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Abstract
Background-Treatment of Helicobacter
pylonz infection prevents duodenal ulcer
relapse. It has not been established if
treatment of the infection heals duodenal
ulcer.
Aim-To test the hypothesis that treat-
ment of the infection was associated with
healing ofduodenal ulcer.
Methods-A randomised, double blind
placebo controlled trial was performed to
study the efficacy of an antibiotic only
regimen consisting of 300 mg metro-
nidazole, 500 mg amoxycillin, and 250 mg
clarithromycin, each given four times
daily for two weeks, in the healing of
duodenal ulcer as assessed by endoscopy.
Symptoms were controlled with aceta-
minophen and antacids.
Results-Of 100 consecutive patients with
endoscopically established duodenal ulcer,
97 with positive rapid urease test on antral
biopsy specimens were admitted into the
study and 81 completed the trial. Of these,
40 were randomised to receive antibiotics
and 41 to receive placebo. Treatment with
antibiotics resulted in 92.5% (95% con-
fidence interval (95% CI) 84-3-100) healing
at four weeks and 100% at eight and 12
weeks; the corresponding healing rates for
placebo treatment were respectively,
36.6%/ 61%, and 63.4% (95% CIs 21-8-51-3,
46*0-75-9, and 48-7-78-2 respectively). The
differences between the two treatment
groups were significant at p<0001 at each
time point and by life table analysis. Clear-
ance ofH pylon as assessed by urease test
on antral biopsy specimens at four weeks
and eradication of the organism as deter-
mined by '3C-urea breath test at eight
weeks were achieved in 85% and 62.5% of
patients respectively. Duodenal ulcer
healed at four weeks in 87-2% and 86-2%
(95% CIs 76-7-97-7 and 73.7-98-8) of
patients in whom H pylon clearance or
eradication, was achieved, versus 42.9%
and 51.9% (95% CIs 27-9-57-8 and 38-3-65-5;
p<0001 and <0-003 respectively) in whom
these processes failed. Stepwise discrimi-
nant analysis on 32 clinical, personal, and
endoscopic characteristics as well as H
pylon clearance and eradication identified
H pylon clearance as the most discrinmi-
native variable for the healing of duodenal
ulcer at four weeks, followed by ulcer depth
and eradication of the organism.
Conclusions-Treatment with an anti-
biotic only regimen was effective for the

healing of duodenal ulcer, and clearance
as well as eradication of H pylori contri-
buted significantly to the healing. The
results constituted the strongest evidence
to date that H pyloni infection was
aetiologically related to duodenal ulcer-
ation, and support the concept of treating
duodenal ulcer associated with Hpylorn as
an infection and relieving its symptoms
with acid reducing agents such as
antacids.
(Gut 1997; 41: 43-48)
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The finding that treatment of Helicobacterpylori
infection of the stomach prevents the relapse of
duodenal ulcer'-3 forms the first clue that the
organism has an aetiological role in this
condition. The recognition that placebos heal
about one third of duodenal ulcers4 and that
they do so in the presence of Hpylori infection5
seems, however, to be against such a role.
Furthermore, because the therapeutic regi-
mens used today for the treatment of the
infection and for ulcer healing invariably
contain, in addition to antibiotics, agents such
as colloidal bismuth subcitrate, proton pump
inhibitors, or sucralfate, which have estab-
lished ulcer healing efficacy as well as a
suppressive action on H pylori infection, 6-8 it
remains unknown if treatment of the infection
itself heals duodenal ulcer. Such information
has important implications in the aetiology and
treatment of this condition. We report the first
randomised, double blind placebo controlled
study on the efficacy of an antibiotic regimen
directed against Hpylori infection, consisting of
metronidazole, amoxycillin, and clarithro-
mycin - but not including any known ulcer
healing agent - in the short term healing of
duodenal ulcer.

Methods

PATIENTS

Patients aged between 18 and 79 years were
recruited from those attending the medical
outpatient clinics and those admitted to the
general medical wards of the University De-
partment of Medicine, Queen Mary Hospital,
Hong Kong. They were excluded from con-
sideration if they had a concomitant medical
problem, particularly renal diseases, cardio-
vascular diseases, diabetes mellitus, or chronic
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obstructive airways diseases, pyloric stenosis,
previous gastric operations for ulcer, or an

associated gastric ulcer, or if they had been
treated in the previous six weeks with any
antibiotic or known antiulcer agent including
H2 antagonists, proton pump inhibitors,
colloidal bismuth subcitrate, and sucralfate.
Patients were interviewed by research nurses in
relation to their ulcer and related symptoms
according to a detailed questionnaire, and their
clinical and personal characteristics as listed in
table 1 were recorded as previously described.9

