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This article has an accompanying continuing medical education activity on page e13. Learning Objective—At the end of this activity, the successful
learner will be able to reliably interpret the available data regarding therapies for H pylori infection, to be able to identify the regimen(s) suitable for
empiric use in a region, as well as how modify those choices to identify the regimen for a specific patient that has the greatest chance of achieving a cure.

Data are available such that choice of Helicobacter pylori
therapy for an individual patient can be reliably predicted.
Here, treatment success is defined as a cure rate of 90% or
greater. Treatment outcome in a population or a patient
can be calculated based on the effectiveness of a regimen
for infections with susceptible and with resistant strains
coupled with the knowledge of the prevalence of resistance
(ie, based on formal measurement, clinical experience, or
both). We provide the formula for predicting outcome and
we illustrate the calculations. Because clarithromycin-
containing triple therapy and 10-day sequential therapy
are now only effective in special populations, they are
considered obsolete; neither should continue to be used as
empiric therapies (ie, 7- and 14-day triple therapies fail
when clarithromycin resistance exceeds 5% and 15%,
respectively, and 10-day sequential therapy fails when
metronidazole resistance exceeds 20%). Therapy should
be individualized based on prior history and whether the
patient is in a high-risk group for resistance. The preferred
choices for Western countries are 14-day concomitant
therapy, 14-day bismuth quadruple therapy, and 14-day
hybrid sequential-concomitant therapy. We also provide
details regarding the successful use of fluoroquinolone-,
rifabutin-, and furazolidone-containing therapies. Finally,
we provide recommendations for the efficient develop-
ment (ie, identification and optimization) of new regimens,
as well as how to prevent or minimize failures. The trial-
and-error approach for identifying and testing regimens
frequently resulted in poor treatment success. The
described approach allows outcome to be predicted and
should simplify treatment and drug development.

Keywords: Helicobacter pylori; Treatment; Quadruple Therapy;
Review; Treatment Success; Concomitant Therapy; Sequential
Therapy; Bismuth; Clarithromycin; Tetracycline; Metronida-
zole; Amoxicillin; Proton Pump Inhibitors; Evidence Based.

imilar to other infectious diseases, the factors

S responsible for effective antimicrobial therapy of a
Helicobacter pylori infection as well as those responsible
for treatment failure are both straightforward and easily
discoverable. Poorly designed or executed regimens

rarely produce good results. Treatment success depends
on the details of the regimen including choice of drugs,
doses, formulations, duration of therapy, administration
in relation to meals, number of administrations/day, the
use of adjuvants such as antisecretory drugs or muco-
lytics, and so forth." Results can be defined in terms of
treatment success.” For exploratory studies the primary
outcome generally is expressed per protocol (PP), which
controls for compliance and other variables and thus
provides an indication of the potential maximum success
of the regimen in clinical practice." For the information to
be useful and to be used to predict success in other groups,
regions, and populations, the results also should be pro-
vided as the outcomes with both susceptible and resistant
strains (see later). In addition, the data also should be
expressed as both modified intention to treat (MITT)
(which is the outcome of all who received a dose and for
whom an outcome measure is available), and as intention
to treat (ITT), in which those lost to follow-up evaluation
typically are scored as treatment failures. ITT and MITT
provide estimates of a regimen’s actual success in clinical
practice. PP and MITT are the most useful for the devel-
opment of new regimens, whereas for large multicenter
randomized comparisons most authorities prefer ITT.*
Considering that H pylori is a common infectious
disease and 100% success is obtainable, outcome (eg, PP
or ITT) also is scored in terms of efficacy (ie, as excellent,
good, borderline acceptable, or unacceptable) because
efficacy is the most important measure for patient care.
For evaluating new therapies we score success (PP with
susceptible strains) as excellent (>95% success), good
(>90 success), borderline acceptable (85%-89% suc-
cess), or unacceptable (<85% success). The most com-
mon causes for reliably good or excellent regimens to fail

Abbreviations used in this paper: ITT, intention to treat; MITT, modified
intention to treat; PP, per protocol; PPI, proton pump inhibitor.
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are the presence of organisms resistant to one or more of
the antimicrobials used, poor compliance with therapy,
or both. A number of studies have suggested a variety of
miscellaneous factors that might be important including
age, presentation (eg, nonulcer dyspepsia vs duodenal
ulcer), and CagA status.””’ However, these candidates
typically have been discovered in data-dredging studies
in which resistance was not assessed, and most of the
studies lacked biologic plausibility. Although some of
these factors (eg, nonulcer dyspepsia vs duodenal ulcer)
have proven to be surrogates for differences in the
prevalence of resistant strains,®” none of the clinical
correlates other than resistance and compliance has
proven to be important in studies in which compliance
and resistance have been assessed.

