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The treatment of refractory Helicobacter pylori remains challenging in clinical practice. Factors
that should be considered in the treatment of refractory H. pylori infection include treatment
length, dosage of antibiotics and proton pump inhibitors (PPIs), number of drugs, and the selection of appropriate antibiotics. Extending the treatment length of triple therapy and non-bismuth
quadruple therapy to 14 days may increase the eradication rate compared with a shorter period
(7 or 10 days). The use of a higher dose of PPIs or vonoprazan may also increase the efficacy of
triple therapy. Four-drug therapy, including bismuth or non-bismuth quadruple therapies, usually
achieve higher eradication rates than triple therapy. The addition of bismuth or metronidazole
to levofloxacin-amoxicillin-PPI therapy may also increase the eradication rate. Therefore, fourdrug therapies containing a higher dose of PPIs for 14 days are recommended in the third-line
treatment setting for refractory H. pylori infection. The selection of appropriate antibiotics may
be guided by susceptibility testing or empirically by medication history. Tailored therapy guided
by susceptibility testing or genotypic resistance is recommended whenever possible. However,
properly designed empirical therapy based on prior medication history (i.e., avoid the reuse of
clarithromycin or levofloxacin empirically) is an acceptable alternative to tailored therapy after
considering accessibility, cost, and the preference of the patient. (Gut Liver, Published online
March 31, 2021)
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INTRODUCTION
Eradication of Helicobacter pylori reduces the recurrence rate of peptic ulcer disease, cures two-thirds of patients with mucosal-associated lymphoid tissue lymphoma,
and reduces the risk of gastric cancer.1-4 Clarithromycin
triple therapy is one of the most commonly used regimen
in the first-line treatment.1,5 However, the eradication rate
of clarithromycin triple therapy is now lower than 80% in
the first-line treatment due to the global rising prevalence
of clarithromycin resistance.6,7 Levofloxacin triple therapy
and bismuth quadruple therapy are the most commonly

used second-line rescue regimens.1,5,7,8 Yet, about 10% to
20% of patients cannot be cured with either one of them.
Patients who experience treatment failure after two or
more eradication therapies are usually termed as those
with refractory H. pylori infection.9,10 Overall, it is estimated that 3% to 10% of H. pylori -infected subjects would
require third-line rescue therapy for refractory H. pylori
infection. Yet, treatment of refractory H. pylori infection
remains a challenge in clinical practice and some patients
are left untreated. Therefore, we reviewed current evidence
and proposed strategies to optimize the treatment for refractory H. pylori infection.
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SHOULD WE RECOMMEND RESCUE
THERAPY FOR ALL PATIENTS WITH
REFRACTORY H. pylori INFECTION?
There are contradictory viewpoints about whether patients with refractory H. pylori infection should be actively
treated with rescue therapy or they may be left untreated.
Some physicians considered that further rescue therapy is
not mandatory because gastric cancer develops only in 1%
to 3% of H. pylori -infected subjects and there are potential
concerns about increased risk of antibiotic resistance at
individual level as well as in the community.11,12 However,
most experts considered that physicians should recommend rescue therapy for these patients since eradication of
H. pylori reduces the risk of gastric cancer.2,3,4,7 Of course,
the patients can make their own decisions according to
their preference judging from the benefit and risk of rescue
therapy. For example, patients who carry the higher risk of
gastric cancer, such as the presence of premalignant lesions
and positive family history are candidates for the rescue
therapy.