ENDOSCOPY

Endoscopy was performed with a forward
viewing videoscope (Olympus, Tokyo or

Pentax, Tokyo). Patients were recruited if they
had an endoscopically demonstrated duodenal
ulcer with the largest diameter measuring 5
mm or over, as estimated with the opened tips
of a pair of standard biopsy forceps which had
a span of 5 mm. Two antral biopsy specimens
taken from the incisura and the greater curve

within 5 cm of the pylorus were subjected to
a standard rapid urease test by immersing the
specimens in 1 ml 5% urea with phenol red
(one drop of 0 1% phenol red in 10 ml 5% urea

stock solution) as indicator.'0 The rapid urease

test had a sensitivity and specificity of over

90%." The result of the test was read by a

research nurse 20 minutes later and was not
disclosed to the endoscopist, and if this was

positive the patient would be included in the
study. Endoscopy, biopsies, and rapid urease

tests were performed within 72 hours before

the start of treatment, at the end of four weeks
of treatment, and, if the ulcer remained in-
completely healed, at further four week
intervals up to 12 weeks. Healing was defined
as complete disappearance of the ulcer and
non-healing as persistance of ulcer, however
small. If the size of the ulcer at reassessment
endoscopy was estimated to have reduced by
less than 50%, remained unchanged, or

become larger, the patient would be withdrawn
from the study and given standard antiulcer
treatment.

STUDY DESIGN AND MEDICATIONS

Patients were randomised to receive 300 mg
metronidazole,500 mg amoxycillin, and 250
mg clarithromycin or their placebos four times
daily for two weeks. These antibiotics have
been shown to be effective for the treatment of
H pylori infection when combined with
colloidal bismuth subcitrate, proton pump
inhibitors, or sucralfate.12 The active medi-
cations or starch (as placebo) were packed in
gelatin capsules by the hospital pharmacists, so

that the antibiotic capsules and their respective
placebo capsules were identical in appearance
and taste. Each patient took three capsules
four times daily, after meals and at bedtime, for
two weeks. It was anticipated that patients on

antibiotic treatment might develop dyspeptic
side effects, and if both groups were allowed
to take antacids when necessary for ulcer pain,
the antibiotic group might have an increased
tendency to take more antacids and therefore
to have better ulcer healing rates, as antacid

TABLE 1 Patient characteristics in the two groups, and in those with healed and unhealed duodenal ulcer at the end offour
weeks

Healed Unhealed
Antibiotics Placebo 4 weeks 4 weeks
(n=48) (n=49) p Value (n=52) (n=29) p Value

Clinical characteristics:
Age (y) 50-4 (2-2) 47-4 (2-2) 0-72 48-1 (2-1) 48-9 (2 6) 0-82
Male (%) 66-7 64-4 0-82 67-3 62-1 0-64
Age of onset of ulcer symptoms (y) 38-3 (2-4) 36-1 (2 6) 0-68 36-7 (2 2) 37-8 (3 5) 0 79
Duration of ulcer symptoms (y) 9-5 (1-7) 9-8 (1-6) 0-35 9-7 (1-7) 11 0 (2 2) 0-66
Current period (days) 24-8 (9-1) 23-6 (9 0) 0 79 20-4 (7 3) 31-5 (13-8) 0 44
Latest remission period (months) 2-0 (0-4) 2-7 (1-3) 0-52 3-5 (1-2) 2-9 (0 9) 0-69
Painscore (range0-3) 1 1 (0 1) 1-2 (0-1) 0-79 1-1 (0-1) 1-2 (0 2) 0 40
Average pain duration (h) 2-2 (0 6) 2-3 (0-7) 0-79 2-4 (0 7) 2-1 (0-7) 0-79
Back pain (%) 22-7 27-9 0-29 19-2 27-6 0-40
Nocturnal pain (/) 53-3 63-6 0-16 51-9 69-0 0-12
Previous melena (0) 41-9 32-8 0-48 40 4 34-4 0-78
Previous haematemesis (0) 4-5 40 0-62 5-8 3-5 0-94