Therapy Choice

Similar to other infectious diseases, treatment results
are best when reliably excellent regimens are used to treat
patients with organisms susceptible to the antimicrobials
chosen. Pretreatment susceptibility testing, either by
culture of the organism or indirectly by molecular testing
of stools of infected patients or fluorescent in-situ hy-
bridization using paraffin-embedded gastric biopsy
specimens, allows one to select a regimen tailored by
antimicrobial susceptibility (ie, tailored therapy).” How-
ever, in many instances, one must choose therapy
empirically and, in this instance, the best approach is to
use regimens that have been proven to be reliably excel-
lent locally.” That choice should take advantage of
knowledge of resistance patterns obtained from local or
regional antimicrobial surveillance programs and/or
based on local clinical experience with regard to which
regimens are effective locally. Finally, the history of the
patient’s prior antibiotic use and any prior therapies will
help identify which antibiotics are likely to be successful
and those for which resistance is probable (Figure 1).

All other things being equal, data from any area or re-
gion regarding the effects of resistance on outcome can be
used reliably to predict outcome in any other area. Thus,
strains with similar patterns of resistance in Italy, the
United States, Iran, China, and so forth should be expected
to respond alike such that, if one knows the results with
susceptible and with resistant strains in one place, one
reasonably can predict the outcome of therapy anywhere.

Using Available Data to Predict
Treatment Success

An optimized regimen is defined as one that reliably
achieves 95% or greater cures in patients with susceptible
organisms. Although the effectiveness of any regimen can
be undermined by antimicrobial resistance, the effect of
resistance is not random and the effect of any particular
level of resistance can be estimated based on studies with
that combination elsewhere, for example, use of the
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optimized regimen (14-day concomitant therapy, con-
sisting of a proton pump inhibitor [PPI], clarithromycin,
metronidazole, and amoxicillin, given twice a day for 14
days)."” The regimen contains 4 drugs, but for the purpose
of understanding the effects of resistance can best be
considered as the simultaneous administration of 2 triple
therapies plus a dual therapy (eg, a PPI-amoxicillin-clar-
ithromycin plus a PPI-amoxicillin-metronidazole plus a
PPI-amoxicillin dual therapy). Both triple regimens indi-
vidually will reliably achieve 95% or greater success PP
with susceptible strains whereas the dual component will
achieve approximately 50% success with clarithromycin-
and metronidazole-resistant strains (ie, the strains are
only susceptible to amoxicillin). If resistance to clari-
thromycin or metronidazole was not present, there would
be no indication to use the 4-drug regimen. However,
when resistance results in unacceptably low treatment
success rates when either is used empirically, the 4-drug
combination might be considered.

Unless there is an interaction between the antibiotics,
the treatment population can be visualized as 4 separate
subgroups: one group with organisms susceptible to all
antibiotics, one group with only clarithromycin-resistant
organisms, another group with only metronidazole-
resistant organisms, and the final group with organisms
resistant to both (here, we assume an absence of resis-
tance to amoxicillin). The subgroups without resistance
and those resistant to a single drug will each receive an
optimized triple therapy for their infection and most will
be cured, and the overall success thus will depend entirely
on the success of the PPI-amoxicillin therapy for those
with dual clarithromycin-metronidazole resistance.
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In this example, both triple therapies achieve 97%
treatment success and the dual therapy achieves 50%
success (Table 1). One can calculate that treatment suc-
cess will remain at or above 90% until dual resistance
exceeds 15%. That calculation is based on the following
formula: (% success with all-susceptible strains) (pro-
portion with all-susceptible infections) + (% success
with clari-susceptible strains) (proportion with clari-
susceptible infections) + (% success with met-
susceptible strains) (proportion with met-susceptible
infections) + (% success with dual resistant strains)
(proportion with dual resistant strains) = 90%. Because
the success with organisms susceptible to all antibiotics
and single-drug resistances is the same, the 2 triple
therapies can be combined to simplify the calculation (eg,
where X = the proportion with dual resistance, the for-
mulas is 0.97 (1 — X) + 0.5 X = ~0.90, and thus X =
14.9%). Table 1 lists the approximate success rates with
a number of common therapies.

Resistance Effects

Triple therapies containing a PPI and amoxicillin plus
clarithromycin, metronidazole, a fluoroquinolone, or rifa-
butin all are extremely sensitive to resistance to the third
drug. Resistance to clarithromycin, fluoroquinolones, and
rifabutin cannot be overcome by increasing the dose or
duration. By using the earlier-described formula one can
calculate that 7-day clarithromycin-containing triple
therapy will decrease to less than 90% success when
clarithromycin resistance exceeds 5% (or 15% when the
regimen is given for 14 days).

