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Abstract

Background—Low success rates with triple therapy for Helicobacter pylori infections have
prompted search for alternatives. In one a PPI and amoxicillin was followed by the PPI plus
clarithromycin and a nitroimidazole (sequential therapy); in another these 4 drugs were given
concomitantly (concomitant therapy).

Aim—To compare concomitant therapy with standard triple therapy for H. pylori infection.

Methods—BY searching PubMed, EMBASE, the Cochrane Central Register of Controlled trials
and abstracts of major gastrointestinal meeting, two independent reviewers systemically identified
randomized controlled trials comparing concomitant quadruple to standard triple therapies as well
as studies reporting eradication rates of concomitant quadruple therapy in treatment of Helicobacter
pylori. Pooled eradication rates and odds ratios with 95% confidence intervals were calculated, and
univariable meta-regression analysis for all extracted variables was conducted.

Results—We identified 9 studies (ten treatment arms) including 5 qualifying RCTs (576 subjects)
comparing concomitant (293 subjects, duration 3 to 5 days) and triple therapy (283 subjects, duration
5to 10 days) and 4 other studies evaluating concomitant therapy (478 subjects, duration 3 to 7 days).
Pooled estimates of the 5 RCTs showed superiority of concomitant therapy over triple therapy; with
intention to treat (ITT) pooled OR of 2.86 (95% ClI: 1.73-4.73) and per protocol (PP) pooled OR of
3.52 (95% ClI: 1.95-6.38). Considering all 10 treatment arms, the ITT eradication rate was 89.7%
(95% ClI: 86.8%—-92.1%) and PP was 92.9% (95% ClI: 90.2%-94.8%).

Conclusion—Concomitant therapy appears to be an effective alternative to triple therapy and is
less complex than sequential therapy.
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Introduction

Methods

Helicobacter pylori (H. pylori) is a global human pathogen responsible for a number of
prevalent diseases including peptic ulcer disease and gastric cancer (1) . The indications for
eradication therapy have steadily increased and this has been associated with increasingly
widespread therapy (2,3) . Unfortunately, the high success rates initially reported with
conventional triple therapies consisting of antisecretory drugs (typically a proton pump
inhibitor or PPI) and two antibiotics has been eroded by the increasing prevalence of antibiotic
resistance (4). Currently, the success of triple therapy combination of a PPI plus clarithromycin
and amoxicillin has fallen to 80% or below in most countries (5,6).

One successful approach to the problem of clarithromycin resistance has been to administer
the drugs sequentially (7,8). The initial experiments with “sequential therapy” prescribed the
dual therapy combination of amoxicillin and a PPI twice a day for 5 days followed by another
5 days of the PPI plus clarithromycin and tinidazole/metronidazole. This approach has been
compared to PPl amoxicillin plus clarithromycin triple therapy and repeatedly been shown to
be superior (7-9). The difference between the two approaches has been shown to be related to
improved results with clarithromycin resistant strains (7,8).

One potential problem with sequential therapy is that it is relatively complex requiring the
patient to switch from a dual to a triple therapy at mid point (7,10). In 1998, two groups of
investigators, one in Germany and the other in Japan proposed that, these same four drugs (a
PPI, clarithromycin, metronidazole, and amoxicillin) be given concomitantly as a
nonsequential 4-drug, 3-antibiotic non-bismuth containing quadruple therapy, we dub
“concomitant therapy” (11,12). Despite the short duration of therapy (5 days on average), this
approach provided high cure rates and appears to be inherently less complex than sequential
therapy. Here we report the results of a meta-analysis of the studies examining the eradication
rate of H. pylori for concomitant therapy and the RCTs comparing concomitant therapy to
triple therapy for H. pylori eradication.

