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BACKGROUND AND AIM: Helicobacter pylori treatment success
rates have varied. A systematic review of the success rate of anti-
H pylori therapy in Canada was performed.

METHODS: All clinical trials containing Canadian data on the
success rate of H pylori treatment were identified using MEDLINE
searches, through review of references of retrieved studies and by
contacting key investigators. Both randomized and open-label trials
were included. Treatment effect size was calculated using a variation
of Cochran’s QQ method.

RESULTS: Seventeen papers met the inclusion criteria. Both triple
therapies consisting of a proton pump inhibitor (PP1), clarithromycin
and either amoxicillin or metronidazole performed well, achieving a
success rate of 84% and 82%, respectively. The cure rate of PPI-
amoxicillin + metronidazole was 76%. Quadruple therapy consisting
of a PPI, bismuth, metronidazole and tetracycline, given for seven to
10 days, achieved a success rate of 87%.

CONCLUSION: Both PPl-based triple therapy and quadruple
therapy perform well in Canada for the treatment of H pylori
infection.

Key Words: Amoxicillin; Bismuth; Canada; Clarithromycin;
Eradication; Helicobacter pylori; Meta-analysis; Metronidazole;
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Méta-analyse du taux de réussite du traitement
anti-H. pylori au Canada

HISTORIQUE ET BUT : Les taux de réussite des traitements contre
Helicobacter pylori ont varié. Clest pourquoi une revue systématique des
taux de réussite des traitements anti-H. pylori au Canada a été réalisée.
METHODES : Tous les essais cliniques comprenant des données canadi-
ennes sur les taux de réussite du traitement anti-H. pylori ont été recensés
au moyen du réseau Medline, d’une revue des bibliographies des études et
par contact avec les principaux investigateurs. Tant les essais randomisés
que les essais ouverts ont été inclus. La taille de I'effet du traitement a été
calculée a I'aide d'une version modifiée de la méthode Q de Cochran.
RESULTATS : Dix-sept articles répondaient aux critéres d’inclusion. Les
trithérapies comportant un inhibiteur de la pompe a protons (IPP), la
clarithromycine et soit 'amoxicilline, soit le métronidazole, ont donné de
bons résultats avec un taux de réussite de 84 % et de 82 %, respective-
ment. Le taux de guérison obtenu avec IPP-amoxicilline + métronidazole
a été de 76 %. La quadrithérapie comportant un IPP, du bismuth, du
métronidazole et de la tétracycline administrée pendant sept a dix jours a
donné lieu a un taux de réussite de 87 %.

CONCLUSION : La trithérapie et la quadrithérapie a base d’IPP ont
donné de bons résultats au Canada pour le traitement de l'infection a
H. pylori.

elicobacter pylori is causally associated with gastritis, duo-

denal and gastric ulcers, and gastric cancer (1,2). Cure of
the infection may also improve symptoms in a small proportion
of patients presenting with dyspepsia (3). There is a consensus
that all patients known to be infected should be offered treat-
ment (4,5). In Canada, the current recommended first-line
therapy is proton pump inhibitor (PPI)-based triple therapy
with clarithromycin and either amoxicillin or metronidazole
(3). Quadruple therapy consisting of a PPI, bismuth, metron-
idazole and tetracycline (PPI-BMT) is the best tested second-
line therapy and has also been recommended as an alternative
first-line regimen (4-6). However, for quadruple therapy there
are concerns about patient compliance due to the higher num-
ber of pills in the regimen. The primary objective of the pres-
ent meta-analysis was to determine the success rate of H pylori
therapies in Canada. The secondary objective was to deter-
mine whether there is a difference in adherence to therapy
between triple and quadruple therapies.

METHODS

A search was conducted using PubMed in January 2005. Search
terms included ‘Canada’ and ‘Canadian’, in combination with
variations of ‘Helicobacter pylori’ and treatment key words eradica-
tion, cure and treatment. The names of Canadian investigators in
the Helicobacter field and current H pylori regimen drug names
were also used as search terms. Selected Canadian authors were
consulted to ensure no eligible studies were missed. Additionally,
a manual reference review of retrieved studies was conducted.

Included studies had to be clinical trials containing Canadian
data on H pylori eradication rates, in which one of the main objec-
tives was to assess cure rates of infection in adults. Both random-
ized controlled trials (RCTs) and open-label or single-regimen
trials were included.