The 4-drug nonbismuth clarithromycin-containing
sequential and concomitant therapies are extremely sen-
sitive to dual clarithromycin-metronidazole resistance,

Table 1. Approximate Treatment Success PP With
Susceptible Strains (Western Results)

Therapy Days  Success rate
Clarithromycin triple therapy 7 94%
Clarithromycin triple therapy 14 97%
Sequential therapy 10 94%
Sequential therapy 14 97%
Hybrid therapy 14 97%
Fluoroquinolone triple therapy 7 <80%
Fluoroquinolone triple therapy 10 <90%
Fluoroquinolone triple therapy 14 96%
PPI + amoxicillin therapy® 5 10%
PPI + amoxicillin therapy® 7 15%
PPI + amoxicillin therapy 10 20%
PPI + amoxicillin therapy® 14 50%
PPI metronidazole triple therapy 7 94%
PPI metronidazole triple therapy 14 97%
PPI-bismuth tetracycline, metronidazole 14 >95%

therapy

2Equals triple therapies but with clari-, met-, or fluoroguinolone-resistant
infections.
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which reduces the regimens to contain only the PPI-
amoxicillin component. Because the prevalence of dual
resistance has such a great effect, it is important to
consider how dual resistance might be acquired and what
clinical factors might help predict its prevalence. Probably
the most important variable is whether dual resistance is
acquired from one encounter with both drugs or from
separate encounters. For example, the prevalence of
metronidazole resistance in many developing countries is
greater than 40%, and often is 80% or greater. In these
countries both drugs are rarely given together and the
prevalence of dual resistance depends primarily on the
prevalence of clarithromycin resistance such that the
proportion of patients with dual resistance will be
approximately the same as the prevalence of clari-
thromycin resistance. In Nicaragua, the prevalence of
metronidazole resistance is at least 80%, and thus dual
resistance would exceed 15% whenever clarithromycin
resistance exceeded 19% (ie, 80% of 19 = 15.2%)."" In
Southern Europe, metronidazole resistance is approxi-
mately 30% (Supplementary Figure 1),' and if acquisi-
tion of resistance to each drug were truly independent,
clarithromycin resistance would need to exceed 50% to
undermine 14-day concomitant therapy. However, even
in low metronidazole resistance prevalence countries,
pockets of high prevalence of metronidazole resistance
often exist in which dual resistance may exceed 15% (eg,
in women in whom metronidazole is used for trichomonas
infections, immigrants from developing countries, and
patients who previously failed sequential or PPI-
clarithromycin-metronidazole triple therapy). For such
high-risk groups, empiric concomitant or sequential
therapies likely would be poor choices.

Current Recommended Regimens

Caveat

It should be recognized that the data pool from which
the outcomes of various therapies with susceptible and
resistant organisms are available is not large, making the
numbers we have used in our calculations imprecise, and
our calculations are only approximations (Table 2).
Sadly, the lack of data is related to the fact that resistance
is not collected in most trials. Nonetheless, the results
shown provide reasonable estimates of what can be ex-
pected, and the appendix to the recent article by Liou
et al*® provides additional details, comparisons, and
sensitivity analyses, as well as a useful online calculator
(https://hp-therapy.biomed.org.tw/) based on data from
their comparison of 10- and 14-day sequential therapy
and 14-day triple therapy in Taiwan.

The most variable results are probably those
regarding the expected outcomes of PPI-amoxicillin dual
therapies. However, this group generally represents only
a small proportion of cases. The data used here primarily
are derived from Western studies that have shown that
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Table 2. H pylori Therapies Recommended for Empiric
Therapy in Western Countries

For general use
14-day concomitant therapy
14-day bismuth quadruple therapy
14-day hybrid sequential-concomitant therapy
Areas where there is clarithromycin-metronidazole dual
resistance <5%
14-day sequential therapy
With fluoroquinolone resistance
14-day fluoroquinolone triple therapy <13%
14-day fluoroquinolone bismuth therapy <25%
5-day fluoroquinolone concomitant therapy <20%
Salvage therapies (after <2 failures with different drug combinations)
Dependent on background rates of resistance and prior
drug use by subject
One of the earlier-mentioned regimens
14-day furazolidone bismuth quadruple therapy
A rifabutin regimen, preferably for 14 days
Obsolete regimens for use only in special low-resistance populations
14-day clarithromycin-containing triple therapy
14-day metronidazole-containing triple therapy
10-day sequential therapy

NOTE. These are recommendations for populations. See text for details of
therapies and for modifications when considering an individual patient.

14-day dual therapy yields approximately 50% success,
and results greater than 50% are uncommon when using
the doses and durations typically used with common
therapies, and success decreases as the duration de-
creases. The actual results will depend in part on the
effectiveness of the PPI in increasing the intragastric pH
to high levels (eg, pH 6). PPI effectiveness depends in
part on the PPI used, its dose and frequency of admin-
istration, the effects of CYP2C19 on the metabolism of
the PPI'* (and potentially some antibiotics), as well as
the ability of the stomach to produce acid. The results
reported here probably err slightly on the optimistic side
but are consistent with the use of the formulas described
previously with data from clinical trials.

