
PAPERS

One week triple therapy for Helicobacter pylori: a
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Abstract
Background—Eradication of Helicobacter
pylori cures and prevents the relapse of
duodenal ulceration and also results in his-
tological resolution of chronic active gas-
tritis.
Aim—To compare four treatment regi-
mens lasting seven days of a proton pump
inhibitor and two antibiotics in the eradi-
cation of H pylori.
Patients—Men or women with H pylori
positive duodenal ulceration or gastritis,
or both.
Methods—A single blind, prospectively
randomised, parallel group, comparative,
multicentre study. After a positive CLO
test, patients underwent histology, H py-
lori culture, and a 13C urea breath test to
confirm H pylori status. Treatment with
one of four regimens: LAC, LAM, LCM, or
OAM, where L is 30 mg of lansoprazole
twice daily, A is 1 g of amoxycillin twice
daily, M is 400 mg of metronidazole twice
daily, C is 250 mg of clarithromycin twice
daily, and O is 20 mg of omeprazole twice
daily, was assigned randomly. A follow up
breath test was done at least 28 days after
completing treatment.
Results—H pylori eradication (intention
to treat) was 104/121 (86.0%) with LAC,
87/131 (66.4%) with LAM, 103/118 (87.3%)
with LCM, and 94/126 (74.6%) with OAM.
There was a significant diVerence (p <
0.001) in the proportion of patients in
whom eradication was successful between
LAC and LCM when compared with LAM,
but no significant diVerence (p = 0.15)
between LAM and OAM. Metronidazole
resistance before treatment was identified
as a significant prognostic factor with
regard to eradication of H pylori. The
regimens which contained metronidazole
were significantly less eVective than those
without metronidazole in the presence of
pretreatment resistant H pylori. There
was no diVerence among the treatment
groups with regard to the incidence and
severity of adverse events reported.
Conclusions—All four treatment regi-
mens were safe and eVective in eradicat-
ing H pylori in the patient population

studied. LAC was the most eYcacious
treatment in patients with pretreatment
metronidazole resistant H pylori, and was
significantly better than LAM and OAM in
this group of patients.
(Gut 1997; 41: 735–739)

Keywords: eradication; Helicobacter pylori; lansoprazole;
omeprazole; metronidazole resistance

Helicobacter pylori is recognised to be the main
aetiological factor in the pathogenesis of
duodenal ulcer and non-autoimmune gastritis.
Approximately 95% of patients with duodenal
ulcer and 50% of patients with non-ulcer
dyspepsia are colonised withH pylori.1 2 Several
studies have shown that eradication of H pylori
cures duodenal ulcer and prevents relapse.3 In
addition, after eradication of H pylori there is
histological resolution of chronic active
gastritis.4

DiVerent treatment regimens for the eradi-
cation of H pylori have been widely sought, and
the treatment currently recommended by the
National Institute of Health Consensus is
bismuth, tetracycline, and metronidazole, all
given for 14 days.5 A high incidence of side
eVects with this treatment, however, has
encouraged researchers to identify regimens
which are as eVective, less complex, with fewer
side eVects, and of shorter duration, thereby
encouraging compliance. The most successful
eradication regimens to date have been one
week treatments with a proton pump inhibitor
and two antibiotics.6–8

The aim of this study was to investigate the
eYcacy and safety of lansoprazole in combina-
tion with two antibiotics, all given twice daily
for seven days, in the eradication of H pylori. In
addition, since there have been no direct com-
parative studies of the two proton pump
inhibitors, a treatment arm containing omepra-
zole and two antibiotics was included. Further-
more, the eYcacy of the four treatment
regimens against pretreatment metronidazole
resistant strains of H pylori was assessed.

