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Abstract: A standard bismuth quadruple therapy, a fluoroquinolone-containing triple (or
quadruple) therapy or a proton pump inhibitor (PPI]-amoxicillin high-dose dual therapy

has been recommended as a second-line treatment for Helicobacter pylori infection by the
Maastricht VI/Florence Consensus Report. The major shortcoming of levofloxacin-amoxicillin
triple therapy is low cure rate for eradicating levofloxacin-resistant strains. With the rising
prevalence of levofloxacin-resistant strains, levofloxacin-amoxicillin triple therapy cannot
reliably achieve a high eradication rate for second-line treatment of H. pylori infection in most
countries now. The present article aims to review current second-line eradication regimens
with a per-protocol eradication rate exceeding 85% in most geographic areas. Recently, a
novel tetracycline-levofloxacin quadruple therapy consisting of a PPI, bismuth, tetracycline,
and levofloxacin for rescue treatment of H. pylori infection has been developed. The new
therapy achieved a higher per-protocol eradication rate than levofloxacin-amoxicillin triple
treatment in a randomized controlled trial (98% versus 69%). Additionally, the tetracycline-
levofloxacin quadruple therapy also exhibits a higher eradication rate than amoxicillin-
levofloxacin quadruple therapy. High-dose dual PPl-amoxicillin therapy is another novel
second-line treatment for H. pylori infection. The new therapy can achieve an eradication

rate of 89% by per-protocol analysis for the second-line treatment in Taiwan. Recently,
levofloxacin-based sequential quadruple therapy and potassium-competitive acid blocker have
also been applied in the second-line treatment of H. pylori infection. A meta-analysis revealed
that a vonoprazan-based regimen has significant superiority over a PPl-based regimen for
second-line H. pylori eradication therapy. In conclusion, the eradication rate of levofloxacin-
amoxicillin triple therapy is suboptimal in the second-line treatment of H. pylori infection
now. Currently, a standard bismuth quadruple therapy (tetracycline-metronidazole quadruple
therapy), a tetracycline-levofloxacin quadruple therapy, an amoxicillin-levofloxacin quadruple
therapy, a levofloxacin-based sequential quadruple therapy or a high-dose PPI-amoxicillin
dual therapy is recommended for the second-line treatment of H. pylori infection.
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Introduction

Helicobacter pylori is an important pathogen that
can induce chronic gastritis, peptic ulcer,
gastric adenocarcinoma, and mucosa-associated

lymphoid tissue lymphoma.!> Currently, the
eradication rate using standard triple therapy for
H. pylori has decreased to less than 80% world-
wide.*> The main causes of eradication failure by
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Table 1. Regimens for second-line anti-H. pylori therapy.
Regimens Drug Duration of
therapy (days)
PPI Bismuth  Lev Amo Tet Met
Standard bismuth quadruple therapy SD, 300mg 500mg 500mg 10-14
bid qgid qgid tid
Fluoroquinolone-amoxicillin SD, 500mg 19, 14
triple therapy bid qd bid
Fluoroquinolone-amoxicillin SD, 300mg 500mg 500mag, 14
quadruple therapy bid qgid qd qid
Levofloxacin-tetracycline SD, 300mg 500mg 500mg 10-14
quadruple therapy bid qid qd qid
High-dose dual therapy SD, 750mag, qid 14
qid

Amo, amoxicillin; Bismuth, tripotassium dicitrato bismuthate; Lev, levofloxacin; Met, metronidazole; PPI, proton pump inhibitor; SD, standard dose;

Tet, tetracycline.

standard triple therapy include antibiotic resist-
ance, poor adherence, low gastric pH, a high bac-
terial load and the rapid metabolism of proton
pump inhibitor (PPI).4#° Recently, several strate-
gies including bismuth quadruple therapy, con-
comitant therapy, sequential therapy, hybrid
therapy, reverse hybrid therapy, high-dose dual
therapy, and vonoprazan-based therapy have
been proposed to improve the eradication rate of
H. pylori infection,” but H. pylori eradication still
fails in 3-24% of infected patients.8-!! This pre-
sent article aims to review current second-line
eradication regimens with a per-protocol eradica-
tion rate exceeding 85% in most geographic areas.