Study sources and searches

Identification of relevant trials from January1998 to December 2007 were done by using
computer assisted bibliographic searches of PubMed, EMBASE, and Cochrane central register

of controlled trials using the terms ““Helicobacter pylori, “H. pylori”, “proton-pump-
inhibitor”, “PPI”, “amoxicillin”, “clarithromycin”, “metronidazole”, “tinidazole” and
“quadruple”. Abstracts of major gastroenterological meetings (Digestive Disease Week,
International Workshop of the European Helicobacter pylori Study Group, and the United
European Gastroenterology Week) were identified and reviewed. Relevant trials noted in the

reference lists of each selected article were also evaluated for inclusion.

Study selection

All studies that were identified by the literature searches were reviewed and selected according
to the following a priori criteria: 1) randomized controlled trials (RCTs) among adults with at
least 2 groups that compared concomitant (PPI plus amoxicillin, clarithromycin and
metronidazole or tinidazole) with traditional triple therapy (PPI plus 2 of three antibiotics;
amoxicillin, clarithromycin and metronidazole) or studies reporting H. pylori eradication rates
for concomitant quadruple therapy; 2) H. pylori infection demonstrated by at least one high-
accuracy diagnostic test (urea breath test, stool antigen test, gastric mucosal biopsy for
histology, rapid urease test or culture); 3) eradication of infection confirmed at least 4 weeks
after completion of treatment, based on appropriate diagnostic tests; and 4) report of intention
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to treat and per protocol results or sufficient data provided in which they could be calculated.
When necessary, authors were contacted for additional information.

Data extraction

Data were extracted according to the following items from the selected article: 1) study design;
2) drug regimens, concomitant quadruple therapy and triple therapy, doses and treatment
duration; 3) number of patients enrolled in study and in each treatment group; 4) enrollment
period; 5) diagnosis for which eradication therapy was indicated at time of enrollment; 6) test
used to diagnose the infection and to evaluate eradication; 7) number of patients with adverse
effects; 8) number of patients in whom H. pylori infection was successfully eradicated; 9) year
of publication, format and the country of origin.

Abstracts and full articles were reviewed independently by two of the authors, and if results
were discordant, papers were reviewed jointly until the differences were resolved.

End-point of the study

Several endpoints were examined in this meta-analysis. The primary outcome measured was
odds ratios (OR) from RCTs for successful H. pylori eradication calculated by comparing the
odds of eradicating H. pylori with concomitant quadruple therapy with the odds of eradicating
H. pylori with triple therapy considering both intention to treat (ITT) and per protocol (PP)
results. We also examined the risk differences between these groups. In addition, eradication
rates were converted to log odds to assess the weighted pooled eradication rates and standard
errors for concomitant quadruple therapy regardless of the comparison group (both RCTs and
non-RCTS) for both ITT and PP results.

Non-RCTs were included as well when calculating the pooled eradication rate of concomitant
quadruple therapy because spontaneous elimination for H. pylori in adults is rare, and therefore
the likelihood of eliminating H. pylori in an untreated group is close to zero. Due to this fact,
randomization into a placebo group becomes unnecessary (13). However, we calculated pooled
eradication rates and odds ratios from the 5 RCTs in a separate analysis to control for any
potential differences in study quality.

Data synthesis and analysis

Pooled odds ratios for the RCTs as well as the weighted pooled log odds of the eradication
rates of H. pylori for all included treatment arms were calculated. These were converted back
to eradication rates for reporting of results. Two criterions were used to determine the
heterogeneity of the results; Cochran's Q and I-Squared tests. Due to the low power of the Q
test, a cut off p-value < 0.10 was used to reject homogeneity, indicating heterogeneity. An I-
Squared score >/=50% indicates more than moderate heterogeneity (14). When either of these
criterion for heterogeneity were met, a random-effects model was used for the analysis.