Patients and Methods
Patients of either sex aged between 18–80 years
inclusive, with a duodenal ulcer or gastritis, or
both, who were H pylori positive (as determined
by a CLO test (Delta West, Bentley, West
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Australia) at endoscopy) were invited to un-
dergo a 13C urea breath test (Bureau of Stable
Isotope Analysis, Brentford, UK) to confirm H
pylori status. All patients presenting between
November 1994 and May 1995 were invited to
enter the study if they fulfilled the entry criteria
and were able to sign a consent form. Any
patients who had a negative 13C urea breath test
were not eligible to enter the study. Other exclu-
sion criteria were treatment with proton pump
inhibitors, compounds containing bismuth, su-
cralfate or antibiotics within the two weeks
before study entry, and allergy to any of the
study drugs. Patients were not permitted to take
H2 receptor antagonists or any other ulcer heal-
ing drugs while receiving study medication.
Additionally, patients were excluded if they had
already participated in the study, were partici-
pating in another study, or had significant
gastrointestinal, renal, hepatic, cardiovascular,
metabolic, or haematological disease.
The study consisted of a single blind,

prospectively randomised, parallel group, com-
parative multicentre study carried out between
November 1994 and May 1995 in 55 hospitals
in the UK and Ireland.
The study was approved by the local Ethics

Committee at each participating centre and
written informed consent was obtained from
patients before entering the study.

DETERMINATION OF H PYLORI STATUS

A single antral biopsy specimen was taken for
the CLO test, and a further six biopsy
specimens were taken at the baseline endos-
copy for histological examination (two antral
and two corpus) and microbiological culture
(two antral). Successful cultures were grown
and tested at a central laboratory using E test
strips for sensitivity to metronidazole, clari-
thromycin, and amoxycillin. Resistance to met-
ronidazole, clarithromycin, and amoxycillin
was defined as minimal inhibitory concentra-
tion of > 8 µg/ml, > 0.1 µg/ml, and > 0.25
µg/ml respectively. A single histopathologist
(MFD), who was unaware of the identification
of the patients, reported the histology, which
was graded on an ordinal scale for the presence
of H pylori (0 = no bacteria present, 1 = occa-
sional bacteria present, not in every field, 2 =
moderate numbers of organisms seen in most
fields, 3 = numerous bacteria seen in all fields).
Histological evidence of gastritis was recorded
as present or absent. All patients underwent a
13C urea breath test according to the European
protocol within seven days of the endoscopy to
confirm H pylori status.9 An excess value of 5.0
ä13C or greater was considered as a positive
result. Patients were only eligible for the study
if they had a positive breath test and at least one
positive result from histopathology or micro-
biological assessment of H pylori.

TREATMENT

Patients were randomly allocated to one of the
following treatment regimens by a computer
generated randomisation list stratified by cen-
tre in blocks of four patients: 30 mg of
lansoprazole twice daily, 1 g of amoxycillin
twice daily, 250 mg of clarithromycin twice
daily (LAC); 30 mg of lansoprazole twice daily,

1 g of amoxycillin twice daily, 400 mg of met-
ronidazole twice daily (LAM); 30 mg of lanso-
prazole twice daily, 250 mg of clarithromycin
twice daily, 400 mg of metronidazole twice
daily (LCM); and 20 mg of omeprazole twice
daily, 1 g of amoxycillin twice daily, 400 mg of
metronidazole twice daily (OAM).
Treatment was dispensed in seven day blister

packs. No further treatment was given. Each
blister contained all three drugs to be taken at
each dosing time. All medication was taken
each day, 30 minutes before breakfast and the
evening meal.

ASSESSMENTS

Patients returned for a clinic visit (visit 2) as
soon as they had completed study treatment,
and again at least 28 days later (visit 3). At visit 2
and visit 3, patients were questioned regarding
the incidence of any adverse events. At visit 3, all
patients underwent a 13C urea breath test.
Endoscopy was done on all patients found to
have a positive breath test at visit 3, to enable the
determination of H pylori culture and sensitivity
in patients for whom treatment had failed.