FACTORS ATTRIBUTABLE TO
TREATMENT FAILURE
Physicians should try to identify factors leading to treatment failure for their patients with refractory H. pylori
infection. Common reasons for treatment failure include
poor compliance to prior treatment, the presence of antibiotic resistance, insufficient delivery of drugs into the
gastric mucous layer, rapid metabolism of treatment drugs,
and insufficient treatment length.13 Poor compliance of
therapy may result from adverse effects or the complexity
of drug administration of prior regimens.13 If the patient’s
compliance is good, the presence of antibiotic resistance
is the most common reason for treatment failure.13 The
high bacterial load makes it likely that antibiotic-resistant
H. pylori strains will be present when antibiotic therapy is
begun. The average H. pylori -infected stomach contains
huge numbers of H. pylori such that if the spontaneous
rate of development of resistance was only 1 in 10 million
and 109 (100 million) organisms were present, one would
expect that a resistant subpopulation of H. pylori would
already be present and cause the therapy to fail.4 H. pylori
can also rapidly acquire new genotypic resistance to many
commonly used antimicrobials. Our study showed that
the prevalence of clarithromycin resistance was 61% and
95% in patients who experienced treatment failures after
one and two eradication therapies, respectively.14 Another
study showed that the gyrase A and 23S rRNA mutant
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H. pylori strains were already present in patients who
failed after levofloxacin-based and clarithromycin-based
triple therapy.15 A proportion of H. pylori bacteria attach
to gastric mucosal cells and form a biofilm, and some are
intracellular, which means they are inaccessible to many
antibiotics.16 This biofilm phenomenon which has been
demonstrated with H. pylori in vitro and is likely also present in vivo . H. pylori can also survive intracellularly making them inaccessible to topical therapy and to drugs that
penetrate cells poorly.16 Acetylcystein was shown to destroy
the biofilm and may increase the efficacy of eradication
therapy for refractory H. pylori infection in some studies,
but the effect remains controversial.17 Most proton pump
inhibitors (PPIs) are metabolized through the CYP2C19
pathway and the eradication rate is lower in patients with
CYP2C19 extensive metabolizer.18 Increase the dosage of
PPIs may be required to provide adequate acid suppression
and higher eradication rate in such circumstances.18,19

OPTIMIZATION OF THIRD-LINE TREATMENT
Optimization of the regimens is important to achieve
the best cure rates used in the treatment of refractory H.
pylori infection. The proposed strategies to optimize the
eradication rate are shown in Table 1. These include extending treatment length to 14 days, use of higher dosage
or more potent acid suppression agents, optimization of
dosage of antibiotics, use of bismuth or non-bismuth quadruple therapy, and selection of appropriate antibiotics according to susceptibility testing or empirically according to
detailed medication history.19-26
The intragastric location of H. pylori complicates therapy as it requires consideration of many variables as the infection is both outside the body, attached to cells, and even
within gastric cells.27 Factors that should be considered to
recommend an optimal regimen include optimum drugs,
formulations, routes of administration, doses, dosing intervals, relation to meals, adjuvants, and duration of therapy.27
Optimum is defined as the best or most effective therapy
possible in a particular situation. In subjects adherent to
treatment, regimens are usually expected to achieve cure
rates reliably equal to or greater than 95% for infectious
diseases.4,27,28
1. Duration of therapy
Duration is based on overcoming the persister effect
and takes into account that PPIs do not achieve full effectiveness until after 3 or 4 days of administration.4,27,28 Extending the treatment length of triple therapy for 14 days
was superior to the same regimen given for 7 days or 10
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Table 1. Optimization of Rescue Therapy for Refractory Helicobacter pylori Infection
Strategy
Duration of therapy
Dosage of drugs
PPIs
Amoxicillin
Levofloxacin
Sitafloxacin
Metronidazole
Tetracycline
Rifabutin
Clarithromycin
Number of drugs
How to choose antibiotics

Recommendation
14 Days
Higher dosage PPIs (omeprazole 40 mg or equivalent twice daily) or vonoprazan 20 mg twice daily
2,000–3,000 mg per day in 2–4 divided doses
500 mg per day or 250 mg twice daily
100 mg twice daily
1,500–1,600 mg per day in 3–4 divided doses
1,500–2,000 mg per day in 3–4 divided doses
300 mg per day in 2 divided doses
800–1,000 mg per day in 2 divided doses
We recommended 4-drug therapy (bismuth or non-bismuth quadruple therapy) for refractory H. pylori infection
Guided by susceptibility testing or genotypic resistance whenever possible
Empirical therapy to avoid reuse of clarithromycin and levofloxacin may be an acceptable alternative considering
availability, cost, and preference of patient

PPIs, proton pump inhibitors.

days in the first-line treatment.22 Thus, various guidelines
have recommended duration of 14 days in the first-line
treatment unless a shorter duration is locally proven to be
non-inferior and produce a reliably high success rate.1,5,8,29
In the second-line or third-line treatment, the cure rates
of levofloxacin triple therapy were 58.3%, 68.2%, and
93.3% when the treatment length were 7, 10, and 14 days,
respectively.30 However, it is noteworthy that the benefit
of extending the treatment length to 14 days is minimal
in susceptible strains.29 However, the eradication rate can
be increased in strains with clarithromycin resistance,
which is attributable to the effect for PPIs-amoxicillin dual
therapy.18 Taken together, we recommend 14-day therapy
for refractory H. pylori infection, but further well designed
trials are needed.