Concomitant Therapy

Meta-analyses have shown that the outcome of
concomitant therapy (PPI-amoxicillin 1 g, clarithromycin
500 mg, metronidazole/tinidazole 500 mg, all twice daily
for 14 days) is duration dependent,'>'® which was
confirmed in a recent head-to-head comparison of 5- and
10-day concomitant therapies in Thailand, where 5-day
therapy proved unsatisfactory,’’ and by failure of 5-
day concomitant therapy in Central and South America
(ie, regions with known high levels of metronidazole
resistance).'® The Achilles’ heel of concomitant therapy
is dual metronidazole-clarithromycin  resistance.
Fourteen-day concomitant therapy is a preferred initial
empiric therapy for areas and patient groups in whom
dual resistance is unlikely, but is not recommended as a
first-line empiric regimen where metronidazole resis-
tance is likely greater than 60%, such as China, Iran,
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India, central and South America, or in populations at
high risk of dual resistance (ie, after clarithromycin or
metronidazole treatment failures).

Hybrid Therapy

Hybrid therapy (PPI, amoxicillin 1 g for 14 days with
amoxicillin 1 g, clarithromycin 500 mg, metronidazole/
tinidazole 500 mg given for the final 7 days, all twice a
day) combines sequential and concomitant therapy
because all 4 drugs are given together. This is a new
regimen with only a few published studies."”**° In a
head-to-head comparison with 14-day concomitant ther-
apy they appeared to be equivalent, albeit hybrid therapy
was more complicated. Further studies are needed to
identify if there are important differences in relation to
success in the face of different patterns of resistance. It
could be considered in the same populations in whom
concomitant therapy is recommended; 14-day hybrid
therapy is expected to decrease to less than 90% when
clarithromycin-metronidazole resistance exceeds 9%.

Bismuth Quadruple Therapy

Bismuth quadruple therapy (PPI twice daily, bismuth
4 times daily, tetracycline HCl 500 mg 4 times daily,
metronidazole 500 mg 3 times daily for 14 days) is the
oldest effective therapy and still one for which we do not
yet know the optimal dose. With attention to detail
regarding the dose and duration, the primary Achilles’
heel is compliance. Tetracycline resistance is rare but
currently many countries are experiencing a general
unavailability of tetracycline. Generally, doxycycline is
not an adequate substitute.

By using this regimen at full doses and for 14 days one
can expect 95% or greater treatment success irrespective
of the level of metronidazole resistance.”"** Therapy for 7
and probably for 10 days is very susceptible to metroni-
dazole resistance; however, the prevalence of resistance,
which results in a decrease in outcome to less than 90%, is
probably approximately 30%.**

This regimen also has the most unanswered ques-
tions regarding the optimal doses and frequency of drug
administration. For example, in Italy, dosing only with
the mid-day and evening meals was effective despite a
dose reduction to half of the recommend dose.”**
Treatment with resistant strains was less effective
when administered at breakfast and the evening meal.”®
Recent studies from China in a population with essen-
tially universal metronidazole resistance also used twice-
daily bismuth and full 4 times daily doses and dosing
intervals for the antibiotics with excellent results.””

Because of the relative high rate of side effects,
optimization is needed in terms of formulations, forms of
bismuth, doses, and dosing intervals, as well as effec-
tiveness in relation to the minimal inhibitory concen-
trations of metronidazole. Two caveats: the Etest
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overestimates the prevalence of metronidazole resis-
tance such that resistance always should be confirmed
(eg, by agar dilution) for an accurate estimation of
effectiveness in the presence of resistance.””*®

Therapies Generally Recommended
Only for Geographic Areas With a Low
Prevalence of Resistance

Clarithromycin-Containing Triple Therapy

Despite the Maastricht IV recommendations,
clarithromycin-containing triple therapy (PPI, amoxicillin
1 g, clarithromycin 500 mg, all twice a day for 14 days) is
an obsolete therapy whether given for 7, 10, or 14
days.”’ The Achilles’ heel is clarithromycin resistance,
with success depending on clarithromycin resistance and
the duration of therapy (Tables 1 and 3). With 14-day
therapy the combination remains effective until clari-
thromycin resistance exceeds approximately 15%,
whereas 7-day therapy is compromised by clari-
thromycin resistance exceeding 5%. Currently, there are
few regions in the world where clarithromycin resistance
is less than 15% (ie, the 14-day regimen is still useful in
such areas as Northern Europe and Thailand). Clari-
thromycin triple therapy has been superceded by 14-day
concomitant therapy, whose only Achilles’ heel is dual
clarithromycin-metronidazole resistance.