Current antibiotic resistance in the second-
line treatment of H. pylori infection

Antibiotic resistance is a critical factor predicting
the outcome of eradication therapy.!%!3 Therefore,
empiric second-line treatment for H. pylori infec-
tion should be guided by local resistance profiles
of the pathogen and cure rates of eradication ther-
apies. Previous reports reveal the rates of antibi-
otic resistances to clarithromycin, amoxicillin,
metronidazole, tetracycline and levofloxacin were
56-71%, 0-8%, 35-74%, 0-4%, and 21-43%,
respectively.!'41% The data suggest that amoxicil-
lin and tetracycline are effective antibiotics for use
in the second-line anti-H. pylor: therapy. A recent
study investigated the trend of annual antibiotic
resistance rates in the treatment of H. pylori infec-
tion from 2013 to 2019 in Taiwan.!® The report
showed that progressively higher resistance rates

were observed for levofloxacin (from 37% to
52%) and metronidazole (from 41% to 77%)
among patients who received second-line eradi-
cation therapy. The trend of changes in antibi-
otic resistances has great impact on the
eradication efficacy of salvage regimens contain-
ing levofloxacin and metronidazole for the treat-
ment of H. pylori infection.

Second-line therapies for H. pylori infection

A standard bismuth quadruple therapy, a fluoro-
quinolone-containing quadruple (or triple) ther-
apy or a PPI-amoxicillin high-dose dual therapy
have been recommended as second-line treat-
ment for H. pylori infection by the Maastricht VI/
Florence Consensus Report.!® Recently, tetracy-
cline-levofloxacin quadruple therapy and vono-
prazan-based therapy have proposed to increase
the eradication rate.!%20 Table 1 lists the regimens
and durations of these recommended second-line
therapies.

To investigate the efficacies of current second-line
eradication regimens, randomized controlled tri-
als published in English language articles report-
ing the eradication rates of second-line anti-H.
pylori therapy were eligible for literature search.
The status of H. pylor: infection before and after
treatment should be verified by at least one of the
following tests: urea breath test, rapid urease test,
histology or culture. The post-treatment H. pylor:
status should be assessed at least 4weeks after
eradication therapies. Medical literatures were
searched from PubMed (1 March 2013-1 March
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Figure 1. PRISMA diagram of the literature search.

2023). We identified the eligible literatures with
the keywords of ‘Helicobacter pylori’ or ‘H. pylors’
or ‘H pylor’, and ‘therapy’ or ‘treatment’.
‘Clinical trial’ was set as filter. The titles and
abstracts were screened by CAS and CBS to
exclude irrelevant studies. The full articles of
potentially eligible studies were further reviewed
by CAS and CBS. Literatures published in the
abstract form only were excluded. Studies that
did not report the results according to the inten-
tion-to-treat and per-protocol analyses were
also excluded. Two investigators, CAS and
CBS, reviewed the literatures under the above
criteria independently using pre-designed data
extraction form. Disagreements were resolved
through discussion with PIH to reach consen-
sus. Figure 1 shows the Preferred Reporting

Items for Systematic Reviews and Meta-
Analyses flow diagram of the literature search.
Table 2 summarizes the intention-to-treat and
per-protocol eradication rates of various H. pylor:
eradication regimens including standard bismuth
quadruple therapy (tetracycline-metronidazole
quadruple therapy), fluoroquinolone-amoxicillin
triple therapy, fluoroquinolone-amoxicillin quad-
ruple therapy, tetracycline-fluoroquinolone
quadruple therapy, high-dose dual therapy,
levofloxacin-based sequential therapy, tetracy-
cline-metronidazole-amoxicillin concomitant
therapy, furazolidone-tetracycline quadruple ther-
apy, furazolidone-amoxicillin quadruple therapy,
amoxicillin-clarithromycin-metronidazole tetracy-
cline quintuple therapy, and tetracycline-metroni-
dazole-ofloxacin quintuple therapy.141921-33
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Standard bismuth quadruple therapy