Studies were reviewed independently by each author. The
following data were extracted — study type (eg, RCT or open-
label), type of patient enrolled (eg, those with ulcers or previous
eradication attempts), H pylori testing methods, treatment
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TABLE 1
Key characteristics of papers used in meta-analysis

TABLE 2
Dual therapy data

Previous
Type of Active eradication Duration

References trial ulcers?  attempts (days)

Veldhuyzen van Zanten RCT, OL No Yes 14
etal (11)

Veldhuyzen van Zanten RCT, OL No One 7
etal (12)

Chiba (13) RCT, OL Mix No 14

Fallone et al (14) RCT, DB Yes Yes 10

Bardhan et al (15) RCT, DB No One 7

Lind et al (16) RCT, DB Mix No 7

Laine et al (17) RCT, OL Yes No 10

Zanten et al (18) RCT, DB Yes One 7

Veldhuyzen van Zanten RCT, DB No One 7
etal (19)

Veldhuyzen van Zanten RCT, DB No No 7
et al (20)

Veldhuyzen van Zanten RCT, DB Mix One 7
et al (21)

Chiba et al (22) RCT, DB No Yes 7

Chiba and Marshall (23) RCT, OL Mix Yes 7

O’Morain et al (24) oL Mix Yes 10

Lahaie et al (25) oL Mix No 7

Veldhuyzen Van Zanten RCT, DB No No 14
et al (41)

Jacobson et al (42) oL Mix Yes 7

DB Double-blinded; OL Open-label; RCT Randomized controlled trial

regimen composition, and intent to treat and per protocol eradi-
cation rates, with 95% Cls where available. For multinational
trials, the corresponding author was contacted to obtain the
results of Canadian patients enrolled.

Treatment regimens were grouped into six categories — dual
(two antibiotics), bismuth dual (bismuth + one antibiotic), PPI
dual (PPI + one antibiotic), bismuth triple (bismuth + two antibi-
otics), PPI triple (PPI + two antibiotics) and bismuth quadruple
(bismuth + PPI + two antibiotics) therapies. PPI triple therapies
were further divided into PPl-clarithromycin + amoxicillin
(PPI-CA), PPI-clarithromycin + metronidazole (PPI-CM) and
PPl-amoxicillin + metronidazole (PPI-AM). Bismuth quadruple
therapy consisted of PPI-BMT.

Trials were compared for eradication rates using Einarson’s (7)
random effects model for point estimates of single groups, which is
based on the method of DerSimonian and Laird (8), which was
adapted from Cochran (9). Adherence to therapy was examined
where data were available. Adherence was defined as taking any-
where between 75% and 100% of the study medication, but most
commonly as taking greater than 75% of the study medication.
Regimens were examined to determine whether there was a differ-
ence in adherence between triple and quadruple therapy regimens.

RESULTS
The initial search produced 205 papers, 13 of which were
retrieved. One hundred ninety-two citations were excluded
because they did not report on primary treatment results in
Canada. Additional searching, manual reference reviews and
author consultations produced 14 additional papers, resulting
in 27 papers being retrieved for initial review. Of these,
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Duration #cure/#ITT

References Regimen (days) (%) 95% Cl
Veldhuyzen van Zanten AM 500t:500t 14 31/47 51%—-79%
et al (11) (66)
Veldhuyzen van Zanten RC 400b:500b 7 101/153  59%—74%
etal (12) (66)
Chiba (13) OC 20b:250b 14 18/31 37%-75%
(58)
Fallone et al (14) BM 120b:500t 10 31/47  51%-79%
(66)

A Amoxicillin; b Twice a day; B Bismuth; C Clarithromycin; ITT Intent to treat;
M Metronidazole; O Omeprazole; R Rifabutin; t Three times a day

10 papers were excluded — one did not present novel data,
five did not present H pylori treatment data, three dealt with a
pediatric population and Canadian data were unobtainable for
one study (10). The key characteristics of the included papers
are presented in Table 1. There were one dual therapy, one PPI
dual, two bismuth dual, three bismuth triple, eight PPI-CA,
nine PPI-CM, five PPI-AM and three PPI-BMT treatment
regimens.

