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Abstract

Because the prevalence of antibiotic resistance markedly increases with time worldwide, anti-H. pylori treatment is
continuing to be a great challenge forsphysicians in clinical practice. The Real-world Practice & Expectation of Asia-
Pacific Physicians and Patients in Helicobacter Pylori Eradication (REAP-HP) Survey demonstrated that the accepted
minimal eradication rate of anti-H. pylori regimen in H. pylori-infected patients was 91%. The Kyoto Consensus Report
on Helicobacter Pylori Gastritis also recommended that, within any region, only regimens which reliably produce
eradication rates of 290% in that population should be used for empirical treatment. This article is aimed to review
current first-line eradication regimens with a per-protocol eradication rate exceeding 90% in most geographic areas. In
regions with low (£15%) clarithromycin resistance, 14-day hybrid (or reverse hybrid), 10 ~ 14-day sequential, 7 ~ 14-day
concomitant, 10 ~ 14-day bismuth quadruple or 14-day triple therapy can achieve a high eradication rate in the
first-line treatment of H. pylori infection. However, in areas with high (>15%) clarithromycin resistance, standard
triple therapy should be abandoned because of low eradication efficacy, and 14-day hybrid (or reverse hybrid),
10 ~ 14-day concomitant or 10 ~ 14-day bismuth quadruple therapy are the recommended regimens. If no
recent data of local antibiotic resistances of H. pylori strains are available, universal high efficacy regimens such
as 14-day hybrid (or reverse hybrid), concomitant or bismuth quadruple therapy can be adopted to meet the
recommendation of consensus report and patients’ expectation.
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Background

Helicobacter pylori (H. pylori) infect more than 50% of
humans globally. It is the major cause of chronic gastritis,
peptic ulcer, gastric mucosa-associated lymphoid tissue
lymphoma (MALToma), and gastric adenocarcinoma [1,
2]. Eradication of H. pylori can effectively prevent the re-
currence of peptic ulcer disease [3, 4]. Anti- H. pylori ther-
apy is currently recommended in the treatment of H
pylori-related gastric MALToma [5]. Additionally, eradica-
tion of H pylori is advocated as a preventative
method in regions with high incidence of gastric
adenocarcinoma [6, 7].
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A recent survey for H. pylori eradication therapy re-
vealed that 7-day standard triple therapy remained the
most popular regimen in the Asia-Pacific region [8].
However, the eradication rate of 7-day standard triple
therapy has declined to less than 80% in most countries
worldwide owing to increasing resistance rate to antibi-
otics [9-12]. The Kyoto Consensus Report on Helicobac-
ter Pylori Gastritis recommends that, within any region,
only regimens which reliably produce eradication rates
of >90% in that population should be used for empirical
treatment [13]. Current medicine practice emphasizes
shared decision making with patients. It is therefore im-
portant for physicians to know the expectations of
patients and try to meet patients’ expectations on eradi-
cation therapy when they prescribe anti-H. pylori regi-
men. The survey for the Real-world Practice &
Expectation of Asia-Pacific Physicians and Patients in
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Helicobacter Pylori Eradication (REAP-HP) showed that
the expected minimal eradication rate in patients was
91.4% [8]. Hence, physicians should prescribe an eradi-
cation regimen with cure rate exceeding 90% to treat
their H. pylori-infected patients. This article is aimed to
review current novel first-line eradication regimens with
a per-protocol (PP) eradication rate exceeding 90% in
most geographic areas.

Current antibiotic resistance

The main reasons for eradication failure of standard triple
therapy include antibiotic resistance, poor compliance and
rapid metabolism of proton pump inhibitor (PPI) [10, 14,
15]. Clarithromycin resistance has been identified as the
main reason for the failure of standard triple therapy [16,
17]. Pooled data from 20 studies involving 1975 patients
treated with standard triple therapy showed an eradication
rate of 88% in clarithromycin-sensitive strains versus 18%
in clarithromycin-resistant strains [10]. Therefore, the
background rate of clarithromycin resistance is critically
important for the efficacy of standard triple therapy.