Rather than use a quality score, which has been described by others to be methodologically
inadequate (15-17), we chose to examine several indicators of study quality by conducting
univariable meta-regression (13) . This regression analysis also allowed us to explore reasons
for heterogeneity of the treatment effect at the study level. Therefore, factors in addition to
study quality were also examined. These included study year, study size, RCT (yes/no), mean
age, gender, endoscopic based diagnosis, method used to assess diagnosis and eradication, drug
regimen, duration of treatment, and country of origin for both PP and ITT results. P-value <
0.05 was used to determine significance. Multivariable meta-regression was not conducted due
to the small number of studies.
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To evaluate a small study effect indicating potential publication bias, we constructed a funnel
plot for all examined outcomes (pooled ORs and eradication rates for PP and ITT results).
Egger’s regression intercept and Begg’s rank correlation tests were conducted to assess this
asymmetry formally (18,19). In addition, the robustness of the pooled estimate was checked
by influence analysis using the results from the fixed-effects models. To do this, each study
estimate was individually omitted from the data set, followed in each case by recalculation of
the pooled estimate of the remaining studies. The analysis was done in Stata (version 9.2,
College Station, TX). Two sided P-value of less than 0.05 was considered as significant. Pooled
risk differences were also calculated.

Description of the studies

A total of 1,054 participants included in 9 published full-text manuscripts (ten treatment arms)
met the inclusion criteria for this meta-analysis: 5 studies were RCTs comparing concomitant
quadruple therapy versus PPI triple therapy (576 patients) (11,20-23), 3 studies evaluated
overall efficacy of concomitant therapy in non randomized designs (315 patients) (12,24,25)
and one RCT compared concomitant therapy to a ranitidine containing quadruple therapy. This
RCT included 2 different concomitant treatment arms with two different durations (3 and 5
days) (26). In our analysis we considered each concomitant treatment arm as a separate study
(80 and 83 patients respectively).

Characteristics and results of the 10 treatment arms (9 studies) are summarized in Table 1,
Table 2, and Table 3. All treatments were given in an unblinded open label fashion except two
single-blinded trials (20,22), Geographically, 4 trials were conducted in Japan and 5 were in
Western European countries (Italy, UK, Germany and Spain). Treatment duration was 3 to 7
days with concomitant therapy compared to 5 to 10 days with triple therapy.

Eradication rates: Concomitant therapy vs. triple therapy (5 RCTs)

Five trials compared concomitant quadruple therapy versus triple therapy with a total of 576
patients. Intention to treat analysis, successful eradication rate with concomitant therapy was
achieved in 267 of 293 patients (pooled rate: 90.8%; 95% CI: 86.8%—-93.6%) compared with
221 of 283 patients treated with triple therapy (pooled rate: 79%; 95% Cl: 67.8%—-87.1%). The
odds ratio was 2.86 (95%; Cl: 1.7-4.7) which demonstrated superiority of the concomitant
quadruple therapy over triple therapy (Figure 1). When examining the risk differences between
triple and concomitant therapy the results were also in favor of the concomitant with a pooled
risk difference of 11.8% (95% CI: 3.8%-19.8%) for the ITT analysis.

There was no significant heterogeneity between trial results (I-square=0.0%, P=0.43).
Corresponding PP pooled eradication rates were 93.4% with 95% CI: 89.6%-95.8 (267 of 284
patients) for concomitant quadruple therapy versus 82.8% with 95% CI: 69.9%-90.9% (221
of 272 patients) for triple therapy. The odds ratio was 3.52 (95% CI: 1.9-6.3) with no significant
heterogeneity between trial results (I-square=0.0%, P=0.5) (Figure 2). When examining the
risk differences between triple and concomitant therapy the results were also in favor of
concomitant therapy with a pooled risk difference of 11.2% (95% ClI: 3.4%-19.0%) for the PP
analysis.