The regimen of standard bismuth quadruple
therapy comprises a PPI twice daily, a bismuth
four times daily, tetracycline 500 mg four times
daily and metronidazole 500 mg three times daily
for 10-14days.?! A meta-analysis including 12
comparative trials demonstrated that bismuth
quadruple therapy achieved an 89% cure rate
[95% confidence interval (CI): 86%—93%,
P=78%] in the second-line treatment for
H. pylori infection.3* Hp-EuReg found that bis-
muth quadruple therapy could achieve an optimal
eradication (=90%) after failure of first-line
clarithromycin-containing therapies, but cure
rate of levofloxacin-based triple therapy was sub-
optimal.3> A recent 15-year prospective study
from Korea showed that the overall per-protocol
eradication rate of 14-day bismuth-containing
quadruple therapy in second-line treatment was
89.5% (95% CI: 86.3-92.7%).3% Despite high
rates of metronidazole resistance, no significant
decline in annual eradication rates was observed
during the study period. Therefore, bismuth-con-
taining quadruple therapy is a pivotal second-line
treatment for H. pylori infection, especially in
areas with high quinolone resistance. Several
recent studies revealed that treatment duration is
an important factor related to the eradication effi-
cacy of bismuth quadruple therapy.3® A recent
randomized controlled trial study also showed a
per-protocol eradication rate of 77.2% wversus
93.6% between the 7-day and 14-day groups that
received a bismuth-containing quadruple therapy
as second-line treatment.3” Therefore, it is rea-
sonable to encourage bismuth-containing quad-
ruple therapy for 14days in the second-line
treatment of H. pylori infection.

Fluoroquinolone-based triple and quadruple
therapies

The most commonly used fluoroquinolone-based
triple therapy is composed of a PPI (standard
dose) twice daily, amoxicillin 1gm twice daily,
and levofloxacin 500 mg daily for 7-14 days.27:37-39
Several previous meta-analyses have demon-
strated that fluoroquinolone-based triple therapy
and bismuth quadruple therapy have compara-
ble eradication rates, and the former induces
fewer adverse events than the latter in patients
receiving first-line eradication treatment with
PPI-clarithromycin-amoxicillin triple regimens.3°
However, an increased prevalence of levofloxacin

resistance in the second-line treatment of H.
pylori infection has been reported,!%:3® reducing
the efficacies of levofloxacin-containing regimens.
A systemic review and meta-analysis showed that
levofloxacin-amoxicillin triple therapy achieved
an overall eradication rate of 77% (95% CI:
75—-80%, ?=68%) in the salvage treatment of
H. pylori infection.?° Several studies revealed that
the cure rate of levofloxacin triple therapy was
markedly reduced in facing levofloxacin-resistant
strains.4%4! In a systemic review and meta-analy-
sis,¥0  levofloxacin-amoxicillin triple therapy
achieved an eradication rate of 81% (95% CI:
68-90%) for levofloxacin-sensitive strains, but
the cure rate dropped to 36% (95% CI: 25—49%)
for levofloxacin-resistant strains.

Bismuth salts have synergistic effects on antibiot-
ics and have been used to increase eradication
efficacy.? A randomized controlled trial demon-
strated that a 14-day PPI-bismuth-levofloxacin-
amoxicillin quadruple therapy had a superior
eradication rate for levofloxacin-resistant strains
than a 14-day PPI-levofloxacin-amoxicillin triple
therapy (71% wersus 37%) in the treatment of
H. pylori infection.*3> Another randomized con-
trolled trial showed that a 14-day PPI-bismuth-
amoxicillin-levofloxacin quadruple therapy and
classical bismuth-containing quadruple therapy
had comparable eradication rate (intention-to-
treat: 83% wversus 88%; per-protocol: 85% wversus
91% in the second-line treatment of H. pylor:i
infection.?*