The prevalence of antibiotic resistance varies in differ-
ent geographic regions and appears to be increasing with
time in most countries worldwide [18—24]. For example,
an increase in clarithromycin resistance was observed in
Korea from 7.0% in 2009 to 16.0% in 2011 [23]. The re-
sistance rate of H. pylori to clarithromycin in Japan had
increased gradually from 2% in 1996 to approximately
30% in 2004 [22]. In China, a marked increase of clari-
thromycin resistance was seen from 8.6% in 2000 to
20.7% in 2009 [21]. The recent clarithromycin resistance
rates of H. pylori in China, Taiwan, Japan, Turkey, Italy
and the United States are approximately 50, 15, 30, 40,
30 and 13%, respectively [20]. The prevalence of metro-
nidazole resistance quite varies in different countries.
The resistance rate of H. pylori to metronidazole re-
mains high in China (41.6 - 67.4% between 2008 and
2015). In contrast, the prevalence of metronidazole re-
sistance is extremely low in Japan [22]. Nishizawa et al.
described an overall resistance rate of 2.1% in patients
studied from 2012 to 2104 [24]. In Korea, the prevalence
of metronidazole resistance had increased from 45.1% in
2009 to 56.3% in 2011 [23]. Besides clarithromycin and
metronidazole, amoxicillin is also one of the most com-
monly used antibiotics in first-line anti-H. pylori therapy.
However, resistance to amoxicillin remains extremely
low (less than 5%) in most countries [16, 20, 23, 24].

Updated H. pylori therapy

With the rising prevalence of antimicrobial resistance,
standard triple therapy is no longer effective in most
countries [15-17]. The eradication rate of the 7-day
standard triple therapy in 14 hospitals over the Tokyo
metropolitan area in 2010 was only 66.5 and 378.7% by
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intention-to-treat (ITT) and per-protocol (PP) analyses,
respectively [25]. The regimen achieved a success rate of
68.5% by PP analysis in Korea [26]. Clinicians should
therefore avoid triple therapies unless it has been proven
to achieve an adequate success rate locally. Currently,
several strategies including bismuth quadruple, non-
bismuth quadruple (i.e., sequential, concomitant and hy-
brid) and high-dose dual therapies have proposed to
increase the eradication rate [27-32]. Figure 1 summar-
ies the regimens of these new therapies.

Sequential therapy

Sequential therapies developed by Zullo et al. consists of
a 5-day dual therapy with a PPI (standard dose, b.i.d.)
and amoxicillin (1 g, b.i.d.) followed by a 5-day triple
therapy with a PPI (standard dose, b.i.d.), clarithromycin
(500 mg, b.i.d.) and metronidazole (500 mg, b.i.d.) [27].
Clarithromycin resistance also reduces the efficacy of se-
quential therapy. However, the impact of clarithromycin

Standard triple therapy
PPI 1* bid 7-14d
Amoxicillin 19 bid 7-14d
Clarithromycin  500mg  bid 7-14d

Bismuth quadruple therapy
PPI 1* bid 7-14d
Bismuth 120mg qid 7-14d
Metronidazole 250mg  qid 7-14d
Tetracycline 500mg qid 7-14d
Sequential ierapy

PPI 1" bid 10d
Amoxicillin 1g bid 5d
Clarithromycin - 500mg  bid 5d
Metronidazole 250mg qid 5d

Concomitant therapy
PPI 1" bid 7-14d
Amoxicillin 1g bid 7-14d
Clarithromycin ~ 500mg  bid 7-14d
Metronidazole 250mg qid 7-14d

Hybrid theragy

PPI 1* bid 14d
Amoxicillin 19 bid 14d
Clarithromycin ~ 500mg  bid 7d
Metronidazole 250mg qid 7d

Reverse hybrid therapy
PPI 1* bid 14d
Amoxicillin 19 bid 14d
Clarithromycin ~ 500mg  bid 7d
Metronidazole 250mg qid 7d