3. Optimal dosage of antibiotics in rescue therapy
Earlier studies showed that the use of higher dosage of
metronidazole (up to 1,600 to 2,000 mg per day) may partly overcome the metronidazole resistance.13 Recent studies
also showed that the use of higher dosage of amoxicillin (up
to 750 mg three times or four times a day) may increase
the efficacy of dual therapy.32 The recommended dosage
of tetracycline is 500 mg four times a day in bismuth quadruple therapy.1,5,8 In contrast, increase in clarithromycin
or levofloxacin dosage cannot overcome the resistance to
these two antibiotics, respectively.

2. Dosage of PPIs
PPIs vary greatly in relative potency such that it is
impossible to compare regimens using different PPIs
unless these differences are taken into account. For H.
pylori eradication, 20 mg omeprazole equivalents, twice
daily is regarded as low dose PPI and 40 mg omeprazole
equivalents, twice daily regarded as high or double dose.19
Randomized trials showed that the use of higher dosage of PPIs may increase the efficacy of triple therapy.24
Therefore, it has been recommended to give double dose
PPIs because of the benefits obtained by increasing the
anti-secretory effect with dual PPIs amoxicillin therapy.
More recently, vonoprazan, a potassium-competitive acid
blocker, is shown to be more potent than PPIs, especially in
those with CYP2C19 extensive metabolizer. Vonoprazanbased triple therapy for 7 days was shown to be superior
to lansoprazole-based triple therapy for 7 days in Japanese,
especially in those infected with clarithromycin-resistant
strains.25 A recent randomized trial further showed that

4. Number of drugs
Several randomized trials showed that four-drug regimens, including bismuth quadruple therapy and nonbismuth quadruple therapies (concomitant therapy, sequential therapy, hybrid therapy) were more effective than
triple therapy in the first-line treatment when given for the
same duration.20,21,23,26 Concomitant or sequential therapy
for 14 days, but not 10 days, was superior to 14-day triple
therapy in the first-line treatment.23,33 Triple therapy containing esomeprazole, amoxicillin and metronidazole for 2
weeks was suboptimal in the third-line therapy after failure
from clarithromycin-based therapy and fluoroquinolonebased therapy.34 The eradication rates were 64% and 37%
in metronidazole-naive and metronidazole experienced
patients, respectively.34 Systematic review and meta-analysis showed that the efficacy of levofloxacin triple therapy
was lower than 80% in the second-line treatment.35 Hsu et
al. 36 showed that addition of bismuth to levofloxacin triple
therapy cured 84% of patients (31/37) in the third-line

vonoprazan-based sitafloxacin triple therapy was superior
to PPIs-based sitafloxacin triple therapy in the third-line
treatment of H. pylori infection.31
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NC
NC
NC

NC
NC

NC

NC

NC

RCT

NC

Gasbarrini et al. (2000)38
Vicente et al. (2002)39
Cammarota et al. (2004)40

Yahav et al. (2006)41
Tay et al. (2012)42

Fiorini et al. (2013)43

Liou et al. (2013)44

Costa et al. (2017)45

Liou et al. (2018)46

Yu et al. (2019)47

1 or more

2 or more

2

2 or more

1 or 2

1 or 2
1 or 2

2
2
2

No. of Tx

Agar
dilution

PCR

E-test

PCR and
agar dilution

E-test

E-test
E-test

E-test
E-test
E-test

Test used

95.8 (206/215)

97.8

100

95 (128/135)/
74 (100/135)

93 (236/254)

100 (49/49)
98.7 (306/310)

80 (39/49)
97.6
96 (94/98)