PPIl-amoxicillin high-dose dual therapy
High-dose dual therapy is another novel second-
line treatment for H. pylori infection.?® The new
therapy includes high-dose PPI and amoxicillin
(Table 1), which maintain gastric pH above 6.5
and stabilize plasma concentrations of amoxicillin
above the minimum inhibitory concentration of
H. pylori regardless of CYP2C19 genotype.** A
randomized controlled trial showed that a 14-day
high-dose dual therapy and a 7-day levofloxacin-
amoxicillin triple therapy had comparable eradi-
cation rate (89% versus 79%) in the second-line
treatment.?® Another randomized controlled trial
from Germany also demonstrated that a 14-day
high-dose dual therapy and a 14-day bismuth-
containing quadruple therapy had comparable
efficacy in the rescue treatment of H. pylori infec-
tion (76% wversus 81%).%4
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Table 3. Comparison of tetracycline-levofloxacin quadruple therapy and other recommended therapies in randomized control trials

from 2013 to 2023.

Author (year) No. of Duration,
cases day

Regimens

Eradication rate

Intention-to-treat

Per-protocol

Kuo et al.20
(2013)

Calhan et al.32
(2013)

Hsu et al.?®
(2017)

Hsu et al.2¢
(2021)

76

74

75

73

50

52

56

56

10

esomeprazole 40 mg bid,
bismuth subcitrate 300 mg qid,
tetracycline 500 mg qid,
levofloxacin 500 mg qd

esomeprazole 40 mg bid,
bismuth subcitrate 300 mg qid,
tetracycline 500 mg qid,
metronidazole 500 mg qid

pantoprazole 40 mg bid,
bismuth subcitrate 300 mg qid,
tetracycline 500 mg qid,
levofloxacin 500 mg qd

pantoprazole 40 mg bid,
amoxicillin 1000 mg bid
for 5days, then
pantoprazole 30 mg bid,
levofloxacin 500 mg qd,
metronidazole 500 mg tid
for 5days

esomeprazole 40mg bid,
bismuth subcitrate 300 mg qid,
tetracycline 500 mg qid,
metronidazole 500 mg gid

esomeprazole 40 mg bid,
amoxicillin 500 mg qid,
levofloxacin 500 mg qd

esomeprazole 40 mg bid,

tripotassium dicitrato bismuthate

300mg qid,
tetracycline 500 mg qid,
levofloxacin 500 mg qd

esomeprazole 40 mg bid,

tripotassium dicitrato bismuthate

300 mg gid,
tetracycline 500 mg qid,
metronidazole 250 mg qid

78.9% (60/76)

79.7% (59/74)

90.6% (68/75)

82.2% (60/73)

98.0% (49/50)2

69.2% (36/52)2

89.3% (50/56)¢

69.6% (39/56)¢

87.0% (60/69)

90.8% (59/65)

93.1% (68/73)

85.7% (60/70)

97.8% (44/45]°

68.6% (35/51)°

89.1% (49/55)¢

69.8% (37/53)¢

2p<0.001. 5p < 0.001. ¢p=0.010. 9p=0.013.

Tetracycline-levofloxacin quadruple therapy

Recently, a novel tetracycline-levofloxacin quad-
ruple therapy has developed for rescue treatment
of H. pylori infection.¢ It consists of esomepra-
zole 40 mg b.i.d, tripotassium dicitrato bismuth-
ate 300mg q.i.d., tetracycline 500 mg q.i.d., and
levofloxacin 500mg q.d. for 10-14days. The
pilot study of tetracycline-levofloxacin quadruple