High-dose therapy
PPI 1* qid 14d
Amoxicillin 7509 qid 14d
Fig. 1 Current anti-H pylori regimens
.
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resistance on sequential therapy is markedly less than
that on standard triple therapy because sequential ther-
apy contains metronidazole as an additional antibiotic
[16]. A randomized, double-blind, placebo-controlled
trial demonstrated that the PP eradication rates of
sequential therapy and standard triple therapy for
clarithromycin-resistant strains were 89 and 29%, re-
spectively [33]. The eradication rate of 10-day sequential
therapy was superior to that of 7-day standard triple
therapy in several randomized controlled trials [16, 33].
However, meta-analysis revealed that 10-day sequential
therapy was not superior to 14-day standard triple ther-
apy [34]. Either clarithromycin or metronidazole resist-
ance can undermine the efficacy of sequential therapy
[16, 35]. The eradication rates of 10-day sequential ther-
apy for the strains with non-resistance, single clarithro-
mycin resistance, single metronidazole resistance and
dual resistances were 95, 70, 78, and 43%, respectively,
in a recent prospective randomized controlled trial [35].
In addition, this therapy is more complex and requires
changing antibiotics during the treatment course which
may reduce the treatment compliance of patients.

Concomitant therapy

Concomitant therapy is another novel regimen proven
successful in the presence of clarithromycin resistance
[16, 30]. It is a 4-drug regimen containing a PPI (stand-
ard dose, b.i.d.), clarithromycin (500 mg, b.i.d.), amoxi-
cillin (1 g, b.i.d) and metronidazole (500 mg, b.i.d.)
which are all given for the entire duration of therapy
(Fig. 1). Meta-analysis demonstrated that concomitant
therapy is more effective than standard triple therapy
(90% versus 78% by I'TT analysis) [36]. Dual clarithromy-
cin and metronidazole resistance undermines the effi-
cacy of concomitant therapy. A recent randomized
controlled trial revealed that the eradication rates of 7-
day concomitant therapy for the H pylori strains with
nonresistance, single clarithromycin resistance, single
metronidazole resistance, and dual clarithromycin and
metronidazole resistance were 100.0, 100.0, 100.0, and
66.7%, respectively [16].

The efficacy of concomitant therapy was also related
to the duration of treatment [37]. A tendency toward
better results with longer treatments (7-10 days versus
3-5 days) has been observed [37]. Concomitant therapy
is less complex than sequential therapy as this regimen
does not involve changing drugs halfway through.

Hybrid and reverse hybrid therapies

Hybrid therapy was introduced by Hsu et al. in Taiwan
in 2011 [29]. This regimen consists of a dual therapy
with a proton pump inhibitor (PPI) and amoxicillin for
7 days followed by a quadruple regimen with a PPI,
amoxicillin, clarithromcyin and metronidazole for 7 days.
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It produced an eradication rate of 99.1% by PP analysis
and 97.4% by ITT analysis in Taiwan [16]. A systemic re-
view showed that the eradication rates of hybrid therapy
for clarithromycin-sensitive and resistant strains were
99.1 and 85.7%, respectively [38]. The impact of metro-
nidazole resistance on the efficacy of the new therapy
also appeared minor (susceptible strains: 100% [68/68];
resistant strains: 94.2% [49/52]) [38]. Several randomized
controlled trials demonstrated that hybrid regimens were
comparable with or more effective than sequential regi-
mens [38—42]. A recent large multicentre randomized
controlled trial demonstrated that both 14-day hybrid
and 14-day concomitant therapies cured more than 90%
of patients with H pylori infections in areas of high clari-
thromycin and metronidazole resistance [43]. However,
significantly more patients were compliant with hybrid
therapy (98.8%) than concomitant therapy (95.2%) [43].
Meta-analysis revealed that hybrid therapy and con-
comitant therapy achieved comparable eradication
rate [38]. Recently, the Taiwan H pylori Consensus
Report recommends 14-day hybrid, concomitant and
bismuth quadruple therapies as choices of anti-H pyl-
ori treatment in areas with either high or low clari-
thromycin resistance [44].

Switching drugs halfway through the course increases
the complexity of an anti-H pylori regimen. Reversing
the sequence of drug administration (a quadruple regi-
men followed by a dual regimen) may simplify hybrid
therapy (a one-step two-phase therapy; Fig. 1). A pilot
multicenter, randomized trial demonstrated that reverse
hybrid therapy was highly effective in Taiwan (eradica-
tion rate by PP analysis: 96%) and superior to standard
triple therapy [43]. A retrospective cohort study demon-
strated that reverse hybrid therapy yielded a similar
eradication rate as standard hybrid therapy [45]. The
new therapy appears to be a simple, highly effective, and
well-tolerated treatment for H pylori infection in the era
of increasing antibiotic resistance.