STATISTICS

The primary measure of eYcacy was the eradi-
cation of H pylori as determined by the results
of 13C urea breath test at visit 3. We calculated
that 112 patients per treatment arm would be
required to show equivalence between LAM
and OAM (assuming 80% of patients treated
would have their H pylori eradicated) within
15% with a power of 80% at the 5% level of
significance (two-tailed).
The per protocol and intention to treat

populations were included in the eYcacy
analyses. The per protocol population included
only those eligible patients who had undergone
a urea breath test at least 28 days after comple-
tion of treatment and had taken at least 70% of
the study medication. The intention to treat
population (the primary eYcacy population)
included all patients who had taken at least one
dose of study medication. It was assumed that
H pylori had not been eradicated if the patient
did not return for a breath test at visit 3, that is,
a worst case analysis. All patients who took the
treatment, regardless of their eligibility for the
study, were included in the safety analyses,
which compared the treatments with respect to
the maximum incidence and severity of the
reported clinical adverse events using the ÷2

and Kruskal-Wallis tests, respectively.
Treatment groups were compared with

respect to the proportion of patients in whom
eradication was successful using a ÷2 test on
three degrees of freedom. If a statistically
significant diVerence was detected, pairwise
comparisons were carried out, using the
Fisher’s exact test and the Bonferroni correc-
tion. Values of p < 0.05 were considered
significant. The eVect of pretreatment potential
prognostic factors on the proportion of patients
in whom H pylori was eradicated were investi-
gated using logistic regression analysis. Odds
ratios were estimated together with 95% confi-
dence intervals (OR (95% CI)).
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Results
EFFICACY

Five hundred and eight patients were recruited
from 47 centres. The median number of
patients entered per centre was eight (range
1–71). Twelve patients were ineligible to enter
the study due to negative, or inconclusive,
baseline breath test results. Table 1 shows
baseline characteristics of the 496 eligible
patients. Of these 496 patients, 443 were eligi-
ble for inclusion in the per protocol analysis.
Most of the 53 patients who were excluded had
either undergone their breath test less than 28
days after completion of treatment, or had not
attended visit 3.
Table 2 shows the proportion of patients in

whom H pylori was successfully eradicated for
the per protocol and the intention to treat
patient populations. Pairwise analysis showed
that LCM and LAC were significantly better
than LAM (Fisher’s exact test p < 0.001) in
both patient populations. There was no signifi-
cant diVerence between OAM and LAM (p =
0.15) or between any of the other possible
pairwise comparisons.
Logistic regression analysis was used to

assess the eVect of potential prognostic factors
on the eradication of H pylori. Patient’s sex,
age, smoking status, alcohol consumption,
diagnosis (duodenal ulcer v gastritis), treat-
ment with H2 receptor antagonists in the
month before study entry, or the duration of
the patient’s disease had no significant eVect (p
> 0.05) on the eradication of H pylori.

EFFECT OF PRETREATMENT METRONIDAZOLE

RESISTANCE

Culture of H pylori was successful in 446
patients (89.9%), andmetronidazole sensitivity
was reported for 438 of these cultures. Table 3
summarises the pretreatment metronidazole
sensitivities and the proportion of patients in
whom H pylori was eradicated for patients with
pretreatment metronidazole sensitive, and for
those with pretreatment metronidazole resist-
ant strains, for both patient populations. Con-

sistent results were observed for the intention
to treat and the per protocol populations.
Three of the four treatment groups (LAM,
LCM, and OAM) showed greater H pylori
eradication rates for patients who had pretreat-
ment metronidazole sensitive H pylori com-
pared with those who had pretreatment resist-
ant H pylori. For the LAC treatment group,
similar eradication rates were observed regard-
less of whether the H pylori was metronidazole
resistant or sensitive. Metronidazole resistance
had no eVect on the eradication of H pylori for
patients receiving treatment with LAC as
shown by odds ratios (that is, the odds of H
pylori eradication for a patient with metronida-
zole sensitive H pylori compared with a patient
with metronidazole resistant H pylori) of 0.64
(0.16, 2.65), but the odds ratios for LAM,
LCM, and OAM were 11.08 (3.88, 33.15),
5.45 (1.39, 21.30), and 7.11 (1.96, 25.71),
respectively. LAC was significantly better than
both LAM and OAM (p = 0.001 and 0.02
respectively) in eradicating H pylori in patients
with pretreatment metronidazole resistant or-
ganisms (per protocol population) although
there was no significant diVerence between
LAC and LCM (p = 0.08, Fisher’s exact test),
nor between LAM and OAM (p = 0.09, Fish-
er’s exact test). Similar results were observed in
the intention to treat population as LAC was
significantly better than LAM and OAM (p <
0.001 and p = 0.003 respectively), but not
superior to LCM (p = 0.14).
Two of the seven patients in the LAC group