Metronidazole-Containing Triple Therapy

The Achilles’ heel of metronidazole-containing triple
therapy (PPI, amoxicillin 1 g, metronidazole/tinidazole
500 mg, all twice a day for 14 days) is metronidazole
resistance, and metronidazole-containing triple therapy
now rarely is used except as a tailored therapy or in
Japan where the general use of metronidazole has been
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Table 3. Achilles’ Heel of Individual Common Regimens

Optimized therapies Achilles’ heel®

Clar® >15%

Met® >15%

Clari®-Met® dual® >15%
Clari®-Met® dual® >5%
Clari®-Met® dual® >9%
Levo® >13%

Levo® >25%"

14-day clarithromycin triple therapy

14-day metronidazole triple therapy

14-day concomitant therapy

14-day sequential therapy

14-day hybrid therapy

14-day fluoroquinolone triple therapy

14-day fluoroquinolone bismuth

quadruple therapy

14-day bismuth quadruple therapy Tetracycline resistance
(rare), compliance

Furazolidone resistance
(rare), compliance

Levo® ~20%"

14-day bismuth-furazolidone therapy

5-day fluoroquinolone sequential
therapy

Clar, clarithromycin; Levo, levofloxacin; Met, metronidazole.

4The resistance level (®) at which treatment success decreases to less than
90%.

PThe number of subjects receiving these regimens is low, such that the esti-
mate is only approximate.

strongly discouraged by the government because of
possible genotoxicity.’”*"' Overall success parallels the
experience with clarithromycin-containing triple therapy
in relation to duration and the presence of resistance.

Sequential Therapy

Although 14-day sequential therapy (PPI-amoxicillin
1 g for 5 or 7 days followed by a PPI-clarithromycin
500 mg-metronidazole/tinidazole 500 mg all twice daily,
for 5 or 7 days) provides better results than 10-day
therapy, both have the same Achilles’ heel (ie, dual
resistance and metronidazole resistance)'® (Table 3).
Metronidazole resistance undermines 10-day sequential
therapy when it reaches 20% and 14-day sequential
therapy at approximately 30% (Table 4). The regimens

Table 4. Effect of Metronidazole Resistance on 10- and 14-Day Sequential and 14-Day Triple Therapies

10-day sequential

14-day sequential 14-day triple

Metronidazole
resistance, >20%;
clarithromycin
resistance, 0

Metronidazole
resistance, 20%;
clarithromycin
resistance, 18%

Metronidazole
resistance, N/A;
clarithromycin
resistance, 15%

Metronidazole
resistance, 30%;
clarithromycin
resistance, 6%

Treatment scenario pattern® Success® %° n“ Success % n Success % n Success % n
Cs-Ms 95% 80 76 99% 65.6 65 99% 65.8 65 97% 85 825
Cr-Ms 80% 0 0 88% 144 126 88% 4.2 3.7 50% 15 75
Cs-Mr 75% 20 15 75% 16.4 123 75% 282 21 N/A - —_
Cr-Mr 10% 0 0 15% 3.6 0.5 15% 1.8 0.3 N/A - —_
Overall success 91 90.4 90 90

N/A, not applicable.

“Resistance pattern in population ranging from clarithromycin susceptible (Cs) and metronidazole susceptible (Ms) to dual resistance (Cr-Mr).

Ppredicted treatment success for the pattern of resistance.
°Percentage of the study population with that pattern of resistance.

9Success rate percentage of the resistant pattern group with successful therapy.
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are complicated, and successful use is restricted to re-
gions where clarithromycin resistance is high and
metronidazole resistance is low.

Table 4 shows that at 20% metronidazole resistance,
success with 10-day sequential therapy is approximately
90% PP and any level of clarithromycin resistance would
cause it to decrease further. In contrast, despite 20%
metronidazole resistance, success with 14-day sequential
therapy remains greater than 90% until clarithromycin
resistance exceeds 18%. There are instances when
14-day triple therapy will be superior to sequential
therapy because it is not affected by metronidazole
resistance and can withstand up to 15% clarithromycin
resistance before decreasing to less than 90% success.
The primary Achilles’ heel for sequential therapy is
metronidazole resistance (ie, the level of metronidazole
resistance determines the level of clarithromycin resis-
tance required for success to decrease to <90%). If
metronidazole resistance is absent or low, sequential
therapy for 10 or 14 days is very resistant to clari-
thromycin resistance (eg, ~30% for 10 days and ~80%
for 14 days), but in that instance 14-day metronidazole
triple therapy or concomitant therapy likely would be
better choices. Because 10-day sequential therapy fails
when metronidazole resistance exceeds 20% or
clarithromycin-metronidazole dual resistance is greater
than 5%, sequential therapy has had a poor showing in
Asia and South and Central America'>>? (eg, in Taiwan,
10-day sequential therapy achieved 78.9% success
despite no clarithromycin resistance).*”