therapy demonstrated that the novel therapy
could achieve a very high eradication rate (95.8%)
in the second-line treatment of H. pylori infec-
tion.!* Table 3 lists the comparative randomized
controlled trials of tetracycline-levofloxacin quad-
ruple therapy from 2013 to 2023. A randomized
controlled trial demonstrated that the cure rate of
a 10-day tetracycline-levofloxacin quadruple
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therapy was markedly higher than that of a 10-day
PPI-amoxicillin-levofloxacin triple therapy in the
second-line treatment for H. pylori infection
(98.0% wersus 69.2%).'* Another randomized
controlled study showed that a 10-day tetracy-
cline-levofloxacin quadruple therapy was more
effective than a 10-day amoxicillin-levofloxacin
quadruple therapy (per-protocol analysis: 89%
versus 70%) in the second-line treatment of
H. pylori infection in a population with high
levofloxacin resistance (51%).?> The novel
therapy can maintain a high eradication rate
against levofloxacin-resistant strains (93%) for
the salvage treatment of H. pylor: infection.1%25
Recently, a randomized controlled trial also
demonstrated that a 10-day tetracycline-
levofloxacin quadruple therapy and a 10-day
standard bismuth quadruple therapy have com-
parable efficacy (per-protocol analysis: 87% ver-
sus 91%) in second-line treatment of H. pylor:
infection.!® These findings suggest that tetracy-
cline-levofloxacin quadruple therapy can reliably
provide a per-protocol eradication >85%, and is
a good option in the rescue treatment of H. pylor:
infection.

Vonoprazan-based second-line therapy

Vonoprazan is a potassium-competitive acid
blocker (P-CAB). The new gastric acid suppression
agent inhibits gastric acid secretion via reversible
suppressing H+/K+-ATDPase. Its efficacy of acid
inhibition is superior to that of PPI.4° Vonoprazan
is majorly metabolized through CYP 3A4 in the
liver and partially by SULT2A1, CYP2C19,
CYP2B6, and CYP2D6.47:48 Several randomized
controlled studies and non-randomized controlled
studies demonstrated that a 7-day vonoprazan-
based triple therapy was superior to a 7-day PPI-
based triple therapy in the first-line H. pylor:
treatment.2%4° However, a randomized controlled
trial from Japan was conducted to compare the effi-
cacies of vonoprazan-amoxicillin-metronidazole
and rabeprazole-amoxicillin-metronidazole triple
therapies in second-line treatment.’® The results
showed no significant differences in eradication
rates (90% wersus 85% by per-protocol analysis)
between the two second-line therapies. Nonetheless,
a meta-analysis of non-RCT studies by Shinozaki
et al. showed that a vonoprazan-based regimen has
significant superiority over a PPI-based regimen for
second-line H. pylori eradication therapy.5! The
current Japanese guidelines on the management of
H. pylori infections recommend replacing PPI with

vonoprazan for first-line and second-line eradica-
tion therapies.>2

Levofloxacin-based sequential quadruple
therapy

Recently, a 14-day treatment regimen has been
developed to improve eradication rate in the sec-
ond-line anti-H. pylori therapy. A multicentre,
randomized controlled trial from Taiwan investi-
gated the efficacies of a 14-day levofloxacin-based
sequential quadruple therapy (esomeprazole
40mg and amoxicillin 1g for 7 days, followed by
esomeprazole 40 mg, metronidazole 500 mg, and
levofloxacin 250mg for 7days, all twice-daily)
and a 10-day bismuth-based quadruple therapy
(esomeprazole 40 mg twice daily, bismuth tripo-
tassium dicitrate 300 mg four times a day, tetracy-
cline 500 mg four times a day, and metronidazole
500mg three times a day) in adult patients with
persistent H. pylori infection after first-line
clarithromycin-based therapy.?! In per-protocol
analysis, 246 (90%) of 273 participants in the
levofloxacin-based sequential quadruple group
and 245 (93%) of 264 participants in the bis-
muth-based quadruple achieved H. pylori eradi-
cation. There were no differences in eradication
rates between groups. Another randomized con-
trolled trial also confirmed that levofloxacin-
based sequential quadruple therapy could achieve
a high per-protocol eradication rate (93%) in
Turkey.3!