Culture
success rate

94/93.5/81

90/61/66

86/52/67

87/47/58

92/44/73

59/-/47
94/6/68

56/-/56
51/-/43
95/31/100

CLA/LEV/MET
resistance rate, %
Quadruple: PPIs, bismuth, plus 2 antibiotics
Quadruple: PPIs, bismuth, plus 2 antibiotics
Quadruple: PPIs, bismuth, doxycycline and
amoxicillin or triple PPIs, amoxicillin and
levofloxacin or clarithromycin
Triple therapy or quadruple therapy
Quadruple: PPIs, amoxicillin, ciprofloxacin,
and rifabutin; PPIs, bismuth, furazolidone,
amoxicillin or rifabutin; PPIs, bismuth,
tetracycline, furazolidone or amoxicillin
Triple: PPI, amoxicillin, levofloxacin or rifabutin
Non-bismuth quadruple: PPIs, amoxicillin,
metronidazole, levofloxacin or clarithromycin or tetracycline
Triple therapy with PPIs, amoxicillin, susceptible drug or PPIs, doxycycline, and
rifampicin
Non-bismuth quadruple: PPI, amoxicillin,
metronidazole, levofloxacin or clarithromycin or tetracycline
Triple therapy with PPI, amoxicillin plus
clarithromycin or metronidazole, or levofloxacin
Bismuth quadruple for multidrug-resistant
infections: PPI, bismuth, amoxicillin, and
metronidazole

Rules to choose regimen

14

14

8–14

14

10–12

7
10

7
14
7

Duration,
day

200

205

42

135

254

49
310

49
40
94

No. of
cases

95 (189/200)

78 (160/205)

60 (25/42)

81 (109/135)

83 (211/254)

86 (42/49)
94 (291/310)

61 (30/49)
60 (24/40)
90 (85/94)

ITT analysis

97 (186/192)

78 (156/199)

62 (24/39)

83 (109/132)

90 (212/236)

86 (42/49)
94 (291/310)

77 (30/39)
63 (24/38)
91 (85/93)

PP analysis

Data are presented percent (number/number).
No. of Tx, number of prior eradication therapy; CLA, clarithromycin; LEV, levofloxacin; MET, metronidazole; ITT, intention-to-treat; PP, per protocol; NC, noncontrolled study; RCT, randomized controlled
trial; PCR, polymerase chain reaction; PPIs, proton pump inhibitors.

Study
design

Author (year)

Table 2. Susceptibility Testing-Guided Therapy in Third-Line Treatment for Helicobacter pylori Infection
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treatment of H. pylori infection. The addition of bismuth
to rifabutin triple therapy (96.6%, 28/29) was shown to increase the eradication rate of rifabutin-based triple therapy
(66.7%, 18/27) in the third-line treatment.37 Taken together, it is suggested to provide four-drug regimens (bismuth
or non-bismuth quadruple therapy) as third-line or fourthline salvage therapy.
5. How to choose antibiotics in third-line or fourthline rescue therapies?
1) Susceptibility guided therapy

Ideally, therapy should be tailored by susceptibility testing whenever possible. Tailored therapy is recommended
by international consensus reports for patients with refractory H. pylori infection although the evidence level is low
for such recommendation.1,4 The efficacy of susceptibility
testing-guided therapy for refractory H. pylori infection has been reported in nine studies, as shown in Table
2.38-47 Eight of them are noncontrolled case series, one is
non-randomized controlled study, and another one is a
randomized control trial. E-test was the most commonly
used method to detect antibiotic resistance (Table 2). The
successful rate of culture ranged from 74% to 98%. The
resistance rate to clarithromycin, metronidazole, and levofloxacin ranged from 51%–95%, 43%–100%, and 6%–52%,
respectively. Bismuth quadruple therapy including a PPI,
bismuth and another two susceptible antibiotics or nonbismuth quadruple therapy including a PPI plus another
three antibiotics were the most commonly used regimens.
The treatment length varied from 7 to 14 days. The overall
eradication rate of susceptibility testing-guided therapy
ranged from 60% to 90% (Table 2).

Low or intermediate clarithromycin
resistance (<20%)
1st line

Clarithromycin-based regimen

2nd line Bismuth quadruple

However, there is limited evidence to show the superiority of tailored therapy over empirical therapy in rescue
therapies. In the first-line therapy, susceptibility testingguided therapy was more effective than empirical triple
therapy for 7 or 10 days in the first-line treatment in a meta-analysis of randomized trials.48 Yet, two randomized trials showed that empirical bismuth quadruple therapy and
empirical non-bismuth quadruple therapy were not inferior to tailored therapy in China and Korea where the clarithromycin-resistant rate was higher than 15% to 20%.49,50
Moreover, tailored therapy was not superior to empirical
therapy in three trials that recruited patients failed after one
eradication therapy.48 Of the only one randomized trial that
compared the efficacy of tailored therapy versus empirical
therapy for patients who failed after at least two eradication
therapies, Liou et al. 46 showed that the eradication rate of
genotypic resistance guided therapy and empirical therapy
were 78% and 72%, respectively. Therefore, our suggestion
is that susceptibility testing or genotypic resistance should
be determined for patients with refractory H. pylori infection whenever possible. However, properly chosen empirical therapy according to the detailed medication history
may be an as effective alternative considering accessibility
to susceptibility testing, patient preference, and cost.
2) Empirical therapy