Personal characteristics:
Work stress (score 0-3) 0-5 (0-1) 0-7 (0-1) 0-98 0-5 (0-1) 0-7 (0-1) 0-21
Neurosis (score 0-3) 1-0 (0 2) 0 7 (0-1) 0.33 0-8 (0-1) 0-7 (0-2) 0-48
Cigarettes:
Non-smoker (/) 75-6 77-8 0 4 80-8 75 9 0-81
<10/day (0) 6-7 13-3 0-15 3 9 13-8 0-23
.10/day(/) 17-8 8-9 0.1 17-3 6-9 0 33

Alcoholuse() 6-7 11-1 0-13 11-5 3-4 0-21
Habitual analgesics (0) 2-2 4-4 0-28 3-8 0 0-28
Familial dyspepsia (%) 29-4 32-8 0-80 26-9 34-5 0-65

Strength (score 0-3) 0-7 (1-5) 0-9 (1-7) 0-24 0-7 (1-4) 0-8 (1-9) 0-42
Body weight (kg) 61-3 (7-3) 61-8 (2-3) 0-35 61-2 (1-5) 61-9 (1-7) 0-80
Blood group0 (%) 70-8 57-1 0-23 61-5 65-5 0.91

Endoscopic characteristics:
Ulcer site:

Anterior (0) 64-4 73-3 0-18 57-7 79-3 0-05
Posterior (%) 8-9 6-7 0-2 11-5 3-4 0-21
Roof (/) 8-9 8-9 05 13-5 6-9 0-38
Floor(%) 17-8 11-1 0-16 17-3 10-3 0 40

Multiple ulcers (0) 24-4 13-3 0-09 19-2 13-8 0-36
Index ulcer:
Diameter (mm) 7-1 (0 3) 7 0 (0 4) 0-88 6-8 (0 3) 7-4 (0 6) 0 34
Depth (mm) 1-5 (0 1) 1-7 (0 1) 0-24 1-3 (0-1) 1-9 (0 2) 0 04

Surrounding inflammation (score 0-3) 1-2 (0-1) 1-2 (0-1) 0-70 1-1 (0-1) 1-3 (0-1) 0-35
Deformity (score 0-3) 0-9 (0-1) 0-8 (0 1) 0-44 0-79 (0-1) 1-0 (0 2) 0-34

Values with parentheses are means (SD).
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tablets had been established to heal duodenal
ulcer.'3 Thus to have maximal alleviation of the
dyspeptic symptoms related to ulcer or side
effects of the medications, patients were asked
to take 500 mg acetaminophen when necess-
ary, and if this did not help within an hour, two
antacid tablets (Gelusil (Parke-Davis,
Santurce, PR) containing 500 mg magnesium
trisilicate and 250 mg dried aluminium
hydroxide gel with a neutralising capacity of 6
mEq HCI) by chewing, both medications
being allowed up to three times a day. Aceta-
minophen has no harmful effects on gastro-
duodenal mucosa. 14 Patients were asked to
record their symptoms and use of medications
on a diary card, to return all remaining
medications at follow up, and to report to the
research nurses by phone or in person when
symptoms were severe or when side effects,
including diarrhoea, occurred. The nurses
would assess the situation and would as far as
possible encourage them to continue with the
treatment. At the end of four weeks, patients
were interviewed by the research nurses for
progress of symptoms and side effects of treat-
ment. The returned medications were counted
and the results recorded. Informed consent
was obtained from all patients, and the proto-
col for the use of antibiotics and placebo had
been approved by the ethics committee,
Faculty of Medicine, University ofHong Kong
in 1991.1

13C-UREA BREATH TEST

A '3C-urea breath test'5 for the detection ofH
pylori infection was performed on all patients
eight weeks after the start of treatment. The
'3C-urea breath test was preferred at this stage
because it avoided the need for an endoscopy.
Briefly, after an overnight fast, a breath sample
was collected in a sterile vacutainer. The
patient then took a test drink containing 75 mg
'3C-urea dissolved in 50 ml water, and
underwent various simple postural positioning
manoeuvres to allow contact of the solution
with the various parts of the stomach. A second
breath sample was collected 30 minutes after
the drink. The results of the breath test
theoretically, therefore, represented the H
pylori status of the stomach as a whole. The '3C
was analysed with a purpose designed mass
spectrometer (Fissons, Manchester, UK); the
sensitivity and specificity of the test was
90-100%. 6 The results of the breath tests were
not disclosed to the investigators, including the
research nurses and endoscopists.