Miscellaneous second-line therapies

Several other strategies have been developed
to increase the eradication rates of H. pylor:
infection, including rifaburin-containing triple
therapy,>? tetracycline-metronidazole-amoxicillin
concomitant therapy,?3 furazolidone-tetracycline
quadruple therapy,??2 amoxicillin-clarithromy-
cin-metronidazole quintuple therapy,3? and tetra-
cycline-metronidazole-ofloxacin quintuple therapy?33
(Table 2). Fiorini er al. applied a 12-day PPI-
amoxicillin-rifabutin triple therapy (esomeprazole
40mg bid, amoxicillin 1g bid, and rifabutin
150mg gd) to treat 55 dyspeptic patients with
eradication failure by first-line anti-H. pylor:
therapy who harbored triple-resistant (clarithro-
mycin, metronidazole, levofloxacin) strains.>3
The novel therapy could achieve a very high per-
protocol eradication rate (92%) in second-line
treatment of H. pylori infection for patients
infected with multidrug-resistant strains. A 7-day
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Bismuth quadruple therapy

Standard triple therapy
Non-bismuth quadruple therapy

[N,

Standard bismuth
quadruple therapy

Tetracycline-levofloxacin
quadruple therapy

Levofloxacin-based
sequential therapy

Amoxicillin-levofloxacin
quadruple therapy

High-dose
dual therapy

Figure 2. Algorithm of second-line therapy for Helicobacter pylori infection. The solid lines denote second-line
therapy with a per-protocol eradication rate exceeding 85% in most geographic areas. The dashed lines denote
second-line therapy with a per-protocol eradication rate exceeding 85% in some geographic areas.

once-daily triple therapy with esomeprazole,
moxifloxacin, and rifabutin had also been used
for second-line therapy of H. pylori infection.>*
The per-protocol eradication rate in 24 patients
with eradication failure by first-line treatment was
78% (61%—95%). Recently, rifabutin-containing
triple therapies were also applied in the third-line
rescue treatment for multidrug-resistant strains of
H. pylori.355% In countries where bismuth is una-
vailable, tetracycline-metronidazole-amoxicillin
concomitant therapy could be a valid treatment
for H. pylori infection after failure of first-line
therapy. A randomized controlled trial demon-
strated that a 10-day tetracycline-metronidazole-
amoxicillin concomitant therapy and a 10-day
standard bismuth quadruple therapy had compa-
rable efficacy (per-protocol analysis: 89% wversus
93%) in second-line treatment of H. pylori infec-
tion.2?> The data suggested that the novel con-
comitant therapy could be an alternative
second-line treatment in countries where bismuth
is unavailable.

Treatment algorithms in the second-line
therapy for H. pylori infection

Figure 2 shows the treatment algorithm in
current second-line therapies for H. pylori
infection. With the rising prevalence of levo-
floxacin resistance, the eradication rate of

levofloxacin-amoxicillin triple therapy cannot
reliably achieve an eradication rate >85% for sec-
ond-line treatment of H. pylori infection in most
countries.*%4! Standard bismuth quadruple ther-
apy, tetracycline-levofloxacin quadruple therapy,
levofloxacin-based sequential quadruple therapy,
amoxicillin-levofloxacin quadruple therapy, and
high-dose dual therapy can maintain a high eradi-
cation rate in the era of high levofloxacin resist-
ance. Therefore, it is reasonable to recommend
the five rescue treatments after failure of clarithro-
mycin-containing triple therapy or non-bismuth
quadruple therapy. In H. pylori-infected patients
with treatment failure by bismuth quadruple ther-
apy, tetracycline-levofloxacin quadruple therapy,
levofloxacin-based sequential quadruple therapy,
amoxicillin-levofloxacin quadruple therapy and
high-dose dual therapy can be recommended for
rescue treatment of H. pylori infection.

Conclusion

With the rising prevalence of levofloxacin resist-
ance, the eradication rate of levofloxacin-
amoxicillin triple therapy is suboptimal in the
second-line treatment of H. pylori infection now.
Currently, a standard bismuth-containing quad-
ruple therapy, a tetracycline-levofloxacin quad-
ruple therapy, a levofloxacin-based sequential
quadruple therapy, an amoxicillin-levofloxacin
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quadruple therapy, or a high-dose dual therapy
is recommended for the second-line treatment of
H. pylori infection.
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