with pretreatment metronidazole sensitive
strains in whom eradication was not successful
had clarithromycin minimal inhibitory concen-
tration values of > 3 µg/ml before treatment,
suggesting primary resistance to clarithromycin.
In the LAM group, four of the six patients with
pretreatment metronidazole sensitive H pylori in
whom eradication had not been successful
appeared to have acquired metronidazole resist-
ant H pylori by visit 3, with no sensitivity data
available for the remaining two patients. Simi-
larly, two patients in the LCM group had
metronidazole resistant H pylori at visit 3, and
one patient had developed clarithromycin resist-
antH pylori at visit 3. Two of the four patients in
the OAM group in whom eradication had been
unsuccessful had metronidazole resistant H
pylori at visit 3; in the remaining two patients
sensitivity data were not available.

SAFETY

The safety analyses were done on all 508
patients who had taken at least one dose of
study medication. A total of 458 adverse events
were reported by 271 (53.3%) of the 508
treated patients during the study (table 4).
There was no diVerence among the treatment
groups with respect to the incidence (÷2 = 1.73,
degrees of freedom = 3, p = 0.63), or severity of
adverse events (Kruskal-Wallis test, ÷2 = 0.94,
degrees of freedom = 3, p = 0.81).
The most frequently reported adverse events

were diarrhoea, headache, and taste distur-
bance. Fifty six patients experienced diarrhoea
(LAC = 22, LAM = 12, LCM = 5, OAM = 7),
34 patients reported headache (LAC = 7, LAM

TABLE 1 Pretreatment clinical and demographic characteristics

Treatment group

LAC
(n=121)

LAM
(n=131)

LCM
(n=118)

OAM
(n=126)

Mean age (years) 48.1 47.6 49.1 48.0
Range 22–78 20–80 23–77 21–74

Sex
Men (%) 82 (68) 94 (72) 72 (61) 88 (70)
Women (%) 39 (32) 37 (28) 46 (39) 38 (30)

Diagnosis
Duodenal ulcer (%) 62 (51) 64 (49) 61 (52) 75 (60)
Gastritis (%) 59 (49) 67 (51) 57 (48) 51 (40)

TABLE 2 Proportion of patients with negative 13C urea breath test 28 days after treatment

Treatment group

Breath test result LAC LAM LCM OAM

Intention to treat (n=121) (n=131) (n=118) (n=126)
Negative (%) 104 (86.0) 87 (66.4) 103 (87.3) 94 (74.6)
95% CI (82.3, 94.3) (63.5, 80.1) (83.0, 94.8) (73.2, 88.1)

Per protocol (n = 114) (n = 113) (n = 109) (n = 107)
Negative (%) 103 (90.4) 83 (73.5) 99 (90.8) 89 (83.2)
95% CI (83.0, 94.8) (64.2, 81.1) (83.4, 95.3) (74.4, 89.5)
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= 10, LCM = 11, OAM = 6), and 26 patients
reported some form of taste disturbance (LAC
= 2, LAM = 7, LCM = 11, OAM = 6).
Seven patients (LAC = 2, LAM = 1, OAM =

4) withdrew from the study as a result of an
adverse event, none of which was considered to
be clinically serious. Five patients reported
serious adverse events, four of which (pancre-
atic carcinoma, abnormal ECG, oesophageal
carcinoma, and arteriosclerotic heart disease)
were considered by the treating clinician as
definitely not related to study treatment. One
patient whowas givenOAMdeveloped pseudo-
membranous colitis which was successfully
treated with vancomycn.