Fluoroquinolone-Containing Triple Therapy

Only 14-day therapy is successful with fluo-
roquinolone triple therapy (PPI twice daily, amoxicillin
1 g twice daily, a fluoroquinolone once a day such as
levofloxacin, moxifloxacin, or sitofloxacin, for 14 days).
However, success is restricted to areas with low fluo-
roquinolone resistance. Fluoroquinolone resistance
cannot be overcome by increasing the dose or duration
of triple therapy, which becomes ineffective when
resistance reaches 13%. Fluoroquinolone therapy is not
recommended for patients who have received any fluo-
roquinolone in the past or in areas where fluo-
roquinolone resistance exceeds 10%. Possibly better
fluoroquinolone-containing regimens include
fluoroquinolone-bismuth therapy and fluoroquinolone
concomitant therapy. Neither has been optimized or
tested widely and generally they should be used as
tailored therapies (see later).

Fluoroquinolone Bismuth Therapy

Fluoroquinolone bismuth therapy (PPI twice daily,
amoxicillin 1 g twice daily, bismuth twice daily, levo-
floxacin 500 mg once daily for 14 days) is basically the
addition of bismuth to fluoroquinolone triple therapy.
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The addition of bismuth is estimated to maintain effec-
tiveness with fluoroquinolone resistance as high as 25%.
This regimen also has not been optimized or tested
except in China, but likely would be a better empiric
choice than 14-day fluoroquinolone triple therapy in
most regions.

Fluoroquinolone Concomitant Therapy

Fluoroquinolone concomitant therapy (PPl [esome-
prazole 40 mg or equivalent], amoxicillin 1 g, levo-
floxacin 500 mg, tinidazole/metronidazole 500; all twice
daily for 5 days) has been calculated to remain effective
with fluoroquinolone resistance less than 20% to 25%,
or metronidazole resistance less than 50%, but would be
ineffective if dual resistance exceeded approximately
10%.%* The regimen has been reported in only 1 study**
and has not been optimized in terms of doses (likely 500
mg of levofloxacin would be sufficient) or duration.

Salvage Therapies: After at Least 2
Treatment Failures With Different
Regimens

Furazolidone Bismuth Quadruple Therapy

There are a number of different formulations but
most successful ones are based on bismuth quadruple
therapy. One substitutes furazolidone (100 mg 3 times
daily) for metronidazole in 14-day bismuth quadruple
therapy. Another substitutes amoxicillin (1 g 3 times
daily) for tetracycline. Both have proven highly effective
in China®* and may prove especially useful in areas
where furazolidone is available and tetracycline is diffi-
cult to obtain.

Furazolidone is only available in a limited number of
countries but it is a highly effective antimicrobial and
resistance generally is low. Furazolidone is a monoamine
oxidase inhibitor and interacts with numerous other
drugs and foods such that an avoidance sheet always
should be provided to the patient to reduce the rate of
unnecessary side effects.”> Where it is available it is an
excellent salvage regimen but one where side effects are
to be expected.

Rifabutin-Containing Regimens

Rifabutin is used primarily as an antituberculosis
drug. Resistance among H pylori is rare. The initial trials,
particularly as a 7-day triple therapy, proved disap-
pointing,”® but several regimens are promising and it is
expected that an optimized rifabutin soon will be iden-
tified for use especially as a salvage therapy. The original
successful trial (ie, 96.6%) consisted of rifabutin 150 mg
daily, amoxicillin 1.5 g 3 times daily, and pantoprazole 80
mg (or an equivalent PPI) 3 times daily for 12 days.’” We
have used this regimen with success as a salvage therapy
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when given for 14 days. More recent studies have tested
lower doses of amoxicillin and PPI (rifabutin 150 mg
once daily, amoxicillin 1 g twice daily, and esomeprazole
40 mg twice daily for 12 days) with results as low as
88.6%.°" Clearly, additional studies are needed to opti-
mize the regimen in terms of dose and duration. Finally,
a recent study from Western Australia evaluated the
combination of a PPI, bismuth, rifabutin, and ciproflox-
acin, and reported an eradication rate of 95.2% in sus-
ceptible strains.’” The recent increase in fluoroquinolone
resistance makes it unlikely that the combination will
prove useful as other than a tailored regimen, but it
brings up the intriguing question regarding how much
improvement, if any, would be obtained by the addition
of bismuth to rifabutin triple therapy.*’

Second or Subsequent Treatments for
Treatment Failures

Generally, clinicians should have 2 preferred first-line
regimens known to be effective locally, with the choice
between them based on the patients history of prior drug
use and exposure (Figure 2). The regimen with the
highest predicted successful outcome always should be
used first.*' Treatment success always should be
confirmed, generally using a noninvasive test for active
infection such as the stool antigen or urea breath test.*
Confirmation of cure also provides the clinician with an
early warning of the development of increasing resis-
tance in the community.