In the present analysis, only PPI triple and quadruple ther-
apies were examined in depth because they are the current
standard of care. The tables and figures summarize the various
regimens; the doses of medication, their duration and the
observed success rate are presented. Dual therapies varied in
efficacy between 58% and 66% (11-14) as shown in Table 2.
Various PPI-AM regimens were found to have an efficacy of
70% to 83% (11,15,16), with an overall efficacy of 76% (95%
CI 69% to 82%) as shown in Figure 1. Six studies (12,16-20)
presented PPI-CA regimens with efficacies ranging from 78%
to 97%. The overall efficacy, as shown in Figure 2, was 84%
(95% CI 79% to 90%). Treatment with a PPI-CM regimen
achieved an H pylori cure in 72% to 95% of patients with an
overall efficacy of 82% (95% CI 76% to 88%) as shown in
Figure 3 (13,16,18,21-23). The overall efficacy of quadruple
therapy in three open-label trials was 87% (95% CI 80% to
95%) and is shown in Figure 4 (17,24,25). Two studies using
omeprazole-BMT quadruple therapy for 10 days achieved a
cure in 88% (17) and 94% (24) of patients, while the third
study (25), which used a seven-day course with lower doses
(250 mg versus 500 mg) of metronidazole and tetracycline, had
an 80% efficacy. There was no significant difference in success
rates among PPI-AM, PPI-CM, PPI-CA and PPI-BMT.

Eight papers (11-13,17,19,20,22,23) provided adherence
data for triple therapy and two papers provided adherence data
for quadruple therapy (17,24) regimens. Data are presented in
Table 3. Adherence to quadruple therapy was high and not dif-
ferent from that of triple therapy.

DISCUSSION
Treatment of H pylori infection is now recommended for any
patient known to be infected. Over the past 10 years, triple
therapy consisting of PPI-CA or PPI-CM, given twice daily,
has emerged as first-line therapy because it achieves the high-
est cure rates of the infection (4-6). Quadruple therapy con-
sisting of PPI-BMT also achieves high success rates. However,
given that it is a more complex regimen and the number and
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References Regimen Days nin
Veldhuyzen

van Zanten et al (11) QAN 200:500t:500t 14 3347
Bardhan et al (15) OAM 20b:1000b:400b 7 1623
Bardhan et al (15) OAM 20b:1000b:800b 7 2024
Bardhan et al (15) OAM 400:500t:400t 7 16421
Lind et al (16) OAM 20b:1000b:400b 7 2836
Overall 1134151

% (95% Cf) % wt
B 70% (55%-83%) 25.1
- 70% (47%-57%) 120
B 3% (53%-95%) 22.9

= 76% (53%-92%) 14.1

E 76% (51%-90%) 25.8

76% (69%-82%)  100.0

% eradication

Figure 1) Cure rate with proton pump inhibitor — amoxicillin (A) + metronidazole (M). % wt Percentage of meta-analytic weight given to each reg-

imen; b Twice a day; o Once a day; O Omeprazole; t Three times a day

References Regimen Days n/N

Veldhuyzen van Zanten et al (12) OAC 20b:1000b:500b 7119152
Lind et al (16) OAC 20b:1000b:500b 7 29/30
Lind et al (16) OAC 20b:1000b:250b 7 28134
Laine etal (17) OAC 20b:1000b:500b 10 1144137
Zanten et al (18) QAC 20b:1000b:500b 7 39/50
Veldhuyzen van Zanten et al (19) QAC 20b:1000b:500b 7 2733
Veldhuyzen van Zanten et al (19) EAC 20b:1000b:500b 7 35/39
Veldhuyzen van Zanten et al (20) LAC 30b:1000b:500b 7 58/71
Overall 449/546

% (95% CI) % wi

—— 78% (71%-B4%) 143
—i 97% (A3%-99%) 178

. » i 82% (65%-93%) 90
—— 83% (77%-90%) 155

. = i 78% (54%-88%) 95
= | B2% (55%-93%) 87

. u . 90% (76%-97%) 129

i 1 82% (71%-90%) 123
84% (79%-90%) 1000

60

70 a0 ap 100
% eradication

imen; b Twice a day; E Esomeprazole; L Lansoprazole; O Omeprazole

Figure 2) Cure rate with proton pump inhibitor — clarithromycin (C) + amoxicillin (A). % wt Percentage of meta-analytic weight given to each reg-

References Regimen Days n/N % (95% CI) % wit
Chiba (13) OMC 20b:500b: 250k 14 28/34 ' & 1 82 % (B5%-93%) g9
Lind et al (16) OMC 20b:400b:250b 73345 ——i— 94% (81%-99%) 135
Lind et al (16) QMG 20b:400b:500b 7 37 —l— 95%(B3%-99%) 141
Zanten et al (18) QMG 20b:400k: 2500 7 41448 —_ . 85% (72%-91%) 108
Veldhuyzen van Zanten et al (21) EMC 20b:500b:250h 7 144490 —— 7B% (B9%-82%) 118
Veldhuyzen van Zanten et al (21) QMG 20b:500b:250b 7 1374189 — 72% (B6%-73%) 110
Chiba et al (22) OMC 20b:500b:250b 7109M4s T m 75% (67%-82%)  11.1
Chiba and Marshall (23) OMC 20b:500b: 2500 7 41/51 = 80% (5?% 90%:] 97
Chiba and Marshall (23) OMC 2005000250k 7 39/49 = 80 % (B6%-90%) 9.4
Overall 609/780 '_<>_‘ 82% (f6% 88%) 100.0