Since the resistance rates are high in patients who fail
after regimens containing clarithromycin and levofloxacin,
these two antibiotics should not be reused empirically.1,8,51
The strategy to choose antibiotics for third-line and fourthline therapy is shown in Fig. 1.1,8,51 For patients who have
received regimens containing clarithromycin and levoflox-

High clarithromycin
resistance (>20%)
Sequential or
concomitant (if
bismuth not
available)

Bismuth quadruple

Levofloxacin-based
regimen

Levofloxacin-based regimen

Bismuth quadruple

Rifabutin-based regimen

Empirical
3rd line

Levofloxacin-based
regimen

?

4th line

Rifabutin-based regimen

Susceptibility guided therapy

Fig. 1. How to choose antibiotics
empirically in rescue therapies.
Avoid the reuse of clarithromycin or
levofloxacin empirically in third-line
rescue treatment.
"?" indicates that although susceptibility testing guided therapy is
recommended for patients who fail
after a rifabutin-based regimen,
there is limited evidence to support
this recommendation.
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NC

Tursi et al. (2012)58

Rabeprazole 10 mg b.i.d., amoxicillin 750 mg b.i.d., levofloxacin 500 mg q.d.
Lansoprazole 30 mg b.i.d., amoxicillin 750 mg b.i.d., levofloxacin 300 mg b.i.d.
Lansoprazole 30 mg b.i.d., amoxicillin 750 mg b.i.d., sitafloxacin 100 mg b.i.d.
PPI plus amoxicillin 1 g for the first 5 days, followed by PPI, levofloxacin 500 mg and tetracycline
500 mg for the remaining 5 days (all b.i.d.).

Levofloxacin-based therapy

PPI standard dose b.i.d., levofloxacin 500 mg q.d., amoxicillin 1 g b.i.d.

PPI (standard dose b.i.d.), bismuth subcitrate (120 mg q.i.d. or 240 mg b.i.d.), tetracycline
(from 250 mg t.i.d. to 500 mg q.i.d.) and metronidazole (from 250 mg t.i.d. to 500 mg q.i.d.)
Pylera® (three-in-one capsules containing metronidazole 125 mg, bismuth subcitrate potassium
140 mg, and tetracycline 125 mg) 3 tablets q.i.d. and a PPI b.i.d.
Rabeprazole (20 mg b.i.d.), bismuth subcitrate (300 mg q.i.d.), amoxicillin (500 mg q.i.d.) and
levofloxacin (500 mg o.d.)

Dosing frequency

83.8 (31/37)

10

58.3 (7/12)
62.5 (15/24)
73.7 (14/19)
45.8 (11/24)
43.3 (28/65)
70.4 (49/70)
67.2 (80/119)

80.2 (81/102)

10

7
10
14
7
10
14
10
7
7
10

65.5 (131/200)

ITT analysis

58.3 (7/12)
68.2 (15/22)
93.3 (14/15)
80.6 (25/31)
64.0 (16/25)
68.8 (22/32)
45.8 (11/24)
43.7 (28/64)
72.1 (49/68)
68.4 (80/117)

83.8 (31/37)

84.4 (82/97)

66.7 (128/192)

PP analysis

Eradication rate, % (No./No.)

7–14

Duration, day

ITT, intention-to-treat; PP, per protocol; NC, noncontrolled study; RCT, randomized controlled trial; PPI, proton pump inhibitor; q.d., once a day; b.i.d., twice a day; q.i.d., four times a day.