H pylori is naturally resistant to many antimicrobials
and rapidly has become resistant to others. The use of
agents to which the organism is resistant either naturally
or by acquired resistance has no effect on the outcome of
therapy with agents to which the strain is susceptible.
Prior use of an antibiotic for another infection often re-
sults in the H pylori becoming resistant (a bystander
effect), and clarithromycin and other macrolides, fluo-
roquinolones, and rifabutin should not be used again.
Generally, amoxicillin and tetracycline can be re-used
because resistance rarely develops. The key outcome
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variable is whether the infecting strain is susceptible. In
our experience, the same high success rates are obtained
with the first and the nth-line regimen, provided the
organisms are susceptible and good compliance is ob-
tained. To the infection, all attempts with agents to which
it is susceptible are first attempts. We do not know
whether some patients may be more difficult to cure
than others but, all things being equal, the effectiveness
of first-line agents, first-line alternative agents, or even
salvage therapies is similar if the organisms are sus-
ceptible. Repeated failures should prompt assessment of
compliance and rare events such as the development of
amoxicillin resistance.

Compliance and Adherence

Poor compliance with a regimen and antimicrobial
resistance are the primary reasons for failure of what is
otherwise a reliably excellent regimen. Large multicenter
clinical trials have shown that although side effects
related to the antibiotics used are common, in the ma-
jority of trials the drop-out rates because of side effects
are low (eg, in the range of 5%). Although there is
considerable literature regarding compliance with
medication use, treatment of H pylori has not been a
popular area of such research. The fact that H pylori
therapy often involves multiple drugs and multiple
dosing intervals makes patient education extremely
important. Emphasizing the importance of taking all the
drugs, as generally performed in large multicenter
studies, repeatedly has shown that this is associated with
a high degree of compliance despite the complexity of
some regimens. When tested in a randomized trial, pa-
tient counseling and follow-up evaluation have been
shown to improve the outcome and compliance of
H pylori therapy and is recommended.*® It is worthwhile
to consider direct counseling regarding the regimen and
the need to be compliant as well as to give handouts
regarding the objectives and the details of the regimen.
Although it is important to try to keep patients on
therapy despite side effects, it also is important to test

treatment for H pylori

Predict resistance based on
prior antibiotic use or previous

v

Treatment outcomes (per protocol)

Prediction for 7 day 14 day 10 day 14 day 14 day
Clari and Metro triple triple sequential | sequential [concomitant

Both susceptible 94% 97% 95% 98% 97%
Figure 2.Example of
choices of clarithromycin- Clari-resistant <20% ~50% 80% 88% 97%
containing regimens for
an individual patient based Metro-resistant 94% 97% 75% 75% 97%
on predicted resistance
to clarithomycin  and Dual resistance < 20% ~50% < 20% < 20% 50%
metronidazole.
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for cure even if patients were unable to complete the
regimen because even a short course of therapy will cure
a proportion of patients.

Recommendations Regarding
Developing New Regimens

The trial-and-error approach to the development of
H pylori therapies has proven to be inefficient and to
provide misleading results. The history of sequential
therapy is a good example. Originally, 10-day sequential
therapy was devised in response to failure of triple
therapy in Italy***® and it proved to be successful and
superior to triple therapy.*® Unfortunately, it was pre-
sumed to be optimal and no further attempts were made
to optimize it or to systematically examine its limitations.
Rather, sequential therapy was repeated in the same
population to prove its superiority to triple therapy. These
multiple samplings then were combined in meta-analyses
to confirm that, at least in that population, sequential
therapy was superior to triple therapy.”” *? Importantly,
the detrimental effect of clarithromycin resistance was
noted, but the critical effect of metronidazole resistance
on outcome remained unrecognized.”> When sequential
therapy was tested in Southern Italy and other pop-
ulations with higher metronidazole resistance, it generally
failed to achieve its prior success.**°*>! The process took
approximately 10 years, during which thousands of sub-
jects were randomized to triple therapy, which repeatedly
had been proven to provide unacceptable results'”%;
many meta-analyses were performed but the severe lim-
itations of the regimen remained unrecognized. It finally
was optimized in 2013."* Additional details are available
in the Supplementary Material.

Summary Recommendations

Sufficient data from treatment trials in which the
outcomes in relation to susceptibility resistance have
been provided to allow an evidence-based approach to
choosing anti-H pylori therapies. We now can add to the
admonition to use what works locally by being able to
reliably identify which regimens have the greatest
chance of working. Figure 1 outlines a general schema,
with therapy chosen based on pretreatment susceptibil-
ity testing, or, if unavailable, based on a combination of
local experience and information obtained from the pa-
tients and the patients’ records. The earlier-described
data and discussions generally focused on therapeutic
choices for a population. Whether one considers an in-
dividual patient (ie, population = n of 1) or a group, the
outcome variables are determined by resistance and
compliance. Figure 2 shows how suspected resistance
markedly influences the choice for an individual subject
(eg, previous use of a macrolide or metronidazole would
make triple or sequential therapy poor choices) such that
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what might be recommended for a population often
differs when individualized to a single patient.

Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
and at http://dx.doi.org/10.1016/j.cgh.2013.05.028.
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Supplementary Material

Recommendations for New Regimens

The goal of the first experiment is to provide defini-
tive data (ie, allow a “go” or “no go” decision). One should
never need to ask whether the results would have been
better if we had increased the duration, dose, dosing
interval, and so forth. To prevent this, the initial study
must use full doses and the maximum reasonable dura-
tion. Thus, the initial study should use full doses and the
duration should be 14 days (ie, 14 days generally is
considered the upper limit for duration and there are
numerous examples in which 7- or 10-day regimens
proved inferior to 14-day therapy). For example, hun-
dreds of patients received fluoroquinolone, PPI, amoxi-
cillin triple therapy before it was recognized that 95%
cure rates could be achieved with 14-day therapy.'

The initial experiments should be a pilot study with
predefined success (eg, at least 90% or 95% success PP)
and include stopping rules to limit the exposure of sub-
jects to unnecessary risks. The effect of resistance on
outcome must be able to be assessed. This can be per-
formed as a tailored regimen and only those with known
pretreatment susceptible strains receive therapy, or
biospy samples can be obtained and stored for after-the-
fact assessment. Once good to excellent regimens are
identified it is critical to know the effects of resistance,
which can be tested directly in patients with known
resistant strains, or this information can be obtained as
part of empiric use trials. The lack of susceptibility data
largely have been responsible for much of the confusion
about the usefulness of both new and old therapies, and
units that are unable to assess susceptibility should be
precluded from performing exploratory clinical trials.

Optimizing Regimens

Optimization can include cost effectiveness, conve-
nience, minimization of side effects, higher success in the
presence of resistance to one or more components, and
so forth. Only successful regimens should undergo opti-
mization and optimization must not compromise
outcome (eg, the original excellent success rate is
maintained despite simplifying the regimen in terms of
dosing, dosing interval, or duration). As noted earlier,
optimization includes a study of the effects of changes in
study parameters (eg, duration) on the results with
resistant infections. For example, 7-day PPI bismuth
quadruple therapy provides excellent results in the
absence of metronidazole resistance but produces un-
acceptable low outcomes in the presence of metronida-
zole resistance. Thus, in some countries, 7-day therapy
may be optimal whereas in other countries 14-day
therapy is the minimum for an optimal result.
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Avoiding Common Errors

Hopefully, the days in which trial and error is the
primary approach used to identify new anti-H pylori
regimens are nearing their end and will be replaced by
approaches that are both efficient and logical.” Much of
the current confusion related to how to best treat
H pylori has resulted from poorly designed studies and
attempts to understand failures while ignoring the crit-
ical role of resistance. For example, a recent large
multicenter study of H pylori therapy in a South and
Central America treatment trial did not take advantage of
published data showing that metronidazole resistance
was extremely high in the region and that prior studies
with clarithromycin triple therapy typically had pro-
duced unacceptably low cure rates. The outcome of the
trial was predictable (ie, Western regimens using clari-
thromycin and metronidazole would produce unaccept-
ably low treatment success with the rank order favoring
non-metronidazole-containing regimens).>* Compara-
tive trials also have remained a problem because the
comparisons chosen generally have not been of good or
excellent regimens, but primarily have been comparisons
of ineffective regimes or good therapies with known
ineffective regimens, the latter of which are, by defini-
tion, unethical.®® As a result, meta-analyses generally
have not provided useful information regarding which
treatments to use and where. Another flaw of meta-
analysis has been that comparisons of treatments that
contain the same drugshave differed markedly in terms
of details such as doses, durations, and adjuvants, and in
relation to the populations examined, which often
differed greatly in terms of the prevalence of resis-
tance.”” The results of meta-analysis have declared un-
acceptably low outcome regimens as equivalent or even
as one superior to another despite the fact that both
regimens produced unacceptably low outcomes.””°
Meta-analyses of suboptimal regimens, those that failed
to account for resistance patterns, or compared entirely
different doses and durations probably should neither be
performed nor published. We can and should do better.
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Supplementary Figure 1. The effect of increasing metroni-
dazole and clarithromycin resistance and the prevalence of
dual clarithromycin-metronidazole resistance. When dual
resistance equals 15% (dotted line), then 14-day concomitant
therapy will cure less than 90% of patients. The proportion of
patients with dual resistance is shown at different preva-
lences of metronidazole resistance, with the proportion with
dual resistance plotted against the prevalence of clari-
thromycin resistance. As long as metronidazole resistance
levels are less than 40%, the regimen is very resistant to
typical increases in clarithromycin resistance. However, at
high levels of resistance of either, only modest levels of
resistance of the other will result in dual resistance exceeding
the threshold level for treatment failure.
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