Univariable meta-regression of age, gender, endoscopic based diagnosis, test for diagnosis
&eradication, drug regimen, duration of treatment and country of origin did not significantly
explain any variation of the treatment outcome for each of the 5 RCTs considering both the
ITT and PP analyses. This analysis also indicated no major variations in study quality.
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Concomitant therapy (9 studies included 10 treatment arms)

Side effects

Atotal of 771 patients in 10 treatment arms (9 studies) were included in the concomitant therapy
analysis. Successful eradication rate with concomitant therapy was achieved in the ITT analysis
in 695 of 771 patients resulting in a pooled rate of 89.7% with 95% CI: 86.8%-92.1% (Figure
3). The pooled eradication rate from the PP analysis of concomitant therapy was 92.9% with
95% Cl: 90.2%-94.8% (695 of 767 patients) (Figure 4).

A univariable meta-regression analysis (both ITT and PP) showed that age and treatment
duration were significant variables (P< 0.05) that might explain the variation of the treatment
outcome (successful eradication rate) between each of the 10 treatment arms. Moreover, the
pooled estimates of per protocol treatment outcomes based on different treatment durations
were highest in 7 day based treatment regimen [2 treatment arms: 95.4%; 95% CI: 92.1%-
97.4%], followed by 5 days [5 treatment arms: 93.6% 95% CI: 90.1%-95.9%] and lowest in
3 days regimen [2 treatment arms: 88.5% 95% CI: 79.1%-93.9%].

There is no small study effect indicating publication bias for the 5 RCTs for both the ITT and
PP analyses. For the aggregate analysis of all 10 study regimens, there was also no evidence
of small study effect or publication bias for the ITT outcomes; however, it was significant for
the PP analysis.

No severe side effects were observed in any of the studies apart from 3 patients in 3 studies
with anaphylaxis to medication (12,24,26). Mild to moderate side effects were reported in 27—
51% of the patients treated with the concomitant quadruple regimen vs. 21-48% of patients
treated with the triple regimen.

Discussion

Theoretically, H. pylori infections would be approached in the same way as other serious
transmissible infectious diseases and treatment decisions would be based on the results of
knowledge of susceptibility of the patient’s strain, local susceptibility patterns, or both (10,
27). The increasing prevalence of resistance coupled with the general unavailability of such
information has resulted in empiric therapy becoming increasing less effective such that in
most countries, the success of legacy triple therapy consisting of a PPI, clarithromycin and
amoxicillin has fallen to 80% or lower, a result generally considered as unacceptable (5,10,
27).

Sequential therapy in which the four drugs commonly used in legacy triple therapies (a PP,
clarithromycin, an nitroimidazoles, and amoxicillin are given as a PPI plus amoxicillin,
followed by a PPI plus clarithromycin and an nitroimidazole) has proven to be a successful
alternative for use in regions where clarithromycin resistance has resulted in low eradication
rates with legacy triple therapy (7,8) (9). However, it remains unclear whether there is an
advantage to the sequential nature of the regimen or whether it is the fact that it contains a
nitroimidazole (10). In addition, the complexity of having the patient change drugs at mid-
stream may make it less effective than administering the 4 drugs together or simply adding
clarithromycin and the nitroimidazole after a run in period with the PPI and amoxicillin (10).
Addressing these concerns will require new studies in which the components and sequence of
administration are varied.

However, there are data regarding the concomitant administration of all four drugs as twice a
day regimen. In the initial studies from Germany and Japan a PPI and three antibiotics
(amoxicillin, clarithromycin and a nitroimidazole) were prescribed for 5 to 7 days and high
eradication rates were obtained (11,12). Here, we present the available studies both as a meta-
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analysis comparing concomitant quadruple and legacy triple therapy as well as the results of
the other non-comparison studies. Meta-regression analysis for treatment outcome regarding
5 RCTs showed that none of the other variables studied (age, gender, endoscopic based
diagnosis, test for diagnosis, eradication test, and drug regimen, or duration of therapy)
significantly explains the variation in treatment outcomes between concomitant and triple
therapy of the 5 studies. However, when one takes into consideration the eradication rates of
all 10 treatment arms in the 9 studies, despite the very short durations of some of the trials,
concomitant therapy yielded excellent results and duration of therapy became a significant
variable with longer duration tending to produce higher eradication rates.