RCT
RCT

Retrospective

NC

Prospective
(observational)
Prospective
(observational)
Prospective

Design

Okimoto et al. (2014)57
Murakami et al. (2013)53

Lim et al. (2017)56

Levofloxacin-based therapy
Noh et al. (2016)30

Rodríguez de Santiago
et al. (2017)55
Hsu et al. (2011)36

Bismuth quadruple therapy
Gisbert et al. (2014)54

Author (year)

Table 3. Bismuth Quadruple Therapy and Levofloxacin-Based Therapy in the Third-Line Treatment Setting
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acin in their prior therapies, bismuth quadruple therapy is
recommended. For those who have not been treated with
levofloxacin-containing regimen in their prior treatment,
levofloxacin triple therapy, bismuth enhanced levofloxacin
triple therapy, or non-bismuth quadruple therapy containing levofloxacin may be used. For those who have received
bismuth quadruple therapy and regimens clarithromycin
and levofloxacin in their prior treatments, rifabutin-based
triple or quadruple therapy may be used as rescue therapy.
Whether re-treatment with bismuth quadruple therapy is
an option remains controversial, although a retrospective
study in Korea showed that re-treatment with bismuth quadruple therapy cured 75% of patients who failed after the
same regimen in the second-line treatment.52 Sitafloxacinbased triple therapy was shown to be effective in patients

who harbor gyrase A mutations.53 However, there is limited
evidence to support the use of sitafloxacin-based therapy
for treatment after failure from levofloxacin-based therapy.
There are limited data on the efficacy of empirical bismuth quadruple therapy and levofloxacin-based therapy
in the third-line treatment of refractory H. pylori infection (Table 3).30,36,52-57 The reported efficacy of 7- to 14day bismuth quadruple therapy containing PPIs, bismuth,
tetracycline, and metronidazole varied from 65% to 80%
in the third-line treatment.54,55 The efficacy of 7- to 14-day
levofloxacin triple therapy or bismuth enhanced levofloxacin triple therapy ranged from 43.3% to 84% in the thirdline treatment (Table 3).30,36,53,56,57 The reported efficacy of
sitafloxacin-based triple therapy varied from 54% to 93%
in the third-line treatment (Table 4).53,58-66 Meta-analysis of

Table 4. Sitafloxacin Triple Therapy in the Third-Line Treatment Setting
Author (year)
59

Mori et al. (2019)

Saito et al. (2019)60

Sue et al. (2019)31

Hirata et al. (2016)61
Mori et al. (2016)62

Sugimoto et al. (2015)63
Furuta et al. (2014)64

Murakami et al. (2013)53
Matsuzaki et al. (2012)65
Hirata et al. (2012)66

Dosing frequency
Esomeprazole (20 mg, b.i.d.), amoxicillin (500 mg, q.i.d.),
and sitafloxacin (100 mg, b.i.d.)
Esomeprazole (20 mg, b.i.d.), amoxicillin (750 mg, b.i.d.),
and sitafloxacin (100 mg, b.i.d.)
Vonoprazan (20 mg, b.i.d.), amoxicillin (750 mg, b.i.d.),
and sitafloxacin (100 mg, b.i.d.)
Vonoprazan 20 mg b.i.d., amoxicillin 750 mg b.i.d., and
sitafloxacin 100 mg b.i.d.
Esomeprazole 20 mg b.i.d., rabeprazole 10 mg b.i.d., or
lansoprazole 30 mg b.i.d.; amoxicillin 750 mg b.i.d.;
and sitafloxacin 100 mg b.i.d.
Esomeprazole 20 mg b.i.d., amoxicillin 750 mg b.i.d.,
and sitafloxacin 100 mg b.i.d.
Esomeprazole (20 mg, b.i.d.), amoxicillin (500 mg, q.i.d.),
and sitafloxacin (100 mg, b.i.d.)
Esomeprazole (20 mg, b.i.d.), metronidazole (250 mg,
b.i.d.), and sitafloxacin (100 mg, b.i.d.)
PPI, amoxicillin 750 mg b.i.d. and clarithromycin 200 or
400 mg b.i.d.
Rabeprazole 10 mg b.i.d./q.i.d., amoxicillin 500 mg q.i.d.,
and sitafloxacin 100 mg b.i.d.
Rabeprazole 10 mg b.i.d./q.i.d., amoxicillin 500 mg q.i.d.,
and sitafloxacin 100 mg b.i.d.
Rabeprazole 10 mg b.i.d./q.i.d., metronidazole 250 mg
b.i.d., and sitafloxacin 100 mg b.i.d.
Rabeprazole 10 mg b.i.d./q.i.d., metronidazole 250 mg
b.i.d., and sitafloxacin 100 mg b.i.d.
LPZ 30 mg b.i.d. + amoxicillin 750 mg b.i.d. + sitafloxacin
100 mg b.i.d.
Rabeprazole (10 mg, q.i.d.), amoxicillin (500 mg, q.i.d.),
and sitafloxacin (100 mg, b.i.d.)
Rabeprazole 10 mg b.i.d., amoxicillin 750 mg b.i.d., and
sitafloxacin 100 mg b.i.d.