STATISTICAL DESIGN AND ANALYSIS
Based on the assumption that 70% of the
antibiotic treated patients and on previous
experience about 35% of the placebo treated
patients5 13 would have their ulcers healed at
four weeks, we estimated that each treatment
group should consist of at least 40 patients to
show a difference of 35% with a type I error
of 0-01 and a type II error of 0-2 (two sided
test) '7 The code of each patient was broken by
the hospital pharmacist in two stages. In the

first stage, the code was broken into the two
treatment groups, A or B, without disclosing
whether they were taking antibiotics or
placebos. The results were analysed by a
statistician and presented at a meeting of the
ulcer research team, after which the codes for
A and B were finally broken. The two stage
decoding safeguarded against any possible
investigator bias. Values were expressed as
mean (SD), analysis of variance (ANOVA) was
used for comparison of means, and a two sided
Pearson x2 test was used to compare pro-
portions." The 12 week design also allowed
analysis by the life table method."' Patients
who completed the study were subjected to
stepwise discriminant analysis with healed
ulcer as the dependent variable and the
characteristics listed in table 1, as well as the
results of the four week urease test and eight
week '3C-urea breath test for H pylori, as the
independent variables, using the statistical
package for the social sciences (SPSS/PC,
SPSS Inc, Chicago, USA) programs.20 A
conditional rule - p IN and p OUT<0-05 - was
used to enable the selection of the least number
of variables with the best discriminant func-
tion.2' The standardised canonical discrimi-
nant function coefficients, as derived from the
discriminant analysis, provided additional
information on the relative contribution of the
selected variables in discriminating patients
with healed ulcer from those with unhealed
ulcer.

Results

DROPOUTS, SIDE EFFECTS, AND COMPLIANCE

Ninety seven of 100 consecutive patients with
endoscopically active duodenal ulcer had a
positive rapid urease test and were admitted
into the study. Forty eight and 49 patients were
randomised to receive antibiotics and placebos
respectively; of these, eight patients in each arm
did not complete the study and table 2 lists the
reasons. Non-compliance as assessed from the
diary records and by return drug counts was
negligible in both groups (table 2).

HEALING EFFICACY AND H PYLORI CLEARANCE
AND ERADICATION

Two weeks of treatment with antibiotics
resulted in 92/5% healing at four weeks and
100% at eight and 12 weeks; the corresponding
healing rates for placebo treatment were
30.6%, 51%, and 53-1%, the differences be-
tween the two treatment groups being signifi-
cant at p<0 00 l at each time point. These were
also significant by life table analysis, which
took into consideration all patients who had
dropped out (fig 1 and table 2). The differ-
ences remained significant when all patients
admitted to the study - the intent to treat
patients - were analysed (table 2). Two weeks
of antibiotic treatment also resulted in 85%
clearance and 62/5% eradication of H pylori
infection, as determined respectively by a
negative urease test of antral biopsy specimens
at four weeks and a negative '3C-urea breath
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TABLE 3 Effect ofdrug treatment andH pylori clearance and eradication on the healing ofduodenal ulcer at 4 weeks

All subjects Antibiotics Placebo p Value
antibiotics

n Healed (%; 95% CI) n Healed (%; 95% CI) n Healed (%; 95% CI) v placebo

Rapid urease test at 4 weeks:
Hpylori cleared 39 34 (87-2; 76 7-97 7) 34 32 (94-1; 86 2-100) 5 2 (40-0; 0-82 9) <0-01
Hpylon +ve 42 18 (42-9; 27 9-57 8) 6 5 (83-3; 53 5-100) 36 13 (36-1; 20-4-51-8) <0-068
p Value <0-001 <1-0 <1-0

'3C-breath test at 8 weeks:
Hpyloni eradicated 29 25 (86-2; 73-7-98 8) 25 24 (96-0; 88 3-100) 4 1 (25-0; 0-67-4) <0 002
Hpylor +ve 52 27 (51-9; 38-3-65 5) 15 13 (86-7; 69-5-100) 37 37-8; 22-2-53 5) <0 002
p Value <0 003 <0-5 <1-0