High-dose dual therapy

High-dose dual therapy developed by Yang et al. is an-
other emerging treatment for H pylori infection [32].
The new therapy consists of high-dose PPI (one tablet
q.i.d) and amoxicillin (750 mg q.i.d), which may keep the
intragastric pH at a value higher than 6.5 regardless of
CYP2C19 genotype [46] and maintain steady plasma
concentration of amoxicillin above the minimal inhibi-
tory concentration for H pylori [47]. The efficacy of the
new therapy was significantly higher than that of stand-
ard triple therapy in Taiwan [42]. However, it was less ef-
fective as the first-line therapy for eradicating H pylori
in Korea [48]. Currently, data on high-dose dual therapy
are scarce, and further studies to investigate the simple
regimens are needed.
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Clarithromycin Resistance

=15%

4

>15%

v

14-day triple therapy
14-day hybrid (or reverse hybrid) therapy
10~14-day sequential therapy

7~14-day concomitant therapy

10~14-day bismuth quadruple therapy

14-day hybrid (or reverse hybrid) therapy
14-day concomitant therapy

10~14-day bismuth quadruple therapy

Fig. 2 Recommended anti-H pylori regimens in regions with different clarithromycin resistant rates

Bismuth quadruple therapy

Bismuth-containing quadruple therapy containing a PPI,
bismuth, metronidazole and tetracycline is recommended
as the choice treatment for H pylori infection in areas of
either low or high clarithromycin resistance in the Maas-
tricht V/Florence Consensus Report [49]. The optimal
treatment duration of bismuth-containing quadruple ther-
apy remains unclear. However, the efficacy of bismuth
quadruple therapy for 1-3 days, 4 days or 7 days was less
effective than when given for 10-14 days [50]. Bismuth
quadruple therapy for 10—14 days achieved 2 85% eradica-
tion rate, even in areas with a high prevalence of metro-
nidazole resistance [50]. However, 14-day bismuth
quadruple therapy had a much higher frequency of ad-
verse events than 14-day hybrid therapy (55.5% vs 15.7%,
P <0.001) [51].

Quinolone-containing triple therapy

A quinolone-containing triple therapy is effective as the
first-line therapy for H pylori infection. Its cure rates
range from 72 to 96% [52]. The regimen might be con-
sidered in populations with clarithromycin resistance
greater than 15-20% and quinolone resistance less than
10% [53]. Nonetheless, a quinolone-based triple therapy
is not generally recommended as a first-line therapy due
to concerns of the rising prevalence of quinolone-
resistant strains. Additionally, the increased use of quin-
olone would likely lead to the development of more
quinolone-resistant pathogens for respiratory and uro-
genital tract infection.

Conclusion

Current consensus report on H. pylori eradication ther-
apy recommends that only regimens that reliably pro-
duce eradication rates of >90% should be used for
empirical treatment. The REAP-HP Survey also revealed

that the accepted minimal eradication rate of anti-H.
pylori therapy in infected patients was 91%. To meet the
recommendation of the consensus report and patients’
expectation, 14-day triple, 14-day hybrid (or reverse hy-
brid), 10 ~ 14-day sequential, 7 ~ 14-day concomitant or
10 ~ 14-day bismuth quadruple therapy can be adopted
as the first-line treatment for H. pylori infection in areas
with low (£15%) clarithromycin resistance (Fig. 2). In
areas with high (>15%) clarithromycin resistance, stand-
ard triple therapy should be abandoned, and 14-day hy-
brid (or reverse hybrid), 10 ~ 14-day concomitant or
10 ~ 14-day bismuth quadruple therapy can be used to
treat H. pylori infection. If no recent data of local anti-
biotic resistances of H. pylori strains are available, uni-
versal high efficacy regimens such as 14-day hybrid (or
reverse hybrid), concomitant or bismuth quadruple ther-
apy can be adopted to meet the recommendation of con-
sensus report and patients’ expectation.
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