at least
two empirical treatment failures as it has obvious limita-
tions, including it is invasive, time-consuming, and costly.
Molecular PCR-based and FISH methods may allow for a
rapid, non-invasive and highly accurate determination of
H. pylori susceptibility to antibiotics, including detection
of the heteroresistant status. Tailoring treatment accord-
ing to the CYP2C19 status affecting the metabolism of
PPIs may represent a further refinement delivered by the
field of pharmacogenomics. Both practical and logistic
issues should be addressed before a tailored approach
based on the genotypic detection of H. pylori therapeutic
susceptibility is ready for wide-spread implementation
into routine practice. Until then, efforts to enhance per-
formance of empirical treatments should continue, in-
cluding use of probiotics in the therapeutic schemes.
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