Discussion
This study has shown that a one week
combination of a proton pump inhibitor with
two antibiotics eVectively eradicates H pylori in
patients with duodenal ulcer or non-ulcer gas-
tritis, or both. The proportion of patients in
whom H pylori was eradicated was comparable
with that reported by others who have investi-
gated similar drug combinations.6–8 All treat-
ments were suYciently eYcacious to be
considered clinically useful.
The influence of pretreatment H pylori met-

ronidazole sensitivity on the eradication eY-
cacy of a treatment combination is highlighted
by the significant diVerence in results in
patients with pretreatment metronidazole re-
sistant strains of H pylori. Two of the three
metronidazole containing regimens were sig-
nificantly less eVective at eradicating H pylori
infection in the presence of metronidazole
resistance than the non-metronidazole con-

taining regimen. By contrast, there was no sig-
nificant diVerence in eYcacy among the four
treatments in metronidazole sensitive strains. It
may therefore be important when considering
treatment to prescribe according to the metro-
nidazole sensitivity status of the individual
patient’s H pylori, if known. Unfortunately this
information is rarely available before starting
treatment. This study suggests, however, that it
is still possible to prescribe eYcacious treat-
ment regardless of metronidazole sensitivity
status. The prevalence of pretreatment metro-
nidazole resistant strains of H pylori varies con-
siderably from around 90% in urban/inner city
areas to 22% in rural/provincial areas.10 11

Using the information from the intention to
treat population in table 3 and the laws of
probability, it can be shown that if the
prevalence of metronidazole resistant H pylori
is at least 30% (ignoring sampling error), LAC
should be the first choice of treatment.
While the eradication eYcacy of LAM and

OAM in this study is clinically acceptable,
comparison with other reports suggests that
the proportion of patients in whom H pylori is
eradicated is higher when antibiotics are given
three times, rather than twice daily.12–14 The
results of this study suggest that if patients are
known to have a strain of H pylori that is met-
ronidazole sensitive, giving twice daily doses of
the antibiotics results in equivalent eradication
eYcacies to the two clarithromycin regimens. If
patients have a metronidazole resistant strain of
H pylori, however (or the sensitivity is not
known or cannot be ascertained), it is justifi-
able to increase the frequency of dosing of the
antibiotics in order to increase the proportion
of patients in whom eradication will be
successful, or use LAC given twice daily.
A large multicentre study of similar, but

omeprazole based, regimens reported success-
ful eradication of H pylori in 105 of 111 (95%)
of patients using OCM given at the same dos-
ing schedule as LCM in this study.7 Data con-
cerning the pretreatment antimicrobial sensi-
tivities of H pylori in the omeprazole study are
not available. It may be that this higher (per
protocol) result could depend on a lower

TABLE 3 Pretreatment metronidazole sensitivity and eradication of H pylori

Treatment group

LAC LAM LCM OAM

Pretreatment metronidazole sensitivity
Intention to treat*
Resistant (%) 39 (38.2) 41 (37.6) 28 (27.2) 32 (32.7)
Sensitive (%) 63 (61.8) 68 (62.4) 75 (72.8) 66 (67.3)

Per protocol
Resistant (%) 39 (39.0) 39 (38.2) 25 (25.5) 28 (30.4)
Sensitive (%) 62 (61.0) 63 (61.8) 73 (74.5) 64 (69.6)

Eradication by metronidazole sensitivity
Intention to treat*
Resistant (%) 36/39 (92.3) 19/41 (46.3) 21/28 (75.0) 20/32 (62.5)
(95% CI) (78.0, 98.0) (31.0, 62.4) (54.8, 88.6) (43.7, 78.3)
Sensitive (%) 55/63 (87.3) 60/68 (88.2) 71/75 (94.7) 62/66 (93.9)
(95% CI) (76.0, 94.0) (77.6, 94.4) (86.2, 98.3) (84.4, 98.0)