Meta-analysis

Eradication rate, % (No./No.)

Duration,
day

Overall

Gyrase A wild

10

81.6 (31/38)

94.7 (18/19)

68.4 (13/19)

7

54.2 (13/24)

66.7 (12/18)

20.0 (1/5)

7

93.0 (53/57)

96.4 (27/28)

91.7 (11/12)

7

75.8 (25/33)

-

-

7

53.3 (16/30)

-

-

7

83.3 (25/30)

-

-

10

81.0 (51/63)

100 (24/24)

70.3 (26/37)

10

72.4 (42/58)

100 (16/16)

66.7 (26/39)

7

88.3 (83/94)

-

-

7

84.1 (37/44)

-

-

14

88.9 (40/45)

-

-

7

90.9 (40/44)

-

-

14

87.2 (41/47)

-

-

7

70.0 (49/70)

72.0 (28/39)

50.0 (1/2)

7

78.2 (61/78)

93.5 (29/31)

68.1 (32/47)

7

75.0 (21/28)

100 (1/1)

66.7 (2/3)

Gyrase A mutant

80.2
(74.6–84.9)*

b.i.d., twice a day; q.i.d., four times a day; PPI, proton pump inhibitor.
*95% confidence interval.
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these studies revealed that the eradication rate of sitafloxacin-based triple therapy was 80% (74.6% to 84.9%) (Table
4). The presence of gyrase A mutation was associated with
increased risk of treatment failure (risk ratio, 1.3; 95% confidence interval, 1.2 to 1.4; p<0.001). The eradication rate
appeared to be higher when more potent acid secretion
inhibitor was used. A randomized trial showed higher efficacy of sitafloxacin-based triple therapy than that of levofloxacin-based triple therapy.53 Therefore, sitafloxacin may
be preferable to levofloxacin in the treatment of refractory
H. pylori infection if it is available.

RIFABUTIN-BASED THERAPY IN
THE FOURTH-LINE TREATMENT OF
H. pylori INFECTION
There are limited data regarding the efficacy of rifabutin-based therapy in the fourth-line treatment. In a prospective noncontrolled trial, Gisbert et al. 67 showed that
rifabutin-based triple therapy containing rifabutin, amoxicillin and PPIs (standard dose twice daily) for 10 days was
50% (50/100). In another study, Mori et al. 68 showed that
the efficacy of rifabutin-based triple therapy containing
esomeprazole (20 mg, four times a day), amoxicillin (500
mg four times a day), and rifabutin (300 mg, once daily) in
the third-line or fourth-line treatment were 83.3% (10/12)
for the 10-day group and 94.1% (16/17) for the 14-day
group. Therefore, rifabutin-based therapy may be used as
the fourth-line rescue treatment empirically for patients
who have received clarithromycin-based therapy, levofloxacin-based therapy, and bismuth quadruple therapy in
their prior treatments (Fig. 1).37,67,68

CONCLUSION
In conclusion, four-drug therapies containing higher
dosage of PPIs for 14 days are recommended in the thirdline treatment of refractory H. pylori infection. Susceptibility testing or genotypic resistance guided therapy is recommended whenever possible. However, properly designed
empirical therapy, based on prior medication history (i.e.,
avoid reuse of clarithromycin or levofloxacin empirically), is an acceptable alternative to susceptibility testingguided therapy after consideration of accessibility, cost,
and preference of patient. Rifabutin-based therapy may be
used as the fourth-line rescue therapy for those who have
previously been treated with clarithromycin-based therapy,
levofloxacin or sitafloxacin-based therapy, and bismuth
quadruple therapy. Further large scale, randomized trials
8 www.gutnliver.org

are warranted to identify the best strategy in the treatment
of refractory H. pylori infection.
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