60 70 20 an 100
% eradication

Figure 3) Cure rate with proton pump inhibitor — clarithromycin (C) + metronidazole (M).

regimen; b Twice a day; E Esomeprazole; o Once a day; O Omeprazole

frequency of pills to be taken by the patient are high, quadru-
ple therapy tends to be reserved as an alternative choice for
patients who cannot take the PPI triple therapy because of
drug allergies or known resistance to clarithromycin or
metronidazole. For all triple therapies, medication is taken
twice a day. For PPI-CM, the dose of clarithromycin is 250 mg
and metronidazole is 500 mg administered twice a day. A meta-
analysis (26) has shown no difference between 250 mg of clar-
ithromycin taken twice a day and 500 mg of clarithromycin
taken twice a day. This is in contrast to results from PPI-CA,
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% wt Percentage of meta-analytic weight given to each

where a meta-analysis (27) showed that clarithromycin
500 mg taken twice a day, is superior to 250 mg taken twice a
day. For PPI-BMT quadruple therapy, the PPI is given twice a
day. In Canada, the bismuth preparation used is bismuth
subsalicylate (Pepto-Bismol, Procter & Gamble Inc, Canada),
two tablets given four times a day. Both the metronidazole and
tetracycline dose have varied from 250 mg to 500 mg, two to
four times a day. For both metronidazole and tetracycline, the
frequency of side effects is said to be higher compared with the
frequency using triple therapy, although there is no evidence
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References Regimen Days n/N

Laine et al (17) OBMT 20b:1200:3750:375g 10 122139
O’Morain et al (24) OBMT 20b:120g:3754:37 5q 10 46749
Lahaie etal (25)  OBMT 20b:120q:250¢:250q 7129461
Overall 297/349

o

% (95% Cl) % wt
— B 83% (82%-93%)  35.2
—— 94% (B3%-99%) 34.3
—— 80% (73%-86%) 305
—— 87% (80% 95%) 100.0

s k1) 25 =0 o5 im

% eradication

Figure 4) Cure rate with proton pump inhibitor — bismuth (B) + metronidazole (M) + tetracycline (T). % wt Percentage of meta-analytic weight
given to each regimen; b Twice a day; g Gram; O Omeprazole; q Four times a day

TABLE 3
Adherence (adh) to therapy
Triple Quadruple Adh
Reference adh/total %  adh/total % definition
Veldhuyzen van Zanten ~ 41/47 87 - - >75%
etal (11)
Veldhuyzen van Zanten 128/152 84 - - 100%
etal (12)
Chiba (13) 31/34 91 - - >80%
Laine et al (17) 129/137 94  126/138 91 >75%
Veldhuyzen van Zanten 375/379 99 - - >75%
et al (19)
Veldhuyzen van Zanten  63/75 84 - - 100%
et al (20)
Chiba et al (22) 138/145 95 - —  >12/14 doses
Chiba and Marshall (23)  94/100 94 - - 100%
O’Morain et al (24) 162/170 95 >75%

that it affects adherence to therapy (28). There is some
evidence that higher doses of metronidazole are better able to
overcome metronidazole resistance (29,30). In contrast with
resistance to clarithromycin, metronidazole resistance is not an
absolute phenomenon because adding metronidazole to
regimens for patients with known metronidazole-resistant
strains achieves a higher cure rate compared with the same
regimen without metronidazole (30,31).

Consensus guidelines have recommended a target success rate
of 80% for an anti-H pylori regimen to be considered (4,5).
However, this 80% cure rate was arbitrarily chosen and not based
on any scientific rationale. An 80% cure rate may not be
achievable in community-based settings. For example, in the
Canadian Adult Dyspepsia Empiric Treatment — Helicobacter
pylori positive (CADET-Hp) study (22), the rate of cure was
75%. In a recent meta-analysis (28), a small but statistically
significant downward trend in cure rates of anti-H pylori
treatments was found over time. It is evident from many treat-
ment studies that an 80% cure rate is not consistently achieved
(28,32).