Per protocol
Resistant (%) 36/39 (92.3) 18/39 (46.2) 19/25 (76.0) 19/28 (67.9)
(95% CI) (78.0, 98.0) (30.4, 62.6) (54.5, 89.8) (47.6, 83.4)
Sensitive (%) 54/61 (88.5) 57/63 (90.5) 69/73 (94.5) 60/64 (93.8)
(95% CI) (77.2, 94.9) (79.8, 96.1) (85.8, 98.2) (84.0, 98.0)

*This is based on those patients in the intention to treat population (n = 496) who had returned for a visit 3 breath test (n = 465)
minus those patients (n = 53) who had no pretreatment metronidazole sensitivity reported (n = 412).

TABLE 4 Number of adverse events reported per patient

Treatment group

No of adverse events LAC LAM LCM OAM

0 64 57 58 58
1 36 42 34 39
2 15 16 16 21
3 6 15 10 7
4 5 2 3 3
5 0 0 0 1
Total 126 132 121 129
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prevalence of metronidazole resistant strains
than in this study.
On the other hand, the importance of

metronidazole resistance as a major factor in
determining the outcome of eradication regi-
mens for H pylori is perhaps not as clear as pre-
viously thought. Two recent studies have not
shown any eVect of metronidazole resistance
on the success of treatment with regimens that
include metronidazole.16 17 One study used the
LCM regimen, but the dose of lansoprazole
was 30 mg daily and not twice daily as in the
present investigation.16 In another multicentre
study, pretreatment metronidazole sensitivity
apparently had no eVect on the outcome of
twice daily treatment with omeprazole, clari-
thromycin, and metronidazole (OCM) or with
bismuth subcitrate, clarithromycin, and metro-
nidazole (BCM).17 However, a regimen con-
sisting of omeprazole, amoxycillin, and metro-
nidazole (OAM) was just significantly less
eVective in patients colonised by metronidazole
resistant strains of H pylori. It is noteworthy
that in the present study the advantage of LAC
in metronidazole resistant strains ofH pylori was
quite definite, that is, p = 0.001 compared with
LAM, and 0.02 compared with OAM. These
conflicting data cannot be resolved at present
and further large scale studies will be needed to
provide an answer. In the meantime, however,
the LAC regimen provides a metronidazole free
treatment with a 90% chance of success.
While the number of patients reporting

adverse events (53.3%) was relatively high
compared with other studies,6–8 12 13 there was
no overall diVerence among the treatment
groups with regard to the number of events
reported. It should be noted, however, that the
adverse events recorded in this study were all
events reported by patients, regardless of drug
attribution by the clinician. In this study,
particular attention was paid to side eVects,
and patients were directly asked whether they
had experienced any unusual symptoms during
or after treatment. It is possible that the high
reported prevalence of side eVects may reflect
this approach. Only a very small proportion of
patients (1.4%) withdrew from the study
because of side eVects, which was in keeping
with other reports.6–8 12 13 The treatments were
thus reasonably well tolerated. The high
incidence of taste related adverse events is a
frequently reported occurrence with clarithro-
mycin and metronidazole, but no patients
withdrew from the study because of this. Diar-
rhoea or gastrointestinal disturbance is also a
well documented side eVect of the five drugs
used in this study, thus the relatively large
number of patients reporting diarrhoea is con-
sistent with current knowledge of treatment
with these drugs.
In conclusion, all four treatment regimens

investigated in this study were safe and
eYcacious in the eradication of H pylori. In the
presence of pretreatment metronidazole sensi-
tive strains of H pylori the treatments were of
similar eYcacy. In areas of high prevalence of
metronidazole resistant strains of H pylori,
however, a regimen based on a proton pump
inhibitor with amoxycillin and clarithromycin

—LAC in this study—could be considered as
first line treatment.
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