The advantage of sequential over legacy triple therapy is related to higher eradication rates
among patients with clarithromycin resistant H. pylori [ie, 89% (8 of 9, 95% CI 51.0-99%)
(28). This is also likely the reason for the advantage of concomitant over triple therapy. Okada
et al. (24) provided data about the success of concomitant therapy in clarithromycin resistant
infections and reported success rates of 95% (140 of 147, 96% CI: 90-98%) among susceptible
strains and 100% (12 of 12, 95% CI: 73-100%) among clarithromycin resistant strains.
Moreover, primary double resistance for macrolide and imidazole resulted in an eradication
success of 50% (2 of 4) following 5 days concomitant therapy (26) and 75% (3 of 4) with 7
day concomitant therapy (24). Sequential therapy was ineffective (ie, 0% or none of 4) in the
face of dual resistance (28). Larger numbers will be needed to ascertain whether these
differences are related to the use of four vs. three drugs or due to chance because of the small
numbers evaluated with sequential therapy. One would suspect that neither concomitant nor
sequential therapy would be a good choice in the face of known dual resistance (10). Finally,
although many of the studies are 8-10 years old, the major cause of poor outcome with
traditional triple therapy then and now has been the presence of clarithromycin resistance.
Unfortunately, this has not been routinely assessed in most studies, including the majority of
recent studies of sequential therapy. . A randomized comparison was recently reported at the
2008 Digestive Disease Week of a 10-day sequential regimen compared with a 7-day
concomitant treatment. Eradication rates were similar (89% vs. 87% by ITT and 93% vs. 91%
by PP) as were compliance and adverse effects with both regimens (29).

The meta-analysis has some limitations as cost-effective analysis was not performed, and
individual studies included had substantial limitations such as small sample size, lack of
blinding (only two trials were single blinded), and failure to evaluate resistance (3 trials only
evaluated primary resistance). Also, some of these studies used differing durations of
concomitant and triple therapies; however, we were able to present pooled rates stratifying by
duration of concomitant therapy, demonstrating a trend of longer duration associated with
higher eradication rates.

In addition, there was some evidence of a small study effect for the PP analysis when examining
all 10 treatment regimens. This was completely driven by the L3 arm from Treiber et al. (26);
most likely because it had the lowest eradication rate and was the second smallest study. When
we removed this study as it had the most influence on the effect size, the Egger's test for
publication bias is no longer significant. There was no publication bias for the 5 RCTs and we
consider these studies the gold standard and the best evidence that concomitant therapy was
superior to triple therapy.

The strengths of this meta-analysis are including results from different regions of the world
and achieving high eradication rates with PPIs. The results with concomitant therapy among
the non-RCTs showed high eradication rates with ranitidine, and ranitidine bismuth citrate and
in the one pediatric population studied (26,30,31).
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In summary, considering the results presented in this meta-analysis, concomitant therapy
appears to be an effective, safe and well tolerated treatment option for H. pylori infections.
Studies comparing concomitant and sequential therapy are needed to ascertain whether the
simplicity of concomitant therapy provides equivalent or even superior results. The most
desired outcome would be the ability to use a therapy empirically and reliably obtain at least
an intention to treat cure rate of 90%, preferably 95% or greater. Studies comparing dose,
duration, and concomitant vs. sequential therapy while evaluating pretreatment susceptibility
are needed.
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Figure 1.
Intention to treat eradication rate for concomitant therapy vs. triple therapy (5 RCTS).
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Per protocol eradication rate for concomitant therapy vs. triple therapy (5 RCTS).
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Figure 3.
Intention to treat eradication rate for concomitant (10 arms).
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Figure 4.
Per protocol eradication rate for concomitant therapy (10 arms).
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