because six weeks after treatment, the negative
rate as determined by the '3C-urea breath test
was 62/5%; this corresponded to the eradi-
cation rate of the infection described in the
literature, which was arrived at after an interval
of four weeks or more between the completion
of treatment and the test.6 Both of these results
were significantly higher than those after
placebo treatment (table 2), indicating that the
antibiotic regimen used was effective for the
treatment of H pylori infection. These results
also suggested that clearance or eradication of
Hpylori contributed to the healing of duodenal
ulcer. This was further supported by the
finding that duodenal ulcer healed in 87-2%
and 86-2% of patients in whom H pylori
clearance or eradication was achieved, versus
42-9 and 51P9% in whom these processes failed
(table 3). The stepwise discriminant analysis
confirmed that H pylori clearance and eradi-
cation were both discriminative for duodenal
ulcer healing, together with ulcer depth (table
4). Interestingly, the analysis also showed that
clearance of the organism contributed more to
ulcer healing than eradication (table 4), the
second being known to be more associated
with ulcer remission.`'3 Ulcer size had been
previously found to affect duodenal ulcer
healing.22 Recent single blind studies com-
paring regimens containing antibiotics and an
antiulcer agent such as colloidal bismuth sub-
citrate or ranitidine against a standard antiulcer
regimen such as ranitidine or omeprazole
suggested that eradication ofHpylori improved
the healing of duodenal ulcer.23 24 Unlike
placebo controlled trials, studies using a stan-
dard antiulcer regimen as a control require, for
valid statistical purposes, a large number of
patients (for example, 350 in each arm for 80%
healing) to show that the new treatment has
similar efficacy as the standard,25 and studies
with such sample sizes are not available. They
are also open to investigator bias,26 as by simply
keeping a high overall endoscopic healing rate
(for example, 80%), even though the endos-
copist is blinded, this rate will be transmitted

TABLE 4 Characteristics selectedfor discriminantfunction ofduodenal ulcer healing at
four weeks, after two weeks of treatment with antibiotics orplacebo

Standardised
Wilks' Significance canonical

Variables selected n < coefficients

Hpyloni urease test at week 4, (clearance) 0-8182 0-0001 0-6322
Ulcer depth 0 7509 0 0005 0-6067
Hpylori "C-urea breath test at week 8, (eradication) 0-6923 0-0005 0-5385

The relative contribution of each characteristic can be compared with standardised canonical
coefficients, the higher the value, the greater the contribution.

to each arm as such, and will lead to the
conclusion that the new treatment is as
effective as the standard (both being 80%). It
is interesting to note that in the 15 patients
whose ulcers healed with placebo, most
(93.3%) had, as expected, persistence of H
pylori infection, supporting previous results5
and indicating the presence of a placebo effect
in ulcer healing. This might explain the
apparent excess of ulcer healing (92/5%) over
that expected from Hpylori clearance (85%) or
eradication (62-5%), if the clearance or eradi-
cation alone was responsible for ulcer healing.
Placebo treatment did seem to clear and
eradicate the organism in a small proportion of
patients, an intriging finding probably related
to the limitation of the tests involved, such as
biopsy sampling or rapid gastric emptying of
the test meal. It is known that multiple factors
are responsible for ulcer healing9 22 and the
results of the present discriminant analysis also
support this (table 4). Another interesting
finding was the superior efficacy of the anti-
biotic regimen relative to that of placebo in the
healing of duodenal ulcer, irrespective of
whether or not the Hpylori infection had been
cleared or eradicated (table 3). Whereas this
might be partly explained by the possibility that
the infection was suppressed in some patients
and recrudesced later, another explanation
could be that the antibiotics healed duodenal
ulcer through mechanisms other than elimi-
nation of the infection. This concurred with
previous reports that amoxycillin,27 metro-
nidazole,28 and clarithromycin29 possessed
gastric cytoprotective properties. Controlled
trials are needed to establish if these agents are
effective for ulcer healing. It should be noted
that even before the H pylori era, the use of
antibiotics including metronidazole30 and
furazolidone3' had been reported to have
various successes in the healing of peptic ulcer.
Symptomatic relief as assessed by pain score
and the proportion of patients who became
pain free was achieved significantly better in
the antibiotic group than in the placebo group
(fig 2). This was supported by the larger mean
number of acetaminophen and antacid tablets
used in the placebo than in the antibiotic group
(table 2). Despite this, however, the dropouts
due to intolerable dyspeptic symptoms were
similar in the two groups, suggesting that the
symptom benefit from antibiotic treatment
could be offset by possible antibiotic induced
dyspepsia in a subgroup of patients. Although
this antibiotic regimen is not ideal for the
treatment of duodenal ulcer with its need for
multiple dosing and acetaminophen or antacid
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supplement, as well as a 12-5% dropout rate,
its success in ulcer healing constitutes the
strongest evidence to date that H pyloni
infection is aetiologically related to duodenal
ulceration, and opens up the therapeutic con-
cept of treating Hpylori related duodenal ulcer
as an infection and relieving its symptoms with
acid reducing agents, such as antacids, H2
receptor antagonists, and proton pump
inhibitors.
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