In the present systematic review, all published Canadian
data from clinical trials evaluating anti-H pylori therapy were
collected. The present study confirms that dual therapy with
either two antibiotics or a PPl-clarithromycin or bismuth-
clarithromycin combination therapy achieves success rates
that are too low to be recommended. PPI-CA at 84% and
PPI-CM at 82% perform well, and their rates were slightly
higher than PPI-AM at 76%, although their rates were not
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statistically significantly different. The number of patients in
the combined analysis for PPI-AM is considerably lower than
for PPI-CA and PPI-CM. In systematic reviews of global
treatment success, PPI-AM has a statistically significant,
approximately 10%, lower success rate than PPI-CA or
PPI-CM (28).

In Canada, a duration of seven days has been recommended
for PPI-CA and PPI-CM. This is in contrast to recommenda-
tions from the United States where generally a 10- to 14-day
therapy is recommended. There is one large RCT (33) from the
United States that showed a similar efficacy for seven- (77%)
and 10- (73%) day treatment using rabeprazole-clarithromycin
+ amoxicillin. Systematic reviews (34,35) have shown that a
10- to 14-day duration of PPI-CA and PPI-CM does improve
efficacy by 5% to 7%. However, based on cost-effectiveness
data, a seven-day treatment is the preferred option (34). Most
Canadian studies have evaluated the PPl omeprazole.
Although there are small differences in pH profiles between
the different PPIs, a systematic review has not found clinically
important differences among the PPIs in achieving cure of
H pylori infection when used in triple or quadruple therapies
(36).

Quadruple therapy (PPI-BMT) also performs well, achiev-
ing a success rate of 86%. The recommended duration of ther-
apy is seven to 14 days, although the total number of patients
studied in Canadian trials was relatively small and includes
data from open-label studies that did not include a compara-
tive group. In Canada, quadruple therapy has been recom-
mended as an alternative first-line therapy (6). As a
second-line treatment, there is convincing evidence that
quadruple therapy is superior to an alternate PPl-based triple
therapy (28,36,37). For PPI-BMT quadruple therapy, there is
evidence based on metaregression that 10- to 14-day treatment
is up to 6% more effective than treatments given for four to
seven days, although most studies did not compare duration
head to head (6).

It has been stated that the side effect profile of PPI-BMT is
worse when compared with that of the PPI triple therapies, but
this was not confirmed in a systematic review (28). The study
showed that side effects of quadruple therapy were similar to
the PPI triple therapy, as was adherence to therapy. Whether
these results would be replicated in a community-based setting
is unknown. Nevertheless, quadruple therapy has been
accepted as an alternative first-line therapy option (6).

Our study was limited to adults. Three papers evaluating
H pylori treatment in Canadian children have been published
(38-40). Only one used an open-label PPI triple regimen
(PPI-CM), which cured infection in 14 of 15 (93%, range 68%
to 100%) pediatric patients (40). Bismuth-based triple therapies
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were studied in three papers (14,40,41); however, with the
added efficacy demonstrated with the addition of omeprazole,
they were not further investigated (6,25,28,42).

It has been well established that resistance of H pylori
isolates to antibiotics adversely affects the success rate of ther-
apies. Unfortunately resistance data from across Canada have
been very limited. Resistance to metronidazole has been
relatively stable at 16% to 20% (43). There are some data that
suggests that resistance to clarithromycin is on the rise (44,45).
The rate of clarithromycin resistance was less than 3% in
100 studies isolated between 1991 and 1992 (46), but rose to
12% in a nonrandomly selected sample of 200 strains isolated
from patients in Halifax, Nova Scotia, between 2000 and 2003
(43). It should be noted that it was not always known in the
200 patients whether the patients had been previously exposed
to clarithromycin or other macrolide antibiotics. A recent
meta-analysis (28) found that non-nitroimidazole-based
regimens were more successful (3% on average) in studies
published before 1995, which may reflect an increase in clar-
ithromycin resistance over time. A decrease in treatment effi-
cacy has been documented for strains that are resistant to
metronidazole. Resistance is not an absolute phenomenon; it
can sometimes be partially overcome even if metronidazole is
left in the therapeutic regimen (6,25). In areas where the
prevalence of metronidazole resistance was high (greater than
40%), the efficacy of PPI-BMT was reduced by 9% (6). There
is, however, convincing evidence that PPI-BMT quadruple
therapy is the most efficacious second-line therapy. If indeed
clarithromycin resistance is increasing in Canada, current first-
line triple therapy will be jeopardized because both PPI-CA
and PPI-CM regimens include this antibiotic. For that reason
it is important that data are collected to determine the success
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